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FIRST EDITION OF BOWDITCH'S GREAT 
"NEW AMERICAN PRACTICAL NAVIGATOR"

BOWDITCH, Nathaniel. The New American Practical Navigator; being an Epitome 
of Navigation; containing all the tables necessary to be used with the Nautical 
Almanac, in determining the Latitude; and the Longitude by Lunar Observations; 
and keeping a complete reckoning at sea . . .  8vo, full contemporary calf, 
neatly rebacked. xvi, 17-246, (247-532), 533-589, (15) pp., folding map,
7 plates. In half morocco and linen fall-down-back box with gilt lettering on 
backstrip. 1st edition. Newburyport, (Mass,), Edmund M. Blunt, (Proprietor) 
for Cushing & Appleton, Salem, 1802

A fine copy of the first edition of Bowditch’s first book, neatly rebacked and 
with the map strengthened. The distinguished mathematician and astronomer had 
worked on correcting and revising John H c Moore's "The New Practical Navigator," 
which was published in Newburyport in 1799 and 1800 from the 13th English 
edition. Moore was a former Royal Naval officer, hydrographer and teacher of 
navigation, and Bowditch's outstanding contribution to the first American edition 
of Moore's work was a chapter on a "New Method of Working a Lunar Observation." 
Bowditch found so many errors in "The New Practical Navigator" that he was compelled 
to produce an entirely new work, "The New American Practical Navigator."

lt 'ISO
This first epitome of practical navigation for the common man, which was simul
taneously published in England, was acclaimed by the maritime world at once, and 
its use was extended to the English merchant marine and even to the English and 
French navies. The work was indispensable to the maritime and commercial expansion 
of the 19th century, and it is often termed the greatest book in the entire history 
of navigation.

All imprints of this edition - and no others - have a cartouche in the upper left 
corner of the folding map, depicting an eagle holding in its beak a banner upon 
which the title, "Chart of the Atlantic Ocean," appears. The plates of this 
edition are unsigned.
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Grolier Club List of One Hundred Influential American Books, 25 Howes B 657 
Campbell, History and Bibliography of the New American Practical Navigator, pp. 75-78 
Bennett, American Rare Book Guide, p. 41



BOWDITCH, NATHANIEL
New American Practical Navigator »

1st edition, Newburyport, Mass., l801.
/Bowditch was a distinguished mathematician turned 

navigator when he developed a simplified system for 
determining latitude at sea. His book became the 
first simple practical book on navigation that could 
be used by uneducated captains at sea. The work 
spread throughout the world and was indispensable to 
maritime expansion of the 19th Century. The tables 
were so accurate that they were still in vise during
World War II.
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THE NEW AMERICAN

Practical navigator
B E I N G  A N

EPITOME of NAVIGATION;
C O N T A I N I N G  A L L  T H E  T A B L E S  N E C E S S A R Y  T O  B E  U S E D  W I T H  T H *

N A U T I C A L  A L M A N A C ,
I N D E T E R M I N I N G  T H E

L A T I T U D E ;
A N D  T H E

'Longitude by lunar observations;
A N D

KEEPING A COMPLETE RECKONING AT SEA :
I L L U S T R A T E D  B Y

P R O P E R  R U L E S  A N D  E X A M P L E S : '

J
THE WHOLE EXEMPLIFIED IN A

O U R N A L,
KF.rr FROM

BOSTON TO M ADEIRA,
I n  W H I C H  A L L  T H E  R U L E S  O F  N A V I G A T I O N  A R E  I N T R O D U C E D  S

ALSO
Dcmonftrntion of the mofl ufeful Rules of T rigonometry : With many ufeful Problems in M ensuration, Surveyinc?* 

®  * and Ga uging: And a Pittionaiy cf Ska.Terms •, w-rh ihe Manner of pevformin,; the moil common Lvoiutions at Sea.
, TO WHICH ARP. ADDED.

• Some G emerai Instructions and Information to M krch ants, M amkrs of V essej-s, and others concerned ia N avi G A* 
tiqn, relative to M akitixk Laws and M f.r c a m i l s Customs.

F R O M  T H E  B E S T  A U T H O R I T I E S .

E N R I C H E D  W I T H  A  N U M B E R  O F

N E W  T A B L E S ,
i v tTI- l  O R I G I N A L  I M P R O V E M E N T S  A N D  A D D I T I O N S ,  A N D  A  L A R C f i  

V A R I E T Y  O F  N E W  A N D  I M P O R T A N T  M A T T E R  :
ALSO,

M ANY THOUSAND ERRORS ARE CORRECTED,
WHICH HAVE APPEASED IN THE BEST SYSTEMS OF NAVIGATION YET PUBLISHED,

b y  NATHANIEL BOWDITCH,
Ye l l o w  of th e  Am e r i c a n a c a d e m y  of arts a n d  science^

---------_  -----------
I L L U S T R A T E D  W I T H  C O P P E R P L A T E S .

Jfcft €Ofttort-_______________
PRINTED A T  NE vVBURYPORT, ( M a s s . )  iSoa,

B Y

EDMUND M. BLUNT, (Proprietor)
”  F or CUSHING S f  APPLETON, S a l e m .

5*(LD BY EVERY BPOK-SET.I.F.R, SHIP-CHANDLER, AND V  '.T ilT '.lATICAL-INWRUMENT'-MAKER, 
IN THE UNITED STATES AND ’.VEST.INDUS-





Report
O f  the Committee, appointed by the E ast- I n d ia  M a r in e  So c ie t y  of 

Salem, at their meeting on the 6th.. of M ay, 1S01, to examine a work 

called, “ The New American Practical Navigator, by N a t h a n ie l  
Bo w d it c k ,  F .A .A .”

A F T E R  a full examination o f the fyftem o f Navigation prcfentcd to 

the fociety by one of its members, (Mr. Nathaniel Bowditch) they find, 
that he has corrected many thoufand errors, exifting in the belt European 

-works of the kind ; efpecially thofe in the Tables for determining the 

latitude by two altitudes, in thofe of difference of latitude and departure, 
o f  the fun’s right afeeniion, o f amplitudes, and many others neceiTary to 

the Navigator. M r. Bowditch has likewife, in many initances, greatly 

improved the old methods o f calculation, and added new ones o f his own. 

That o f clearing the apparent djdance o f the moon, and fun or liars, 

from the effeCt o f parallax and refraCtion, is peculiarly adapted to the ufe 

o f  feamen in general, and is much facilitated (as all other methods are) 

in the prefent work, by the introduction o f a proportional table into 

that o f the corrections o f the moon’s altitude. His table nineteenth, o f 

corrections to be applied in the lunar calculations, has the merit o f being 

tite only accurate one the committee are acquainted with. He has much 

improved the table of latitudes and longitudes o f places, and has added 

thofe o f a number on the American coaft hitherto very inaccurately 

afeertained.

T h is  work, therefore, is, in the opinion o f the committee, highly de- 

ferving o f the approbation and encouragement o f the fociety, not only 

as being the moil corrcil and ample now extant, but as being a genuine 

American production ; and as fuch they hell fate not to recommend it to 

the attention o f Navigators, and o f the public at large.

J O N A T H A N  L A M B E R T , ' 

B E N JA M IN  C A R P E N T E R , 

JOHN OSGOOD,

JOH N G IB A U T ,

JA C O B  CR O W N IN SH IE LD ,

> Committee.

Approved. B E N JA M IN  HODGES, Prcfident. 

A  true copy. MOSES T O W N S E N D , Sec’y,.

Salem, M ay 13, 18 o j,



gfobertteemeni*

f 11 ^HE decided preference given the American editions of the, 

** N ew  P r a c t ic a l  N avigator , ”  fince its appearance in 1799, calls on 

the proprietor for his acknowledgments o f gratitude. To the honour o f 

the American mariners, and through the good offices of the American book- 

fellers, be it faid, that within two years feven thoufand copies have been 

fold in the United States. He was preparing to put a third edition of the 

fame work to prefs, but has fince been induced to relinquilh Moore’s trea- 

tife for the prefent more cor reft and jaerfeft work, furnilhed by M r, 

B o w d it c h .

While he is tendering his thanks to fuch as have affifted in the eftab- 

liihment of the work, it would be highly criminal to omit thofe due to. 

John Hamilton Moore; and with the greateft franknefs it is acknowledged 

that he contributed largely to its eftabliihment, as his late editions have 

been fo erroneous that no perfon would hazard his intereft, much lefs life, 

in navigating his veflel by the rules there laid down, and it is well known 

that in all the Engliih Weft-India iflands the American edition has inva, 

riably been purchafed when a fupply could be obtained.

EDMUND M. BLUNT,
Ne'wburjport, Jan,  i? o 2«



P R E F A C E .

T h i s  work was originally intended for a third American edition o f 

the Practical Navigator of John Hamilton Moore, which had already 

paffed through two large impreflions in this country ; but on a carclul 

examination of that treatife, it was found fo erroneous in the tables, and 

faulty in the arrangement, that it was concluded to take up the fubjeet 

anew, and, without being confined to Moore’s work, to have recourie 

to thofe authors whofe writings would afford the beft materials for the 

purpofe— to introduce fuch additions and improvements o f our own as a  
clofe attention to the fubjeft fuggefted— and to enfure the accuracy o f 

the Tables, by actually going through all the calculations neccffary to a 

complete examination o f them. From tfcefe labours has refulted the 

work now offered to the public. The particulars in which it differs 

from other works o f the kind will be briefly ftated, after giving a fkort 

account of the moil popular treatifes of Navigation.

T he moil complete treatife we are acquainted w ith, ¡3 called the
Elements of Navigation,”  by John Robcrtfon, publifhcd at London in 

1 750, in 2 vols. 8 vo.; it contains thedemonftrations ofm oftof the theorems 
p f navigation, with many practical examples, arranged in a natural order, 
but the colleition of tables is very incomplete. The “  Requifite Ta
bles,”  publiihedin 1766, 1781, and 1799, by Dr. Maikelyne, the pres

ent Ailronemer Royal at Greenwich, who has rendered fuch important 

fervices to navigation by his various publications, contained nearly all 

that was wanting in Robertfon’s work ; fo that both o f them combined 
formed a complete fyftem of navigation both in theory and praitice, but 

fingly neither o f them was complete ; and much o f Robertfon’s work 

was ufelefs to moft feamen, who in general care but little for the demon- 

ftrations of the rules they work by. Moore, noticing this circum- 

ftance, refolved to make his work on a different plan, to contain only 

fuch matter as might be ufeful to the mere practical navigator. To ef- 

feil this, he copied moft o f the practical rules o f Robcrtfon, and the ta

bles of Maikelyne, and formed a treatife, of moderate fize and price, 

called, “  The Prailical Navigator,”  which had a great run in England 

and Americaj but rather from the principle of its conftruflicn, than from



the execution of the work, which in many inftances was extremely faulty j 

for, without correcting any errors in the works he copied from, he added 

many of his own, one of which has been fatal to feveral veffels. The 

error alluded to is that in the tables of declination, which was cor

rected by the author of this work in the firft and fecond American 

editions. In'addition to thefe faults of Moore’s work, it may alfo be 
mentioned, that he abridged fome of the tables,* * and neglefled otherst 

o f great importance. To remedy this defeft, the author of this work 

has added forty-four pages to the tables ufed by Moore, and re-cal

culated the whole of them, making the la ft figure exaCl to the 

neareft unit, a circumftance very conducive to the accuracy of any calcu

lation. In performing this, no lefs than e i g h t  t h o u s a n d  errors were 
difeovered and corrected in Moore’s work, and above t w o  t h o u s a n d  

in Maikeiyne’s Requifite Tables. Moft o f the errors in Maflcelyne’s 

collection were in the laft decimal place, and the corrections in many in

ftances would but little affeCt the refult o f any nautical calculation ; but 
when it is confidered that moft o f thefe tables are ufeful on other occa- 
fions, where great accuracy is required, it will not be deemed a ufelefs 

improvement to have corrected fo great a number of fmall errors.

The author had once flattered himfelf, that the tables of this collefiioi) 

which did not depend on obfervations would be abfolutely correCt; but in 
the courfe of his calculations he has accidentally difeovered feveral errors 
in two of the moft correCt works of the kind extant, viz . Taylor’s and 

Hutton’s Logarithms,J notwithftanding the great care taken by thofe 
able mathematicians in examining and correcting them : he therefor? 

does not abfolutely affert that thefe tables are entirely correCt, but feels 
confcious that no pains have been fpared to make them fo. Any one 
who wiihes to examine thefe calculations may do it by the formula: ufed 
for this purpofe, which will now be given with fome additional remarks.

T h e  copy o f Tables I. and II. was calculated by means of the natural 

fines taken from the fourth edition of Sherwin’s logarithms, having pre. 
riouily examined them by differences ; when the proof-iheets were ex

amined, the numbers were again calculated by the natural fines in the 
fecond edition of Hutton’s logarithms ; and i f  any difference was found, 
they were compared and calculated a third time by Taylor’s logarithms. 
By comparing thefe tables with thofe publiihed in Moore’s Epitome, it

* A ,  Table X X I .  o f «bis collcH ion. w hich « a t  on ly pnblifhnt to  every 30” .

*  At Tables X IX . X X V I. X X V III. and X X IX . of this coHeSion.

*  As :: will bfc ufef at to thofe who own theft: works to have a lift of thefe errors» it >s given in the left pagc ©f tills w©ji-



was found that there were above 3500 errors in that part o f his work 5 

moil o f them in the lail decimal place, but many o f greater moment.

T able  III . contains the meridional parts for every degree and minute 
of the quadrant. The rule ufed in calculating this table is,

M = T  X  0.0007915704468,

in which T  is the log-tangent o f half the latitude increafed by 45®, 
taken to feven places o f figures reckoned as integers, and M  is the 
meridional parts o f that latitude in miles. In Moore’s editions of this 
table were found fifty-feven errors. In this table (and in moil o f the 

other tables of this work) the degrees are marked at the bottom as well 
as at the top, and the fpacc-lines are placed at every five lines diftance, 
inftead o f ten as in Moore, which much facilitates the ufe o f the tables, 
particularly when the numbers fall towards the bottom o f the page.

T able  IV . contains the latitudes and longitudes of feveral hundred 
places more than in Moore’s table, and above one hundred on the coaft o f 

America, which are not in any European publication of the kind. N ot. 

withflanding the care taken in correcting this table, it mull, from the 
nature o f it , be in a degree erroneous, owing to the uncertainty o f the 

obfervations on which it is founded. Should any errors be difeovered 

in this table by any perfon, he is requelled to give information to the 

author -cr proprietor (by poll or any way that may be convenient), in 
doing which he will render an elfential fervice to them and to the public.

T able  V . contains the declination of the fun, which was compared 
with the Nautical Almanacs for the years i8or,  1802, 1803, and 1S04, 

and marked to the neareil minute. This table is one of the moil im
portant in this collection, becaufe the latitude is generally determined 

by it :■ it  was therefore a very criminal inattention o f Moore, in pub- 

Hilling it fo incorrcftly in moll o f the late editions o f his work ; for by 

reckoning the'year 1S00 as leap-year, he had made an error o f 23 miles 
in fome o f the numbers. This error was the caufe o f lofing two vefleh 

to the northward o f T urk’s Illand, and bringing others into furious dif
ficulties.

T a b le  V I . contains the correction o f the fun’s declination, as was' 
publifhed by Dr. Mafkelyne, excepting a fmall alteration in the bottom 

line. The correction taken from this table will never differ more than 

16 or 17 feconds from the truth,



PREEACfi«. » • *V;u

T able  V I I . contains the mean of the fun’s right afcenlion, takcft 
from the Nautical Almanacs for the years 1S01, iSo2j 1803, and 1804;. 
This table is ufeful in finding the approximate time of the riling or fetting 
Of the liars, when a Nautical Almanac cannot be obtained. There is 

not a fingle number in Moore’s table that agrees with that publilhed ifi 

this work, his numbers being too great by 1, 2, 3, or 4 minutes.

T able  V I II . contains the amplitudes o f the fun for various latitudes 

and declinations, which was calculated by Taylor’s logarithms; by this 

rule:

Log.fee. Iat.-|-Log. line declination— 10.0000000=:Log. fin. amplitude;

In Moore’s table o f amplitudes are 434 errors of different values from 

x' to 2 3'.

T able  IX . contains the right afeenfions and declinations o f 76 liars 

o f  the firft and fecond magnitudes, with their annual variation, adapted 
to the beginning of the year 1S00. This table was extrafled from thofe 

publilhed by Dr. Zach.

T a b l e . X . contains the time of the fun’s rifing and fetting, which 

was calculated by Taylor’s logarithms, by this rule :

Log. ccf.hour =  Log. tang. declin.+Log. tang, latitude— 10.0000000;

In Moore’s table are feventy errors;

T able X I. contains the dillances at which any object is vifible at lea; 

it  was calculated by the rule given in § 195 of Vince’s Aftronomy, in 

which the terreftrial refrailion was noticed ; this circumftance was ne- 

g'.eilei by Robartfon, Moore, and others, and of courfe their tables are 
erroneous. The rule given by M r. Vince, exprefied in logarithms, is 

this :

o. 121 j  j  -f- H alf log. o f height in- feet m  Log. o f dill, in llatute miles;

In reducing the rule to logarithms, I have called the radius of the earth' 
n o gr1790 feet, which ag-recs nearly with the mean value given in 
La Lande’s Aftronomy.

T a b l e  X II . is a common table o f proportional parts, the conftrue; 

tion o f which does not need any explanation.

T able  X III. contains the refraftion of the heavenly bodies',' cal
culated by Dr. Bradley’s rule/fuppofing the refrain 0:1 to be as the tan-



gént o f the apparent zenith diftance o f the objedl decreafed by three times 

the refradtion, the horizontal refradtion being fuppofed equal to 33'.

| The rule expreffed in logarithms is this :

t o g .  tang.(app.zen.dift.— 3 . refrailion)— -8.2438534=Log.ofref.infec.

The numbers calculated by this rule agree nearly with thole publilhed 

in Table I. o f Malkelyne’s Requiiite Tables.

T able  X I V . contains the dip o f the horizon for various heights, 

which was Calculated by the rule in § 197 o f Vince’s Aftronomy, in which 

the terreftrial refrailion is allowed for : A ll the numbers o f this table 

differ a little from thofe publilhed by D r. Maikelyne, who had made a 

different allowance for that refraition. The rule given by M r. Vince, 

fexpreffed in logarithms, is :

1*7712711 + h a l f  tile log. of the height iri feetr= Log. dip in fecondi.

T a b le  X V . contains the fun’s parallax in altitude, calculated by 
multiplying the natural fine o f the apparent zenith diftance by the fun’s 

horizontal parallax 8|//. The numbers in this table agree with thofe 

publilhed by Dr. Maikelyne;

T X ble  X V I . contains the augmentation of the moon’s femi-diame- 

t e r = i5 //.626Xline ]) ’s altitude. This table agrees nearly with that 

publilhed by D r. Maikelyne.

T able  X V I I . contains the dip for various diftances and heights.) 

halculated by this rule,

„ L
D=i—  d-f 0.56514.x —

7 d

nearly ; in which D  reprefents the dip in miles or minutes, d the diftance 

o f  the land in fea miles, and h the height of the eye o f the obferver in 

feet. Thefe numbers differ a little from Dr. Malkelyne’s, for the fame 

reafon that Caufes the difference in Table X IV .'

T a b le  X V I I I .  contains the correflionS of the moon’s altitude for 

parallax and refradtion, and is funilar to Table V I I I .  o f the Requifite 

Tables, but more corredi. The argument at the top is the moon’s ze

nith diftance, which was preferred to her altitude, becaufe the corre®» 

E



tions for the odd minutes of zenith diilance, and odd feconds o f para Hatty 

are additive in the moil ufeful parts o f the table. The rules by which 

this table was calculated are tliefe :
«

Sine par. in a lt.= Sin c hor. par. X  Sine zen. dill.

Tabular correClionrrPar. in alt.— Refraction,

The numbers in the table were- calculated by Taylor’s logarithms to- 
four places of decimals to every degree of zenith diilance, and for 53' 
and 62' of parallax ; the other numbers were found by interpolation.- 

A  number of fmall tables of proportional parts are now, for the firtb 
time, placed in the margin, by which the corrections for any odd min
utes of zenith diilance, or. odd feconds o f parallax, are expeditioufty 
found.

T a b le  X IX . contains a fmall correction ufed in working a Innas 

obfervation, and exprefies the difference b, between the bafe B and the 

hypotenufe B + i o f a right-angled fpheric triangle, whole third fide P' 

never exceeds 62' the argument at the top of the table being B, and- 

at the fide P. The value of b- being found by this rule by Taylor's, 

logarithms :

Log. b in feconds =  Log. co-tang. B -f- Log. verf. fineP— 14.6835.749.

— DilF. log. fines o f B and B +

in which the lull term may in moil cafes be negleCled. This table was- 

firft given by M r. Ifrael Lyons, and publilbed by Dr. Maikelyne in both 

editions of his tables ; but by a careful examination by the above rule,, 

and by other methods, I have difeovered no lels than nine hundred thirty 

errors in this table, which only contains four pages; all o f which are- 

cepicd by Moore.

T a b l e  X X . for turning time into degrees, is the fame as in other' 

works of this kind.

T a ble  X X I. was firft conftruCled by M r. Do owes of Am Herd am, a- 
bout the year 1 740, and for which he received ¿ ”.50 o f the Commiffioners 

o f longitude in England. This table was publiihed in the firft and 
fecond editions of the Requifite Tables ; in the former edition it was 

carried as far as fix hours, in the latter it was extended from fix to nine- 
hours. '1 he numbers in this table are nothing more than the log. fines, 
log. co-fecants, and log. verfed fines, o f the hour to which they corref-



f-cnd, Thus., i f  the time oppofite to any number of tliefe tables turned

into, degrees, is H, we fhall have

Log. I  clapfed time o f H = L o g . co-fecant H— 10.0000000

Log. middle time H =  Log. fine II— 4.6989700

,  . .  TT Log. verfed fine II— c.0000000L og. rifing II —  0 3
L 2 X log. fine -=■ II— 14.6989700

By means o f tliefe formula:, the numbers of Table X X I. were calculated 

•.by Sherwin’s, Hutton’s, and T aylor’s logarithms, and a great number 

•of errors were difeovered ; there being no lefs thon 1024 in the fecond 

.•edition of the Requifite Tables, moil o f which are in the additional 

three hours /from fix to nine hours], not publiihed in the firil edition. 

About two thirds of thefe additional numbers differ from their true val

ues by one or two units. Moore did not publifh this table complete, 

and never corroded any errors in that he did publiih.

T able  X X I L  was compared with Sherwin’s and Hutton’s table, and 

.a few errors cor refled.

T able  X X III . contains the proportional logarithms for three hours.’' 

A n y  number o f this table is found by fubtrafling the logarithm o f the 

time in feconds from the log. o f io8oo//; or, which is the fame thing, 

by the following rule :

Prop, log T = 4 -0 3 3 4  738— log. o f T  in feconds, ncglefling the three 

right hand figures of the remainder.

In both editions o f the Requifite Tables were found fix hundred and 

eighty errors, in die lall decimal places, all o f which were implicitly 

copied by Moore.

T a b l e  X X I V . contains the common logarithms o f numbers, which 

was compared with Sherwin’s, Hutton’s, and Taylor’s logarithms.

T a b l e  X X V . contains the common log. fines, tangents, fecants, &c. 

This was compared with Sherwin’s, Hutton’s, and Taylor’s tables, and 

two hundred and ten errors were difeovered in Moore’s work, fomc of 

which are o f great importance. Tw o additional columns are given in 

this table, which are very convenient in finding the-time from an alti

tude of the fun, independent of the natural fines. The number o f de

grees is marked to 180° which faves the trouble o f fubtrafling the given 

angle from 180° when it exceeds 90°. This is a convenience in 

working an azimuth, or regulating a v/atch.



T able  X X V I. was calculated by proportioning the daily variation 

of the time of the moon’s palling the meridian. This table is not giyeq 

in Moore’s work, but there is a limilar pne in the Requifite Tables, 

though very inaccurately printed.

T a b le  X X V I I . contains the mean correction o f the moon’s altitude 

for parallax and refraction, correfponding to the parallax 57 ' 30

T ables X X V I I I . and X X IX . are taken from the Requifite Tables, 

with a few corrections, being common tables o f proportional parts. 

They are not given by Moore.

B esides thefe alterations in the tables, there are alfo great additions to 

the body of the work, taken from ufeful publications; the moll remarkable 

o f which are— The demonftrations o f the moll ufeful propofitions o f Ge

ometry and Trigonometry, from Patoun’s Navigation, with alterations—  

The Dictionary o f Sea-Terms, compiled from various authors— The man

ner of performing the molt common evolutions at fea, taken from a fmall 

treatife on Seamanfhip,”  publilhed at London in 1795— The laws and 

culloms relative to marine infurance and mercantile matters, taken from 

the “  Ship-Maltcr’s Affiltant,”  publilhed at London in 1798, with fome 

alterations to adapt them to our laws— A  collection o f ufeful queltions 

in menfuration, gauging, and furveying— And a variety o f pieces taken 

from Rcbertfcn, Malkelj ne, &c. bn various fubjeCts.

A l l  the examples c f  the prefent work are adapted to American places. 

The method o f conltruCting the problems o f Middle-Latitude Sailing is 

more fimple than in Moore’s work. The Journal is entirely new. The 

examples of the Lunar Obfervations are adapted to the year 1804, which 

will fave the learner the expenfe of purchafing an old, and otherwife ufe- 

lcfs, Nautical Almanac. A  new method of working a Lunar Obferva- 

tion is given in this work, which was publilhed in both American edi

tions of Moore’s treatife; it was invented by the author of this work 

in the year 1795, and taught by him to a number o f perfons in the year 

1796, he not having then feen any method poflefling the peculiar advan

tage of uniformity in applying the corrections ; but fince that time he has 

feen a method fomewhat fimilar, publilhed by M r. Mendozo y  Rios in 

the Philofophical 1  ranfaftions for the year 1797.

F rom the great care taken in examining the proof-Iheets, the author 
prefumes that there are not many errors in the work : lhould any here
after be difeovered they w ill be carefully corrected.

Salem ,  D e c . jS o r . N . BO W DITCH .
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MARKS and ABBREVIATIONS used in this  WORK.

+• Signifies more, or the fign o f addition : it fhews that whatever number 
or quantity follows this fign, mull be added to thofe that go before it, 
thus 9 + 8 , fignifies that 8 is to be added to 9- Or, A + B  implies that 
the quantities rcprefented by A  and B are to be added.

»— Signifies left, and is ufed as the fign of fubtraftion ; it denotes that the 
number following it mull be fubtrailed from thofe going before it, as 
7— 5, or 5 fubtracied from 7.

X  The fign o f Multiplication, and fhews that the numbers placed before 
and after it are to be multiplied, thus 7 X 9  fignifies 7 multiplied by 9, 
which make 63, and 7 X 8 X 2  which make n z .  Multiplication is 
alfo denoted by placing a point between the quantities to be multi, 
plied ; thus, A  . B fignifies that A  is to be multiplied by B.

«+ This mark hands for Divifion, and fignifies that the number thatftands 
before it is to be divided by the number following it, as 73-7-12 lhews

that 72 is to be divided by 12, Or thqs, — . It is alfo denoted by
12

placing two points between the numbers, thus, 72 } 12 reprefents 72 
divided by 12.

( ) o r --------- . Either of thefe marks is tried for connefting numbers

together, thus, 3 + 4 X 6 , or (3 + 4 ) X  6, fignifies that the fum, o f 
3 and 4 is to be multiplied by 6.

^  The fign o f equality it fhews that the numbers or quantities placed 
before it are equal to thofe following it, thus, 8 X 1 2 = 9 6 . Or

8 multiplied by 12 are equal to 96, and 7 +  2 X 4= 36.
J i l l  Proportion, and is read thus, 7 1 14 11 10 1 20, that is, as 7 is 

to 14, fo is 10 to 20. Or A  J B 1 J C  J D , that is, as A  is to B ,foi$  
C  to 1+

* Signifies Degrees ; thus, 450 reprefents 45 degrees.
1 Signifies Minutes ; thus, 24', or 24 minutes.

J1 Signifies Seconds ; thus, 44", or 44 fcconds.
S. Signifies Sine, N . S. Signifies Natural Sine,
Sec. Signifies Secant,
Tan. Signifies Tangent.

Each o f thefe laft with Co- before it, fignifies the complement, as 
Co-fine, Co-tangent, Co-fecant.

jH Signifies Angle j with an s at top, Angles, ¿J.
Angled.

A  Signifies Triangle. A s Triangles,

□  Signifies a Square. 1
Z  is frequently put to fignify the fum o f two lines or numbers.
X  Signifies their difference.
0  The Sun. <T the Moon, +  a Star, L . L . Lower Limb. U . L , U p. 

per Limb. N . L . Neareft Limb. S. D . Semidiameter. P. L . Pro
portional Logarithm, N . A . Nautical Almanac, Z . D . Zenith D if. 
tance, D , R . Dead Reckoning,

c





D E C I M A L  A R I T H M E T I C

®GGGB©©o«=>

M-i.T  J L A N Y  perfons Who have acquired coniiderable ikill in common 
Arithmetic, are however u^afcquainted with the method of calculating by 
decimals, which is o f great ufe in navigation ; for which reafon it was 
thought proper to prefix the following brief explanation o f their ufe :

Frail ions or Vulgar Frailiim  are expreifiOns for any aflignablc part o f an 
u n it; they are ufually denoted by two numbers* placed one above the other, 
with a line between them ; thus, t  denotes the fraction one-fourth, or one 
part out o f four o f fome whole quantity* confidercd as divifible into four 
equal parts. The lower number 4 is called the denominator o f the frac
tion, (hewing into how many parts the whole or integer is divided ; and 
the upper number i ,  is called the numerator; and (hews how many o f thofe 
equal parts are contained in the fraction. And it is evident that i f  the 
numerator and denominator be varied in the fame ratio, the value o f the 
fraction will remain unaltered : thus i f  the numerator and denominator 
o f the fraction £ be multiplied by 2, 3 or 4, &c. the fractions arifing w ill 
be T\ ,  &c. which are evidently equal to

Decimal Frailion is a fraction whole denominator is always an unit with 
fome number o f ciphers annexed, the numerators o f which may be any 
numbers whatever ; as t H oj &c. And as the denominator o f
a decimal is always one of the numbers 10, 100, 1000, &c. the inconve
nience o f writing thefe denominators may be avoided by placing a point 
between the integral and the fractional part o f the number ; thus -Ay is 
written .3 ; and is written *14;  the mixed number 3 confiding 
o f whole numbers and fractional ones is written 3.14.

In fetting down a decimal fraction, the numerator muft confift o f as many 
places as there are ciphers in the denominator ; and if  it has not fo many 
figures the defeCt muft be fupplied by placing ciphers before them : thus, 
t S3 =  .16, T^ y =  .016, TTiaW=:-coi6, Sec. So that as ciphers On the 
right hand fide o f integer^ increafe their value in a tenfold proportion, as 
2, 20, 200, &c, fo when fet on the left hand o f decimal fractions, they dc- 
creafe their value in a tenfold proportion, as .2, .02, .002; &c. but ciphers 
fet on the right hand o f thefe fractions make no alteratio'n in their value,1 
neither o f increafe or decreafe 5 thus .2 is the fame as .20 or .zoo. The 
common arithmetical operations are performed tfte fame way in decimals, as 
they are in integers ; regard being had only to the particular notation* to 
.difeinguifn the integral from the fractional part o f a fum.

ADDITION OF DECIMALS.

Addition of decimals is peribrined exaftly like that o f whole numbers, 
placing the numbers of the fame denomination under each other, in which 
cafe the decimal fepsratlng points will range ftraight in one column-



E X A M P L E S .
Miles. Feet. Inches.

26.7 1.26 272.3267
Zz.iS 2.31 .0134

* 143.206 1.7*5 2.1576
.003 2.0 3 1-4

Stim 202.059 7-359 305.8977

SUBTRACTION OF DECIM ALS.

Subtraiiion of decimals is performed in the fame manner as in whole 
numbers, by obferving to fct the figures o f the fame denomination and the’ 
fSparatirig points direitly under each other.

E X A M P L E S .

From 31.267 36-79 I- 2 34 I364.2
Take 2.63 .026' .316 25.163Ì

Diff. zS.637 36.724 •938 I 339,°37
MULTIPLICATION OF DECIMALS.

Multiply the numbers together the fame as i f  they were whole numbers, 
a'nd point off as many decimals from the right hand as there are' decimals in 
both factors together ; rind when it happens that there are not fo many 
figures in the produil as there muft be decimals, then prefix as many ciphers 
to the left hand- as will fupply the defeit,-

E x ample  I .  
Multiply 3.25 by 4.5. 

3 -*5 
4  •;

r.625
*3.00

Anfwer 14.625 
In ohe of the faitors is one decimal 

and in the other two, their fum 3 is 
the number o f decimals o f the pro
duit.

E xam ple  II.
Multiply 0.5 by 0.7^

0.3 
0,7

0.35 Anfwer.

. Ex a m ple  III .
Multiply 3.25 by »05

3 ^ 5
105 •

E x a m p l e  I V . M ult. . 1 7  b y  .0 6 .

• '7
.0 6

Anfwer .0102
In each of the faitors are two deci

mals, the produft ought therefore to' 
contain' 4, and there being only 3 
figures in the produil I  prefix a ci
pher.

E xample  5. Multiply .18 by 24« 
.18 
24

72
36

Anfwer 4.32
E xample  V i .  Mult. 36.1 by z.£ 

36.1 
2-5 ,

fS.05 
7 2 . z

.1625 Produit. Anfwer 90.25



DIVISION OF DECIMALS.
Dlvifion of decimals is performed in the fame manner as in whole nunr. 

Wrs ; only obferving that the number o f decimals in the quotient, muft be 
equal to the exoefs o f the number o f decimals o f the dividend above tbofe o f 
the divifor.

E x ample  I. 
Divide 14.625 by 3.25. 

3.25)14.625(4.5 
1300

1625
1625

In this example there are 2 deci. 
mals in the divifor and 3 in the divi
dend, hence there is one decimal in 
the quotient.

E x ample  II .
Divide 0:35 by 0.7

' 7MSC-5'
•35

E x ample  III ,
Divide 3.1 by .0062.
Previous to the divifion I affix a 

number of ciphers to the right hand 
fcf 3.1, which does not alter its value. 

.0062)3.100000(500.00 
31a

0000
Therefore the anf. is 500.00 or 500.

E xample  IV.
Divide 9.6 by .06 

.06)9.60

160. Anfwer.
Here by affixing a cipher to 9.6 it 

becomes 9.60, and has then 2 deci. 
mals in it, which is the fame number 
as is in the divifor, therefore the quo
tient is an integer number. 
E x a m p leV .  Divide 17.256 by i.tK  

1.16)17.25600(14.875 
116

565
464

1016
928

880
S12

680
580

too

REDUCTION OF DECIMALS.
I f  you wifh to reduce a vulgar fra&ion to a decimal, you may add any 

number o f ciphers to the numerator, and divide it by the denominator, the 
quotient will be the decimal frattion ; the decimal point muft be fo placed 
that there may be as many figures to the right hand o f it as you added ci
phers to the numerator ; i f  there are not as many figures in the quotient) 
you muft place ciphers to the left hand to make up the number,

E xa mp l e  I. Reduce  ̂ to adccimal. 
5 )!-o

.2 Anfwer.
E xa mp l e  II . Reduce |  to a decimal. 

8) 3.000

E xample  III . Reduce 3 inches to 
the decimal o f a foot.

Since 12 inches ™  r foot, this fra'; 
tion is yL;

12)3.60

.375 Anfwer, . j r Anfwer.



E xample  IV . Reduce 3J- inches to 
the decimal of a foot.

3 i ~ i -  this divided by 12 is 
24)7.ooo(.29i Anfwer.

48
220
216

E xample V .
Reduce 1 foot and 6  inches to the 

decimal of a yard,
Here 1 foot 6 inches 18 in

ches.
And 1 yard =  36 inches, therefore 

this fraction is | f ;
36)i 8.o(.$ Anfwer.

18 0
40
24

16

I f  you have any decimal frafKon, it is eafy to find its value in the lower 
denominations of the fame quantity ; thus i f  the fradlion was the decimal of a 
yard, by multiplying it by 3 we have its valiife in feet and parts, i f  we mul
tiply this by 12, the product is its value in inches and parts -; and in the 
fame manner the values may be obtained in other cafes.

E xam ple  V I.
Required the value of 5.23 yards. 

3-25 
3

•7 5
12

9 .0 0
Anfwer 3 yards o feet 9 inches.

E xam ple  V II .
Required the value of 7.231 days ? 

7 -23 i
24

9 2 4
4 6 2

5-544
60

32-646
6a

38.400
Anfwer 7 days 3 hours 32 minutes 

and 38 feeonds.



g e o m e t r y .

g ._ E O M E T R Y  is the Science which treats o f  the Defcription, Proper« 
ti«*s and Relations of Magnitudes in general, o f which there are three Kinds 
or Species, v iz . a Line which has only length without either breadth or 
thicknefs ; a Superficies, comprehended by length and breadth j and a Solid, 
which has length, breadth, and thicknefs.

I .
A  Po in t  confidered mathematically, is incapable o f being 

divided, and therefore hath no parts, or it is the fmalleft part 
o f  fpace that can be aifigned, and may be conceived fo infi- A  «■  
nitely fmall, as to be void o f length, breadth, or thicknefs, 
fceing always denoted by a dot, as at A .

I I .
A  R i g ht  L ine is the neareit diftancc between 

two points which limits its length, without any fup- A — — — —C
pofed breadth, or thicknefs, as A  C  ; it may be fup- 
pofed to be the fluxion o f a point,

III ,
A  P lane  Su p e r f i c i e s  is that which lies evenly between its extreme 

points, refembling a fmooth table, or poliihed glafs, bounded by lines ; 
having length and breadth but is conceived to have no depth or thicknefs, 
and may be conceived to be generated by the fluxion o f a Right Line.

I V .
Pa r a l l e l  L ines are fuch as are equally diftant in A — ---------B

all their parts, which extended infinitely on the fame
plane would never meet, as the lines A B , BC. B C

A  P lane  A ngle is the inclination or meeting 
o f two right lines in one point; the point where 
they meet is called the angular point, and the lines 
A B  and A C  are called fides or legs ; it  is gener. 
ally expreffed by three letters, as B A C , the 
middle one always denotes the angular point, 
as A , and the two others the extremities o f the 
legs, as B, C .

V I .
A C i r c l e  is a plane figure, bounded by an uniform curve line, it Is ordi

narily deficribed by a right line, taken with a pair o f compaffes ; one point 
thereof being fixed, whilft the other is turned round to the place where the 
motion firft began ; the fixed point is called the c e n t r e , and the line de» 
feribedby the other point is called {he c i r c u m f e r e n c e ,



V II .
T h e  R a d i u s  o f  a  c ir c le , o r  S e m i d i a m .  

ETER, is  a  r ig h t  lin e  d raw n  fro m  the  cen tre  
t o  the  c ircu m feren ce , as A C  ; o r  i t  is  th a t  
lin e  w h ic h  is  ta k en  b e tw e e n  the  p o in ts o f  
th e  com paifes to  d e fc rib e  th e  c ir c le .

A  D iameter  o f a circle is a r ig h t  
l in e  drawn through the centre and termi
nated at both ends by the circumference, as 
A C B , which is the double o f the radius
A C . A  diameter divides the circle, and its 
circumference into two equal parts.

V I I I .
r

A n  A rch  o f  a  c ir c le  is  a n y  part o r  p o rtio n  o f  th e  circum ference^ 
35 P F E .

IX .
_A C hord  o f a circle is the fubtenfe o f  an arch, or i t  is a righ t line 

joining the ends o f  an arch ; i t  divides the circle into two unequal parts, 
called Segments, and is a chord to  them both, as D E  is the chord o f the 
arches DFE and D G E,

X .

A  Se m i c i r c l e , or half a circle, is a figure contained under the diam
eter, as A G B  or A F B . A n y part o f a circle contained between two 
fadii and an arch, is called a Secto r .

X I.
A  Q uadrant is half a femicircle, or one fourth part of the whole cir

cle, as the figure C A G .

N o t e .  A l l  c irc le s  w h eth e r g r e a t  o r  fm a ll, are  fuppofed to  h a v e  th e ir  
circu m feren ce  d iv id e d  in to  360 equ al p arts , ca lled  d e g re e s, and each d e 
g r e e  in to  60 equ al p arts , ca lled  m in utes, and each  m in ute in to  60 equ al 
p arts, ca lle d  feco n d s, and fo  on in to  th ird s, fo u rth s, & c .

XII.
I f  a right line A C , fall upon another DB, fo 

as to, incline neither to the one fide nor the 
other, but makes the anglesACD, A C B , on each 
fide equal to each other ; then the line A C  is 
faid to be perpendicular to the line D C ; and 
the two angles are called right angles.

» C £
X III.

c .

A n  A c u t e  A n g l e  is  le fs  than a  r ig h t  
a n g le , as A B C ,



X IV ,
An O btuse A n g l e  is g r e a te r  than  

E ig h t an g le, as GEH»

The feweft number o f  right lines that can include a fpace, are three* 
which form a figure called a triangle, or three-cornered figure, which conflits 
o f  fix parts, v iz . three fides and three angles : It is diltinguilhed into 
three forts, v iz . a right-angled triangle, an obtufe-angled triangle, and an 
acute-angled triangle.

X V .
A  R i g ht-angled  T r i a n g le  has .one o f  its angles 

r ig h t; the fide oppofite the right angle is called the 
hypotenufe ; and the other two fides are called le g s ; 
that which Hands upright, is called the perpendicular, 
and the other the bafe; thus BC is the hypotenufe, 
A C  the perpendicular, and A B  the bafe; the angles 
oppofite the two legs are both acute.

X V I .

c

An A c u t e -angled  T r I angle  has all its 
angles acute, or none o f them equal to a right 
angle, as D E G ,

X V I I .
A n O btuse-angled  T r i a n g le  has one 

o f  its angles obtufe, or greater than a right 
angle, as R A F  ; the other two angles are 
acute.

N o t e . A ll triangles, that are not right angled, whether they are acute 
or obtufe, are in general terms called oblique-angled triangles, without any 
other diftin&ion.

X V II I .

A  QuADRiLAÎERAt figure is one bounded 
by four fides as A C D B .  I f  the oppofite 
fides are parallel they are called p a r a l l e 
logram s. Thus i f  A C  be parallel to B D , 
and A B  parallel to C  D , the figure A C D B  
is a parallelogram. A  parallelogram hav
ing all its fides equal and its angles right 
is called a square , as B. When the an
gles are right and the oppofite fides only 
equal, it  is called a r e c t a n g l e ,  as A .

A
B '

A B

D



X IX .

The Sine or R ight  Sine of 
an arch is a line drawn from 
one end o f the arch perpen
dicular to a diameter drawn 
through the other end o f the 
fame arch ; thus R  S is the 
right fine o f the arch A  S, it 
being a line drawn from one 
end o f the arch S, perpendicu
lar to D A  which is the diam
eter palling through the other 
end of the arch A .

T

The C o-sine  of an arch is the fine of the complement o f that arch, or 
o f what that arch wants of a quadrant; thus A  H being a quadrant, the 
arch S H  is the complement of the arch A S ;  S Z  is the fine of the arch 
S H, or the co-fine of the arch A  S.

X X I.
The V ersed Sine o f an arch is that part o f the diameter contained 

between the right fine and the arch ; thus R  A  is the verfed fine o f the arch 
A  S, and D  C  R  is the verfed fine o f the arch D  H S.

X X H .
ThcTANG e nt o f an arch is a right line drawn perpendicular to the diameter 

palfing through one end o f the arch, and terminated by a line drawn from the 
centre through the other end o f the arch ; thus A  T  is the tangent o f the 
arch A S .

X X III .
The C o-tangent  o f an arch is the tangent o f the complement o f that 

arch to a quadrant; thus H G  is the tangent o f the arch H S, or the co-tan. 
gent of the arch A  S.

X X IV .
The Secant o f an arch is a right line drawn from the centre through 

one end of the arch, to meet the tangent drawn from the other end ; thus, 
C T  is the fecant o f the arch A S.

X X V .
The C o-secant o f an arch is the fecant of the complément o f that 

arch to a quadrant, thus C G  is the fecant o f the arch SH, or co-fecant o f 
the arch A S.

X X V I.
What an arch wants o f a femicircle iscalled the Supplém ent  o f that 

arch ; thus, the arch DHS is the fupplement o f the arch AS. The fine, 
tangent, or fecant of an arch, is the famé as the fine, tangent, or fecant of 
its fupplement ; thus, the fine o f  8o°— fine o f ioo°, and the fine o f 7 0 °=  
fine of j io°, &c.



X X V I I .

A  right lined angle is meafurcd by an arch o f 
a  circle comprehended between the two legs that 
form the angle ; the centre o f the circle being 
the angular point ; thus, the angle A B D  is meaf. 
ured by the arch A D  o f the circle C A D E , de
ferred  upon the point B as a centre, and the angle 
is faid to be of as many degrees as the arch i s ; 
that is, i f  the arch A D  be 450, then the angle A B D  is faid to be an 
angle of 45 degrees. And the fine, tangent, &c. o f any arch is called alfq 
the fine, tangent, &c. o f the angle whofe meafurc the arch is.

X X V I I I ,

' I f  the line A B  be drawn perpendicular to 
the line CBD , and upon B as a centre, a femi- 
circle C A D  be deferibed ; the arches C A ,
A D  will be, each equal to a quadrant, or go 
degrees. For ( hy art. 12J  the angle A B D  is 
equal to A B C  ; but thefe angles aremeafured 
by the arches A C ,  A D ,  therefore thefe arches muft be equal ; but the 
whole C A D  is a femicircle, (fince C D  a line palling through the centre 
I  is a diameter,} therefore each o f the parts A C , A D  is a quadrant 
or 90°.

X X IX .

I f  one line A B  fall any way upon another 
C D , the fum of the two angles A B D , A B C  is 
always equal to two right angles. For on the
point B as a centre, deferibe the circular arch _ _ _ __
C A B , cutting the line C D  in C  and D  ; then C JB X)
{by Art. 1) this arch is equal to a femicircle,
but it is alfo equal to the fum o f the arches C A , and A D , the mcaf- 
ures o f the two angles A B C , A B D  ; therefore the fuin o f the two an. 
gles is equal to a femicircle, or two right angles. Hence it is plain that all 
the angles which can be made from a point in any line, towards one fide of 
the line, are equal to two right angles, and that all the angles which can be 
made about a point are equal to four right angles.

X X X .

I f  a line A C  crofs another BD In the point E, 
the oppojite angles Jhall be equals v iz . B E A ss 
C E D , and B E C = A E D . Upon the point E 
as a centre, deferibe the circle A B C D  ; then 
it is plain that A B C  is a femicircle, as alfo 
B C D  (by the yth.) therefore the arch A B C =  
arch BCD , taking from both the common arch 
BC, there remains A B = C D , that is, the an
gle B EA  equal to the angle C E D  (by art. z"j.) After the fame manner 
We may prove that the angle BEC is equal to the angle A E D .



Gt0MlTR.1t
XXXI.

I f  a Vtnt GH  crofs two parallel 
lines A B, C D , it males the exter
nal oppofte angles equal to each __ 
other ; v iz . G E B = C F H , and 
A E G = H F D . For fince A B  and 
C D  are parallel to each other, they 
may be confidered as one broad ^  
line, and G H  crofting i t ; then 
the vertical or oppofite angles 
G EB, CFH  are equal (by art. 30,) as alfo A E G = H F D .

XXXII.
I f  a line G H  crofs two parallel lines A B , C D , (fee the preceding figure) 

tKe alternate angles A E F  and E FD , or C FE  and FEB are equal. For 
G E B = A E F  ( art. 30)  as alfo C F H = E F D  ( by the fame art.) but G E B =  
C F H  by the laft. Therefore A E F  is equal to E FD  j the fame way wo 
may prove F E B = C F E ,

XXXIII,
I f  a line G H  crofs two parallel lines A B , C D , (fee the preceding figure) 

the external angle GEB is equal to the internal oppofite one E FD , or A E G ; 
equal to CFE. For the angle A E F  is equal to the angle EFD  by the laft ; 
but A E F = G E B  (by art. 30,J  therefore G E B = E F D  j the fame way wo 
may prove A E G = C F E .

XXXIV,
If a line GH  crofs two parallel lines A B , C D , (fee the preceding figure) 

the fum of the two internal angles BEF and D FE, or A E F  and CFE is 
equal to two right angles ; for fince the angle GEB is equal to the angle 
E F D  (by the laß)  to both add the angle BEF, and we have G E B 4 -BEF 
= B E F + E F D , but G E B + B E F  =  two right angles (art. zy j. Hence 
B E F + E F D = tw o  right angles; and in the fame manner we may prove 
A E F -f-C F E =  two right angles,

XXXV,
In any triangle A B C, one 

t f  its legs, as BC being pro
duced towards D, the extern
al angle A C D  is equal to both 
the internal and oppofite angles —
A B C , B A C  taken together. ^
T o  prove this, through C  C D
draw CE parallel to A B  ;
then fince CE is parallel to A B  and the lines A C , BD crofs them, the angle 
E C D = A B C  (by art. 33,) and A C E = B A C  (by art. 32,) adding thefe 
together we have E C D -j-A C E ssA B C -f-B A C  ; but ECD -[-A CE=sACD  
therefore A C D = A B C -j-B A C .



X X X V I .
Hence it may be proved that 

i f  any two lines A  B and C D , be 
crofled by a third line E F , and 
the alternate angles A E F  and
E  F D be equal, the lines A  B and /  {«
C D  will be parallel; for i f  they /  -----
are not parallel, they muft meet 
each other on one fide o f the line 
EF(fuppofe atG ) and fo form the 
triangle E G  F, one of whofe fides 
G E  being produced to A , the 
exterior angle A E F  muft (by the preceding article) be equal to the fum o f 
the two angles EFG  and E G F ; but by fuppofition it is equal to the angle 
E  F G  alone ; therefore the angle A E F  muft be equal to the fum o f the two 
angles E F G  and E G F ,  and at the fame time equal to E F G  alone, which 
is abfurd; therefore the lines A  B, C D  cannot meet and muft be parallel.

X X X V I I .
In any right lined triangle A B C ,  all three angles taken together are 

equal to tamo right angles. T o  prove this you muft produce BC f  In the 
fig. art. 35,)  one of its legs to any diftance, as to D , then ( by art. 35,)  the 
external angle A CD ^=ABC-)-B AC, to both add the angle A C B  and ws 
have A C D 4 - A C B = A B C + B A C - f  A C B , but A C D -fA C B = tw o  right 
angles (by art, 29), Hence A B C 4 *B A C -f-A C B = tw o  right angles; 
that is, the fum o f the three angles o f any plane triangle A C B  is equal to 
tw o right angles.

X X X V I I I .
Hence in any plane triangle, i f  one o f its angles be known the fum o f 

the other two is alfo known ; for by the laft article the fum o f all three 
angles is equal to two right angles or 18o°, hence by fubtracling the given 
angle from 18o° the remainder is the fum o f the other two.

In any right angled triangle, the two acute angles taken together arejvjl 
equal to a right angle ; for all three angles being equal to two right 
angles, and one angle being right by fuppofition, the fum o f the other two 
muft be equal to a right angle, confequently any one o f the acute angles be
ing given, the other one may be found by fubtrafting the given one from 
go degrees,

X X X I X .
I f  in any two triangles A B C , D E F, two legs of the one, A B, A C , bp 

equal to two legs of the other DE,
D F , each to each refpettively, that 
is, A B = D E  and A C  =  D F, and 
the angles B A C , ED F included 
between the equal legs be equal ; 
then the remaining leg of the one 
ihall be equal to the remaining leg 
o f  the other, and the angles op_ 
pofite to the equal legs ihall be equal; that is, BCr=EF, A B C = D E F , and 
A C B = D F E  ; for i f  the triangle A B C  be fuppofed to be lifted up and put 
upon the triangle D EF, with the point A  on the point D ; it is plain fince 
A B = D E , that the point B will fall upon E, and fince the angles BAC, 
E D F  are equal, the line A C  will fall upon D F, and thefe lines being of 
equal length, the point C  will fall upon F, confequently the line B C w i l l



exadlly agree with the line E F , and the triangle A B C  will in all refpefta 
be exarily equal to the triangle D E F  ; and the angle A B C  will be equal 
to the angle D E F , alfo the angle A C B  will be equal to the angle 
D F E .

X L .

After the fame manner it may be proved, that i f  in any two triangles
A B C , D E F  (fee the preceding figureJ two angles A B C  and A C B o f  
the one, be equal to two angles D E F , D F E  o f the other, and the includ
ed fide B C  be equal to E F ; the remaining fides and included angles w ill 
alfo be equal to each other refpe&ively, that is A B = D E ,  A C = D F ,  
and the angle B A C = a n g le  E D F. For i f  the triangle A  B C  be fuppofed 
to be lifted up and laid upon the triangle D E F , the point B being upon 
the point E, and the line BC upon the line E F  ; then lince B C scE F , the 
point C  will fall upon the point F , and fmce the angle A C B = th e  angle 
D  F E, the line C  A  will fall upon the line F D , and by the fame way o f 
reafoning, the line B A  will fall upon the line E  D, therefore the point o f 
interfeft ion A  o f the two lines B A , C  A , will fall upon D , the point o f 
interfeition of the lines E D , F D , confequently A B s tD E , A C = D F ,  
and the angle B A C = th e  angle E D F ,

X L I .

J f  two fides of a triangle are equal, the angles oppofite to thefe fides w ill 
elfo he equal; that is i f  A B = rA C , the 
angles A B C , A C B  will alfo be equal ; for 
fuppofe the line A D  bifecTs the angle B A C , 
or divides it into two equal angles B A D ,
C A D ,  and meets the line B C  in D , di
viding the triangle B A C  into two triangles
A B D , A  C D , in which the fide A B = A C ,  
the fide A  D is common to both triangles, and 
the included angle B A D = th e  angle D A C ,  
therefore (by art. 39,y the angle A B D  muft be equal to the angle A  C D .

The converfe o f this proportion is alfo true ; that is, i f  two angles o f a 
triangle are equal, the oppofite fides are alfo equal. This is demonftrated in 
«early the fame manner by means of ctrt. 40.

X L I I .

Any angle at the circumference of a circle is but half the angle at the 
centre funding upon the Janie arch. Thus, the angle 
B A D  is half the angle BCD {landing upon the fame 
arch B D  of the circle B E D  A , whofe centre is C.
To demonilrate this, draw through A  and the centre 
C  the right line A C E ,  then (by art. qq,J the angle 
C  AD-[-angle C D  A = angle E C D , but A C r s C D  
(being two radii o f the fame circle) therefore ( by 
art. 4.1,J the angle C A  D = th e  angle C D  A , and 
the fura o f thefe two angles is the double of either of 
them, that is, C  A D -|-C D  A = tw ic e  C A D ,  therefore E C  D r: twice 
C A D ;  in the fame manner we may prove that B C  E = tw icc  B A  C, and 
therefore by adding thefe together we have E C  D 4 -B C E = tw ic e  C  A D - f  
twice B A C , that is, B C D = tw ic e  B A D , or B A D  equal to half c f  
B C D .



X L III .

Hence an angle at the circumference is meafured by half the arch it fuh- 
tends ; for an angle at the centre Handing on the fame 
arch is meafured by the whole arch (by A rt.tq)  ; but 
linee an angle at the centre is double that at the 
circumference, it is plain that an angle at the cir
cumference muft be meafured by only half the arch it 
Hands upon. Hence all angles A C B ,  A  D B,
A E B ,  See. at the circumference of a circle fund
ing on the fame chord A  B are equal to one another ; 
for they are all meafured by the fame arch, v iz . half 
the arch A  B which each of them fubtends.

X L I V .
Hence an angle in a fegment greater than a 

femicircle is lefs than a right angle ; thus if  A  B C 
be a fegment greater than a femicircle, the arch 
A C  on which it Hands muH be lefs than a femi
circle, and the half o f it lefs than a quadrant or 
a right angle ; but the angle A  B C  in the fegment 
is meafured by the half o f the arch A  C ; therefore 
i t  is lefs than a right angle.

B

A o

K

An angle in a femicircle is a right angle ; for 
lince D E F  is a femicircle, the arch D K F  mult 
alfo be a femicircle ; but the angle D  E F is mea
fured by half the arch D K F , that is by half 
a femicircle or by a quadrant; therefore the an
gle D  E F is a right one.

I)

An angle in a fegment lefs than a femicircle 
is greater than a right angle ; thus i f  G  H I 
be a fegment lefs than a femicircle, the arch 
G L I  on which it Hands mud be greater than 
a femicircle, and its half greater than a quad
rant or right angle ; therefore the angle G H I  
which is meafured by half the arch G L I  is 
greater than a right angle.

H

X L V .

I f  from the centre C  of the circle A B E ,  there be 
let fall the perpendicular C D  on the chord A  B ; it 
will bifett the chord in the point D . For to dem- 
onHrate this, draw from the centre to the extremities 
o f the chord the lines C  A , C  B ; then fince C A =
C  B, the angles which they fubtend C B A , C A B  
muft be equal (by Art. 41,/ b u t the perpendicular 
C  D divides the triangle A C B  into two right ang
led triangles A  D C , C D  B, in which the fum of 
the angles A  C D , C A D ,  in the one is equal to the fum of the angles 
D  C B and C B D in the other, each being equal to a right angle (by Art. 
3$,J but C A  D is equal to C  B D (by Art. 41 , j  therefore A  C D  is equal



to D  C B ; therefore in' the two triangles A D C , C  D  B, the two legs C  A,' 
C  D , in the one, are equal to the two legs C B and C D  in the other, each 
to each refpeftively, and the included angles A  C D, D C B are equal; there, 
fore the remaining legs A D  and B D  are equal (by Art. 39, )  confequently 
A  B is bifeited in D .

X L V I .

I f  from the centre of a circle there be drawn a perpendicular to a chord 
line, and it be continued to meet the circle, it will bifedt the arch corref- 
ponding to that chord. Thus (in the preceding figure) i f  the line C D  be 
drawn perpendicular to the chord A  B, and continued to meet the circle in 
F , the arch A  B will be bifeited in the point F ; for joining A F , F B , we 
have in the triangles A D F , B D F  ; A D  equal to D B  (by the laß art.) 
and D F  common to both, therefore A D , D F , two legs of the triangle 
A D F ,  are equal to B D , and D F , two legs of the triangle B D F , and the 
included angles A D F , B D F  are equal being both right, therefore, (by art» 
39,} the remaining legs A F  and F B are equal, but in the fame circle equal 
lines are chords of equal arches, therefore the arches A F  and F  B are equal; 
confequently the whole arch A  F B is bifected in F.

XLVIL
Any line b'fe&ing a chord at right angles is a diameter 5 for finefi 

fby art. 45,) a line drawn from the centre perpendicular to a chord bifefts 
that chord at right angles, therefore converfely a line bifedling a chord at 
right angles, muft pafs through the centre and confequently be a diameter*

XLVIII,
The line of any arch is equal to half the chord o f twice that arch ; for 

(in the laßfcheme) A D  is the fine of the arch A F ,  by the definition of a 
line (art. 19,) and A  F is half the arch A  F B, and A  D half the chord A  B* 
(by art. 45,) whence the propofition is manifefD

XLIX.
I f  i-joo equal and parallel lines A B , C D,- be joined by two ethers AC»' 

B D, then thefe ß a l l  alfo be equal and parallel.
To demonftrate this, join the two oppofite an
gles A  and D with the line A  D  ; then it is 
plain that the line A  D divides the quadrilat
eral A  C D B into two triangles A  B D , A  C D, 
in which A  B a leg of the one, is equal to 
C D  a leg of the other by fuppofition, and 
A  D is common to both triangles ; and fince A  B is parallel tö C  D , the 
angle B A D  will be equal to the angle A D C , (by art. 32,) therefore in 
the two triangles, the fides A B , A D  and the angle B A D , are equal 
refpetLively to the fides C D , A D , and the angle A D C ;  that is, two 
legs and the included angle of the one, are equal to two legs and the in
cluded angle of the other ; therefore (by art. 39,) B D  is equal to A C , 
and the angle D A C  is equal to the angle A D B  ; therefore (by art. 36) 
the lines B D, A C  muft be parallel.

Cor. Hence it is plain that the quadrilateral A  B D C  is a parallelo
gram, fince the oppofite fides are parallel. It  is alfo evident that in any 
parallelogram, the line joining the oppofite angles (called the Diagonal) 
as A  D , divides the figure into two equal parts, fince it has been proved 
that the triangles A B D , A  C D , are equal to each other.



L .
It follows alio from the preceding.article) that a triangle A C D  {fee the 

¡¡¡receding figure) on the fame bafe, and between the fame parallels with a 
parallelogram A B  D C , is the half o f that parallelogram-.

LIt
From the fame article it alfo follows) that the oppofite fides o f a paraL 

lelogram are equal,• for it has been proved that A B D C  being a parallel
ogram, A B  w ill be equal to C D , and A G  equal to B D .

L II.
A ll parallelograms on the fame or equal bafes, and between the fame par

allels, are equal to each other ; that is, i f  B D  and G  H be equal, and the 
lines BH , A F  be parallel, the par
allelograms A B D C ,  B D F E  and 
E F H G  are equal to each other.
For A  C is equal to E F each being 
equal to B D  {by art. 51,) to both 
add C  E and we have A  E equal to 
C  F ; therefore in the two triangles 
A B E , C D F  ; A B , a leg o f the 
one, is equal C  D , a leg o f the other,
and A E  is equal t o C F ,  and the angle B A E  is equal to D C F  {by art. 33) 
therefore the two triangles A B E , C D F ,  are equal (by art. 39,) and tak-. 
ing the triangle C  K  E from both, the figure A B K .C  will be equal to the 
figure K  D F E, to both which add the little triangle K  B D , and we ha^e 
the parallelogram A B D C  equal to the parallelogram B D F E . In the. 
fame way it may be proved that the parallelogram E F H G  is equal to the 
parallelogram BDFE ; therefore the three parallelograms A B D C , BD FE , 
and E F H G  are equal to each other.

Cor, Hence it follows, that triangles on the fame bafe and between the fame 
parallels are equal, fined they are the half o f the parallelograms on the 
fame bafe and between the fame parallels {by Art. 50).

L III .
In any right angled triangle, the fqttare of the hypotennfe is equal to the 

fum of the fqtiares of the two fides. Thus i f  B A  C  be a right angled tri
angle, the fquare o f the hypotenufe B C , v iz . B C M H , is equal to thefum 
Of the fquares, made on the two fides A  B and A C ,  v iz . to A B D E  and 
A C G F .  To demonftrate this, through the point A , draw A K L  per
pendicular to the hypotenufe B C . Join A H , A M , D C , and'B G  ; then 
it is evident, that D B is equal to B A  {by Art. 18,) and B H  equal toB C , 
therefore in the triangles D B C , A B H , the 
two legs D B, B C of the one are equal to the 
two legs A  B, B H, of the other; and the in
cluded angles D B C  and A B H  are alfo equal,
(becaufe D B A  is equal to C B H being both 
right, to each add A B C  and we have D B C  
equal to A  BH) therefore the triangles D B C ,
A B H  are equal {by Art. 39,) but the triangle 
D  B C is half o f the fquare A B D E  {by Art. 50) 
and the triangle A  B H is half the parallelogram 
B K L H  (by the fame Art.) confequently the 
fquare A B D E  is equal to the parallelogram 
E K  L  H. In the fame way it may be proved, that the fquare A  C G  F  is 
equal to the parallelogram K  C M  L . Therefore the fum o f the fquares 
A B D E  and A C G F  is equal to the fum o f the parallelograms B K L H  
a n d K C M L  ; but the fum o f  thefe parallelograms is equal to the fquare

F
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B C M H , therefore the fum of the fquares on A B  and A C  is equal to- the 
fquare on B C.

Cor. Hence in any right angled triangle, i f  we have the hypotenufe 
and one of the legs, we may eafily find the. other leg, by taking the fquare 
of the given leg from the fquare of the hypotenufe, the fquare root of the 
remainder will be the fought leg. Thus if  the hypotenufe was 13, and 
one leg was 5, the other leg would be. 12, for the fquare of 5 is 25, and 
the fquare of 13 is 169, fubtraiting 25 from 169 leaves 144., the fquare 
root of which is 12. I f  both legs are given, the hypotenufe may alfo be 
found by extracting the fquare root of the fum of the fquares of the legs > 
thus if  one leg was 6, and the other 8, the fquare of the firft, is 36, the 
fquare of the fecond is 64, adding 36 and 64 together gives 100, whofe 
fquare root is 10, which is the fought hvpotcnufe.

L I V .‘
F o u r  q u a n tit ie s  a re  f a id  to  b e  p r o p o r t io n a l w h e n  th e  m a g n itu d e  o f  th e  firflr 

c o m p a re d  w i t h  th e  fe c o n d , is th e  fam e  as th e  m a g n itu d e  o f  th e  th ir d  c o m 
p a re d  w i t h  th e  fo u r th  ; th u s 4 ,  S , 12  a n d  24, a re  p r o p o r t io n a l,  b e c a u fe  4 is  

h a l f  o f  8 a n d  12 is  h a l f  o f  2 4  ; an d  i f  w e  ta k e  l i k e  m u ltip le s  A  X  a , A  X  b ,  
o f  th e  q u a n tit ie s  a  a n d  b ,  a n d  o th e r  l i k e  m u lt ip le s  B  X  a ,  B  X  b ,  o f  th e  fam e 
q u a n tit ie s  a  an d  b ,  th e  fo u r  q u a n tit ie s  A X a ,  A X b ,  B X a  a n d  B x b  a r e  
p r o p o r t io n a l,  fo r  A  X  a  c o m p a re d  w i t h  A  X b  is o f  th e  la m e  m a g n itu d e  as a 
c o m p a re d  w it h  b ,  a n d  B  X  a  c o m p a re d  w i t h  B x b  is  a lfo  o f  th e  fam e  m a g 

n itu d e  as a  c o m p a re d  w i t h  b .
L V .

In any triangle A G g ,  i f  a line E e be drawn parallel to either of the 
fidcs as G  g, thefide A  G  w ill be 
to A E , as A g  to A e , or as G  g 
ft E e. T o demonilrate this, up
on the line A  G take the line A  B 
fuch that a certain multiple of it 
may be equal to A  E, and another 
multiple of it may be equal to 
A  G ; this may be always done 
accurately when A E  and A G  
are commenfurablc ; i f  they are 
not accurately eommenfurable, the
quantity A  B may be taken fo fmall, as that certain multiples of it may dif
fer from A  E and A  G , only by quantities lefs than any aflignable. On the 
line A  G, take B C, C D , D E, E F, F G , &c. each equal to A  B, and through 
thefe points draw the lines Bb, C c , &c. parallel to G g , cutting the line 
A g  in the points b, c, d, e, &c. draw alfo the lines B M , C L ,  D K , &c. 
parallel to A g ,  cutting the former parallels in the points N , O , P, &c. and 
the line G g  in the points M, L , K , &c. Then the triangles A B b , B C N , 
C D O , &c. arefimilar and equal to each other ; for the lines Bb, C c  are 
parallel, therefore the angle A B b = B C N  (by Art. 33,) and by the fame 
article the angle BA b is equal to CBN  (becaufe BN is parallel to A  b,) and 
by conilruclion A B = .B C , therefore (by Art. 39,) the triangles A B b  and 
B C N  are equal to each other ; and in the fame manner we may prove that 
the others C D O, D E P, E F Q , &c. are equal to A  B b. Therefore A  b =  
B N = C  0 = D P ,  &c. and B b = C N = D O = E P ,  &c. but (by Art. 51) 
B N = b c , C O = c d , D P = d e  ; therefore the line A  b = b c= cd = = d  e, &c. 
aiid iince (by conflrnBion) A B = B C = C D ,  &c. any line A E  will be the 
fame multiple of A  B as the correfponding line A  e is o f A b  ; and A G  is 
the fame multiple of A  B as A  g  is of A  b ; therefore the lines A G ,  A  E, 
A g ,  A e  will be proportional (by Art.$4.) ; that is, A G  will be to A E  as 
A g  is to A e ,  and in a fimilar manner we may prove that A G  is to A E  
as G g  is to E e.



L V I .

I f  any two triangles 
A B C ,  a be, are Jimilar, 
or have all the angles of 
the one, equal to all the 
angles of the other, each 
to each refpeftively, that 
is C A  Bs=c a b, A  C B== 
à c b , A B C = a b c  ; 'the 
legs oppofite to the equal 
angles will be proportion - 
al, v iz . A B  t ab J J A C  ♦  ac ; and A B  J. ab B C  ♦  be ; and A C  J 
ac B C  t be. T o  prove this, fet off upon a fide A B  of the large!! 
triangle A E — ab, ana through E draw E D  parallel to B C, meeting A C  
in D , then fince D E , B C  are parallel, the angle A E D  is equal to A B C  
(by Art. 33) and this (by juppojition) is equal to the angle a b c  ; alfo the 
angle D A E  is (by fuppofit’ion) equal to cab , therefore in the triangles A D E , 
a b c , the two angles D A E , A E D  of the one, are equal to the two angles 
c a b , a b c  ol the other, each to each refpeitively, and the included fide 
A E  is (by ctmfiruS'ton) equal to the included fide ab  ; therefore (by Art. 
40) A D  is equal to ac, and D E  equal to be ; but fince in the triangle 
A B C  there is drawn D E  parallel to -B C  one of its fides, to meet the 
othertwo fides in the points D ,E  ; therefore, (by the preceding Art.) A B  J 
A E  : :  A C  : A D , and A B  ♦ A E  l*. B C  : D E , and A C  t A D  ♦ ♦  
B C  t D E  ; i f  in thefe three proportions for D E  we put its equal be, for 
A E  put ab, and for A D  put ac ; they will become A B t a b J J A C *  
ac, and A B  J ab B C  J be, and A C  J ac B C  J b c .

L V I I .

The chord, fine, tangent,
See. of any arch in one circle, 
is to the chord, fine, tangent,
See. o f the fame arch in a- 
nother, as the radius of the 
one is to the radius of the 
other. Let A B D , abd, 
be two circles ; B D , bd, 
two arches of thefe circles, 
equal to one another, or 
confifting o f the fame num
ber of degrees; F D , fd , 
the tangents ; B D, b d, the 
chords ; B E, b e, the fines,
&c. o f thefe two arches 
B D , b d  ; and C D , cd, the 
radii o f the circles ; then 
C D  will be to c d as FD  to 
fd , and C D  Î cd JJ B D  t
bd, an d C D  î cd t Î B E  i
b e , &c. For fince the arches B D , b d , are equal, the angles B C D ,b e d , 
are alfo equal, and F D , fd , being tangents to the points D and d, the an. 
gles C D F ,  c d f  are each equal to a right angie (by art. 22) ; therefore, 
fince in the two triangles C  D  F, c d f ,  the two angles F  C D , C D F  of the



One, are equal to the two angles fed , c df, o f the other, each to each, the 
remaining angle C F P  is alfo equal to the remaining angle c fd  (by art. 
38) ; coniçquently the triangles C F D , c fd , are fimilar. The triangles 
.BCD, bed, arc alfo fimilar, for the angle CBD is equal to the angle CD B, 
being each fuhtended by the radius ; therefore [by art, 38) each of thefe an
gles is equal to half the fupplemcnt of the angle BCD ; and ip the fame, 
maimer the angle cbd or cdb is equal to half the fupplement of the angle bed, 
and line? the angle BCD is equal to bed, the angles of thefe two triangles 
mull be equal, confequently they are fimilar. The triangles BCE, bee are 
aifo fimilar, becaufe BE i? parallel to FD , and be parallel to fd. Hence we 
obtain ffrom art. 56) the following analogies. C D }  cd  1* F D  l id  
C D  J cd  U  B D  ♦ bd, C B  ; cb  I t B E  ; b e , See, 

i LVIII.
Let A  B D  be a quadrant of a circle deferibed by 

the radius C D ;  B D  any arch of it, B A  its comple,
- ment, E G  or C  F the fine, C G  or B F the co-fine,

D È  the tangent, A H  the co-tangent, C E  the fecant, 
and C H the co-fecant of that arch B D . Then fmee 
the triangles C  D  E, C G  B are fimilar or equi-angular 
we ihall have {by art. 56) D E  î  C E  J* B G  î C B , 
that is, the tangent of an arch, is to the fecant of the 
fame, as the fine of it is to radius, Alfc, C E  J C D J J  
C  B l C G  ; that is, the fecant is to radius as the radius 
to the co-fine of an arch. Alfo, C F î  C  A  J î C B  ̂ C H , that is, the fine 
is to radius as radius to the co-feeant o f an arch ; and fince the triangle 
C A H  i? fimilar to the triangle CD E, we have A H  J C A  Ü  C D  l D E , 
that is the co-tangent is to the radius as the radius to the tangent of an 
arch.

L IX .
In all circlet, the fine of 90°, the tangent 

of 450, end. the chord of 6o°, are each 
equal to the radius. For in the circle 
D F A E B ,  let the arch B E  be 450, the 
arch B A  6o°, and B F 900. Draw 
through the centre C  the diameter D  C B, 
and perpendicular thereto the tangent B G  
m eeting'C E  produced in G ;  draw the 
chord B A , aiid join C F , C A .  Then 
fince the arch B F is 90° and the arch 
B F D  is 1S00 (being a femicircle) the arch 
D  F mud: be 00°, and therefore the angles D C F ,  B C F, are equal, hence 
(by art. 1 a) C F is perpendicular to D C B , and is therefore the fine of the 
arch B F  (by Art. 19,) hence the radius C F  is equal to the fine of the arch 
B F  or fine of 90°. Again in the triangle C B G ,  fince the angle C B G  is 
90°, and BCG is 450 by fuppofiticn,the angle CGB is alfo 45° (by Art. 38.) 
therefore (by Art, 41,) BG is equal to C B , that is, the tangent of 45 0 is 
equal to the radius. Again, fince the angle A C B  is 6o° (being meafured by 
the arch B A ,) the fum of the angles C A B ,  C B A , mull be equal to 1 zo° 
(by Art. 38,) and fince C A  is equal to C B , (being both radii o f the fame 
circle) therefore (by Art. 41,) the angle C  A  B is equal t o C B A :  Hence ei
ther of thefe angles is equal to the half o f 120°, or equal to 60 0 ; confe
quently, each angle of the triangle A B C  is equal to 60°; therefore (by 
Art. 41.). the fides are alfo equal; hence the chord of 6o ° ,  or B A ,  is equal 
;o t|ie radios CB,



T H E  four following propofitions contain the demonftration o f the role* 
by which all the calculations o f trigonometry may be made : they were in- 
ferted here, in order to prevent any embarrafiment to the young calculator, 
from the introduction of the demonftrations among the precepts for calcula
tion.

LX.
In any plane triangle, the fdes are proportional to the Jhtet o f the oppofte 

angles.

Let A  B C  be the triangle ; 
produce the leffcr fide A  B to 
F , making A  F  equal to B C  ; 
from B and F  let fall the per
pendiculars BD, FE, upon A C  
(produced i f  neceflary) ; then 
F  E is the fine of the angle A , 
and BD is the fine of the angle
C , the radius being BC equal 
to A F  : now the. triangles A B
D , A F E , having the angle A  
common to both, and the angle 
D  equal to the angle E (being 
each equal to a right angle) 
are fimilar; hence (by Art.¡¡6.) 
as A F  (or its equal BC) is to 0  
A B , fo is FE to BD ; that is,

J k

X

a
i

E
BC is to A B  as the fine o f the angle A  is to thg fine o f the angle C .

L X I .

In any triangle (fnppojing any fide to be the bafe, and calling the other 
tivo the fdes)thefum of the fides <will be to their difference, as the tangent of 
half the J 'u m  of the angles at the bafe, is to the tangent o f half the difference, 
o f the fame angles.

Thus, in the triangle A B C , i f  we call 
A B  the bafe, it will be as the fum of A C  
and CB is to their difference, fo is the tan
gent of half the fum o f the angles A B C ,
B A C , to the tangent o f half their difference.

Dent. With the longeft leg CB as radi
us, deferibe a circle about the centre C, 
meeting the fhorter fide A C  (produced on 
each fide) in the points D  and E, join 
EB, DB ; draw A H  perpendicular to DB, 
and A F  perpendicular to EB ; then (by Art.
44.) the angle EBD, being in a fcmicircle, is 
a right angle; and fince A H  is perpendicu
lar to DB, the lines A H  and EB are parallel (by Art. 36.) ;  therefore (by- 
Art. 33.) the angle D A H  is equal to D EB, and (by Art. 32.) the angle 
A B E  is equal to B A H ,  and fince A F  is perpendicular to E B , the tri
angles A  H D , A F E ,  are fimilar, and A F  is equal to H B . Moreover 
fince C B  is equal to C D  or C  E ; A D  is the fum and A E  is the difference



o f  the  le g s  A C ,  C B  : l ik e w ife  (by Art. 3 5 ,)  the a n g l e B C D i s  equal to the 
fum  o f  the angles B A C ,  A B C ,  and therefore (by Art. 4 2 ,)  the an g le  D E B , Or i ts  
e q u a l D  A  H , is  equal to  h a lf  the fuin o f  the angles at the bafe A B C ,  B A C .  
A g a i n  (by Art. 33,) the a n g le  B A C  is equ al to  the fum o f  the angles C E B  
( o r C B E )  and A B E ,  and therefore is equ al to  the fum  o f  the  an g le  A B C ,  
a n d  tw ic e  the  an g le  A B E ;  hence the a n g le  A B E  o r its  equ al B A H ,  is 
e q u a l to  h a lf  the d ifferen ce o f  the an g les a t the b afe . B u t in  the r ig h t  a n . 
g le d  trian g les  A  H  D ,  A  H  B , m a k in g  A  H  rad iu s, the leg s  D  H , H  B  are 
th e  tan gen ts o f  the angles D A H ,  B A H ,  o r the tan gen ts o f  h a l f  the fum  
an d h a lf  the difference o f  the angles a t the b a fe ; b u t b y  reafon o f  the  i im i. 
la r  tria n g les  A  H D ,  A F E ,  w e  h a ve  A D J A E l l D H t A F  o r H B ;  th at 
is ,  A  D ,  the fum  o f  the legs A C  and C  B , is to  A  E  th eir d ifferen ce, as D H  
th e  tan gen t o f  h a lf  the fum  o f  the angles at the bafe  (the radius b e in g  A H )  
is  to  h B  the tan gen t o f  h a lf  the difference o f  the  fam e a n gles, (to  the  fam e 
ra d iu s,) and therefore (by Art. 5 7 ,)  as the tab u lar tan ge n t o f  h a lf  the fum  
o f  the angles a t the bafe, is  to  the tab u lar tan gen t o f  h a l f  the  d ifferen ce o f  
th e  fam e a n g les.

L X I I .

I f  to half the difference of two quantities he added half their fnm, the 
fum w ill be the greater of them ; and i f  from half their fum be JubtraSied 
the half of their difference, the remainder w ill be the leaf of them.

Dem. L e t  the tw o  q u an tities he j j  j ;  B  C
reprefen ted b y  the lines A B  and B C  1 i 1 1_____j
(m a k in g  one continued line) w h e re o f
A B  is the g r e a te r , and B C  the leffer ; b ife ft  A C  in  E ,  and m ak e  A D  equ al 
t o  B C ; th en  i t  is  p lain  that A C  is the fum  and D B  the  differen ce o f  the  
t w o  q u a n titie s , and A E  o r E C  the h a lf  fum , and D E  o r E B  th e ir h a lf  d if
feren ce : now  i f  to  A E  w e  add E B , i t  is  e v id e n t th a t the  fum  w il l  be A B  ; 
th a t  is , i f  to  h a lf  the fum  w e  add h a lf  the  d ifferen ce, the fum  w il l  be  the 
g r e a te r  q u a n tity  ; a lfo , i f  from  E C  w e  tak e  E B , the rem ainder w i l l  be B C , 
th a t is , i f  from  h a lf  the fum  w e tak e  h a l f  the differen ce o f  tw o  q u a n tities , 
tire rem ainder w i l l  be the le a d  o f  them .

L X I I I .

I n  an y  p lan e tr ia n g le  A B C ,  le t  fa ll from  C ,  the  line C D  p erpend icular to  
th e  b sfe  A B ,  d iv id in g  i t  in to  tw o  fegm en ts A D ,  D B ; b i fe f l  the  bafe A B  
in  th e  p o in t H  ; then,



As the ha/e A B  is to the fum of the fides, A C ,  B C , fo is the difference of 
the Jides to lauice the difiance D H  of the perpendicular from the middle of the 
bafe.

Dem. W it h  the g r e a te r  fide C B  as ra d iu s, d e fc rib e  a b ou t the  cen tre  C  th e  
c ir c le  B F G E ,m e e t in g  the  o th e r  fide p ro d u ced  in  the  p o in ts  E  and F ,a n d  the  
bafe  A  B p roduced  in  G ; jo in  G F  an d  B E . T h e n  A E  is the fu m , and A F  
the  differen ce o f  the  fides A C ,  C B  ; and fincc C D  is  p erp en d icu lar to  G B ,  
th e  lin e  G B  is b ife i le d  in  D  (by art. 4 3 ) an d  as A B  is  bifeCted in  H , the lin e  
A G  is equal to  tw ic e  D H . N o w ,in  the tria n g les  B A E , G A F ,  the an g les  A B E ,  
G F A  are equ al (by Art. 4 3 ) , and the an g le  B A E  is equ al to  G A F  (by Art. 
5 0 .)  th erefore  the  re m a in in g  a n g les  A E B ,  A G E ,  m u ll b e  e q u a l ; hence 
th e  tria n g les  B A E ,  G A F ,  are fim ila r ; co n fe q u cn tly  (by Art. 5 6 .)  A B  : 
A E  : : A F  : A G ,  o r tw ic e  H D ,  w h ic h  is  th e  p ro p o fitio n  to  be d em on ftra- 
te d . H a v in g  thus o b ta in ed  H D , w e  m a y  find the fegm en ts A D ,  D B , b y  
a d d in g  H D  to  the h a l f  bafe H A  o r  H B , and b y  ta k in g  th e ir  d ifferen ce .

LXIV.

In any plane triangle, the fquare of radius is to the fquare of the co-fine of 
either of the angles, as the re angle contained by the tn»o fdes including 
that angle is to the reilangle contained by the half fum of the fdes, and that 
half fum decreafed by theJtde oppofte to that angle.

T h u s  in the  tr ia n g le  C B E ,  
th e  fquare o f  radius is to  the 
fq u are  o f  the co -fin e  o f  h a lf  
the  a n g le  C ,  as the  re fta n g le  

C B + C E + B E  
C B x C E i s t o --------------------

2 A  C
C B + C E — B E  ^

X ------------------- . F o r  co n tin u e  E C  to  A ,  m a k in g  C A r r C B ,  d ra w  B D  p er-

2
p en d icu lar to  C E ,b i f e d lC E  in H ,a n d  jo in  A B .  T h e n (fu p p o fin g  C B  to  be g r e a t 
e r  than E B )  w e  h a v e  (byArt. 63.) C E  : C B + B E  : :  C B  B E  

C B 2— B E 2
:  ---------------  =  2 • H  D  ; b y  a d d in g  h a l f  o f  th is  t o  C H  h a lf

C E
C B 2— B E 2 + C E 2

't h e  b a fe , w e  h a v e  th e  fegm en t C D  —  --------- ----- :-----------  ; to
2 - C E

CB2— BE2 -f CE2 +2CECB
th is , a d d in g  C A  o r  C B ,  w e  h a v e  A D  —

2 -C E

C B + C E ] 2— B E 2 C B + C E + B E X C B + C E — B E
________________ — -------------------------------------------------. A g a i n ,  A D  —

2 C E  2 - C E
A C + C D  =  C B + C D  ; hence a d )2 =  C B 2 +  a C B *  C D + C D 2 ; a lfo , 
B D 2 — C B 2 —  C D 2 ; hence A B 2 =  A D 2 +  B D 2 — z - C B 2 + 2 C B - C D —  
2 * C B , C B + C D  —  2 C B  • A D  ; hence A B 2 : A D 2 : : 2 C B  : A D  —



C B + C E + B E  • C B -fC E — BE
■■ ■ ■—----------------------------j-; but A B  being radius, A D  is the co-fine

2 C E
o f the angle A , which is equal to half the angle C f by Art. 42 .); therefore 
the fquare o f radius is to the fquare of the co-fine of half the angle C , as the

C B + C E + B E  C B + C E — BE
reilangle C E  • CB is to the reftangle-------------------  . ------------------

2 2
The other cafes o f this propofition are demonftrated in the fame manner.



( 4 i )

GEOMETRICAL PROBLEMS.
*

PROBLEM  I.
To draw a Right Line C D  parallel to a given Right Line A B , at ans giv

en diftanee, at at the point D .

a pair of compaftes take the near- v ^  _r
fit  diftanee between the point D and the. g iv . -........  — jj
cn right line A B ;  with that diftanee fet one -A-
J'oot of the compaftes any where on the line A B , as at A , and draw the 
arch C ; from the point D draw a line fo as juft to touch the arch C , and it 
is done ; for the line C D  will be parallel to the line A B , and at the diftanee 
o f  the point given D , as was required.

PRO BLEM  II.
To blfeil or divide a given line A B  into two equal parts.

Take any diftanee in your compaftes 
greater than half the line A  B, then with 
one foot in B,deferibe the arch C F D  ; with 
the fame diftanee, and one foot in A , def- 
cribe the arch C G D ;  cutting the former 
arch in C and D ; draw the line C D, and 
it will bifeft A  B in the point E.

A

v

■ 3 '

#
PRO BLEM  III .

To erefl a perpendicular B A  on the end of a given Right Line DB.

Take any extent in your compaftes, and with 
one foot in B fix the other in any point C  with, 
out the given line ; then with one point of the 
compaftes in C , deferibe with the other the cir
cle A B D  ; through D  and C draw the diameter 
D C A  meeting the circle in A  ; join B and A  
and it is done ; for B A  will be the required line 
(by Art. 44, Geom.J

Or thus,
Take any convenient diftanee as D A  in your 

compaftes, and with one foot in D deferibe the 
arch A E G , upon which fet off the fame diftanee 
from A  to F, and from F to G  ; upon F and G  
deferibe > wo arches interfering one another in 
H ; draw a line from H to D , and it is done ; 
for HD will be the perpendicular required.

F



PROBLEM  IV .
From a given Point, as C, to let fa l l  a Perpendicular CO on a given Right

Line A B .

Take any extent in your compares greater 
than the leaft diftance between C and the g iv
en line A B ;  with one foot in C, defcribe an
arch to cut the given line A B  in F and G ; p  
with one foot in G  defcribe an arch, and with 
the fame diftance, and one foot in F, defcribe 
another arch cutting the former in D ; from ’"*■ 
C  to Ddraw the line CO D , cutting A B  in O ; 
then CO  will be the perpendicular required.

PROBLEM  V .

C

o

;*•

Cr

From a given Point C  to let fa l l  a Perpendicular CB on a given Line AB_, 
when thefald Perpendicular is to fa ll  fa near the end of the given line that 
it cannot be done as above.

Upon any point A  o f the line A B  as a 
centre, and with the diftance AG  defcribe an 
arch E ; chufe any t^lier point in the line 
A B , as D , and with t * '  diftance D C defcribe 
another arch interfering the former in E, 
join CE cutting A B  in B, and it is done ; for 
CB will be the perpendicular required.

A

C

I> \ B

PROBLEM  V I.

■ -if-'
. / E

To male Plane Angles, andfirjl a Right Angle, containing 90 Degrees,
Draw the line C A  ; on C  eredt a perpendic

ular C D , and it is done ; for the angle DC A  
is an angle o f 90°. Or thus, on the point C , 
with the chord of 6o°* defcribe an arch GH , 
and fet off thereon from G  to H the diftance of 
the chord of 90° and from C through H draw 
CH D , which will form the angle D C A  o f 90° 
required.

D

-----.

c l £
PROBLEM  V II .

To male an Acute Angle equal to any number of degrees, Suppofe 36 0 3o'.

Draw the line BC ; with the chord o f (So0 or 
radius, in your compafles, and one foot on C 
draw the arch FB, on which fet off from B to F, 
the given angle36Y°taken from the line of chords; 
through F and the centre C draw the right line 
A C , and it is done; for the angle A C B  will be 
an angle of 36° 30', as was required._________ B



PRO BLEM  V I I I .

To male aft Qbtztfe Angle thatJb all contain i z j °  20*,

Draw C B ; take the chord of 6o° in your 
Compaffes, and with one foot on C  defcribe 
an arch BGHE, upon which fet off the chord 
o f 6o° (which you already have in your com- 
paffes) from B toG , and from G  toH  ; then 
fet offfrom G  to E, the excefs of the given 
angle above 6o°, which is 6 j%0 taken from 
the line of chords ; or you may fet off from 
H  to E, the excefs of the given angle above 120°, which is 7-*-° ; draw the 
line CE, and it is done; for the angle ECB will be an angle of 127° 20'.

PR O B LEM  IX .

To blfeU a given arch of a circle AB, rjohofe centre is C.

Take in your compaffes any extent greater 
than the half o f A B , and with one foot in A , 
defcribe an arch ; with the fame extent and 
one foot in B, defcribe another arch cutting 
the former in D ; join C D  and it is done ; for 
this line will bifedt the arch A B  in the point 
E. It is alfo evident that the line C D  bifefts 
the angle B C A , or divides it into two equal 
parts.

PRO BLEM  X .

To find the centre of a given circle.

W ith any radius, and one foot in the cir
cumference as at A , defcribe an arch o f a 
circle, as CBD , cutting the given circle in B j 
with the fame extent, and one foot in B, de
fcribe another arch C A D , cutting the former 
in C and D ; through C and D draw the line 
C D , which will pafs through the centre of 
the circle ; in like manner may another right 
line be drawn, as E FG , which ihall crofs 
the firft right line at the centre required. 
This conftruftion depends upon Article 45 
o f Geometry.



PROBLEM  X L
To draw a circle through any three given points not Jituatei in a right litre.

Let A , B, and D be the given points ; 
take in your compares any diftance greater 
than half AB, and with one foot in A , fweep 
an arch EF ; with the fame extent, and one 
foot in B, fweep another arch cutting the 
former arch in E and in F, through which 
points draw the indefinite right line EFC ; 
then take in your compaiTcs any extent 
greater than half B-D, and with one foot in B 
fweep an arch GH ; with the fame extent, 
and one foot in D , fweep an arch cutting the 
former in the points G, H, through which 
draw the right line GHC, cutting the former 
right line EFC, in the point C ; upon the 
point C as a centre, with an extent equal to* C A , CB , or CD> as radius, 
deferibe the fought circle.

PROBLEM  X II.
To divide a circle into 2, 4, S, 16, or 32 equal part!*

Firft draw the diameter through the 
centre, which will divide it into two 
equal parts ; bifeit the diameter with 
another right line perpendicular there
to, and the circle will be divided into 
four equal parts or quadrants- : bifeit 
each of thefe quadrants again by right 
lines drawn through the centre, and it

i>vill be divided into eight equal parts ; 
and fo you ma}' continue on your bifec- 
tions any number of times. This prob
lem is ufeful in conltruiting the mari
ner’s compafs.

PROBLEM  X III .
To divide a given line into any number of equal parts.

Let it be required to divide the line 
A B  into five equal parts : From the 
point A  draw any line A D , making an 
angle with the line AB : then through 
the point B draw a line BC parallel to 
A D ; and from A , with any fmall open
ing in your compaffes, fet off a number 
ofequal parts on the line A D , lefs by one ^  
than the propofed number (which in this - 
example is 4); then from B fet off the 
fame number of the fame parts on the line BC : then join 4 and t, 
2 and 3, 1 and 4, and thefe lines will cut the given line as required.

and 2,
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C O N S T R U C T I O N
O P T H B

P L A N E  S C A L E .

-----------------

tft. w IT II the radius you intend for your fcnle, defcrihe a 
feraicircle A D B , and upon the centre C raile the perpendicular CD , (which 
will divide the femicircle into two quadrants, A D , BD) continue C D  direct
ly  to S, and upon B raife the perpendicular £ T , then draw the right lines 
BD and A D .

2dly. Divide the quadrant BD into 9 equal parts, then will each of 
thefe be 10 degrees. Again you may fubdivide each of thefe parts into 
fuigle degrees ; and thefe again, if  your radius admits it, into minutes or 
fome aliquot parts of a degree greater than minutes.

ydly. Set one foot of the compafles in B and transfer each of the divi- 
fions in the quadrant BD to the right line BD, then is BD a line of Chords.

.fthly. From the points to, 20, 30, &c. in the quadrant BD draw- 
right lines parallel to C D , till they cut the radius CB, 'then is the line CB 
divided into a line o f fines which mull be numbered from C  towards B.

5thly. I f  the fame line of right fines be numbered from B towards C , it 
will become a line of verfed fines, which may be continued to 180°, i f  the 
fame di vifions be transfered on the fame line on the other fide o f the centre C .

6thly. From the centre C , through the feveral divifions in the quadrant 
BD, draw right lines till they cut the tangent B T , fo will the line B T  
become a line of tangents.

7 thly. Setting one foot o f the compafles in C , extend the other to the 
feveral divifions 10, 20, 30, &c. in the tangent line B T , and transfer thefe 
extents feverally into the right line CS, then will the line CB be a line of 
fecants.

8thly. Right lines drawn from A  to the feveral divifions 10, 20, 30, 
Sec. in the quadrant BD, will divide the radius C D  into a line of fcmi- 
tangents.

gthly. Divide the quadrant A D  into eight equal parts, and from A  
transfer thefe divifions feverally into the line A D , then is A D  a line of 
Rhumbs, eachdivifion anfwbring to 1 1° 15' upon the line of chords. The 
ufe of this line is for protraifing and mcafuring angles, according to the com
mon divifion of the mariner’s compafs. I f  the radius A C  be divided into 
too or 1000, &c. equal parts, and the lengths o f the feveral lines, tangents, 
and fecants, correfponding to the feveral arches of the quadrant, bemcafuied 
thereby, and thefe numbers be fet down in a table,* each in its proper column, 
you will by thefe means have a triangular canon of numbers by which the 
feveral cafes in Trigonometry may be folved. .R ight lines graduated as 
above, being placed feverally upon a ruler, form the inftrument called the 
Plane Scale, by which the lines and angles of all triangles may be meafured. 
A ll right lines, as the fides o f plain triangles, See. when they are confidered 
limply as fuch without having any relation to a circle, are meafured by

*  |a  Table X X II. Is given the fine and co-iine to eveiy raifiute of th* quadrant* to five pla
ces o f decimal?.



fcales of equal parts, one of which is fubdivided equally into is , and this 
ferves as a common divifion to all the reft. In mod fcales an inch is taken 
for a common meafure, to determine their largenefs and number of parts : 
what an inch is divided into, is generally fet at the end of the fcale. By any 
fcale of equal parts,divided as above, any number lefs than 100 may be readily 
taken; but if  the number ihould confili of three places of figures, the value o f 
the third figure can only be guefled at ; wherefore in thefe fcales it is better to 
ufe a diagonal leale, by which any number o f three figures may be exaftly 
found. The figure of this fcale is given in the adjoined plate ; its con- 
ltruétion is as follows :

Having prepared a ruler o f convenient breadth for your fcale, (which 
may be an inch more or lei's) Firft, near thè edges thereof, draw two right 
lines, af, eg, parallel to each other ; then divide one o f thefe lines as af, in
to equal parts, according to the largenefs you intend your fcale ; and 
through each of thefe divifions draw perpendicular right lines as far as the 
line eg ; next divide the breadth into 10 equal parts, and through each of 
thefe divifions draw right lines parallel to the former a f  and eg ; again di
vide the lengths ab, ej, each into 10 equal parts, and from the point a to 
the firft divifion in the line ed, draw a right line ; then, parallel to that 
line, draw right lines through all the other divifions, and the lcale is done.

Befides the lines already mentioned, there is another on the piane fcale 
marked M L, which is joined to a line of chords ; and (hews how many 
miles eafting or welting make a degree of longitude in every latitude ; thefe 
feveral lines are generally put on one fide of a ruler, two feet long ; and on 
the other fide is laid down a fcale of the logarithms of the fines, tangents  ̂
and numbers, which is commonly called Gunter’s Scale, and as it is o f gen. 
«ral ufe, it requires a particular defeription.
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G U N T E R ’ s S C A L E .

( j r U N T E R ’s Scale hath fet upon it thefe eight lines following ;
lit. Sine Rhumbs marked (SlC) is a line which contains the logarithms* 

o f the natural fine of every point o f the mariner’s Compafs figured from the 
left hand towards the right, with i,  2, 3, 4, 3, 6, 7, to S, where is a brafs 
pin. This line is alfo divided, where it can be done, into halves and quarters.

ad. Tangent rhumbs marked (TR) alfo correfponds to the logarithm o f 
the tangent of every point o f the compafs, and is figured 1 ,2 , 3, to 4, at the 
right hand where there is a pin, and from thence towards the left hand with 
5, 6, 7 ; it is alfo divided, where it can be done, into halves and quarters.

3d. The Line of numbers marked (Num.) contains the logarithms of 
the numbers, and is figured thus ; near the left hand it begins at 1, and to
wards the right hand are 2, 3, 4, 3, 6, 7, 8, 9 ; and then 1 in the middle, at 
which is a brafs centre pin, going Hull on 2, 3, 4, 5, 6, 7, S, 9, and 1 o at the 
end, where there is another centre pin. The values of thefe numbers and 
their intermediate divifions depend on the eftimated values of the extreme 
numbers 1 and 10; and as this line is o f great importance, I (hall be more 
particular in the deferiptionof it and its ufes. The firft 1 may be counted for 
1 or 10, or 100, or 1000, and then the next 2 is accordingly 2, or 20, or 200, or 
2000, Ac. Again, the firil 1 may be reckoned 1 tenth, or 1 hundredth, or 
1 tiioufandth part, &c. then the next is 2 tenth, or 2 hundredth, or 2 
thoufandth parts, &c. fo that if  the firft i be cftccmcd 1, the middle i is 
then 10, and 2 to its right is 20, 3 is 30, 41540, and ten at the end is 100; 
again if  the firft 1 is to, the next 2 is zo, 3 is 30, foon, making the middle 1 
now 100, the next 2 is 200, 315300,4 is 400, and io a t thc.cnd is now 1000. 
Jn like manner i f  the firft 1 be. efteemed 1 tenth part, the next 2 is 2 tenth 
parts, and the middle 1 is 1, and the next 2 is 2, and 10 at the end is 
now 10. Again, i f  the firft 1 be counted 1 hundredth part, the next is 2 
hundredth parts, the middle one is now 10 hundredth parts or one tenth 
part, and the next 2 is two tenth parts, and 10 at the end is now but one 
whole number or integer.

A ; the figures are increafed or dimini (lied in their value, fo in like man
ner muft all the intermediate ftrokes or fubdivifions be increafed ordimin- 
ifhed ; that is, i f  the firft one at the left hand be counted 1, then 2 (next 
following it) is 2, and each fubdivifion between them now is 1 tenth 
part, and fo all the wav to the middle 1, which now is 10, the next two is 
20, now the longer ftrokes between 1 and 2 are to be counted from 1 thus 
11, 12 (where is a brafs pin} then 13, 14, 15, fometimes a longer ftroke than 
the reft, then 16, 17, 18, 19, 20, at the figure 2; and in the fame manner 
the fhort ftrokes between the figures 2 and 3, 3 and 4, 4 and 5, &c. are to 
bereckonedas units. Again, if  1 at the left hand be 10, the figures between 
it and the middle 1 arc common tens ; and the fubdivifions between each 
figure are units ; from the middle 1 to 10 at the end, each figure is fo ma
ny hundreds; and between thefe figures each longerdivifion is 10. From 
this .defeription it will be eafy to find the divifions reprefenting any given, 
number, thus : Sappofe the point reprefenting the number ic ,  were re
quired : Take the divifionat the figure 1, in the middle for the firft figure 
o f  12 ; then for the lecond figure count two tenths, or longer ftrokes to the 
right, hand, and this laid is the point reprefenting 12, where the brafs pin is.!



Again, fuppofe the number 22 were required; the firft figure being 2, I  
take the divifion to the figure 2, and for the fecond figure 2, count 2 tenths 
onwards, and that is the point reprefenting 22.

Again, fuppofe 1728 were required; for the firft figure 1, I take the 
middle 1, for the fecond figure 7, count onwards as before, and that is 1700. 
And as the remaining figures are 28 or nearly 30, I note the point which 
is nearly yL o f thediitancc between the marks 7 and 8, and this will be the 
point reprefenting 1728.

I f  the ■ point, reprefenting' 435, was required ; from the four in the 
fecond interval count towards 3 on the right, three of the larger divifions 
and one of the fmaller (this fmaller divifion being midway between the marks 
3 and 4) and that will be the divifion expreffing 435, and the like o f other 
numbers, which by a little practice is readily done.

A ll fractions found in this line muft be decimals ; and if  they are not, 
they muft be reduced into decimals, which is ealily done by extending the 
compafles from the denominator to the numerator ; that extent laid the 
fame way, from 1 in the middle or right hand, will reach to the decimal 
required.

Example. Required the decimal fraction equal to | : Extend from 4 to 
3 ; that extent will reach from 1 on the middle to ,75 towards the left 
hand ; the like may be obierved o f any other vulgar fra ¿Hon.

Multiplication is performed on this line, by extending from one to the 
multiplier ; that extent will reach from the multiplicand to the produft.

Suppofe, for example, it were required to find the produft o f 16 multi
plied by 4, extend from 1 to 4, that extent will reach from 16 to 64, the 
preduit required.

Divifion being the- reverie of multiplication, therefore extend from the 
divifor to unity, that extent will reach from the dividend to the quotient.

Suppofe 64 to be divided by 4 ; extend from 4 to 1, that extent will 
reach from 64 to 16, the quotient.

N . B. This extent in divifion is to be taken backwards, or to the left 
hand, from the dividend to the quotient; but in multiplication it is taken 
forward, or to the right hand, from the multiplicand to the product, they 
being contrary to' one another.

Proportion, or the Rule of Three, being performed by multiplication and 
divifion, therefore extend from the firft term to the fecond, that extent will 
reach from the third term tp the fourth. And it ought to be particularly 
noted, that if  you extend to the left, from the firft number to the fecond, 
you muft alio extend to the left, from the third number to the fourth ; ar.d 
the contrary.

Example. I f  the diameter o f a circle be 7 inches, and the circumference 
22, what is the circumference of another circle, the diameter of which is 
J4 inches ?— Extend from 7 to 22, that extent will reach from 14 to 44 the 
fame way.

In like manner may any other proportion o f any denomination be work
ed, which makes this line of general ufe, particularly in meafuring ftiperfices 
and folids, which is done by extending from one to the breadth, that extent 
will reach from the length to the fuperficial content.

Example. Suppofe a plank or board, 13 inches broad, and 27 feet long, 
the content of which is required.— Extend from 1 to 1 foot 3 inches (or 
1,23); that extent will reach from 27 feet to 33,73 feet, the fuperficial con
tent. Or extend from 12 inches to 13, &c.

The folid content of any bale, box, cheft, &c. Is found by extending 
from 1 to the breadth ; that extent will reach from the depth to a. fourth



humbcr, and the extent from 1 to that fourth number will reach from the 
length to the folid content.

Example ill. What is the content o f a fquare pillar, whofe length is 21 
feet 9 inches, and breadth 1 foot 3 inches ?— The extent from t to 1,25 
will reach from 1,25 to 1,56, the content of one foot in length ; again, the 
extent from 1 to 1,56 will reach from the length 21,75 to 33,98 or 34, the 
folid content in feet.

Example 2d. Suppofe a fquare piece o f timber, 1,25 feet broad, ,56 
deep, and 36 long, be given to find the content.— Extend from 1 to 1,25 ; 
that extent will reach from ,56 10 ,75 then extend from 1 to , 7 ;  that ex
tent will reach from 36 to 25,2, the folid content. In like manner may the 
contents of any bales, &c. be found, which divided by 40 w ill give the ton
nage.

4thly, The line o f fines marked (Sin.) begins at the left hand, and is 
figured to the right thus, 1, 2, 3, 4, 5, &c, to 10; then 20, 30, 40, &c. 
ending at 90 degrees, where is a brafs centre pin, as there is at the right end 
o f all the lines.

Jthly. The line o f verfed fines, marked (V . S;) begin9 at the right 
hand againft 90° on the fines, and from thence figured towards the left hand 
thus, 10, 20, 30, 40, &c. endingat the left hand at about 169° ; each o f the 
fubdivifions, from 10 to 30, is in general two degrees, and from thence to 
90, is fingle degrees, and from thence to the ead, each degree is divided 
into 15 minutes.

6thly. The line o f tangents, marked (Tang.) begins at the left hand, as 
do the fines; from thence it is figured to the right hand, thus : 1, 2, 3, &c. 
to 10, and fo on 20, 30, 40, and 45, at the right hand, where is a little brafs 
pin, juft under and even with 90° in the fines 5 from thence back again it is 
figured 50, 60, 70, 80, &c. to 89, ending at the left hand where it began at 
1 degree. The fubdivifions are nearly the fame as thofe o f the fines. 
When you have any extern in your compafles, to be fet off from any number 
lefs than 450 on the line of tangents, towards the right, and it is found to 
reach beyond the mark of 450, you mull fee how much it extends beyond’ hat 
mark, and fet it off from 450 towards the left, and fee what degree it falls 
upon, which will be the number fought, which mull exceed 450 ; if, on the 
contrary, you are to fet ofFfuch a diltance to the right, from a number great
er than 450, you mult proceed as before, only remembering that the anfwer 
mull be lefs than 45

7thly i The line o f the meridional parts, marked (Mer.) begins at the 
right hand, and is numbered thus: 1 o, 20, 30, to the left hand, where it ends 
at 8 7 degrees. This line, with the line of equal parts marked (EP) under it, 
are ufed together, and only in Mercator’s failing. The uppermoft line con
tains the degrees of the meridian, or latitude in a Mercator’s chart ; and the 
lower is the equator and contains the degrees of longitude.

G



D E S C R I P T I O N  a n d  U S E
O F  T H E

S E C T O R .

T ...J L  HIS inftrument confifts o f two rules or legs, reprefenting the radii, 
moveable round an axis or joint, the middle of which reprefents the centre ; 
from whence feveral fcales are drawn on the faces; fome of thefe fcales are 
fingle, others double ; the lingle fcales are like thofe upon a common Gun
ter's fcale, the double fcales are thofe which proceed from the centre ; each 
o f thefe being laid twice on the fame face of the inftrument, viz . once on 
each leg. From thefe fcales dimenfions or diftances are to be taken, when 
the legs of the inftrument arefet in an angular pofition.

The fingle fcales being ufed exaflly like thofe on the common gunter’s 
fcale it is unncceSary to notice them particularly ; we fhall therefore only 
enumerate a few of the ufes of the double fcales ; the number o f which is 
feven, viz . the fcale of Lines marked Lin. or L . the fcale of Chords 
marked Cho. or C. the fcale o f Sines marked Sin. or S. the fcale of Tan
gents to 4 j° , and another fcale of tangents from 45° to about 76°, both of 
which are marked Tan. or T . the fcale of Secants marked Sec. or S. and 
the fcale of Polygons marked Pol.

The fcales of lines, chords, fines and tangents under 450, are all o f the 
fame radius, beginning at the centre of the inftrument, and terminating near 
the other extremity of each leg, v iz . the lines at the divifion 10, the chords 
at 6 0 the fines at 90°, and the tangents at 450 ; the remainder of the 
tangents or thofe above 45 °, are on other fcales beginning at ~ o f the 
length o f the former, counted from the centre, where they are marked with! 
450, and run to about 76 degrees. The fecants alfo begin at the fame 
diftance from the centre, where they are marked with o, and are from thence 
continued to 7 J°. The fcales of polygons are fet near the inner edge o f the 
legs, and where thefe fcales begin, they are marked with 4, and from thence 
are figured backward or towards the centre, to 1 2.

In deferibing the ufe of the fedlor, the terms lateral dftance and tranfverfe 
diftance often occur. By the former is meant the diftance taken with the 
compaffes on one o f the fcales only, beginning at the centre o f the leftor ; 
and by the latter, the diftance taken between any two correfponding divi- 
fions of the fcales of the fame name, the legs of the feflor being in an angular 
pofition.

The ufe of the Seflor depends upon the proportionability o f the corref-



Ufe of the Line o f L ines.

The line of lines is ufeful, to divide a given line into any number o f  
equal parts, or in any proportion, or to find 3d and 4th proportionals, or 
mean proportionals, or to incrcafc a given line in any proportion.

E xample i . T o divide a given line into any number o f equal parts, as 
fuppofe 9 : make the length o f the given line a tranfverfe diftanee to 9 and 
•9, the number o f parts propofed ; then w ill the tvanfverfe diftanee o f 1 and 
1 be one o f the parts, or the ninth part of the whole ; and the tranfverfe 

■ diftanee o f 2 and 2 will be 2 o f the equal parts, or o f the whole line, Sec.

E xample 2. I f  a (hip fails yz miles in 8 hours, how much would (he 
fail in 3 hours at the fame rate ?

Take 52 in your compafifes as a tranfverfe diftanee and fet it off from 8 to 
S, then the tranfverfe diftanee 3 and 3 being meafured laterally, will be 
found equal to 19*, which is the number o f miles required.

E xample  3. Having a chart conftrucled upon a fcale of 6 miles to an 
inch, it is required to open the feitor, fo that a correfponding fcale may be 
taken from the line o f lines i

Make the tranfverfe diftanee 6 and 6, equal to 1 inch, and this polition 
o f the feilor will produce the given fcale.

E xample  4. It is required to reduce a (calc o f 6 inches to a degree, 
to another o f 3 inches to a degree ?

Make the tranfverfe diftanee 6 and 6, yqual to the lateral diftanee 3 and 
3 ; then fet off any diftanee from the chart laterally, and the correfponding 
tranfverfe diftanee will be the reduced diftanee required,

E xam ple  3 . One fide o f any triangle being given, o f any length, to 
meafure the other two fides on the fame fcale.

Suppofe the fide A  B o f the triangle 
A B C  mcafures 30, what are the meafures 
« f the other two fides ?

s

Take A  B in your compafles, and apply it tranfverfely to 50 and yo 5 
to this opening o f the feilor apply the diftanee A C  in your compafles to 
the fame number on both fides of the rule tranfverfely ; and where the two 
points fall will be the meafure on the line of lines of the diftanee required ; 
the diftanee A  C will fall againft 63, 63, and B C  againft 45, 45 on the line 
o f lines.

Ufe of the line of Chords on the Señor.

The line o f chords upon the feilor is very ufeful for pro trailing any angle, 
when the paper is fo fmall that an arch cannot be drawn upon it with the 
radius o f a common line o f chords.

Suppofe i t  w as required to  fet o ff  an arch o f  30o, from  the point C  o f  the 
fm all circle A B C /



Take the radius D C  in your compafles, ®
and fet it off tranfverfely from 6o° to 60° on 
the chords ; then take the tranfverfe extent 
from 30° to 30° on the chords; and place one 
foot o f the compafles in C , the other will reach 
to E , and C E will be the arch required. And 
by the converfe operation any angle or arch 
may be meafured, v iz . with any radius de. 
fcribe an arch about the angular point; fet 
that radius tranfverfely from 6o° to 6o° ; 
then take the diftance o f the arch intercepted between the two legs and ap
ply it tranfverfely to the chords, which will Ihew the degrees o f the given 
angle.

N o t e , When the angle to be pro trailed exceeds 60®, you muft lay off 
6o° and then the remaining p art; or i f  it be above izo °, lay off 6o° twice, 
and then the remaining part. And in a fimilar manner any arch above 6o° 
may be meafured,

Ufes of the lines of Sines, Tangents and Secants.
By the feveral lines difpofed on the fedlor, we have fcales o f  feveral ra

dii. So that,
lit. Having a length or radius given not exceeding the length o f the 

feilor when opened, we can find the chord, fine, &c. o f the fame : thus, 
fuppofe the chord, fine, or tangent of 20 degrees to a radius of z inches be 
required. Make 2 inches the tranfverfe opening to 6o° and 6o° on the 
chords ; then will the fame extent reach from 45° to 45° on the tangents, 
and from 90° to 90° on the fines: fo that to whatever radius the line o f  
chords is fet, to the fame are all the others fet alfo. In this difpofition 
therefore, i f  the tranfverfe diftance between 20° and zo° on the chords be 
taken with the compafles, it will give the chord o f 20 degrees ; and i f  the 
tranfverfe of 20° and 20° be in like manner taken on the fines, it will be 
the fine o f 20 degrees ; and laftly, i f  the tranfverfe diftance o f 20° and 20° 
be taken on the tangents, it 'will b.e the tangent of 20 degrees to the fame 
radius of 2 inches.

id ly . I f  the chord or tangent o f 70° were required. For the chord, 
you muft firft fet off the chord of 6o° (or the radius) upon the arch, and 
then fet off the chord of ro°. T o  find the tangent of 70 degrees, to the 
fame radius, the fcale of upper tangents muft be ufed, the under one only 
reaching to 45° ; making therefore 2 inches the tranfverfe diftance to 45° 
and 43° at the beginning of that fcale, the extent between 70° and 70° on 
the fame will be the tangent o f 70 degrees to 2 inches radius.

3dly. To find the fecant of any arch ; make the given radius the tranf- 
verfe diftance between o and o on the fecants ; then will the tranfverfe dif
tance of 20° and 20°, or 70° and 70°, give the fecant o f 20° or 70°.

4thly. I f  the radius and any line reprefenting a fine, tangent or fecant, 
be given, the degrees correfponding to that line may be found by fetting the 
fleilor to the given radius, according as a fine, tangent or fecant is concern
ed ; then taking the given line between the compafles, and applying the two 
feet tranfverfely to the proper fcale, and Aiding the feet along till they both 
reft on like divifions on both legs; then the divifions will lhew the degrees 
and parts correfponding to the given line.

Ufe of the line of Polygons.
The ufe of this line is to inferibe a regular polygon in a circle. For ex

ample let it be required to inferibe an oftagon in a circle, Open the feilof



till the tranverfe diftance 6 and 6 be equal to the radius o f the circle ; then 
will the tranfverfe diftance o f 8 and 8 be the fide o f the infcribed polygon.

Ufe of the Seilor in Trigonometry.

A ll proportions in trigonometry are eafily worked by the double lines 
on the fc&or ; obferving that the fides of triangles are taken off the line 
o f  lines, and the angles are taken off the fines, tangents or fecants, 
according to the nature o f the proportion. Thus, i f  in the triangle 
A B C  we have given A B —  56, A C  m  64, and the angle A B C  zz. 46° 
30', to find the reft. In this cafe we have (by 
art. 60, Geometry) the following proportions, as 
A C  (64) J fine ¿ B  (46° 30') J * A  B (56) t fine /  X
¿ C ,  and as fine B J A  C 11 fine A  1 B C . There. £  /  \  f*
fore to work thefe proportions by the feftor, take
the lateral diftance 64 —  A  C  from the line o f lines, and open the feflor to 
make this a tranfverfe diftance o f 46° 3 0 Z  B on the fines ; than take 
the lateral diftance 56 ~  A  B on the lines, and apply it tranfverfely on the 
fines, which will give 390 24' —  £  C . Hence the fum of the angles B and 
C  is 85° 54', which taken from 1800, leaves the angle A  —  940 6'. 
Then to work this fcipqnd proportion, the leilor being fet at the fame 
opening as before, take the tranfverfe diftance o f 940 6 ' rzz the angle 
A ,  on the fines, or which is the fame thing, the tranfverfe diftance o f its 
fupplement 85° 54 '; then this applied laterally to the lines, gives the fought 
fide B C  =  88. In the fame manner we might folve any problem in trig
onometry, where the tangents and fecants occur; by only meafuring the 
tranfverfe diftances on the tangents or fecants, inftead o f meafuring them on 
the fines as in the preceding example.



L O G A H  I T  H MS.

I n  order to abbreviate the tedious operations o f multiplication and d i. 
vilion with large numbers, a feries o f numbers, called logarithms, were in. 
vented by Lord Napier, Baron of Marchinfton in Scotland, and pub- 
liihed in Edinburgh in 16 14 ; by means of which the operation o f multipli
cation was performed by addition, and divifion by fuhtraftion ; numbers 
were involved to any power by fimple multiplication, and the root o f any 
power was extra&ed by fimple divifion.

In Table X X I V , is given the logarithm o f every number from 1 to 
9999 ; to each one ought to be prefixed an index, with a period or dot to 
leperate it from the other part, as in decimal fraflions; the numbers from 
1 to too, are publifhed in that table with their indices; but from 100 to 
9999 the index is left out for the fake of brevity, but it may be fupplied by 
this general rule, v iz . the index of the logarithm of any integer, or mixed 
number, is always one left than the number of integer places in the natural 
number. Thus the index of the logarithm of any number (integer or mix. 
ed) between 10 and iqo is 1, from 100 to 1000 it is 2, from 1000 to 10000 
is 3, &c. the method of finding the logarithms from this table will be evi
dent from the following examples.

To find the logarithm of any number left than 10 0 .

R o l e . Enter the firit page of the table, and oppolite the given number 
will be found the logarithm, with its index prefixed.

Thus, oppofite 71 is 1.85126, which is its logarithm.

To find the logarithm of any number between IOC and t o o o .

R u l e . Find the given number in the left hand column o f any tabic o f log. 
arithms and immediately under o in the next column is a number, to which 
mull be prefixed the number 2 as an index (becaufe the number confifts o f 
three places of figures,) and you will have the fought logarithm,

Thus, i f  the logarithm o f 649 was required ; this number being found in 
the left hand column, againft it in the column marked o at the top (or bottom) 
is found 81224, to which prefixing the index 2, wc have the logarithm o f  
649=22.81^2^.

To find the logarithm of any number between IOOO and 10 0 0 0 .

R u l e . Find the three left hand figures of the given number, in the left 
hand column o f the table o f logarithms, oppofite to which in the column 
that is marked at the top (or bottom) with the fourth figure, is tp be found 
the fought logarithm ; to which mull be prefixed the index 3, becaufe the 
number contains 4 places of figures.

Thus, if the logarithm of 6495 was required; oppofite to 649, and in 
the column marked 5 at the top (or bottom) is 81258, to which prefix th? 
index 3 and we have the fought logarithm 3,81258.



To find the logarithm of any number above l o o o o .

R u l e . Find the three firft figures of the given number in the left hand 
column o f the table, and the fourth figure at the top or bottom, and take 
out the correfponding number as in the preceding rule ; take alfo the differ
ence between this logarithm and the next greater, and multiply it by the 
given number exclufive o f the four firft figures, crofs off at the right hand of 
the produCl as many figures as you had figures of the given number to multi
ply by ; then add the remaining left hand figures of this product to the log
arithm taken from the table, and to the fuin prefix an index equal to one lefs 
than the number o f integer figures in the given number, and you will have 
the fought logarithm.

Thus, i f  the logarithm o f 649 57 was required ; oppofite to 649 and under 
5 is 81258, the difference between this and the aext greater number 81265 
is 7, this multiplied by 7 (the laft figure of the given number] gives 49, 
crofting off the right hand figure leaves 4,9 or 5 to be added to 81258, 
which makes 81263, to this prefixing the index 4, we have the fought loga
rithm 4.81263.

Again, i f  the logarithm of 64957 38 was required ; the logarithm cor
refponding to 649 at the left, and 5 at the top, is as in the laft example 
81258, the difference between this and the next greater is 7, which mul
tiplied by 738 (which is equal to the given number excluding the four firft 
figures) gives 5166, crofting off the three right hand figures of this product 
(becaufe the number 738 confifts o f three figures) we have the correction 5 
to be added to 81258 ; and the index to be prefixed is 6 becaufe the given 
number confifts o f 7 places o f figures, therefore the fought logarithm is 
6.81263.

To find the logarithm of any mixed decimal number.

R u l e .  F i n d  th e  l o g a r i t h m  o f  th e  n u m b e r  a s  i f  i t  svas a n  i n t e g e r  b y  

th e  la ft  r u le ,  t o  w h i c h  p r e f ix  th e  in d e x  o f  th e  i n t e g e r  p a r t  o f  th e  g i v e n  
n u m b e r .

T h u s ,  i f  th e  lo g a r i t h m  o f  th e  m ix e d  d e c im a l 649,5738 w a s  r e q u ir e d  ; 

f in d  th e  lo g a r i t h m  o f  6495738 w i t h o u t  n o t i c i n g  th e  d e c im a l p o in t  ; th is  
in  th e  la ft e x a m p le  w a s  fo u n d  to  b e  81263, 10 th is  w e  m u ft p r e f ix  th e  in d e x  

2 c o r r e f p o n d in g  to  th e  i n t e g e r  p a r t  649 ; th e  l o g a r i t h m  f o u g h t  w i l l  t h e r e 
fo r e  b e  2.81263.

To find the logarithm of any decimal fra ¿lion lefs than unity.

T h e  in d e x  o f  th e  lo g a r i t h m  o f  a n y  n u m b e r  le fs  th a n  u n i t y  is  n e g a t i v e ,  

b a t  t o  a v o id  th e  m ix t u r e  o f  p o f i t iv e  a n d  n e g a t i v e  q u a n t i t ie s ,  i t  is  c o m 

m o n  to  b o r r o w  10  o r  t o o  in  th e  in d e x ,  w h ic h  m u ft a f t e r w a r d s  b e  n e g le C te d  

in  f u m m in g  th e m  w i t h  o t h e r  in d ic e s  ; th u s in i le a d  o f  w r i t i n g  th e  in d e x  

—  1, i t  is  g e n e r a l l y  w r i t t e n  -¡-9 o r  -j-99 ; h u t  in  g e n e r a l  i t  is  fu ff ic ic n t  to  
b o r r o w  10 in  th e  in d e x ,  a n d  i t  is  w h a t  w e  ih a l l  d o  in  th e  r e ft  o f  t h e  w o r k .  

I n  th is  w a y  w c  m a y  f in d  th e  lo g a r i t h m  o f  a n y  d e c im a l f r a c t io n  b y  th e  f o l 
lo w i n g  r u le s .

R u l e . Find the logarithm o f a fraction as i f  it was a whole number ; 
fee how many ciphers precede the firit figure of the decimal fraction, fub- 
traCt it from 9 and the remainder will be the index o f the given fraction.

T h u s  th e  l o g .  o f  0,0391 is  8.59218 ; th e  l o g .  o f  0,15 is  9.3979 4; 
th e  l o g .  o f  0,0000025 is  4 . 3 9 7 9 4 ,  & c .



• - To find the logarithm of a vulgar fraBton.

R u l e . Subtract the logarithm o f the denominator from the logarithm o f  
the numerator, (borrowing 10 in the index when the denominator is the 
greateft) the remainder will be the logarithm o f the fraftion fought*

E xample I.
Required the log. o f ?

From log. o f 3 0.47712
Take log.- o f S 0.90309

E xample II.
Required the log. o f 3| or ^  ? 

From log. o f 13 1.11394
Take log. o f 4 0.60206

Rem. log. f o r  ,37? 9-57403 Rem; log. o f 3! or 3,25 0.51188

To find the number correfponding to any logarithm.
R u le . In the column marked o at the top (and bottom) o f the tabic, 

fèek for the next lefs logarithm, neglefting the index ; note the number 
againft it, and carry your eye along that line until you find the neareft lefs 
logarithm to the given one, and you will have the fourth figure of the 
given number at the top, which is to be placed to the right of the three 
other figures ; i f  you wiih for greater accuracy, you mull take the differ
ence between this tabular logarithm and the next greater, alfo the differ
ence between that leaft tabular logarithm and the given one ; to the latter 
difference annex 2 or more ciphers at the right hand, and divide it by the' 
former difference, and place the quotient to the right hand of the four 
figures already found, and you w ill have the number fought expreffed in a  
mixed decimal, the integer part of which w ill confift o f a number of figures 
(at the left hand) equal to the index of the logarithm increafed by unity.*

Thus, i f  the number corrcfponding to the logarithm 1.52634 was re
quired -, I look for 52634 i*1 the column marked o at the top or bottom, 
and find it Handing oppofite to 336 ; now the index being 1, the fought 
number mult confift o f two integer places, therefore it is 33,6.

I f  the given logarithm was 2.32838 ; I find that 32838 Hands in the 
column marked o at the top or bottom, direétly oppofite to 213 which is 
the number fought, bccaufe the index being 2, the number muff confift o f 3 
places of figures.

I f  the number corrcfponding to the logarithm 2.57345 was required ; I 
look in the column o, and find in it ,  againft the number 374, the logarithm 
57287, and guiding my eye along that line, I find the given logarithm 
57345 in the column marked 5 ; therefore the mixed number fought is 
3743, and fince the index is 2, the integer part muft confift o f 3 places, 
therefore the number fought is 374,5. I f  the index had been 1 , the num
ber would have been 37,45 ; and i f  the index had been o , the number 
would have been 3,7+5. I f  the index had been 8 correfponding to' a num
ber left than unity, the anfwer would have been 0,03745, &c.

Again, i f  the number correfponding to the logarithm 5.57811 was re
quired ; I look in the column c ,  and find in it againft 378, and under 5 , 
the logarithm 57807, the difference between this and the next greater 
logarithm 57818 being 11, and the difference between 57807 and the 
given number 57811 being 4, to this 4 I affix two ciphers, which make 
400, and divide it by 11 the quotient is 36 nearly ; this number connected 
with the former four figures make 378436, which is the number required, 
fince the index being 5 the number muft confift of fix places of figures.

* If the inJex- correfponds to a fraction lefs than unity, you muft place as many ciphers to 
the left of that number as are equal to the index fubtrafted from 9, the decimal point being 
placed to the left of thefc ciphers ; in this manner you will obtain the fought number*



Mu l t ip l ic a t io n  by l o g a r it h m s .

R u l e . Add the logarithms o f the two numbers to be multiplied and 
the fum will be the logarithm o f their product.

E xample  I.
Multiply 2Ç by 3 c.

25 log. 1-39794
35 loS- " I .54407

Produit 875 log. 2.94201

E xample  II.
Multiply 22,4 by 1,8.

22,4 log. 1.35025
1,8 log. 0.25527

Produit 40,32 log. 1.60552

E x ample  III;
Multipy 3,26 by 0,0025.

3,26 log. 0.51322 
0,0025 log. 7-39794

Produit 0,00815 log. 7 .9 1116

E x ample  IV . 
Multiply 0,25 by 0,003.

0,25 log. 9-39794
0,003 log. 7 .4 7 7 12

Produit 0,00075 log. 6.87506

In the laft example the fum o f the two indices is 16, but fince 10 was 
borrowed in each number, I have negleited 10 in the fum, and the remain, 
der 6 being lefs than the other 10, is evidently the index of the logarithm 
o f  a fraition lefs than unity.

DIVISION b y  LOGARITHMS.
R u l e . From the logarithm o f the dividend fubtrail the logarithm o f 

the divifor, the remainder will be the logarithm o f the quotient.

E xample  I.
Divide 875 by 25.

875 log. 2.94201
25 log. 1-39794

Quotient 35 log.

E x ample  II.
Divide 40,32 by 22,4.

40,32 log. 1.60552
22,4 log- I -35025

.54407 ¡Quotient 1,8 log. 0,25527

E x ample  III .
Divide 0,00815 by 0,0025.

0,00815 log. 7 .9 1116
0,0025 log. 7-39794

Quotient 3,26 log. 0.51322

E xa mp l e  IV .
Divide 0,00075 by 0,025.

0,00075 log. 6.87506 
0,025 log. 8.39794

Quotient 0,03 log. 8.47712

In Example III . both the divifor and dividend are fraitions lefs 
than unity, and the divifor is the lealt, coniequently the quotient is 
greater than unity. In Example I V . both fractions are lefs than unity, 
and fince the divifor is the greateft, its logarithm is greater than that o f the 
dividend ; for that reafon it was neceifary to borrow 10 in the index pre
vious to making the fubtraition, hence the quotient is lefs than unity.

INVOLUTION b y  LOGARITHMS.
R u l e . M ultiply the logarithm o f the number given, by the index of 

the power to which the quantity is to be raifed, the produit will be the 
logarithm of the power fought. Eut in raifing the power', o f any décimal 

11



fraftion- it mud be oblerved, that the firft iignificant figure o f  the power be 
put as many places below the place o f units as the index o f its logarithm 
wants o f 10 multiplied by the index o f thepower.

E xample  I .
Required the fquare o f 18?

r8 log. 1.25527
2

E xam ple  II.  
Required the cube o f 13?

13 log. r »11394
3

Anfwer 324 log. 2.51054 A n fw e r  2 1 9 7  lo g . 3.34182

E xample  III. 
Required the fquare o f 6,4 ?

6,4 log. 0.80618
2

E xample  I V . 
Required the cube o f 0,25 ?

0,2S loS- 9-39794
3

Anfwer 40,96 log.- 1.61236 Anfwer 0,015625 28.19382
In the laft example the index 28 wants z  o f 30 (the produit o f 10 by 

the power 3) therefore the firft Iignificant figure o f the anfwer, v iz . i>- 
is placed two figures diftant from the place o f units.

EVOLUTION b y  LOGARITHMS.

R u l e . Divide the logarithm o f the number by the index o f the pow
er, the quotient is the logarithm^ of the root fought. But i f  the power 
whofe root is to be extracted is a decimal fraction lefs than unity, prefix 
to the index of its logarithm a figure lefs by one than the index of the 
power, and divide the whole by the index of thepower, the quotient will- 
be the logarithm- o f the root fought.

E xample  I.-
What is the fquare root of 324 ?

324 log. 2)2.51055

E xample  III .
Required the fquare root of 40,96 ? 

40,96 log. 2)1.61236

Anfwer x8 log. 1.25527 Anfwer 6,4 log. 0.8061S

E xample  I f .
Required the cube root o f 2 x97 ?

2197 log. 3)3-34183

E xample  I V .
Required the cube root o f 0,015625 ? 

0 ,0 1 5 6 2 5 ^ . S.19382
Prefix 2 to the index 3)28.19382

Anfwer 13 log. 1.11394 Anfwer 0,25. log. 9.39794

To work the RULE of TH REE by LOGARITHMS.
When three numbers are given to find a fourth proportional in arithmetic 

we make a ftatement and fay, as the firft number is to the fecctnd fo is die 
third to the fourth ; and by multiplying the fecond and third together, and 
dividing the product by the firft, we obtain the fourth number fought. T o  
obtain the fame rcfult by logarithms, we muft add the logarithms of the 

fecond and third numbers together, and from theJum fub trait the logarithm of 
the fr ji  number, the remainder njili be the logarithm of the fought fourth 
number.



E xample  I.
I f ’6 yards o f cloth coft 5 dollars, 

■ what will 20 yards coft ?
A s 6 log. 0.77815

Is to 5 log . 0.69897
So is 20 log. 1.30103

Sum o f 2d. and 3d. 2.00000
SubtradI firft 0.77815

T o  16,67 log. >•22185

The anfwer therefore is 16 dollars 
and or 16 dollars and 67 cents.

E xample  II .
I f  a ihip fails zo miles in 7 hours, 

how much will fhe fail in 21 hours at 
the fame rate ?

A s 7 log. 0.84510

Is to .20 log. 1.30103
So is 21 log. 1.32222

•Sum o f 2d. and 3d. 2.62325
Subtract thefirft 0.84510

T o  60 log. 1.77815

The anfwer is 60 miles.

v

To calculate COMPOUND INTEREST by L o g a rith m s.

T o  100 dollars add its intereft for 1 year; find the logarithm of this 
•fium and rejeft 2 in the index, then multiply it by the number of years or 
parts o f a year for which the intereft is to be calculated ; to the product add 
the logarithm o f the fum put at intereft; the fum o f thefe two logarithms 
will be the logarithm o f the amount o f  the given fum for the given time.

E x a m p l e .
Required the amount o f  the principal and intereft o f 355 dollars, let at 5 

per cent, compound intereft for 7 years.

Adding 6 to 100 gives 106, whofe logarithm, rejedling 2 in the index, 
is - 0.02531

Multiplied by 7

Product 0 .17717
Principal 355 dollars. log. 2.55023

Sum gives the log o f 533,83. log. 2.72740

Therefore the amount o f principal and intereft is 533 dollars and 83 cents.

To find the Logarithm of the Sines, Tangents, and Secants, ?Sfc. belonging to 
any number o f Degrees and Minutes, by Table X X V .

I f  the required degrees be lefs than 45, or more than 135, the degrees are 
marked on the top, but between 450 and 1 350 are marked on the bottom, the 
minutes being found in the column marked M , which Hands on the fame 
fide o f the page on which the degrees are marked ; thus i f  the degrees are 
lefs than 45, the minutes are found in the left hand column, See. and it 
muft be noted that i f  the degrees are found at the top, the names of hour, 
fine, co-fine, tangent, &c. muft alfo be found at the top : And i f  the de
grees are found at the bottom, the names fine, co.fine, &c. muft alfo be 
found at the bottom.



E xample  I .— R equired  the lo g . fine 
o f 2S0 3 7 '?

Find 28° at the top o f the page, 
direftly below which in the left hand 
column find y f  ; againft which in 
the column marked fine is 9.68029, 
the fine o f  the given number o f de
grees : and in the fame manner the 
tangents, &c. are found.

E xamp le  I I .— Required the log* 
fecant o f 126° 20' ?

Find 126° at the bottom of the 
page, diredtly above which in the left 
hand column find 20' ; againft which 
in the column marked fecants, is 
10.22732 required.

7 ofind the Logarithm-Sine, Co-fine, Cif c. for Degrees, Minutes and Secondsj
by Table X X V .

Find the logarithms correfponding to the even minutes next above and 
below the given degrees and minutes, and take their difference ; then fay, 
as 60’ is to the odd number of feconds, fo is that difference to a correction 
to be applied to the logarithm of the leaft number of degrees and minute1? 
additive, i f  it is the leaft o f the two logarithms taken from the table, other* 
wife fubtraitive.

E xample  I .— Required the log. fine 
of 240 16' efi" ?

Sine of 240 16 ' 9.61382
Sine o f 24 17 9.61411

Diff. 29
Then, as 60" 1 48'" 1 J 29 t 23,
which added to the log. o f 240 i6y, 
gives 9.61405 thelog.of240 16/ 4.%".

E xample  II .— Required the log .fe .
cant o f 105° 20' i6// ?

Secant of 105.20 log. 10.57768 
105.21 10.57722

Diff. 46
Then 60" 1  16" 11 4 6 1 12,whichfub- 
tra&ed from the log. o f 105° 20 ', gives 
10.57756, the log. fee. o f io5°20/i 6//.

I f  the given feconds be \, | ,  £ or i ,  or any other even parts o f a 
minute, the like parts may be taken of the difference o f the logarithms, and 
added or fubtraited as above, which may be frequently done by infpeition.

To find the Degrees, Minutes and Seconds correfponding to any given 
Logarithm-Sine,  Co fine, Ifc.by Table X X V .

Find the two neareft numbers to the given logarithm, one greater and 
the r »her lefs, and take their difference ; take alfo the difference between 
the given logarithm and the logarithm correfponding to the leaft number o f 
degrees and minutes: then fay, as the firft found difference is to the fecond 
found difference, fo is 60 v to a number of feconds to be annexed to the ftnall* 
eft number of degrees and minutes before found.

E xample  I.— Find the degrees, minutes, and feconds (lefs than 90®} 
correfponding to the log. fine 9.61405.

Next lefs log. 24° 16' 9.613S2 Log.ofleaftnum b. 24°i6 yis 9.61382
Greater 24 17 9.61411 Given log. .  9.61405

29 23

Thenfay,as 29 J 23 1 1 6o/y 1 48// which annexed to 24° i6 ’ g ive2 4 °i6 ,48//,  
anfwering to iog. fine 9.61405. Subtracting 24° 16' 48" from 180°, and 
there remains 155° 4.3’ 1 z'J,  the log. fine o f which is alfo 9.61405.



. E xample  II .— Find the degrees, minutes and feconds (above 900) cor. 
tcfponding to the log. fecant 10.56703 ?

Secant 105° 43/ l°g- 10-56722 Log.ofleaftnum b. io 5 °4 3 ' 10.56722
Secant 105 44 10.56677 Given log. - 10.56703

45  19
Then as 45 is to 19, fo is 60" to 25", which annexed to 105° 43' gives 105° 
4 3' 25", the degrees, minutes, and feconds required.

To find the Arithmetical Complement of any Logarithm,

The arithmetical complement o f any logarithm, is what it wants o f 
*0,00000 or 20.00000, and is ufed to avoid fubt raft ion ; for when work
ing any proportion by logarithms, you may add the arithmetical comple
ment of the logarithm of the full term, inftcad of fubtrafting the logarithm 
itfe lf; only obferving that 10 or 20 mull be neglefted in the index o f the 
fum o f the logarithms. The arithmetical complement o f any logarithm is 
thus found. Beginning at the index, write down what each figure wants 
o f  9, except the laft fignificant figure, which take from 10.*

E x a m p l e . Required the arithmetical complement o f 9.62595 ?

For the firft figure 9, write o ; for 6, 3 ; for 2 , 7 ;  for 5, 4 ; for 9, o ; 
and for the laft figure 5 write 5 ; thus the arithmetical complement is 
0.37405.

In the fame manner the arithmetical complement of 1.86563 is 8.13437, 
the ar. co. o f 10.33133 is 9.66867, and the ar. co. o f 1.22800 is 8.77200. 
T o  illuftrate the method of ufing the arithmetical complement o f any log
arithm, I fliall here calculate the examples given in page 59.

E xamp le  I. E xamp le  1 1 .
A s 6 log. ar. co. 9.22185 A s 7 log. ar. co. 9 .15490
Is to 5 log. 0.69897 Is to 20 log. 1.30103
So is 20 log. 1.30103 So is 21 log. 1.3222Z

To 16,67 log. 1.221S5 To 60 log- 1.77815

*  When the index o f the given logarithm is greater than »0, the left hand figure o f it may be neglefted 1 and vhen there ar* 
any ciphers to the ri^lu hand of the laiWignificwit figure, you n*a> place the fame number ©fciphvrt 10 the right hand of th* 
ether figures of the arithmetical Cgtuplcjneu:-



PLANE TRIGONOMETRY.

L A N E  T R IG O N O M E T R Y  is the art which {hews how to find the 
meafures of the fides and angles o f plane triangles, fome o f them being al
ready known. It is divided into two parts, right-angled and oblique-an
gled : in the former cafe, one o f the angles is a right angle, or 90° ; in 
the latter, they are all oblique.

In every plane triangle there are fix parts, v iz . three fides and three angles; 
"any three o f which being given (except the three angles) the other three 
may be found by various methods, v iz . by Gunter’s fcale, by the feftor, 
by geometrical conftructicn, or by arithmetical calculation. We fhall ex
plain each of thefe methods ; but the latter is by far the moft accurate ; it  
is performed by the help o f a few theorems, and a trigonometrical canon, 
exhibiting the natural or the logarithmic fine, tangent, and fecant, to every 
degree and minute o f the quadrant.* The theorems alluded to are the fol
lowing.

TH EO R EM  I.
In any right-angled triangle, i f  the hypotenufe be made radius, one Jide 

w ill be theJtne o f the ofpojite angle, and the other its co-Jtne ; but i f  either 
i f  the legs be made radius, the other leg w ill be the tangent of the oppojitt 
angle, and the hypotenufe w ill be the fecant of the fame angle.

For, tft. I f  in the right-angled plane triangle A C B  (fig. 1.) we make 
the hypotenufe A B  radius, and upon the centre A  deferibe the arch BE, to 
meet A C  produced in E ; then it is evident, that BC is the fine o f the arch 
BE (or the fine o f the angle BAC) and that A C  is the co-fine of the fame 
angle : and i f  the arch A D  be deferibed about the centre B ; A C  will be 
the fine of the angle A B C , and BC its co-fine.

2dly. I f  the leg AG  (fig. 2.) be made radius, and the arch CD  be de
feribed about the centre A ; CB will be the tangent of that arch, or the 
tangent of the angle C A B  ; and A B  will be its fecant.

jd ly . I f  the leg BC (fig. 3.) be made radius, and the arch CD  be de
feribed about the centre B ; C A  will be the tangent of that arch, or the 
tangent of the angle B ; and A B  will be its fecant.



Now it has been already demonftrated (in A rt. 37, Geom.) that the fine, 
tang. fee. See. o f any arch in one circle, is to the fine, tang. fee. &c. o f 2 
fimilar arch in another circle as the radius of the former circle to the radius of the 
latter. And fince in any right-angled triangle there are given either two fides, 
or the angles and one fide, to find the reft ; we may, i f  we wiih to find a fide, 
make any fide radius ; then fay, as the tabular number o f the fame name 
as the given fide is to the given fide o f the triangle, fo is the tabular num
ber of the fame name as the required fide, to the required fide o f the tri
angle. I f  we wiih to find an angle, one o f the given fides muft be made 
radius; then fay, as the fide of the triangle made radius, is to the tabular 
radius, fo is the other given lide to the tabular fine, tangent, fecant, &c. 
by it reprefented ; which being fought for in the table o f fines, Sec. Will 

correfpond to the degrees and minutes o f the required angle.

TH EO R EM  II.
In all plane triangles, the Jides are in direct proportion to the fines o f  

their oppofite angles (by Art. 60, Geom.)
Hence, to find a fide, we muft fay, as the fine o f an angle is to its oppo

fite fide, fo is the fine of either of the other angles to the fide oppofite 
thereto. But i f  we wiih to find an angle, we muft fay, as any given fide 
is to the fine of its oppofite angle, fo is the fine o f either o f  the other fides- 
to the fine of its oppofite angle.

TH EO R EM  III .
In emery plane triangle, it w ill be, as the Jum o f any two fides is to their 

difference f  fo is the tangent of half the Jum o f the two oppofite angles to the 
tangent of ha lf theit difference ( by Art. 6 1 , Geom.)

TH E O R E M  IV .
As the bafe of any plane triangle is to the Jum of the two fides, fo is the 

difference of the two Jides to twice the diflance of a perpendicular ( let fa it  
upon the bafe from the oppofite angle)  from the• middle of the bafe ( by Art. 
63, Geom.)

TH E O R E M  V .
In any plane triangle, as the reflangle contained by any two fides includ

ing a fought angle, is to the re&angle contained by the half Jum of the fides 
and the halffum decreafed by the other fide, fo is the fquare o f radius fo the 

Jjuarc of the co-fine of half the fought angle (by Art. 64, Geom.)

IN  addition to thefe Theorems, it will not be amifs for the learner to
recall to mind the following articles, moft o f which have been already
demonftrated.
1 In every triangle, the greateft fide is oppofite to the greateft angle ; 

and the greateft angle oppofite to the greateft fide.
2. In every triangle, equal fides fubtend equal angles. (Art. 41, Geom.)
3. The three angles o f any plane triangle arc equal to 18o°. (Art. 37, 

Geom.)
4. I f  one angle of a triangle be obtufe, the reft are acute ; and i f  one 

angle be right, the other two together make a right angle, or go0 ; where
fore, i f  one of the acute angles o f a right-angled triangle be known, the 
other is found by fubtrailing the known angle from 90’ . I f  one angle o f 
any triangle be known, the fum o f the other two is found by fubtratting 
the given angle from 180° ; and i f  two o f  the angles be known, the third 
is found by fubtrailing their fum from 1S00.

5. The complement o f an angle is what it wants o f go°, and the fup- 
p'ement of an angle is what it wants o f 18o°.



In  the twofollowmgTables w e h a w  collected a ll the rales neceffary forfolnje 
tng the ’various cafes o f  Right-Angled and Oblique-Angled Trigonometry.
A  P-

R IG H T -A N G L E D  T R IG O N O M E T R Y -

Cafe Given. Sought. Solutions.

I Hyp. a C. 
Angles.

Leg BC. 
Leg AB.

Raa. : hyp. A C  : : fine A : leg. BC. 
Rad. : hyp. AC : 1 fine C : leg. AB.

■ Leg. BC. 
z&3j Angies.

beg AB. 

Hyp. AC.

Rad. : leg. BC : : tang. C : leg. AB. 
f  Rad. : leg. BC : ! fee. C : hyp AC.1 Or fine A : leg. BC : : rad. : hyp. AC.4&S

7
Hyp. A C . 
Leg AIÎ.

Angles. 
Leg. BC.

Hyp. A C  : rad. : : leg AB : hue C , whole comp, is A. 
Rad. : hyp. A C  : :  fine A : leg. BC.

Both legs 
AB & BC.

Angles. 

Hyp. AC.

Leg. BC : rad. : : leg AB : tang. C, whole comp, is A. 
$ Sine C : leg AB : : rad. : hyp. AC.
¿.Or RaJ. : leg BC : : fee. C : hyp. AC.

O B L IQ U E -A N G L E D  T R IG O N O M E T R Y .

A
G  C  -D

Cafe Given. J Sought. Solutions.
1 The Anglcs'Sidc B C . 

1 |nnd fide AB.'Side AC.
Sine C ; luc AB fine A ; fide B C . 
Sine C  .* fide AB : :  fine B : fide A C .

Z & 3

i wo 11 cl c - J 
A P , BC,and Angle A. 
angle C op- Angle B. 
polite to on. Side A C . 
of fhem. 1

Side AB ; Sine C  fide BC ; fine A , which added 
to C , and the fum fubrratted from iSo®, gives B.

Sine C ; lideAB ; ;  fine B : fide AC.

+ & 5

T wo fides 
A C , AB,anc 
the included 
angle A .

¡Angles C 
¡and B.

Side BC.

Subtrait half the given angle A  from 90^, the remainder 
is half the fum of the other angles. Then fay, as the fum 
>f the fides A C , AB is to their difference, fo is tangent 

of the half fum of the other angles to the tangent of half 
their difference which added to, and fubtraeted from the 
half fum, will give the two angles B arid C, the greateft an
gle being uppolire to (he greateft fide.

Sine B : fide A C  : ; fine A : fide B C.

G All three 
fiJes.

I

All the 
angles.

Let fall a pcrpeiuiicwlar tfD oppofite to the required an
gle 5 then a* A C  : fum of AB, BC ; : their difference 
: twice DG, the difiance of the perpendicular from the mid
dle of the bafe ; hence, A D , C D  are known, and thetri-j 
angle ABC is divided into two right angled triangles BCD, 
Ba D  ; hfence, by cafes 4 and 5 o f right-angled trigonom
etry, we mav fiofl the ancle A  or C.

Either angle, 
a* A .

Either or the angles, as A , may alfo be found by the foJ-S 
lowing rule. From half the fum of the three fides fubtrafi the 
fide BC oppofite to the fought angle; take the logarithms! 
of the half fum and remainder, to which add the arithmetical 
complements o f the logarithms of the fides A B , A C  (includ- 
ng the fought angle); half the fum of t ele four logarithms 
will be the logarithmic co-fine of half the fought angle.



6S
Ih working by logarithms with any o f the preceding rules, you muft 

remember, that the logarithm o f the lirft term o f the analogy is to be fub- 
trailed from the fum o f the logarithms o f the fecond and third terms, the 
remainder will be the logarithm o f the fought fourth term.

When the firft term is radius (whofe logarithm is lo.ooooo) you need 
only reject an unit in the fecond left hand figure o f the index of the fum 
o f the fecond and third terms. But when the radius occurs in the fecond 
or third term, you muft fuppofe an unit to be added to the fecond left hand 
figure of the index of the other term, and fubtrait therefrom the logarithm 
o f the firft term.

RIGHT-ANGLED TRIGONOMETRY.
Solution of the fix cafes in right-angled trigonometry.

C A S E  I.
The angles and hypotenufe given, to fin d  the legs.

Given the hypotenufe A C  2 50 leagues, and the angle C  oppofite to the 
fide A B — 35° 30', to find the bafe CB and perpendicular A B .

By P R O JE C T IO N .

Draw the bafe CB of any length ; on C 
as a centre, defcribe the arch DE ; fromE 
to D la y o ff3 5 ° 30'5 through CandDdraw 
the line A C , which make equal to 250 ; from 
A  let fall the perpendicular A B , to cut CB 
in B, and it is done; for CB will be 203.5, 
and A B — 145.Z.

By L O G A R IT H M S .

By making tile hypotenufe C A  radius, it w ill be,

T o  find the bafe BC.
A s radius 10.00000
Is to the hypot. A C  250 
So is fine ang. A  540 30'

T o  find the perpendicular A B .
As radius 10.00000

2.397941s to the hypot. A C  250 
9.91069 f

T o  the bafe BC 203,5 2.30863

2-39794
9-76395So is fine ang. C  35’  30'

To the per. A B  145,2 2.16189

By G U N T E R ’S S C A L E .

In all proportions wrought by gunter’s fcale, when the firft and fecond 
terms arc o f the fame kind, the extent from the firft term to the fecond, 
w ill reach from the third to the fourth ;

Or when the firft and third terms arc of the fame kind,
The extent from the firft term to the third will reach from the fhcond to 

the fourth; that is, fet one point o f the compafies on the divifian-expreff.



ing the firil term, and extend the other point to the divifion expreflmg 
the third term ; then, without altering the opening o f the compafles, fet 
one point on the divifion reprefenting the fecond term, and the other point 
w ill fall on the divifion (hewing the fourth term or anfwer.

In the prefent example the work will be as follows :
Extend from radius, or 90°, to 540 30" on the line o f fines ; that extent

will reach from 250, the hypotenufe, to 203.5, l^e '3â e> on t'le l*ne o f
numbers ; and the extent from radius, or 90°, to 350 30' on the line o f 
fines, will reach from 250 to 145,2 on the line o f numbers.

Obferve the like in all that follows, except in thofe proportions where 
the word fecant is mentioned, which cafes muft be wrought by confide r- 
ing the hypotenufe radius, there being no line o f fecants on the common 
Gunter’s fcale, although it might eafily be marked on the line o f fines.

N o te . The radius, according to the nature of the proportion, may be. 
any o f thefc :

8 points on the line of rhumbs. 90° on the line of fines.
4 points on the line of tan. rhbs. 450 on the line of tangents.

CASES II. and III.

The angles and one leg given, to fin d  the hypotenufe and other leg.

The angle A C B  330 i f ,  the leg BC 325 miles, given, to find the h y . 
potenufe and the other leg.

By P R O JE C T IO N .

Draw the line BC, which make 
equal to 325 miles ; on B creit the 
perpendicular B A  ; on C , as a cen
tre, with the chord o f 6o° fweep 
the arch BD, which make equal to 
330 15 '; draw C D , and continue 
it to cut A B  in A , and it is done ; 
for A  B being meafured on the fame 
fcale that BC was, w ill be 2 13 .1, 
and A C  388.6 miles.

By L O G A R IT H M S .

By making the bafe BC radius, it will be,
To find the perpendicular A B.

As radius 450 10.00000
Is to the bafe BC 325 2.51188
So is tang. ang. C 330 i f  9.81666

To the perpen. A B  213,1 2.32854

To find the hypotenufe A C .
As radius 90® xo.00000
Is to the bafe BC 325 2.51188
So is fee. ang. C  530 i f  10.07765

To the hypot. A C  388,6 2.58953

By G U N T E R .
Extend from 450 to 330 i f  on the line o f tangents ; that extent will 

reach from the bafe 325 to the perpendicular 2 13,1 on the line o f numbers.
zdly. Extend from 56° 45'' to radius on the line o f fines ; that ex

tent will reach from the bafe 325 to the hypotenufe 388,6 on the line of 
numbers.



CASES I V . and V .
The hypotenufe and on* leg given, to find the angles and ether leg.

The leg A B  91, the hypotenufe A C  170, given, to find the angle ACB, 
Or B A C , and the leg BC.

By P R O JE C T IO N .

Draw BC at pleafure ; on B ereil 
the perpendicular B A , which make 
equal to 91 ; take 170 in your 
compaffes, and with one foot on A , 
fweep an arch to cut BC in C ; 
join A  and C , and it is done : for 
the angle C  will be 320 22', the 
angle A  570 38' and BC 143,6.

A

By L O G A R IT H M S .

By making the hypotenufe radius, it will be,

T o  find the angle C .
A s the hypotenufe 170 2.23045
Is to the radius 10.00000
So is the perpendicular 91 1.95904

T o  find the bale BC.*
As radius 10.00000
Is to the hypotenufe 170 2.23045
So is fine ang. A  570 38' 9.92667

T o  fine angle C 32° 9.72859 To the bafe BC 143,6 2.15712

By G U N T E R .
Extend from the hypotenufe 170 to the perpendicular 91 on the line of 

numbers ; that extent will reach from radius to the angle C , or the comple
ment of angle A  —  320 zz' on the Jine of fines.

id ly . Extend from radius to the angle A  570 3S' on the line of fines; 
that extent will reach from the hypotenufe 170 to the bafe 143,6 on the 
line of numbers.

C A S E  V I .

The legs g i ven, to fin d  the angles and hypotenufe.

The legs A B  890, BC 707, given, to find the angle B A C , or A C B , and 
the hypotenufe A C .

By P R O JE C T IO N . A

M ake BC r r  707, and on B ereil the perpen
dicular B A , which make equal to 890 ; join A C , 
and it is done ; for the angle C  will be 519 32'; 
confequently, the angle A  38° 2S', and the hypot
enufe 1137.

*  W hen you tak e  the log . fine* o r  tangent* to  the neareft m inute o n ly , it  i* beft to  u ic  »«»> *“ * 4
.f it  more eorreft than the o ne found by m a k in g  the perpendicular tad .u i ; bccaufc lh ?  variation o f  the log . fioe  o f 
te fs  than the corrcfponding v u m i j f i  .of the log . tangent.

b o fc  this canon fo r  finding  B C , w h u b



By L O G A R IT H M S.
By making the bafe radius, it will be,

To find the angle C .
As the bafe 707 2.84942
Is to radius ia.00000
So is the perpend. 890 2.949 39

To tan.ang. C rrji®  32' 10.09997

T o  find the hypoth. A C .*
As radius 10.00006
Is to the bafe 707 2.84942
So is fee. ar.g. C  510 32' 10.20617

To the hyp, A C ;r: 1137 3-05559

By G U N T E R .
The extent from 707 to 890 on the line o f numbers will reach from ra

dius (or 45 degrees) to the angle C 510 32' on the line of tangents.
2dly. The extent from the angle C 5 1 0 3 2 'to radius, or 900, on the 

line of lines, will reach from the bafe 890 to the hypotenufe 1137, on the 
line o f numbers.

Q U E S T I O N S

To exercife the Learner in Right. Angled Plane Trigonometry.

Quell:. 1. The hypotenufe 496 miles, and the angle oppoute to the 
bafe 56° 15'', given, to find the bafe and perpendicular.

Anf. Bale 412.4, and the perpendicular 275.6 miles.
Quell. 2. The perpendicular 27p leagues, and the angle oppolite to the 

bafe 56" 15'', given, to find the hypotenufe and bafe.
Anf. The hypotenufe 495, and bafe 4 11.6  leagues.
Quell. 3. The bafe 33 yards, and the angle oppolite to the perpendic

ular 530 26', given, to find the hypotenufe and perpendicular.
Anf. Hypotenufe 55.39, and the perpendicular 44.49 yards.
Quell. 4. The hypotenufe 575, and perpendicular 50 miles, given, to 

find the bafe.
Anf. Bafe 572.8 miles.
Quell. 5. The hypotenufe 59, and the bafe 33 miles, given, to find the 

perpendicular.
Anf. Perpendicular 4S.9 miles.
Quell. 6. The bafe 33, and perpendicular 52 leagues, given, to find 

the hypotenufe.
A nl. Hypotenufe 61.59 leagues.

O B L I  QJJ E T R I G O N O M E T R Y .
C A SE  I.

To.vo angles and one fide gi<venl  to find either of the legs.

The angle B A C  —  1 oo°
and angle A C B  — 540
and the leg A B — 220
are given to find the fides.

_ ' £ \ C

•W ild . ,o u  u t  Sliding A  C it  is bell »  m ake the greaieft Cde radiar, 'o r ih c „ a f o n mentioned in  the left note.



By P R O JE C T IO N .
Subtraft the fum of the angles A  and C  from 18o°, the remainder will be 

the angle B =  26°. Draw the indefinite line G E ; and from any point of it 
as B, draw the line BH making the angle E B H = 26°, on BH fct off B A  
220. On A  make the angle B A C  ioo° ; then A C  will intcrfect the line 
G E  in the point C , which completes the triangle, and BC will meafure on 
the fame fcale from which B A  was laid down 268 nearly, and A C  119 alfo 
on the fame fcale.

By L O G A R IT H M S , by Theorem II.
T o  find BC.

A s the fine of the angle C  54o
is to th“ tide A B  iz o
So is the fine of the ang. A too9

9.90796
z.34242999335

T o find D C .
As fine ang. C 54*
Is to the fije A B n o  
So is fine ang. B 26s

9.9079S
2 . 3 4 2 4 *

9.64184

**•33 577 
9.90796

11.98426
9.90796

Toth;' fide BC 167.S 2.4278. To fide A C  119.2 *07630

By G U N T E R .
Tlie extent from the angle C r r5 4 °  to the angle A  or its fupple- 

ment 8o°, on the fines, will reach from A B m 2 2 o  to B C = 2 6 S  on the 
line of numbers.

2dly. The extent from the argle C = $ 4 °  to the angle B = 2 6 ° , on the 
fines, will reach from ABr=22o to A C = i  19 on the line of numbers.

CASES II. and III .
Two fides and an angle oppojite to one of them being given, to f.nd the ctkft 

angles and the third jxde.

N o t e . It may 
be proper to ob- 
fcrve, that i f  the 
gi ven angle be ob- 
tufe, the angle 
fought will be a. 
cute ; but when 
the given angle is
acute and oppofite to a leffer given fide, then it is doubtful whether the re. 
cuircd angle is acute or obtufe, it ought therefore to be given by the con. 
ditions of the problem.

E x a m p l e . Let there be given the fide BC 410, the fide A B  640, and 
the angle A  23,-°, to find the other fide A C , and the angles A B C , B C A  ?

By PR O JE CTIO N .

Draw the indefinite line FE , and on any point therein, as at A , make 
the angle D A E i r ^ - j 0, on A D  fet off A B m 6 4 0 , then on B, with 410 in 
your compalles taken from the fame fcale, deferibe an arch cutting FE 
in the points C and G , join BC, BG, and it is done ; for the triangle may 
be either A C B , or A G B , according as the angle C , or G , is acute or ob. 
tufe ; i f  that angle be acute, the triangle w ill be A B C  ; the fide A C  will 
meafure 908, the angle A C B  will meafure 38J0, and the angle A B C  will 
joeafure 118° nearly ; but i f  the angle at the bafe be obtufe, the triangle 
w ill be A G B ; the fide A G  will meafure 266, the angle A G B  will meafure 
141 j ° ,  and the angle A B G  1 j° .



I f  the fide BC had been given greater than A B , there could have been 
only one anfwer to this problem ; for in that cafe, the point G  would have 
fallen on the continuation o f the line C A  towards F , in which cafe the angle 
A  o f the triangle would become equal to F A B , inftead of being equal to its 
fupplemcnt, as is required by the conditions o f the problem.

By L O G A R IT H M S , by Theorem II .

T o  find the angle C  or G . T o  find A C .

A s the fide BC 410 2.61278 
Is to the fine of angle A 2 3 |°9 .60070 
So is the fide A B  640 2.8061S

As fine angle C  38° 30'
Is to A B  640
So is fine angle A B C  irS °

9.79410
2.8061S
9-94593

12.75211
9 -79410

2.95801

12.40688 
z .61278

To thè fide A C  907,8
T o  fi. an.C3S 30026142 309.79410 
Ang.Aadd 23 3o 233 0

Subtract 6z 0 or 165 0 
From 1 80 00 180 00

T o  find A G . 
A s fine angle G  141® 30'' 
Is to A B  640 
So is fine angle A B G  15°

9.79410 
2.8061 S 
9.4I3OO

A n g .A B C ri8  0AB G 15 0
12.21918
9.79410

To thè fide A G  266,1 2.42508

By G U N T E R .

iff. The extent from B C = 4 io  to A B — 640, on the line o f numbers, 
w ill reach from A — 23-v0 to 384°, on the line o f fines, which is equal to 
the angle C  ; its fupplement 1410 30' being equal to the angle G.

2dly. The extent from the angle C — 38° 30' to 62° o' (the fupple
ment o f the angle A B C , 1 180 o"') on the fines, will reach from A B — 640 
to 908, on the line of numbers ; therefore the fide A CssqoS.

O r, the extent from 38° 30' (the fupplement o f the angle G) to the angle 
A B G = r 15° o ' on the fines, will reach from A B = 6 4 0  to ?66, on the line 
p f numbers ; hence A G  ~  26,6.

CASES I V . and V .

T ’u.’o jidts and their contained angle being gwen, to find either of the other 
angles and the thirdfide.

Given the fide A B  110 in. A C  
So m. and angle BAG 96° o ', to 
find the angle B C A  and C B A ,



By P R O JE C T IO N ,

Draw the indefinite right line A D , on which fet off A B — i io ;  make 
the angle E A B = 9 0 ° ; and on A E  fet off A C = 8 o  : join BC, and it is 
done ; for BC will meafure on the former fcale 143, and the angles B 
and C  will meafure 330 55' and 50° 5' refpciVively on the line of 
chords.

By L O G A R IT H M S .

To find the angles B & A , by Th. III . T o  find the fide A B , by Theor. I I .

Asfumoffides A C &  A B  190 2.27875 
Is to their difference 30 1.47712
Seistan. jfumop. -¿s, „

or comp. \ ang. A * ^ 2 9 - 9 5 4 4 4

11.43156
2.27875

T o  tang, half diff. 8° 5 '= 9 .1 5 2 8 1

As fine ang. B 33°SS' 
Is to A C  80 
So is fine ang. A  96® 

or its fup. 84

T o  fide BC 142.6

9.74662
1.90309

1 1.90070 
9.74662

2.15408

Sum is angle C 50 5
Diff. is angle B 33 S5

By G U N T E R .
1 ft. The extent from the half fum o f the fidcs 190 to their half difference 

30, on the line o f numbers, w ill reach from the half fum of the angles B and 
C  420 to their half difference 8° 5 ' on the line o f tangents. The fum o f  
which half fum and half difference gives the angle C  50° 3' and their difference 
the angle B 33° 5 5 '; the greateft angle being oppofite to the greateft fide.

2dly. The extent from the angle B 33° 55, to the angle A  96° (or its 
fupplement 84°) on the line of fines, w ill reach from the fide A C  80 to the 
fide BC 142,6 on the line o f numbers.

C A S E  V I .

The three Jtdes of a plane triangle given, to find the angles.

The fide A B  85, BC 57, A C  108, given, to find the angles A B C , B A C, 
B C A .

By P R O JE C T IO N .

Draw the indefinite right line FH , on which fet o ff A C = i o 3 ; take 85 
in your compaffes, and with one foot on the point A , fweep an arch ; then 
take the difiance 57 in your compaffes, and with one foot on C , fweep 
another arch interfering the former arch in the point B ; join A B , CB and 
it is done. For the angle A  beingir.cafured w ill be fou n d = 3 11°, B— 970 
and the angle C:= 5i-10 nearly.



By L O G A R IT H M S, by Theorem IV..

Suppofe B D  to  be drawn perpendicular to  A C ,  and that A G s t G C .

Side A B =  8 j  
Side B C = 1 57

Sum of the tides 142
D iif. of the Tides 28

As the baie A  C ic8
Is to the fum of the Tides A B and B C 142
So is diii. of the tides A  B and B C 28

H alf bale A C  54
P O  18,4

Sum is greater feg. A  D 72,4 
D iif. is leaft feg. D C  35,6

To twice D G 
Its half— DG

36,8 
a 8,4

* ° 3 3 4 2  
2.15229
1.4471ft

3 -5 9 9 4 ?
2.03342

*.56603

Having divided the triangle into two right angled triangles, the h v . 
potenufesand bales of which are given, we may find the angles by Theor. I.

T o find the angle B A D .

As :he hypotcHufe A B  J ;
Is to radius 90®
So is the greater feg. A  D 72,4

T o  co-fine B A D  ^  31® 36*

r.92942
10.00000

1.85974

9.93032

T o  find the angle B C D .
As the hypotenufe B C 57 *.75587
Is to radius 90® 10.00000
So is the leifer feg. D C  35,6 1.55145

To co-fine of BC Dt=5i® 21' 9-79558
b a d — 31 36

Sum 82 57 
Subtrait from 180

Remains Angle ABC 97 3

Bv G U N T E R .

i ll .  The extent from the bale A C = io S ,  to the fum o f the fides 142, 
©n the line o f numbers, will reach from the difference o f the fides 28, to 
twice D G  36.8 on the fame line o f numbers.

zdly. The extent from the hypotenuie A B — 85 to the greater feg. 
ment A D  72.4, on the line of numbers, v îll reach on the fines from the ra
dius 90® to 58°24’,  which is the complement o f the angle B A D .

3dly. The extent from the hypotenufe CB 37 to the Idler fegment 
D C  37.6, on the line o f numbers, will reach on the fines front the radius 
90° to 3S0 39’, which is the complemeat of the angle B C A .

This cafe may be folved without dividing the triangle into two right 
angled triangles by Theorem V .

T o  find the angle A . 
B C =  57

A B =  85 log. co. ar. 
A C m o S  log. co. ar.

Sum 250
H alf fum 125 log.

H alf fum iefs B C  68 log.

Having the angle A ,  we may 
C by Theorem 11.

8.07058 A s BC 57 
7.96658 Is to fine angle A  31® 36’ 

So is A B  85

find the angle

1 - 7 5 5  8 7  
9 -7 *9 3 * 
1.9294*

2.0969 I 
1.83251

11.64874
*-7 5 S®7

Sum) 19 96658 To the fine of angle C 51® 25’ 9.89287

Half fum 15® 48* Co-fine 9.98329
2

Doubled is 31® 36*— angle A.
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( K  )
A SHORT INTRODUCTION TO

ASTRONOMY a n d  GEOGRAPHY.

_ ^ /^ S T R O N O M Y  is a fcièncé which treats o f the motions and diftances 
fef the heavenly bodies* and of the appearances thence arifing.

The common opinion of aftronoraers of the prefent day is, thai the uni- 
yerfe is compofed o f an infinite number o f fyftems, or worlds ; in every 
iyftem there are certain bodies moving in fice fpace, and revolving at dif
ferent diftances round a fun, placed in,' of near, the centre o f the fyftcm ; 
and that thefe funs and other bodies are the ftars which are feen in the 
heavens.

Thè Solar  System , fo called, is that in which dur earth is placed, and 
in which the fun is fuppofed to be fixed neat the centre, with fevcral bodies 
fimilar tò our earth revolving round him at different diftances. This hy~ 
pothefis, which is fully confirmed by obfervation, is called the Copernicani 
Syftefn, from Nicholas Copernicus, a Polifh philofopher, who revived it 
about the year ijo o , after it had been buried in oblivion many ages.

Stars are dirtinguilhed into two kinds, fixed and awandering. l'he for
mer are fuppofed to be funs in the centres of their fyftems, fkining with 
their own light, and preferving always the fame fituhtion with refpeft to 
each other. They are ufually diftinguifhed by their brightnefs, the larg- 
eft being called of the firft magnitude, arid the fmalleft vifible to the naked 
eye being of thé fiXth dr fcventli magnitude. A  CcnfidlaUon is a num
ber of ftars lying in thé neighbourhood c f  one another on the furface 
of the celeftial fphere, which aftronomérs, for the fake o f remembering 
with greater eafe, fuppofe to be circumferibed by the outlines of fome an
imal, or other figure. The wandering ftars are thoie bodies within our 
fyftcm, or celeftial fphere, which revolve rdund the fun : they appear lu
minous by reflecting the light o f the fun, and are of three kinds, namely, 
primary planets, fecondary planets, and Comets.

The Primary Planets are thofe bodies, which, in revolving round the 
fun, refped him only as the centre of their courfes ; the motions of which 
are regularly performed in tracks or paths (called orbits) that afe nearly 
circular and concentric with each other. A  Secondary Planet, Satellite, 
or Moon, is a body, which, while it is carried ìourxl the fun* docs alfo re
volve rdund a primary planet, which it refpects as its centre. Comets 
arc a fort o f planets moving round the fai^in very eccentric orbits, with 
vaft atmofpheres about them,- and tails derived from the fame, efpecially 
when they come near the fun.

There are feve.i primary planets, which, reckoned in order from the fun, 
arc as follows : Jvlercury, Venus, the Earth* M ais, Jupiter, Saturn, and 
lierfehei.

Mercury and Venus are called inferior planets, becaufe their orbits are 
within thé earth’s ; the others are called feperior planets, as their orbits' 
in. lude that of thé earth,

K



The Sux is the lirft and greatcft objcfl of agronomical knowledge ; if  
is placed near the centre of the orbits of all the planets, and turns round 
its a\is in 25I days ; its diameter is 883,000 Engliih miles, and its mean- 
dilla nee from, the earth is 95 millions of miles.

M e sc u r v  is the leali o f all the planets, and is neareft to the fun, his- 
mean diitance from that luminary being 37 millions c f  miles. His peri
odic revolution in his orbit round th e 'l'un is performed in S j  days 25 
hours. The diameter of Mercury is about 3200-miles.

V h .n o -s is the brighteft o f all the planets. Her diameter is 7687 miles ; 

her mean diitance from the fun is 68 millions o f miles ; and her periodic 
revolution is performed in 224 days 17 hours. When this planet is in that 
p;irt of her orbit-which-is weft.of the fun, fhe rifes before him in tho 
morning, and is called the morning-far ; when (lie is in the eaftern part o f 
her orbit, lire ihines in- the evening after he fets, and is called the evening- 
H'in'*

The E arth is netti to Verms ; ito diameter is 7964 mites, its diitance 
from the iun 96 millions of miles, and goes round him in a year, or 365 

.days, 6 hours. It turns round its axis from weft to eaft in 23b. 36m , 
which occaiions the apparent diurnal motion of the fun and all the heav
enly bodies round it, from eaft to weft, in the lame time ; it is, o f courfe, 
the caufc of their riiing and fatting, o f day and night. The axis of the 
earth is inclined 230 2S/- to the plane of its orbit, and keeps in a direition 
paraiid 10 it le If, throughout its annual courfe, which caufes the return o f  
fpring and ftur.mer, autumn and winter. Thus the diurnal motion gives- 
us dtc grateful vicilutude of night and day, and the annual motion the 
regular fucceifion of the feàfons. The earth is attended by a fatellite call
ed the Moo.v, whofe diameter is 2161 miles ; her diftancefrom the centre 
oi tne earth is 240,000miles : fhe goes round her orbit in 27 days 8 hours 4 
but reckoning from change to change, in 29-j days. Her orbit is inclined to
rbe ecliptic in an angle of 70 18', cutting it in two points diametrically op- 
polite to each other, called her nodes. As the moon ihines only by the 
reIItailed light o f the Ian, Ihc mull appear different when in different fix a 
tions with refpcct to that luminary. When lhc is in conjunction with 
the fun, lier dark fide is turned towards the earth, which renders her in- 
vifible ; this is- called- new moon : when fhe is in oppolition, her light fide 
is wholly viiible from the earth ; this is called fa l l  moon.

It at the time of new moon lhc is near to- either of her nodes, file may 
intercept a part of the fun’s light, and thus caufe an ecUpfe of the fun ,* 
and if  flic is near either o f her nodes at the time of full moon, fhe may pafs 
into the shadow c f  the earth, and caule an eclipfe of the moon. Thefe 
echpfes arc of immenfc importance in afeertaining the longitudes o f places- 
on the earth. They alfo furnilh a convincing proof o f the rotundity of 
the earth, linee the ihadow of the 'earth feen upon the moon when eciipf- 
ed, is always circular. This is farther confirmed by the appearance of ob
jects at fea ; for when a ihip is making towards the land, the mariners 
fini defery the tops of ftecplcs, ^recs, dtc. pointing above the water ; the 
lower parts being hid, bv reafon of the curvature of the earth.

I he earth is not a perieli globe or iphere, but is a little flatted at the 
poles, being nearly of the figure ox an oblate fpheriod, the equatorial di-, 
ameter being about 34 miles longer than the polar ; but fmee this diiTcr- 
enee bears but a finali companion to the whole diameter, wc may, for all 
tiie piaélical purpoles of navigation, confider the earth as a perieli fphere. 
Iiie naturai diviiicns of the earth will be given hereafter.
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M a r s  I s the next planet to the earth ; his diameter is 41S9 mijes, lie' 
diftance from the fan 144 millions of miles., and his periodic levolution i - 
performed in about 6S7 da)''--. lie  revolves round his axis in 24 hours 
40 minutes,- appearing o f a dullcy ledtliih hue, and is fuppofed tobe en~ 
,compalfed with a very great atmofphere.

J u p i t e r  is fituated itili higher.in the fv-ftem. He is the larged of all 
the planets, and eafily diftingmihed from' them by his peculiar magnitude 
-and light. His diameter is ¿9,170 miles,, his diltance from the iun 49c- 
millions of miles, and performs his periodic revolution in 4332 !• days« 
Though Jupiter is the larged of ail the planets, yet his diurnal revolution 
is the fwifteft, being only 9 hours and $6 minutes.
. Jupiter is attended by lour fuellues, invifible to the naked eye; but 
through a telefeope they make a beautiful appearance. In ip caking or 
them, we diillnguiih them, according to their places, into the iirft, the fee- 
■ ond, and fo on ; by the firft we mean that which is neared to the planet. 
The appearance of thefe iatellitcs is marked in the X llth . page of the Nau
tical Almanac, for forno particular hour o f the night ; the tintes when 
they are eclipfcd by paifmg into thc.íhaÜow o f Jupiter, are alfo given m 
the Nautical Almanac.; thefe cclipfes are of confidcrabie uie m determin
ing the longitudes of places .on the earth,

Sa i urn was reckoned the mod remote planet o f  our fvdem, before the 
•difeovery o f  the planet Ilerfchel. He Urines but with a pale and feeble 
light. His diameter is 79,042 miles, his dlihmce from the fun 9.00 mill
ions of miles, and his periodic revolution in his orbit is performed in about 
29 years 167 days. This planet is furrounded v idi a broad fiat ring, fuf- 
pended round the body of the planet, and is quite different from all ether 
planetary phenomena with which we are acquainted. This planet has a 
■ diurnal revolution rqund its axis, and is attended by fevon fatellitcs.

H f.rsì'h ei., which is alfo called G eo r c iu m  Sinus, and I/Ranus, Is 
the molt remote planet of our fyftcm. It was difoovered in the year 1 7S 1, 
by Dr. Ilerfchel ; though there are many reafons to fup.pofe it had been 
Ten before, but had been confulered as a fixed itar. Its diameter is 3 r, 109 
miles, its dittano: from the fun 2 800 millions of miles, and its periodic 
revolution in its orbit is performed iu ¿j  1- years. Dr. Herfchel has alio 
■ difeovered fix fittcllites attending this planet.

The aftronomy of comets is yet in its infancy 1 the return of one of 
them in the year 17-53, was foretold by Dr. Halley, and it happened near
ly  as he predicted. He allo foretold the return of another in the year 
1790, but it never appeared. Probably this mifeake of Dr. Halley was 

owing to the inaccuracy of the obfervations c f  the comet at its former ap
pearance ; for ivlr. Mechair. having collected all the chíérvaíicms, and cal
culated the orbit again, found it to differ eftentially from that determined 
by Dr. I fallcy.

Comets move round the fun in all direflions ; but the plane.ts all move 
fiom weft to caff, when feen from the fun ; but i f  viewed from any othe- 
o f the planets, as the earth, they would appear to revolve round it as a 
m itre ; but the fun would be the only one that moved uniformly the fame 
wav : lor the other planets would fometimes appear to move from wed to 
«■ alt, and then (o fiand (lili; then they would f  ern to move from call to 
well ; and alter ftunding ionie time,, they would again move from welt to 
eaft, and fo on continually. The motion of a planet from welt to calc is 
called tu edited? motion, or according to the order of the Jig at. The con
trary motion, from call to weft, is called retrògrade. W hen the planet ap
pears to fiand itili, it is fimi to be Jiationarj.
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Ir. noting the fituatibns of the ftars and planets, aftronomers have been 
under the neceifity o f imagining various lines and circles on the fphere ; 
and geographers have done the fame for fixing the fituation of places on the 
(earth. The moft remarkable of thefe are the following.

1. A  great circle is that whofe plane paffes through the centre of the 
fphere; and a /mail circle is that whofe plane does not pafs through its 
centre.

2. A  diameter of a iphere, perpendicular to any great circje, is called 
the axis o f that circle ; and the extremities of the diameter are called its 
poles. Hence the pole o f a great circle is 90° from every point o f it upon the 
furface of the fphere ; but as the axis is perpendicular to the circle when 
it is perpendicular to any two radii, a point on the furface of a fphere, go° 
diftant from any two points of a great circle  ̂ will be the pole.

3. A l l  angular diilances on the furface of a fphere, to an eye at the 
centre, are meafured by arcs o f great circles. Hence all triangles formed 
upon the furface o f a fphere, for the folution o f fpherical problems, muft be 
formed by the arcs of great circles.

4. Secondaries to a great circle are great circles which pafs through its 
poles ; and ccnfcquently muft be perpendicular to their great circles."

5. The axis of the earth is that diameter about which it performs its 
diurhal motion ; and the extremities of this diameter are called the poles.

6. The terrejlrial equator is a great circle o f the earth perpendicular to 
its axis. Hence the axis and poles o f the earth are the axis and poles of 
its equator. That half o f the earth which lies on the fide of the equator 
we inhabit, is called the northern hemifphere, and the other the fouthem f 
and the poles are refpeftively called the north mAfouth poles.

7. The latitude o f a place upon the earth’s furface is its angular dif- 
tance from the eauator, meafured upon a fecondary to it. Thefe feconda, 
ries to the equator are called meridians.

S. The longitude o f a place on the earth’s furface is an arc o f the equa- • 
Tor intercepted between the meridian paifing through the place, and another, 
called the f.rjì meridiani paifing through that placé from which you begin 
to meafure. The Americans and Engliih generally place the firft meridian 
at London or Greenwich, the French place it at Paris, the Spaniards at Cadiz ; 
fome Geographers place it at Teneritfe, and others at other places. The 
longitude is counted from the firft meridian, both eaftward and weftward, till 
i t  meets at the fame meridian on the oppofite point ; therefore the longi
tude fand alfo the difference o f longitude between any two places} can never 
exceed rSo°. '

9. I f  the plane of the terrejlrial equator be prpduced to the fphere of 
the fixed ftarŝ  it marks out a circle called the ceUJiial equator ; and i f  thè 
a xis o f the earth be produced in like manner, the points of the heavens to 
which it is produced are called poles, being the poles o f the celeftial equa- 
tor. The ftar marcii to each' pole is called the pole ftar.

10 .  ’ Secondaries to thè celeftial equator are called circles of declination ; 
o f thefe, 24 which divide the equator into equal parts, each containing 150, 
are called hour circles,

i t .  Small circles parallel to the celeftial equator are called parallels of
declination.

12. The fenfhle horizon is that circle in the heavens whofe plane 
touches the earth at the fpe'ilator. The rational horizonis a great circle 
in the heavens, paifing through the earth’s centre, parallel to the fenfible 
hqrizon. ' • ' - ' •



1 3. I f  the radius o f the earth to the place where the fpeftator {lands be 
produced both ways to the heavens, the point vertical to him is called the 
zenith, and the point oppoiitc, the nadir, Hence the zenith ar.d nadir are 
the poles of the rational horizon.

14. Secondaries to the horizon are called vertical circles, becaufe they 
are perpendicular to the horizon ; on thefe circles, therefore, the altitude 
o f  an heavenly body is meafured.

15. The fecondarv common to the celeflial equator, and the horiicn of 
any place, is the celejlial meridian o f that place. This meridian corrvi- 
ponds with the terrcjtrial meridian o f the fame place, which paffes through 
the poles o f the earth, the zenith and nadir crofting the equator at right 
angles, and cutting the horizon in the north and fouth points; that point 
being called north which palfcs through the north pole, and the eppoiite 
d'redion is called fouth. Hence the meridian o f  any place divides the 
heavens into two hemifpheres lying to the eaft and weft ; that lying to the 
caft is called the eaftem hemisphere, and the other lying to the weft is 
called the veeftern hemilphere. When the fun is upon the meridian o f any 
place, it is noon or mid-day.

16. The vertical circle which cuts the meridian of any place at right 
angles, is called the prime vertical; and the points where it cuts the hori
zon are called the eaft and auef points. Hence the eaft and weft points 
are 90° diftant from the north and fputh. Thefe four are called the card-., 
rtal points.

17. The azimuth o f an heavenly body is its diftance on the horizon, 
when referred to it by a fecondary, from the north or fouth points. 'I he 
amplitude is its diftance from the eaft or weft points, at the time o f riling 
or fetting.

18. The ecliptic is that great circle in the heavens which the fun ap
pears to deferibe in the courfe o f a year. The ecliptic and equator, being 
great circles, muft bifedl each other, and their angle o f inclination is called 
the obliquity of the ecliptic ; and the points where they intcrfeil are called 
the equinoiiial points. The times when the fun comes to thefe points are 
called the equinoxes. The ecliptic is divided into 12, equal parts, called 

Jigns; v iz . Aries V ,  Taurus £$, Gemini II, Cancer <5 , Leo f t ,  V irgo flff
Libra Scorpio 1ft, Sagittarius * ,  Capricomus v f ,  Aquarius sr , 
Pifccs K  • The order of thefe is according to the apparent motion o f  the 
fun. The firft point o f Aries coincides with one o f the equinoiiial points, 
and the firft point o f Libra with the other. The firft fix figns are called 
northern, lying on the north fide of the equator ; and the laft fix are called 
fouthern, lying on the fouth fide.

19. The zodiac is a fpace extending 8 degrees on each fide o f the 
ecliptic, within which the motion o f all the planets is contained.

20. The right ajcerf.cn o f a body is an arc of the equator intercepted 
between the firft point o f Aries and a declination circie patiing through the 
body, meafured according to the order of the ligns.

21. The afcenfonal difference o f any object is the difference between 
the right afeenfion of that objeit and that point o f the equator which rifts 
or fets with it.

22. The declination o f a body is its angular diftance from the equator, 
meafured upon a fecondary to it through the body.

23. The longitude of a ftar is an arc of the ecliptic intercepted between 
the firft point o f Aries and a fecondary to the ecliptic palling through the 
body,' meafured according to the order of the figns. i f  the body be ia



;oiir fyftem, and feen from'the earth, it is called the geocentric longitude ; 
but i f  feen from the fun it is called the heliocentric longitude ; the body in 
each cafe being referred perpendicularly; to the ecliptic in a plane palling 
through, the eve.

24.. The latitude o f a ftar is its angular diftance from the ecliptic, 
meafured upon a fecondary to it drawn through the body. I f  the body be 
in our fyftem, its angular diftance from the ecliptic feen from the earth is 
called the geocentric latitude ; but i f  feen from the fun it is called the heli- 
e:entric latitude. The fecondary circle drawn perpendicular to the ecliptic 
is. called a circle of latitude.

25. The tropics are two parallels o f declination touching the ecliptic. 
.One, touching it at the beginning of Career, is called the tropic of Cancer; 
non the other touching it at the beginning of Capricorn, is called the tropic 
<f Capricorn. The two points where the tropics cut the ecliptic are called 
the joljiit 'uil points.
.• 26. Coheres are two fecondaries to the celeftial equator, one paffing 
through the equinoilial points, called the equinoctial colure ; and the other 
pailing through the folititial points, called the foljlitiql colure. The times 
when the fun comes to the folftitial points are called the folllices,
_ 27. The artic and antarttic circles are two parallels of declination, the 
former about the north, and the latter about the fouth pole, the diftance 
o f which from the two poles is equal to the diftaqce of the tropics from the 
equator, which is about 230 28'’. Thefe are alfo called polar circles. 
The two tropics and two polar circles, when referred to the earth, divide 
it into five parts, called zones; the two parts within the polar circles are 
called the frigid  zones; the two parts between the polar circles and tropics 
are called the temperate zones ; and the part between the tropics is called 
the torrid zone.

Beftdes thefe imaginary divifions of the earth, there are various natural 
diviit.ons o f its furface, formed by nature.; fuch as continents, oceans, 
lilands, feas, rivers, ¿cc.
■ A  Continent is a great quantity o f land, . wherein are feveral empires, 
kingdoms, and countries conjoined ; as Europe, Alia, Africa, and A .  
rnerica.

An I Hand is a part o f the earth that is environed or encompaffed round 
by the fea, as Long Iiland, Block Ifland, &c.

A  Peninfula is a part o f land almoft furrounded with water, fave one nar. 
row neck which joins ic to the continent.

A n Ifthmus is a narrow neck of land joining the peninfula to the, adja
cent land, by which the people may pafs from, one to the other.

A  Promontory is a high part of land, ftretching itfelf into the fca, the 
extremity of which is called a Cape or Headland.

A  Mountain is a rifing part o f dry land over-topping the adjacent coun
try, and appearing firft at a diftance.

An Ocean is a vaft collection of fait water, feparating continents from 
one another, and wafhing their borders or ihoies.

A  Sea is part of the Ocean, to which we muft fail through fome Strait, 
as the Mediterranean and Baltic feas,

A  Strait is a narrow part of the Ocean lying between two ihores, and 
opening a way into fome fea, as the Straits of Gibraltar that lead into the 
Mediterranean Sea, and the Sound which leads into.the Baltic Sea.

A  Creek is a fmall narrow part of the fca. or river, that goes up but 
a little way into the land.



A  Bay is a great inlet o f the land, as the Bay o f Bifcay, and the Bay 
o f Mexico ; othcrwife a bay is a ftation or road for (hips to anchor in.

A  river is a conliderable ft ream of water ifluing out of one or various 
fprings, and continually gliding along in one or more channels, till it dif- 
charges i’tfelf into the ocean: The Idler itreams are called rivulets.

A  Lake is a large colleftion of waters in an inland place, as the lakes 
Superior and Huron in America.

A  Gulf is a part o f the ocean or fea, contained between two fhores, 
and is every where environed by land, except its entrance, where it com
municates with other bays, feas, or oceans.

There are five Oceans, namely, the Northern; the Atlantic, the Pacific, 
the Indian, and the Southern.

The Atlantic Ocean is dually divided into two parts, one called the 
North Atlantic Ocean, and the other South Atlantic or Ethiopic Ocean.

The Northern Ocean flretches to the northward of Europe, Aiia, and 
America, towards the north pole.

The Atlantic Ocean lies between the continents of Europe and Africa, 
on the eaft, and America on the weft. That part o f the North Atlantic 
Ocean lying between Europe and America, is frequently called the Weft- 
ern Ocean.

The Pacific Ocean, or, as it is fometimes called, the South Sea, is bound
ed by the weftern and north-welt fhores o f America, and by the eaftern 
and north-call fhores o f Alia.

The Indian Ocean walhes the fhores of the eaftern coafts o f Africa, and 
the fouth o f  Alia, and is bounded on the eaft by the Indian iilands, New- 
Holland and New-Zealand.

The fouthern Ocean extends to the fouthward o f Africa and America 
towards the fouth pole.

Thus we have given the moil ufcful definitions of Aftronomy and G e
ography ; in addition to which, it may be obferved, that as the latitude 
of any place upon the earth is counted from the equator upon an arch of the 
meridian north and fouth, the difference of latitude between two places, 
both north, or both fouth, is found by fubtraifling the lefs latitude from 
the.grcater ; but if  one latitude be north, and the other fouth, the differ
ence is found by adding both latitudes together. \

Confequently, i f  a ihip in north latitude fails northerly, or in fouth lati
tude foutherly, fhe increafes her latitude ; but in north latitude failing 
fouthcrly, or in fouth latitude failing northerly, fhe decreafes her latitude, 
becaufe fhe fails nearer to the equator, from whence the latitude is reck
oned.

Wherefore, in north latitude filling northerly, or in fouth latitude fail- 
ttide failing fouthcrly, the difference of latitude added to the latitude left, 
gives the latitude in.

In north latitude failing fouthcrlv, or in fouth latitude failing northerly, 
th difference of latitude fubtrafied from the latitude left, g i ves the latitude 
in.

When the latitude decreafes, and the difference o f latitude is greate- 
than the latitude failed from, fubtrafl the latitude left from the dinticne«, 
and the remainder will be the latitude in, and o f a different name : for it is 
plain, in this cafe, that the fhip has crofted the equator.

The difference of longitude between two places, being both eaft or weft, 
is found bv fubtraitinsr the lefs loe,<>itud<; from the greater: but if  one be



in tail longitude and the other in weft, their fum is the difference of longi
tude, when it does not exceed iSo° ; but i f  it exceeds iSo°, that fum muft: 
be fubtrailed from 360% and the remainder w ill be the difference o f lon
gitude.

Therefore, in eaft longitude failing eafterly, or in weft longitude failing 
weftcrly, the difference o f longitude added to the longitude left, gives the 
longitude in, when that fum does not exceed i.8o° ; but i f  it exceeds 180% 
the fum fubtrailed from 360° leaves the longitude in, o f a different name 
from that left.

In eaft longitude failing wefterly, or in weft longitude failing eafterly, 
the difference of longitude fubtraded from the longitude left, gives the lon
gitude in ; but when the difference of longitude is greateft, the longitude 
left muft be fuhtraded from that difference, and the remainder will be the 
longitude in, of a different name from the longitude left.

What has been faid will be rendered familiar to the learner by the fol
lowing examples :

E xam . I. What is the difference of 
latitude between Bofton in the lati
tude of 42“  2 3' N . and Richmond 
(Virginia} in the lat. o f 370 30' 
North >

From Boffon’s lat. 42°Z 3/ N .
hub trad Richmond’s lat. 37 30 N.

Remains the diff. o f lat* 4 53
60

In miles 293
Ex am . III . Required the difference 

o f latitude between Georgetown 
and Cape Frio in South America.

Georgetown’s lat. 
Cape Frio's lat.

Diff. o f latitude 

In mites

33° x+ 'N . 
22 3 j S.

55 49 
60

3349

Exam. II . A  Ihip from latitude! 
59  ̂ 2Y  8* fails fouthward until 
her difference o f latitude be 374 
miles, what latitude is Ihe come 
to ?

Latitude failed from 590 27' Si
Diff. o f lat. 3 7 4 -2 -6 6 =  6 14 S.

Lat. in 65 41 S.

E xam. i V .  A  ihip from latitude. 
28° 25' N . fails foùth i-Soo miles,- 
what latitude is Ihe in Î

From diff. o f lat; 1800
miles, or 50° 00' S;

Sub. lat. left 28 25 N .

Diff. =  lat; in i 35 S‘

In the Tail example it is plain, that as the difference of latitude is more 
than the latitude left, the Ihip mull have eroded the equator, and confc. 
quentiy come into fouth latitude.

N o te . When one of the places has ro latitude, or is on the equator, 
the latitude c f the other place is their difference of latitude.



ËXA.M. V . What is the difference o f Exam 
longitude between Cape Ann light- 
houfe and Lifbon i

C .Ann light-houfe*s long. 700 33' W . 
Lifbon’s long. 9 7 W .

Diff. o f long. 

In miles

61 26 
60

3686

Cape Charles’ long. 76° re/ W . 
Diff. o f long. 400 m iles=  6 40 E .

Long, in

V I . A  fhip from Cap* 
Charles in Virginia fails eaft- 
ward> till her difference of longi. 
rude be 400 miles, what longitude 
is fhe in ?

69 30 W *

E x a m . V I I . W h a t  is  th e  difference 
o f lo n g itu d e  b e tw e e n  B a rce lo n a  and 
S a lem  i

E x a m . V I I I . A  fh ip  fro m  1 5 0 4«/ 
E .  lo n g , fa ils  w e ft  w ard  t i l l  h e r d i f f .  
o f  lo n g , b e  2 7 0 1 5 ’,  w h a t  lo n g , i s  
fhe in  ?

Barcelona’s long. 
Salem’s long.

Diff. o f long.

2°
70

73

1 S' E. 
50 W .

8 W .

Long, left 
Diff . o f long.

Long, in

x5° 40- E . 
27 15 W ,

11 35 W .;

E x a m . IX . What is the difference 
o f longitude between Manilla and 
N ew -York light-houfc ?

Manilla’s long. 1 zo° $</ E.
N ew -York light-houfe 74 07 W .

Sum exceeds t8o° 195 06
Subtraft it from 360 00

Diff. o f long. 164 54

E x a m . X . A  fhip from longitude 
1600 20' W . fails weftward until 
fhe differs her longitude 4 10 20' ;
what longitude i

Long, left 
Diff. o f long.

Long, in

fh e  in  ?

1600 20' W . 
41 20 W ,

201 40 
360 00

158 20 E .

In the laft example the fhip has crofted the oppofite meridian, and 
therefore has come into a longitude o f a different name.
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P L A N E  S A I L I N G ,
------- !=s !£ 35£ 55scr-------

p
1  L A N E  S A IL IN G  is the aft o f navigating a Chip upon the principles 

deduced from the fuppoiition of the earth’s being an extended plane, on 
which the meridians are all parallel to each other, and the length of a de
gree of latitude and longitude is every where equal. A  map of the feveral 
parts of the earth conftruiled upon thefe principles is called a P l a n e  C h a r t .  
When' the parts o f the earth are thus delineated'on a plane, it is eafy to fee 
the track by which a fhip may go from one place to'another ; and alfo what 
angle this track makes with the meridian : Ships' at fea are kept in this 
track by means of an inftrument called the mariner’s compafs.

The M a r i n e r ' s C o m p a s s  is an artificial reprefentation of the horizon 
of any place. It coniifts of a circular piece of paper, called a card, divided" 
(like the horizon)' into 360 degrees or 33 points.- This is fixed to a piece 
ofiteel called a needle, to which a magnetic virtue has been communicated 
by means of a loadftone, which has the property of pointing fteadily to
wards the north, and carrying the card- with it, when turning freely on a 
pivot or- any thing to fupport it. Thus will every point o f the card cor- 
refpond with the fame points o f the horizon ; confequently by help of the 
compafs a fhip may be kept in any propofcd track or courfe-

A  R humb L ine is a right line drawn from the centre of the compafs to 
the horizon,- reprefented by the circumference of the card. It has different 
names according to the point o f the horizon it is drawn to.

The C ourse is the angle which any rhumb line makes with the meri
dian ; fometimes it is reckoned in points, half points,- &c. and fometiines 
in degrees.- A  table o f the feveral angles which every point, and quarter 
point, makes with the meridian will be given in the next page.

D istance is the number of miles, leagues, &c. intercepted between two 
places reckoned on a rhumb ; or it is the way or length a fhip has gone on 
a direft courfe in a given time. The method of meafuring. this dillance by 
the log will be’explained hereafter.-

D iffer en c e  of L a t it u d e  is the diftance which the fhip has made 
north or fouth o f the place failed from ; and is generally reckoned in miles 
and parts o f a mile on a meridian.

D epartur e  is the eaft or weft diftance a fhip lias made from the me
ridian o f the place fhe departed from, and in the plane chart is the fame- 
as the difference o f longitude.

I f  a fhip fails due north or fouth, fhe fails on a meridian, makes no de
parture, aud her diftance and difference of latitude are the fame. I f  fhe fails 
due eaft or weft, fhe goes on a parallel o f latitude, makes no difference of 
latitude^ arid her departure and diftance are the fame.

The difference of latitude and departure make the legs of a right-angled 
. triangle, ihe hypotenufe of which is the diftance the fhip has failed ; the 

perpendicular is the difference of latitude counted on the meridian ; the bafe 
is. the departure, which is eafting or welling counted from the meridian ; 
the.angle oppofite to the bafe is the courfe, or angle, that the fhip makes 
with the meridian ; and the angle oppofite the perpendicular is the comple.
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In the following Table, the rules forfilming the various cafes of Plane Sail:*
ing are collelied,

P L A N E  S A IL IN G .

Cafe. Given. Required. Solutions«

I Courfe 
and Diftance.

Diff. Lat. 
Departure.

Rad« : Dift. : : Cof. Courfe : Diff. Lat. 
Rad. : Dift. : : Sine Courfe : Departure.

%

3

Courfe and 
Diff. of Lat.

Diftance
Departure.

Co-fine Courfe : DiflF. Lat. :: Rad. : Diftance. 
Radius : Diff. Lat. : : Tang. Courfe : Departure.

Courfe and 
Departure.

Diftance 
Diff. Lat.

Sine Courfe : Departure : : Rad. s Diftance. 
Radius : Departure : i Co-tang. Courfe : Dif.Lat.

4
Pittance and 
"Diff. Lat.

Courfe
Departure.

Diftance : Radius :; Diff. Lat. : Cof. Courfe. 
Radius : Diftance : : Sine Courfe s Departure.

5
Diftance and 
Departure.

Courfe 
Diff. Lat.

Diftance : Radius : : Departure : • Sine Courfe. 
Radius : Diftance : : Cof. Courfe : Diff. Lat.

6 Diff. Lat & 
Departure.

Courfe
Diftance.

Diff. Lat. : Radius : ; Dep. : Tang. Courfe. 
CSineCouife : Departure Rad. s Diftance. 
{Radius : Diff. Lat. :: Secant Courfe : Diftance.

CA SE I .

Courfe and difiance failed given, to find the difference of latitude and de* 
parture from the meridian.

A  ihip from the latitude 490 ¡ ¡ f  N . fails S. W . by W . 48$ miles ; re, 
quired the latitude (he is in* and her departure from the meridian Ihe faile4 
from.

By PR O JE CTIO N .

N



D ra w  the line C A  to  reprefcnt the m eridian o f  the place C ,  from  whence 
th e  fhip failed.

With the chord of 6o° in your compafles, and one foot in C , deferibe the 
compafs NWSE.

Take 5 points in your compafles from the line of rhumbs on the plane 
fcale, and fct it off on the arch from S. towards W . for the courfe ; through 
this point and C  draw the line C B , which make equal to the diftance 488 ; 
draw BA parallel to the E. and W . points W E  to cut the meridian in A .

Then will C A  be the difference o f latitude 2 7 1.1 , and A B  the depart
ure 405.8.

By L O G A R IT H M S .
B y  m akin g the diftance radius,

T o  find the departure.
A s  radius 8 points 10.00000
Is to the diftance 488 2.68842
So is the fine courfe y pts. 9.91985

T o find the difF. oflatitude.
As radius 8 pts. 10.000c»
Is to the diftance 4SS 2.68842
So is co-fine courfe 5 pts. 9.74474

T o  the departure 405.8 2.60827 To the difF. of lat. 271.1 2.43316

Now as the fhip is in north latitude failing foutherly; from the latitude
-  . -  . 4 9 ° 5 /  N .

T ake the difference oflatitude 2 7 1 . 1 = 4  31 S.
le ft

Gives the latitude in 45 26 N .
/?nd the departure from the meridian is 405.8 miles.

Though this method of working by logarithms is certain, yet the fame 
may be wrought by Gunter’s fcale and compafles, much more expcditioully, 
and exaft enough in the pra&ice of navigation.

By G U N T E R .

Extend from radius or 8 points* to y points on the line marked S R ;  
that extent will reach from the diftance 488 to the departure 405.8 on the 
line of numbers.

2dly. Extend from radius or 8 points to 3 points, the complement of 
the courfe, on the line S R  ; that extent will reach from the diftance 488 to 
the difference of latitude 271 on the line of numbers.

Thus may all the operations be performed in thefeveral cafes of N aviga
tion.

By tjjis cafe are calculated the tables o f latitude and departure ( T a e l f s
I .  and II.)  for every degree, point and quarter-point o f the mariner’s com- 
pafs, to the diftance o f 300 miles, which are of excellent ufe in working day's 
works at fea, and may be applied both to Middle Latitude and Mercator’s 
Sailing, as ihall be (hewn hereafter: the prefent cafe is worked by thei'e 
tables in the following manner.

By IN SP E C T IO N .

Find the given courfe at the top or bottom of the tables, either among 
the points or degrees, and in that page, and right againft the diftance taken 
in its column, Hand the difference of latitude and departure in their col
umns. +

♦  W hen the eourfe it  g iven in  points, m ake ufe o f  (he lines m arked fine rhumbs, and tangent thum bs, ou  ih c upper fide o f  
f t a lt  ( w h en  in  degrees, m ake  ufe o f the lines m arked fine and tangent.

♦  W h en  the fin a n c e  is too great to be found in  the tabic«, you m ud divide h  by  9, 3, 4, or any convenient num ber, the nuyi< 
ley« c c m fy jn d in g  to the quotient being n^tluplsed oy the dtvtior w»»l ¿»v* Use fa rgbt n ¿talers ■



I t  mull be observed, that in filing thefe tables, the names D ill. Lat. Dept 
jauft be found at the top i f  the courfe is found there, but i f  the courfeis 
found at the bottarn, thofe names mull be found at the bottom.

Thus, the courfe S. W , by W . or 5 points, is found at the bot, 
tom of the table o f difference o f latitude and departure for points: and as 
the diilance 488 is too great to be found in the tables, divide it by 2 (or 
any other convenient number) and that gives 244, which look for in the 
(diftance column, and right againft it Hand 135.5 f°r difference of lati
tude, and 202.9 for the departure, which being doubled (becaufe divided 
by 2) give 271 for the difference o f latitude, and 405.8 for the departure^ 
the fame as before.

A n y o f thefe methods will do, but the Iall is chiefly praftifed at fea,

C A S E  II.

Courfe and difference of latitude given, to find the dlfianct run, and depart» 
are from the meridian.

I f  a (hip runs S. E. b. E, from i°  457 north latitude, and then by ob. 
fervation is in 20 46' fouth latitude, what is her diftance and departure ?

In this cafe, as the fhip has crofted the equator, the fum o f the two latu  
tades. i°  4,5' and z° 4 6/ is the difference of latitude 40 $i ’— f ] i  miles.

By PR O JE CTIO N .

Draw B C = 2 7 i,  and B A  making , 
an angle with BCrrthe courfe 5 Jl 
points, or 56° i f ; upon C erett the ct 
perpendicular C A  cutting BA in A , A  
and it is done ; for C A  will be the ^
¿epartare=4o6, and A B  the dif. r l  tance=4S8, £

By L O G A R IT H M S .

B y  making diff. o f lat. BC radius. 
T o  find the departure.

A s  radius 4  points 10.00000
Is to diff. of lat. 271 2.43297
So is tang, courfe 5 pts. 10.1751 j

By making the Dep. A B  radius. 
T o  find the diftance.

As co-fine courfe 5 points 9.74474 
Is to the diff. o f lat. 271 2.43297
So is radius io .ooooq

T o  the departure 405.6 2.60808 To the diftance 4S7.8 2.68823
Hence the (hip’s diftance run is 4S7.8 miles, and her departure from the 

meridian is 405.6 eafterly.
By G U N T E R .

Extend from radius or 4 points to the courfe 5 points on the line marked 
T R  ; that extent will reach from the difference of latitude 271 to the de. 
parture 405.6 on the line of numbers.

2dly. Extend from the complement of the courfe 3 points to the radius 
8 points on the line SR, that extent will reach from the difference o f lat
itude 271 to thediftance 488 on the line o f numbers.

By IN SP E C T IO N .

Find the courfe among the points or degrees, and the difference o f lati
tude in its column, right againft which ftand the diftance and departure in 
their columns.



N ow , as the difference o f latitude 271 is too great to be found in the ta
bles, I divide it by 2, and that gives 135.5 which I find over 5 points iti 
the latitude column ; againft that ftand 244, for the diftance, and 202.(5 
for the departure, which multiplied by z give the diftance 488, and the 
departure 405.8.

C A S E  I I I .

Courfe and departure from the meridian given, to fn d  the dljlcw.ee and d'f~
ference of latitude.

I f  a fhip fails N . E . b. E . \ E . from a port in 3* 15' fouth latitude, un
til fhe depart from her firft meridian 406 miles, I demand her diftance, and 
what latitude ihe is in ?

By P R O JE C T IO N .

Draw the meridian A B , upon which 
eredt the perpendicular B C , and fet off 
♦ hereon from B her departure 406 eafter- 
3y from B to' C ; with the chord of 6o°, 
on C deferibe an arch,’ and fet off thereon 
the complement o f the courfe, as D E  ; 
through D  and C  draw the line C D A , 
cutting the meridian in the point A  ; 
then A C  meafured on the fame fcalc before ufed, gives the diftance 4495 
and AB 192, the difference of latitude.

By L O G A R IT H M S .

By making the departure BC radius. 
A s radius 4  points 10.00000
Is to the departure 405  2.60853

, So is co-tang, courfe 5$ pts. 9.67483
4 ... 1

T o the diif. o fla t. 192 2.2S336

By making the diftance A C  radius.
A s fine cOurfe 5 t pts. 9.9¡616
Is to departure 406 2.60853
So is radius lo.ooooo

T o  the diftance 449,1 2.65237

From the latitude left . —  —  3° 15 ' S.
Subtract the difference o f latitude 192 miles, or 3 12 N .

The remainder being 3, (hews the fhip is in the latitude o f o  03 S,

By G U N T E R .

Extend from radius or 4 points to the co-courfe 2J points on the line 
marked T  R ; that extent will reach from the departure 406 to the differ
ence of latitude 192 on the line of numbers.

2diy. Extend from the courfe 5 ! points to radius on the fines, that ex
tent will reach from the departure 406 to the diftance 449 miles on the line 
of numbers.

By IN SP E C T IO N .

Find the courfe cither among the points or degrees, and the departure in 
its column, right againft which ftand the diftance and difference of latitude 
in their refpeCtive columns.



Thus, with the courfe 5} points, and half the departure 203,* I find
224.5 for the diftance, and 96.0 for the difference o f latitude, which being 
doubled, give the diftance 449, and the difference of latitude 192.0» as 
before.

C A SE  I V .
Difiance and difference of latitude given, to find the courfe and departure*

Suppofe a (hip fails 4SS miles, between the fouth and the eaft, from a port 
ia  20 52' fouth latitude, and then by obfervation is in 70 23' fouth lati
tude i what courfe has (he (leered, and what departure has (he made ?

From the latitude by obfervation 70 2 3 'take 2° 52' the latitude left« 
the remainder 40 3 1/=  271 miles is the difference of latitude*

By PR O JE CTIO N .

Draw the meridian A B = 2 7  i ; upon B ere£l 
the perpendicular BC ; take 488 in your com. 
paifes, and with one foot on A , lay the other on 
tire line BC ; join A  and C  ; then will BC be 
the departure 406, and the angle B A C  the 
courfe=5d° 16'' or five points nearly.

By L O G A R IT H M S .

To find the courfe.
As the diftance 488 2.68842
Is to radius 10.00000
So is the diff. o f lat. 271 2.43297

To find the departure.
As radius 10.00000
Is to the diftance 48S 2.68842
So is fine courfe 56° 16' 9.91993

To co-fine courfe 56° 16 ' 9.74455 To the departure 405.8 2.60835

Hence the courfe is S. E. b. E . and the departure 405.8.

By G U N T E R .

The extent, from the diftance 488, to the difference o f latitude 271, on 
the line of numbers, will reach from radius, or 90° to 330 44' the co-courfe 
cn the line of fines.

And the extent, from radius to 56° 16' on the line o f fines, will reach 
the diftance 488 to the departure 405,8 on the line o f numbers.

* By IN SP E C T IO N .

Seek in the tables till againft the diftance, taken in its column, be found 
the given difference of latitude in one of the following columns ; and adjoining 
to it Hands the departure ; which, i f  lefs than the difference of latitude, the 
courfe is found at the top;+ but i f  greater, the courfe is found at the bottom.

Now with half the diftance 244, and half the difference o f latitude 135,5, 
look in the tables till they are found to agree in their refpeftive columns, 
which they do over 5 points; againft them ftand 202,9 for the de
parture, which being doubled, give 405,8, as before.

•  T h e  nesreft numbers in the table are 532.3 and 203.4, and as the number 203 is nearly a mean o f  thefe tw o values, I  take'
tk* mean the corrcfponding diftanees 224, 225, and the rocan 96-of the correfponding departures 95.B and 9612 ;  thefe

give the true diftance 449» and departure 192. %

♦  It mav ajfo be know n whether the courfe he m arked at the top o r bottom o f the table, by ebferving whether the difference o f
or departure correfyonds with the marks at the top or bottom. Thus the ha lf diftance «44, aud ha lf diff. of lat. 135,5 

r.-fp >nd to the eonrfe 5 points, becaufc the colum n ia  w hich 135,511 fuund, it  m arked l it .  i t  the bottom ; the fame may be ot£  
itt te d  l a  the fullow ingpafes.



Ï>LANE SA ILIN O .

C A S E  V .

t)fiauce and Departure given, to find the Courfe and difference of Latitude.

Admit a ihip fails 488 miles between the north and weft from the lat. o f 
32° 25' north, until her departure is 405 miles j what courfe has lhe Peer
ed, and what latitude is lhe in ?

By PR O JE C TIO N .
Draw the line A B  equil to the departure 405, 

and perpendicular thereto the line BC to reprefent 
the meridian, then take the diftance 488 in your A  
compafles, arid fixing one foot in A  lay the other 
On the line BC, join A C  and it is done ; for the 
angle A C  B will be the courfe, and BC the differ
ence of latitude.

Dep. 4oS.
O
o

-, £

-4

By L O G A R IT H M S .

T o  find the Courfe.
A s the diftance 488 2.68S42
Is to radius 10.00000
So is the departure 405 2.60746

l"o the fine o f cou. y 6° 6 ' 9.91904

T o  find the diff. o f Lat.
As radius 10.00000
Is to the diftance 488 2.68842
So is co-fine courfe 50 ° 6' 9.74644

To the diff. o f lat. 272,2 2.43486

Hence the Courfe is N . y6° 6'  W . or N . W . by \V. nearly.

To the latitude failed from 320 25' add the difference o f latitude 272, or 
4° 32', the fum 36° 57' is the latitude the ihip is in.

By G U N T E R .

. Extend from the diftance 488 to the departure 4oy on the line o f num
bers, that extent will reach from radius to the courfe y6° 6r on the line o f 
fines.

zdly. Extend from radius to the complement o f the courfe 3 54' ori
the line of fines, that extent will reach from the diftartce 4S8 to the diff. o f 
lat. ¿72 on the line of numbers:

By IN SPE C TIO N .

Seek in the tables till againft the diftance, taken in its column, be found 
the given departure in one c f  the following columns j and adjoining to it 
Hands the difference of latitude ; which, i f  greater than the departure, thd 
courfe is found, at .the top ; but i f  lefs, the courfe is found at the bottom.

Now, with half the diftance 244, and half the departure 202,y, I look in 
the tables ; and find them to agree in their columns, nearly over y points* 
againft which is latitude i3 y,y , which being doubled, is 271, the difference 
o f latitude nearly, as before.

CÁ SE V I .

Difference of Latitude and Departure- given, to find the Courfe and Difiance.
A  ffiip fails between the north and weft till her difference of latitude is  2 7 1 

miles, and her departure is 406 miles : I demand her eoUrfs and d iiU t .c e  -
M



By PR O JE CTIO N .

Draw A B = 2 7 r , and perpendicular to it 
BC— 406 ; join C  and A  ; then will the 
angle C A B  be the courfe=56Q 17 ', and 
A C  the diftance=:48S miles.

Departure 40®.

By L O G A R IT H M S .

271
T o find the courfe. 

As the difF. of lat 
Is to radius 
So is departure 406

T o  find tlie difiance.
2.43297 As radius 10.0000»

10.00000 Is to the difF. oFIat. 271 2.43297
2.60853 So is fcc. o f courfe 56° 17 ' 10.25564,

T o  tang, o f courfe 56^ 17/' 10.17556 To the diftance 488.2 2.68861
Hence her courfe is N . 56' 

failed is 488.2 miles.
1 7 'W . or N .W .  b. W . and the diftance-

By G U N T E R .

Extend from the difference of latitude 271 to the departure 406 on the 
line of numbers, that extent will reach from radius to 56° 17' the courfe 
on the line of tangents.

2dly. For the diftance we muft confider it as radius, (unlefy there is a 
line of fecants on the fcale) and extend from the courfe 56° 17' to the radius- 
or 90° on the line of fines, that extent will reach from the departure 406,40' 
the diftance 488 on the line of numbers.

By IN SP E C T IO N .

Seek in the tables till the given difference of latitude and departure are 
found together in their refpeétive columfts,. then right againft them will be 
the diftance in its column, and the courfe will be found at the top of 
that table i f  the departure be lefts- than the difference of latitude, otherwife 
at the bottom.
• Thus with half the difference of latitude 135.5,, and half the departure 

203, enter the tables and thefe numbers will be found to correfpond nearly 
to a 5 point courfe, and a diftance equal to 244 miles, which being doubled 
gives the fought diftance, 488.

The fix foregoing Problems are common cafes of Plane Sailing, which the 
learner ought to be well acquainted with ; and for that end 1 here add ten- 
more for practice, whofe anfwcrs may be found by the foregoing, rules.

Qjtefiion I .  A  ftiip in 20 10' fouth latitude, fails N . by E„ 89 leagues ; 
what latitude is ihe in, and what is her departure ?

Aa/wtr. Latitude in 20 1 2 'N . and departure 17,36 leagues.
Queftian II. A  Clip fails S. S. W . from a port in 4 10 3o' north latitude, 

and then by obfervation is in 36° 57' north latitude, I demand the diftance 
run and departure ?

Anjhver, Diftance run 98,5 leagues, departure 37,7 leagues.



Quejtlon III . A  ihip fails S. S. W . half W . from a port in 2° 30' fouth 
latitude, until her departure be 59 leagues j I demand her diilance run and 
latitude in i

Anf'vjer. Diilance run 125,2 leagues, latitude in 8° i '  fouth.
Quejlion IV . I f  a Ihip fails 360 miles fouth weftward from 210 59' 

fouth latitude, until by obfervation ihc be in 240 49' fouth latitude, what 
is her courfe and departure ?

Anfuier. The courfc is S. W . by W . half W , or S. 6 10 49' W . and 
her departure from the meridian is 317,3 miles.

Quejlion V . Suppofe a (hip fails 354 miles north eaftward from 2° 9' 
fouth latitude, until her departure be 150 miles; what is her courfe and 
latitude in ?

Anfwer. Her courfe is N . 250 4'’ E, or N . N , E. J E . nearly, and ihe 
is in latitude 30 12'  north.

Quejlion V I .  Sailing between the north and the weft, from a port in
59' fouth latitude, and then arriving at another port in 40 S'north lati

tude, which is 209 miles to the weftward o f the firft p ort; I demand the 
courfe and diilance from the firll port to the fecond ?

Answer. The courfe is N , 290 40' W . or N . N . W . £ W , nearly, and 
the diilance of the ports is 422,4 miles, or 140,8 leagues.

Quejlion V I I . Four days ago we were in lat. 30 25'' S. and have fincc 
that time failed in a direft courfe N . W , by N , at the rate o f 8 miles an 
hour ; required our prefent latitude and departure ?

Anj'wer, Latitude in 70 14' N . Departure 426.7 miles,
Quejlion V I II . A  ihip in the latitude 30 52' S. is bound to a port bear

ing N . W , by W . £ W . in the latitude o f 40 30' N . how far does that 
port lay to the weftward ; and what is the fhip's diilance from it ?_

AuJ-wer. The port lies 939.2 miles to the weftward, and the direft 
diilance 1065 miles.

Quejlion IX . A  ihip from the latitude o f 48° 17 ' N . fails S. W . by S. 
until fhe has depreffed the north pole two degrees ; what direft diilance has 
Ihe failed, and how many miles has ihe got to the weftward ?

A/Jhver. Diilance run 144,3 miles, and has got to the weftward 80,2 
miles.

Quejlion X . Tw o ports lie under the fame meridian, one in the latitude 
o f 520 3 0 'N , and the other in the latitude 470 i o 'N .  A  ihip from the 
fouthernmoft fails due eaft 9 knots an hour, and two days after meet3 a 
fioop that had failed from the northernmoft port : required the ilooo’s direft 

, courfe and diilance run ?
Anjkuer. The floop failed S. 53° 28' E, and diilance run 537,6 miles.



T R A V E R S E  S A I L I N G ,

A T R A V E R S E  is an irregular track which a ihip makes by failing 
On feveral different ceurfes; thefe are reduced to a Angle courfe by mean's 
o f  two or more cafes of plane failing, either by geometrical conftrudion, 
or by arithmetical calculation.

The geometrical conftruftion is performed as follows ; Defcribe a circle 
with the chord of 6o°, to reprefent the compafs, and lay off on its circum
ference the various courfes failed. From the centre, upon the firft courfe 
fet off the firft diftance, and mark its extremity ; through this extremity, 
and parallel to the fecond courfe, draw the fecond diftance of its proper 
length ; through the extremity of the fecond diftance, and parallel to the 
third courfe, draw the third diftance of its proper length ; and thus pro
ceed till all the diftances are drawn. A  line drawn from the extremity of 
.the laft diftance,'to the centre of the circle, will reprefent the diftance made 
goo d ; a line drawn from the fame point, perpendicular to the meridian, 
w ill reprefent the departure ; and the' part of the meridian intercepted be
tween this and the centre, will reprefent the difference of latitude.

The arithmetical calculation to work a traverfe is as follows : Make a 
.traverfe table confiding of fix columns; title them, Courfe, D ill. N . S. 
E .  W . ; begin at the left fide, and write the given courfes and diftances 
in  their refpeiftive columns. Find the difference of latitude and departure 
for each o f thefe courfes, by Table I. or II . (as in Cafe I. Plane Sailing) 
and write them in their proper columns ; that is, when the courfe is fouth- 
ir ly ,  the difference of latitude mull be fet in the column S. j but i f  north
erly, in the column N . ; when wefterly in the column W . ; and when eaft- 
erly in the column E. Add up the columns o f northing, fouthing, eafting 
and welling ; take the difference between the northing and fouthing, and 
the eafting and w elling; the former difference will be the difference o f lat
itude, o f the fame name as the' greater ; and the latter will be the depar
ture, which is alfo of the fame name as the greater. With this difference 
o f latitude and departure, the ccurfe and diftance made good are found as ift 
Cafe Y I .  Plane Sailing. ~

E X A M P L E  I,

Suppofe a ihip takes her departure from Block Illand in the latitude o f 
4 10 io ' N . the middle of it bearing N . N . W . diftance by eftimation j  
Teagues, and fails S. E . 54, W . by S. r6, W . N . W . 39, and S. by E. 4a 
miles ; required the latitude Ihe is in, and her bearing and diftance from 
Biock Illand? . . .



By PR O JE CTIO N ,

L et L  reprefent the middle of Block-Ifland ; draw the meridian- LM , and 
on L  as a centre, with the chord o f 6o°, fweep a circle to reprefent the 
compafs, on which mark the various courfes failed, and the bearing of'the 
land at the time of taking the departure ; oppolite to this bearing draw the 
S. S. E. line L A , which make equal to i 5 miles, the eftimated diftance of 
the land ; then will A  reprefent the place of the ihip at the time of taking 
the departure : through A  draw A B  =  34 miles parallel to the S. E. 
Jine ; then will B be the place o f the fhip after failing her firft courfe : in 
like manner, draw B C = i6  miles parallel to the W . by S. line; C D = 3 9  
miles parallel to the W . N . W . line, and D E = 4 o  miles parallel to the 
S. by E. line ; then will E reprefent the place of the ihip after failing her 
feveral courfes. Join E L, and draw EM  perpendicular to LM  ; then will 
L E  be the diftance o f Block-Ifland 66.S miles, and the angle E L M —  
120 1 &  will be the courfe made good, L M  the difference of latitude, and 
E M  the departure.

T o  find the fame by LO G A R IT H M S .
For the firft courfe, S. S. E. 15 miles.

T o  find the diff. of latitude.
A s radius 90° 10.00000
Is to diftance ty  1.17609
So is co-fine courfe 2 pts. 9.96562

For departure.
A s radius 90° 10.00000
Is to diftance 15 1.17609
So is fine courfe 2 pts. 9.58284

T o  diff. lat. 13.9 i . 14171 To departure 5-7 0.75893



Second Courfe S. E. 34 miles.

For difference of latitude.
A s  radius go“ 10.00000
Is to co-fine courfe 45° 9.84949
So is diftance 34 1.53148

T o  diff. latitude 24 1.38097

For departure. 
A s radius 90°
Is to fine courfe 45®
So is diftance 34

To departure 24

Third courfe W . by S. 16 miles.

For difference of latitude.
A s  radius 50° 10.00000
Is  to co-fine courfe 78“ 45' 9.29024 
So is diftance 16 1.20412

T<3 diff. latitude 3.1 0.49436

For departure. 
As radius 900 
Is to fine courfe 78“ 45' 
So is diftance 16

To departure 15.7

Fourth courfe W . N , W . 39 miles.

F°r difference of latitude.
A s  radius 90“ ro.oooco
Is to co-fine courfe 67° 30' 9.58284 
Sc is diftance 39 1.59106

T o diff. lat. 14.9 1 .17390

For departure. 
As radius 90°
Is to fine courfe 67° 30'
So is diftance 39

To departure 36

Fifth courfe S. by E. 40 miles.
For difference of latitude.

A s radius 90° 10.00000
Is toco-fine courfe n °  15' 9.99157 
So is diftance 40 1.60206

T o  diff. lat, 39.4 *•59303;

For departure. 
As radius 90°
Is to fine courfe 1 1° 15 ' 
So is diftance 40

To departure 7,8

10.0000a 
9.8494g 
1.53:48

1.38097

10.0000a 
9.99157 
i . 2041 %

1,19569

10.00000 
9.96562 
1.5910 6

1.5566$

10.00000, 
9.29024 
1.60206

0.89230

Though this method o f finding the difference o f latitude and departure 
fcy logarithms is certain, yet the fame may be more readily found by the. 
tables of difference of latitude and departure, as in Cafe I. Plane Sailing.

Place all thefe courfes, dif. 
tances, Sec. in the traverfe ta. 
ble, then add up all the wett
ings, eaftings, northings, and 
fouthings, feparately, and fet 
down their refpeitive fums at 
the bottom of each column; 
and as the wefting is greater 
than the eafting, fubtract the 
eafting therefrom; the differ
ence 14,2 fhews that the fhip’s 
departure is fo much weft of 
her firft meridian,

T R A V E R S E  T A B L E ,

Courfes. Dift.
Diff. Lat. Departure.

N . S. E. W .

S. S. E. l S 13.9 5-7
S. E. 34 24.0 24.0

W . by S. l6 3-1 1 5-7
W . N . W . 39 r4-9 36.0

S. by E. 40 39.2 7.8

From fum ___ - 14.9 80.2 37-5 S 1-?
Take — — »4-9 37-5
Refis — — 65-3 14.2



Again, the fouthing being greater than the northing, iubtrafl the north» 
Jng from it, and the remainder ihews how far the ihip is to the fouthwari, 
of her firft place.

T o  find the direct Courfe or Bearing of| T o  find the diftance of the 111 and. 
Block Ifiand from the ihip.

A s the diff. lat. 65,3 
Is to radius 450 
So is the departure 14,*

1.81491 As fine o f cou. 12° 16' 
10.00000 Is ttf the depart. 14,2 

1.15229So is radius 90*

T o  tang. cou. 12° t6 ' 9 *3373s To the diftanoe 66,8

9-32728
1.15229

10.00000

2.82501

Which, becaufe the difference of lat
itude is foutherly, and the departure 
wefterly, is S. 12° 16' W . Whence 
Block Ifiand bears from the ihip N. 
120 16' E. or N , by E. t°  t 'E .

By IN SP E C T IO N .
Find the courfe and difiance 

Cafe 6th o f Plane Sailing.
by

E X A M P L E  I I .

A  fhip from Mount-Defert Rock in the latitude o f 43® 52' N . fails for 
Cape-Cod in the latitude of 420 5' N . whofe departure from the meridian 
of Mount-Defert Rock is 94 miles weft ; but by reafon of contrary winds 
fhe is obliged to fail on the following courfes, v iz . South 10 miles, W .S.W  
25 miles, S.W . 30 miles, and Weft 20 miles. Required the bearing and 
diftance of the two places, the courfe and diftance failed by the Ihip, and 
the bearing and diftance of her intended port ?



Let C  reprefent Mount-Defert Rock, draw the meridian C F , which 
make'equal to 107 miles the difference o f latitude between the two places ; 
and perpendicular thereto the line FE equal to the departure 94. miles, then 
is E the place of Cape-Cod. W ith the chord o f 60% fweep about the cen
tre C , a circle ESW  to reprefent the compafs, and upon it note the various 
courfes failed. The firft courfe being South, the diftance ro miles is fet 
off from C  towards F upon the meridian, and this point, reprefents the place 
o f the fhip after failing her firft courfe ; continue fetting off the various 
courfes and diftances as in the laft example^ v iz . W«S.W. 25 miles, S .W . 
30 miles, and Weft 20 miles to the point A  ; then will A  reprefent the 
place of the fhip after failing thefe courfes. Join C E , A C ,  A E ;  draw 
A  B perpendicular to the meridian C F, and À  D parallel thereto ; then 
will A C = y 6 ,z  miles be the diftance made good, A E = y 2 ,6  miles thé 
diftance o f Cape-Cod from the fhip ; C E  the diftance o f the two 
p laces= 142,4 miles ; ACB==£7°36/, the courfe made good ; E A D = 2 4 t> 
jo ' the courfe to Cape-Cod, and E C F  the courfe from Mount-Defert 
Rock to Cape-Cod — 410 18', & c.

By L O G A R IT H M S .
T o  find the bearing and diftance of the two places by Cafe V I .  Plane

Sailing.

T o  find the bearing.
A s diffi lat. 107 2.02938
Is to radius 45° 10.00000
So is departure 94 1.97313

T o  tang, courfe 4 10 i8r 9.94375

! T o  find the diftance.
As radius 90° 10.00000
Is to diff. o f lat. icy  2.02938
So is fee. courfe 4 10 18' 10.1242 r

T o the diftance 142,4 2.15359

Whence the courfe from ’ Mount-Defert Rock to Cape-Cod is S. 4«“ 
1 S' W . diftance 142 miles. The fame may be found by the fcale, or by 
infpcctiom \

The difference of latitude 
and departure for the feveral 
courfes being calculated, by 
Cafe I. Plane Sailing, and ar
ranged in the traverfe table,1 
it appears that the difference o f 
latitude made good by the fhip 
is 40,8 miles, and the depar
ture 64,3 miles ; now by Cafe 
V I . Plane Sailing, thefe num
bers are found to correfpond to 
a courfe of S. 570 36' W . and 
diftance 76,2 miles.

T R A V E R S E  T A B L E ;

Courfes. Dift.
Diff. Lat. Depart.

N . S. E. w .

South.
w .  s . w .  

s . w .  
w .

O 
O O

10.0 
9.6 

21.2
23.1
21.2 
20.0

Diff. Lat. 40.8 Dep. 64-3

Subtract the difference of latitude made good by the fhip, 40,8 miles, 
from the whole difference o f latitude, 107 miles, and there remain 66,2 
miles, which is the difference of latitude between the fhip and Cape-Cod. 
In the fame manner by fubtrafting the fhip’s departure, 64,3 miles, from 
the whole departure, 94 miles, there remain ¿9,7 miles for the departure 
between the fhip and Cape-Cod. W ith this difference of latitude, 66,2, 
and departure, 29,7, the bearing of Cape-Cod is found, by Cafe V I . Plane 
Sailing, S. 24.0 10' W i and its diftance 72,6 miles.



A ll the preceding calculations may be made by logarithms. by the fcale, 
Or by infpedion ; but we ihall leave them to exercife the learner ; and for 
the fame purpofc fiiall add the following example;

E x a m p l e  III;

A  fhip in the latitude o f 370 10' N . is bound to & port in the latitude o f 
330 o' N. which lies iSo miles weft o f the meridian o f the (hip ; but by 
teafon o f contrary winds Ihe fails the following courfes, viz; S. W . by W . 
27 miles— W . S. W . i\ V . 30 miles— W . by S. 25 miles— W . by N . 18 
miles— S .S .E . 32 miles— S.S.E. |  E. 27 miles— .SibyE^ymiles— South 31 
faiiles, and S.S.E. 39 miles. Required the latitude the fhip is in, and her depar
ture from the meridian, with the courfc and diftance to her intended port ?

Thé difference o f latitude 
and departure made on each 
eourfe, are given in the adjoin
ed traverfe table : hence it ap
pears that the difference of lat
itude made good is 169.4 

I miles* the departure 47.4
miles, and by Cafe V I . Plane 

1 Sailing, thecourfeS. 150 38 'W .
I and diftance 175.9 miles; and
j the courfc to the intended port

S. 58° 42' W . diftance 155^2 
miles; the latitude in being 
3 4 ° a t ' N i

T R A V E R S E  T A B L E .

Courfes. Dill.
Diff. Lat. Departure.

N . S. E. W .

S. W ; byW . 27 15.0 2Z.4
W .S .W .IW 30 8.7 28.7

W . byS. 2S 4.9 24.5
W . byN . 18 3-5 17-7
S. S. E .* 32 29.6 12.2

S . S .E . i E . 27 23.2 13-9
S. byE. 2S 24.5 4.9
South. 3 1 31.0

S. S. E.» 39 36-0 14.9

3 -S 172.9 45-9 93-3
3-5 45-9

Diff. Lat. 169.4 Dep. 47-4

*  Inftradof fotbag the teurfe S .S .E . j*  nu lfi, »sd S .S .E  29 miles, y w  rcighi «r.*«rtry «oly, e*!l»r.g it $. S. £ .

N



P A R A L L E L  S A I L I N G .

— -----«S-0>*Js>.-------

L  PlJnc Sailing the earth is confidered as an extended plane, in which 
the degrees of latitude are equal ; but this fuppolition is very erroneous» 
becaufe the earth is nearly of a fpherical figure, in which the meridians all 
meet at the poles, and of courfe the length o f a degree o f longitude de_ 
creafes in receding from the equator. T o  illuftrate 
this, let PB represent the femi-axis o f the earth, B 
the centre, P the pole, P C A  a quadrant o f the merid
ian, A B  the radius o f che equator, and C D  (parallel 
thereto) the radius o f a parallel o f latitude. Then 
it is evident that C D  will be the co-fine o f A C , or 
the co-fme o f the latitude o f the point C , to the ra
dius A B  : now i f  the quadrantal arch PC A  be fup- 
pofed to revolve round the axis PB,the point A  will defcribe the circumference 
o f the equator,.and C  the circumference o f a parallel o f latitude; and the for
mer circumference will be to the latter as A B  to C D  (as may eafily be deduced 
from A rt. 57, Geometry) ; that is, as radius to the co-fine of" the latitude 
o f  the point C : and fince both thefc circumferences are fuppofca to be di
vided into 360°, it follows that the length o f a degree of the equator is to 
the length of a degree of any parallel, as radius is to the co-fihe o f the lat
itude of that parallel. Hence we obtain the following theorems.

TH EO R EM  I .
The circumference o f  the equator is to the circumference o f  any other par

a llel o f  latitude, as radius is to the co fine o f  that lat itude.

TH EO R EM  II.
As the length o f  d" degree o f  the equator' i f  to the length o f  a degree on 

any other parallel o f  latitude, fo  is radius to the confine o f  that parallel o f  
latitude.

TH EO R EM  III .
As radius is to the co fin e  o f  any latitude, fo  are the miles o f  difference o f  

longitude between two meridians for their dijlance in miles upon the equa
tor) to the dijlance .of thefe two meridians on that parallel o f  latitude itt 
miles.

TH EO R EM  IV .

As the co-jine o f  any latitude is to radius, fo  is the length o f  any arch on 
that parallel o f  latitude (intercepted between two meridians)  m miles, to. 
the length o f  a Jimilar arch on the equator, or miles o f  difference o f  lon
gitude.

TH EOREM  V .
As the co fin e  o f  any latitude is to the cofine o f  any other latitude, fo  is 

the length o f  any arch on the firji parallel o f  latitude in miles, to the length 
o f  the Jame arch on the other in miles.



’Ey means of Theorem II . the following table was calculated, which 
Ihews the breadth of a degree o f longitude in every latitude : and may be 
made to anfwer for any degrees or minutes by taking proportional parts.

•
The following Table fibews how many Miles an finer to a Degree of Length 

tude at euery Degree of Latitude.

O. !..
1

MILES. 10. L. MJ 1. ES. D. I., MILES. D, L. MILES. D. L. MILES,

1 59 - 99 19 I5Ò • 73 37 47 . 92 55 34 • 4 i| 73 n 54
2 59 • 96 20 !56 • 38 38 47 • 28 5Ó 33 55 74 16 54
3 59 • 92. 2 r '5 6 . 01 39 46 . 63 57 3 2 68 75 >5 > 55
4 . 59 • 85 22 !55 • 63 40 45 • 96 58 31 80 . 7b 14 5 2
s 59 • 77 23 \55 • 2 3 4 1 45 . 28 59 30 90 77 13 5°
6 59 i>7 2+ 54 . 81 42 44 59 60 30 00 78 12 47nt 59 • JÍ 25 54 . 3b 43 43 88 6l 29 09 79 I I . 45
s 59 • 42 2Ó Í 3 • 93 44 43 l6 62 28 « l 7 80 10 42
9 59 • 26 27 53 . 46 45 4 2 43 63 27 24 8l 9 39

JO 59 • 09 28 52 . 98 46 4 1 68 64 2Ó 30 82 8 35
11 >» * 90 29 5 2 . +S 47 40 92 6> 2 5 3 >̂ 83 7 . 3 1
1 2 5s • 69 30 S> . 96 48 40 * l 5 66 24 40 84 6 2 7
15 >s • 40 31 5 1 • 43 49 39 • 36 6 7 23 44 85 5 23
14 58 • 22 3 2 5° . 88 5° 38 • 57 68 22 • 48 86 4 . *9

1 *5 57 * 96 33 5° • 3 2 5 1 37 . 76 69 21 • 50 87 3 . H

' 16 57 • 6S 34 49 • 74 5 2 36 94 70 20 • 5 2 {.'8 2 09

17 57 • 38 35 49 • l 5 53 36 I I 7 1 '9 53 89 I • °5  •
! 18

i.
57 • 0 6 36 4 s • 54 54 3 5 27 7 2 l8 54 90 O OO

From what has been faid, arifes the fplution o f the follow ing cafes of 
parallel failing.

CA SE I.

. '1 ne difference of longitude between two places in the fame parallel of 
latitude being grtsen, to find the difiance between them.

Suppofe a flip  in the latitude of 490 3o"north or fouth, fails direftly 
eait or well until her difference of longitude be 50 30', required the dil'- 
iance failed ?

By PR O JE CTIO N .



Take the fine of 90° from the plane fcale, and with one foot of the com- 
pafles in P (Fig. 1) deferibe the arch E Q ; with the difference of longitude 
210 miles in the compaffes, and one foot in E, fweep an arch cutting EQ 
in Q ; join PE, PO which jreprefent two meridians, P being the pole and 
E Q  the equator. Take the fine pf the complement o f the latitude 
40° ¡o ' in your compaffes, and with one foot in P, deferibe the arch FG , 
cutting PE, PQ in F, G  ; the length of the chord FG  being meafured on 
the fcale pf equal parts will be the departure 136.4 miles,

Or this projection may be made in the following manner, Draw A D  (Fig,
2.) of an indefinite length, make the angle D A C  equal to the latitude 49* 30*, 
and A C  equal to the difference of longitude 2 IQ miles ; draw C D  perpen
dicular to A D  j then will tjie line A D  be the diftance or departure rp- 
(juired.

By L O G A R IT H M S .

To find the departure or diftance,

A s Radius 900 10.00000
Is to the difference of longitude 21Q 2.32222
So is Co-fine latitude 49" 30' 9.81254

T o  the diftance op departure 136,4 2.13476

By G U N T E R ,

The extent from radius to the complement o f the latitude 40° 30' on the 
line of fines, w ill reach from the difference o f longitude 2 to to the diftance
136,4 on the line of numbers,

By IN SP E C T IO N .

Find the latitude among the degrees in table II . and in the diftance col* 
umn the difference o f longitude, oppofite to which in the column o f lati
tude, is the diftance required,

In the prefent example the latitnde is 490 ¡o ' ; and as the tabic is only 
calculated to fingle degrees, I  find the numbers in the tables of 490 and 50% 
and take the mean o f them ; the former is 137,8, the latter 133,0, the 
mean pf which is the fought diftance or departure x 36,4.

C A SE  II.

The dtjlance between two placet on the fame parallel of latitude g\<veni te 
find their difference of longitude.

Suppofe a Chip in the latitude o f 490 30' N . orS. and long. 36° 40' W . 
fails directly weft 136,4 miles ; required the difference of longitude and 
longitude in ?

By PR O JE CTIO N ,

W ith the fine of the complement of the latitude 40° 30' in your com-

faffes, and one foot in P (Fig, ift. o f the preceding cafe) deferibe the arch 
G , upon which fet off the departure 136,4 miles upon the chord FG , and 

through the points F  and G  draw the lines PE and PQ ; then with the fine 
p f 90? in the compaffes and one foot in the centre P, deferibe an arch to 
put PE, PQ, in E and Q  j then the chord E Q  being meafured upon the 
fame fcale o f equal parts that the departure was, w ill be the difference o f 
longitude 210 miles,



O r thus, draw the line A D  (Fig. 2d.) which make equal to the given 
¿iftar.ee 136,4. at D ereCt D C perpendicular to D A , make the angie D A C  
equal to the latitude ; then w ill A C  be the fought difference o f 
longitude 210 miles.

By L O G A R IT H M S , 
As Co-fine pf latitude 490 30' 9.S 1254
Is to the diftance 136,4 2.13481
So is radius 10.00000

T o  the d ifferen ce  o f  lo n g . 2 t o  2 .3 2 2 2 7

By IN SP E C T IO N ,

Look for the latitude among the degrees as i f  it was a CQurfê, and the 
departure in the column of latitude ; right againft which hands the differ
ence of longitude in the diftance column.

Thus in the courfe 4.90, I feck for 136,4 in the latitude column, and 
find it cprrefponds to the diftance 208 ; and in the courfe 50°, I  find it 
nearly covjrefponds to 212 ; half the fum o f 208 and 212 is 210, which if 
the fought difference of longitude,

Q U E STIO N S T O  EX E R C ISE  T H E  L E A R N E R .

Quejl'ion I . A  fhip in the latitude o f 32° N . fails due eafl till heft 
difference of longitude is 384 miles ; required the diftance failed i

Anfnver. 323'. 7 miles,
Quefiion II. A  fhip from the latitude of 530 36' S. longitude to® j8/E-, 

fails due weft 236 miles ; required her prefent longitude ?
Aufaver. 30 40' E.
Qjieftion III. I f  two ihips }n t}ie latitude of 44? 3c/ N , diftant 216 

tuiles, ihould fail directly fouth until they were in the latitude of 320 i~tf 
Jsl, what diftance are they from each other ?

Anfwer. By Theorem V . 256 miles,
QjteJliou IV . A  ill ip having run due eaft for three days, at the rate of 

5 knots an hour, finds (he has altered her longitude 8° 16', what par-ailgj 
p f latitude did fhe fail in ?

A»J*wcr. 430 28' N . or S,

Long. left 36s 4',/ W , 
L ift. long. 3 30 W .

Long, iq 40 la  W.

*



■ MIDDLE LATITUDE SAILING.

W  .V  V  HEN a fliip falls due eaft or weft, or in the fame parallel of lat
itude, we may, by the foregoing theorems in parallel failing, calculate 
the difference of longitude from the departure, or the departure from the 
difference of longitude. But in general a {hip croffes fcveral meridians 
and parallels, and then arrives at ■ a different latitude from that ihe left ; 
therefore' finte the miles that make a degree in one parallel are different 
from thofe in another parallel on the fame fide of the equator, we mull not 
make our calculations for either the greateft or the leaft of the latitudes, 
but for fome intermediate one. ' The latitude generally ufed is the arith
metical mean between the latitude left and the latitude arrived a t ; and 
with this mean or middle latitude, the difference of longitude is found from 
the departure, or the departure from the difference of longitude, as in pa
rallel failing. This method is very much ufed in ihort runs and day’s 
works ; but in calculating large diftances acrofs diftant parallels, it is not 
ffe accurate as Mercator’s Sailing, which will be explained hereafter. The 
calculations of middle latitude failing are performed by means of the fol
lowing theorems, o f which the twQ firft are the fame as Theorem III. and 
I V . ol parallel ftiling, only writing departure for difcance and middle lati
tude for latitude.

TH EO R EM  I.

As Radius is fa the ca-Jlne o f  the middle latitude, fo  is the difference 
longitude to the departure.

TH EO R EM  II.

As the co-fine o f  the middle latitude is to the radius, fo  is the departure to 
the difference o f  longitude.

In which it muft be remembered, that the middle latitude is found by 
adding both latitudes together and taking half their fum.

Again, fmee (by cafe i . plane failing) the radius is to the fine of the 
courfe, as the diftance failed is to the departure, i f  we combine this anal
ogy with that o f Theorem II. we lhall have,

T H E O R E M  III .

As the co-jine c f  the middle latitude is to theJine o f  the courfe, fo  is the 
d'JIa'uce fa ile d  to the di fference o f  longitude.

And by cafe II. plane failing, we have this analogy ; as radius is to the 
tangent of the courfe, fo is the difference of latitude to the departure ; bv 
combining this with Theorem II. we have,

TH EO R EM  IV .
/

As the co-fne o f  the middle latitude is to the tangent o f  the courfe, fo  l l  
the difference o f  latitude to the difference o f  longitude.

Whence we cafriv deduce the following,



T H E O R E M  V .

As the difference o f latitude is to the difference o f  longitude, fo  is the Co. 
fine o f  the middle latitude to the tangent o f  the courfe.

By means of the preceding theorems we have formed the following table, 
which contains all the rules neccifary for folving the various cafes oi mid. 
die latitude failing.

M i d d l e  l a t i t u d e  s a i l i n g .

Cale. Given. Sought.

Departure

Courfe,

Diftance.

Solution.

I

Both Latitude* 

and

Longitudes.

Rad. ; Dirt". Lung. : : Co-line Mid. Lat. : Dep. 
f  Diff'. L it. : Ra-1 : :  Dep. : Tang. Courfe,
J Dif.Lat. : Dif.Lon. : :  Cof. Mid.Lat. : Tang.Cou. 
f  Rad. : Diff". Lat. : : Secant Courfe : Diftance.
1 Sine Courfe : Deparr. : : Rad. : Diftance.

2
Both Laiitudet 

and
Departure.

Courfe 
Diftance 

Diff. Long.

Dili. /.at. : 1<ad. : : Dep. ; Tang. Courfe.
>ine Courfe : Dep : : Rad. s Diftance.
Co-fme Mid. Lat. : Dep, : : Rad. : Diff’. Long.

3
One I.atiude, 

Courfe and 

Diftance.

Diff. Lat.

Departure. 

Diff. Long.

Rad. ; Dift. : : Cu-line Courie ; Diff'. Lat.
Hence the other latitude and middle latitude are found. 
Rad. ; Diff. : ; Sine Courfe : Departure.
J Co-fine Mid. Lat. : Dep. : : Rad. : D!fF. Long* 
l  Co-fuie Mid.Lat. : Sine Courfe Diff.: Dif.Lon,

4

Both Latitudes 

and Courfe.

Departure
Diftance

Diff. Long.

Rad. : Diff. Lat. : : Tang. Courfe : Departure. 
Co-fine Courfe : Diff'. Lat. ; : Rad. ; Diffance.
£ Co-fine Mid. Lat. : Dep. : : Rad. Z Diff’. Long. 
C Cof. Mid.Lar. Z Tang.Cou. Z . Dif. Lat. Z DifXon,

. 5 

6

Both Latitude? 
and Diftance.

One Latitude, 
Courfe and 
Departure.

Courfe 
Departure 

Diff. Lon?.

Dill. Z Rad. Z I Diff. Lat. Z Co-fine Courfe.
Rad. I Diff. ZZ Sine Courfe Z Departure.
Co-fme MLl, Lat. Z Dep. ! !  Rad. Z Diff*. Long.

Diff". La:.

Diftance 
Diff. Lone.

Rad. Z Dep. ZZ Oo-tang. Courfe Z Diff'. Lat.
Hence the other latitude and middle latitude are known. 
Sine Courfe Z Departure ZZ Rad. Z Diftance.
Co-fine Mid. Lar. Z Dep. ZZ Rad, : Diff. Long.

7

One Latitude, 
Diftance and 

Dcpaiturc.

Courfe 
Diff. Lat.

Diff. Long.

Diff. Z Rad. ZZ Dep. Z Sine Courie.
Rad. Z Dift. ZZ Co-fine Courfe Z Diff. Lat. Hence 

we obtain the other latitude and middle latitude. 
Co-fine Mid. Lat. ; Dep. : :  Rad. Z Diff. Loots

We fit all now proceed'to illufirate theie rules, by working an example 
in every cafe.

C A SE  I.

T h e -  l a t i t u d e s  a n d  l o n g i t u d e s  o f  t w o  p l a c e s  g i v e n ,  t o  f i n d ,  t h e i r  h e a r i n g  a n d

dijlance.

Required the bearing and diftance between Cape-Cod light-houfe, in the 
latitude of 423 $ 'N . longitude 70° 14/ W . and the 111 and o f Sr. M ary, 
(one of the Weilern-lilands) in the latitude o f 370 N . and longitude 
25° 6' W . ■

Capc-Cod’s lat. 4 2 s N . 420 „r Long. 7o°' V  W .
St. M ary’s lat. 3 7 ° N.. 37 o Long. 23 6 W .

Diff. lat. S 5 
6o

Sum 79 '■ ? ‘45 S 
60

Mid. lat. 39 3 *



By PR O JE CTIO N .

Draw the csft and weft line D C ; with fhe chord o f 6o° dcfcribe the 
arch. OS about the centre D , cutting DC in Q  ; upon this arch fet off, front 
O  to S, the middle latitude 390 3 2 '; through D  and S draw the line D B, 
which make equal to the difference o f longitude 2708 m iles; from B let 
fall upon DC the perpendicular BC, which continue towards A  making 
A C  equal to the difference o f latitude 305 m iles; * join AD,- and it is 
done. For A  will be the iituation of Cape-Cod, D  the fituation of St.' 
M ary ; C D  will be the departure, which being, meafured will be found to- 
be 2089 miles ; the diftance will be reprefented by A D , which being 
meafured will be found to be 2113 miles, and the courfe from Cape-Cod to 
St. Mary will be reprefented by the angle C A D '= 8 i°  42' ■, therefore 
the courfe will be S. 8 i°  42' E. or E. |  S. nearly.

N ote . This courfe is put S. 8 i° 4-2' E. becaufe St. Mary being in a 
lefs northern latitude than Cape Cod is to ihe fouthward o f i t ; it is alfo 
to the eallward of Cape Cod, becaufe it is in a leffer weftern longitude,

By L O G A R IT H M S ,
To find the departure, (by Theo. I.) 

As radius 90° 10.00000
Is to diff. of long. 2708 3.43265
So is confine mid. lat. 39°32/ 9.88720

T o find the courfe.
As diff. o f lat. 305 2.48430
Is to radius 450 ro.ooooo
So is the departure 2'o89 3.31985

To the departure 20S9 3-31985 To tang, o f Courfe 81° 42' 10.83555

T o  find the diftance.
A s radius go0, ro.Ooooc
Is to the dift'. lat. 305 2.4S430
So is fee. o f courfe 81° 42' 10.84056

T o the diftance 2113 3.32486

N o te . The courfe may be found 
without the departure, by Theo. V .  
Middle Latitude Sailing.
As the diff. of lat. 305 2.48430
Is to the diff. o f long. 270S 3.43265 
So is co-fine mid. lat. 390 32' 9.88720

N o t i . T he lo£. o f  the departure above found 3-3*985 i« 
m h e r  le ft than the log. o f  »089-■ « 3.31994 ; but in h n d m it 
the com fe hv the i^ p tn u rr, I have »tied the quantity found at 
the b u t operation, and (hall do the fam e in  any future calciu 
lariocs.

13.31985
2.4S430

To tang, o f couife 8I1* 42' 10.83555
•  l i  the place A  it  10 the fouthward o f D , the lin e  A C  fhould be fet o tf upon (he tin e CB, from  Q toward« £ .



By G U N T E R .

Extend from the radius, or 90°* to 7o0 z8' the complement of the mid
dle latitude) on the line of lines ; that extent will reach from the differ
ence o f longitude 2708, to the departure 2089) on the line of numbers.

2dly. Extend from the difference o f latitude 307, to the departure 
¿089 on the line o f numbers ; that extent will reach from radius, or 45°, 
to the courfe 8 i° 42' on the line of tangents;

jd ly . Extend frqm the courfe 8t° 42', to the radius 90°, on the line o f 
lines ; that extent will reach from the departure 2089, to the diftance 
2113 miles on the line of numbers.

By IN SPE C TIO N ;
R u l e . Look for the middle latitude, as if  it was a courfe in plane 

failing, and the difference of longitude in the diftance column, oppofite to 
which, in the column of latitude, will ftand the departure ; having the dif
ference of latitude and departure, the courfe and diftance are found (as in 
Cafe V I . Plane Sailing) by feeking in la b .  II; with the difference of lati
tude and departure, until they are found to agree in their refpeilive col
umns ; for oppofite to them w ill be found the diftance in its column, and 
the courfe will be found at the top of that table, i f  the departure be lefs 
than the difference of latitude, otherwife at the bottom.

Thus with one tenth of the difference of longitude 270.8, or 271» I enter 
Table II. and oppofite to it, in the diftance column of the tables of 390 and 
40°, I find 210.6 and 207.6 in the latitude column ; now the middle latitude 
being nearly 39] °, I take the mean of thefe, 209.1, for the departure, which
b.ing multiplied by 10 gives the whole departure 209 t. Again I entef 
Table I. with one tenth o f the departure 209.1, and one tenth o f the dif
ference of latitude 30.7, and find that they agree nearly to a courfe of 71 
points, and a diftance ctf 211, which multiplied by io , gives the fought 
diftance 2110 miles nearly.

CA SE II.

Both latitudes and departure from the meridian given i te find the courfe, 
dijlauee, and difference of longitude.

A  fhip in the latitude of 490 77' N . and longitude o f 170 16' W . fhils 
fouth-weftcrly till her departure is 789 miles, and latitude in 390 20' N . 
Required the courfe) diftance, and longitude in.

A

Sum oflats. 89 17
Middle lar. 44 38

C



By PROJECTIO N .

Draw the meridian A C D , on* which take A C  equal to the difference o f  
.latitude 637 miles ; draw CR perpendicular to A C , and make it equal to 
the departure 789 miles ; about B as a centre defcribe an arch a b, on whiter 
fet off the middle latitude 440 38'; through B and b draw the line BD, 
meeting A C D  in D ; join A B  and it is done ; for A B  will be the diftance 
tailed, which being meafured will be found =  1014 miles; BD will be 
the difference of longitude =  1 109 miles, and the angle C A B  will repre- 
fent the courfe from the meridian 51° 5'.

By LOGARITHMS.
T o find the courfc.

A s  thé-diff. of lat. 637 
Is to radius 450 
So is the departure 789

2.80414 
10,0000c 
2.S970S

T o tang, courte 313 5' 10.09294

To find the diftance.
As fine courfe 310 5' 9.89101
Is to the departure 789 2.89708
So is radius 90° 10.00000

To the diftance 1014 3.00607

To find the difference o f longitude. 
A s co-finemid. lat. 440 38' 9.S3225 
Is to the departure 789 2.8970b
So is radius 90° 10.00000

To diff. of long. 1 109 3.04483

Longitude failed from 
Diff. long. 1 iog miles

Longitude in

i 16' W. 
18 29 W.

53 45 W ,

By G U N T E R .

rft. The extent from the difference o f latitude 637 to the departure 789, 
on the line of numbers, will reach from radius, or 4 jp, to the courfe 5 1 0 ¡f  
on the line »f tangents.

2dly. The extent from 5 ;"  5' to radius, or 90°, on the line of fines, 
will reach from the departure 789, to the diftance 1014 on the line of num
bers.

¿dly. The extent from the complement of middle latitude 450 22', to 
radius, or 90°, on the line of fines, will reach from the departure 789, to 
the difference of longitude 1109 on the line of numbers.

By IN SPE C TIO N . .

R u i e . With the difference o f latitude and departure, find the courie 
and diftance (as in Cafe V I . o f plane failing) by feeking in'Tab. II. until 
the difference of latitude and departure arc found to correfpond, right againft 
which in the diftance column will be the diftance ; and if  the departure be 
lefs than the difference of latitude, the courfe will be found at the top of 
that table, otherwife at the bottom. ‘

Then take the middle latitude as a courfc, and find the departure in the 
latitude column, the number correfponding in tire diftance column will be 
the difference of longitude.

In the prefent example, I take one tenth o f the difference of latitude 
637, and thé departure 789 ; that is 63,7 and 78,9, the neareit numbers 
to thelc are 63,6 and 78,5, Handing together over 31 °, againft the diftance' 
to t , which being multiplied by 10 gives 1010 ; whence the courfe by in- 
fpccticn is S. 55“ W . and the diftance i oj o . Then I take one tenth of



the departure, that is 78,9 and feck it in the column o f latitude of 450 
(which is the nearcft to die middle latitude 440 38'), the nearelt number I 
find is 79.2, oppofite which in die diftar.ee column fttyids n z ,  which being 
multiplied by 10 gives 1120 for the difference of longitude; this value 
differs a little from that found bv logarithms, which is owing to the odd 
miles of middle latitude neglected, for i f  we were alfo to find the difference 
o f  long, for the middle latitude 440 and to proportion for the odd minutes, 
the refult would come out nearly the fame as by logarithms.

C A S E  III.

One latitude, courfe and diftance given, to find the difference of latitude 
and difference of longitude.

A  fliip in the latitude of 42° ^o^N. and longitude of 58° 5 d W . fails 
S. E. by S. 591 miles. Required the latitude and longitude in l

By PR O JE CTIO N .

Draw the meridian A D E  (as in cafe V I. plane 
failing) upon A  as a centre deferibe an arch with 
die chord of 6o°,and upon it fetoff, from where 
it cuts A D , the courfe S. K. b. S. or 3 points, 
through that point of the arch, and the point A , 
draw the line A C  which make equal to the dif- 
tance 591 miles ; from C let fall upon A D  the 
perpendicular CD  ; then will CD  be the depar
ture 328 miles, and A D  the difference of latitude 
49 r miles. Hence we obtain the latitude ar
rived at, and the middle latitude ; draw the line 
C E  making an angle with DC o f 38° 24' rrr 
the middle latitude ; and the diltance CE will 
be the difference of longitude 419 miles, hence 
the longitude in is obtained.

By L O G A R IT H M S.

T o  find the difference of latitude. 1 To find the departure.
Ac radius 8 pts. to.ooooojAs radius 8 pts. to.00c
Is to the diftance 591 2.771391 Is to thediftance 591
So is co-finc courfe 3 pts. 9.9198c So is fine courfe 3 pts.

T o  the diff. of lat. 491.4 2.69144

Latitude left 420 30'N .
Diff. o f lat. 8 11 S.

Latitude in 34 19 N.
Sum oflats. 76 49
Middle lat. 38 24

Long, left 5 8 ° 5 i'W .
Diff. of long. 4 1 9 =  6 59 E.

o
2-77i59
9 - 7 4 + 7 +

To the departure 328.3 2.51633
To find diff. long, with departure. 

As co-fine mid. lat. 38° 24' 9.89415 
Is to the departure 328.3* 2.51633 
So is radius 90° io.oocoo

Longitude in 51 52 W .

To diff. of long. 419 miles 2.622 iS  
Without the departure. 

Asco-fi.m.lat.38°24/ar.co. o. 10585 
Is to fine courfe 3 pts. 9.74474 
So is diftance 591 2.77159

To diff. o f long. 419 miles 2.62218

•  ï b c  logarithm uf the departure w n  f.w n i by ü iî p e n cilin g  cawett w  be d illcritig  a ttlc from Uk  logarithm ef



By G U N T E R .

lit .  The extent from radius 8 points to the complement o f the courfe ¡  
points on the line marked S R , will reach from the diftance 591 to the dif
ference of latitude 491 on the line of numbers.

2dly. The extent from radius 8 points to the courfe 3 points on the 
line S R , will reach from the diftance 591 to the departure 328 on the line 
o f  numbers.

3dly. The extent from the complement o f middle latitude 510 36' to 
radius 90° on the line o f lines, will reach from the departure 328 to the 
difference of longitude 419 on the line o f numbers.

By IN SP E C T IO N .
R u l e . W ith the courfe and diftance find the difference of latitude and 

departure (as in Cafe I, o f plane failing) by finding the given courfe at the 
top or bottom of the tables, either among the points or degrees ; in that

Eage and oppofite the diftance taken in its column, ftand the difference of 
ititude and departure in their columns. Then take the middle latitude as 

a courfe and find the departure in the latitude column, againft it in the dif
tance column ftands the difference of longitude.

Thus, under the courfe three points, and againft the tenth of the diftance 
591 =  59,1 or 59 ftand 49,1 and 32,8 ; theie multiplied by 10 give 491 
for the difference o f latitude and 328 for the departure. Now taking the 
middle latitude 38° 24' or 3S0 as a courfe, and a tenth of the departure 328 
= 3 2 ,8  in the column of difference of latitude (the neareft is 33.1) againft 
which ftands 42 in the diftance column j this multiplied by 10 gives 421) 
for the difference o f longitude nearly.

CA SE IV .
Both latitudes and courfe given, to find the departure, difiance, and differ*

ence of lmigitv.de.

Suppofe a ihip failing from a place in the latitude o f 49° 57' N . and Ion. 
gitude of 30° W . makes a courfe good of S. 390 W . and then by obferva- 
iion is in the latitude of 4 j°  31' N . ; it is re t ire d  to find her diftancq 
run, and longitude in.

Latitude from 49® N . 
Latitude by obf. 45 31 N .

4 20 
60

i>iff, lat. 266

Sum of lats. 93° 28'’
M id. lat. 44



By P R O JE C T IO N .

Draw the meridian A C D , on which fet off A C  equal to the difference o f  
latitude 266 miles ; draw C B  perpendicular to A C  ; draw the line A B , 
making an angle equal to the courfe 39° with A C , and meeting BC in B ; 
through B draw BD, making an angle equal to the middle latitude 47° 44' 
w ith the line BC, and it is done ; tor A B  w ill be the diftance 342.3 miles, 
BC the departure 215.4 niiles, and BD the difference o f  longitude 320.3 
miles.

By L O G A R IT H M S
T o find the departure 

A s radius 45° 10.00000
Is to the diff. lat. 266 2.42488
So is tang, courfe 39° 9.90837

T o  the departure 2 j 5.4 2.33325

T o  find the diftance.
A s co-fine of the courfe 39° 9.89050 
Is to the diff. lat. 266 2.42488
So is radius 90° 10.00000

To the diftance 342.3 2.53438

T o  find the longitude in. 
Longitude failed from 30° o ' W  
D iff. long. 320 miles or 5 20 W

To find the difference o f longitude by 
the departure.

As co-fine mid. lat. 470 44' 9.82775 
Is to the departure 215.4 2.33325
So is radius 90° 10.00000

To the diff, o f long. 320.3 2.50550

The diff, o f long, may be found with
out the departure, by Theo. I V .  
M id, Lat. Sail, thus:

As co-fine mid. lat. 4 7°4 4 ' 9.82775 
Is to tang, o f courfe 390 9.90837
So is the diff. lat, 266 2.42488

Longitude iq

12.33325
9.82775

35 20 W . T o  the d iff. lo n g . 3 2 0 .3  2 .50 5 50

By G U N T E R .
rft. The extent from radius 45° to the courfe 590 on the line o f  tan

gents, w ill reach from the difference o f latitude 266 to the departure 215.4 
on the line o f numbers.

2dly. The extent from the complement o f the courfe 510 to the radius 
90° on the line o f fines, w ill reach from the difference o f latitude 266 to 
the diftance 342.3 on the line o f numbers.

3dly. The extent from the complement o f the middle latitude 420 16' 
50 radius 90® on the line o f fines, w ill reach from the departure 215.4 to 
the difference o f longitude 320.3 on the line o f numbers.

By IN SP E C T IO N .

Find the courfe among the points or degrees (in Tab. I . or II . as ir: 
Cafe II . Plane Sailing) and the difference o f latitude in its column, agaiiift 
which ftand the diftance and departure in their columns; then take the 
middle latitude as a courfe, and find the departure in the latitude column, 
againft which, in the diftance column, ftands the difference o f longitude.

Thus, with the courfe 39°, and half the difference of latitude 133, I en
ter Table I . ; the neareft number in the table is 132.9, which correfpcr.ds to 
the diftance 171, and to the departure 107.6 ; thefe doubled give the dif
tance 342, and the departure 215.2 miles.

Then with the middle latitude 47° 44' or 48° as a courfc, I enter T a
ble II . and feek for half the departure 107.6 in the latitude column, the 
neareft number to which is 107.7, which correfponds to the diftance 161 ; 
\his doubled gives the difference oflongitude 322 miles nearly.



CA SE V .

Both latitudes and dijiance g\<ven, to find the courfe t departure,  and differ«
ence of longitude.

Suppofe a (hip fails 300 miles north-wefterly, from a place in the latitude 
of 370 N . and longitude 32° 16' W . until file is in the latitude o f 4 10 N . 
what are her courfe and' longitude in ?

Latitude left 
Latitude'in

D iff. tat.

37* o' N . 37® o' N .
41 o 41 o

4 o Sum 78 o 
60 Mid.lat.39 Q

Z40

By PRO JECTIO N .

Draw the meridian A C D , on which fet off D C equal to the difference o f 
latitude 240 m iles: draw the line CB perpendicular to D C ; take the 
diftance 300 in your compaffes, and with one foot in D  fweep an arch cut
ting CB in B ; join DB ; make the angle C B A  equal to the middle lati
tude 39° and draw BA cutting D C  A  in A , and it is done ; for BC will 
be the departure 180 miles, B A  the difference o f longitude 231.6 miles, 
and the angle BDC will reprefent the angle o f the fhip’s courfe with the 
meridian, which will therefore be N . 36° 52' W .

By LO G A R ITH M S.

To find the courfe.
A s the diftance 300 2.47712
Is to radius 90° r 0.00000
So is diff. lat. 24® 2.3802 j

T o co-fine courfe 36° 32' 9.90309

To find the departure.
A s radius 90°, 10.00000
Is to the diftance 300 2.47712
So is fine courfe 36° 52' 9.77812

To find the difference o f longitude 
by the departure.

As co-fine mid. lat. 39° 9.89050
Is to the departure 180.0 *2.25524 
So is radius 90° 10.00000

To diff. o f long. 231.6 2.36474

T o find the longitude in.
Long, left 32° 16 'W .
Difference of longitude 3 52 W ,

T o  the departure iSo.o 2.25524|Longitude in 36 08 W .

f  Tim  logarithm, by the preceding operation, wts found equal to 2.25524. differing i  little from the logarithm o f 180.0.



By G U N T E R .

lft. The extent from the diftance 300 to the difference.of latitude 240, 
on the line of numbers, will reach from radius 90° to the complement of 
the courfc =  530 8', on the line of lines.

2dly. The extent from radius 90° to the courfc 36° 52' on the line o f 
fines, will reach from the diftance 300 to the departure 180 on the line o f 
numbers.

3dly. The extent from the complement o f the middle latitude 510 to 
the radius 90° on the line of fines, will reach from the departure 180 to 
the difference of longitude 231.6 on the line o f numbers.

By IN SP E C T IO N .

Find the courfe (as in Cafe IV . Plane Sailing) by Peeking in Table I I .  
till againft the diftance taken in its column, be found the difference o f lat- 
itude in one of the following columns ; then adjoining to it Hands the de
parture ; which, i f  lefs than the difference o f latitude, the courfe is found 
at the top of the table, but i f  greater, at the bottom ; then take the mid
dle latitude as a courfe, and find the departure in the column o f difference 
o f latitude, againft which, in the diftance column, Hands the difference o f 
longitude.

Thus the diftance 300, and the difference o f latitude 240, are found to 
correfpond nearly to a courfe o f 37°, and a departure o f 180.5 ; then tak
ing the middle latitude 390 as a courfe, I  feek the departure 180.5 *n 
latitude column, correfponding to which, in the diftance column, is the dif
ference of longitude 232.

C A SE  V I .

One latitude, courfe, and departure given, to find the difference of latitude> 
difiance, and difference of longitude.

• A  fhip in the latitude 50° io/ S. and longitude o f  30° 00' E . fails E .S.E . 
until her departure is 957 miles ; required her diftance failed, and latitude 
and longitude in.

By PR O JE CTIO N ,

Draw the meridian A C D , and parallel thereto, 
at a diftance equal to the departure 957 miles, draw 
the line EB ; make the angle C A B  equal to the 
courfe 6 points, and draw A B  meeting EB in B ; 
from B let fall upon A D  the perpendicular BC ; 
then will A C  be the difference of latitude 396.4 
miles, and A B  the diftance failed 1036 miles ; 
having thus obtained the middle latitude 530 28', 
make the angle C B D  equal thereto, and draw BD 
meeting A C D  in D ; then will BD be the differ
ence of longitude :6c8 miles,



By L O G A R IT H M S,
To find the diff. o f latitude.

A s radius 4pts. 10.00000
Is to the departure 957 2.98091
So is co-taug. courfe 6pts. 9.61722

T o  -find the difiance,
As fine courfe 6 pts. 9.96562
Is to the departure 957 2.9S091
So is radius 8 pts. 10.00000

T o diiF. o f lat. 396,4
Latitude left
D iff. o f lat. 396 miles

Latitude in 
Sum of latitudes 
Middle latitude

z . 59813 
50° io 'S . 

6 36 S.

56 46 S. 
106 56 
S3 28

To the diftance 1036 3.01529
To find the diff. o f longitude.

As co-fine mid. lat. 530 z8' 9.77473 
Is to the departure 957 2.98091
So is radius 90° 10.00000

To the diff, o f long. 1608 3.20618

Longitude left 30° o o 'E .
Diff. o f long. 160S " 2 6  48 E.

Long, in  56 48 E.

By G U N T E R ,
lit. The extent from the courfe 6 points to the radius 4 points, on the 

line marked T . R . will reach from the departure 957, to the difference o f 
latitude 396,4 on the line o f numbers.

2dly, The extent from 6 points to the radius or 8 points, on the line 
marked S .R . will reach from the departure 957, to the diftance 1036, on 
the line of numbers.

3dly. The extent from the complement o f the middle latitude 36° 32' 
to the radius 90°, on the fines, will reach from the departure 957, to the 
difference of longitude 1608, on the line of numbers.

By IN SPECTIO N .

Find the courfe among the points or degrees, Tab. I. or Tab, II . fas in 
cafe 3d. of Plane Sailing) and the departure in its column, correfponding to 
which in the columns of diftance and difference of latitude, are to be found 
the diftance and difference of latitude refpeclively 5 then with the middle 
latitude as a courfe, feek the departure in the column of latitude, corrcfi, 
ponding to which in the diftance column, ftands the difference of longitude.

Thus, I enter Table I. above 6 points and feek for T%th of the departure 
05,7, the neareft to which is 96.1 and the correfponding numbers are 104 
and 39.8, which multiplied by 10, give the diftance 1046, and the differ
ence of latitude 59S nearly ; the middle latitude being nearly 53-,°, I feck 
in the tabl: of 530, for the diftance correfponding to a tenth of the depar
ture =  95,7, and find it to be 159 ; then I feek for the fame number 95,7 
in the table o f 540, and find the number correfponding in the diftance col
umn to be 163, half the fum o f  thefe two numbers is 161, which multiplied 
by 10 gives the difference of longitude 1610 nearly.

4

CASE V II ,

One latitude, dijiance failed, and departure from the metiduin given, to 
find the courfe, difference of latitude and difference of longitude.

A  fhip in the latitude of 490 30' N . and longitude o f 250 o' W . fails 
fcath eaftcrly 645 miles, until her departure from the meridian be 500 miles; 
required the courfe fteered, and the latitude and longitude the fiiip is in ?



By PR O JE CTIO N .
x*3

Draw the line BD equal to the departure 
£00 miles, and perpendicular thereto draw 
the meridian line A B C  ; take an extent equal 
to the diftance 645 in your compares, and 
with one foot in D'fwecp an arch cutting AB 
in A , join A D , then will A B  be the differ
ence of latitude 407,5 miles, and B A D  the 
courfe, S. 50° 4c/ E. ; hence we have the 
latitude in, and middle latitude ; make the 
angle BDC equal to the middle latitude and 
draw DC cutting A B C  in C, then DC will 
be the difference of longitude 721,1 miles.

By L O G A R IT H M S .

T o  find the courfe.
A s the diftance 645 2.S0956
Is to radius 90° 10.0000c
So is the departure 500 2.69897

Latitude left 
Diff. lat. 408

Latitude in

T o  fine courfe 50° 49' 9.88941 Sum o f the latitudes 
Middle latitude

To find the diff. o f lat.
A s radius 900 10.00000
Is to the diftance 645 2.80956
So is co-fine courfe 50° 49' 9.80058

T o  the diff. o f lat. 407,5 2.61014

92
4 6 ¡2

6

T o find the difference o f longitude. 
A s co,fine mid. lat. 46° j6' 9.84098 
Is to the departure 500 2.69897
So is radius 90° 10.0000c

T o  the diff. o f long, 721,1 2.85799

Longitude left 2 .  v 
Diff?long. 721 =  A  J ’ .

Longitude in u

By G U N T E R .

ift. The extent from the diftance 645, to the departure j 0o 
line of numbers, will reach from the radius 90°, to the courfe .-0° 0fl,  *he 
the line o f fines. j on

xdly. The extent from radius 90°, to the complement o f the courfe 
39* 1 1', upon the line o f fines, will reach from the diftance 645 to the 
difference o f latitude 407,5 on the line o f numbers.

3dly. The extent from the complement of the middle latitude 430 54', 
to the radius 90°, on the line of fines, will reach from the departure 500, 
*0 the difference of longitude 72 1,1, on the line o f numbers.

P



6 y  IN SPE C TIO N .
A s in Cafe V . Plane Sailing, find the courfe by feejung in Table II , till 

againft the diftance, in its column, be found the given departure in one of 
the following columns, adjoining to which in the other column will be the 
difference o f latitude, which if  greater than the departure the courfe will 
be at the top, but i f  lefs the courfe will be found at the bottom. Then 
take the middle latitude as a courfe, and find the departure in the column 
o f difference of latitude, againft which, in the diftance column, will be 
found the difference o f longitude.

Thus, one third of the diftance, 215, and pne third of the departure, 
166,7, are found nearly to correfpond to a courfe o f 5 1 degrees, and a 
difference o f latitude o f 135,3 which multiplied by 3 gives the fought 
difference o f latitude 406 nearly j then with the middle latitude, 46°, as a 
courfe, I enter the table and feek for one fifth o f the departure —  too, in 
the latitude column, the diftance correfponding, 144, being multiplied by 
5  give? the difference o f longitude 720 nearly.

Q U ESTIO N S FO R  EX ERCISE.

Qjtefilan I . Required the bearing and diftance between two places $ one 
in the latitude of 370 55' N . and longitude of 540 23' W . the othef in the 
latitude of 320 3 s7 N . and longitude o f 170 5' W . ?

Aujkver. S. 8o° 9' E . and N . 8o° 9 ' W . diftance 1855 miles.
Q u e j i i o n  II. Required the direil courfe and diftance, from a place in the 

latitude of 36° 55'' S. and longitude o f 20° o ' E. to another place in the lat
itude of 320 38' S. and longitude o f 8° 54' W .

Anfixer. N . 790 4 6 'W . diftance 1447 miles.
Q j i e J l t o n  III . A  lhip from the latitude of 37°3o'S. and longitude of 

6o°E. fails N . 79°56' W . 202 miles, required the latitude andlongitude in ?
Anfmier. Latitude 36° 5 5 'S. longitude 5y  50' E.
Q u e f i ' t c n  I V . A  ihip from the latitude of 340 35' N . and longitude o f 

450 i6 '\V . fails S. S3°36 'E . 101 miles ; required her latitude and lon
gitude ?

.% 'cerr. Latitude 340 2 4 'N . longitude 430 14 'W ,



C 115 )

Me r c a t o r ’s s a il in g .

r | i
B HE errors of the plane chart and plane failing are in part corrcfted 

by the preceding method o f middle latitude ; but in calculating the fitua- 
tions of diftant places in high latitudes; this method is liable to great er. 
rors : to remedy this inconvenience, a chart was invented and publilhed 
in the year 1566, by G e r r a r d  M e r c a t o r ;  a Flemiih Geographer, in 
which all the meridians are parallel to each other, but proportionally 
lengthened fo as to conform to the fpherical figure o f the earth. The prin
ciples on which this chart was conftrytted werfi firft explained in the year 
1599; by Edward W right; an Er.glifliman, and are as follows.

By Theorem II. o f parallel failing, the length o f a degree or mile o f 
longitude is to the length o f a correfponding degree or mile of the merid
ian, as the co-fine of the latitude is to the radius, that is (by art. 58 Geo;) 
as radius is to the fccant o f the latitude. Hence i f  the meridians are fup- 
pofed to be parallel to each other; or the length of a degree or mile of lon
gitude to remain the fame in every latitude, the degree or mile o f lati
tude muft be increafed in proportion to the fecant of the latitude. Hence 
the length o f the iirft mile o f latitude from the equator will be reprelented 
by the fecant of 1', the fecond mile by the fccant of 2', the third mile b y  
the fecant o f 3', &c. Therefore the length o f the expanded arch o f the 
meridian may be found by a continual addition o f fecants, to every degree 
and minute of the quadrant, as in Table III . by means of which this chart 
(called Mercator’s chart) may be conftrufted, and all the cafes o f Merca
tor’s failing may be projected and calculated.

In ufing this table, the degrees are to be found at the top or bottom, 
and the miles at the fide ; in the angle o f meeting is the length of the cor
refponding expanded arch, ufually called the meridional parts. I f  you wifh. 
to find the arch o f the expanded meridian intercepted between any two 
parallels; or, as it is ufually called, the meridional difference of latitude, 
you muft, when both places are oti the fame fd e  of the equator, Jubtrail the 
¡meridional parts of the leffer latitude from the meridional parts of the 
greater, the remainder twill be the meridional difference o f latitude ; but 
i f  they are on different JideS of the equator, the f u m  of f he meridional parti 
of both latitudes is the meridional difference of latitude required,

E x ample  I.

Required the meridional parts correfponding to the latitude 420 34' ?

Look in the bottom or top of the table for 420, marked 42d. and in the 
right or left hand column marked (M) for 34', in the former and oppolite 
the latter ftand 2828, the meridional parts correfponding to 420 34'.

E x a m p l e  II.
Required the meridional difference of latitude 

between Cape-Cod, in the lat. o f 420 5' N. 
and the Iliand of St. Mary, in the latitude of 
3 7 ° N. ?

Cape-Cod’ s lat. 42s j ’ N . Mer. parts 2788 
St. Mary’s lat. 3 7 * 0 'N. Mer. parts 2393

E x a m p l e  I II .
Required the meridional difference of latitude 

between Cape-Hattcras, in the lat. of 
3 ; 0 8’ N. and the Cape of Good Hope, in 
the latitude o f  340 2 9 ' S. ?

C. Hatteras’ s lat. 35° 8 'N . Mpr. par. 2234 
C .o f  G.Hope’s lat. 34029'S. Mer. par. 2207



From thtfe principles it follows, that in failing upon any rhumb, the  
true or prefer difference of latitude it to the departure as' the meridional 
difference of latitude is to the difference of longitude. Hence i f  M I (in the 
figure of Cafe I. following) be the proper difference of latitude, lO  the 
departure, M O the diftance, the angle IM O  the courfe, and we take M T  
equal to the meridional difference of latitude, and draw T H  parallel to I O' 
to cut M O continued in H ; the line T H  will reprefent the difference of 
longitude ; for (by art. jj  gtom.J M I : 1 0  : : M T  : T H . Now in the 
friahgle M T H , by making M T  radius, we have M T  : radius : : T H  : tang. 
T M H , that is, the meridional difference of latitude is to radius as the 
difference of longitude is to the tangent of the courfe. By making M H  or 
T H  radius we have other analogies, which combined with thofe in plane 
failing, furaiih the folutions of the various cafes o f Mercator’s failing con
tained in the following table.

M E R C A T O R ’S S A IL IN G -

Cafe.j rtiven. | bought. Solutions.

1
Both Lati

tudes and 

Longitu'des.

Courfe

Diftance

Departure.

Having both la;, the mer. diff. lat* is found by Tahle i l l .  
Mer. Diff*. Lat. Z Rad. ZZ Diff. Long. Z Tang. Courfe.
C Rad. Z Prop. Diff. Lat. ZZ Secant Courfe Z Diftance. 
£ Co-fine Courfe I Prop. Dift*. Lat. ZZ Rad. Z Diftance. 
J Rad, Z Prop. Diff. Lat. ZZ Tang. 6ourft* Z Departure.
£ Mer. Diff. Lat. Z Di ft'. Long. ZZ Prop. Diff. Lat. Z Dep.

2

Bath Lati

tudes and 

Departure.

Courfe

Diftance

Diff. Long-

Mend: Diff'. Lat. being found by Table l i l .  we have, 
Ppop. Diff. Lat. X Radius Departure Z Tang. Courfe. 
J Radius Z Prop* Diff. Lat. ¡ 1  Sec, Courfe Z Diftance. 
2  Sine Cousfe Z Departure Z Z Radius Z Diftance.

 ̂ Rad, Z Mer. Dif. Lar. ZZ Tang. Courfe Z Diff. Long. 
 ̂ Prop.Diff.Lat. Z Dep. ZZ'  Mer.Dift'.Lat. Z Diff.Long.

3 -
One Latitude 
Courfe and 
D ill.nee.

Depdrtine 
Diff. Lat,

Diff. Long.

Radius Z Diltancc Z l  Sine Courfe Z Departure,
Rad. Z Lift. ZZ Co-fine Courfe Z Prop. Diff. Lat. Hence 

we have the other latitude and mer. diftVlat. by Tab. 1 1 1 . 
Rad. Z Mer. Diff. Lat. ZZ Tang. Courfe Z Diff. Long.

4

Both Lati
tudes and 

Courfe.

Diftance
Departure

Diff. Long.

Co-fine Courfe Z Prop. Diff. Lat. ZZ Rad- Z Diftance. 
Rad, Z Prop. Diff. Lar. ZZ Tang-Courfe Z Departure, 

Mer. diff. lat. being found in Table 1 1 1 . wc have,
Rad. t Mer. Diff. Lat. ZZ Tang. Courfe : Diff, Long.

5

both Lati
tudes and 
Diftance.

Courie 
Departure 

Diff. Long.

Dift. 7  Rad. 7 : Prop. Diff. Lat. : Co-fine Courfe. 
Radius 7  Diftance Z  Z  Sine Courfe Z  Departure.
Rad. I M er.D ift'.Lat. ! !  Tang. Courfe 1 Diff. Long,

6

One Latitude 

Courfe and 

Departure.

Dili'. Lat.

Diftance 

Diff. Long.

Rad. Z Dep. X  Co-tang. Courfe Z Prop. Diff, Lat.
Hence we have the other latitude and trend, diff, lat< 

Sine Courfe Z Departure ZZ Radius Z Diftance.
CRad. Z Mer. Diff. Lat. ZZ Tang.Courfe Z  Diff. Long. 
¿Prop.Diff.Lat. ! Dep. t :  M r.D iff.Lat. Z Diff.Long

7

One Latitude 

Diftance and 

Departure.

Courfe 

Diff. Lat.

Diff. Long.

Dift. ! Rad. 7 ! Dep. J Sine Courfe.
Rad. 7  Dift. Z  Z  Co-iir.e Courfe Z  Diff. Lat. Hence wc 

obtain the other latitude and merid. dift'. lat.
(R ad. 7  Mer. Diff. Lat. "  Tang.Courfe I Diff. Long.
J Prop.Diff.Lat. Z  Dep. I Z M er.Diff.Lat. 7  Dift'.Long. i

CA SE I.

The latitudes and longitudes of tntto places ginen, to find the direS courfe 
and diftance betmoeen them.

Required the bearing and diftance from Cape Cod Light-Houfc in 
♦ he latitude o f 4.20 of N . and longitude o f 700 i f  W . to the ifland of St. 
M ary, one s f  the Wcftern Illands, in the latitude of 370- N . and longitude 
o f 250 6' W . ?



Cape C o d ’s lat. 4 2 ° 0 5 / N . M erid ion al parts 2788
St, M a r y ’ s lat. 37 00 N . M erid io n al parts 2393

Long. 70® 14 W . 
25 06 W ,

5 05 M er. diff. lat. 395 
60

45 08 
60

Difference o f lat. 305 Diff. long. 270#

B y  P R O J E C T I O N .

Draw the meridian M T  equal to the meridional difference of latitude 
39 5 miles, fet off alio upon it M I equal to the proper difference o f latitude 
30$. miles ; perpendicular to M T  draw T H  and IO , make T H  equal to the 
difference of longitude 2708 miles, draw M H cutting IO in O ; then will 
the angle T M H  be the courfe S. 81 ° 42' E, and Q M  tine diftance 2113 
miles.

By L O G A R IT H M S .

T o  find the courfe. I T o  find the difiance.
A s the mcr. dif. lat. 395 2.59660 A s radius 90° 10.00000
Is to radius 45° 10.00000'ls to the proper dif. lat.305 2.4S430
So is the dif. o f long. 2708 3.43265 Soisfecant of courfe 810 42' 10.84056

T o tang, o f courfe 81° 42' 10.83605 To the diftance 2113 miles 3.3248S

By G U N T E R .

ift. Extend from tlve meridional difference o f latitude 395 to the dif. 
fercnce oflongitude 2708, on the line o f  numbers ; that extent w ill reach 
from the radius or 45°, to the courfe 81“ 42' on the line o f tangents.

2dly. Extend from the complement o f the courfc 8° 18/ to radius 90® 
on the line of lines, that extent* will reach from the proper difference or 
latitude 305, to the diftance 2115 on the line of numbers.

By IN SP E C T IO N .

W ith the meridional difference o f latitude and difference of longituce. 
ufed as difference o f latitude and departure, find the courfe, by infpefting 
the tables until thofe numbers are found to correfpond ; with this courlc 
and the proper difference o f latitude, find the correfponding diftance.

Thus one tenth of the merid. diff. lat. and diff. long, are found to agree 
nearly to a courfe o f 7 j- pts. with this courfe and one tenth of the proper 
difference of latitude 30,5 is found to correfpond to the diftance 20S ; this 
multiplied by 10 gives the diftance 2080, differing a little from the refult 
by logarithms, owing to the negleft o f a few minutes in the courfe.



CASE II .

Èoth latitudes and the departure given, to find the cotirfie, difiance, and 
difference of longitude.

A  £hip in the latitude of 49° 57' N . and longitude of 150 16' W . fails 
fouth-wefterly until her departure is 789 miles, and then by observation is 
in the latitude o f 390 20' N . required her courfe, diftance and longitude in ?

A

•Ö

aE
B

B y  P R O J E C T I O N .

T '̂ith the proper difference o f latitude and departure, projeit as in Cafe 
V I . Plane Sailing ; by drawing, thè méridian A E B , on which take A E  
equal to the proper difference of latitude 637 miles ; erefl ED perpendicular 
to A E  and make it equal to the departure 789 milès ; join A D  and continue 
it towards C ; make A B  equal to the meridional difference of latitude 899 
miles, and draw BC perpendicular to A B , to cut A C  in C , and it is done. 
For A D  will be the diftance 1014 miles, BC the difference o f longitude 
1114  miles, and the angle B A C  will be the courfe S. 5 x° <f W ,

By LO G A R IT H M S.

To find thè courfe.
A s the prop. dif. of lat, 637 2.80414 
Is to radius 45^ 10.00000
So is the departure 789 2.89708

To tang, courfe 510 5 ' 10.09294

As radius
Is to prop. diff. lat. 637 
So is fee. courfe 510 51

To the diftance 1014

T o  find the diff. o f long.
As radius 45° ro.00000
Is to mer. dif. lat. 899 2.95376
So is tang, courfe 510 5' 10.09294 Longitude in

T o  diff. of long, 1114

To find the diftance;

Longitude left 
Diff. o f long. 1 1 14

1 0 . 0 0 0 0 9  

2.S0414 
10.20191

3.00605

15°
1 8  3 4  W .

33 50 W .
The diff. of long, may alfo be found 

3 .0 4670 ^  faying, asprop.dif. oflat. I dcp.JI 
|mer. diff. lat. I diff. o f long.

By G U N T E R .
rft. The extent from the diff. o f lat. 637 to the dcp. 789 on the iine of 

numbers, will reach from radius 450 to the courfe 51® f  on the line o f tan
gents.

adly. The extent from the courfe 510 f  to radius 90° on the fines, 
w ill reach from the departure 789 to the' diftance 1014 on the line of 
numbers.

$dly. The extent from the radius 450 to the courfe j i ° j '  on the line 
o f tangents, will reach from the merid. diff. o f lat, 899 to the difference of 
longitude i 114 on the line of numbers.



By IN SP E C T IO N .

Rind the courfe by Plane Sailing, Cafe V I . by Peeking in the tables with 
the proper difference oflatitude and departure till they are found to agréé 
in their refpedlive columns, correfponding to which will be the diftance in 
its column, and the courfe will be found at the top of that column i f  the de
parture is lefs than the proper difference of latitude, otherwife at the bot
tom ; with the fame courfe, find the meridional difference of latitude in the 
latitude column, correfponding to which in the departure column is the 
true difference of longitude.

Thus with one tenth of the true difference o f latitude and departure 63,7 
and 7 8 ,9 ,1 find the courfe 5 1°, and the diftance 101 which multiplied by 
jo  gives nearly the true diftance 1010 ; in the fame table, oppofite to one 
tenth of the meridional difference of latitude 8 9 ,9 ,1 find the departure 1 11 . i ,  
which multiplied by to gives the difference o f longitude i t  11 miles.

C A S E  III .

One latitude, courfe and diftance given, to find the difference of latitude 
and difference of longitude.

A  (hip in the latitude of 420 30' N . and longitude o f 58° 5 1 ' W , fails 
S. W , by S. 59 j miles ; required the latitude and longitude in }

By P R O JE C T IO N .

Draw the meridian A B C , and A D E , making 
pn angle with it equal to the courfe 3 points, 
piake A D  equal to the diftance failed, 591 
miles, and from D  let fall upon A B  the perpen
dicular B D ; then will BD be the departure, 
and A B  the difference o f latitude, 491 miles, 
Hence we have both latitudes, and the meridi
onal difference of latitude to which make A C  
.equal, and draw € E  parallel to BD meeting 
A D E  in E, then will CE be the difference of 
jongitude, 419,6 miles.

By L O G A R IT H M S .

T o  find the diff. o f latitude.
A s radius 8 points 10.00000
Is to the diftance 591 2.77159
So is co-fine courfe 3 pts. 9.91985

T o find the diff. o f longitude.
As radius 4 points 10.0000c
Is to the mer.dif. lat. 628 2.79796
So is tang, courfe 3 points 9.82489

T o  prop. diff. lat, 491,4 2.69144 To diff. o f long. 419,6 2.62285

Lat. left 42® 30' N. Mer, parts 2822 Long, left 58*51'  W .
Dif. Iat. 491= 8  n  S. D i f f .  o f long. 420— 7 00 W .

Lat. in 35 19 N. Mer. parts 2194 

Mer, diff. lat, 628
Long, in 65 51 W ,

By G U N T E R .
ill. The extent from radius 8 points to the complement o f the courfe 

5  points, on the line marked S R, will reach from the diftance 591 to the 
difference o f latitude 491.4 on the line o f numbers.



zdly. The extent from the radius 4 points to the courfe 3 points, on 
the line marked T  R, will reach from the meridional difference of latitude 
628 to the difference of longitude 419.6 on the line of numbers.

By IN SPE C TIO N .

A s in Cafe I. Plane Sailing, find the courfe at the top or bottom of the 
tables, either among the points or degrees, and in that page, oppofite the 
diftance, will be found the difference o f latitude and departure in their re- 
fpedive columns ; then in the fame table find the meridional difference of 
latitude in the latitude column ; correfponding to which, in the departure 
column, will be the difference of longitude.

Thus, under the courfe 3 points, and oppofite one third of the diftance 
197, ftands 163.8 in the latitude column, which multiplied by 3 gives the 
difference o f latitude 491.4  miles ; then find one fourth of the meridional 
difference o f latitude 157 in the latitude column, againlt which ftands 107 
in the departure column, which multiplied by 4 gives 420, the difference 
o f longitude.

C A SE  IV .
Both latitudes and courfe given, to find the difiance, and difference of

longitude.
A  fhip from the latitude of 49° 57' N . and longitude o f 30° W . fails S. 

39s W . till fhe arrives in the latitude of 45° 3 t/N . required the diftance 
run and longitude in ?

I  .at. left 49® 57'N. 
Lat. in 45 31 N.

Diff. lat. 4 26=1266miles.

By PR O JE CTIO N .

Draw the meridian AEB, on which take A E  equal to the proper differ
ence of latitude 266 miles, and A B  equal to the meridional difference of 
latitude 396 miles ; make the angle BAC equal to the courfe 39°, and 
draw ED, BC, perpendicular to A B , cutting A D C  in D  and C ; then will 
A D  be the diftance 342 miles, and BC the difference of longitude 3ZI 
miles.

By L O G A R IT H M S .
T o  find the diftance.

As the co-fine courfe 39° 9.S9050
Is to the prop. dif. of lat,266 2.42488 
So is radius 90° 10.00000

T o find the diff. c f  longitude.
As radius 45° 10.00000
Is to mer. dif. o f lat. 396 2-59770
So is tang, courfe 39° 9.90837

To the diftance 342.3 M3432 To the diff. o f long. 320,7

Longitude left 30° o' W .
Diff. o f long. 3 2 1 =  5 21W .

2.50607

Longitude in 35 2 iV7,



By G U N T E R .

ift. The extent from the complement of the courfe 5 1° to the radius 
90* on the fines, will reach from the proper difference o f latitude 266, to 
the diftance 342,3 on the line of numbers.

2dly. The extent from radius 450 to the courfe 390 on the line of tan
gents, will reach from the meridional difference of latitude 396, to the dif
ference of longitude 321 on the line o f numbers.

By IN S P E C T IO N ;

A s in Cafe II . Pldne Sailing, find the courfe among the points or degrees 
and the proper difference o f latitude in its column, adjoining to which are 
the diftance and departure in their refpeftive columns ; then in the fame 
table, find the mend. diff. lat. in the lat. column, adjoining to which in 
the departure column is the difference o f longitude.

Thiis udder the courfe 390 and oppofite the half diff. o f lilt. 133 (the 
neareft to which is 132.9) ftand 171 and 167.6, thefe doubled give the 
diftance 34.2 and departure 215.2 ; and in the fame table oppofite the half 
mer. diff. o f lati 198 found in the latitude column, Hands 160.5 ' n the dep. 
colum'u, which doubled gives the difference o f longitude 321 miles, nearly 
as before.

C A SE  V .

Both latitudes and difikttee given, to find the courfié and difference o f Ion*
gitude.

A  fhlp from the latitude of 370 N . and longitude o f 320 16' W . fails 
300 miles north-weftcrly, until fhe is in the latitude o f 4 10 N . ; rtquired 
tne courfe fleered, and longitude in ?

Lat. left 370 N .
Lat. hi 41 N .

Diff. lat. 4 °= 2 4 om .

X Lo hp~.

By PR O JE CTIO N .

Draw the meridian ABC ; make A B  equal to the proper difference o f 
latitude 240, and A C  equal to the meridional difference of latitude 309 miles ; 
draw BD and CE perpendicular to A B C  ; w ith an extent equal to the dif
tance 300 in your compafles, and one foot in A , fweep art arch cutting BD 
in D ; draw A D , which continue to cut C E  in E, and it is done : for the 
angle BAD is equal to the courfe 36° 52', BD is the departure, and CE i f  
the difference of longitude 231.7 miles.

O



By L O G A R IT H M S .

T o  find tiie courfe,
A s the diftance 300 2.47712
Js to radius-go° 10.00000
So is prop. difF. lat, 240 2.38021

To find the difF. o f longitude.
As radius 450 10.00000
Is to mer. difF. o f Iat 309 2.48996
So is tang, courfe 36°51' 9.87501

To co-fine courfe 36* 52' 9.90309 T o the difF, long. 231.7
Longitude Teft - 320 tó'" W .
DifF. o f longitude ¿3 2 ss 3 52 W»

2.36497

Longitude in- 36 08 W .

By G U N T E R .
1 ft. The extent from the diftance 300 to the proper difference o f lat

itude 24c, on the line o f numbers, will reach fiòm the radius or 90° to  
530 8/, the complement o f the courfe, on the line o f  fines.

2dly. The extent from: radius 450 to the courfe 36° 52', on the line o f  
tangents, will reach from the meridional difference o f latitude 309 to the 
difference of longitude 231.7, on the line o f numbers*

By IN SP E C T IO N .

As in Cafe IV . Plane Sailing, feek in the tables till againft the di&artce 
taken' in its column be found the given différence e f  latitude in one of the 
following, columns j adjoining, to- it ftands the departure, which i f  left than 
the difference o f latitude, the courfe is found at the top,- othenviih at the 
bottom ; in the fame table find the meridional difference o f latitude in the 
latitude column, adjoining to which-in the departure column ftands the dif
ference o f longitude.

Thus the diftance 300 and the difference o f latitude 240, are found to' 
correspond to a courfe of 37°,- and a departure iSo,5 ; and in the latitude 
column, oppofite half the meridional difference o f latitude 154,5 (the neareft 
to which is r 54.1}, ftands 116.-a- in the departure column* which doubled 
gives the différence of longitude 232.4,

CA SE V I .
One latitude, courfe and departure given, to find the dijlance, difference of 

latitude and difference of longitude.

A  ihip from the latitude of 
50° io ’S.and longitude of 30°
E . fails E. S. E. until hcr de. 
partivre is 957 miles ;■ required 
the diftance failed, and the lat
itude and longitude in i

C ______
X  -L«>Tl£.

By PR O JE CTIO N ,

Draw the meridian A B C , and at a diftance from it equSl to the depar
ture 957 miles draw the line FD  parallel to A B C  ; make the angle B A D  
equal to the courfe 6 points, draw A D  cutting FD  in D ; from D  let fall 
upon A B  the perpendicular DB ; then will A D  be the diftance 1036 miles, 
A B  the difference oflatitude 396 miles j hence we have both latitudes, and



tlie Meridional difference o f latitude 667 miles, make the line A C  equal 
thereto, and draw C E  perpendicular to A C  meeting A D  continued in E ; 
then will C E  be the difference o f  longitude 1610 miles.

By L O G A R IT H M S .

To find the diftance.
A s  the fine courfe 6pts. 9.96562 
Is to the departure 957 2.98091
So is radius 8 pts. 10.00000

T o  the diftance 1036 3.01529

Lat. left 50° io'S. M.parts349o 
D if.lat. 396 — 6 36 S.

Lat. in 56 46 S. M .parts4i57 

Mcrid. diff*. lat. 667

T o  find the diff". o f lat.
A s  radius 4 pts. 10.00000
Is to the departure 957 2.98091
So is co-tang, courfe 6 pts. 9.61722

Topropudif. c fla t. 396.4m. 2.59S 13

A s radius 4 pts. 10.00000
Is to the merid.dif. lat. 667 2.82413 
So is tang, courfe 6 pts. 10.38278

T o d if.Ion .i6 io '= 2 6 °5o 'E . 3.20691 
Long, left 30 00 E.

Long, in 56 50 E .

By G U N T E R .

iff. The extent from the courfe 6 paints to radius 8 points on the line 
marked S. R. will reach from the departure 957 to the diftance 1036 on 
the line of numbers.

adly. The extent from radius 4 points to the complement o f the courfe 
2 points, on die line marked T R , will reach from the departure 957 to the 
difference of latitude 396 on the line o f numbers.

3dly. The fame extent (from the radius 4 points to the courfe 6 points 
on the line marked T  R) will reach from the meridional difference of lati
tude 667, to the difference of longitude 1610, on the line of numbers.

By IN SP E C T IO N .

A s in Cafe III . Plane Sailing, find the courfe either in Table I. or Tabic 
11- and the departure in its column, corrcfponding to which ftand the dif- * 
tanee and difference of latitude in their refpettive columns: in the fame ta
ble find the meridional difference o f latitude, in the latitude column ; cor- 
refponding to which in the departure column will be the difference of Ion. 
gitude. '

Thus over the courfe 6 points, and againft one fifth o f the departure
191,4 ftand 79,2 and 207, which multiplied by 5 give the difference of 
Latitude 396 miles, and the diftance 1035 miles ; then in the latitude col. 
umn find a tenth o f the meridional difference o f latitude 66,7, the neareft 
to that is 66,6, againft which, in the departure column, ftands 160,8, 
which multiplied by 10 gives 1608, the difference of longitude.

C A S E  V I I ,

One latitude, difiance failed, and departure given, to find the courfe, differ, 
cnee of latitude and difference of longitude.

A  ihip in the latitude of 490 30' N . and, the longitude o f 250 W . fails 
fou.th-eafterly 645 miles, making 500 miles departure ; required the courfe 
fleered, and the latitude and longitude in ?



By PR O JE CTIO N .

Draw the meridian A B C , on any
itoint of which ereft the perpendicul
ar BD equal to the departure joo 

miles, with an extent equal to the 
diftance 645 miles in your compalTes, 
and one foot in D fweepan archcut- 
ing A B  in A , join A D  ; then will 
A B  be the proper difference of lati
tude 407,5 milps, and the angle B A D  
w ill be the courfe 50° 49' ; hence 
we have the other latitude, and the 
meridional difference o f latitude, to

A

„

v D

-  , - _ o -----------------
X I o n  g-

E

which make A C  equal ; and draw CE parallel to BD, meeting A D  produced 
in E ; then will CE be the difference of longitude, 725,6 miles.

3 y  LO G A R ITH M S.

To find the courfe, 
A s the diftance 645 
Is to the radius 90°
So is the departure 500

2.80956
10.00000 
1.6  9S97

To find the diff. of lat.
As radius 9O0 io .oooqo
Is to the diftance 64J 2.80956
So is co-fine courfe 50° 49' 9.S0058

T o fine of courfe 50° 49' 9.88941

To find the diff. of long.
As radius 450 ro.oocoo
Is to the mer. dif. lat. 589 2.77012 
So is tang, courfe 50° 49' 10.08879'

T o  diff. long. 722.5 4.85891

Todif.l.407,5=r6°48/S. 2.61014
Lat. left 49 30N. M.par.3428

Lat. in 42 42N.M-par.283t)

Mer. diff, lat. •, 589
Long, left 25° oo/ W ,
Diff. long. 12 03 E .

Or thus,
A s prop. dif. lat. 40 7.5* 2.61014
Is to the departure 500 2.69897
So is the mer. diff. lat. 5S9 2.77012

5.46909
2.61014

Long, in t2 57 W .

H e n ce  th e  fh ip ’ s co u rfe  is  S . 5 c ?  
4 9 'E . L a t .  in  4 2 °  4 2 'N .  L o n g , iq  
12°57/W .

*

■H

T o diff. long. 722,7. 2.85895

By G U N T E R .

id . The extent from the diftance 645 to the departure 500 on the line 
o f numbers, will reach ifotii the radius 90’  to the courfe 50° 49' on the Hue 
of fines.

2dly. The extent from radius 90° to the complement o f the courfe. 
390 1 1/ or. the line of fines, will reach from the diftance 645 to the differ
ence o f latitude 407,5 on tue line of numbers.

3dly. The extent fro.m the radius 450 to the courfe 50° 49' on the line 
©f tangents, will reach from the mer. diff. o f lat. 589 to the difference o f 
longitude 722.6 on thè line o f numbers. Or, the extent from the proper

*  TUX Ivg. v-ai touuJ aW>c, it diifcrx 4 lLtle frvei tlie leg of



diffirence o f latitude 407,5 to the departure 500, will reach from the me- 
iidional difference of latitude 589 to the difference o f longitude 7 2 Z . 7  on 
the line o f numbers.

By IN S P E C T IO N .

Find the courfe and difference of latitude, as in Cafe V .  Plane Sailing, by 
Peeking in Tab. II . till the diftance and departure are found to correfpond 
in their refpeftive columns, adjoining to which in the column o f latitude 
w ill be found the true difference of latitude ; which i f  greater than the de
parture the courfe is found at the top ; but i f  lefs, the courfe is found at the 
bottom ; with this courfe leek the meridional difference o f latitude in the 
latitude column, adjoining to which in the departure column will be found 
ihe difference o f longitude.

Thus one third o f  the diftance 21,5, and one third o f the departure 166,7 
are found nearly to correfpond to a courfe o f 51 degrees, and a difference or 
latitude of 135.3, which multiplied by 3, gives the true difference of lati
tude 406 nearly.

Then one fourth of the meridional difference of latitude 147, in the lat
itude column, is found nearly to correfpond to the departure 1S1.9 ; this 
multiplied by 4, gives 727.6 the difference o f longitude nearly.

Having explained the method of calculating fingle courfes by Middle 
Latitude and Mercator’s Sailing, it now remains to explain the method of 
calculating compound courfes. T o do this, you mull conftruCt a traverfe 
table, and find the difference of latitude and departure for each courfe and 
diftance, as in Traverfe Sailing ; and from thence the whole difference o f 
latitude, departure and latitude in ; with the departure and latitudes, find 
the difference oflongitude and longitude in, as in Cafe II. o f Middle Lat
itude or Mercator's Sailing.

This method is exaft enough for working any fingle day’s work at fea, 
except in high latitudes, where it will be a little erroneous ; in this cafe, 
the difference of longitude and longitude in may be calculated for every 
fingle courfe and fhort diftance ; but in general, this nicety in calculation 
jray be neglected.

T o  illuftrate the method o f working compound courfes, we ihall here 
work an example, by Middle Latitude and Mercator’s Sailing.

E X A M P L E .
A  fhip from Cape Henlopcn, 

in the latitude of 38° 47' N . 
longitude 750 ic/W . fails the 
following true courfes, v iz . E. 
by S. 20 miles, E. N . E. 15 
miles, S. E. 26 miles, South 16 
miles, W . S. W . 6 m iles,N.W . 
ro miles, and Eaft 30 miles ; 
required her latitude and longi
tude ?

By conftrufiing the Traverfe 
Table with thefe courfes and 
diftances, it appears that the 
fhip has made 27.8 miles of fouthing, and 69.3 miles o f calling ; and by 
tabtrafling the fouthing from the latitude of Cape Henlopcn, there remains 
the latitude in 38° 19'' N .

Courfes.

T r a ’

Dis.

/erse T able  
D i f f .  Lat. Departure.

N . S. E. \ V .

E. by S. 2 0 3-9 1 9 . 6

E. N . E. 5 - 7 1 3 . 9

S. E. 26 1 8 . 4 1 S . 4

South. l 6 1 6 . 0

W .S.W . 6 2-3 5-5
N .W . IO I - 1 l - 1
Eaft. 3° 3 0 . 0

I 2 . S 4 0 . 6 8 1 . 9 1 2 . 6

I 2 . S 1 2 . 6

D. Lat. 2 7 . 8 69-3 Dep.



Cape Henlopen's latitude 38°47/ N . Meridional parts *$1$
Latitude in 38 19 N . Meridional parts 2495

Sum oflatitudes 77 6 36
Middle latitude 38 33

By infpeftion o f Table II . it appears that the difference o f latitude 27.8 
and departure 69.3 correfpond to a courfe o f 68° nearly and a diftance o f  
25 miles ; and in the fame page o f the table, oppolite to the meridional 
difference of latitude, found in the column of latitude, Rands the difference 
o f  longitude 89 miles in the departure column; this fubtraited from the 
longitude of Cape Henlopen 750 10' W . leaves the longitude in 730 4 t 'W . 
By Mercator’s Sailing. Or, with the middle latitude 38° 33' to 390 as a 
courfe, find the departure 69.3 in the latitude column, oppofite to which 
is 89 in the diftance column, which is the difference of longitude by M id , 
die Latitude Sailing; confequently the longitude in is 730 41'' W . as above.

Thus we fee that fuch examples are performed as in Traverfe Sailing and 
Cafe II. o f Mercator’s or Middle Latitude Sailing, either by infpeftion a% 
above, or by the fcale or logarithms.

Having gone through the neceffary problems in Mercator’s Sailing, we 
¿Stall now ihew how Mercator’s Chart may be conftruited by means of thg 
Table of Meridional Parts,

To eciifiruS a Mercator's Chart to commence at the Equator.

■ Suppofe it was required to conftruft the Chart in the plate affixed to 
this work, which begins at the equator, and reaches to the parallel o f 50 
d e g re e s a n d  contains 95 degrees of longitude weft o f the meridian of 
London.

Draw the line A D  reprefenting the equator, then take, from any fcale o f 
equal parts, the number of minutes contained in 95 degrees, v iz . 5700, 
which fet off from A  to D  } fubdivide this line into 95 equal parts repre, 
fenting degrees o f longitude. Through A  and D , draw the lines A B , D C  
perpendicular to A D , and make each of them equal to 3474 which are the 
meridional parts correfponding to 50 degrees. Join BC which muft be 
iabdivided in the fame manner as the line A D  ; and through the corref- 
ponding points of the lines A D , BC, muft be drawn (at the diftance o f io° 
Or 200 ) the lines parallel to A B , reprefenting meridians of the earth ; 
thc-fe lines muft be numbered o, 10, 20, &c. beginning at the line A B  
which reprefents the meridian of London. Set off in like manner upon the 
meridians A B , D C , (beginning from the equator AD ) the meridional parts 
qorrefponding to each degree o f latitude from 0° to 50° ; and through the 
correfponding points (at the diftance o f io °  or 20°) draw lines, parallel to 
the equator A D , to reprefent the parallels o f latitude. Then the upper 
part o f the Chart will reprefent the north, the lower the fouth, the right 
hand the eaft, and the left hand the weft (which is generally fuppofed in 
Charts unh-fs the contrary is exprefily mentioned).

I f  the Chart does not commence at the equator, but is to force for a cer
tain portion o f the globe contained between two parallels o f latitude on 
the fame fide of the equator ; you muft draw the meridians as directed in 
the laft example ; then fubtradt the meridional parts o f the leaft latitude o f 
the Chan, from the meridional parts o f the other latitudes, and fet off thefa 
differences on the extreme meridians, draw lines through the correfponding 
joints and they w ill be the parallels « f latitude on the Chart,



I f  the Chart is to be bounded by parallels o f latitude on different fides o f 
the equator ; you muff draw a line reprefenting the equator, and perpen
dicular to it draw lines to reprefent the meridians, continuing them on both 
fides of the equator ; then fet off the parallels o f latitude on both fides o f 
the equator, in the lame manner as in the firit example.

Take from the table o f latitude and longitude o f places, the latitude and 
longitude of each particular place contained within the bounds o f the Chart, 
and lay a ruler over its latitude and another eroding that over its longi
tude ; the point where thefe crofs will reprefent the propofed place upon 
the Chart. The moll remarkable points o f a fca-coaft being thus laid 
down, lines may be drawn from point to point which will form the out
lines of the fea-coaft, ¡(lands, &c. to which may be annexed, the depths o f  
water expreffed in common arabiac numbers ; the time o f high water on 
the full and change days expreffed in roman numbers ; the fetting o f the 
tide expreffed by an arrow ; and whatever elfe may be thought convenient 
for the chart to contain.

This chart is not to be confidered as a juft reprefentation o f the earth’s 
furface, for in it the figures of iilands and countries are diftorted towards the 
poles, as is evident from its conftruélion. But as the degrees o f latitude and 
longitude are increafed in the fame proportion, it is plain that the bearings 
between places w ill be the fame on the cjiart as on the globe : aud fince the 
meridians are right lines, it follows, that the rhumbs, which form equal an
gles with the meridians, will be ftraight lines, which render this projection 
o f the earth’s furface much more eafy and proper for the mariner’s ufe than 
any other.

Having the latitude and longitude of a f t p  or place, to find the correfpond- 
mg point on the chart.

R u l e . Lay a ruler acrofs the chart in the given parallel o f latitude ; 
take in your compaffes the ncareft diftance between the given longitude and 
the nearell meridian drawn acrofs the chart; put one foot o f the, compaffes 
in the point o f interfeftion o f the ruler and meridian, and extend the orhrr 
along the edge o f the ruler on the fame fide of the meridian as the place lies, 
and that point will reprefent the place o f the fliip.

I f  the longitude on the Chart be counted from a different meridian from 
that you reckon from, you mull reduce the given longitude to the longitude 
o f the Chart, by adding or fubtrailing the difference o f longitude of tliofe 
meridians ; and then prick off the (hip’s place as before directed. Or, you 
may draw a meridian line through the place you reckon your longitude 
from ; then meafurc off' the (hip’s longitude on the equator, and apply it to 
the edge of the ruler,from this meridian, and yon will obtain the (hip’s place.

To find the hearing of any place from the fi/ip.
R u l e . Lay a ruler acrofs the given place and place o f the fliip ; fet one 

foot of the compaffes in the centre of fome compafs near the ruler, and take 
the nearell diftance to the edge of the ruler ; Aide one foot o f the com
partes along that edge keeping the other extended to the grcatell diftance, 
and obferve what point o f the compafs it comes nearell to, for that will be 
the bearing required.-

To find the difiance of any place from the fijipi
R u l e . Take the diftance between the fliip and given place in yo-ur 

compaffes and apply it to the fide of the chart or graduated meridian, (ett-



ing one foot as much above one place as the other is below the other place; 
the number o f degrees between the points o f the compaifes will be the difa 
tance nearly.

When the places bear north and fouth o f  each other this rule is accurate; 
but when they bear nearly eaft and well, and the diftance is large, it w ill 
err considerably ; but in general it is exadl enough for common purpofes ; 
i f  greater accuracy is required, it is bell to find the diftance by calculation.

I f  any one wifhes to eftimate the diftance accurately by the Chart, he 
mull proceed in the fallowing manner :

1. I f  the place be in the fame longitude that the Ihip is in, then the 
preceding rule is accurate.

2. I f  the place be in the fame latitude as the Ihip, or bear call or weft, 
the diftance cannot be obtained without calculating it by Cafe I. o f Parallel 
Sailing.

3. I f  the place be neither in the fame latitude, nor in the fame long!» 
rude as the Hup, the diftance mull be found in the following manner : Lay a 
ruler over both places, and draw through one o f them a parallel to the 
equator ; take the difference o f latitude between both places in your com. 
paffes from the equator ; Hide one foot on that parallel, keeping the other 
extended fo that both points ihall be on the fame meridian, and note the point 
o f the ruler which is touched by the other foot o f the compaffes, take the 
diftance from this point to the giv“en place through which the parallel was 
drawn and apply it to the equator, and you will have the fought diftance.

The bearing and diftance o f any two places from each other are found in 
the fame manner as the bearing and diftance o f any place from the Ihip.

E X A M P L E .

Required the bearing and diftance between the eaft end o f  Long-Ifland 
and the north part o f Bermudas ?

A  ruler being laid over both places as directed in the preceding rule, it 
will be found to lay parallel to the N . W . by N . and S. E. by S. line ; and 
the diftance between the two places being taken in the compaffes, and ap
plied to the graduated meridian, will meafure about 10 degrees or 600 
miles ; therefore thefe places bear from each other N . W . by N . and S. Es 
by S. and their diftance is 600 miles nearly.



( )
O F  T H E

Log-Line and Half-Minute Clais.Vj

y  A R IO U S methods have been propofol for mcafcring the rate at 
.which a ihip fails, but that molt iu ufe is by the Log and Half-Minute 
Giafs.

The Log. is a flat piece o f thin board, o f a feitoral or quadrantal form 
(fee the annexed plate) loaded in the circular fide with lead fufficient to 
make it fwitn upright in the water : to this is fattened a, line about 150 
rath 'tits long, .called'the Log-line, which is divided into certain fpaces call, 
ftl knots, and is wound on a reel which turns very eaiily. rfhe Half- 
Minute Glafs is of the fame, form as an hour giafs, and contains fuch a 
quantity of fund as will run through the hole in its neck in half a minute 
o f time.

The making of the experiment to find the„ velocity of the ihip is called 
heaving the log, which is thus performed.— One nan holds the reel, and 
another the half-minute glafi; ; an officer or the watch throws the log over 
the (hip’s item, on the lee fide, and when he obierves the ttray line is run 
off die reel (which is about ten faihoms, this diftar.ee being uiualiy allow
ed to carry the log out of the eddy of the (hip’s wake) and the firtt mark 
(wh’ch is generally a red rag) is going off, he cries turn !  the giafs holder 
anfwers done! who watching the giafs, the moment it is run out fays jhp !  
the reel being immediately ttopt, the lalt mark run off (hews the .number o f  
knots, and the diilance o f that mark from the reel is eftinated in fathoms. 
'1 hen the knots and fathoms togethet, fitew the dlftance the (hip has run 
the preced-ng hour, i f  the wind has been coniiar.t. But i f  the gale lias not 
been the lamp during tlie whole hour, or time between heaving the log, or 
i f  there has been more'fail fet or handed, there mutt be allowance made for 
it according to the dif.uetion of the artift. .Sometimes when the Ihip is 
before the wind, and a great fea letting after her, it will bring home the* 
log ; in fuch cafes it is cuii'omary to allow cr.e mile in ten, and lc-fs in pro
portion, i f  the fea be not fo great ; a proper allowance ought alfo to be 
made if there be a head fea.

This practice of nteafuring a (hip's rate o f failing is founded upon tho 
following principle ; That the length o f each knot is the fame part o f a fea 
mile, as half a minute is o f an hour. Therefore the length of a fea knot 
fhould be o f a fea mile ; but by various admeafurements- it has beerf 
found that the length of a.fot mile is about 6 ¡ 2 0  fee t ; hence the length o f 
a knot ought to be 51 feet : each o f thefc knots is divided into 10 fathoms.. 
I f  the glaifs be only 2 d ibeends in running out, the length of the knot ought 
to be 47 feet and 6 tenths. Thefe are the lengths.generally recommended 
i f books o f navigation,' but it may be oblerveJ,, that in many trials it has 
been found, that a (hip will generally over-run her reckoning with a log- 
line, thus marked ; and fines it is belt to err on the fafe fide, I ihould re
commend to ih'orten the above meafores by 1 ot 4 foot i making the isngti*



I 3 0  L O G - L I N E  A N D  A N D  H A L F - M I N U T E  G L A S S .

o f a knot 7 or 7 * fathoms o f 6 feet each, to correipond with a glafs that 
runs 28 feconds.

In heaving the log you muft be careful to veer out the line as fail as the 
log takes i t ; for i f  the log is left to turn the reel itfelf, the log will come 
home and deceive you in your reckoning. You mull alfo be careful to 
meafure the log-line .pretty often, left it ilretch and deceive you in the dif- 
tancc. The like regard mull be had that the half-minute glafs be juft 30 
feconds, otherwife no account of the ihip’s way can be k e p t; the glafs is 
much influenced by the weather, running flower in damp weather than in 
dry. The method ufually recommended to try i f  the glafles are accurate 
is this ; on a reund nail or peg hang a fmall thread, that has a muiket ball 
fixed at one end, 39L inches being carefully meafured from the centre o f 
the ball to the loop which goes over the p eg; then make itfw ing, and count 
one for every time it palfes under the peg, beginning at the fecond time it 
palfes, and the number of fwings which it makes during the time the glais 
is running out (hews the feconds which that glafs runs. Fo-r experience 
Ihews that a fecond pendulum is about 39^ inches in length.

To car re ft the diftance ’when the log-line and half-minute glafs are faulty >

I f  there be any error in the log-line or glafs, the meafured diftance mull 
be corrciled in the following manner, fuppofing that a 30^ glafs requires 
.50 feet to a knot.

(1.) I f  the glafs only is faulty, you mull fay, as the feconds run by the 
glafs are to 30feconds, Jo is the dftance given by the log to the true diftance. 
Thus, i f  a fhip fails 8 knots per hour, by a glafs o f 36 feconds, the true 
number of knots per hour will be 7,1 ; for, 36 : 30 : : 8-,5 : 7 ,1 .

(2.) I f  the log-line only is faulty, you mull fay, as $o feet is to the 
dftanceof a knot on the line,fo'ts the diftance run by the log to the true diftance. 
Thus, i f  a lhip fails 7 knots per hour by a log-line meafuring 53 feet, 
her true diftance will be 7,4 miles per hour, becaufe, 50 : 53 : : 7 : 7,4..

(3.) I f  the log-line and glafs are both faulty, you mull fay, as 50* mul
tiplied by the length of the glafs is to 30 multiplied by the length of the 
line, fa is the meafured to the true diftance. Thus, if  a fhip fails 6 knots 
per hour, with a glafs o f 24 feconds and a log-line o f 60 feet per knot, her 
true velocity will be 9 miles per hour; becaufe 50X 24 : 30X 60 : :  6 : 9.

* • r-.ftnd  o f  m ultip lying the length o f  th.r.(;Uf> by and '-he lin e  by 3», yo-a may m u ltip ly the form er by  5  and the latter by 3* 
It  tu t  in, ebuofes to m ark *.<• Kft-'.lnr v .ic fs  th in  ¿4 feet for a glafs o f  j o  féconds, he  laoft pat h it  e fU u u ir i length  o f  the 
»r.‘te*d o f i T. a .; the » liv e  rales.



On Parallax, Refra&ion, and Dip of the
Horizon.

A R A L L A X  {or diurnal parallax), is the difference befcveen the true 
altitude of the fun, moon, or ftar, obferved at the centre oi the earth, and 
its apparent altitude, obferved at any point o f the earth's furface.

T  he true place of any ftar S, is that point 
o f  the heavens H, in which it would be fcen 
by an eye placed in the centre of the earth 
at C. And the apparent place is that point 
o f the heavens I, where the ftar appears to 
an eye upon the furface of the earth at M .
This difference of places, is what is called 
abfolutcly the parallax, or the parallax in 
altitude. This parallax diminiihes the al
titude o f a ftar, or ¡ncrcafcs its zenith dif- 
tance. The parallax is greatell in the hori
zon, called the horizontal parallax, CO M .
From hence it decreafcs all the way to the 
zenith A  or G , where it is nothing ; the 
real and apparent places there coinciding.
Having the horizontal parallax, the parallax in altitude is eafily calculated 
by the following rule : As radius is to the co-Jlne of the apparent altitude, 
jo  is the horizontal parallax to the parallax in altitude. This rule is eafily 
proved; for in the triangle C M O , we have C O  to C M  as radius to the 
fine o f the angle CO M  (which is equal to the horizontal parallax); and 
in the triangle CM S we have CS (which is equal to CO) is to C M  as the 
line of the angle CM S (or the fine o f the ftar’s apparent zenith diftance) 
to the fine of the angle CSM  (which is equal to the parallax in altitude.) 
Hence, radius is to the co-finc o f the apparent altitude as the fine o f the 
horizontal parallax to the fine of the parallax in altitude. But fince the 
horizontal parallax is fmall in ail the heavenly bodies, the fines o f the par
allaxes mail be nearly proportional to the arches ; hence we may fay, as 
radius is to the co-fine of the apparent altitude, fo is the horizontal parallax 
to the parallax in altitude.

The fun’s parallax in altitude is given in Table X V . for every $° or ic°  
o f altitude. The moon’s horizontal parallax is given in the 7th. page o f 
t ie  month o f the Nautical Almanac, for every noon and midnight at the 
meridian o f Greenwich.

R E F R A C T IO N  O F T H E  ST A R S ,

Is an inflexion of the rays o f thofe luminaries, in palling through our 
atmofphere, by which their apparent altitudes are incrcafed. This refrac
tion o f the rays of light takes place in pafling from any medium into an
other ; and it may be illuftrated by the following experiment. Make a 
mark, or place any thing at the bottom of a bafon or bucket, then retire 
•till the hither edge o f the bafon juft hides the mark from your figh t; then.

C B D



keeping your eye ftcady, let another perfon fill the bafon gently .with wa
ter ; as the bafon fills you will perceive the mark come into view, and ap-’ 
pear to be elevated above its former fituation. In the fame manner the re- 
fraftion of the atmofphere1 caufes all the ftars and planets to appear more 
elevated than they really are. The mean quantity of this refraction is 
given in Table X III . A ll obferved altitudes of the fun, moon, planets,' 
or fixed ftars, mult be decreas'd by the numbers taken irom this tabre,1 
which are to be taken out wi.h the obferved altitude of the object.

The refraction varies with the temperature and deniity of the air, increaf, 
ing by cold or greater denfity, and decreaiing by heat or rarity of the atmof-' 
pétere. ' By means of Table X III . and the obferved'heights o f the barome
ter and thermometer, we may calculate the true retraction at any time, by 
the following rule, given by Dr. Bradley.

As the mean height c f  the barometer 29,6 inches is to the true height,fois 
the mean tabular refraction to the corrected refraction ; and as 330 in- 
creaied by the height of Farenheit’s thermometer is to 400, fo is the cor
rected refraction to the true refraction. Hence i f  the barome'er be at its 
mean height, and the thermometer be at io°, the refraction wiii be in
creafed one-ninth part (becaufe, 350—f-1 o : 400 : : 1 : 1 ’ )• In this 
cafe the horizontal refraftion would be increafed from 33' to 36' 40" ; and 
the refraction for the altitude of 50 would be increafed from g ' 55" to 10' 
39". In addition to the above, we may alfo obferve, that there ’is fome- 
nmes an irregular refraction near the horizon, caufed by the vapours near 
the earth’s furface.

The refraction makes any terreftrial objeft appear more elevated than 
it  really is : the quantity of this elevation varies at different times, but is 
in general about -Jj o f the angle formed at the centre o f the earth, between 
the object and the eye of the obferver. 1

In Table X V II I . is given the correction of the moon’s altitude for the 
combined effect c f  parallax and refraction. The numbers of that table 
¿re to be added to the obferved altitudes, to obtain the true altitudes. 
That table is to be entered with the apparent zenith diftance of the moon’s 
centre at the top, and the moon’s horizontal parallax in the fide column ; 
under the former and oppofite to the latter is the correftion fought.

' DIP OF THE HÓRI20N,
Is the angle of depreffion c f  the vifible horizon below the true, arifing 

from the elevation of the obferver’s eye above the furface o f the fea.
Thus, let A FB  be the furface of the 

earth, C. its centre, D the eye of the obferver 
join CD , draw DB touching the furface in B, 
and draw alfo D £ perpendicular to C D  : then 
will D E be the true horizon, and DB the 
vifible horizon ' (exclufive o f the terreftrial 
refraction. )■  But in obferving an altitude with 
a Hadley’s quadrant, the image of the objeii 
is brought down to the vifible horizon in the 
direction D B ; therefore the angle of eleva
tion given by the’ quadrant is too great by 
the angle BDE, This angle is decreafed a 
little by means o f the terreftrial refraftion! which makes the point B appear 
■ within the limit of the vifible horizon o f the obferver at the point D . The 
quantity of this dip is given in Table X I V . for every probable height o f 
the obferver exp relied in feet, and is evidently fubtraflive from the obfery. 
ed altitude, •



When the limit B, o f the horizon, is not viftble by reafon o f the land at 
F , an cbfervation oi the altitude of any objcft may be made, by bringing 
its reilei.ed image to the furface of the water at F . l i e  dip, in that cafe, 
w ill le  equal to the angle L D F  ; and its values for'various altitudes and 
diftances ci the lard, arc given in la b lc  X V I I . which numbers are to be 
fifed ii.itcad oi thofe oi 1 able X I V . w'hen occafion may require. This 
fat.e is 10 be entered in the top column, with the height of the eye above 
the furface of the fea in feet, and in the left' hand column with the diftancp 
cf tie  il.ip in fea nines ; and dircitly under the former, and oppofite to the 
la :er, Hards the dip c f that point in minutes of a degree, which is to be 
fubtracied irem the cbfervcd altitude inftead of the numbers of Table X I V 0 
In calculating this table, attention was paid to the terreftrial icfrattiw*
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To find the Sun’s Declination,

nr
M HE declination o f the jun is given to the neared minute in Tab. V .  

tor every noon at Greenwich, from the year j 800 to 1804 ; and this table 
will anfwer for fome years beyond that period, without any material error: 
i f  great accuracy is required, the declination may be taken from the fecond 
page of the month of the nautical almanac,* where it is marked to feconds. 
This declination may be reduced to any other meridian, by means of T a . 
ble V I. in the following manner.

To find the fun'i decimation at noon,  at any flace.
R u l e . Take out the declination for noon at Greenwich from Table V ..  

for from the nautical almanac) ; fidcl your longitude in from Greenwich 
(or London) in the top column of Table V I . and the day of the month in the 
fide column; under the former, and oppofite to the latter, is a correftion in 
minutes and feconds, which is to be applied to the declination taken from 
Table V . ; to know whether it is additive or fubtrailive, you mull look 
at the top o f that column where you found the day o f the month, and you 
will fee it noted whether to add or fub trail, according as your longitude is 
call or weft. This correction being applied, you will have the declination 
at noon at the given place.

E X A M P L E  I.

Required the true declination of the fun at the end of the fea-day, Ofto* 
her 10, 1804, in the longitude of ¡z °  E. o f Greenwich.

Sun’s declination O il. 10, at Greenwich at the end o f thefea day,
or beginning of the day in the N . A . by Tab. V . 6° 40' S.

Variation of dec. Tab. V I. O il. 10. in ¡2° E, long. fub. o 3

True dec. noon O il, ro, in long, j  a® E , 6 37 S,

E X A M P L E  II.
Required the fun’s declination at noon ending the fea day o f  March 1 1, 

1804, in the longitude of 115 0 W . of Greenwich.

Sun’s declination March 12, by Tab. V . » - 30 16' S.
Var. Tab. V I . March 12, long. 115° W , fub. 7

True declination, neon March 12, long. 1150 W . 3 9 S.

The preceding correilion ought ahvays to be applied to the declination 
ufed in working a meridian obfervation to determine the latitude, though 
many mariners are in the habit of neglecting it.

•  In  £ nJing  the d eclination, nr *n y other quan*i»v. in  the nautical alm anac, you znuft be careful to note the difference b*-
*c« en  the e m l ,  nautical, and adtonctnieal account o f tim e, “ be c iv il dav begirt: at m idnight, and end* the fo llow ing  m idnight, 
«he interval being divided into »4 hours, and i» reckoned in m in era l fucccflion from  l to »a, then beginning agsin at »and 
ending at 13. T he nautical or fea dav begins at noon, »3 hours before the t iv t l  day, and ends the fo llow ing neon ; t ie  firft ta 
h o « n  are m arked ? .  M . (fee latter A .  M . T h e  agronom ical day begins at noon, sa hours after ’he  c iv il d a), and 34 hour: af:«t 
*'»e fea day ; it  is divided in to  34 hours, numbered in  numeral fueerllton from  » to * 4 , beginning a: uoon, and eurih.g the Tui. 
lo w in g  nooo. A ll  the calculations o f the nautical almanac are adapted to aftrenom ical tim e ; the drtliriation irarltrd  in  the 
*»« alm anac, o r i n T a b le V .  i« adapted io the beginning c f  the a ilio r o m r a i d a v ,o r  ••  the «Ad «f t h i f e a i a y j  i t i r i r g  sha 
c M  nt the fea day whs;, ic tr ih c r i want die JtcUuatiwr» to ittetesis,«  tkti?



TO PIN© THE SUN’ S DECLINATION. » 3 5
To find the fun's decimation at any time,  under any meridian.

R u n t. Reduce the fun’s declination from noon at Greenwich to the 
noon under the given meridian, by the preceding rule. Then enter T a
ble V I . with the time from noon at the top, and the day o f the month in 
the fide column; under the former, and oppofite to the latter, is the cor- 
reilion to be applied to that reduced declination. T o  know whether it is 
additive or fubtraftive, you muft look at the top o f the column where yon 
found the day o f the month, and you will find it noted whether to add or 
fubtraft, acoording as the time is before or after noon.

E X A M P L E  III .

Required the fun's declination Odlober io , 1804, fea account, at 8h. a 1*
in the forenoon, in the longitude o f 52° E. o f Greenwich.
Sun’s declination O il. 10, at Greenwich, at noon, by Tab. V . 6® 4 0 'S , 
Variation for 52° E. long. - - fub. 3

Declination at noon, Oftober 10, in long. 52° E, 6 37 S,
Variation of dec. for ¿h. 39' from noon* O il. 10. fub, 3

True declination O il. 10. in long. 52° E, at 8h. 21' A . M . 6 34 S.

E X A M P L E  IV .

Required the fun’s declination M ay 10, 1804, fea account, at 5Î1. 30m, 
P. M . ir. the longitude of 33° 30' W . o f Greenwich ?

Variation of declination M ay 10, in long. 35° 30'W . additive i '  37 '' 
Variation of declination for 5I1. 30’ P. M . additive 3 44

Sum additive 5 21
M ay 10, fea account, is M ay 9, by N . A . at which time

fun’s declination - - 17 22 4Z

True declination M ay 10, 5h. 3 o 'P .M .fe a  account in long.
3S° 3°" W . - - 17 28 03 N .

E X A M P L E  V .

Required the fun’s declination March 26, 1S04, fea account, at 3b, 
P. M , in the longitude o f 120° E. o f Greenwich ?

Variation of declination March 26, in long. 1200 E , fub. f  5° ''
Variation for 3 hours P. M . a i l  2 56

DifF. is fubtrailive becaufc the greateft number is fo 0 4 54
March 26, fea acc. is Mar. 25 by N .A . at which time fun's decl. 1 51 i f N

True declination March 26, 3 h. P. M . fea account t 46 17*$



( I36 )

Defcription and Ufe of the Q uadrant “of 

Sextant of R eflexion.

•uimism»

M R. JOHN H A D L E Y  was the firft publifher o f the defcription of1
the Quadrant of Reflexion, for meaiuring angular diftances ; and the in. 
ftrument ftill bears his name, although it has been afeertained that Sir 
Ifaac Newton invented a fimilar inftrument many years before, but neve.r 
made it public : one of our countrymen, Mr. Thomas Godfry, of Phila. 
delphia, had alfo contrived an inftrument on the fame principles fome time 
before Hadley made known his difeovery.

In the adjoined plate we have given a figure of the. quadrant; the prin
cipal parts o f which arc, the graduated arch BC, the index D, the ver
nier, the index glafs E, the horizon glaffes G  and H, the dark glaffes or 
fereens H, and the light vanes K and I.

The graduated arch BC contains only 450, but is to be cileemed as 90°, 
and fo divided, becaufe by the double reflexion the angle is doubled. ' Each 
degree is divided into three parts of 20 minutes each ; and the arch is num
bered from the right to the left, beginning at o° and ending at 90°. The 
index D is a flat bar moveable round the centre of the inftrument, where is 
fixed the index glafs E  ; at the other end is fixed the vernier fcale : from 
the bottom of the index a piece o f brafs turns up againft the back of the 
inftrument, with a ferew to it, ferving to fatten the index againft any di- 
vifion. The vernier is a fmall narrow flip of brafs or ivory, fixed to that 
part c f  the index which Aides over the graduated arch ; its ufe is to fub- 
divide the arch into minutes, and in common quadrants the breadth of it 
is equal to 7 degrees o f the arch, which on the limb of the quadrant is di
vided into 2 1 equal parts, but on the vernier is only divided into 20 equal 
parts ; confequently each divifion o f the fcale of the vernier is greater than 
a divifion of the limb by ~y part o f one of thefe divifions, that is, by one. 
minute. Therefore the difference between the firft divifion of the vernier 
and limb is ; the difference of the fecond divifion is 2 ';  the difference 
o f the third divifion is f ,  &c. And tlicfe divifions of the vernier are 
marked in fuch manner, that having found the lines which coincide on the 
limb and verifier, the mark correfpor.ding will be the excefs o f the fneafured 
angle above that divifion of the arch of the quadrant which immediately 
precedes the mark o of the vernier. Thus i f  the mark o of the vernier 
pointed exactly to the firft divifion of the arch between 6° and 70, the an
gle would be 6° 20/ ; i f  it pointed to the fecond divifion .it would be 6° 
40'': i f  the mark o had paffed juft beyond this fecond divifion, 6° 4k/, and 
the mark 7 .of the vernier was found to touch a mark of the arch, the angle 
would be 6° 47'\

The index glafs E is a piece of glafs truly ground, filvered on the back, 
r.nd fixed in a brafs frame perpendicularly to the index : its ufe is to receive 
the rays proceeding from any object, and reflect them to the horizon glalfcs 
F  and G. A t the back of the brafs frame of this glafs, are two fa'ews 
L ivin g  to adjuft the glafs perpendicularly to the index.
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The principal Parts of this Inilrument are
The Index   D .

The in d ex G/afs . E .

The H orizon Glafses G. and.  F .

The dark Glafses or Screens II.

The Sight J d n e s l L a n d  I .
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The horizon glafles F  and G  are fmallcr pieces o f ground glafs, one 
part o f which is filvered, and the other part open or uniilvered, in order to 
look at an objeCt through it. Thefe are fet in frames and placed perpen
dicularly on the limb at G  and F, with fcrews at the back to adjuft them : 
their ufe is to receive the rays o f any objeCt reflected from the index glafs, 
and again to reflect them to the eye through the holes o f the fight vanes K  
and I. The fight vane K , and the horizon glafs F, are ufed in the common or 
fore obfermation, where the obferver's face is turned towards the cbjeCts; 
the others are ufed in the back obfewaticn, in which the obferver’s back 
is turned towards the objects. The fight vane K , o f a common quadrant, 
has two holes in i t ; that fartheft from the plane o f the inftrument is ufed 
in obferving any objeCt in the uniilvered part o f the glafs ; the ether is 
ufed in obferving the objeCt in the filvered part.

A  Sextant is exactly fimiiar to a quadrant, only the arch BG is Co° (but 
is counted 1 zo°, by reafon o f the double reflexion ) the adjuftments o f both 
inftruments being exactly the fame, fb e fextant being defigr.ed for more 
accurate obfervations than a common quadrant, there is generally a greater 
degree of attention paid to make the work accurate, and to add fuch things 
as render it more convenient for ufe : among thefe additions, are (1) the- 
ferew fixed at the lower end of the index to regulate its motion ; (2) the 
telefcope to direCt the fight and magnify the objeCts, and (3} die handle to 
hold the fextant.

To adjuft the quadrant or fextant for the foire obfer-vation.

Firit. The index glafs mail be perpendicular to the plane o f the quad
rant. To do this, yoii mùft hold the index glafs neat the eye, and look 
right down the quadrant in fuch manner as tb fee the arch of the quadrant 
direil, and at the fame time reflected by the index glafs ; then i f  the arch 
feen direCi, together with its reflected image, appear to be in onç line, the 
index glafs is truly adjufted ; i f  not, it mull be rectified by means o f the 
fcrews placed at the back of the index glafs ; it is eafy to difeover which 
way the inclination is, by preifing the index glafs with your thumb while, 
you obferve the arch.

Secondly* The horizon glafs muft be perpendicular to the plane o f the 
inftrument. To effeCt this, you muft (after adjufting the index glafs) hold 
the plane of the quadrant parallel to the horizon, the index being fet to o, 
and obferve whether the horizon feen by reflexion in the horizon giafs co
incide with the direCt image' ; i f  it does, then it Hands perpendicular ; but 
i f  it fall above or below, it muft be adjufted by the fcrews o f the glafs ta 
fet it perpendicular.

Thirdly. The horizon glafs muft be parallel to the index glafs when 
o on the vernier Hands againft o on the limb. T o  erfeCt this, you muft 
fet the index to o, and bring the image c f  any diftznt objeCt to coincide 
with the objeCt itfelf, by means of the lever attached to this glafs, The 
horizon may be ufed for this purpofe in the following manner : hold the 
plane of the quadrant vertical, and, by the lever on the back, bring die 
image of thé horizon to coincide with the horizon feen directly at the 
edge of the filvered part o f the glafs, and this adjuitment is completed, 
Inltead of fixing the' glaffes parallel in this manner, you may examine the 
error of the adjttJi.iient,-OT index error, and allow it on all the meafured angles, 
The index error is found as follows : hold the inftrument in a vercieal po
rtion, and move the index till the reflected image of the horizon, feen at



the iilvered part of the horizon glafs, forms a firaight line with the dirtih 
image of the horizon feen in the uniiivered part ; then the number of min
utes by which o on the index differs from o on the arch, is the error of the 
inftrument. I f  o on tire index be to the left hand of o on the arch, that 
cumber of minutes is to be fubtradled from all obfervations ; but if  it Hand 
off the arch, or to the right hand of o on the arch, it mull be added to the 
obfervations. Inftead of the horizon you may make ufe of the moon or 
fun, by bringing the direct and reflected image of their limbs together, and 
by this means difeover the index error as in the former method. There is 
alio another very accurate wav of finding the index error, by meafuring 
the diameter of the fun, before and behind the mark o on the arch ; that 
is, bring the upper limb of the object to coincide with the lower, and note- 
the angle on the arch of the quadrant or iextant ; Lhen move the index to 
the right hand of o on the arch, fo as to bring the lower limb of the fui> 

.to coincide with the upper, and not ■ the angle* on the extra or right hand 
limb of the inltrument; half the difference of thefe two angles will be the 
true corredlion, or the index error'. This corredlion is to be added to all 
the angles when the diameter mcafures moil on the right hand of the arch -r 
but if  it mcafures leaft on that arch, the corredlion is lubtraflive. Thus i f  
it meafured 58'' on the arch, and 26' on the extra arch, half the difference: 
o f thefe two, or 6', is the correction fubtradlive.

Fourthly. There is another adjuftment neceffary in nice admeafure- 
rr-esits, ■ particularly in meafuring the lunar diftances to determine the lon
gitude. This adjuftment confab in placing the telefcope parallel to the 
plane of the inltrument. The method of doing this, is by meafuring the 
angular distance of any two objedls (as the fun and moon) diftant above 
90 degrees; in. doing of which, the wires in the focus o f the eye-glafs o f 
 ̂the telefcope muft be hr ft placed parallel to the plane o f the inftrument; then 
the index muft be moved, and the iextant held in fuch a pofition, that the 
reriedled image of the fun may appear in nice contadl with the moon on the 
centre o f the wire neareft the fextant; then taking care that the index is. 
not the lead moved, diredl the telefcope, in an inftant, fo that the images 
may appear in the centre of'the outer wire which is fariheft from the fex
tant, and i f  the contadl appear the fame at this wire, the axis of the tele
fcope is parallel to the plane of the fextant ; on the contrary, i f  the limbs 
of the objedls appear to feparate or lap over at the wire which is fartheft 
from the Iextant, the telelcope is not parallel, and muft be corredted by 
turning one o f the two ferews of the ring into which the telefcope is ferew- 
ed and fixed, having previoully unturned the other ferew ; and this meth
od muft be puifued until the diftance of the objedls is found perfedlly the 
lame on each wire, which Hands equidiftant from the centre of the tele
fcope and parallel to each other, in which cafe the axis o f the telefcope will 
be cxadtly parallel to the plane of the fextant. l  hen you may proceed to  
meafure the angles for the obfervations, obferving to bring the limbs of the 
objedts in exact contadl, in the centre, between the two wires beforemeu- 
tioned, and never above or below.

As the adjuftment of the paralleliiia o f the telefcope is often negledled in 
taking a lunar obiervatio'n, I.fhall make a few remarks upon the fubjedt, 
in order to fhow the neceffity o f guarding againft the error arifing from this 
fouree. In meafuring any angular diftance by a quadrant or fextant, the

• lit  tefcdtn* o if  ib<* decrees and minutes o f  the rxtra arch, vou nvift o 'Terve that th« raiaoies denoted b\ tlir v -rn irr  muft be  
d tr ■ "* the 4 rgr>*c'. and minutes denoted by that m ark o f  ike  i i c l i  w hich fa lli  im m ediately to üiv r i jh i  baud o f o  on the. 

vertuet ; the tcu i-itk lc: wtU be the u u e  value o f  the cwira arch.



ttje of the obferwer ought to be at the fame difance from the plane of the in. 
Jh ument, as that point of the horizon glafs where the objeils are Jeen in con. 
tag! ; if  the eye be more or lefs elevated above that plane, the angular dif- 
tance ihewn by the inftrument will always be too great ; the quantity c f 
this error may be eftimated by means of the adjoined table, in which the 
numbers at the top represent the angle formed by a parallel to the plane of 
the inftrument, and the line drawn from the eye of the obferver to the point 
©f contact o f the horizon glafs ; the numbers at the left fide are the angular 
distances mcafureJ; the 
corrcfpcnding numbers 
áre the- correflions, 
which are always to be 

fubtraifej from the ob- 
■ fer.ved diftanccs. In- 
•ftead bf the angle of el-

Diftancc j
20' 1

Angle o f elevation.
C ° V '  1 l° 2 6 ’ ! 1 2 °  < 2*

meafursci.l hievaiion in hundredths oí an inch.

! 5 :

10 Í■5 20 1
_ 2 3  1

30

D K . m. S . . m. s. 1 m. s. N>. S IU . &. m. s.

3° 0 4 0 I 5 j O 3 S 1 1 1 » 3 & 2 18

40 0 5 : 0 2 1 0  47 1 2 3 2 1 -3 3 7

SO 0 7 0 27 I 0 i 47  : 2 47 4 0

60 0 .8 0  33 I 14 2 12 3 26 4  57

70 : 0 10 0 40 I  30 z  40 4 10 6 0

So ! 0 12 0 48 i 48 3 >2 s 0 7 12

! 9° 0 >4 0  57 -  9 3 49 5 57 8 34
1 100 0 J 7 i 8 2 34 4 33 7 6 »0 13

j MO 0 20 1 22 3 4 5 2-7 8 30 i 2 14

j 1 ¿ 0 0 25 1 39 3 43 6  3 6 1 0  1 9 1 4  5 0

evatton given in the top 
column, we may ufe the 
difference o f elevation 
exprefied in hundredth 
parts of an inch, in the 
iecond horizontal col
umn ; the correfponding 
tabular numbers being 
the correftion of a com
mon fized initrumcnf, 
in which the dillance 
between the eye of the
obferver and the proper point of contafl o f the horizon glafs is 6 inches. I f  
that distance be greater or lefs than 6 inches, the numbers o f the table muft be 
varied in the inverfc proportion of that dillance. Thus if  the angle o f ele
vation is 2° 52', and the dillance mesfured is 100°, the correction correi- 
ponding win be 1 d  13", to be fubtrafted from the obferved dillance ¡ooc'. 
i f  the elevation o f the eye is one-tenth of an inch above the point c f  con- 
tafl, die correftion for an obferved diltance 120° will be i '  -¿f' for a com
mon fixed ioftrument ; but i f  the inftrument be final!, fo that the dillance 
o f  the eye from the point o f contafl is 0nly4iiKh.es, this correction muft. 
be increafcd in the ratio of 6 to 4, and will therefore be z' i f ' .

The angular dillance o f the wires of the teiefcope is ufefui in estimating 
the correflion to be taken from the preceding table. This angle may be 
meafured in the following manner : fix the teiefcope in the fexiant fo that 
the wires may be perpendicular to the plane of the ¡nftruiv.cn:, the index 
feeing fixed at o, hold the inftrument in a vertical pofttion, and fix the in
dex fo that the direct and reflefted image of the horizon may appear in the 
fame line, which it will do when (he index is at o, i f  the inftrument is 
rightly adjufted ; then move the index till the reflefted image be at one 
wire, and the direft image at the other ; the angle moved through by the 
index, as ihewn by the diviflons of the arch, w ill be the angular dtftanceof 
the two wires;'* half o f which will be the elevation of the upper, or de- 
preflion o f the lower wire (they being placed at equal diftar.ccs from the 
axis o f the teiefcope, which is l'uppofcd parallel to the plane o f the inftru
ment.) Thus i f  the 3rch ihewn by the index is 2° 52', its half, or i°  26',

*  T h is  m%v a lt>  b e  o fe ta io H  I v  b r in ç  n  r sli»- d ir e f t  i t n i g r  o f  th e  fu r. fO i a n y  d itU u t  o l j t l t  1 
• f e  «t th e  v liu -r , ¡ n f t i t á  A  n u k i u £  \*fe v t U f  h  »rigen .

,  ll ‘ e rchch.ed it i ..



will be the elevation o f the upper wire : i f  the contaft o f the objects be 
pbfervcd at that wire, and the meafurpd diftance is So°, the tabular correc
tion to be fubtraCied will be i ' 48". I f  the contaCt be obferved mid-way 
between the centre and outer wire, the angle of elevation will be the half 
o f i° 26', or 4 3 '; the tabular correction correfponding to this elevation 
and the diftance So5 is about 27'''.

Moft navigators have obferved, that when the fun is near the zenith, his 
obferved meridian altitude, and the latitude deduced therefrom, are often 
erroneous ; the chief fource of this error is the correction we have juft fpor 
ken of. For i f  the fun's altitude was 8o°, and his image was feen at the 
horizon glafs (in contaCt with the horizon) at three-tenths of an inch 
greater diftance from the plane of the inftrument than the eye of the cb- 
ferver, the obferved altitude (by a common ftzed inftrument) would be too 
great by f  12", as is evident from the table. This ftngle example ihows 
the neceffity o f attending ro this correction, when taking an ohfervation to 
determine the latitude by an objeCt near the zenith.

To take the altitude of the fun by the fore ohfervation.
I f  the fun is bright, turn down the fcreens; hold the inftrument ver

tical, and turning towards the fun, direCt the fight to that part of the hori
zon beneath it, and moving the index you may bring the image of the fun 
towards {he horizon ; i f  the image Ihould be faint you may turn back the 
Screens to fee the better. Then fwing the inftrument backwards and for
wards, making your eye the centre of motion, keeping the fun in that part 
p f the horizon glafs which is at the fame diftance as the eye from the plane 
o f the quadrant, and keep moving the index at the fame time till the -fun’s 
lower edge juft touches the horizon; the apparent altitude o f the fun’s 
lower lirrib will be had at that inftant on the arch o.f the quadrant. T o  
this obferyed altitude mull be applied the five following corrections. (1) 
The index error, i f  there be any.' (2) The refraction, which is to be fub- 
traCted. (3) '1 he parallax, which is to be added. (4) The dip o f the 
horizon, which is to be fubtraCied. (5) The femi-diameter of the fun, 
which is to he added when the lower limb was obferved, but fubtraCied 
when the upper linib was obferved. Thefe corrections being properly ap
plied, you will obtain the true altitude o f the fun's centre. But it may be 
obferved, that it is cuftomary at fea to add 12 miles to the ©bferved alii* 
tude, for the femi-diameter, dip, and parallax.

To tale the altitude of the moon by the fore oafervation.
The moon’s altitude may be taken by the fore obfervation, exaCtly in the 

fame manner as the fun’s altitude, only here you muft brine that edge o f 
the moon into contaCt with the horizon which is round and well defined, 
whether it he the upper or lpwer edge, and the fame corrections muft be 
applied as to the fun’s altitude, viz- (1) Index error. (2) Parallax and re
fraction from Tab. X V II I .*  to be added. (3) The moon’s femi-diameter is to 
be found in page 7 th. o f the month pf the Nautical Almanac, and corrected 
for the augmentation Tab, X V I, ; this corrected femi-diameter is to be 
added if  the lower limb was obferved, but fubtraCied i f  the upper limb was 
obferved. (4) The dip of the horizon is to be fubtraCied.' Thus you 
will obtain the correct altitude of the moon’s centre.

"The horizon'*! parallax of the moon, which it one of the arguments o f this table, ¡s found in page 7th of the. month of iht 
^uutical Almanac. The other ar^uuH-ut bung the apparent altitude of that part of the moon which was ubfeivcd.



To find the altitude of a fiar hy the fore obfervation.
Set the index at o, and holding the plane c f  the quadrant vertical, dircft 

the light to the ftar, and at the fame time look for the rcflcfted image of the 
ilar in the filvcred part o f the horizon glafs; move the index a little, 
which will feparate the re fit eked image from the direft image, the former 
being dilkinguilhed from the latter by its motion ; continue to advance the 
index, and follow the reflected image w ith your eye, directing the light 
lower and lower, and changing the pofition o f the quadrant, as the ftar’s 
image defeends, till you have brought it down to the horizon ; then you 
mult fwing the quadrant, as in obferving the fun, to fee that the ftar does 
not dip below i t ; the index will then fhew the obferved altitude of the ftar: 
this altitude mult be corrected, ( i)  for the index error ; (2) the refraction 
to be fubtrafted ; (3) the dip to be fubtrafted ; and you will have the true 
altitude of the ftar; for none of the ftars have either femi-diameter or par
allax, worthy of notice.

To take the meridian altitude of an objeil.
In places where the objeft does not fet, it comes to the meridian twice 

ir. 24 hours ; once above the pole at its greateft altitude, and once below it 
at its leaft altitude. T o  obferve the greateft meridian altitude, you muft 
begin a few minutes before the time of palling the meridian, and obferve the 
altitude from time to tim e; when it remains for fome time without any
c.ouliderable increafe, you muft be attentive to obferve the coincidence o f 
the object with the horizon till it perceptibly dips below the edge o f the 
lea , the quantity thus obferved is the greateft meridian altitude. But 
when you want to obferve the leaft meridian altitude (below the pole) you 
muft begin a few minutes before the time of palSng the meridian, and ob
ferve from time to time till you obtain the leaft altitude. In making thefe 
obfervations it would be convenient to have a watch well regulated, by 
which you could tell within a minute or two when to begin your obfervations.

To meafure the difiance between the fun and moon.
Turn down one o f the fcrccns, and hold the quadrant or fextant, fo that 

its plane may pafs through the fun and moon ; look at the moon through 
the tranfparent part o f the horizon glafs, and keeping her there, move the 
index gently until the fun’s image is brought into the fame part o f the 
horizon glafs; bring the neareft limbs of both objects into contaCl; move 
the arch of the inftrument gently up and down, and the fun will appear to 
rife and fall by the fide of the moon. M ove the index until their limb» 
exactly touch each other ; when this is done, the obfervation is made, and 
the index will fhew the angular diftance, which is beft read off by a mag
nifying glafs. But you muft be careful, in making this obfervation, to 
bring the point o f contact o f the moon’s limb in the centre of the telelcope, 
or at the fame diftance from the plane of the inftrument that the eye of the 
cbferver is.

To meafure the diftance between the moon and a ftar.
Turn down the green fereen i f  the moon is bright, and dircft the plane 

o f the inftrument through both objefts ; look at the ftar through the tranf
parent part o f the horizon glafs ; keep it there, and bring the moon’s im
age into the fame part o f the glafs; let the inftrument gently librate about 
the ftar’s ray, and the moon will appear to rife and fall by the ftar ; be
tween the librations move the index till the moon’s enlightened limb is 
■ touched by the middle of the ftar, and the obfervation is made.

The round or enlightened limb of the moon, whether it be the neareft 
pr fartheft from the ftar, m\ift be brought into contaft with i r ; the point



©f contact being in the centre o f the telefcope, or equally diftant with th§ 
eye from the plane o f the infiniment.

When the objeit to be feen by reflexion is to thé right hand of that feet* 
direétîy, the infirunr.ent is held with its face upward ; but when the object 
to bfc' feenfbyrn$cxion is to the left hand-of that feen dire&ly, the inftru- 
ment is Reid with its face downward.

A  readinhfs in the ufe of the quadrant and fcxtant is beft gained by prac
tice, which the learner may render familiar to- himfelf by obferving the an
gular difiance o f objects on land, or by candles placed in various pofitions 
o f a -room. - '

A ll the preceding directions refer to the fore obfervation, we ihall now 
add a few remarks on the method of adjufting and obferving by the back 
©bfervaticn. 7b adjufi the quadrant for the hacl ohjermation.

( r) The index glafs muft be fet perpendicular to the plane of the infini
ment as in the fore obfervation. (z) The horizon glafs G  muft be fet per
pendicular to the plane c f  the quadrant, by taking off the fore fight vane 
and moving the index off the arch o f the quadrant till the image of any 
diftant object (as the horizon o f the fea) and the objeét itfelf lie in a line 
perpendicular to the plane of the quadrant, and then this part o f the adjuft- 
ment is made the fame as for the fore horizon glafs, by bringing the image 
and object together by the two ferews of the glafs. ,  (3) The other part o f 
the adiuftment is to fet the plane of the back horizon glafs perpendicular to 
the plane o f the index glafs when o o f the vernier (lands againft o on the 
limb ; this is done as follows : fet the index on twice the dip of the hori
zon (found in Tab. X IV .)  to the right hand of o on the arch ; then,-hold
ing the quadrant vertical, look at the fore horizon, direétîy at the edge o f  
the fiivered part ; and by means o f the lever on the back, bring the image 
o f  the horizon behind you to coincide with it, and this adjuftment is made. 
Or you may take, by the fore obfervation, the meridian altitude of the 
lower limb of the fun, and immediately move the index back through an 
arch equal to twice the dip, and make the back obfervation o f the fun’s 
lower limb (which in this cafe appears the uppermoft) and i f  that limb juft 
touches the horizon, the index glafs (lands right ; but i f  it do not touch, 
you muft make it to do fo, by means of the lever on the back, and the ad- 
juihnent is made. This lait method of adjufting muft be done quickly, 
before the fun feniibly alters in altitude ; and may be frequently repeated 
to make the fore and back obfervations agree.

To take the fun' 1 altitude by the back obftrmation.
- Put the ftem of the fcrcens R  into the hole next the horizon glafs G, 
ufing them according to the ftrergth of the fun’s rays. Then, the back 
being turned to the fun, hold the infiniment in a vertical pofitior. with the 
arch downwards ; put the-eye dole-to the hole in the vane I, look for the 
horizon through the transparent (lit in the glafs G  ; with the right hand 
move the index, until the image of the fun, feen in the fiivered part of the 
glafs, (lands even with the horizon, feen through the trànfparent flit, ufing 
cither the upper or lower edge of the fun as is moil convenient. Swing 
your body gently to the right and left to fee i f  the fun’s limb juft touches 
the edge o f the horizon ; il it docs, the obfervation is well made ; and 
the degrees read off will be the apparent altitude o f the fun’s limb. The 
altitude of the moon or a ftar is obtained in the lame manner, only obferv
ing to bring the round edge of the moon to the horizon. The altitude ob
tained in this manner requires the following corrélions, v iz . ( 1 ) The dip 
mull be added, (z) The rtfraflion fubtrailed. (3) The parallax addec£
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(4) The femidiameter o f the fun or moon muft be fubtrafted, i f  the lower 
limb was obferved ; but added i f  the upper limb was obferved. '1 he re- 
f raft ion and parallax of the moon is found in Tab. X  V III . The fixed ftars 
have no fenfible parallax or femidiameter.

The back obfervation is but little ufed, upon account o f the difficulty o f 
adj ufting and obferving; various remedies have been propofcd for thefe de- 
lefts, but none have yet been generally adopted. 'I he back obfervation 
o f  the altitude o f  any objeft is ufeful only when there is not an open hori
zon for the fore obfervation ; bat even in this cafe the fore obfervation 
might be often ufed, provided you know the diftance o f the horizon, for 
the dip correfponding might be taken from Tab. X V I I . and the true alti
tude obtained. W ith a fcxtant you may obferve any altitude above 60® 
by the back horizon, this altitude being ccrrefted for the dip and femi
diameter, as in the fore obfervation, and l'ubtrafted from iSo°, leaves the 
apparent altitude, which leffened by the refraftion, leaves the-true altitude ; 
this method I once made ufe c f  to determine the fun’s meridian altitude, 
when near Cape Cod looking out for the land ; the fun fhonc bright and 
the northern horizon was dear, but it was fo foggy to the fouthward that 
it was impoilible to fee a quarter of a mile.

Advice to fceimen in the choice o f  their quadrants or fextants.

The joints of the frame muft be clofe, without the lealt opening or loofe- 
nds, anu the ivory op. the arch and vernier inlaid and fixed, foas not to rife 
at the ends, nor above the plane o f the iuftrument ; all the divifions on the 
arch and vernier muft be exceeding fine and itraiglit, fo that no two divi- 
fions of the vernier (except the fir it and laft) may coincide at the fame time 
with the divifions of the arch. A ll the gIdles belonging to the quadrant 
ihould have their furfaces perfoftly plane, arid their fore and back fur faces 
exaftly parallel ; to examine the index or horizon glafs,* you muft hold it 
about 10 or 12 inches from the eye, and looking flantvays obferve the im
age of fome diftant objeft ; i f  the image appears clear and diitinft in every 
part o f the glafs, it is good ; but i f  it appear notched, or drawn with fmall 
lines, the glafs is veiny, and muft be rejefted ; i f  more than one image is 
fecn, the furfaces are not parallel, and the glafs muft alfo be rejected. T o  
examine the dark glafles, you muft bring the image of a bright diftant ob
jeft to coincide with the objeft feen d ireftly ; examine their coincidence 
through the different dark glaifes, and i f  they do not feparate they are pro
bably not defective. Or you rr.iy turn the glaifes (if peiiihkj in their 
cells, and i f  there be no feparation, they are perfect. I f  you cannot turn 
them in their cells, you may place them at various angles with the index 
glafs, and fee i f  there be no feparation. In making this obfervation, you 
mult be careful to take objefts whofe angular diftance dees not vary during 
the time of obfervation. I f  you ufe the li.rac dark glaifes in the okferva- 
tion as in the adjuftment, there can be no error in the obferved angle.

Various improvements have been made in the conftruction c f  quadrants 
and fextants ; the moll remarkable is that made by extending the graduated 
arch through the whole circumference ; an inftruinent o f this kind is called 
a circle o f  reflexion and has many peculiar advantages, but not being gene
rally ufed, we fhall not here give a description of it. -  ........

• K  fm all error in  n a ra lld s fn  c f  the furfaccî o f  the hor:*nn p!af* w ill  rratr-ix tly  1 ni**r«r*d an gV ,
angle ol incidence i;  nearly the fame in  ai; « Mervat o iu  ; o>u;t tr 0*g*rat in r  s rtv.» e i<» I.**. - tLr : «1 •£* index glafs e x .
a ftly  p v a i le l,  p a r u c jlz i iy  jo  inraC-.rmg great angular d a ta ' *<*•.. T o  rem edy «hi-, u.-fect ui for. Nkaii.uUu'- tecon.-
iOCtids the in dex glafs to be le ft erijivered  on the back, ai d made r v -g t. a 1 u tuacxtd .



VARIATION o f  t h e  COMPASS,

---------¿ = * ^ 5 0 ^ ---------

I t  was many years after the difcovery o f the compafs, before it was even 
fufpefted that the needle did not accurately point to the north pole of the 
world ; the idea of any deviation from it being treated with contempt. 
But about the middle of the lixtecnth century, obfervations were made in 
England and France, which fully proved that the needle pointed to the 
eaftward of the true north. This difference is called the variation of the 
compafs, and is named eafi when the north point o f the compafs (or magnetic 
north) is to the eaftward of the true north ; but when the deviation is to 
the weft o f the true north, it is called aveft variation. The quantity 
o f  this variation is found by obferving with the compafs the bearing of any 
celeftial objeft when in the horizon (or, as it is called, the magnetic ampli
tude) ; the difference between this and the true amplitude found by calcu
lation, is the variation. The fame may be obtained by obferving the mag
netic azimuth o f any celeftial objefl (that is, its bearing by the compafs 
when elevated above the horizon) ; the difference between this and its 
true azimuth found by calculation, is the variation.

Some years after the difeovery of the variation, it was found that it did 
r.ot remain conftant; for the eafterly variation obferved in England grad
ually decreafed, till the needle pointed to the true north; then it increafed 
to the weftward, and is now above two points.

As all the courfes fteered by the compafs muft be corrected for the varia
tion, it is -of great importance to the navigator to know how to find it at 
any time ; to do this, it is neceffary to find the amplitude or azimuth o f a 
•celeftial -objeft, which may be done as follows :

To obferve an amplitude hy the aximuth compafs.
When the centre o f the fun is about one o f his diameters* above the 

horizon, turn the compafs round in the box, until the centre of the fun is 
feen through the narrow flit which is in one of the fight vanes, exaflly on- 
the thread which bifecls the flit in the other; at that inftant puih the flop 
which is in the fide o f the box againft the edge o f the card, and the degree 
and parts o f a degree, which ftand againft the middle line on the ftopr 
are the magnetic amplitude of the fun at that time ; which is generally reck
oned from the Caft or weft point o f the compafs.

To obferve an aximuth hy the azimuth compafs.-

Turn the compafs round in' the box until the centre of the fun is 
feen through the narrow flit, which is in one of the fight vanes, exaftly 
On the thread which bifeCls the flit on the other -, or until the ihadow 
c f  the thread falls direiUy along the line of the index : when either of 
thefe is effedlcd, puih in the ftop againft the edge of the card, and that de
gree and parts of a deg ree, which ftandagainft the middle line of the ftop, are 
the magnetic azimuth of the fun at that time, which is generally reckoned from-

•  T h e  obfif-vation it  mad« at this elevation upo'o account o f  the hor:fe.«»al refrafH««, which is nearly equal to the fun’s J-ta>- 
•M r. Tj~ greater ae<ot«cjv you may tax*- the otcan o f  three or four wbfvrvaiions before and after the fun pa iits  that'aluiuie«
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the north in north latitudes, and from the fouth in fouth latitudes. A t the 
time of making this obfervation, you mull: alfo obferve the altitude of the 
fun, in order to obtain the true azimuth.

What is here faid of the fun, is in like manner to be applied to the moon 
and liars.

To fin'd the true amplitude.
R U L E .

B y L ogarithm s. T o the fecant o f the latitude (rejeftirtg 10 in the 
index) add the log. line o f the fun’s declination ; the ,fum will be the log. 
fine of the true amplitude, or diftartce of the fun from the call or weft point, 
towards the north in north declination; but towards the fouth in fouth 
declination.

By, I n spec tio n . Find the declination at the top o f  Table V I I I .  
and the latitude in the fide column; under the former, and oppofite to the 
latter, is the true amplitude. When great accuracy is required, you may 
proportion for the odd minutes ®f latitude and declination.

E X A M P L E  I.

Required the fun’s true amplitude at riling, at Annapolis (Maryland) on 
the 2 2d December, 1804.

By Logarithms. By Infpeftion.

Lat. of Annapolis 
Sun's declination

True amplitude

390 o ’ lo g . fee. O.1O950 
23 28 log. fine 9.60012

30 49 log. fine 9.70962

Under the declination 23° 2S’ and oppofite 
he latitude 39°, Hands the true amplitude 

30" 4 9 ’ -

Hence the true bearing or amplitude of the fun at rifing is E . 50® 49' S. 
and at fetting it is W . 30° 49' S.

E X A M P L E  II.

Required the moon’s true amplitude at fetting, off Cape Hatteras in the 
latitude of 350 8' N . when her declination is 13° N .

By Logarithms. By InfpeBlon.

Cape Hatteras’ Lat. 35® 8Mog. fee. 0.0S734I Under the declination 13 and oppofite the 
Moon’s declination 13 O log. fine 9.3520djiatitude 35°, (lands 150 56’ , which is nearly

-■ the true amplitude : the craft vdlue may be 
found, by finding the amplitude for 36° lat. 
and proportioning the difference for the odd 
miles in the laticude.

True amplitude 15 j8  log. fine 9.431)43

Hence the true amplitude, at fetting is 
W . 15° 58’ N . and at rifing E. 150 58’ N.

E X A M P L E  III .

Required the fun’s true amplitude in the latitude o f 42° 36' N . when 
the fun’s declination was 20° N .

By Logarithms By InfpeBion.

I.atitude 4 Z°  30’
S un’s declination 20° N.

True amplitude 270 3S’

log. fee. 0.13237 
log. fine 9.53405

lo g . fine 9.66642

Under the declination 2c0, and oppofite the 
latitudes 42° and 43°, (lands 27° 24’ aod 
270 5 3 '; the mban of thefe gives the true am
plitude fur the latitude o f 4 10 30’ e r  27® 38’ .

Hence the amplitude ar fetting is Y f .27 0 58’ X.| 
and at r.jlng E. 27® 3<’ N . I

T



To find the true azimuth at any time.
A t the time of obierving the magnetic azimuth, you mud alfb obfbrve 

the altitude of the objett ; this mull be corrected as ufual for the dip, par
allax, refradlion, &c. in order to obtain the true altitude : you mull alfo 
iind the declination of the objefl, and the latitude of the place of obferva- 
tion ; and then the true azimuth may be calculated by the following rule.

R u l e . Add together the complement of the latitude, the complement 
o f the true altitude, and the polar diftance* ; from half the fum, fubtraft the 
polar diftance and note the remainder. Then add together the log co-fecant 
o f the co-latitude, the log co-fecant o f the co-altitude, the log fine o f thè 
half fum and the log fine of the remainder ; half the fum of thefe four loga
rithms, is the log. co-fine of half the true azimuth, which being doubled 
gives the true azimuth, reckoned from the north in north latitudes, but 
from the fouth in fouth latitudes.

E X A M P L E  I .

In latitude c i°  32’ N . the fun’s true altitude was obferved to be 
-Tiis declination being then 16® 37' N . ; reqwired the true azimuth ?

90o 00' 9°° oo/
Altitude 39 28 Declination l6 37

90o oor Co-alt. NO Polar dift. 73 23
Latitude 5 1 32 N . ------------- -

Co-lat. 38 28 Co-fecant 0,20617
Co-alt. 5 0 32 Co-fecant 0,11239
Polar diit. 73 23

Sum 162 23

■ } Sum 81 1 1 Log. fine 9,99484
Polar dift. 73 23

Remainder 7 48 Log. fine 9,^3263

19,44603

-J bum Log. ao-fine 58o 0 61 9,72301
2

True azimuth 116 12 from the north.

The logarithm 9.72301 in this example, is alfo the co-fine o f  rzi® 34^, 
which being doubled gives the azimuth =  2430 48' ; and it is evident 
that this value is the fame as the other, for 243° 48' counted from thenorth, 
wefterly, is the fame as 1 160 1 2' counted from the north, cafterly.

* The yolar diftance of the fun, moon 01 fttr, it the diftance from the elevated pole 4 and is found by fubtrafting the declination 
o f be object fiwin y®2, when the latitude andjdecllaauea axe of the fame n in e , but by adding i: to $5^ vihuts thuy arc ot diiieic&t
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E X A M P L E  II.

In  latitude 420 i6 'N .  the fun’s altitude was obferved to be 180 4o', his 
declination being then 70 3s' S .re q u ire d  the true azimuth ?

90° 00' 90° 00'
Altitude 18 40 Declination

900 00' Co.alt. 7 1 20 Polar dift.
Latitude 42 16 N . ------- —

Co-lat. 47 44 Co-fee. 0,13076
Co.alt, 7 » 20 Co-fee. 0,02347
Polar dill. 97 5S

Sum 216 42

} Sum 108 21 Log.fine 9/97734
Polar dift. 97 38

Remainder 10 43 Log,fine 9,26940

Sum 19,40097

i  Sum log, co-fine J90
2 ---------

Trueazimuth 2 1 9  4 6  from the  north.

Q U E STIO N S T O  E X ER CISE T H E  L E A R N E R .

Qjiefiion I . Given the fun’s altitude corrected for dip, refraction, Sec. 
200 46', his declination 17 0 io ' S. and the latitude of the place 40° 38' N . 
required the true azimuth ?-

Anfiwer. 1370 50' from the north.
Qjiefiion II . What is the fun’s azimuth in the latitude o f 26° 30' N . in 

the forenoon, when his correft central altitude is 240 2 S', and his declina
tion 220 40' N . I

Anfiwer. 75° 44' from the north.
Qjieftion III . A t the ifland of St. Helena, the fun’ s true central altitude 

was obferved to be 30° 22' in the forenoon, his declination being then 22° 
j S 'S . ; required the azimuth at that-time ?

Anfiwer. 7 2° 21' from the fouth.
QjieJiion I V . What true point o f the compafs w ill the liar Aldebaran 

bear on, at the Cape of Good Hope, January 1, 1S04, when its corrcit alti
tude is 2 20 25' ?

Ajfivoer. 150° 20' from the fouth. The anfwers to fome o f thefe quef. 
tions differ 1 ' or 2' from the values obtained by taking the logarithms to 
fcconds.

Having the true and magnetic amplitude or azimuth, to find the variation.
Having found the true and magnetic amplitude or azimuth, the variation 

is eafily deduced therefrom by the following rule; in which it may be 
proper again to obferve, that the amplitude oi any cclcftial object is reck
oned from the call or weft point o f the horizon, and is called north when to 
the northward of thofe points, but fouth when to the fouthward. The azimuth 
is reckoned from tlie north in north latitudes, but from the fouth in fouth

7 38 S. 

97 3s
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latitudes ; when it falls on the eaft fide o f the meridian, it  is named eaft, 
fcut when on the welt fide, is named weft. I f  the obferved and true ampli
tude be both north or both /out':, their difference is the variation ; but i f  one 
be north and the other fouth, their fu$i is the variation ; i f  the true and ob- 

Jerved azimuth be both eajl or both voeft, their difference is the variation, 
othernuife their fum ; and the variation is eajlerly, when the point of the 
Compafs reprefentmg the true hearing is to the right hand of the point repre- 

Jenfing the magnetic bearing, but is voeferly qphen to the left hand.

e x a m p l e  I.
Sappolc the fun’s magnetic amplitude at rifing is E . 26° 12 'N . the trua 

amplitude is E. 14° 2o/ N . required the variation ?

From  the greater E .26° i i 'N .
Take the lefler ' E .14  20 N.'

Remains variation u  52 E.

The variation in this exam
ple is eafterly becaufe the true 
amplitude falls to the right of 
the magnetic, and coofcqiiently 
the magnetic pole falls to the 
eaftward of the true pole ; as is 
evident by the adjoined figure, 
which reprefen ts the compafs 
on which thofe amplitudes are 
marked, and which needs no 
defcription.

E X A M P L E  II . E X A M P L E  III .

The moon’s true amplitude at rifing 
was found to be E. iy° to ' N . andher 
magnetic amplitude E. i o ° o S .  re
quired the variation i

The fun’ s true azimuth being N . 
8o° E . and his magnetic azimuth N , 
6o° E. it is required to find the va^ 
riation ?.

True amplitude E . 150 20 'N . .True azimuth 
Magnetic amplitude E . 10 oS. M ag. azimuth

N . So° E. 
N . 60 E.

The ihm is the variation 25 20 W . DifF. is the variation 20 E .'

E X A M P L E  IV .

The ftar Aldebaran was -obferved 
at rifing to bear by compafs E. N . E. 
when his true amplitude was hj. E. 
by E. required the. variation I

True ampi. N .E .b yE . o r E ^ ^ ' N .  
M ag. ampi. E. N . E. prE.22 30N .

E X A M P L E  V .

■ The true amplitude o f the planet 
Jupiter was E . io° N . when his mag
netic amplitude was E. 20° S. required 
the variation l

True amplitude E. io ° N .
Mag. amplitude E. 20 S,
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The variation thus found, is to be allowed in all courfes (leered by the 
compafs in order to find the true courfcs ; to make this allowance, you ir.uit 
look towards the point o f the compafs the (hip is failing upon, and allow the 
variation from it, towards the right hand, i f  the variation he eajt ; but to 
the left hand, i f  the variation be viejl. Thus, i f  the (hip (leers S. E. with 
pne point wcilcrly variation, the true courfe is ¡3. E. by E. i f  the vari
ation be one point eafterly, the courfe is S. E. by S.

In the following table is collected a few obfervations o f the variation, 
made at different times, and in different places.

Places obferved at. Latitude.
Longitude

from
London.

V ear of
Obfer-
vation.

Variation
Obferved.

Cambridge, (Mail.) 42023'N . 7 I<3 3'W . 1708 9° o 'W .
1742 8 0 w .
*757 7 20 w .
1761 7 14 w .

176 3 7 0 w .
1782 6 46 W .

Bolton. 42 23 N . 70 58 w . 1742 8 0 w .
Beverly. 42 36 N. 70 So W . 1781 7 2 W .
London. f t 32 N. 0 O 1580 w i j E.

1672 2 30 w .
1780 22 4 r W .

Paris, 48 ¡1  N. 2 2s E. i f ? 0 8 0 E.
1660 0 0
1769 20 0 w .

Funchal Road. 32 38N. 17 5 w . 11 9 Z 18 35 W .
St. Cruz Road. 28 28 N. IÓ 21 w . 1792 17 35 W .
Bonavilta. l6 6 N . 22 41 w . 1792 12 36 w .
St. Tago (Praya Bay) *4 56N . 23 24 w . 1769 I 1 10 W .

1792 12 48 W .
lile o f M ay, i f 10N . 23 00 w . 1792 12 00 W .
Afcenfton. 7 56 S. H I 6 W . 1678 I 0 E.

1776 10 45 W .
St. Helena. *5 55 S. 5 46 w . 1677 0 40 E .

1776 13 i j  W .

*794 16 16 w .
Rio de Janeiro. 22 54S. 42 38 W . 1792 4 55 W .
Trillan d’ Acunha. 37 6 S. I I 38 W . 1792 7 0 W .
Cape of Good Hope. 34 29S. 18 29 E. 1776 21 0 w .
Cape Lagullas. 34 44  S. 20 15 E. 1600 O 0

1692 1 1 0 w .
Í77Ó 21 40 w .

Ille o f Bourbon.
1790 23 30 w .

20 52 S. 55 36 E. 1795 15 33 W .
Bombay. 18 57 N. 72 43 E. 1676 12 0 w .
Java Head. 6 45 S. 104 55 E. 1676 3 10 W .

1786 O 54  W .
Batavia. 6 10S. 106 57 E. 2 793 O 30 w .
A t Sea. 29 10 N. 28 47 W . 1795 15 00 w .
A t Sea. 27 00 N. 23 38 W . i 7 9 <r 15 44. W .

T



I Places obferved at. Latitude.
Longitude

from
London.

Year 0 
Obfer

vation.

V  1 
Variation j
Obferved.

A t  Sea. 150 2S7N . 20°43/W t 795 I2°OÇ'W.
A t Sea. 12 1 4 N . 20 o o W , 17 95 r i  39 w .
A t Sea. 9  47  N - 20 xoW . *795 11 48 w .
A t Sea. 8 54 N . 20 10 W . >795 10 ç o W .
A t Sea. 5 46 N . 20 49 w . 17 95 ix  00 W .
A t  Sea. 3 16 N . 21 22W . >795 xo 47 W .
A t Sea. O O 24 15 W . >795 8 43  W .
A t Sea. * 33  S. 24 49 w . >795 7 05 w .
A t  Sea. 5 48 S. 26 49 W. >795 5 24. w .
A t Sea. 7 59 s - 27 49 W . >795 4 14 W .
A t Sea. 9 27 s - 27 50 w . >795 3 33  w -
A t Sea. 13 19 s. 26 5 3 W . >795 3 54  W .
A t Sea. 19 47 S. 25 5 1 w . >795 2 50 W .
A t  Sea, near Trinidad. 20 28 S. 28 39 w . >796 2 35 W -
A t Sea. 21 32 s. 25 22 W . >795 2 25 w .
A t Sea, 23 43 s - 23 40w . >795 2 3> W .
A t  Sea. 28 11 S. iS 40 w . >795 c 28 W .
A t  Sea. 35 ° 5 S- 5 55  W . >795 i i  10 w .
A t Sea. 36 38 S. 0 20 E. >795 13 40 w .

■ A t  Sea. 36 12 S . 4  21 E. >795 15 19 w .
A t Sea. 37 20 s - 7 30 E. >795 16 57 w .
A t Sea. 3 6  45 S. 19 32 E. >795 24 3 3 w .
A t Sea. 21 54 S. 53 46 E. >795 >3 5 9 W .
A t Sea. 1 0 0 32 30W . >795 3 o W .

By the preceding table it appears that the variation at Cambridge, in tho 
fiate of Maflachufetts, is decreafmg at the rate o f about i a  minutes per year ; 
at London and Paris it is increasing io  or 11 minutes per year ; and of? 
the Cape of Good Hope it incrcafes annually about 7 minutes.

Ships failing for India, generally endeavour to crofs the equator between* 
the longitude of 18" and 240 weft. The variation at the latter place was 
8° W . in the year 179y, as I have found by repeated obfervations, its 
annual increafe being about 6 minutes. If, in crofting the equator, you. 
ihould find a greater variation, you are to the eaftward of 24° W . but i f  a 
lefs variation, you are to the weftward of 240 W . the alteration in the lon
gitude being in that place about 2 degrees for 1 degree of variation. But 
there is always a great uncertainty attending this kind of obfervations, 
linee it is not uncommon to find 2 or 3 degrees difference between an azi
muth in the morning and evening, when the fhip during that time has 
been nearly ftationary ; the fame difference will fometimcs be found merely 
from making the obfervation when the fhip is on a different tack.
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To find the LATITUDE by the Meridian 
Altitude of any objeft.

T11  0  obtain the latitude o f any place, you mull obferve with a quadrant or 
fextant, the meridian altitude of fome heavenly body; from this obfcrved alti
tude,you mull deduce the correft altitude, in the manner prefcribed in the ex
planation o f the. ufes o f the quadrant; v iz . f i ) by fubtraiting the dip in 
the fore obfervation, but adding it in the back obfervation ; (2) adding 
the femidiameter when the lower limb was obfcrved by a fore obfervation, 
but fubtraiting it when the upper ; and the contrary when the back obfer- 
vation was ufed ; (3) fubtraiting the refraction ; (4) adding the parallax; 
(5) applying the index error, i f  there be any. Having thus obtained the cor- 
reft central altitude o f the objeft, you mull fubtraft it from 9®0, and you 
will have the true zenith diftance, with which, and the true declination at 
¿he time o f obfervation, the latitude is found by the following rules.

C A S E  I.

When the objeft rjfes andfets.
R u l e . I f  the objeft bear fouth, when upon the meridian, call the ze

nith diftance north;* but i f  it bear north, you mull call the zenith diftance 
fouth. Place the zenith diftance under the declination, and i f  they are o f  
the fame name, add them together ; but i f  they are o f different names, take 
their difference ; this fum or difference will be the latitude, which wili be 
o f  the fame name as the greateft number.

C A S E  II .

When the objeft never fets.

M any fears never fet, and in high latitudes the fun is fometimes above 
the horizon for feveral days, in which cafe the meridian altitude may be 
obferved twice in 24 hours; that is, once at the greateft height above the 
pole, and again when at their lowcft height upon the meridian below the 
pole. In the former cafe, the latitude is found by the preceding rule ; but 
in the latter by the following.

R u l e . Add the complement o f the declination to the meridian alti
tude ; the fum is the latitude, o f the fame name as the declination.

N ote. When the fun or ftar is on the equator, or hath no declination, 
the zenith diftance is the latitude o f the place, which is o f the fame name 
as the zenith diftance.

When the fun or itar is in the zenith, the declination is  the latitude, 
and it is of the fame name as the declination.

•  In this tv. If the fun It ftjppo/cd to be the fined point, and the ic n itii  it  referred to it. *:. .» i f  be f jn  l «-art fom ku id m  at» 
•fclcrver (ur f r « a  b it  tcaitfc/ ibe senitft bear« fiuis. the fun, and u  :: Uiit la r e i  „k.*-h is u .eu i\  the r u .t .



TO FIND TH E L A T IT U D E  BY THE 

To find the Latitude by the Meridian Altitude of the Sun or Star«
E X A M P L E  I 

A t  the end of the fea day, Tunc 21, 
Î&04, in the longitude o f 60® W . the

E X A M P L E  II.
A t the end of the fea day, Apr. 14* 

1804, in the longitude o f 135® E. o f
meridian altitude of the fun’s lower Greenwich, the altitude o f the fun’s
limb bearing fouth, was found by a 
fore oblervation to be 40® 6/ ; fe. 
quirecl the latitude in, fuppofing the 
■ Correilion o f the obferved altitude for. 
dipandfemidiaincter, to be 12 miles.
Obferved altitude 
t.ip and femi-diamcter add
Sum
Retraflion fubtrafl
True altitude 
Subirait from 
True icn. diit.
Sun's declination, Tab. V .
Latitude in

E x a m p l e  h i .
A t thé end o f the fea day, M ay r 5, 

1804, in the meridian o f Greenwich, 
cbferved the fun on the meridian to 
the north of me, the altitude o f his 
lower limb being 30° 6'  by a fore 
obfervation, the correilion for dip

lower limb by a fore obfervation was 
6o° z f  when bn the meridian to the 
fouth o f me, the correilion for dip> 
&c. being 12 m iles; required the 
latitude in.

40® 6 '
T2 Obferved altitude 

Correction add
60®

12
40 IS

r True altitude 60 37
40 » 7

Subtrail from 90 O
90

4 9
2?

00
43 N. 
2S N.

True zenith diftance
Sun's declination, Tab. V ,  ?

cor, by Tâb. V I. for long. J 
Latitude in

29

9

23 N. 
18 N .

7  3 i t  N. 3 » 41 N .

and femi-diameter 
required the latitude.

being 12 miles

E X A M P L E  I V .
A t the end o f the fea day, Not'. 17, 

1804, in the longitude of 80® E. o f 
Greenwich, by a fore obfervation 
found the meridian altitude of the 
fun’s lower limb 50° 6), bearing S. 
of me, the eye being 17 feet above 
the furface of the fea ; required the 
latitude.

Obferved altitude
Dip and femidiameter add

3° ” 6 f
1 2

Obferved altitude
Sun's femidiametcr add

5° “ 6 '
16

Sum
Refraflion fubtrafl

30 ¡ s
«* Pubtrafl dip and refraflion

5° 22
5

True altitude 3° 16 True altitude 5° 17
Subtract fiom 90 00 Subtrail from 90 0

True zenith diftance 59 44 S. True zenith diftance 39 43
Sun's declination 18 N. ¡Sun’s dec. corrected by Tab. V i. 18 S9 s >

Latitude In 40 51 S. iLatitude in 20 44 N.
E X A M P L E  V .

By a fore obfervatioh, the mend 
ian altitude of the fun’s lower limb 
was found to be 40° z d  bearing fouth 
o f the obferver, the declination being 
9® 56' N . and the eye 26 feet above 
the horizon ; required the latitude oi 
the place.

Cbferved altitude 
Lemiuiau.etcr add

Dip 5 ' ,  Refraflion 1 ' fub■

4=®

4«

2 0 '
16

36
6

E X A M P L E  V I .
By a back obfervation with a quad

rant o f reflexion, the meridian alti
tude of the fun’s lower limb was 
23° 12' when the declination was 
2 i° 14’' S. and the eye 40 feet above 
the horizon, the fun bearing fouth of 
the obferver ; required the latitude 
of the place of obfervation.

True altitude funJs centre 40 3 0
Subtract from <)0 0

Zenith diftar.ee 4 9 30 ;
Decl naiion 9 561

Obferved altitude 
Semiaiameter

Dip

fub.

add

*5 1 2 '
16

Latitude 59 26 N.

Refraflion fub.
i True altitudeof fun’ s centre 
True zenith dillance 
Declination 
Latitude ia

*4 ss
6

' 25 2
2»3 0

OS 0 .V.
21 T4 S

43 40 N,
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E X A M P L E  V I I .
Jan. 1, j 804, an obferver 3 5 feetl 

above the water, finds by a fore ob- 
fervation; that the altitude o f Sirius 
is 530 3 j/ when palling the meridian 
to the fouthward; required the lati
tude of the place of obfervation.

Obferved altitude
Dip of horizoa fab.

Refraftiori fub.

True zenith dlftance 
Sinus's declination, Tab. IX ;

Latitude in

5 3° 3 S'
6

S3 29
X

S3 28

3 6 32 N.
l6 27 S.

ao 5 N.

E X A M P L E  IX .
January io , 1804, an obferver 28 

feet above the water, finds the a lti
tude o f the north ftar, when on the 
meridian below the pole> to be 36° 24'' 
by a fore obfervation ; required the 
latitude o f the place o f obfervation.

Obferved altitude 36° 24'
Subtrail dip 5 ' ,  ref. i 1 6

True altitude 36 18
Comp, declination Tab. IX ; 1 45 N.

Latitude in 38 3 N.

E X A M P L E  V I I I .
Suppofe on the 13th June, 1804, 

fea account, an obferver in a high 
northern latitude, and in the longi
tude o f 65° W . o f London, his eye 
being 28 feet above the furface of the 
water, obferved by a fore obfervation 
the altitude- o f the fun's lower limb 
on the meridian below the pole 8° 1 ¡ f j  
required the latitude;

The fun being obferved below the pole at 
12 hours before the end of the fea day June 13, 
the corredlion o f  declination correfponding ill 
Tab. V I. is — x ' 4 6 " , and the corredtioa for 
65° VV. long, is -j-o ' 38//,  hence both cor- 
reflions make 1 '  to be fubtrailed from the 
declination at noon 23" 14 ' N . which gives 
the declination at the time of obfervation 
23° 13’ N. whofc complement is 669 4 7C

Obferved alt. fun’ s low. limb 8® 15 C
Semidiameter add l6

Dip fubtradl
8 3 r

>

Refraiiion fubtradl
8

I 
Q

\Q
\ 

1

True altitude fun’ s centre 
Complement of declination

8
66

20
4 7  X .

Latitude in 7 i 7 n .
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To find the Latitude by a Meridian Alti
tude of the Moon.

r p

1  HE latitude may be found at fea by the moon’s meridian altitude 
more accurately than by any other method, except by the fun ; but to d*o 
This it is neceffary to find the time of her paffing the meridian, and her 
declination at that time. T o facilitate thefe calculations we have given 
the Tables X X V I. X X V I I . and X X V III . the ufe of which will evidently 
appear from the following rules and examples.

To find the true time of the moon’s paffing the meridian.
'■ In the 6th page of the Nautical Almanac find the time of the moon’s ■ 

coming to ’the meridian of Greenwich for one day earlier than the fea ac
count ;* and alfo the time of her coming to the meridian of Greenwich the 
next day, when you are in welt longitude, but the preceding day when in 
eaft longitude ; take the difference between thefe times, with which yon 
mult enter the top column of Tab. X X V I , and againft the (hip’s longitude 
in the fide column is a number of minutes, which is a corredtion to be ap
plied to the time taken from the Nautical Almanac, for the day immedi
ately preceding the fea account, by adding it when you are in weft. longi
tude, but fubtradiing it when in eaft longitude ; the fum or difference is 
the. true .time o f paffing the meridian of the given place.

E xampi.e . Required the time of the moon’s paffing the meridian o f 
Philadelphia, April 4th, 1804, fea account ?

The day preceding the fea account is April 5, on which day the moon 
paffes the meridian o f Greenwich at i8h. 55m .; and being in weft longi
tude, I find alfo the time of her paffing the meridian the next day, which 
is 19b. 460.’. . ;  the difference of thefe two numbers is 51m.; with this 
I  enter Tab. X X V I. and the neareft number at the top I find is 52' ; under 
this and oprofito (the longitude o f Philadelphia) is the corredlion 1 1/, 
to be added to iSh. 55m.; therefore the time of paffing the meridian of 
Philadelphia is April 4d. igh. 6m. fea account; or April 4th. 7h. 6m. 
A .  M . civil account.

To find the moon’s declination ’ivhen on the meridian.
. Find the time of her coming to the meridian as above ; turn the (hip’s 

longitude into time, (by Tab. X X .+] and add it thereto i f  in weft longi
tude, but fubtrail it in eaft, the fum or difference will be the time at 
Greenwich. Take out the moon’s declination from page 6th. of the Nau
tical Almanac, for the neareft. noon and midnight ; and note their differ
ence i f  of the fame name, but their fum i f  o f different names ; enter ri  able

♦ . T tV it if  It one day earlier than the fea account reduces u  to  aftronnm jcal d ie t ,  w hich 5* «fed in  the N autical A lm anac.
4 ] •nfi-'td«- in*v }<e turned into tim e without the help ot T able  X X .  by m ultip lying bv 4 fexagH itnally, putting the prodnft 

• • . 'V tu m in stio n  lo w e r : and bv d ivid ing bv 4, tim e mav be turned into d eg rees See. Tim s, <jD X  4«* .|ao *= jli.tom . and 
•. 5 :c ' V 4*-6»*4” =Mb. i*n. o f . ; in lik e m an n er ih . ¿ iu j .  or Ketn. divided by 4 ¿ - v t i a©Oj ¿h . »b ji or »yCm. divided by 4 

.t  w hich »¿ret will* the I t b le .

r



X X V I I I .  with this fum or difference at the tap, and the time at Green
wich in the fide column, under the former and opposite the latter i» the 
correction to be applied to the declination which hands firft in the Nauti
cal Almanac ; additive, i f  that declination be incrcafing ; fubtradive, i f  
decreafing : the fum or difference will be the true declination at the time 
o f wafting the meridian.

N O T E S .
1. By the above rule, the day o f the month on which the moon paffes the meridian muft 

bo taken one lefs than the lea account; when you add to it the longitude (turned into time) and 
the hours of the fum exceed 24, you mult fubiraff 24I1. and add one to the day of the month ; 
ifth e  longitude is to be lubtraited, and is gioater than the time of palling the meridian, you 
mull, previous to the fubtraflion, add 24 hours to the time of pairing the meriJian and (ub- 
trail one from the day of the month: the fum or difference will be the time at Greenwich. 
Jf this time be lefs than 12 hours, you muft take out the declination for the preceding noon 
and-the following midnight; but if  it exceed 12 hours, you mull take out the declination 
for tint preceding miJnighi and the following noon.

2. When one of the declinations taken from the Nautical Almanac is north and the other 
foutb, the difference between the correction o f  Table X X  V ll  1 . and that declination v/hich 
Hands firft in the Nautical Almanac, will be the true declination ; which will be o f  the fame 
name as that firft declination when the correction of Table X X V I l l .  is lcis titan that firft 
declination, but i f  greater it will be of a contrary name.

3. In the fame manner we may find the declination for any time in the day, by making 
ufe of tire given time inllead of the time of the moon’s palling the meridian.

E x a m p l e . Required the moon’s declination at the time o f her palling 
the meridian of Philadelphia, April 4, 1804, fea account ?

The time of palling the meridian of Philadelphia was found in the pre
ceding example to be, April 4d. igh- 6m. fea account, or, April 3d. igh. 
6m. by Nautical Almanac account; to this I add the longitude of Phila
delphia, in time 5I1. im. ;* the fum is, April 4<I. oh. 7m. The de
clination April 4d. at noon is 2 i°  $6' S. and on April 4d. 12h. is 190 59'S. 
their difference is 1° 5 7 ';  this being found at the top of Tabic X X V I I I .  
and the time oh. 7m. in the iide column, the number corresponding is 
i'.} which fubtrailed from the firft declination 21° 56' b. leaves the 
declination required z i°  55'' S.

A t  the time o f the moon’s palling the meridian, you nniil obforve the 
•altitude o f her upper or lower limb, and correct it, by tlie rules given in 
page 140. W ith her correct central altitude and the declination, find 
the latitude by the rules o f page 151. Inftead o f  corroding the ob- 
ferved altitude by the above mentioned rule, you may correct it by the 
following approximate method, which fhortens the calculation, and comes 
near to the truth when the dip is about 4 or 5 miles, which is nearly tlie 
value in common obfervations at fea.

find the latitude by the moon's meridian altitude, obtained by a fo re
cljir-vahou.

T o  the obferved altitude of the moon’s lower limb add 12 miles, but 
i f  her upper limb was obferved fubtrad 20 miles; with this alt itude enter 
Table X X V I I . and take out the miles correfponding and add thereto, the 
fum will be the central altitude of the moon ;+ with this altitude and the 
moon’s declination found as above, the latitude may be found as by a mer
idian altitude of the fun.

* Philadelphia is 7.^ 14* W . o f London, or 7$® «9* 'V . of Greenwich ; ihi< lift, turned into timr by Table X X . is ¿h. jnt. i<f. 
she difference arihtig irom calculating the longitude from London inltcad of Creeitwich i> very trilling.

+ The altitnd« obtained in this way w ill fnm etimes err il or 3 m ile« . It you w ilh  to calculate it accurately proceed a* follow s j 
Lind the tim e o f  palling the m eridian, reduced to G ieen w ich  lim e, n* before ; take out the in'-ott*» hori*o»t:tl parallax and f«>ni4* 

«¿liainctcr, for (his litn r, ft i m the 7th. paflf (*J the .month o f die N autical A ip u n ae  i in e r tife  the f<xlu-J;nineu.r by the correction 
o f  T abic X V I . and add it  o r (nhtraft it, according at the low er <>r upper lim b was nh(erv»d; fnbtrw l the dip uF t* <• hi*!*«»  
tak en  from  T abic X IV '. and add the c«»trettt«'ii f<»r parallax and retraction uk'*n  fro jn  d a lle  X V tU -th is  i»u lmr. will be 

$liuud« i  v*rJi wUvb «ud Uic icvUaau ifes U'.uudc may U  fgund M above*



E X A M P L E  I.

Suppofe that on the 21ft, June, 1S04, fea account, in long. 8o° W . o f  
Greenwich, the meridian altitude of the moon’s upper limb was obferved 
to be 40® o' to the fouthward of me, required the true latitude ?

June 21ft. fea account, is June 20th. by Nautical Almanac, on which 
day the moon paffes the meridian of Greenwich at toh. 8m. and the next 
day at ioh. 59m. the daily difference being 51m. In Table X X V I . un
der 52 (which is the nearefl number to 51 in the table) and oppofite to the 
long. So° ftand 12m. which added to ioh. Sm. gives the time o f palling 
the meridian, June aod. ioh. 20m.

d. h. m.
J  paffes mend. June 20 10 20 

Ship’s long. 8o° in time 5 20

Time at Greenwich June 20 15 40

June 20, midnight dec!, 25°54'S.
June 21, at noon 26 17 S.

Difference o 43
W ith this difference 0*43', and the time 
at Greenwich 1jh . 40m., I enter Tab.
X X V I I I .  and find thecorr. 0° 13' 
this added to 23 34 S.

gives the required decl. 25 47 S.

E X A M P L E  I I .

Suppofe that on the 25 th September, 1804, fea account, in long. 90° E . 
the meridian altitude o f the moon’s lower limb was obferved 50° o ' to the 
fouth of me, required the true latitude ?

September 25 fea account, is September 24 by the Nautical Almanac, 
on which day the moon paffes the meridian of Greenwich at i6h. 5 7m. and 
the preceding day at i jh . 55m. differing ih. 2m. or 62m .; in Table 
X X V I . under 62' and oppofite the long. 90® is 13m. which fubtra&ed 
from i6h. 57m. leaves i6h. 42m. the time o f pafling the meridian o f the 
place of obfervation. d. h. m.
D paffes merid. Sept. 24 16 42
Long. 90® E. in time 6 0

Time at Greenwich Sep. 24 10 42 
Decl, Sep. 24 at noon 25°43'N.

at midnight 26 2 2 N .

difference o 39
W ith this difference o® 39', and the 

time at Greenwich ioh. 42m. I find the 
correction of Table X X V I I I .  0° 35' 
Declination at noon 25 43 N .

True declination 26 18 N .

J> ’s obf. alt. low. limb 
Add

•̂
1 O O

S 
°x

Sum 30 r2 
Corr. Tab. X X V I I . add 36

)) ’s correit alt. 50 48

5  ’s zenith diftance 
D ’s declination

39 12N. 
26 iS N .

Latitude 6 5  3 0 # .

A lt. 2) ’s upper limb 40® 0 '
Subtrait. 20

39 40
Add Tab. X X V II . 43
2» ’s true alt. 40 23

J ’s zen. dift. 49  3 7 N -
J) ’s declination 25 47  s ?

Latitude Z3 S° N ,
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E X A M P L E  III .

Suppofe on the 25th November, 1804, fea account, in the longitude o f 
1 50° W . the meridian altitude o f the moon’ s upper limb was obfcrvcd 6o° 
zt/, bearing north o f me, required the true latitude ?

N ov. 25, fea account, is N ov, 24, by the Nautical Almanac, on which 
day the moon pafles the meridian of Greenwich at iSh. 59m. and the next 
day at 19I1. 41m. differing 42m. In Table X X V I . under 42' and oppo
ste the longitude 150° Hands 17m. which added to iSh. 59m. gives 19b, 
3 6m. the time of paifing the meridian of the place of obfervation. 

d. h. Hi.
5  paffes merid. N ov. 24 19 16 Obf. ait. 5 ’s upper limb 6o° 26
Long. 150" W . in time 10 0 Subtrait 20

Time atGreenwichNov.25 5 16 60 6
Corr. Tab. X X V I I .  add 28

’s deci. N ov. 25 at noon o049 'N . —

at midnight I  56 S. D ’s corr. alt. 60 34

Sum 2 4c J ’s zen. dift. 29 2 6 S,
W ith this fum 20 45', and the time at ]> ’s declination 0 23 S.
Greenwich $h. 16m. I enter Table
X X V I I I .  and find the correition of Latitude 2q 49 S„
declination I Ô I 2 '

P eel. N ov. 25 at noon 0 49 N . In this example you muljfc
— ------ refer to Notes 1. and 2.

QTrue declination 0  2 3
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To find the Latitude by the Meridian Alti
tude of a Planet.

— -------

JL ROM  page 4th. o f the month o f the Nautical Almanac, take out the 
lime of the planet 's palling the meridian on the day neareft to that on which 
the obfervation was made ; this will be nearly die time of palling the mer
idian of the place of obfervation.*

Turn the Ihip’s longitude into time, and add it to the time o f palling 
the meridian, when in weft longitude, but fubtratt it in eaft, the fum o r  
difference is the time at Greenwich nearly. Take out the planet’s decli
nation, from the Nautical Almanac, for the time immediately preceding* 
and following the day of obfervation; and note the difference of the decli
nations when they are of the fame name, but their fum when of different 
names ; and find the interval between'tliefe times marked in the Nautical 
Almanac *■ take alfo the difference between the time firft marked in the 
Nautical Almanac and the time o f obfervation at Greenwich {remarking 
that this time is one day lcfs than the fea account) ; then, as the former in
terval o f rime is to the latter, fo is the fum or difference of declinations to 
the correction of the declination taken firft from the Nautical Almanac, 
additive if  that declination is increafing, but fubtrailive i f  decreafing r 
the fum or difference is the declination of the planet at the time of obferva- 
lion. But you muft obferve that i f  the correition of declination be greater 
than the declination firft marked in the Nautical Almanac, their difference 
is the declination which is o f a different name from that firft declination.

From the obferved altitude of the planet (taken by a fore obfervation) 
iubtraCt the rcfratlion and dip, the latter being in general about 4 miles, 
and the remainder fubtraited from 90° gives the corredt zenith diftance ; 
with which, and the declination, the latitude n\ay be found as bv an ob. 
fervaticn of the fun.

E X A M P L E .
Suppofc that on the 25d M ay, 1804, in long. 70° W . Jupiter paffed the 

meridian to the fouthward of me ; his meridian altitude being obferved, 
was 450 zo', and the dip 4 '; required the true latitude.

May 25, fea account, is May 22 by the Nautical Almanac; now on 
M ay 19, by the N . A . Jupiter pa fibs the meridian at 9I1. 59m.

T o  this add the long. 70° W . in time 4 40
Time at Greenwich M ay 2 id. 14. 39

Jupiter’ s declination May 19, 90 19' S.
M ay 25, 9 9 S.
Difference 10

Then fay, As 6 days (which is the interval between May 19 and May 25) 
is to 3 days 14! hours (which is the time elapfed between May 19 and 
M ay 22d. 14 'h .) fo is 10 miles to 6 miles, which fubtratted from 90 19' S. 
gives 9° 13' S. the true declination at the time of obfervation.

Jupiter’s obferved altitude 4 5 ° 20/
bubtrait 4' for dip, and i '  for refraftion 5

True altitude 45 1 5
Zenith diftance 44 45  N .
Declination 9 13 S.
Latitude 35 32 N .

•  ’ tyo 'iV M nt it more accurately, you mud take a propcirtional p w  o f  the difference uf ih ç  liai1.* v f ÇOJUÎJ’g to  the 
f i v u .  i*. the Nidttn* A lu u n a i , in  the Uuiti oamicr a* in  üudii^ dw  dediiMticu.



To find the Latitude by Double Altitudes.

•------- - « S I » --------Wjf V  H EN by reafon o f clouds or other caufcs, a meridian obfexvation 
cannot be obtained, you may find the latitude by means of two altitudes of 
the fun (or o f any celeftial objcfl) taken cither in the forenoon or afternoon, 
the intermediate time being meafured by a common watch. This method 
was much improved by M r. Douwes o f Ainilcrd.un, who, about the year 
1740, conilruded a fet o f tables fimilar to thofe o f Table X X  I. o f this col

lodion, by means of which the true latitude may in molt calLs be obtained 
from the latitude by account, by the following rule, which is adapted to 
double altitudes of the fun.

R U L E .

T o the log. fccant o f the latitude by account (Table X X V .)  add thelog* 
■ fecant of the fun’s declination (Table X X V .)  rejeiting 10 in each index, 
the fum is the log. ratio.

From the natural fine o f the greateft altitude (Table X X II.)  fubtrail the 
natural fine o f the leaft altitude (Table X X II.)  find the logarithm* o f 
their difference (in Table X X IV .)  and place it under the log. ratio.

Subtract the time o f taking the firft obfervation from the time o f taking 
the fecond, having previoufly increafed the latter by 12 hours when the 
obfervations are on different lidcs o f noon ; take half the remainder which 
call half the elapfed time.

With half the elapfed time enter Table X X I. and from the column o f 
half elapfed time take out the logarithm anfwering thereto, and write it  
under the log. ratio.

Add thefe three logarithms together, and with their fum enter Table 
X X I .  in the column of middle time, where, having found thp logarithm 
ncarcil thereto, take out the time correfponding to it and put it under half 
the elapfed time. The difference between thefe times will be the time from 
noon when the greater altitude was taken.

With this time enter Table X X I. and from the column o f log. riling, 
take out the logarithm correfponding to it ; from this logarithm fubtraCt 
the log. ratio, the remainder will be the logarithm o f a natural number, 
which being found in Table X X I V .+ and added to the natural fine o f the 
greater altitude, will give the natural fine o f the fun’s meridian altitude, 
which from hence may be found in Table X X II . Having obtained the 
meridian altitude, the 'latitude is found by the ufual method.

N O T E S .

T. I f  this computed latitude fhould differ confiderably from the latitude by account, it 
■ will be proper to repeat the operation, ufing the latitude lad found inflead of the latitude by 
account, till the rcfult gives a latitude nearly agreeing with the latitude ufed in th; compu
tation,

2. This problem is bed fuited to fituations, where the fun’s meridian 2enith didance is not 
much lefs than half the latitude j for in latitudes where the fun approaches near to the zenith, * i

• * T hr index o f  this logarithm  being one le ft th in  ihc num ber o f  figures fn n tiin cd  in the d iF ':  o f  •hofe natural fine*,. Y«n
tnuft alfo vbferve that the altitudes to be ufed are the corrcft central altitudes.

i Taking a number of-figures equal to the indrt gf that lcgarithrr. ¿ncreiftd by v.nity:



the obfervations are to be taken much nearer to noon ; and the preceding rule inftead of a p J  
proximating, will in fome cafes give the refults of fucceffive operations wider and wider from 
the truth. T o remedy this difficulty, a fet of tables has lately been publifhed by Mr. Brinkley,' 
at the end of the nautical almanac for 1799 ; but the great variety o f cafes incident to hi*1 
method, will hinder it from being generally ufed.

3. The times of obfervation ihould be taken to feconds, or at lead to quarters, or thirds of 
a minute of time s and the nearer the fun pafl'cs to the zenith, the more exadf you mud be in 
obferving the altitudes and noting the times.

4. The logarithms of Table X X I. are only calculated to 10 feconds, and for any interme
diate number are found by taking the difference between the log. next greater and next lefs f  
and faying, as 10 feconds is to that difference, fo is the given feconds to the correction to be 
applied to the tabular logarithm ; but when the fun's meridian zenith diflance is great, the 
Beared tabular number] may generally be taken without proportioning for the odd feconds.

5. The neater to noon that one of the obfervations is, the better, and in general the elapfed 
time between the obfervations ought to be as great or greater than the time of the neared obfer
vation from noon.

6. The operation is the fame whether the fun hath north or fouth declination r and alfa 
whether the fhip be in north or fouth latitude. When the fun hath no declination the log; 
fecant o f  the latitude frejefting io  in the index) will be the log. ratio ; and when the latitude 
by account is nothing the fecant o f  the declination (rcjeiiing 10 in the index) will he the log. 
ratio.

E X A M P L E  I.

Being at fea in latitude 46° 50' north by account, when the fun’s decli. 
nation was n °  i 7 ' N . at ioh. 2m. in the forenoon, the fun’s correft cen
tral altitude was 46° 55'', and at 1 ih. 27m. in the forenoon, his correft 
central altitude was 540 9'. Required the true latitude, and true time o f 
the day when the greater altitude was taken ?

Times, 
n . m . s. 

2 Obf. 1 1  27 o

Altitudes. Nat. Si. Lat. by acc. 46° 3 0 'See. 0.16219 

540 9 7 81033 Dec. 11  17 Sec. 0.00848

i  Obf. ,10 2 0  46 53 73036 Log. ratio 0.17067

Elap. Time 1 23 o 
I  El. Time o 42 30

Diff. Nat. Sines 8019 Log. D if. N. Sines 3 . 9 0 4 * 2

Log. 2 El.Time 0.73429
H .  M . s.

Middle Time * I O 4.80908
f  El. Time 42 30

2 Obf. from noon 0 32 40 its log. rifing 3.0060Í
Log. ratio fub. 0.17067

Nat.numb. 683 correfp. tolog. 2.8334!
Nat. fine, greated alt. 81053

-  — -  90"00t
Sum is nat.fi. fun’ s mer. alt. 81740 equal to 5 4 3 0

Sun’s zenith didance 35 10N.
Sun’s declination 11 I7N .

Latitude in 46 27?!.

This latitude 46° 27' differing only 3 ' from the latitude by account, 
may be a (Turned as the true latitude.

By means o f the time o f the obfervation from noon above found 3 2' 4 0 ''', 
the error o f the watch may be found ; for, in the prefent example, by fub- 
trafting 3z ' 40 ''' from 12b. we have the time of the laft obfervation 1 ih . 
27' 2 0 "  ; but the time by the watch is 1 ih. z f  o" ; therefore the watch 
is 20 feconds too flodv ; a fmall difference would be found in thefe num
bers, i f  we were to proportion the logarithms of Tab. X X I. to feconds. In 
the fame manner the error o f the watch may be found in the following examples*



E X A M P L E  II .
Being at fea in Iat 470 19' N . by account, when the fun’s declination 

^as 120 16/ N . at toh. 24m. A . M . per watch, the fun’ s correfr central 
altitude was 49 0 9 '', at ih . 14m. P. M . his ah. was 5 1 0 59'. Required
the latitude*

H .

12
X

M .

O

* 4

3 *

O

Q

Alt. Nat. Si. ia t .  by acc, 47" 19 ' 
i 1 5 9  78783 Sun’ s declir.. 12 16 
4 9  9  75642

-------------Log. ratio
DiflT. N. S. 3141 Its log.

O.I68SO
0.01003a Obr. 

i Oof.
1 3
10

14
24

O

0.17883
3 -4 9 7 * 7Elapf. time 2 5° O

i  Eld. time 2 2$ O Its log. in col. o f half el.^fed time i< 0.44077

Subtraft 0 IJ 0 Col. o f mid. time correfpondlng to 4.11667

True time I 10 O Its log, in col. o f  rifing is 
Log. ratio fubtraft

3 6654? 
0.17883

Nat. fine Can’ s greateft alt* 

Nat. fine fan's merld. alt*

3066 the nat. num. o f this tog, 
78783

------------- g 0 °  O O '

81849 =  54 56

3.48659

Sun’ s zenith dift. 35 4 N , 
Sun’ s declination 1 2  16 h .

Lat. in 47 20 N.
Here the latitude found by computation may be relied on, as it differs 

fcut one mile from that ufed in the operation.

E X A M P L E  III .

Being at fea in lat, 5o° 40' North per account, when the fun’ s declina
tion was 200 o' South, at ioh. 17m. A . M . per watch, the fun’s corredl 
central altitude was found 17° 13' ; at u h .  17m. A . M . per watch, i£ 
was found ig °  4 1'. Required the latitude.

2 Obf. 
1 Obf.

Times, 
tt. M. 3 .
it, 17 0 
10 17 0

A lt. Na:. Si. Lat. by acc. 5O0 40 ' 
Decl. aa 00

J9* 4 1 ^  3368a
17 13 =  29599 Log. ratio

O.X98OJ
0 . 0 4 7 0 1

0.22504

Elapf, time 1 0  0 DifF. Nat.Si. 4083 Its corfi. log. 3.61098

a Flap. time 0 30 0 Its log. from col. half elapfed time is 0.88439

1 0 50 In col. of mid. time correfponding to 4.720JZ

True time 0 30 50 From noon. Its log. from eol. of rifing 
Log. ratio fubtracl

2 - 9 5 5 9 9
0.22504

r|0° O'
20 I

538 Nat. num. of 
33682 Nat. line greateft alt.

34220 Nat. fine of fun's mer. alt, 20° l ' ,

* 7 3 '0 9 S

Zen. (Tift. 69 59 N . 
Dccliiuiion 20 o S,



But as this latitude differs 41 miles from that by account, it will tt? 
proper to repeat the operation, ufing the latitude lail found inftead of the 
latitude by account.

Lat- laft- found 490 59r 
D eck 20 0

0,-19178-
o , o z 7 0 t

} Elapfed time
H.
O

M. S .  
3 0  O

Log ratio 
L og. diff. N . fines 
Its log.

0,21879.
3,61098
0,88430

Middle time I O O Its log. 4,71407

True time from noon 0 3 6  0 Its log.in col. of rifing isO O
Log. ratio

2,93223
0,21879

517 Nat. num. of 
33682 Nat. fine g r, alt.

2 ,7134-f

Nat. S.. fun’s mer. alt. 34199= 20 0

Zen. dift. 70 0 N . 
Decl. 20 0 S.

The lat. 50 0 N .
The latitude laß found, differing, only one mile from that ufed in the op

eration, may be depended on as the true latitude. Hence it is plain, that 
the operation is repeated w ith very little additional trouble,, but few alter
ations being neccflary.

E X A M P L E  I V .

Being at fca in the latitude 6o° o' north by account,- when the fun was 
on the equator, and consequently had no declination, at 1 h. ora. P. M . 
per watch, his corred central altitude was 28°' 53', and at 3 h. o m. P. M . 
per watch, it was 20° 42''. Required the true latitude ?

1 Obf,
2 Obi.

lim es. L at. by acc. 6o° o =  0,30103.
h . m. s. A lt. N at. Si- Decl. o 0 =  0,00000
1 0 0  28 53 =  48303 --------- -
3 0 0  20 42 =  35347 Log. ratio 0,30103-

Elap. T . 2 0 0  12956 Its log.
VEhi. 1 .  i o o Its log. in col. o f Elap.. time

4,11247'
0,58700

2 o 10

1  it fr. N . i 0 1 0

Its log- in col. o f mid. time 

Its log. from col. o f rifing
Log. ratio

5,00050-

3>33+82' 
0,30103-

1713 Nat. num. 3>2331$
4S3°3

----------  90° o '
N a t. S i. Sun’ s m er. alt, 5 0 0 1 6 = 3 0  1 Sun’s m eridian a lt .

59 59 Latitude,



»

E X A M P L E  V .
Wanting to go through the N . Channel among the Maldives» and by 

account being in latitude 70 4c/ N . the declination being then 220 47' N . 
at 7I1. 24m. 40s. A . M , the true altitude of the fun’s centre was zz° je/ 
and at ioh. 31m. 48s. A» M , it was found 63° 40’’ ; required the ihip’s 
{rue latitude ?

Times.
B. M. s. 

Ä Obfcr, 10 31 48

t  Obfcr. 7 25 40

Elaps.Time 3 6 8  
•% Tims i  33 4

- F t  RST O P E R A T IO N .

Altitudes. Nat. Sine. Lat. by acc. 70 40* Sec. O1OO39O 

Declin, 22 4 7  Sec. 0,03528630 40' 89623

3S268 Log. ratio.

Log. o f the differenceD iff.N at. Sines 5135s 
Its logarithm -

h. m. s.
Middle Time 3 1 24
T Elaps. Time fub. 1 33 04

2 Obf. before noon 1 28 20 
Its log. in col. o f rifing 
Log. ratio fubt.

Nat. numb, correfpond. 6703
Nat. fine of gr. Altitude add 89623

---------  9O0 00'
Hat. line o f Sun’s mer. alt. 96326 equal to 74 25

0,03918

4,71058
0 .4 0 3 3 9

5»1531S

3.86547
0,03918

3,82629

Sun’s zenith diilance 
Sun’s declination

l> 3 5  s - 
22 47 N.

Ship’s latitude refulting 7 12 N.

A s the latitude by account differs from the computed latitude, the oper
ation muft be repeated.

S e c o n d  O p e r a t i o n .
H. NT. S.

Iat. laft found 70 12' Sec. 0,00344 Log. o f  i 28 5 3 . 8 6 3 0 4
Sun’s decl. 22 47 Sec. 0,03528 Log. ratio iu b t* 0,03872

Log. ratio 0,03812 N a t .  N u m b e r  6 6 7 3 3,82431
Log. of diff. of Nat. Sines 4,71058 Nat.fine ofgr.alt. 89623 —

1 . 00° 00'
Log. o f f  Eiaps. Time °»4 ° 3 3 9 Sun’s mer.al.nat.fi.96296 equal to 74 21

Middle Time 3 i 9 3,15269 Sun’s zenith diftance 1 5  3 9 s *
i  Elaps. Time r 3 3  4 Sun’s declination 2Z 47N.

2 Obf. before noon i 28 5 Ship’s lat. refulting 7 08N.

In the former examples we have confidcred both altitudes as taken at the ' 
fame place or ftation ; but as that is feldom the cafe at fea, the necdiary 
correction for any alteration of ftation muft be made as follows :

Let the bearing of the fun be observed by the compafs at the inftant o f 
the lirft obfervation : take the number o f points between it and the 
fliip’s courfc, corrected for leeway, i f  (he makes any ; with which, i f  lefs 
than eight, or with what it wants o f 16 points i f  more than eight, enter 
the traverfe table, and take out the difference of latitude corrcfponding to 
{he diftance run between the obfervations. Add this difference o f latitude 
to the firft altitude, i f  the number o f points between the fan’s bearing and



the (hip’s courfe was left than eight ; but JubtraS it from the firft altitude 
i f  the number of points was more than eight, and it will be reduced to 
what it would have been i f  obferved' at the fame place where the fécond 
was.* The latitude deduced from thefe corrected altitudes w ill be that o f 
the (hip at the time of. taking the fécond altitude, and muft be reduced to 
noon by means of the log.

E X A M P L E  V I .
Suppofe a (hip from the Bay o f Bifcay, bound to the Englifh Channel, in 

a briik gale running N . by E. J E, per compafs, at the rate of 9 knots per 
hour, at T0I1J oni. A . M . per watch, obferved the fun’s correfl central alti- 
tude 1 30 1 S' bearing'S. i  E. by compafs, and at ih. 40m. P. M . per watch 
the fun’s altitude again was found 140 15', the latitude by account being 
490 i f  N . and the fan’s declination 230 i f  S. Required the true 
latitude?
» - tf

Tie eorreStion to the firft altitude.

The time elapfed between the obfervations is 3I1. 40m. and in that time; 
the drip failed 33 miles upon the courfe N . by E. E . which makes an an
gle of 13 points with the fun’s bearing at the firft obfervation S. |  E . thè 
oomplemenr o f which to 16 points is z j  points. Now in Tab. I. the 
courfe z\  points, and diftanie 33m. give 29 miles difference of latitude, 
which muft be fubtra&ed from the firft altitude 130 1 S' becaufe the fhip' 
fails above 8 points from the fun ; therefore the firft altitude corrected i% 
120 49', which muft be ufed in the reft o f the work.

H. M. s. A lt. Nat. Si. L a t .  b y  a c c .  4 9 °  1 7 ' 0 * 1 8 5 5 4
1  Ubf. 13 40 0 14° i f  =  24615 Deci. 23 28 o*0 3749
i Obf. 10 O 0 12 49 =: 22183 ■------- =-U

Log. ratio 0,22303
Eia. T . 3 4°. 0 DifF. Nat. Si. 243 2 Its log. 3 * 3 8 5 9 6

Ì  El. T . I 5° q Its log. 0 ,3 3 5 4 9

O 10 IO Time correfponding to 3*94458

I 3 9 5 ° Its log. in col. of riling is " 3 ,9 7 0 2 8
Log. ratio 0 ,2 2 3 0 3

5588 Nat. num. o£ 3 »7 4 7 2£
24615
------- 9°° o'.

Nat. Si. M . A lt. 30203 =  17 35
Zen. dift. 7 2 25 N .
Declination> 2 3 28 S.

Lai tu de 48 57 N .

*  I* «he «ttlv eorreftion ntceflary fo r to m ake fu ll allowance for the run o f  the fh ip ; and the unexperienced calculator 
rauft *akc care n o t to  fa ll into the (nine c r r .i t  as M oore, in applyiliR a correftion to the elapfed t im e ;  (vid. M ooieV E pitem *. 
V dit, to , page a ia ) . A  finall eorrvCiiuu a lig h t i i io  be applied upon eccouut of the variation o f  the lun's declination 4urin| 
in terval between «he obfesvauuns. ,



But as the latitude by computation differs confiderably from that by ac- 
count, the work-mull be repeated.

Latitude laft found 48o 57'=: 
Declination 23 28 ==

10,18262
0,03749

-J Elap£ timi:
H. M. S. 
I JO O

Log. ratio
Dift'. N . S. 2432 Its log.

Its log.

OylZOlI
3>3$S 9<S 
0.33559

Middle time O IO O Its log. 3,94166

Time from noon I 40 O Its log. in col. o f riling 
Log. ratio

3 ,9 7  n °  
0,22011

5644 N at. num. o f 3>7S159
24615
--------- ; 90° Oc/
3 0 2 5 9  N a t .  S i .  m e r. a lt .  1 7  3 7

Zen. dift. 72 23 N . 
Pedina. 23 28 S.

T r . lat. 48 55 N .
This latitude differing only 2 miles from that ufed in the computation, 

it may be depended upon as the true latitude o f the fhip at the time of th? 
fecond obfervation. I f  we had not correitcd the firft altitude, the com
puted latitude would have been found —  48° 40' N .

E X A M P L E  V I I .

Sailing N . E. $ E. by compafs, at the rate of 9 knots an hour, at 
oh. 31m. 40s. P. M . per watch, I found the altitude o f the fun’s lower 
limb 28° 20' above the horizon of the fea, the eye being elevated 20 feet 
above the furface of the water, and the fun’s bearing by compafs being at 
the fame time S. by W . and at 2I1. 58m. 20s. P. M . by watch, the altitude 
o f the fun’s lower limb was 169 41' above the horizon, the eye being ele
vated as before, and the latitude by account, at the time o f the laft obfer
vation, wa  ̂48° o'north, and thq declination 130 17' fouth. Required the 
true latitude at taking the laft obfervation.

The correction of thefe altitudes for femi-diameter and dip is 12 miles 
additive, which makes them 28° 32' and 160 5 3 '; the refraftion corref- 
ponding to the firft is 2 miles, and for the fecond 3 miles, by fubtrafting 
which we have the true central altitudes 28° 30' and 160 50'. Now the 
elapfed time between the obfervations is 2b. 26m. 40s. during which 
the fhip failed 22 miles (at 9 miles per hour) in the direction o f N . E . -j E . 
per compafs, the bearing of the fun at the firft obfervation being S. by W . 
which is 121 points diftant from the (hip’s courfe ; now as 1 z\ points want 
3L of 16 points, I enter table I. and find the courfe 3J points, and diftance 
22, corresponding to which in the latitude column is 17 miles, which fub- 
frafted from the firft altitude 28° 3o', leaves the corrected firft altitude 
28° 13 '; with this, and the fecond altitude 160 50', I calculate the lati
tude in the follpwing manner :



h . m. s. A lt. Nat. Si. Lat. byacc. 4S8 o/ 0,1744^ 
j Obf. o 31 40 28° 13' 47281 Declin. 73 17 0,01178
2 Obf. 2 58 20 16 50 28959

— --------- ---------  Log. ratio
Ela. T . 2 26 40 Diff.Nat,Si. 18322 Its log.

|E la T . 1 13 20 Its log. from col, o f |  elapfed time

1 46 20 In col. o f mid. time cprrefponding tq

9 33 00 Its log. from col, o f riling 
Log. ratio'

Si. gr, alt. 47281
674 Nat. num. of

---------  90° o'
N at. Si. mer. alt. 47955— 28 39

Zen. dill. 61 21 N .
Peel. 13 17 S.

Lat. 48 4 N .

And as it differs but four miles from the latitude by account, it may be 
taken as the true latitude of the Ihip at the time o f the 2d. obfervation,

Q U E STIO N S FO R  E X E R C ISE ,
r. Being at fea in latitude by account 39° 28' N . when the fun’s dec

lination was 20° 4 1' N . at 1 ih. 30m. 15s. A . M . per watch, the altitude 
o f the fun’s lower limb was obferved to be 68° 18' 45", and at 12h. 26m. 
28s. P. M . it was 70° 58', the height o f the eye being 21 feet above the, 
furface of the fea. Required the true latitude o f the ihip.

Anfwer, 39° 28' N .
2. Being at fea in latitude 50° 40' N . by account, at ioh. 17m, 30s,

A . M . per watch, the altitude of the fun’s lower limb was obferved to be 
1 70 4^ , and at n h . 17 m .3 0 s .it  was 19° 31 the declination being 
then 20° N . and the height o f the eye 21 feet above the fea. Required 
the latitude in. Anfwer, 50° i '  N .

3. Suppofe a ihip at fea in latitude 47° 34' N . by account, at 9I1. 55m.
30s. by watch, the altitude of the fun’s lower limb was 170 24' bearing 
by compafs S. by E. j  E. and at i2h. 54m. 10s. his altitude was 2 i°  45| , 
the declination being then 190 30' S. the height o f the eye 20 feet above 
the fea, and the ihip’s courfe by compafs was E . S. at the rate o f 7 knots 
per hour. What was the true latitude ? Anfwer, 47° 24' N .

4. A t  n h .  28m. 20s. A . M . per watch, the altitude o f the fun’s 
lower limb was 28° 18', the fun bearing then S. by W . by compafs. A t  
2h. 58m. 20s. P. M . his altitude was 160 40', the height o f the eye 20 feet, 
his declination being then 130 17' N . and the latitude by account 
47° 50' N . the ihip’s courfe during the elapfed time was N . E. with her 
larboard tacks on board,* failing at the rate o f 6 knots, and made half a 
point lee-way. What latitude was ilie in when the lail altitude was taken ?

Anfwer, 48° 9 ' N .

0,18627
4,26298

0 ,5 0 2 3 2

4»9S *57
3,01488
0,18627

2,82861

•  T h e  larboard fide o f  a (hip is the left fide, when the obferrer is aft loo k in g  towards her head, and {larboard is’ the right fide- 
W hen a Oiip is fa ilin g  w ith her larboard tacks on board, the lee-way is allow ed to the right hand ; but i f  her (larboard tacks are 
on board, it  is allow ed to the left hand-

l o  c<tlc ilatinc the an fw trs to theie queilions, proportional parts were taken for the odd fe c o p d :; a final 1 difference would be 
fwtitid it  the ncarcil logarithm s only were takcu,



( i* 7 )
To find the Latitude by one Altitude of the

Sun, having your watch previouily regulated.

«HMLIUllUti:»

A R  U  L  E .*

DD together the log, co-fine o f the latitude by account, (Table 
X X V ,J the log. co-fine of the declination, (Table X X V .)  the logarithm 
in the column of rifing (Table X X I.)  correfponding to the time from noon 
when the obfervation was taken, rejciiting 20 in the index ; the natural 
number of the remainder (found in Table X X I V . and) added to the natural 
fine of the obferved altitude (Table X X II) will give the natural fine of the 
meridian altitude, from which the latitude may be obtained by the common 
rules.

I f  the computed latitude differs confiderably from the latitude by ac
count, it is bell to repeat the operation, ufing the latitude laft found in- 
ftead of the latitude by account. This method o f finding the-latitude by 
a Angle altitude of the fun, may be applied to any other eeleitial objedt.

E X A M P L E  I.

Being at fea in latitude 49 0 50' N . by account, when the fun’s declina
tion was 200 S. at u h .  28m. per watch well regulated, the fun’ s cor
rect central altitude was 190 4:'' to the fouthward o f me. Required the 
true latitude.

Lat. 490 50' Co-fine 9.80957
Decl. 20 o Co-fine 9.97299
Time from noon oh. 32m. Log. rifing 2.9S820

590 N at. num. 2.77076 
O bf.alt. i9 ° 4 i ' Sine 33682 -------------

M er.alt 20° 3' Sine34272

Mer. alt. zo° 3' 
Zen. dift. 69 57 N „ 
Decl. 20 o S.

Latitude 49 57 N ,

E X A M P L E  II ,

A t fea in latitude by account 6o°N. when the fun was on the equator at 
ih. ora. P. M . per watch well regulated. The fan’s corredl central altitude 
was 28° 53'' to thefouth o f me. Required the latitude.

Lat. 6o° N . Co-fine 9.69S97
, Decl. o Co-fine 10.00000

Time from noon rh. log. rifing 3.53243 Mer. ait. 30° o '
-------------Zen. dill. 60 o N .

17CI4 Nat. num. 3.23140 Duel. o o
Obf. alt.- 28° 53' Sine 48303 ------------- -------------------- —

---------  Lat, 60 o N ,
M er. alt. 30 o Sine 50007 ---------

*  T11 cnlcuU ’ Ing by this ru le, it is nrccflhry to W e  your watch w e ll repnUtcd 5 this im y  he done hv tin o b 'ervitio n  r a t-n  the 
preceding morning, or in the cvcr.i»£ fo llow ing the obfervation •, il  being im poiri’ i! * m  reg tiare thr watch and detrrif.ine the 
latitude l>y a fintltf altim dt w u h o.n  other <luu ; though M ore (ir. hi* Efci:-'mo, '¿¿¿a '*17, *18, iu it io n  147 feetns to think it 
v»«y t e  dime I (or a ll b it u u in ;> lu  arc « lc u U u a  oti ih *i t«»;



To find the Time at Sea, and regulate a Watch,'

E have already noticed the difference between the civil, aftronom« 
ical and nautical computation of time ; but as it is a fubjeit o f great im
portance, it may not be unneceflary again to repeat, that a civil day is 
reckoned frdm midnight to midnight, and is divided into 24 hours ; the 
firit 12 hours are marked A . M . the latter 12 hours P. M . being reckoned 
item midnight in a numeral fucceilion from i to i 2, then beginning again 
at r and ending at 12. Aftronomers begin their computation at the noon 
t f  the civil day, and count thè hours in a numeral fucceflion, from 1 to 24, 
fo that the morning hours are reckoned from 12 to 24. Navigators begin 
their computation at noon, 12 hours before the commencement of the civil 
day (and 24 hours before the commencement of the aftronomical day) ; 
marking their hours from 1 to 12, A . M . and P. M . as in the civil com
putation.

There ate two kinds of time) mean and apparent.' Mean Time is thit 
(hewn by a clock regulated to mean folar time. Apparent Time, is that 
ihewn by the fun ; commencing at the paffage o f his centre over the me
ridian o f any place. There is fometimes a difference o f a quarter of an hour 
between rhean and apparent time ; which is owing to the unequal motion o f 
the earth in its orbit, and the inclination of its axis. This difference is 
called the equation of time, and is contained in page 2 o f the nautical al
manac. It is neceflary to take-notice of it, in determining the longitude 
by any time-keeper like Harrifon’s ; but is not neceflary in any other nau
tical obfervation, becaufe the calculations of the nautical almanac are adapt
ed to apparent time.

W e may obtain the apparent time at feay when the ihip makes ho' way 
through the water, by obferving an altitude of the fun in the morning and 
noting the time of obfervation by a watch, and in the afternoon obferving 
when the fun is at the fame altitude and noting the time by the fame 
watch ; for half the fum o f thefc times, increafed by 6 hours when one o f 
the times noted by the watch is before i2h. and the other after i2h. 
is the true time of the fun’s paffage by the meridian as ihewn by 
i he watch ; hence the error o f the watch may be found. A  fmall correc 
tion is neceflary for the variation of the fun’s declination during the inter
val between the obfervations ; but it is unn'eceflary to give any examples 
o f this method, fince it can be but o f little ufe at fea, by rcafon of the 
motion of the veffel.

The teff method of obtaining the apparent time at lea, is by obferving 
?>y the fore obfervation,- the altitude o f the fun’s lower limb' when if  
change? its altitude faftert, o f  bears nearly eaft or weft ; to this we mult 
add the feml-diameter and fubtrail the dip' (or ir.ftead thereof add 12 
miles,* which anfwers very well for a common fized veffel) ; fubtraci alfa 
the refraction taken from Tab. X III. and the remainder will be the cor- 
ledt altitude. The {hip’s latitude mull; be found at the time of obferva-

Thcl- tfcmL'ts i : e  uberi infte&d aTibeiiiTerer.ee bewr.en the ieroudiiiBeter and d.p,* id is in general fufiuieir'jrtxaft-



tion by carrying the reckoning forward to .that time. The declination 
mutt be taken from Tab. V . or from the Nautical Almanac, and corrected 
for the ihip’s longitude, and the diftance o f the fun from the meridian (by 
Tab. V I.) Then i f  the latitude and declination he both north or both 

fouth, JubtraB the declination from g o °  and you w il l  hante the polar diftance ; 
but i f  one be north and the other fouth, add the declination to go° and you. 
•will home the polar diftance.

Having thus found the correfl altitude, latitude, and polar diftance, the 
apparent time of obfervation may be found by either of tne three following 
methods, of which the firft is the moft Ample, fince it does not require the 
table of natural lines, all the logarithms being found in Tab. X X V . This 
fnethod is Amplified by means of the table, of hours affixed to the table of 
log. fines ; in uftng which, you muft obferve, that i f  the fine or co-fine o f 
the logarithm fought is marked at the top of the table, the name o f hour, 
either A . M . or P. M . is alfo to be found at the top, and the contrary i f  
the fine or co-fine is marked at the bottom.

To fin d  the apparent time by the fu n 's  altitude.

F irst  M ethod .
Add together the correct altitude o f  the fu n ’s centre, the latitude and the 

polar diftance ; from the ha lffu m  fubtraB  the fu n ’ s altitude and note the re
mainder. Then add together the log.fecant o f  the latitude ( this and a ll the 
other logs, being found m Table X X V .)  the log. co-fecant o f  the polar dift. 
(  rejeBing 10 in each index) the log. co-fine o f  the h a lf  fum , and the log. fin e  
o f  the remainder, h a lf  the fum  o f  thefe fo u r logarithms being fought fo r  in the 
column o f  log. fines, willcorrefpond to the hour o f  the day in the hour columns.

E X A M P L E  I.
Suppofe on the 10th o f Ofiobcr* 1804, fea account, at 8Î1. 21m. A . M i 

per watch, in the latitude of 510 3 0 'N . long. 520 E. o f Greenwich per ac
count, the altitude of the fun’s lower limb by a fore obfervation was i3 3 
32', and the corre&ion for femi-diameter and dip 12 miles ; required the 
apparent time of the obfervation ?

By Example III. page 13$, the declination is 6° 34' S. this added to go° 
gives the polar diftance 96° 34'. To the fun’s obferved altitude 130 32', I 
add 12 miles and fubtract the refraétion 4 ', the remainder is the corrett alt, 
i f  40'.

O ’s Cor. alt. '4 0 '
Lat. 30 Secant 0.20ÇSÎ
Pol. dift. 96 34 Co-fecant 0.00286

Sum l6 l 44

i  Slim 80 52 Co-fine 9.20067
© ’.* A lt. m 40

Rem- ¿7 I 2 Sine 9.96467

2)19.37405

Sine 9.68702 corresponding to which in 
the column marked A . M . is 8h. 7m. 9s.

Time per watch 8h. 21m.

Watch too fsft
Y

J3 51



Hence the time o f taking this obfervation is O il. jo, Sh. 7’ 9" A .M .  
fea account, or, which is the fame thing, O il. 10, zoh. 7' 9"-, reckoning 
from noon to noon; the time by the nautical almanac being Oitober gd. 
zoh. 7m. 9$.

E X A M P L E  II .

Suppofe on the 10th o f M ay, 1804, fea account, at jh . 30m. P . M . per 
watch, in lat. 390 5 4 'N . long, by account 35° 30' W . o f Greenwich, the 
altitude o f the fun’s lower limb by a fore obfervation was 150 45', the dip> 
and femi-diameter being r z  miles, and confcquently his correil altitude 15°" 
54' ; required the apparent time of the obfervation ?

By Example I V . page 135, the fun’s declination is 170 2 8 'N . which 
fubtraclcd from 90° leaves the polar diftance 7 2° 32'.

Q ’s A lt. 
Lat.
Pol. dill.

*5*
39
7 2

54
54
32

Secant 0 .115 11 
Co-fecant 0.0205a

Sum 128 20

i  Sura 
Q Js A lt.

64
>5

10
54

Co-iine 9.63924

Remainder 48 l6 Sine 9.87288

2)19.64773

Sine 9.82386 correfponding to which
in the column P. M . is yh. 34r 26" the true time o f day.

Time per watch 5 30

Watch too flow 4' zG"

E X A M PLE S T O  EX ER CISE T H E  L E A R N E R .

j .  In lat. 36° 39' S. 0 ’s declination 90 27' N . the altitude o f the fun'* 
lower limb in the morning was obfcived io° 33'.* Required the apparent 
time ? Anfwer, 7I1. 23m. 51s.

2. In lat. 36’  2 1' S. © ’s declination 8° 44' N . alt. Q ’s L . L . in morn, 
jng 1 o° 48''*. Required the apparent time ? Aniiver, 7h. 22m. 1 is.

3 . In lat. 290 25 'N . 0 ’ s  declination 230 20' N.obferved alt. offun’s 
lower limb in the afternoon 140 58'*'. Required the time ?

Anfwer, 5I1. 41m.

4. In lat. 3° 31' S. 0 ’s declination zo° 03' S. obferved alt. © ’s L . L . 
38° 41''* in the afternoon. Required the time ? Anfwer, 3h.1Sm.47s.

In lat- 13° i 7 ' N .  © ’ s  declination 22° io ' S. in the morning obierved 
altitude of © ’* L .L . 36° 26'.* Required the time ? Anf. 9b. 17m. 8s.

6. In lat. 2 1° 36/ S. fun’s declination 30 37' S. in the morning obferved 
altitude of the fun’s L . L . 35° 48'-* Required the time ?

Anfwer, Sh. 29m. 50s.

•  The co o W io qfer d»f fe:ni.m*rac:cr bein^ i t ’ »dditivt.



♦ ro find the  t im e  a t  sea .

S e c o n d  M e t h o d .

i j t

Find as in the former method, the fun’s correil altitude, the fhip’s loti, 
tude, and the polar diftance ; thence the fun’s correct zenith diftancc and 
the complement of latitude ; then add together the zenith dijlance, co-lati
tude and polar dijlance, from ha lf their jum fubtratt the zenith dijlance and 
note the remainder then add together the log. co-fecatit of the co-lat. ( this 
and all the other logs, being found in Table X X V .) the log. co-fccant of the 
polar dijlance (rejetting lo  in each index) the fine o f the ha lf Jum, and 
the fine of the remainder, half the fum of thefe four logarithms being found 
among the log. co-fnes, correfponds, in the adjoined column, to the time of day.

I  Jhall work the two preceding examples by this method.

E X A M P L E  I.

90° 0' 
© ’s cor. alt. 13 40 Latitude

90° 0' 
5 1 30

90° 0' 
© ’s dec. 6 34

Zen. did. 
Co-lat. 
Pol. did.

76 20 
38 3°  
9 6 3+

Co-lat.
Co-fecant 0.20585 
Co-fecant 0.00286

33 30 Pol. did. 96 34

Sum 2 11 24.

Sum
Zen. did.

105 42 
76 20

Sine 9-98349

Rem. 29 22 Sine 9.69055

2)19.88275

column A . 
method.

Co-finc 
M . is fill. 7 ' 9 "

9-94I 37 eorrefponding to which in the 
the time o f  day, which agrees with the other

E X A M P L E  II ,
90° o' 

© ’s cor. alt. 15 54 Lat.
90° 0' 
39 54

90° o ’ 
Q ’s dec. 17 28

Zen. did. 74 6
Co-lat. 50 6
Pol. D ill. 72 32

Sum 196 44

Stun 98 22 
Zen. did. 74 6

Remainder 24 r6

Co.fec. O.i 15 u  
Co-fec. 0.02050

Sine 9.99535 

Sine 9.61382

Co-lat. 50 6  Pol. did. 72 32

2)19.74478

Co-fine 9.87239 eorrefponding to which in the 
column P .M , is 5I1. 34m. 27s. the time o f day, which agrees nearly with 
the fird method.



1 7 ^

By the preceding method you may find the beginning or ending o f the 
twilight, by calculating the hour when the fun’s zenith diftance is 108° 
(or when the fun is 18° below the horizon); for by obfervation it has'been 
found that the twilight begins or ends when the fun is at that diftance from, 
the zenith.

E X A M P L E .

Required the time of beginning and ending of the twilight, June 13, 1 804  ̂
at Bofton ?

Zen. dift. 
Co-lat. 
Pol. dift.

10S0 0' 
47 37 
66 33

Co-fecant
Co-fecant

0.13156
0.03744

Sum 222 IO

i- Sum 
Zen. dift.

I I I  5 
108 6

Sine 9.96991

Remainder

’ ;

Sine 8.73069

Sum 18.86960

H alf fum Co-fine 9.43480 which correiponds tq
zh. 6' 20" A . M . and gh. 331 40''' P. M . Therefore the firft appearance 
of the twilight in the morning is at 2h. 6' zo" ; and the end o f it in the 
evening is at 9b. 53 '4 0 ".

T hi rd  M ethod.

When the fun or ftar’s declination, and the complement o f the latitude 
are both north or both fouth,* their fum, but i f  one be nprth and the other 
fouth, their difference is the meridian altitude.

From the natural fine of the fun’s or ftar’s meridian altitude, fubtradl the 
natural fine of the true altitude (both being found in T ab.-X X II.) then 
add together the log. co-fecant of the co-latitude (from Tab. X X V .)  the 
log. fecant of the fun or ftar’s declination, (from the (amenable) rejeiling 
10 in each index, and the log. o f the’difference o f the natural fines (Tab.1 
X X I V .) . The fum o f thefe three logarithms being found in the column o f 
rifing, (Tab. X X I.) the hours, minutes and feconds correfponding will be 
the apparent time from noon, i f  it was an altitude o f the fun that was taken; 
but if  it was a ftar, it will be the horary diftance of the ftar from the me. 
xidian.

The two preceding examples are thus worked by this third method.

• If the fum rxered çei® Cobtrftft it from tftcP, tbe rcmwaJer will he ths mcjidjaa altitude« In this rule the cojoplenent of 
lhc liiituae L cù.eù l) the iftuit uaius li ike iiiuw ii* ,v



•To find  the tim e  a t  *ea , 

E X A M P L E  I.
90° o '

Latitude 51 30 N„

Co-latitude 38° 3c/ N . - Co-fec. 0.20585 Co-lat.38 30 N .
Declination 6 34 S. Secant 0.0028$ . — —

Dif.mcr.alt. 31 56 N . fine 52893
0 ’s cor, alt. 13 40 N . fine 23627

Differ, 29266 log.4.46636

4.67507 correfponding to
which in the column o f rifing iq 3I1. 52' 51

12

Subtrailed from 1 2I1, leaves the true time
Time per watch

8 7 9  
8 21

Watch too fail
w ith the former methods,

E X A M P L E  II,

Co-latitude 50 06 N . Co-fec. o. 11511
Declination 17 28 N . Secant 0.02050

M- alt. 67 34 N . fine' 92432
Correflalt. 15 54 J»i. fine 27396

13 51 agreeing

90° o ' 
Lat. 39 54

Co-!at. 50 06

Differ. 65036 log. 4.81315

4.94876 correfponding tor 
which in the column o f rifing is 5b. 34' 27" agreeing nearly with the 
Other methods, Time p.watch 5 30

Watch too flow 4  27

To find the apparent time by an altitude o f a fixedfa r,
Correct the obferved altitude for the dip and refraction (the dip being 

generally 4 miles, in a common fized veil'd.) Find the (hip’s latitude at 
the time o f obfervation, and the ftar’s right afeenfion and declination in 
Tab. IX .*  then add together the ftar’s correft altitude, the (hip’s latitude, and 
the polar diftancc ; from the half fum fubtraft the ftar’s altitude and note 
the remainder. Then add together the log. fecant of the latitude, the log. 
co-fecant o f the polar diftance, rejecting 10 in each index, the log. co-fine 
o f the half fum, and the log. fine o f the remainder, half the fum o f thefe 
four logarithms w ill be the log. fine of half the hour angle ; take out the 
correfponding time in the column marked P. M . Table X X V . and apply 
it to the ftar’s right afeenfion, by fubtrailing it when the (tar is call o f the 
meridian, or adding it when weft o f the meridian, the fum or difference will 
be the right afeenfion o f the meridian or mid heaven. From the right af
eenfion of the meridian (increafed by 24 hours i f  r.cccflary) fubtratl the

* T he right afrer.lion and declination o f  the ilars obtained from  T,*h. I X . arc »he mean values, w hich, when very great aec :• 
racy it  required, niull be corrected tor tw o fmMI apparent motions di (covered b y  Dr. Arodlev ; one called  the Aberration , Jopet-cv 
iftg on the velocity o f  light : the oiber, called 'h t Notation, depe idinsr on 1  fm-ill m c i* n  .*f the e tn V s  axis, n o  fed hv the ai’.u ;*  

o f the tuoim. T he method; „( a .le .v in g  fa r  >Uc A l c u a t o n  an«l N otation, arc  taught in  m oil U v m lb i o f  Aft ret. .my«



fun’s right afcenfion the preceding noon at Greenwich, taken from page id ; 
o f  the month in the Nautical Almanac, the remainder will be the apparent 
time at the ihip nearly. T o  this time apply the longitude o f the ihip from 
Greenwich, turned into time, by adding it when it is weft, or fubtraiiing 
i t  when it is eaft, the fum or difference will be the apparent time o f the 
obfervation nearly by the meridian o f Greenwich. Then enter Table 
X X IX . with the daily variation o f the fun’s right afcenfion at the top, and 
the time at Greenwich* in the fide column, ana in the angle o f meeting is 
a number o f  minutes and feconds, which fubtrafted from the above time 
at the Ihip, leaves the corretted apparent time required,

E X A M P L E  I.
Suppcfe, Sept. 9, 1804, fea account, in lat. 7°4j'S. longitude 3o° i 8'E. o f  

Greenwich, the altitude o f the ftar Procyon, being then eaft o f the merid
ian, ihouldbe 28° 16' and the dip 4 ';  required the time.
JlyTab.IX . for year 1800 Procyon’s rightafc. yh 2 8 '49" Dec.5°44/ o "N .

Variation in 4 ! years Add 15 Sub. o 36

For the year 1S04, Sept, right afccn. 7 29 04
Star’s obf. alt. 28° 16'
Dip 4

28 12
fcef. Tab. X III. 2

Cor. alt. 28 to
latitude 7 45 Secant 0.00399
Pol. dift. 9  5 43 Co.fec. 0.00217

Sum 2) 131 38
i- Sum 6 S ' 49 Co-fine 9.6124«
A lt. 28 10

Remainder 37 39 Sine 9.78592

Sum 2)19.40450
IT Sum1« Sine 9.70225

Dec.5 43 2*4 N , 
90

Pol. dift. 95 43

in the column P. M . is
Star’s right afcenfion

Right afcenfion o f the meridian 
Jncreafed by

4h. 2m. os.

Sept. 9, fea acc. is Sept. 8, by N . A . Sun’s right af. noon i  1

Time at the ihip nearly 
Ship’s longitude 30° 1 S' in time

Time at Greenwich nearly 
Sun’s right afcenfion Sept. 8 1 ih. 6 ' 53"

Sept. 9 11 10 29

7 29 4

3
2 4

27 4

27 27 4
i i 6 53
16 20 X I

2 I 12
H i S 59

Daily difference 3 36 The correflion of T a
ble X X IX . correfponding is 2m. 9s. which fubtrafled from i6h. 2o ' 1 1 "  
leaves i6h. 18m. 2s. the true time at the ihip or 4)1. iSm. 2s. paft-mid- 
night.

•  Table  X JCIX . is o n ly calculated to is h . I f  the tim e u  G reenw ich exceeds t ib .  you n u l l  firft take out the COtttAipn fo r  u b .  
o&d add it  to the correction taken out fo r the reft o f  th*t t im e ;  the fum  * ¡1 1  he the fought correction.



T O  FIND T H E  T IM S  A T  SEA»

E X A M P L E  I I .

Suppofc April 16, 1804, fea account, in lat. 48° 56' N . long. 65° W . 
the obferved altitude o f Aldebaran when weft o f the meridian, ihould be 
2z° 25', and the dip 4 ' ;  required the apparent time at the ihip ?

v /  / /  „

B y Table IX . for the year 1800, R .A f. A ldcb.4 24 27 D ec.t6° 6 '  o ” \
Variation for years A d d 15 Add o 36

For the year 1804, * > ? 4 24 4
Obs, alt. Aldeb.. 22° 2s '

Dip 4
22 21

Refrailion 2

Cor. alt. Aldeb,* 22 >9
Latitude 48 56 Secant 0.18248
Pol. dift. 73 53 Co-fec. 0.01741

Sum 2)145 8

Sum 72 34 Co-fine q .47654.
A lt. 22 *9
Remainder 5° *5 Sine 9.SS584

Sum 2)19.56227

i  Sum. Sine 9.78113c
i the column P. M , is

90

P. dift. 73 53  24

Star’s Right Afcenfion
4h. 5 7 ' 2o// 
4  24 42

Right Afcenfion o f the merid. 9 22 2
April 16, fea acc, is A p .15 , by N .A . w h cn Q ’srt.a f. noon 1 33 46

App. time at lhip nearly 7 48 16
Long. 66 W . in time 4  24

App. time at Greenwich 12 12 16
Sun’s R t. Afcen. April 15 th. 33' 46"

April 16 i 37 27

Daily difference 3 41. The correction o f Tab. X X IX  .
correfponding is i '  52" ,  which fubtracted from 7I1. 48' 16" the app. time 
at the lhip nearly, leaves 7hi 46m. 24s. the correft time at the Ihip.

This method o f obtaining the time by the ftars is certain, could a good 
horizon be obtained ; but as that is not always the cafe, it is belt to regu • 
!atc your watch by the fun.



To find the LONGITUDE at Sea, by the
L unar O bservations.

M G N G  the various methods propofed for finding the longitude at 
fea, none has been more juftly celebrated, nor is o f greater utility, than 
that by meafuring the diftance of the moon from the fun or a fixed ftar, 
tfuallv called the L unar  O bservat i ons . T o facilitate this method, a 
work is annually publiflied by the Commiffioners o f Longitude in England; 
■ tfhich contains the diftance of the moon from the fun or a fixed ftar, for 
♦ very three hours, calculated for the mcridktn o f Greenwich. An obfer- 
vatic.n of thele diftances being made in any place, the time at Greenwich 
may be deduced therefrom  ̂ which compared with the apparent time óf ob- 
fcrvation,- will give the difference of meridians.

The diftances of the moon from the fun and proper ftars, are generally given 
in. the Nautical Almanac from orie objcil on each fide of her, to afford a 
greater number o f opportunities of obfervation, and to enable the observer 
to correct, in a great degree, the errors of the inftrtiment, or o f the adjuft- 
ments, or a faulty habit o f obfefving the contact of thè limbs ; bccaufe the 
errors have a natural tendency to correil each other; in taking the mean of 
obfervatians made with ftars on different Tides of the moon. Previous to' 
making the obfervation,- the Nautical Almanac muft be examined, to fee 
Srom what objects the diftances are computed, and it is from them only the 
diftances muft be meafured.

There are only nine ftars from which the difiances- are computed in the 
Nautical Almanac ; and as it is o f the greateft importance to be able to 
difeover them eafily, I iliall here add a number of remarks which will be 
found ufeful for that purpofe.

The beft way of difeovering any ftar, is by means of à cèlèllial globe r 
i f  that cannot be obtained; the time of the liar’s palling the meridian, and 
its meridian altitude, may be calculated, and by obferving it at that time; 
it  may be eafily difeovered. The diftances marked in the Nautical Alma
nac afford alio to the obferver a ready means of knowing the ftar from which' 
the moon’s diftance is to be obferve J ; for he has nothing to do but to fet his 
quadrant or fextant to the diftance computed roughly at the apparent t,ime/ 
ellimated nearly for the meridian of Greenwich, and direct his fight to 
the eaft or weft of the moon, according as the diftance at Greenwich was 
found in the Sth and 9th, or 10th and 1 ith pages of the month ; and hav
ing found the reflected image of the mcòn upon the horizon glafs, fweep 
the fextant to the right or left, and that image will pafs over the fought 
ftar, ifab o fe  the horizon and the weather clear: tbe ftar is always one 
of the brlghteft, and is lituated nearly in a line perpendicular to the moon’s 
horns, or, which is the fame thing, in the line of the moon’s fhortcr axis 
produced.

T h e  com p uted  diftan ce m ade ufè o f  in  fiveep in g  for the f ta r ;  is found in  
th is  m anner. R e c k o n  the apparent tim e a t the f l i p  in  the m anner o f  
aftronom ers (b y  co u n tin g  2 4  hours from  noon to  n oon, and ta k in g  the day 
one le/s than the fea accoun t) ; to  th is  tim e ap p ly  the lo n g itu d e  turned in-



td time, by adding in weft, and fubtrafling in eaft longitude ; the fum or 
difference will be the apparent time at Greenwich nearly. Take the dif- 
tances from the Nautical Almanac for the time immediately preceding and 
following thiseftimated time, and note the difference of thefe diftances. Then 
fay, as 3I1. or i8o/is to the difference of the diftances, fo is the difference be
tween the apparent time at Greenwich and the next preceding time fet down 
in the Nautical Almanac, to a number of minutes, which is to be added to 
the next preceding diftance taken from the Nautical Almanac, i f  it is in- 
creafing, but fubtrafled if  decreafing ; the fum or difference will be the 
diftance to which the quadrant or fextant is to be fixed. 
v In fweeping for the liars by this method, it will often happen that two 
or more are fwept upon at once : this might caufe fame difficulty to an in
experienced obferver, who would be at a lofs to know which to make ufe 
of. To remove this, the following defeription of theie liars is added, 
which is an improvement of that formerly publifhed in the American edition 
o f Moore’s Navigation. The defeription of Regulus was given by an in
genious correfpondent.

x  A r i e t i s .

ifc X

♦  *
♦  »

This liar bears about welt, diltant 23° from 
the Pleiades, or Seven Stars; it is of the fecond 
magnitude, and may be known by means of the 
ftar w of the third magnitude, fituatedS.W.of it, 3I 

• degrees diftant. South of the liar w, at the dif
tance of r i° ,  is the ftar v, o f the fourth mag
nitude. The northernmoil o f thefe liars is 
a Arietis.

A l d e b a r a n .

X *  ♦
** ♦ ♦  

♦

About 350 E. o f x  Arietis, and 140 S. £ . o f 
the Pleiades or Seven Stars, lies the bright ftar 
Aldebaran. Near this ftar, to the weftward, 
are fix or feven liars o f the third and fourth mag
nitude, forming with it a figure refembling the 
letter V , as is reprefented in the adjoined figure, 
where Aldebaran is marked a. A t the diftance 
o f 230 from Aldebaran, in a S. E. direction, are 
three very bright ftars, fituated in a ftraight line 
near to each other, forming the belt o f Orion.

Po l l u x . A t the diltance of 45''' from Aldebaran, 111 the 
direction o f E. N . E. lies the ftar Pollux, which 
is a bright ftar, though not o f the firft magnitude. 
N . W . o f it, diftant 50, is the ftar Galtor, o f 
nearly the fame magnitude', and you will almoft 
always fweep both at once : the fouthernmoft is 
the one to be ufed.

K egujlus.

*
♦

Regulus.

E. by 0. b. trom Pollux, at the dutance ot 
3 7I0, lies the liar Regulus, of the full magnitude r ' 1 
to the northward o f which (at the diftance o f S°) 
is a ftar o f the fecond magnitude ; near to thefe 
are five liars o f the third magnitude ; the whole 
forming a duller refembling a fickle, reprefented 
in the adjoined figure, Regulus being in the ex. 
tremity of the handle. A  line drawn from the 
northern polar ftar, through its .pointers, paffei 
about 120 to die eaft ward of Regulus.

Z
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F u m a l h a u t .
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A ♦

a ifc

E. S. E. from Rcgulus, at the diltance of 
lies the flat Spica, of the firft magnitude, with no 
bright ftar near it : S. W . of this ftar, at thedif- 
tance of about i6°, are five liars of the third and 
fourth magnitude, fituated as in the adjoined fig
ure ; the two northernmoft. of thefe liars », r, 
form a ftraight line with the liar Spica, and by 
this mark it may be eaiily difeovered. A  line 
drawn from the northern polar liar, through the 
middle liar o f the tail o f the Great bear, will pafs 
near to Spica.

E. S. E. from Spica, at the diltance of 46 
degrees, lies the liar Antares, in 26 degrees of 
fouth declination ; it is a remarkable liar, of a 
reddifii colour ; on each fide of it, to the W . N . W . 
and S. S. E . about 2° diftant, is a liar o f the third 
or fourth magnitude, forming an obtufe angle 
with it, no bright liar being near.

N . E. from Antares, at the diltance of 6o°, 
lies the very bright ftar a. Aquilae ; N . N . W . o f 
which, at 2° diltance, is a liar o f the third mag
nitude, and S. S. E. o f it, at 30 dillance, another 
liar o f a leller magnitude, forming a ftraight line 
with it. The liar <* Aquilae is nearly of the fame 
colour as Antares.

S. E. from * Aquilae, at the distance of 6o°, 
lies the liar Fomalhaitt, which is a bright ftar o f 
highfouchern declination, its altitude in northern 
latitudes being final], never exceeding 20° in the 
latitude of 40°. It bears nearly fouth from the 
ftar a Pegafi, diftant 45 degrees. A  line drawn 
Horn the pointers, through the northern polar 
liar, and continued to the oppofite meridian, will 
pafs very near to a. Pegafi and Fomalhaut.

E. by N . from a Aquilae, at the dillance of 
48°, and well from a. Arietis, at the dillance o f 
4 4 ° ,  lies the ftar <* Pegafi, which may be known 
by means of four liars of different magnitudes, 
fituated as in the adjoined figure, in which a rep- 
refents « Pegafi, /3 a liar o f the fecond magnitude 
bearing north of it diftant 130 ; the others are o f 
leffer magnitude, and two o f them, 3, ¡a, form a 
ftraight line with the ftar « Pegafi, and by this 
mark it may be eafily difeovered.

General obfcr-uations on the taking o f  a Lunar Obfcrmation.

The accuracy ef a lunar obfervation depends chiefly on the regulation 
of the watch, and on the exact meafurement of the dillance of the moon 
from the fun or ftar ; a finall error in the obferved altitudes of thole ob
jects does not much affeft the refult of the calculation.

The bell method of regulating a watch at fea, is by taking an altitude 
of the fun wh,en it changes quickell, or when it bears nearly call or weft, and



rioting the timé by the watch. W ith this altitude, the latitude of the place, 
and the fun’s declination, find the apparent time o f obfervation by either 
c f  the preceding methods ; the difference between this time and that fhewn 
by the watc-'i, will ihow how much the watch is too fall or too flow. A  
iinglc obfervation taken with'care will generally be-exaft enough ; but if  
greater accuracy is required, the mean of a number of obfervations may be 
taken. I f  the diftance o f the fun and moon be obferved when the fun is 
three or four points diftant from the meridian, the apparent time oí ob
fervation may be deduced from the altitude of the fun taken at the precile 
time of meafuring the diftance ; this will render the life of a watch un- 
necefiary, and will prev ent any irregularity in its going from affeiting the 
rcfult of the obfervation. I f  a night obfervation is to be taken, the watch 
ihould be regulated by an altitude o f the fun taken the preceding even
ing, and its going examined by means of another obfervation taken the 
next morning ; for the time found by an altitude of a fiar cannot be fo 
well depended upon, as the atmofphcre in the night is precarious, and the 
horizon generally ill-defined ; but the altitude may be fuffieiently exait 
for finding the correction ufed in determining the angular diftance.

Although all the inftruments ufed in thefe obfervations ought to be well 
adjufted, yet particular care ought to be taken o f the fextant ufed in meaf
uring the diftance of the moon from the fun or ftar, fincc an error c f  \' 
ill this diftance will make an error of nearly 30' in the longitude deduced 
therefrom. When a great angular diftance is to be meafured, the adjuitmeiit 
o f  the parallelifm of the telefcopc is o f primary importance ; but when the 
diftance is lefs than <;o°, the telefcope may be difpenfed with, ufing a Am
ple fight tube, taking care, however, that the eye and point o f con tail of 
the objects on the horizon giafs be equally diftant from the plane of die in- 
ferument.

Whilft one perfon is obferving the diftance of the objeils, two others 
ought to be obferving their altitudes ; and the watch cither fufpended near 
one of the obfervers, or put into the hands of a fourth perfon appointed to 
note the times. The obferver who takes the angular diftance giving pre
vious notice to the others to be ready with their altitudes by the time he 
has linifiied his obfervation, which being done, the time, altitudes, and 
diftance ihould be carefully noted ; and other fets of obfervations taken, 
which muft be done within the fpace of 15 minutes, and the mean of all 
fhefe obfervations muft be taken and worked as a fingle one.

When a fliip is clofe hauled to the wind, with a large fea, or when fil l
ing before the wind, and rolling confiderably, it is difficult to meafurc the 
diftance of the objeils ; but when the wind is enough upon the quarter to 
keep he.r fteady, it is eafy to do it, efpecially in fmall diftanccs, which arc 
much more eaiily meafured than large ones, and are not fo liable to error 
from an ill adjuftment of the telefcope : an obferver would therefore do 
well to choofe tiiofe times for his obfervations when the diftance of the 
objeils is lefs than 70o. An obfervation of the fun and moon is generally 
much eafier to take when the altitude of the moon is lefs than that o f the 
flin, bscaufe the fextant will be held in a more natural and eafy manner. 
When the moon is near the zenith the obfervation is generally difficult to 
make, becaufc the obferver is forced to place himfelf in a diftgreeab’e pof- 
turc. For the fame rcafon an obfervation o f the moon and a liar is gene
rally much eafier to take when the ftar is lower than the moon. This fit- 
uation of the objeits may in moll cafes be obtained by making the obfer
vations at a proper time of the day. But it muft be obferved that neither 
o f the objeits ought to be at a lefs altitude than f o 1, upon account of the



uncertainty of the refraflion near the horizon ; for by the Example, pagc> 
132, it appears that the refrait-ion varies from 33' to 36'' 40// only by an 
alteration of 40° in the thermometer. This alteration might caufe an 
error of two degrees in the longitude.

In taking the altitude of the moon, the round limb, whether it be the 
upper or lower, mud be brought to the horizon. In damp weather it is 
rather difficult to obferve the altitude o f the ftars, on account o f their dim- 
nefs, particularly a Pegafi and *  Arietis. Sometimes they are fo dim that 
they cannot be leen through the holes of the fight vane; in that cafe it 
muft be turned a fide, and the eye held in nearly the fame place.

W e have here fuppofed that there were obfervers enough to meafure the 
altitudes when the diftance was obferved •, but i f  that is not the cafe, the 
altitudes  ̂may be calculated in a manner that w ill be explained hereafter.

Preparations neeejfary for ‘working a Lunar Qbfervation,

Find the apparent time of obfervation by aftronomical account, which is 
one day lels than she fea account; to this time apply the longitude turned 
into time by Table X X .*  by adding it i f  it be weft, but fub trailing it i f  it 
be eaft ; the fum or difference + will be the fuppofed time at Greenwich, 
or reduced time.

In page 7th. o f the month of the Nautical Almanac, find the neareft • 
noon and midnight both before and after the reduced time, take out the 
moon’s femi-diameter and horizontal parallax for this noon and midnight 
and find their differences,

Then enter Tabic X II , with thefe differences in the fide column, and 
the reduced time at the top ; oppefite the former and under the latter are 
the correilionsjj; to be applied refpeftively to the femi-diameter and hori
zontal parallax, marked down firft in the Nautical Almanac ; additive i f  
increasing, fubtrailive i f  decreafing : the fum or difference will be re-, 
fpeclivejy the horizontal femi-diameter and the horizontal parallax. T o  
this femi-diameter muft be added the augmentation from Table X V I . and 
the fum will be the corrcft femi-diameter of the moon. The fun’s iemi. 
diameter is found in the 3d. page of the month of the Nautical Almanac.

To the obferved altitude of the fun’s or moon’s lower limb add 1 2  
miles ; i f  their upper limb was ufed fubtradl 20 m iles; and from the ftar’s 
obferved altitude fubtrail 4 miles, and you will have the apparent altitudes 
nearly ; § and by fubcrafting them from 90° you will have the apparent 
zenith diitances.,

To the obferved diftance of the moon from a ftar add the moon’s femi- 
diameter, i f  her neareft limb twas obferved, but fubtrail it i f  her fartheft 
limb was obferved ; the fum or difference will be the apparent diftance, 
But to the obferved diftance of the fun and moon add their lemi-diameters, 
the fum will be the apparent diftance.

* Or by multiplying :t bv 4 in the manner dif-Cted in the note usgc 154.
♦  the foru cxersds 34 hours, yO:t tn> ft fu h tn ft iw entv-four hours, and *dd o n t to th ed av  o f  the month. And w.h«r» 

the hour* 10 be fubtrafted ai f  us ore than «be hours 0« «he apparent tim e, ¿4 hours usuft be added to the latter picvioua to the fu V  
traftion, ana one day taken from the day o f the month.

♦ Thefe corrections mav be found cafilv without the table, by fa rin g , as J2 is to the reduced tim e (rejefting 13 hoot*
» h en  more «bn* t a b  .Xiti' f  > is the «liSVrcs.ee o f  parallax o r ifcua-.l.a.aeteT fur 1* hour* to the eorrefpostdtng correction. W h en  

the table the red «cud tune may be found to the nearest hour, or i f  fa ll* mid-way between tw o hour*, the m ean o f the Cor. 
reft rens for both hours m ay be taken.

4 Tfcefe aUUndet are furpnf'd to be taV. nVv a fore obfervation : and if  vou wilh to obtain the apparent altitude« to a greater 
¿«srer of ev&haef«, ▼ »tout.ht to fuk»ra5* the dip of the horizon, and add or fubtraft the femi-diameter o f the ol.jeft accord- 

i '  tin lower or upper limb was ebf«n«*d, but rise application o f the above number» w ill give the altitude« in a common ftaed 
Hr where the dtp u  4 or 5 minutes 5 but i f  the ere fi-outd be v*rv high above the water, you might fubtrart l  or * inin-ue* 
t 'O i  :hu<i altitude : to Use dip in Tic!« X iV . Xu the following examples tsf luuar obferotiom v.e £hiil ftmpafc A«
e»y ts ace ts with the above r.uac.er:



From the fun’s refradtion in Table X III . take his parallax in altitude in 
Table X V . the remainder will be the fun’s correition.

The liar’s refraftion in Table X III . is his correction.
W ith the moon’s horizontal parallax, and apparent zenith dillance, find 

her correction in Table X V I I I .  which is to be entered at the top with the 
moon’s zenith dillance, and at the fide with her horizontal parallax; under 
the former and oppofitc the latter is the fought correction.*

Molt of thefe preparations are neceffary, whatever method is ufed in 
working the obfervation. The moll noted methods are thofe o f D un- 
thorne , L yons, W i t c h e l , Sec. and improvements on thefe methods by 
various authors.

D unthorne ’s and fimilar methods have one great advantage, there 
being no difference o f cafes ; but their methods are tedious by reafon of the 
great exaCtnefs required in proportioning the logarithms to feconds. L y o n ’s 
and W i t c h e l ’s methods do not labour under this inconvenience ; but they 
are embarraffed with a variety o f cafes: fometimes the corrections arc 
additive, fometimes fubtraClive, and learners find a difficulty in right, 
l.y applying them. The following method has all the advantage o f 
W itchel’s, without labouring under this inconvenience. The corrections 
being always applied in the fame manner, the logarithmic fines and co- 
fecants need be taken only to four places o f figures and to the nearelt 
minute; it being in general quite unneceffary to proportion for the odd 
feconds.

Rule for eorre Sling the apparent Dlflance o f the Moon from the Snrt.lt

Add together the apparent zenith diftances o f the fun and moon and 
their apparent dillance, and note the half fum o f thefe three numbers.

From this half fum fubtraCl the moon’s zenith dillance and call the dif
ference the firlt remainder. From the fame half fum fubtraCl the fun's ze
nith dillance and call this difference the fecond remainder.

•  T h is  tabic contains the c n re ftio n  o f  the in io n ’s altitude fo r  even* 10”  o f parallax from  5*3’  to ffc’, and fo r  every degree er  
S m ith  d illance from  *010 87®; and may be found for any interm ediate angle by  means o f  the table» ul proportional parts pU ccd 
• t  the right hand o f  every page. A s  this table is prim ed in  a new form  w e  th ill  g ive  a few  exam ples to explain  its ufc.

In  finding the correction from  this table, the degrees o f  zenith d illance m ull be found at the top (neglecting the odd rainu*ri) 
and the next lefs parallax at the fide ; the num ber under the fir m e r  and oppofue the latter is to be rrferved. T a k e  the d ifference 
between th it referred number and the one next below  it in tb* fam e vertical colum n, and call i t  d ;  tak e  nlfo  the difference 
betw een  that refereed num ber amt the num ber in  the next right hand colum n on the fam e horizontal lin e , (c.»rrcfpn«ding t<> the 
n e xt greater degree o f  zen ith  diltauee, w h ich  fom etim es fa lls on the firlt colum n o f  the next page) ann c a ll u  D. T hen find d 
fh e  top o f  the little  table o f  parallax in  the rijtht hand o f  the page ; under this and oppofitc the odd feconds o f  parallax (found in  
rhe colu m n m arked S.) is the correftion arifing therefrom , w hich is to be added to  the form er refereed num ber. Then in  t i e  
other fide tables for the zen ith  dillance find D at the top and the minutes o f  zenith dillance at the fide, (being marked M  at the 
top)» under the form er and oppofite the latter t< the Correction for the odd minutes o f  rom th diftxnge, w hich is  additive except iy  
the two lad pages o f  the tables. T h e fe  fide taH cs are m arked at the top Add orSulurjCt, fi> that there can be no difficulty in apply. 
Sng thefe two corrections to the referred number, in  order to obtain the corrcftiou  o f  the inouii’s altitude for ju ra  I lax aud 
refraction.

At the top o f  the fide table* in  every page are marked a ll the numbers that can he wanted on that page : in  the fide columns ihs 
jen i*h  dillance is m arked to ererv ,5 m inutes ; the correction tor nnv intermediate minute may be found by in fpeftion. Thu 
zen ith  d iftm ee, are marked at the top o f  Table  X V III . inltead o f  the altitudes ; by this m<um the correction for the odd m ui’.v.s 
i t  additive in the mod u frfu l part o f the table : for a lunar obfervation ought not to Le la k jn  when the m oon’* ¿ u iith  ¿¿fiance j. 
ax great as is m arked in  the lall page o f the table.

A fter a little  proftice the Corrections may he taken fr-'ffl thefe »able« in a vetv expedition* manner.
y.xA M V t* I .  Required the correction o f  the Jy< altitude for the zen . «lilt. and parallax 58* io "  ?
L'nder 5.̂ ® and oppofite to 58* 10”  is ih r  fought correction 48* iH‘\
K x A M n t  U . Required the correction o f  the ¡)’< altitude for the zen . d ill. *, and parallajt 58* if i"  ?
Under 55® and oppofite to 58’ to”  is 46’ 18” , the d ifference between this and the number below  ¡t (46* .-7’ *} is In -he l in ’ e

table o f  parallax m arked 9”  at the top, and o ppifuc t«> the odd feconds (6) *>f the moon's horizontal p iraL.ix ¿8' »6”  Hand 
which added to 46* »8’ ’ gives the correction required, 46’ 43” .

P x a w m . f. HI. Required the corrcfli->n «*f the Jy.x altitude fo r  the zen . d ill, '¡if* 1.5' and parallax eft* ifi”  ?
Under 5$® and app.ifite to j8 °  to ’ is 46’ td ” , the difference between (hit and the number below i; q<V id ; and the dif

ference between it and the number in the right hand column nppulite to it t\ qa' =sl>. In tb'* li t h - <.11 o f  parallax at the rittht 
hand tinder d«wq” , and oppofite 6 the odd feconds o f  parallax Hand 5” , additive. In tlu- table >•'.••.*mth diltanrc under I>=- ¡ j ”  .md 
oppofite the odd m inutes o f zen ith  dillance 1,5 itaml 8”  additive. Ih e io fo re  by adding and 8" to 40' 18” ,  d;c fought c u m ctiu n  
U found to be 46’ 31” .

E x a m  par. IV . Required the correction o f  the I)*s altitude fo r the zen . dsfi. 1 p  and lmriz« tal parallax ?
Opp iftte ,53» atid under tq® (land 16' ¿6”  •, the d ifference l>et\*cen this and the unm bvr ««».pt «t»e to i? ¡i> t** r..-vr colum n is 

Under 51”  in  the tables o f  2en:th di-'ane«:, and s>pp«>lttc «0* (the odd luinntev o f  /t iiit:> d u / t ( j j  1;*’ . 10 be added re 
ah' 56" to obtain the fought Correction, t ; ’ i / \

E x a m p l il  V .  Required »he Correction n f the ¡J** altitude for the z e n . d»ft 8;® $V» a,*d p a ra ll,v y /  ?
Oppofite 55' and u n d er8 ® is 48' ^6” , to the rieht o f  w h ich , in the n t i m n  m arksd 81® ( " h ic h  fidl in  'h e  next pegs*) is jR* .12"; 

ib i i f  difference is d«=J4” . N ow  in  the fids* tables for tbs* zenith d i'lan ce, mitlcr - an-! ..polite . 5 " the odd rnlt. o' ?••• ,
Hand »4” ,  and as at the ><>p it is m arked fubtraCl, it mutt be fubtraHed ft. tti 48* 0  obtain tl>c I Jvqht Correrii<«ti qU' 4.* ’ •

♦  Thtr r ile is ficiwar to that f«: correcting the m oon': difiance fi*,n» a fiar ; the only diffc;-:i! * confilV. i.\ » « d.; ^Sc"«



T o  the conftant log. 9.6990 add the log. co-fec. o f the half fum, aftJ 
the log. fine of the apparent dift. (both taken from Tab. X X V .)  the fum, 
rejecting 20 in the index, is a referved logarithm.

T o  this referved logarithm add the log. fine of the fun’s zenith diftanee, 
the log. co-fecantof the firft remainder, (both taken from Tab. X X V .)  and 
the proportional log. o f the correction of the fun’s or ftar’s altitude (from 
Table X X III.)  ; the fum, rejecting 30 in the index, will be the propor. 
log. o f the firft correction, to be found in Table X X III .

T o the referved logarithm add the log. fine of the moon’s zenith diftanee, 
the logl co-fecant of thefecond remainder (both taken from Table X X V .) , 
and the prop. log. o f the correction of the moon’s altitude (from Table 
X X I I I .) ; the fum, rejecting 30 in the index, will be the prop. log. of the 
fecond correction, to be found in Table X X III.

Then to the apparent diftanee add the correction o f the moon’s altitude 
and the firft correction, and fubtraCt the fum of the fecond correction and 
the correction of the fun’s altitude ; the remainder is the corrected diftanee.

Take the difference between the correction o f the moon’s altitude and 
the fecond correction ; with that enter Table X IX . and under the correct
ed diftanee take out the number of feconds correfponding; and' in the fame 
column, oppofite the correction of the moon’s altitude, take out the number 
o f feconds correfponding ; the difference between thefe two numbers is a 
number o f feconds to be added to the corrected diftanee, when lefs than 90 
degrees; but fubtraCted, when above 90 degrees : the fum or difference 
will be the true diftanee.*

To determine the longitude from the true diftanee.
In the Nautical Almanac, among the diftances of the objects, from 

page 8 to 11, look for the computed diftanee between the moon and the 
other obferved object for that given day ; i f  it be found there, the time at 
Greenwich will be found at the top column ; but i f  it falls between them, 
as it generally will, take the difference between the diftances that Hand 
immediately before and after the computed diftanee, and alfo the difference 
between the diftanee ftanding before it and the computed diftanee.

Then from Table X X III. take the prop. log. of the firft found difference, 
and the prop. log. o f the fecond found difference, and the difference be
tween thefe two logarithms will be the prop. log. o f a number of hours, 
minutes, and feconds ; which, being added to the time ftanding over the 
firft diftanee in the Nautical Almanac, will give the true time at Green
wich.

. The difference between this Greenwich time and that at the fhip, turned 
into degrees by table X X . will be the longitude of the place o f obfervation, 
reckoned from the meridian of Greenwich, which will beeaft i f  the time at 
the fnip be greater tĥ n that at Greenwich, but i f  it be lefs, the longitude 
will be weft.

*  T he diftanee obtained hv this mle is not cxaftly the true diftanee, fo r it requires feveral fm all correftions to obtain it true to 
the neardt fecond, v iz .  ̂1 ■ T he rtfra&ion taken from Table X III. ftmuld be corrected for the different heights o f the Barometer 
And Tt.errunmeicr, as directed in p g e  132. (a) A  correction flioold be applied f  ;r the fphcnodical figure o f  the earth« And (3) 
a  c-rrcflion  equal to the fourth, c&rrcftton o f W itcb cl’s method given in page 62 o f the appendix o f the fecond edition o f  the Kc- 
quilitc Tables o f  M.iikelvtte, Otoidd alfo  be applied.— Bui to notice  a ll thefe correftions would increafe thr calculation very much, 
and the r e fu h o f a Angle obfervation, in w hich a ll thcic things were noticed, would probably not be fo accurate a» the rucao 0» 
tw o or three d lfetvaiio m , tak ef at d ifferent times o f  the day, in  which thefe correct ion< were neglected.



1

E xample  I.

Suppofe the 19th. Feb. 1804, fea account, the diftance of the far'thcil 
limb of the moon from the ftar Regulus was obfcrved 76° 36' o", the 
altitude of the moon’s lower limb 86° 28', the altitude of Regulus 14° 13', 
the apparent time of obfervation 6h. z8vn. P, M . the long, by account 115* 
^V. of Greenwich. Required the true longitude ? •

Preparation,

Feb. to , Sea »«count , Is Feb. iff, by Nautical Alm anac at
It. w . 

6 'jtS
Longitude 1 in  tim e 7  4a

Reduced tim e 14 ®S

5'«5 . D at m idnight »6* 3* J)\ Hor. Par. m idnight 5 * ’ 53 n obf. a lt - 1 . L . 8 0  :*•
Noon, Feb- 19, * 5  W Noon 41 Add »a

Difference 4 Difference «■ a D’s app. alt. 86 4 »

Tab. X II. j T ab. X II. 2
90

. . . . . . — — ]}'* *en . dift. 3  *«
16 / H or. Par. S8 -5 *

Aug. (Tab. X V I.) jfc’t  obf. alt, 14«
- 1 Cor. f*r Par <8* <o" and 7 . D- 3O 3* a” Dip. 4

fl’tS . D. tS  t8 d. -=- 0 and Par. 1” 0 — — —.
------- - D . —  $0”  and Z . D . «o' 3 0 . *a(> p .alt. 14 9

■  — — 9 °
C or J>*i ale. a ’**

%  te n .d ift. 7 jt
rcfrac- 3*43”  is ¡t« eorreftion in alt. —

Obf. «lift. 76» 36* ©** 
P»sS. D. «««»

App. ft. 76

♦

To fin d  the correB diftance and longitude.

Apparent diftance 
renith diftance 

^c’v senith diftance

750 ao’  
.1 «0 

75 51

Conftani tojr.
Half f«in 77O44* Co-fee. 
Diftance 7(1*) so Sine

«j/wjoa

Sum *55 3* Refervedlogarithn» 
afc ten. dift. 7*0 .41' Sine 
Firft rcm. -4 -,14 C«»fcc. 
% Corr. in alt. 3’43 P. L.

<9.9866 
to. iiidq 
1.6851

Rcfervcd W s n tb n t n '<()*•;
J)*s sen. dift. .*n‘ (inc .5
Second rcm. 1 54 eo-f^r. u . 4-1,4 
Cor. jTs alt. .li“ P.L.

Half fum 
D*< xen. dift.

77 4 > 
3 a®

Firft remainder 74 a5 Firft corr. 7.»6 P. L. * '1B45 Secondcarr 3 P I. '

Half fum 
Tfc*» sen. dift.

77 4.» 
75 5*

Second remainder ‘  .54 By Xaut. Aim dift. at t;• h. W!—-0 48* 38»
 ̂ ‘

Apparent diftance 
. . .  S Pitft corrcftioii 
■U J  ¿Corr. all.

76O »9* ■ *r"
Di (Terence 1 44 7 r . ... ■ :»

3 wa Diftauc«- at t"h. 
Correct diiUnco

Difference

76
4«

76 3° 3^ 1 44 P- L. 3**•’.

_ «. ?  Second eorrcfUon 3 5 2 ?  
Swb* ¿C«rr. % lit. 3 H > 7 35

Time
Add . s '

uS* fi** P -1- o«44

76 -2« 5 » Time at Greenwich 1,1...'8 ' 12*

Co: r. Tab. XIX. £ * J»Di»F. idd. 0 Time at (hip 6 .8

CutruCl diftance Dift. it long Id inte 8 o tawj 10* >’ W



ExAMFl ï  II.

Suppofe the 19th January, 1804, feâ account at 4I1. 33' P. M . in the 
long, of 88° E. o f Greenwich by account, the difiance o f the fun’s and 
moon’s neareft limbs was obferved 70° 26' io >/, altitude o f the moon’s 
upper limb 520 33', altitude of the fun's lower limb *7° 55'. Required 
the true longitude ?

Preparation.

Jan. sg th fe e  aceount, ii  Jan. 18th bp N. A . J»n. 18 4 35 
Long. 880 e . fabira ft, in  tim e 5  3»

Reduced tim e Jao. 17 a *  43

ÿ l & D . J a n .  17 at m idnight *6* 8’* Jfs H or. Par. m idnight 59* 11”
Jan. »8 at noon »6 9  N oon 59 *8

Difference 

Table  X II.

R i g .  T ab. X V L  

JfiieaLdiam.

rerr»Elioa C‘s par.
C air. © ’sa lt

1 Difference 5

« T ab. X II . 4

9
i s

I ’i H or. Per. S9  * 5

—  — C er. for Par. 59’ so”  and Z D .  3:® 34* 54*
*6 s i  d . »  6”  and Par 5 ”  3
» ■ — D -a s  48" and Z . D. 4 7' 38

»* 4 1 ’* 9
i 39

C o r r o s a l i .  35 3 5

O bf. dift. ;e®«6‘ to ”
î'< S, D. 1 6 2 1
O'sS D 18 18
A p p.d ift. 70 .58 49

ÿ s  obf. alt, U. L . 
SubtraA

3-» 3 5 '
3»

Ji’s app. alt. 5 * 13 
93

Jl’s zen . dlft. U 8 7  4 7

0 ’s obf. alt. 
Add * 7°  55 V

IS

© 's  app. alt.
»» 7
00

© ’s zen . dift. 61 S ì

To find the correil difiance and longitude,

Apparent diftance y P  59*
Jl’v re n ilh  ¿¡fiance 37 47
©'» zenith diitauce 6» 53

Suo» 170 3 9

H n lf fum « 5 » 9
2)'» zen . difiance 37 4 7

tft rem ainder 47 3 *

8 S
©*1 zen . dift. 6 t 51
and rem ainder S3 26

Apparent dittante 7c® ¿8’  49”
a w  5 ;.“  '» " « ' ; » »  » 5 5

¿ C o ir . Jl’s alt. 3$ 35

Sub.
^ end corr. 48’  4 c "  > 
^ C or.0 *»al. 1 39 $

37 *9 
$0 21

70 46 ¿9
C o r .T .X I X . add 3

7 ® 4 7  »

Confiant log . Ç-6q9>
H alf f«m 0 J® 19* ro .fcc . 10.0014
Difiance 70 39 fine 9.975b

Rcferved Mg. 9.6760
0 ’s aen. dill. 6iO 53’ fine g.9455
iff rern»47 32 co-fec. l o . i ja i  
Corr. O ’* alt. »’ 39”  P. L . 11.0378

*flco rrcflio n  2 ¿ ¿ P .L .  1.7914

Referred log.
J)’s z tn . dili. 37O 4,1 c
and re m .2 3 0 ^ 5 ,^ / * «  9 -7 8 :-
Corr. JJ-s »h. 3S. 35. , p 'J»-}0».; 

and corr. 48' 41*» pm

Ev N  A . D if. i7d . a:h * 69O ¿5’ 56**
x8d. at noon 71 33 27

Difference 1 3 8 1 P. E.
D if. t7d. s ijt . 

Cerreti dittance
69 55 26
70 47  t

Difference 5 * 3 5 E .Î..

T im e
Add

ih . 34* 44”  
s i t - L .

T im e  i t  Greenw ich, 
T im e  at ihip,

J a n .t :d . auh. 34' 44“  
18 4  3 5

D i O', lon g, in  tim e 6
CorreQ difH nce

o »6=930 s



E X A M P L E  III.

SujJpofe the 31ft March, 1804, at 3h. 48' A . M . fea account, Ln the 
longitude of 1550 W . of Greenwich by account, the diftance of theneareft 
limb of the moon from the liar Fomalhaut was 8o° 48' 3", the altitude of 
ihe liar 230 59', the altitude of the moon’s lower limb 550 36'. Required 
the true longitude ?

. Preparatidn.

March 3», fea account it M ar-b r » f v  M. A . 3b. 48» A . M  or M ar. 30I. 1 eh. 4?;«.
Longitude 153O W . in titno » Add to vo

Reduced time M ar. 31 a 8

J 'j S- D- at noon
midnight

* l ' .5»”  
»4 33

Biftercnce 3

T abic X II. 0

Augm -T ab. X V I.
»4  .50 

‘  i

fo's 5 . B. ‘ 5 3

JL Hor- Pjt . noon ¿4* 26'»
m idnight ¿4 jf>

Difference 10

T abic X II . ~ 7

D’sH or. Par. 54 a8

Corr. for Par. ¿ j 'a o ”  and 2 . 0 . 340 is 2q' 4 ;’* 
d. = 6 -4 0 .1  Par 8- . ,
D. =; 45" and Z . D. ha* «,

Corr. 2>*s alt. w

I)’* ohf. alt. 
Add

£'< app. air. 
fr t  zt-n. dilt

obf. alt.
Dip

t . L .
l i

5 5  4« 
3 4  **

a 3  5 9  
4

i’s app. air. 
L zen. dilt. 66 5

~ t „ * n „  % ’s refriflio ti a* d’l l s  its eorec&ion in  all.
Or r. Dift. 8oO.}R' v* 
d-s s .1 ) .  , 5 ;

App. dirt. 8» 3 0

To find the correZ d¡fiance and longitude*

Apparent d iftm ee 
t 's  zenith diftance 
afc’s rem ih dllUncc

81O
.34 u
66 5

S 181 20
H alf fum 
&’» ten . diftance

tft remainder

4a
34

5s 28
Jialffum s<5 40
% v¿en . diftance ¿6 5

and remainder » 4  35

Cbnftant logarithm
H alf fum 9 ^ 4 0 ’ co.fcc. io .oooo
Diftance lit 3 fine 9-9947

Referred Jog. 9.6957
zcn. dill. 66° $• fine 9.9610 

id  rein. ,56 28 co-iec. 10.0701 
% '» c o r .iu a lt .2* 8" P. I„ 1,9263

tft cc-rr. 3> ¿6-' P. L . i.fiboo

R cfe n  cd log. 9693*
2> s zcn.dil». 34° 12» fine 9.7498
'zn d rem .24  3.5 c i.fcc. 10.3809
Cor- J ’s alt. 29’ ,59”  P. J., 7784

end cor. 44’ 55”  P. L . 6 « » 9

B y N . A - d if .  M ar. 31 atnooh fltOag* j8’» 
at 3 h. 8o 17 7

Apparent diftance

M d  \  c,>r" ni'“ . J
¿C o rr. 5  s altitude

8 4o 3’ 6 
3  Sfi 

* 9  59
riiftanee at noon 
Ccrrcri diftance

1 an 11

81 39 18 
Do 49 ,59

t . L 340 3

Sub.5 ?,nd
¿C orr- Jff’s ah . 2* 8” 5

81 37 1 

47  $

T im e
Add tim e firft tlif.

4 9  t? P .L . 5 6 » 3

T iM e X L N . A Jd
80 49 ¿8 M ar. 3td.

th . 4ft1 o’* 
0 0 0

P .L . 2218

T im ca t G reenw ich M ar. 31 1 48 0
Correft diftance

«0 49  59
jyiar. 30 *5 4 * <*

loh . o’ • ’ W.



E X A M PL E  I V .

Suppofe the- following obfervations were made M ay r8,. 1804, fea ac
count at 7I1. 15m. 25s. P. M . the diftance of the neareft limbs of the fun 
and moon 106o 3 '5  8", altitude of the moon’s upper limb 230 30' altitude 
o f the fun’s lower limb 1 1 0 5 4 '; the longitude by account being 24° W , 
Required the true longitude i

Preparaban,

n. m . r.
tS, Se» account is M ay 17, by  the Nautical A lm anac, at 7 15 

Longitude 24° W . in  tim e 1 36

Reduced tim« M ay tyd. 8 51 25

D .a tn o o n   ̂
at. midnight

*5 ’  s s " Jj'i Hor. P ir . noon 5 5 * 4 5 ”
15  * midnsght 5 5  * 6

Difference A Difference . . 19

Table  X II . 4 Table  X II. »4

A ugm . Table  X V I.
» 5  7 

6
J)'i Hor. Par. 5 5  3 ‘

- ■■ Cor. for Par. 55* 30”  and Z . D. 4 «' 3 V
Jps fern. diam. d . aa to”  and Par. 1” 1

D . «= 17”  and Z . D . ¿o' 14

Cor. 5 ’s alt 48 ¡p

D's obf. alu 
Subtract

*393*r
43

jTs app. alt. 03 10
0's sc o rd ili. 66 50

©*s obf. alt. 1 1O5,» 
Add I4

%
>’s app. alt. 
Vs zeu . dift.

ta 6 
77  A *

g’sr c fn ft io n  4’  21”
’s parallax 9

Curr. © ’s alt. 4 12

O bf. dif. 
Il’s S. D. 
0 ’s S .D ,

106° 3* 58’* 
* 5  » 1  *5 5«

App. d id . 106 75 2

/

Apparent diftance
I) ’» zenith diftance 
0 's  zenith diftance

Sum

H a lf Aim
J) ’s ten . dift.

tft remainder 

H alf Aim
0 ’s zenith diftance 

and remainder

To find the correi! dlfianif and longitude.

lof>3 3̂ * Confiant logarithm 9.6990
66 50 H alf Aim lay3 s9* co-fec. le.oqo»
77 54 Diftance 106 35 fine 9 -9 »M

* 5 » * 9 Referred  locarithm Rêferveff î»ag.
■ 1 © ’s zen . d ill. 7?° ,54’ fine 9 -99»* J>'s zen. dift. i56®50’ fine

l ‘i> « i l l  rum. 58 49 co-fec. 10.0678 andrem . 47 45 co-fec-
66 ¿o Core, © 's alt. 4* u ”  P. L. t/»3'io Corr. J’s alt. 4 ¿ ' ¿o '1

58  49 tft corre£Uon 6' 14”  I*. L. 1.4606 and corr. to 6» 4**»

»•■ *.5 39 
77  54

47  4 .$
Diftance at 9 h. lofi® i»’ 9”

> •
at ia  h . • 167 37 3

Apparent diftance lo& ïgy! s ’*'

a ,u  $,' .i u “ ; r, *  >4¿U>rr. p's alt. 48,50

107 30 6
«..w r 5  and enrreftiofi l°  S’ 41 "  >
Sub:|  Curr. ©’salt. 4 U  \  ‘  «

Table X IX . | * | s u b .  

CoYreft diftar.ee

106 19

10»» «9- 8

Diftance at 9 S . 
Corrcft diilance

T im e
Add

T im e at (rfeca vieh  
T im e a; ihip

Longitude in time

» * 4  54 M .

>06 14 9
106 19 8.

6 5 9  P .L .

oh. 14’ 4H" P .I ..
9

9  * 4  4 ®•T'-sr*.*
1 «9

9-77«*9-9*35
¿666
4 3 lft

3=64

Mm
1.QSj8



E X A M P L E  V .

Suppofe that on the 17th July, 1804., fea account, at 7I1. 21m. P. M . 
in the longitude o f 85° W . per account, the diftance o f the fartheft 
limb of the moon from the ftar a Aquilaj was 740 46' 48", altitude 
o f the ftar 210 32', altitude of the moou’s upper limb 26° 52'. Required 
the true longitude i

Preparation.

■ July 17, fea account, 
Longitude 85® W eft,

Reduced tim e

Jpt S. D. at m idnight *4’  48’»

h. m.
is July 16 by N. A . at 7 21 

in  um « 5 40

July 16J. t.7 t

J>’s H ot. Par. m idnight 34* e o " A H .& H U . L . *6® ¿a*
July 17, at noun »4  49 noon 51 at Sdbtrafl S3

Difference D ifference 1 JVs apn. alt. *6 3a
- 1 I's i t n. dill. 63 48

T able  X U . Tab- X II . « ». ■ ...

A y g  Tab X V I.
J)** Hor. Par. ¿4 *0

%  Fom. alt, 
iu b tra ft

* i ° 3#*
4

7
C or for Par «j* a e "  and 2 -D .6 j°  i> 46' 34“* App. alt. c i  98

icm nliam ctcr *4  55 D. s» so ‘* and 2 . D- 28' 9 %  zen- did 68 J*

Cor. D'salt* 4 s  41

% 's refraction a’ *4”
O hf. dift. 74®46’ 48’»

14 5.5

A p p. d if. 7 4  3 » 5 1

is Us correftion.

To find the cor reti diflance and longitude.

Apparent diftance 
J)'$ renith diftance 
% 's  zen. d ilU ncc

74® ia ’-
6 j »8 
68 3a

Sum ae6 3a

H alf fiim
j)'» zenith diftance

103 16 
63 *8

aft remainder 3 9  48

H a lf fiim 
% 's  zenith dift.

103 16 
6» 32

Second remainder 34  44

Apparent diftanee 
.  . ,  < Firft correftion 
A  ¿C orreftio n  $)’* ®U.

-  . <, Second eorr. 1® o’  5”  ? 
iu b  J C o rr. * a l l .  a » 4  5

Tab. XIX ^  a;ff. i l l

Coxreft dtûïtvic

Confiant logarithm  9 -*9 9 * 
H alf fum to j°  >6'eo-fec. 10.0117 
D iftin ce 74 3 » ,inC 9 -1̂ 4»

Rcfetved logarithm  9 h'>47 
u ni. dill. 68° 3»* fme 9.9*88 

111 rein. 39® 48' co.fcc. 10.1937 
Cor. % 's  all. 1' 24*’ L.

Fir fl corr. a ’ ao" P .I - . i-7 3 *3

Referved logarithm
zeii. dill. DqO id« fin< 

cud retn. 34 44 eo .fic . 
Corr. J)*s alt. 46’ 43" P, L

Second co r. i® o' P. L.

Diftance at »ah. 74 e 54 '’ 5 ‘*
74® 3 ‘ * 51 "

i j h 71 37 57

3
46

20
41 ■ 16 8 P. L. 3 737

75
1

tit Dift. at t?h. 74 ° 5 4 ' 5 "
2 29 Corrupted dift* 74 *9 3 “

74 ‘ 9 •27 34 3 3 r t . 7168
5 T im e |h. 21' 41" P.L. 3- r i

74 ‘ 91 32 Add r j

T im e  at Greenw ich >3 21 4 »
T im e at the (hip 7 21 0

D iffer, is the long, in  tim e 6 C 4 * ** 95® is ' \v

9-fi947 
9 *9 5 ‘ 7 io.a44̂

47*5



E X A M P L E  V I.

Suppofe that on the 12th of Auguft, 1S04, at 4-h. Sm. P. M . fea account 
in the Iongitudc'of 970 E. o f Greenwich by account, the diftancc of the 
neareft limbs of the fun and moon was obferved to be 6S° 5' 56", the alti
tude of the fun’s lower limb 310 27', the altitude of the moon’s upper 
limb 440 33'. Required the fhip’s longitude i

F  reparation.

J»’* S. D. Aug. to, midnight 14’  58**
A u g. 11, at noon 14 55

D ifference 9

T a b le  X I I . • a

14 5*
Afiigm. T abic X V I . »1

fsS. D. ’ .4 7

A ag. »*, fea account it  A u g. 11 , hv N . A .
Longitude 95O EaA in  tim e

Reduced time

J ’iH o r. P^r. m idnight ,54’ ,55”
noon .54 4}

Difference 12

Table X II . 10

J)’s Hor. Par. 54 45

Cor. for Par. 44* 40*» and Z . D . 45* 37’  43’»
d .  «* 7 ”  an d P ar. 5 ”  3
D . *» 38" and Z . D. 47* 30

C -r . J?s altitude 38 \ 6

d. h . rtt
A u g. > 1 4  86 29
Aug. 19 21 48

A lt. J’s IT. L. 
Subtract

44® ? V 
ao

*rp- Ait. 
■ Zen. D ili.

4 4  » 3  
4  i  47

O ’* *lt< L. I., «jo.«»
Add J 1?

* *pp- Alt.
*■ Z en . dirt.

.9* '<95« a»

g\  Refraction t* a*M
•$ Parallax o  8

Corr. Q ’s A lt. 1 « \

O bf. d ift. €8» 3* <6» 
J>*s S. D  1.5 7

0 ’sb . D. *5.40

App. D ill. 68 34 53

To find the cor re £1 d:Jla>ice and longitude.

Appsrrr.’ dlAanee fS 3 44*
Jl’s / \ iiiiIi diiiai.rr 4 i 47
0 ’* Zenith dtrtance ¿ 8 2 1

Sum  17a 43

H alf fum 86 at
í 's  Zen. dîft. 4 4  47

J a i l .  rem.' 40 34

H a lf Gmt 86 at
0 '*Z cn ith d iA an se  38 2»

Second rem ainder 28 o

Confiant Ingari'hm 9 6090
H .ilffiu 't SrOat* co-fee. 10.0009
Distance 68 35 fiat; 9.9689

Referred logarithm 9.6688
0 ’s Zen . dift. 58a 2i* Sine 9-9901 
Pirfl rrm . 40 34 Co.fce. 10.1869 
Corr. 0 *s ah . 1» 24" P. L . a .to g i

fir A e o r r . « ' xS'* P. L . 1-8949

Rcferved logarithm e.ofirtti
Jl*< Zen. dslt. 4 ^ 4 7 ’  Sine 9A4..4 
Second rcm . 28 o Co-fcc. 10.J-S4 
Curr. f s  alt. 3 8 '16 ”  P. L . 6-.--+

Second corr. 53” 44"

Apparent diAanee 6Sa ,34*33"
. . .  Ç Fir® eorrefttou 2 «8
Add ¿ C o rr . j)‘i  alt. 38 >6

69 *5 *7
Sah $ Second eerreftion 5 3 * 4 4 " ?  . .  y

* ¿  Corr. 0 's alt. 1 54 5

68 20 19

C o n . T ab. X I X . PilT. aJJ 4

Ç orrcfl diftance 6 8 2 0 2 3

By N . A . diA. at tod. a ih .
at i t  0

D ifference

D itl. at tod. e th .
Currcft diiiancc

Différence
T im e
Add

6-049» 9*’*9 7
» 24 ¿8 P. t .  33Í 4

6 -°4 9 ’  9 ”68 23 S3
tt-t  r.i

jh . 7* 46”  ** L * 4 - 4 3
tod. a ih .

T im e at Grcenw irh xed. ash. 7* 46**
T im e at Ship tu l. 4I1. 8’

D ilf. is long, in  tim e i>h. o ’ 1 t*,*=r9 ®>0 3* d®,,



W c fhall now give Mr. W itchell’s method o f correéting the apparent 
diftance o f the moon from the fun or a ftar, in order that any one may prove 
his calculations to be juft, by working by both methods. In this method 
the óbierved altitudes and diftance mull be corrected for the fcmidiamcrers, 
&c. as in the former method, and the correétion o f the moon’s, fun’s, or 
ftar’s. aitjtude, for refraction and' parallax, rnuft be found in like manner. 
Then the true diftance is found by the following rule.

Witcbell’s method of finding the true d fiance.

Firft. Add the © ’s or >k’s and > ’s apparent altitudes together, and 
take half the fum ; fubtrait the lefs from the greater, and take half the 
difference •; then add together

The co-tangent of half the fum,
The tangent o f half the difference, and 
The co-tangent of half the apparent diftance.

Their fum, rejecting 20 in the index, will be the log. tangent o f an an
gle, which call A , this angle being always lefs than 90°.

Secondly. When the 0 ’s or >k’s alt:tude is greater than the ])’s, take 
the difference between the angle. A  and half the apparent diftance ; but i f  
lefs, take their fum. Then add together

The co-tangent o f this fum or difference,
The co-tangent o f © ’s or d̂ ’ s apparent altitude, and
The proportional log. o f the correétion of © ’s or ^c’s altitude ;

Their fum, rejecting 20 in the index, will be the proportional logarithm 
o f  the firft correétion.

Thirdly. I f  the fum of angle A  and half the apparent diftance was 
taken in the laft article, take now their difference ; but i f  their difference, 
take now their fum. Then add together

The co-tangent of their fum or difference,
The eo-tangent c f  } ’s apparent altitude, and
The proportional log. o f the correétion of the )  's apparent altitude;

Their fum, rejecting 20 in the index, will be the proportional log. o f 
the fecond correétion.

Fourthly. When the angle A  is lefs than half the apparent diftance, 
the firft correétion muft be added to, and the fecond fubtraéted from the 
apparent diftance ; but, when ■ the angle A  is greateft, their fum muft be 
added to the apparent diftance, when the © ’s or ¡k ’s altitude is lefs than 
the ) ’s ; but when the- ) ’s altitude is leaft, their fum muft be fubtraéted 
to give the correéted diftance.

Fifthly. In Table X IX . look for the correéted diftance in the top 
column, and the correétion of > ’s alt. in the left-hand fide column ; take 
out the number of feconds that Hand under the former and oppofite to the 
latter. Look again in the fame table for the correéted diftance in top col
umn, and the fecond correétion in the left hand fide column ; take out the 
number of feconds that (land under the former and oppofite the latter ; the 
difference between thefe two numbers will be the th.rd correétion, which 
muft be added to the correéted diftance if  lefs than 90o, but fubtraéted 
from it if  more than 90°, the fum, or difference, will be the true diftance.

T o illuftratc this method, we fhall add a few examples, o f which the 
firft and fecond are the fame as Ex, I. and II. preceding.



E X A M PLE  I . (See Example I. page 183.)

Given the apparent altitude of the moon’s centre 86° 40'; app. alt. o f 
Regulus 140 9 ';  diftance of the centres of the ) and Regulus 76° 19' 4 2 "; 
the moon’s horizontal parallax 58' 5 1". Required the true diftance.

Find the correction of the moon’s altitude 3' z z " } and the correction of 
ifc’s alt. 3' 43//, as in-Example I, preceding ; then proceed as follows.

D’s app. alt. 86* 40'
îfc’s app, alt. 14 9
¡Sum IOO 49 Half fum 5°* 24' Co-tan. 9.9175
Difference 7 2 H alf diff. 36 J5 Tang. 9.8632

H alf app. dift. 38 10 Co-tan. 10.1046

Angle A  = 37 39 Tang. 9.S874

Sum 75 49 Co-tan. 9.4027
lie’s alt. H 9 Co-tan, 10.5984
Cor. ijc’s alt. 3 43" P. L . 1.6851

Firft correction 3 42 P. L . 1.6862

Difference O 3 » Co-tan. IZ.044Q
J ’s app. alt. 86 40 Co-tan. 8.7652

Cor. J ’s alt. 3 22 P. L . 1.7281

Second correction O 31 P .L . 2.5382

>
A s the angle A  is lefs than half the apparent diftance, the firll correc« 

tiou is additive, the fécond fubtraCiive ;

Apparent diftance 
Firlt correction add

76» 19'
3

4 2"
42

Second correction fubtraCt
76 23 24

3 1

Correction Tab. X IX t
76 22

l
o

w
!

Correit diftance 76 22 53 Hence we may
deduce the longitude as in Example I . preceding.



E X A M PLE  II . (See Example II . page 184.)

Given the apparent altitude o f the moon’s centre 52° 1 3 ' ;  the appar
ent altitude of the fun’s centre 28° 7 ';  apparent diftance o f their centres 
70° 5 8' 49"; moon’s horizontal parallax 59' 15 " . Required the true 
diftance.

Find, as in Example II.- preceding,-the correction of the fun’s altitude 
l '  39", and the correction o f the moon’s altitude 35' 33".

© ’s app. alt. 

Sum
Difference

13'
28 7
80 20 H alf fum' 4 ° ‘’T o ' Cotan.- 10.073&
24 6 H alf diftv 12 3 Tang. 9.3293

Half app. diit. 35 29 Co-tan. 10.1470

Angle A J9 3* Tang. 9.5499

Sum 55 I Co-tan. 9.8450
© ’s alt. 28 7 Co-tan. 10.2722-
Cor. © ’salt. » 39" P. L . 2.0378

Firft correction i 16 P. L . 2.1550

Difference r 5 57 Go-tan. 10.5439
)  ’ s alt. 5 Z 13 Co-tan. 9.8894

Cor. 5 ’s alt.- 35 35 P. L . 7040’

Second correction 13 7 P. L . 1 . 1373

A is lefs than half the apparent diftance,- the firft corree-
iien is additive, and the fécond fubtraCtive :

Apparent diftance 70o 58' 49"
Firft correction add 1 16

0 . 7 1 0 5
Second correction fub trad 13 7

70 46 58

Correction Tab. X IX . ̂  ^ j> add 3

CorreCt diftance 70 47 1 Hence we may
deduce the longitude as in Example II. preceding.



E X A M P L E  I I I .

G iv e n  tlje  apparent a ltitu d e  o f  th e  m oon's cen tre  4 0 ° 1 2 ' : apparent-al
titu d e  o f  R egu lu s 34° 2 6' ; app arent d iftan ce  o f  th e ir  centres 2 3 0 2 9 ' ylr ¡. 
M o o n ’ s h o r . p ar. 5 4 ' 5 S //. R e q u ire d  the true d ifta n ce .

F in d  the co rrec tio n  o f  th e  m oon ’ s a ltitu d e  4 0 ' 5 a " ,  and co rrectio n  o f  
ih c  fta r ’ s a ltitu d e  i '  2 3 " ,  as in  th e .p re ce d in g  E x a m p le s .

J  ’$ ap p . a l t .  40® 1 2 '
Jtt’ s app. a l t .  3 4  2 6

Sum
D ifF.

3 3 H a lf  fum 3 7 ° I 9 / C o -ta n . 1 0 .1 1 7 9 '
4 6 H a lf  difF. 2 53 T a n g . 8 .70 2 1

H a lt  d ift . í  I 45 C o -ta n . 10 .6 8 19

A n g l e  A i ? 37 T a n g . 9 .5 0 1 9

Sum 29 3 2 C o -ta n . 10 .2 4 9 7
app. a lt . 3 4 2 6 C o -ta n . 1 0 .1 6 3 9

C o r . s k ’ s a lt . i  2 3 " P . L .  2 . 1 143

F ir f t  co rrectio n à 32 P . p. 2 .5 2 7 9

D ifF. 5 C o -ta n . 10 .9 8 8 2
> ’ s app. a lt . 40 1 2 C o -ta n . 10 .0 7 3 1

C o r . y s a l t . 40  52 P . L .  6 4 39

Second co rrectio n 0 j  3 P . L .  1 .7 0 5 2

A s  the an g le  A  is g r e a te r  than h a lf  the apparent diftan ce, and the f ta r ’s 
a ltitu d e  is  lc fs  than  the  m oon ’ s, b o th  co rrectio n s are a d d i t iv e :

A p p a re n t d iftan ce  
F ir ft  co rrectio n  add 
Second co rrectio n  add 
T a b .  X I X .  co rrectio n

2 9 ' 9 ‘
O 3 Z
3 33

33

C o r r è it  d iftan ce 23 33  4 ?

LJethoJ of taking à Lunar Obfer=vctlon 'when you have only one ol/eraièr.

T h re e  o b ferve rs  are req u ired  to  m a k e  th e  n eceffary  o b ferv a tio n s  fo r  de
te rm in in g  the lo n g itu d e  ; ône to  m eafure the  d iftan ce o f  the b o d ies , and 
t w o  o th ers to  ta k e  th e ir  a ltitu d e s . I f  the a ltitu d e s w ere  n ot o b ferve d , on 
accou n t o f  n ot h a v in g  a fufticient num ber o f  inftrum ents o r  o b ferv e rs , i t  
t its  been  cuftom ary to  ca lcu la te  them  ; there b e in g  g iv e n  the  la titu d e  o f  
th e  p lace , apparent t im e , r ig h t  afcenfions and d eclin a tion s o f  the o b jc '& s. 

I 'ih e ie  ca lcu latio n s are  le n g th y  fo r the ftars, and m ore fo  fo r  the m oon ; and 
a  eonftderable  d e gre e  o f  a ccu ra cy  is required  in  fin d in g  the  m oon’ s r ig h t  
efeenfion  and d e clin a tio n  from  the E p h ém eris, w h ic h  mu ft b e  lia b le  to  fom e 
»■ nor on accoun t o f  the  u n ce rta in ty  o f  the ih ip ’s lo n g itu d e . T h e  fo llo w 
in g  m ethod fo r  o b ta in in g  tlic fc  a ltitu d e s is far m ore lim ple ; i t  depends on



th e  fuppofttion  that the a ltitu d e s  in creafe  o r  d ccrca fe  u n ifo rm ly , w h ic h  w i l l  
g i v e  them  fu ffic ieiu ly  near fo r a n y  n au tica l p urp ofes.

B efore  y o u  m cafurc the d iitan ce  o f  the b o d ies , ta k e  th e ir  a ltitu d e s , and 
n ote  the tim e b y  a w a tc h , then m eafurc the d iftan ce  and note the tim e  (or 
y o u  m ay meafure a num ber o f  d iftan ces and n ote the co rrc fp o n d in g  tim e s, 
an d  tak e  the mean o f  a ll the tim es and d illa n ce s  fo r the true d iftan ec and 
tim e  ;) a fte r  y o u  h ave  m eafured the d illa n ce s , a g a in  m eafure the a lt itu d e s , 
a n d  note the tunes ; T h e n

A d d  to geth er the p ro p o rtio n a l lo g a rith m  ( T a b .  X X I I J . j  o f  the v a r ia 
tio n  o f  a ltitu d e  o f  e ith e r  o f  the o b je c ts  b e tw e e n  the tw o  tim es o f  o b fe rv -  
in g  the a ltitu d es and the  p rop . lo g .  o f  the tim e e lap fed  b etw een  ta k in g  the  
firlt a ltitu d e  and m eafu rin g  the d iitan ce  ; fro m  the  fum  fu b tr a i l  the prop . 
Jog. o f  the tim e e lap fed  b e tw ee n  o b fe r v in g  the tw o  a ltitu d e s  ; the  rem a in 
d er w ill  be the p ro p . lo g . o f  the correlation to  be  ap p lied  to  the firlt a ltitu d e , 
a d d it iv e  o r fu b tr a it iv e , a c c o rd in g  as th e  a ltitu d e  w as in crca fin g  o r d e cre a f. 
in g  ; to  the a ltitu d e  thus co rrecte d  w e  m ull a p p ly  the  co rrectio n  lo r  d ip  
t>f the h o r iz o n  and fem id ia m e te r  as u fual,

E X A M P L E .

Suppofe the d'iftanccs and a ltitu d e s  o f  the b o d ies w ere  o b fe rv e d  as. f o l lo w s : 
I t  is req u ired  to  tiud d ie  a ltitu d e s  a t the tim e o f  m e afu rin g  the m ean d i i
ta n ce  ?

Time. Dirt. ©  S c  j) 
X. L.

ah. 3 m. 205.
4 20
5 5 °

40" O '  00"
0 30
1 30

M e a n . 2 4  3°

c
!

*100

V a r .  J ’salt. 34’ P. L. 
Time iff obf. ah. 2’ 0”
Mean o b f .  2 4 30

Differjnce 2 30 P. L. a

Obferved 
Tíme. A lt. j/s I,. L. 

2h. am.os. 20° 4 6 '
6 10 21 20

4  10 3 4

Obferved 
Tim e. Alt.G’s J*. I.. 

ah. am.50s. 40^20'
7 0  39 12

8

723«

E la p f e d  t im e  b e t w e e n  7  
t h e  t w o  o b f e r v a t io n s  y

C o r r e c t i o n  in  a l t .

I  f t  a l t .  o f  M o o n

J  ’ s  a l t .  a t  t i m e  o f  o f f .

2.5811 

4’ 10”  P.L. 1.6355

20 46 add

Variation 0 ’ s alt. I o  S ' P. L. 422S
rime ift-cbl'. fun ah. 2’ 30”
Time mean obi. 2 4  3 3

D if f e r e n c e 2 0 P. I- 1.9342

S u m í*
 

1
U)

 
1 1

O
 

1

Elapfed time b e t w e e n  ] 
the t w o  o b f e r v a t io n s  J

4’ 30”  P.L. 1.6021

Correction o f  alt. o °  30’ P.L. 7749

Sub. from fun’s iff alt. 40 20

Sun’s true alt. at time 7  
o f  o b f .  i 3 9  5 0

T h u s , a t the  tim e 2h, 4 ' 3 0 " , the m ean o b fe rv e d  d iitan ce  is 4 0 ° o' 40", 
the  a ltitu d e  o f  the  m oon 2 1 °  6 ’ , a lt .  o f  the  fun  39® 5 0 ' ;  th eie  a ltitu d e s  
m ult b e  c o r r e ile d  fo r  d ip  and fe m i-d ia m e te r .

In  th is m ann er I  h a v e  o ften  o b ta in e d  the  a ltitu d e s  in  m uch lefs tim e  than 
I  co u ld  h a v e  o b ta in e d  them  b y  o th e r  c a lc u la tio n s .

1  h a v e  m ade ufe o f  the  fam e m eth o d  o f  fin d in g  th e  fu n ’s a lt itu d e , w h en  
ta k in g  an a z im u th , n o tin g  the  tim es o f  t a k in g  the  o b fe rv a tio n s  b y  a w a tc h , 
an d  ta k in g  tw o  a lt itu d e s , one b e fo r e , the o th e r  a fte r  th e  o b fe rv a tio n , an<j 
p ro p o rtio n in g  the a ltitu d e s  as a b o v e ,

B b 4



I f  a n y  perfon  w iflies to  ca lcu la te  f t r i& ly  th e  a ltitu d e s , i t  m a y  b e  don© 
b y  the fo llo w in g  rules.

The apparent time, the flip's latitude, longitude, and fun's declination 
given, to find tie true altitude of his centre.

R U L E .

I f  the  ih ip ’s c o -la titu d e  and the  fu n ’ s d e c lin a tio n  b e  b o th  n o rth  o r  b o th  
fo u th ,*  ta k e  th e ir  fum  ; b u t i f  one b e  n o rth  an d  th e  o th e r  fo u th , th e ir  
d ifferen ce  is  the fu n ’ s m erid ian  a ltitu d e .

W it h  the  apparent tim e fro m  noon, e n ter T a b le  X X I .  an d  fro m  th e  
co lu m n  o f  r ilin g  ta k e  o u t the  lo g a rith m  co rrefp o n d in g to  i t ,  to  w h ic h  ad d  
th e  lo g .  co -fin e  o f  the la titu d e , and the  lo g .  co -fin e  o f  th e  fu n ’ s d e c lin a 
tio n  ; th e ir  fu m , re je c t in g  20 in  the  in d ex , w i l l  b e  the  lo g a r ith m  o f  a  
n atu ra l num ber, w h ic h  b e in g  fu btraiiled  fro m  the  n atu ral fine o f  the  fu n ’ s 
m e rid ia n  a ltitu d e , w i l l  le a v e  the  n atu ra l fine o f  h is tru e  a lt itu d e  a t  th e  
g iv e n  tim e.

E X A M P L E  I .

R e q u ire d  the tru e  a ltitu d e  o f  the fu n ’ s cen tre , i n l a t .  49® 5 7 '  N .  and. 
lo n g . 125® W .  J u ly  2 6 , 18 0 4 , a t 6 h . 5 6 m . 30 s. in  th e  m o rn in g , fe a  
a cco u n t ? h . m . s.

12 o o 
A p p . tim e 6 56  30

T im e  from  n eon  5 3 30
l a t i t u d e  4 9  5 7  N .

D e c k  at th at tim e 19  26 N .

C o - la t .  • 4 0  3 N .

M e r .  a lt . 5 9  29

I ts  lo g . in  c o l .  o f  r i l in g  4 .8 7 8 5 0
I ts  lo g . co -fin e  9 .8 0 8 5 ^

I ts  lo g .  co -fin e  9 .9 7 4 5 3

R e je f t  20 N .  N .  4 5 8 7 2  its  lo g .  =  4 .6 6 1 5 5

N a t .  fine 8 6 14 8

N a t .  fine tru e a lt .  4 0 2 7 6 = 2 3 °  45*

E X A M P L E  I I ,

W h a t  w i l l  b e  the, tru e  a ltitu d e  o f  th e  fu n ’ s ce n tre  a t B a ltim o re , N o v e m 
b e r  2 6 , 18 0 4 , a t 3 b . 2 1m . 30 s. apparent tim e in  the  a ftern o o n , fea a c 
co u n t ? h . m . s.
A p p .  tim e fro m  noon 3 30 I t s  lo g .  in  c o l. o f  r i l in g 4 - 5 5 9 0 0 .
L a t itu d e 3 9 o 2o7 N . L o g .  co -fin e  ■ 9 .8 8 8 4 4

D e c l .  a t th a t tim e 20 5 2  S . L o g .  co-fin e 9 - 9 7 0 5 4

C o .  la t . 50 4 0  N . N a t .  num b. 2 6 1 8 1  its  lo g . = 4 . 4 1 7 9 $

M e r . a lt . 29 48 N a t .  fine 4 9 6 9 7

N a t .  fine tru e  a lt . 1 3 36 N a t .  fine 2 3 5 1 6

The apparent time, the latitude and longitude given,  to find the Altitude of 
any of the knovon fixed, fiars,

R U L E .
T u r n  the  lo n g itu d e  in to  tim e, and add i t  to , o r  fu b tra tt  i t  fro m , the. 

t im e  at the  Ih ip , a cco rd in g  as i t  is  w e lt  o r  e a lt , th e  fum  o r  d ifferen ce  w i l l  
b e  the  tim e  a t G re e n w ic h .

• The »t'mplemtm of lriiude i< called Ijr úe fame name a  the latitude} anti if the fum exceeds $c° ttke it from iSo°, ac.4 
t>.e remanier is ifce meriiu:i alat-de.



1 9 5T h e  s u n , m o o n ,  o r  a  ¡f i x e d  s t a r .

T a k e  th e  fu n ’ s r ig h t  afcen fion  fro m  th e  N a u t ic a l  A lm a n a c  and p ro p o r
t io n  it  to  the  tim e a t  G r e e n w ic h , b y  m eans o f  T a b le  X X I X .  and add  it  tc* 
th e  apparent tim e a t  th e  ih ip , w h ic h  w i l l  g iv e  the  r ig h t  afcen fion  o f  th e  
m e rid ia n , o r  m id -h ea ve n .

F in d  the ifc’ s r ig h t  afcen fion  and d e c lin a tio n  in  T a b le  I X .  and ta k e  th e  
d ifferen ce  b etw een  its  r ig h t  afcen fion  and, the  r ig h t  afcen fion  o f  the  m e rid 
ia n , w h ic h  w ill  b e  the  d iftan ce  o f  the  f  fro m  th e  m e rid ia n .

H a v in g  the d iftan ce  fro m  th e  m e rid ia n , w i t h  it s  d e c lin a tio n , a n d  
th e  ftiip ’ s la titu d e , the  tru e  a ltitu d e  is  foun d in  the  fam e m anner as has b e e n  
ih e w n  in  the la ft exam p les o f  fin d in g  the  tru e a ltitu d e  o f  the fun.

E X A M P L E .

W h a t  w i l l  b e  the tru e  a ltitu d e  o f  A ld e b a ra n  a t P h ila d e lp h ia , A p r i l  it , 
18 0 4 , fea a cco u n t, a t 5I1. 5 7 m . 12 s . in  th e  a fte rn o o n , app arent tim e ?

In  T a b le  I X .  th e  r ig h t  afcen fion  o f  A ld e b a ra n  fo r  18 0 0  is  4I1. 24 m . 27s« 
its  v a r ia t io n  fo r 4-t- y ea rs  is 15", w h ic h  ad d ed , g iv e s  the  l i g h t  afcenfion a t  
th e  g iv e n  tim e 4 h . 2 4 m . 4 2 s . T h e  d e c lin a tio n  o f  the  ftar fo r  18 0 0  is  
1 6 0 6 '  N .  its  v a r ia t io n  fo r  4 '-  y e a rs  is  - j-  3 6 " ,  w h ic h  m akes the d e c lin a 
t io n  n ea rly  1 6 0 7 '  N .

h . m . s.
A p p a re n t tim e b y  N .  A .  A p r i l  1 1 , 5 57 12
L o n g itu d e  7 5 “ 1 9 ' W . 5 I 16

T im e  a t  G re e n w ic h  A p r i l  1 1 , 10 58 28

© ’s R .  A .  A p r .  1 1  a t noon b y  N .  A .  
V a r .f o r  r o i l .5 S '2 S "  b y  T a b . X X I X .

I * 9 2
I 4 1

© ’ s R .  A .  a t tim e  o f  o b f. 1 20 4 3
A p p a re n t t im e  * 5 57 I z

R . A .  M e r . 7 »7 5 5
î j t ’ s R .  A . 4 24 4 2

’s d if t .  fro m  m e fid . 2 53 13

L a t i t u d e  o f  P h ila d e lp h ia  3 9 0 5 7 '  N . C o -fin e

its  l o g d n c c l . r i n n g  4 .4 3 5 0 1  

9 .S 8 4 5 7

i f ; ’ s d e c lin a tio n r <5 7 N .

C o - la t itu d e 5 0 3 N .

M e r .  a lt itu d e 66 10

C o -fin e  9 .9 8 2 5 9

N a t .  num b. 20 0 53  its  l e g .  4 .3 0 2 1 7  

N a t .  fine 9 1 4 7 2

Tr.uc a lt itu d e 4 5  35  N a t .  fine 7 1 4 1 9

The apparent time ', the latitude and longitude of theßnp being given, to 
find the true altitude of the moon’s centre.

R U L E .
B y  T a b le  X X .  turn  the  lo n g itu d e  in to  t im e , and i f  i t  b e  w eft add i t  to , 

b u t i f  i t  be eaft fu b tra c i i t  fro m  the app aren t tim e at the  ih ip , and it  w i l l  
g iv e  the  tim e  at G re e n w ic h .

T a k e  the © ’s R ig h t  A fc e n fio n  o u t c f  N .  A :  and p ro p o rtio n  i t  to  G r e e r ,  
w ic h  tim e, b y  m eans o f  T a b le  X X I X ,  an d  a d d  it  the app arent tim e a t th e  
ih ip , the fum  w il l  be the  r ig h t  afcen fion  o f  the  m erid ian  o r m id -h ea ve n .

* In î!»e v x a i..i<V in ««,•;« u -j . Ed. 14,  o f Moor«**’. K im ono,11! * tinte it  (»rtcftVurU i* t'rvt.ccu/lp added to ' . i '  l of t  •
aC crjtw u, tniu-id A  .tad 1115 iba r.t tin te 1; the p U ce  o f  gi.»-erv*:jou



T a k e  o u t o f  the N .  A .  the  } ’ s R t .  A fc e n . and d e clin a tio n , and p rc p a r . 
tio n  them  to  the  tim e at G re e n w ic h , b y  m eans o f  T a b le  X X V I I I .  T u rn , 
the J ’ s R t .  A fc e n . in to  tim e, and ta k e  the d ifferen ce  b etw een  i t  and the 
R t .  A fc e n . o f  the m id -h ea ve n , w h ic h  w i ll  be the  d iila n ce  in  tim e o f  the ) .  
f io m  the m erid ian .

H a v in g  the fh ip ’s la titu d e ,, to g e th e r  w ith  the  " ) ’ s d e clin a tio n  and d iila n ce  
from  the m erid ian , the tru e a ltitu d e  is foun d, in th e  fam e m anner as has been 
lh c w n .in  finding, the  tru e  a ltitu d e  o f  the ©  and < t.

■ E X A M P L E .
W h a t  w i l l  b e  the  m oon ’ s tru e  a ltitu d e  A p r i l  14 , fea accou n t a t 6I1. 2o/ 

S "  P . M . at S alem , in  la t . 4 2 0 3 4 ' N .  lo n g . 70 ° 5 5 ' W .  o f  G re e n w ic h  ? 
A p r i l  1 4 , fe a  accou n t is  A p r i l  13 , b y  X .  A .  a t 

L o n g . 7 0 °  5 5 ’’ W .  in tim e

A p p . tim e  at G re e n w ic h

Sun ’ s R t .  A fc e n . A p r il  r 3, at 1 i h .  3 ' 4 8 "  F .M .  b y  N . A .  
A p p a re n t tim e at the fliip

R ig h t  afeenfion o f  the m erid ian  
> 's  r ig h t  afeenfion in  tim e

3 ’s d iila n ce  fro m  the  m erid ian

6 h . 2  o ' 8 "

4 43 40

I I 3 48

i h . 2  8 ' mtr$
6 2 0 s

7 4 S 13
4 5 * 3 6

2 5 6

1 
^

 1

Irid i in  the  c o l. lo g .  riftn g  is 4 -4 5407 .
G o -fin e 9 - 8 6 7 1 7

2 6 o . XT
4 > C o -fin e 9 .9 5 0 S 4

47 26 N . N a t.n u m . 1 S 5 S 1  lo g .. 4 .2 6 9 0 8

7 4 I I N a t.fin e 9 6 2 1 4

5 ° 5 * N a t.f in e 7 7 6 3 3

Latitude^ 4 2 0 3 4 '
)  's  d e clin a tio n

C o -ia t itu d e

L ie  r id . a ltitu d e

D 's  m crid . a lt .
By the precedit o __________________ j ___________ ,

t-f the apparent a ltitu d e s be w an ted  fas is the cafe in  w o r k in g  a  lun ar o b -  
fc rv a tic t ,)  the d ifféren ce b e tw ee n  the  0 ’ s p ara lla x  and re fra ction  m uft be  
added to  the © ’s true a ltitu d e , the re fra ftio n  m uft be  added to  the true a l
titu d e  o f a lia r , and the différen ce b e tw ee n  the ) ’ s refraction  and p arallax  
in a ltitu d e  muft be iubtraC lcd  from  the true a ltitu d e  o f  th e  3  thus foun d, 
to  o b ta in  the re fp e c liv e  apparent a ltitu d e s  o f  th e ir  ce n tre s .

To find the longitude by the eclipfe s of Jupiter’s Satellites.
h in d  in ¡»age 3 d . o f  the N a u tic a l A lm a n a c , the  tim e at G re e n w ic h , o f  an 

:  • m n c r j i c n  fo r  io ilan t o f  the difappearanee o f  the Satellite  h y  e n terin g  in to  
th e  in s h o w  o f  Ju p iter) o r  an e m e r ji o n  (w h ic h  is the  in ftant o f  its appearance 
in  co m in g  front the fam e)— turn the lo n g itu d e  o f  the p lace from  G re en w ic h  
Vito tim e, and add it  th e re to , i f  in  eaft lo n g itu d e  ; b u t fu b tra c l i t ,  i f  in  
w eft : the fur« o r  d ifféren ce w ill  be  n ea rly  the tim e w hen  the e clip fe  is t o  
o f  ob ferved  at the g i v e s  p lace ; i f  there is a n y  u n ce rta in ty  in  the lo n g itu d e  
o f the p lace of o b fe r v a tio n , y o u  muft b e g in  to i'opk o a t fa r the eclip fe  a t an  
fa  rlfer p erio d .

1 lie w a tch  b e in g  w e ll re g u la te d , y o u  m uft o b ferve  the inftant o f  im ir.er- 
ffon or. em erfien, the d ifferen ce  b etw een  th is rim e-and that ih ew n  b y  the 
N a u t ic a l  A lm a n a c , turr.sd in to  d e g re e s, w ill  be the d ifferen ce o f  lo n g itu d e  
from  G re e n w ic h ,



T h e  im m erfions and em eriions g e n e ra lly  happen w h en  the fa te llite  is a t 
fem e d ilfan ce from  the b o d y  o f  J u p ite r , e x ce p t near the o p p ofition  o f  J u p i
te r  to  the fun, w hen  the fa te llite  approaches nearer to  h is b o d y . B efo re  
the  oppofition  th ey  happen on the w e lt  lid c  o f  J u p ite r , and a lte r  the o p p o , 
fn io n  to  the call lidc ; 'b u t  i f  an aftron om ioal teiefeop e is u fed , w h ic h  r e .  
verfes the o b je fts , the  appearar.ee w i l l  b e  d ir c d ly  th e  c o n tr a r y . T h e  co n 
fig u ra tio n s, o r the p o fu io n s  in  w diich J u p ite r ’ s 'fa te llitc s  appear at G re e n 
w ic h , are laid  d o w n  e v e r y  n ig h t  w h e n  v iiib le , in p ag e  1 2 th  o f the m on th  
o f  the N a u tic a l A lm a n a c .

E X A M P L E .

Suppofe th at on the  19 th  o f  A u g u ft ,  18 0 4 , fea  acco u n t in  lo n g . 1 3 7 °  55* 
w e lt b y  a cco u n t, an im m erfion  o f  J u p ite r ’ s firit fa te llite  w as  o b fo rve d  a t 1 2I1. 
29 m . 2 0 s. apparent t im e . R e q u ire d  th e  lo n g itu d e  ?

h .  m .  s .
A t  G re e n w ic h  the im m erfion  o f  r-ft fa te llite  th a t d a y  w i l l  b e  2 1  5 0  o
O b fe rv e d  im m erfion  a t  12  29  20

D iffe re n ce  in  tim e 9  20 4 0
T u rn e d  in to  lo n g itu d e  g iv e s  14 0 °  i o ' ,  and is  w e ft , b ecau fe  th e  tim e a t  
G re e n w ic h  is m ore than a t  th e  p lace  o f  o b fe rv a tio n . T  h erefore  the  e rro r  
in  lo n g itu d e  b y  accou n t is  2 0 1 f .

A s  thefe  e clip fes happen a lm olt d a ily , th e y  afford  th e  m o d  rea d y  m eans 
o f  d e te rm in in g  the lo n g itu d e  e f  p laces on land  ; th e y  m ig h t a lfo  be  ap p lied  
a t fea , co u ld  th e y  be o b ferve d  w ith  fu ific ien t a ccu ra cy  in  a  (h ip  under fa il  ; 
w h ic h  can h a rd ly  be  don e, fince the  leal! m otion  o f  a  teiefeop e th at m a g n i
fies fu fiic icn tly  to m ak e  thefe  o b ferv a rio n s, w o u ld  th ro w  the o b je cts  o u t o f  
the field o f  v ie w .

T h e  eclip fes o f  J u p ite r ’ s fa te llitc s  m a y  be  w e ll o b ferve d  b y  one o f  D o l-  
la n d ’ s a ch ro m a tic  telefcopes o f  th ree  feet in le n g th , o r  b y  ■ a  re flectin g  
teiefeop e o f  18 or 20 inches fo ca l le n g th ,

To f n d  the longitude by the eclipfes o f the tenon.

T h is  is perform ed b y  co m p arin g  the tim es o f  the  b e g in n in g  or e n d in g , 
as a lfo  the  tim es w'hen a n y  num ber o f d ig it s  arc e c ltp fcd , or1 w hen  the 
e a r th ’ s fhadow  b e g in s  tQ touch  o r le a v e  a n y  rem a rk a b le  fp o t o n  the  m o o n ' s  

face ; the  d ifferen ce  o f  tim e b etw een  the l ik e  o b firv a tio n s  m ade at d if fe r 
en t oi aces, turned in to  d e g re e s, w i ll  be th e ir  d ifferen ce o f  lo n g itu d e .

W h en  the b e g in n in g  o r  end  o f  an cc iip fe  o f  the  m oon is obferved^ a t 
a n y  p lace , the  lo n g itu d e  o f  th at p lace m ay be  c a iily  Sound b y  co m p arin g  
th e  tim e o f  o b fe rv a tio n  w ith  the  tim e  g iv e n  in  the N .  A . — for the d iffe r
ence b etw een  the o b fe rv e d  tim e o f  b e g in n in g  o r e n d in g  and the tim e g iv e n  
in  the N a u tic a l A lm a n a c  w i l l  be the ih ip ’ s lo n g itu d e  in  tim e, w h ic h  m ay b y  
turned in to  degrees b y  T a b le  X X .  T h u s  i f  the b e g in n in g  o f  a:: cc iip fe  of 
the m oon w as o b ferve d  J an . 2 7 , 18 0 4 , fea  acco u n t a t  9I1. 70 j in .  1’ . M .  
the  tim e b y  the  N .  A .  b e in g  Jan . 2 6 , o r  J an . 2 7 ,  fea acco u n t a t  -jh. 7 7 T »  , 
th e ir  d ifferen ce  2I1. 2m . is  th e  lo n g itu d e  o f the  p lace  o f  obferv a t .0 :1 = 3 0 °  
3c/, w h ic h  is eaft o f  G re e n w ic h , becaufe the rim e at the  p lace  o f o b fe rv a 
tio n  is g ie a t c l l .

T h e  lo n g itu d e  m ay a lfo  b e  o b ta in ed  in  a v e r y  accu rate  m anner, b y  0»- 
fe r v in g  the b e g in n in g  and end c f  a fo lar cclijpfc ; and th e  ca lcu la tio n s  n e- 
c c lfa ry  for the p urpofc, a rc  exp la in ed  in  m od  b o o k s  o f  a fh o n o m y . l ly t  the 
eclip fes o f  th e iu r . and m oon happen too  fe id o rt to  l;e o f  g e n era l ufe at ku.



To find the longitude ly a perfeil time-keeper.

I f  a c lo c k  o r  w a tc h  w as fo  c o n tr iv e d , as to  g o  u n ifo rm ly  in  a ll feafon?^ 
an d  in  a ll p lace s , the  lo n g itu d e  m ig h t e a fily  b e  deduced  th erefro m , b y  com 
p a r in g  the  tim e  ih ew n  b y  the  w a tc h , re g u lated  to  fom e g iv e n  m e rid ia n , t s  
th e  m ean tim e a t the  p lace  o f  o b fe tv a tio n  ;  fo r  th e  d ifferen ce  w o u ld  b e  thé  
d ifferen ce  o f  lo n g itu d e  b e tw e e n  th a t m erid ian  an d  the  p lace  o f  o b fe rv a tio n .

W h en  y o u  m ean to  ufe a  tim e -k e e p e r, y o u  m uft exam in e  its  ra te  o f  g o 
i n g  b e fo re  y o u  le a v e  the  la n d , and ad ju ft i t  to  th e  m erid ian  o f  the p lace  
fro m  w h ic h  y o u  re ck o n  y o u r  lo n g itu d e . T o  do th is , y o u  m uft a fce rta in  the 
apparent tim e b y  the fu n ’s a ltitu d e  (or b y  fom e o th er m ethod) a n d 'a p p ly  to  
i t  the  eq u atio n  o f  tim e, tak en  from  p age 2d o f  the N a u tic a l A lm a n a c , ac
c o rd in g  to  its  t i t le  o f  add o r fnbtraél ; the  fum  o r  d ifferen ce  w i l l  g iv e  the  
m ean tim e o f  o b fe rv a tio n  ; th is , com p ared  w ith  the  w a tc h , w i l l  iliew  h o w  
m uch i t  is to o  fa ll  o r  to o  f lo w  ; and b y  o b fe r v in g  fo r  fe v e r a l d a y s  fu c c e f. 
l i v e l y ,  y o u  m a y  a fce rta in  its  ra te  o f  g o in g  : i f  y o u  find i t  g a in s  o r  lofes i  
fe w  fecotids per d a y , y o u  m uft m a k e  th a t a llo w a n ce  on  a ll  fu tu re  o b fe r v a -  
tio n s  a t  fe a . In ftead  o f  co m p arin g  th e  tim e fh ew n  b y  th e  w a tc h , to  th e  
m ean tim e  a t the  p lace  o f  o b fe iv a t io n , found as a b o v e , y o u  m a y  com p are 
i t  w i t h  th a t m ean tim e reduced  to  G re e n w ic h  tim e, b y  a d d in g  to  th at m ean 
tim e  the d ifferen ce o f  lo n g itu d e  b e tw ee n  G re e n w ic h  and the  p lace  o f  o b fe r-  
t a t i o n ,  w h en  i t  is to  the  w e ftw a rd  o f  G re e n w ic h , b u t fu b tra ftin g  i t  w h en  
t o  the  eaftw a rd  ; an d  b y  th is means y o u  w i l l  find h o w  m uch y o u r  w a tc h  
d iffers from  G re e n w ic h  tim e. H a v in g  thus re g u la te d  y o u r  w a tc h , th e  
lo n g itu d e  at fea is e a fily  fou n d  b y  i t ,  as w i l l  e v id e n t ly  appear b y  the  fo l
lo w in g  exa m p les.

E X A M P L E  I .

Suppofe th a t, J u ly  2 6 , 1S 0 4 , fea  a cco u n t, th e  app aren t tim e  w a s  foun d 
b y  an a ltitu d e  o f  th e  fun  to  b e  i h .  5 '  9 "  P .  M .  w h en  b y  a  w a tc h , w e ll r e g 
u la ted  to  m ean G r e e n w ic h  tim e, i t  w a s  4I1. 3 ' 6" P . M .  R e q u ire d  th e  
lo n g itu d e  ?

A p p a re n t tim e  i h .  5' efi
E q u a tio n  o f  tim e add 6  5

M e a n t im e  1 1 1  14
l  im e per w a tc h  4 3 6

D ifferen ce  is lo n g . 2 5 1  5 2 = 2 4 2 °  5 8 ' \V . ; th è
lo n g itu d e  b e in g  w eft, becaufe the  tim e a t G re e n w ic h  is  the  g re a te ft .

E X A M P L E  I I .

Suppdfe th a t, M a y  1 5 ,  1S 0 4 , fea a cco u n t, th e  app arent tim e  w as found 
b y  an a ltitu d e  o f  the  fun to  be  4I1. 3 ' 6" P . M .  w h en  the tim e b y  the 
w a tc h  w a s  a h . P . M .  th e  w a tc h  b e in g  to o  f lo w  fo r  m ean G re e n w ic h  tim e  
j  i '  9 " .  R e q u ire d  the  lo n g itu d e  ?

A p p a re n t  tim e 4I1. 3 ' 6"  T im e  p er w a tc h  2 b . o' o"
E q u a tio n  o f  tim e fu b . 3 5 7  W a t c h  e rro r  add  r i  9

M e a n  tim e  3 5 9  9  P- M .  T im e  a t G re e n w ic h  2 1 1 9  P .M .
l  im e a t G re e n w ic h  2 11  9

D if f .  is lo n g itu d e  1 48 0 s s  2 7 °  o / E»



S up p ofe th a t June 1 4 , 18 0 4 , fea  a c c o u n t, in  a  p la ce  w h o fe  lo n g itu d e  
fro m  G re e n w ic h  w a s  k n o w n , a  n um ber o f  obferviktion s w e r e  ta k e n , to  a f-  
c e r ta in  the  g o in g  o f  the  w a tc h  ; a n d  i t  w a s  fo u n d  t h a t  on  th a t d a y  i t  w a s  
1 0 "  too  flo w  fo r  mean G r e e n w ic h  tim e , an d  th a t i t  lo ft tim e  2 "  per d a y  ; and 
th a t  J u ly  1 4 , 18 0 4 , fea  a c c o u n t, the  tim e  p er w a tc h  w a s  6 h . o '  6 "  P . M .  
w h e n , b y  an o b ferved  a ltitu d e  o f  the  fun , the  ap p aren t tim e 'w a s  t h .  i 6 / 1 4 "  
J \  M .  R e q u ire d  th e  lo n g itu d e .

E r r o r  o f  w a tc h , J u n e  1 4 ,  o '  1 0 "
A p p a re n t  tim e i h .  1 6 ' 1 4 "  3 0  d a y s  a t  2 "  1 0
E q u a t io n  o f  tim e add  5 1 8  -------------

------------------- E r r o r , J u ly  1 4 , 1 10
M e a n  tim e 1 2 1  32  T im e  p e r  w a tc h  6  o  6
C o r .  tim e p e r  w a tc h  6  1 16 —-------------.

-------------------- C o r r e f t  t im e  p er w a t c h  6 1 1 6

lon gitude 4  3 9  4 + =  ¿ 9° S6'  w *

To find the longitude hy a •variation chart.
I n  th e  y e a r  1 7 0 0 , D r .  H a lle y  p rop ofed  to  fin d  th e  lo n g itu d e  b y  a c h a rt  

o n  w h ic h  the  lin es  o f  th e  v a r ia t io n  o f  the  com pafs w e r e  d r a w n ; th is  m eth* 
4>d is  A m ple, b u t  is n o t fo  a ccu rate  as co u ld  b e  w iih e d .

T h e  m eth o d  o f  u fin g  th is  c h a rt  is  as f o l lo w s : O n  th e  p a ra lle l o f  la titu d e  
w h ic h  y o u  are  in ,  fin d  th e  o b fe r v e d  v a r ia t io n , an d  th a t p o in t  w i l l  be th e  
^ la c e  o f  o b fe r v a tio n .

t



PROBLEMS useful in NAVIGATION.
t  —  ««»Dfitimix

C  P R O B L E M  I .

O A S T I N G  along Jbore, I  fata a cape of land bearing A r. N. E. ani 
after failing IF. N. IF. 20 miles, it bore N. E. by E.— required the dijlance 
of the Jhip from the cape at both flattens ?

B y  P R O J E C T I O N .

D e fc r ib e  the  com pafs E S W , 
an d  let its  cen tre  A  reprefent th e  
p la ce  o f  the ih ip  a t the firft ftation  ; 
d ra w  the W . N . W .  lin e  A B  equ al 
t o  20 m ile s, an d  B  w i ll  rep refen t 
th e  fécond fta tio n . D r a w  the  N .  
N .  E .  lin e  A C ,  o f  an in d efin ite  
le n g th , and the lin e  B C  p a ra lle l to  
th e  N .  E .  b y  E . lin e  o f  the co m 
pafs ; th e  p o in t o f  in tc r fe it io n  C , 
w i l l  reprefent the p lace  o f  the cape ; 
an d  the  d iftan ce  B C  b e in g  m eafur- 
e d  w i l l  be  found 36 m ile s, and A C  
3 0  m iles.

C

B y  L O G A R I T H M S — (b y  C a fe  I .  O b i. T r i g . )

T h e  d ifferen ce  b e tw e e n  N .  N .  E . ,  and W . N . W .  is  8 p oin ts o r  g o ° , 
th erefo re  B A G  is  a  r ig h t  a n g le  ; a lfo  the d ifferen ce  b e tw ee n  the  N .  E . b y  
E .  and N .  N .  E .  is 3 p o in ts  =  a n g le  A C B ,  and the  d ifferen ce  b etw een  the  
N .  E .  b y  E . po in ts and the p o in t o p p o iite  to  W .  N .  W .  is  5 p o in ts , equ al 
t o  the  a n g le  A B C .O

T o  End the  diftan ce B C .
A s f t ,a n g l e  A C B  3 p ts .a r .c o . 0 .2 3 3 2 6  
I s  to  the d iftan ce  A B  20 1 .3 0 10 3
So is fine a n g le  B A C  S p ts . 10 .0 0 0 0 0

T o  find th e  d iftan ce  A C .
A s  fine A C B  3 p ts . a r .c o . 0 .2 3 3 2 6  
Is to  the d iftan ce  A B  20 1 .3 0 1 0 3
So is fin e 'an g le  A B C  3 p ts . 9 .9 1 9 8 3

T o  the d iftan ce  B C  3 6 .0 1 .3 3 6 2 9 T o  the d iftan ce  A C ,  2 9 .9 3 1 .4 7 6 1 4

T h e  a b o v e  fo lu tio n s  are  b y  C a fe  I .  O b liq u e  T r ig o n o m e tr y , th o u g h  th e y  
m ig h t h a v e  been done in  th is  exam p le  b y  C a fe  I I .  o f  R ig h t - A n g le d  T r i g 
o n o m e try , becau fe  the  a n g le  B A G  is  a r ig h t  a n g le .

P R O B L E M  I I .

Being at fea, I  Ja w t-wo head lands avhofe bearing from one another by 
the Chart 'was IF. by N. and E. by S. dijlance 13  miles ; the 'iveflernmofl 
bore from me S. S. IF. and the eaflernmofl S. E. by E,— required my dijlance 
from each of ihfle■ head lands ?



B y  P R O J E C T I O N .

D r a w  the com pafs 
N E S W ,  and th rou gh  
th e  cen tre  A ,  d raw  the 
E .  b y  S . lin e  A R ,  th e
S . S . W .  lin e  A B ,  and 
th e  ¡3. E . b y  E . lin e  A C *  
and continue the  tw o  
la t te r  in d e fin ite ly , b u t 
upon the fo rm er A R  
ta k e  A D  =  15  m iles ; 
th ro u g h  D  d ra w  D C  
p ara lle l to  A B ,  m eet
in g  A C  ih  C ,  d ra w  C B  
p ara lle l to  A D  and i t  is  
don e ; fo r  A  w i l l  b e  the 
p la ce  w h ere  the head lan ds B  an d  C  w e r e  o b fe rv e d  ;  th e  d iftan ce  A B  o f  th e  
w eftern m o ft head lan d  b e in g  m eafured w i l l  be  found to  be  5 ,8  m ile s, and 
th e  d iftan ce  A C  o f  the  eafternm oft h e a d la n d  15  m ile s.

7— R

B y  L O G A R I T H M S .

B e tw ee n  the S . S . W .  lin e  A B  and the S . E .  b y  E . lin e  A C  are 7 p o in ts , 
s= Z  B A C  ; and b e tw ee n  the S . E .  b y  E .  lin e  A C  an d  the E .  b y  S . lin e  A  
D  are tw o  poin ts =  Z C A D —  Z A C B  (becaufe A D ,  B C  are  p a ra lle l)—  
th e re fo re  A C B  -)- B A C  =  9  p o in ts , an d  fince a ll th ree  a n g les  A C B ,  B A C ,  
A B C  are eq u al to  16  p o in ts , the  a n g le  A B C  is a l f o  eq u al t o '7 p o in ts , th ere
fo re  (by art. 4 1  Geom.) the  fides A C ,  C B  are e q u a l, b e in g  o p p o fite  to  the' 
equ al an g les A B C ,  B A C .  I f  thefc an g les h ad  n ot been e q u a l, the fide A C  
m ig h t h a ve  been ca lcu la te d  in  the fam e m ann er as w e  lh a ll n o w  ca lcu la te  the 
fide A B .

T o  find th e  fid e  A B .  ,

A s  fine B A C  7  p o in ts , c o . a r . 0 .0 0 8 4 5  
I s  to  B C  1 5  m iles  i . 17 6 0 9
S o  is  fine A C B  2 p o in ts  9 .5 8 2 8 4

T o  A B  5 ,8 5  0 .7 6 7 3 6

T h is  p ro b lem  an d th e  firft m a y  b e  u fed  fo r  f in d in g  th e  d iftan ce  o f  a  ih ip  
fro m  an y  head la n d , See. w h en  t a k in g  h e r  d e p a rtu re  fro m  th e  la n d .

P R O B L E M  I I I ,

7 w t  flips faitfrom the fame port, one f a i l s  N .  E . \  £ .  1 6  miles, th e  Other 
fails eajlerly 20 miles, and then finds that the firfi bears N. N. IV jj— r e q u i te d  
the other (hip’s courfe, and the difiance b e tiu e en  th e  two (hips t

C c
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Draw the compafs ESW , and 
let its centre A  reprefent the 
port failed from ; draw the N .
E. | E .  line A B = i6  miles* and 
through B, the line BC parallel 
to the N. N . W . line, and con
tinue it indefinitely ; take 20 
miles in your compaffes, a n d ^  
putting one foot in A , fweep 
with the other the line BC in C , 
join A C  and it is done ; for A  
C  is the courfe ileered by the 
fecond fhip, which is nearly E .
S. E. 3 E. and BC is the diftance 
o f  theihips 17} miles.

B y  PR O JE CTIO N .

By L O G A R IT H M S .
The courfe from 3  to C  is S. S .E . (oppofite to N . N . W .) and from B  

to A  is S. W . J W . (oppofite to N . E. E.) the difference between, thefe 
bearings is 6 f points==73° 7 '— the angle A B C  ; having this angle and the 
fides A B , A C , the other angles and fide are found by Cafes II . and III . o f  
Oblique Trigonometry as follows :

To find the angle C.
As the fide A C  20 miles 1.30103 
Is to fine ABC 730 7 ' 9.98087
So is fide AB 16 miles 1.20412

11.18499 
Subtrail 1.30103

To find the diftance of the fhips BC.

Add the angle C — 490 5 7 'to the 
angle B 730 7 ', the fum 123° 4' being 
fubtrailed from 18o° leaves the angle 
C A B  36° 56'.

T o  fine angle C  49°J7/ 9.88396
For N .N .W . add 22 30
Sum makes N . 7 2 2 7  W . the bear
ing of A  fromC, whence the courfe of 
the fhip from A  towards C  is S. 720 
27' E. or E. S. E. E . nearly.

A sfi. ang.ABC 73°7'ar.co. 0.01915 
Is to the fide A C  20 miles 1.30103 
So is fine C A B  56° y6/ 9.92326

To the fide BC 17.5 miles 1.24342

PRO BLEM  IV .
Tzco fh ip s f a i l  from  the.fame port, one hi. W . 3° miles, and the other N , 

E . by A7. 40 m ilcsy required their hearing and diftance from  each other ?

By PR O JE CTIO N .

Draw the compafs NESW , and let its 
centre A  reprefent the port failed from ; 
draw the N .W . line A B = 3 0  miles, and 
the N ; E. by N . line AC:=40 miles, join 
BC, which will be the bearing and diftance 
of the two fhips', u hich being meafured1 - 
will he found W./S. W . A'W, 45.1 miles



B y L O G A R IT H M S , (by Cafes I V . V . Ob. T rig.)
’Between the N . W . line A B  and the N . E . by N . line A C , there are 7 

points =  angle B A C , half the fupplement o f which to 1S00 is 50° 371'  —  
half fum of the angles C  and B.

To find the angles. T o  find the diftance BC.
A s fum of AB & A C  70 log.ar.co. 8.IC400 As fine angle B 609 30' ar. co. 0.06030
Is to their difference io 1.00000 Is to fide A C  40 1.60206
So is tang. 1  fum angles S° 3 7 a 10.08583 So is fine angle A  78* 45’ 9.99157

T o tang. § dift". 9  5 * 1 9.24073 To the diftance BC 45,1 »•65393

Sum == angle B 6c 30
Dift’. —  angle C 40 45

To the angle C  = 4 0 ° 4 S '. add the courfe from C  to A  = 3 3 °  4 5 ')  th c
fum is 740 30', which is the bearing o f B from C , v iz . S. 740 30' W . or 
W .S . W . i  YV. nearly.

PR O B LEM  V .
Two ports bear from each other E. by N. and W. by S. dlfant 400 miles; 

a Jhip from the eafternmoft falls northerly 450,7 miles, another from the 
wefternmoft falls 300 miles and meets the firjl ; required the courje (leered 
by each Jh ip ?

By P R O JE C T IO N .
Draw tlie conipafs ESW , and let 

the centre B reprefent the weftern- 
moft port, draw the E. by N . line 
B D = 4 oo miles, and D will be the 
eafternmoft p ort; with 300 in your 
compafles, and one foot in B, de- 
feribe an arch ; with 450,7 in 
your compaflcs, and one foot in D , 
deferibe another arch cutting the  ̂
former in C ; join D C , BC and it 
is done; for BC w ill be the courfe 
failed by the wefternmoft (hip, and 
D C  the courfe failed by the eaft
ernmoft.

By L O G A R IT H M S ,

To find the angle C BD .
B y Thco. I V . Trig.

Divide the triangle B C D  into two right an
gled triangles by means o f the perpendicular 
C A ,  and b ifeaB D  in a, then 
A s  the bafe BD 400 ar. co. 7.39794
Is to the turn o f  B C ,C D , 750.7 
So is dift. o f  EC, C D , 150.7 

T o  twice A  a 282. 8

H a lf or A  a I4 I - 4
1  B D = rB a=  200
Dift". is BA

2.87547 
2.178 t! 

2.45152

58. 6
Then in the triangle A C B .

As hypot. D C  300 2.47712
Is to radius 9O0 10.00000
So is A ll 58.6 

T o co-fine CBD  78° 4 4 '

By Theo. V . 
CD  =  450.7 
B D  =  400 
B C  =  300 

Sum 1 150.7
a S u m  5 7 5 . 3 5

l rig.

Log. ar. co. 7.39794 
Log. ar. co. 7.52288

I  fum lefs C D  124.65 

H alf fum 390 22'
2

Log.
Log.

Sum
Co-fine

2.75993
2.C9569

19.77644
9.88822

Doubled is 78 44 —  Angle CBD . Having
found this angle, we may find either of the 
others thus,

T o find the angle CD B.
1.76790! As C D  450.7 ar. co.
9.29078',Is fi"? CBD  7 8 ° 4 4 '

So is BC 300 

To fine C D B 4 0 ° 4 5 '

7.34611
9.9913;
x-eqjfp
9.81478



A s the angle CBD is 78° 44/ or 7 points nearly, and the courfe from B 
to D  is E. by N . the courfe from B to C rnuit be north. The courfe from 
D  to B being W . by S. or W . n °  i j 'S .  and the angle B D C = 4 q° 45', 
the bearing of C from D  muft be W . 290 30' N . becaufe 40° 45'— 1 1° 15' 
—  29* 30'.

PROBLEM  V I.

Coajling along Jhare, 1  faw  two headlands, the firfL hore from me N. E, 
thefecond E. N. E. after fading E. hy .S’. 10 miles, the fr jl bore N. by E. 
and the fecond N. E. by N.— required the bearing of the two headland  ̂

from each other and their diftance.
Draw the compafs N  

E SW , and let its centre 
A  reprcfent the place of 
the fhip at the firft na
tion, draw the E. by S. 
line A B — 10 miles, and 
35 will be the place of the 
fliipat thefecond ftation; 
draw the N . E. line A C , 
and the E . N . E. line 
A D ; through the point 
35 draw the lines BC,BD , M 
parallel to the N . by E. 
and N . E. by N . lines, 
and the points C and D 
where they interfeil the 
lines drawn from A  to 
the fame headlands, will 
be the points reprefpnting them refpeitively : join the points C  and D  j 
then will CD be the diftance o f the two head lands, and a line drawn 
through A  parallel to C D  will reprefent the bearing o f thofe places iron} 
each other on the compafs.

By L O G A R IT H M S .

ic irjangjc wc na.v- .... In the triangle A B D , we have all
;les and the fide A B  to find the angles and the fide A B  to find BD,

' For the bearings o f B and A  from
D are S. W . by S. apd W . S. W . the 
difference being 3 p o in ts= E D A ; and 
the bearings o f B and D  from A , are 
E. by S. and E . N . E . the difference 
being alfo 3 points, equal to the angle 
B A D  ; therefore the angle B A D —  
BD A , and (by art. 41 Geo.) RD—  
AB=r 10 miles. I f  thefe angles had 
not been equal, you might have cal, 
culated the fide BD in the fame man« 
ner as BC.

In the triangle A B C , we have all 
the angles and the fide A B  to find 
BC. For the bearings of B and C from 
A  are E. by S. and N . E. the differ
ence being 5 points=B A C ; and the 
bearings o f B and A  from C, are S 
by W . and S. W . the difference be
ing 3 points equal to the angle A C B

To fjr.d the fide BC.
A s fine of A C B  3 pts. ar.co. 0.35526 
Is to the fide A B  10 1.00000
So is fine angle B A C  5 pts. 9.919S5

To B C  14 .9 7  1 .1 7 5 1 1

N ow in the triangle CBD  we have, BD — 10, B C =  14.97 an  ̂ the angle 
C B D = 2 2 ° 30^ for the bearings of C  and D  from B are N . by E. and N , 
i t  x t  ------— , n '  - hence we have the other anglesE- by N . differing 2 points or 22° 3°' 
and fide C D  as in Cafe I V . Obi. Trig-
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T o  find the angles BCD, BDC. 
As. fum of B C ,  BD  24,97 ar.co. 8.60258 
I s  to their diff. 4,97 0.69636
80 is tang, i  fumop.angles 78° 4 5 ' 10.70134

T o  find the diftance C D .
As fineangie BCD  330 4 4 ' ar.co. 0.25345 
Is to fide BD 10 1.00000
So is fine angle C B D  22° 30 ' 9.58284

T o  tang, i  diff. 4 5 1 J0.00028 To the diftance CD 6,89 0.83829

Sum is angle BDC =  123 46
D iff. is angle BCD =  33 44 or nearly 3
points, and as the bearing o f  B from C  is S. by 
W . the bearing o f D from C mull be S. S. E.

PRO BLEM  V I I .

Being 96 fathoms from the bottom of a tower, I  find Its altitude above the 
horizontal line d raven from my eye Is 15° 10'; required the elevation above 
(hat line ?

By PR O JE CTIO N .
Draw the horizontal line A B — 96 

fathoms, and perpendicular thereto, 
the line BC ; make the angle B A C =  
1 50 10', and draw A C  to cut BC in 
C, then will BC be the height of the 
tower 26 fathoms.

By L O G A R IT H M S .
As radius 90° 10.00000
Is to the diit. A B  96 fath. 1.98227 
So is tang, angle A  150 io/ 9.43308

To the height BC 26,0fath. 1.41535

PROBLEM  V I II .

Sailing towards Cape-Cod, I  dlfcovered the llght-houfe juft appearing in. 
the horizon, my eye being elevated 20 feet above the fea ; It is required to 

find the diftance of the llght-houfe, ft/ppofing it to be elevated 200feet above 
the furface of the fea ?

The folution of this problem depends on the uniform curvature o f the 
fea, by means of which all terreftrial objefts difappear at certain diftances 
from the obferver. Thefe diftances may be computed by means of Table 
X I .  in which the elevation in feet is given in one column, and the diftance 
at which it is vifible is expreffed in llatute miles in the other column. I f  
the place from which you view the objeft be elevated above the horizon, 
you muft add together the diftances correfponding to the height of the obfer
ver and the height of the objeSt, the fum will be the grcatell diftance at 
which that object is vifible from the obferver.

In the prefent example the height of the obferver is 20 feet, and the 
Jieight of the objeit 200 feet.

In Table X I. oppofite 20 feet is 5,92 miles.
200 feet 18,71

Diftance 24,63 ftatute miles of about 69J to a 
jlegree, the diftance in nautical leagues o f 20 to a degree being about 7.
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P R O B L E M  I X .

A man being on the main-top-gallant-maft o f a man o f war 200 feet 
above the water, fees an loo gun j/hip Jbe had engaged the day before, hull• 
fo ; how fa r were thofe Jhtps dijiant from one another.

A  fhip o f i oo guns, or a firft-rate man o f war, is about 6o feet from the 
keel to the rails, from which deduft about 20, leaves 40 for the height o f 
her quarter-deck above water. N ow a fhip is feen to hull to when heS 
upper works juft appear.

In Table X I . oppofite 200 feet Hand 1S.71
40 feet 8.37

Pittance 27.08 miles.

P R O B L E M  X .

Upon feeing the flafo of a gun, I  counted 30 feconds by a watch before 1  
heard the report ; how fa r was that gun from me,fuppofng thatfound move} 
at the rate 1 142 feet perfecond ?

The velocity of light is fo great, that the feeing o f any aft done at even 
a number of miles diltance is inftantaneous ; but by obfervation it is found 
that found moves at the rate o f 1142 feet per fecond, or about one ftatute 
mile in 4,6 feconds ; confcquently the number o f feconds elapfed between 
feeing the flafh and hearing the report, being divided by 4,6 will give the 
diftance in ftatute miles. In the prefent example the diftance is about 
miles, becaufe 30 divided by 4,6 quotes 6 | nearly.



M E N S U R A T I O N .

PR O B LEM  I.

2» find the Area o f a Parallelogram.

M r u l e .

U L T IP L Y  the bafe by the perpendicular height, the produft is 
the area.

N ote . I f  both dimenfions are given in feet, inches, See. the produft 
will be the area exprefled in fquare feet, fquarc inches, &c. refpeftively ; 
i f  one o f the dimenfions be given in feet and the other in inches, the pro
duct divided by 1 2 will be the anfwer in fquare feet ; i f  both dimenfions 
are given in inches, the product will be fquare inches, which divided by 
144 will be the anfwer in fquare feet. The fame is to be underftood in 
finding the area of other furfaces.

E xample  I. Suppofe the bafe DB o f the reft- A ^
angular parallelogram A C B D  is 7 feet, and the per
pendicular BC 3 fe e t ; required the area ?

M ultiply 7 
By 3

D B
Produft 2 r fquare feet, the area required.

E xamp le  II . Suppofe A C B D  is a board whofe length DB is 22 feel: 
and breadth BC is 14 inches ; required the number of fquare feet ? 

M ultiply 22 
By 14

88
22

D iv .b y  12)308

2 5 ! fquare feet the area required.
E xample  III . I f  DB be 25; inches and BC 20 inches; required the 

area in fquare feet ?
' M ultiply 25 

By 2 a

144)500(3,47, fo that the area is 3 feet, 
432

6S0 
57 6

1040
1008

32



E xample IV . Given the bafe A D  of the oblique angular parallelogranl 
A B C D , equal to 30 feet, and the perpendicular height J3E 15 feet; re
quired the area of the parallelogram ?

Multiply 1 y 
B)*- 30

Produit 450 fquare feet,

C

D

PROBLEM  II.
To find the area of a Triangle.

r R u l e . Multiply the bafe by half the perpendicular height, and the 
product is the .area required, t

E x a m p l e .  Given the bafe A C  30 
feet, and the perpendicular DB 20 feet, 
required the area of the triangle ?

Multiply the bafe 30 feet 
By half the perpendicular 10 feet

ProduCt 300 fquare . ,
feet is the area required. -D

PROBLEM  III . .
\

To find tie area of any irregular right-lined figure.

R u l e . Reduce the figure to triangles by drawing diagonals therein ; 
then find the area of each triangle, and the fum o f  them is the area o f the 
propofed figure. Or, inftead of 
finding the area o f each triangle 
feparately, you may find at one 
operation the area of two tri
angles having the fame diagon
al, by multiplying the diagonal 
by half the fum of the perpen
diculars let fall thereon.

E x a m p le . Required the area 
c f  the figure A B CD E , in which 
E C = 3 3  feet, E B — 22 feer, and
the perpendicular A F '~  13 feet, B G — ,4  feer, and D H = i 2 feet ?

B G = i 4 
D H = I2E B = 22  

H a ifc fA F  —  6,5

i t,o 
132

Area E A B  143

Sum 26 
Half fum I -;
EC

Area BCD ! 
E A B

33
3 9  

3 9  

429 
' 4 3  .

Area of t-’ne figure



PROBLEM  I V .

To find the area of a circle.
JluLE. Multiply the diameter o f the circle by itfelf, then multiply this 

produd by the quantity 0.7854, and you will have the fought area.
N ote . Inftead o f multiplying by 0.7854 you may multiply by 1 1 and 

divide by 14, the quotient will be the area nearly. This quantity .7854 
reprefents the area of a circle whole diameter is 1. The circumference of 
the fame circle being 3.1416 nearly. The proportion of the diameter to 
the circumference is expreffed in whole numbers by the ratio o f 7 to 2 i, 
nearly ; or more exadly by 113 to 355.

. E x ample . Required the area of a circle A B C D , whofe diameter BD 
is io>6 feet ?

Diameter 10,6 feei
io ,6
6,-36

106,0

112,36 produd.
• 7 8 5 4

4 4 9 4 4  
56180 

89888 
78652

88.247544area in
A

feet.

PROBLEM  V .

To find the area of an Elhpfis or O-val,

. Rtit-fe. Multiply the longcft diameter by the leaft ; and the produd 
iiv .7854, this laft produd is the area required.

E x a m p l e . Required the area o f an Elliplis of Oval A B C D , whofe 
iongeft diameter A C  is 12 feet, and the ihorteft diameter BD to feet ? 

Multiply 12 feet
By 10 ' D

, The area o f a fedor o f a circle is found by means o f the whole area o f 
the circle obtained in Problem I V . by faying, as 360 degrees is to the 
angle contained between the two legs of the fedor, lb is the whole area o f 
the circle to the area o f the fedor.

There are various regular folids, the moll noted are the following.------
(1) A  Cul'Cj which is a figure bounded by fix equal fquares. {2) A



rallelepipcd, which is a folid terminated by fix quadrilateral figures, o f  
which the oppofite ones are equal and parallel. (3) A  Cylinder, which is 
a figure formed by the revolution of a rectangular parallelogram about one 
of its fides. (4) A  Pyramid, which is a folid decreafing gradually from 
the bafe, till it comes to a point; there are various kinds of Pyramids ac
cording to the figure of their bafes. Thus i f  the bafe be a triangle, it is 
called a triangular Pyramid; i f  the bafe be a parallelogram, it is called a 
faralhlogramtc Pyramid ; and if the bafe be a circle, it is called a circular 
Pyramid, or Amply a Cone. The point in which the Pyramid ends, is 
called the Vertex, and a line drawn from the vertex perpendicular to the 
bafe is called the height o f the Pyramid.

PROBLEM  V I.

To find the folidity of a Cube.
R u l e .  M u l t i p l y  th e  le n g t h  o f  a  fid e  o f  th e  C u b e  b y  i t f e l f ,  a n d  th a t  

p r o d u c t  b y  th e  famG fid e , an d  y o u  w i l l  h a v e  th e  f o l i d i t y  r e q u ir e d  ; w h ic h  

w i l l  b e  e x p r e lfe d ' in  c u b ic  fe e t  i f  th e  d im e n fio n s  a re  g i v e n  in  f e e t  ; b u t  irt 
c u b ic  in c h e s  i f  th e  d im e n fio n s  w e r e  g i v e n  in  in c h e s , Sec.

E x a m p l e . l i t h e  fid e  A B  o f  th e  C u b e  b e  6 ,3  f e e t ,  i t  is  r e q u ir e d  t o  
d e te r m in e  i t s  f o l i d i t y  ?

6.3
6 . 3

-------  D
1,89

5 7 > 8 '

39.69
6 . 3

11,907
238,14 A
2 5 0 ,0 4 7  f o l i d i t y  in  c u b ic  f e e t .

PROBLEM  VII.-

To find the folidity of a Parallelepiped.

R u l e .  Multiply trie length, breadth and depth, into each other ; and 
the product is the folidity required.

E x a m p l e .  Suppofe in the parallelepiped A BCD FG H E, the length EF 
is 3 6  feet, the breadth G F  16 feet, and the depth F D '12  feet , it is re
quired to find the folidity ?



PRO BLEM  V I I I .
To find the folidity of a Cylinder.

R u l e ,  M u l t i p l y  th e  d ia m e te r  o f  th e  b a fe  b y  i t f e l f ,  a n d  th is  p r o d u c t  b y  
t h e  le n g t h ,  a n d  b y  th e  c o n lta n t  q u a n t i t y  , 7 8 5 4  ; th is  la ft  p r e d u i t  w i l l  b e  

t h e  f o l i d i t y  r e q u ir e d .

E x a m p le . Required the folidity o f a cylinder A D H F , whofe length 
H D  is 13 feet, and diameter of the bafe A D  is 11 feet ?

A D  —  n  
11

121
H D  =  13 

363
121

*573
.7854

6292 
7865 

12384 
1 1 0 1 1

1 235.4342 folidity in cubic feet.

PRO BLEM  IX .

To find the folidity o f a Gnndfione.
C r in d f t o n e s  in  th e  f o r m  o f  c y l in d e r s  a re  f o ld  b y  th e  fto n e  o f  2 4  in c h e s  

d ia m e t e r  a n d  4  in c h e s  t h i c k  ; th e  n u m b e r  o f  fto n e s  t h a t  a n y  o n e  c o n ta in s  
m a y  b e  o b ta in e d  b y  th e  f o l l o w i n g  r u le .

R u l e . M u l t i p l y  th e  d ia m e t e r  in  in c h e s  b y  i t f e l f  a n d  th a t  p r o d u c t  b y  

t h e  th ic k n e fs  in  in c h e s , d i v i d e  th is  la ft  p r o d u c t  b y  2 3 0 4 ,  a n d  y o u  w i l l  h a v e  
th e  n u m b e r  o f  fto n e s  r e q u ir e d .

E x a m p l e . Required the number of ftones in aGrindftone whofe dianu 
eter is 36 inches ant} thicknefs 8 inches ?

36
36

216 
1 0 S

4296
S

2304)10368.(4,5 The anf, is 4  ftones and -?s  or 4} ftones. 
9216

1152.0  ^
1152.0

This problem may be folved by means .of the line o f numbers on Gur> 
ter’s Scale, in a very expeditious manner, by the following ruic.



R u l e . Extend from 48 to the diameter, that extent turned over twice» 
the fame way, from the thicknefs, will reach to the number of ftones re
quired.

Thus in the preceding example, the extent from 48 to the diameter 36, 
turned over twice, from the thicknefs 8, will reach to 4.5, or 4^, which is 
the number o f ftones fought.

PROBLEM  X .

T.o find the folidity of any Pyramid or Cone,
R u l 6. Multiply the area of the bale by one third of the perpendicular 

height o f the Pyramid or Cone, the produit is the folidity required.

X>

E xample  I . I f  the Pyramid hath a fquare bafe, 
the fide of which is 4 feet, and the perpendicular1 
height is 6 feet ; it is required to determine its 
folidity ?

The area of the bafe is 4 X  4 ~  16 fquare feet ; 
this multiplied by one third of the height or 2 feet, 
gives 32 ieet the folidity required.

E xample  II. I f  a cone hath a diameter at the bafe 
o f 10,6 feet, and a perpendicular height of 30 feet ; it 
is required to find its folidity ?

The area of this bafe was found in Problem IV . equal 
to 88.247544 ; this multiplied by one third o f the 
height or 10 feet, gives the folidity required equal to 
882,47544 cubic feet.

Having obtained, by the foregoing rules, the number 
o f cubic feet in any body, you may find the number of 
tons it meafures, by dividing the number of cubic feet 
by. 40, which is the cubic feet contained in one ton. 
Thus the folidi ty of the abo vementioned cone 882,475 44, 
being divided by 40, quotes 22,061886, which is theB  
number of tons in that cone.

PROBLEM  X I.
To find the tonnage of a fhtp.

By a law of the Congrefs of the United States o f America, the tonnage 
of a ihip Is to be found in the following manner.

I f  the veil'd be double, decked, take the length thereof from the fore 
part of the main item to the after part o f the ftern poft above the upper 
deck ; the breadth thereof at the broadeft part above the main wales, half 
o f which breadth ihall be accounted the depth of fuch veffel ; then déduit 
from thé length three fifths of the breadth, multiply the remainder by the 
breadth, and the produit by the depth ; divide this laft produit by ninety- 
five, and the quotient is the true content or tonnage of fuch vellel.



I f  the veffel be fingle-decked, take the length and breadth as above di- 
jeiled , in refpeil to a double-decked veffel, and deduct from the length 
three fifths of the breadth, and taking the depth from the under fide of the 
deck plank to the cieling in the hold ; multiply and divide as aforefaid, 
the quotient is the true content or tonnage of fuch veffel.

E x a mp l e . Suppofe the length o f a double-decked veffel is 80 feet, 
jttid the breadth 24 fee t; what is her tonnage ?

Length 80 feet
Subtrail o f the breadth 14.4

65.6
M ultiply by the breadth 24

262.4
1312

M ultiply by the depth 12

D ivide by 95)18892.8(198.8
95

939
«55

S42
76a

S28
760

68

Carpenters, in finding the tonnage, multiply the length o f the keel by 
the breadth of the main beam and the depth o f the hold in feet, and divide 
the produtt by 95 ; the quotient is the number o f tons. In double-decked 
yeffels, half the breadth is taken for the depth;
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G A U G I N G .
»©«

U8 8 A V IN G  found the number o f cubic inches in any body by the pre
ceding rules, you may from thence determine the number o f gallons, buih- 
els, &c. it will hold, by dividing that number o f cubic inches by the num
ber o f cubic inches in a gallon, buihel, &c.

A  1vine gallon, by which moft liquors are meafured, contains 231 cubic 
inches. A  beer gallon, by which beer, ale, and a f<?w other liquors are 
meafured, contains 282 cubic inches. A  hujhel o f corn, malt, &c. con
tains 2150.4 cubic inches; this meafure is fubdivided into 8 gallons, each 
o f which contains 268.8 cubic inches.

In all the following rules, it w ill be fuppofed that the dimenfions of th§ 
indy are given in inches, and decimal parts of an inch.

PROBLEM  I.

To find the number of gallons in a body of a cubic form,

R u l e . Divide the cube of the fide A B  (fee the fig. Prob. V I . o f Men- 
furation) by 231, the quotient will be the anfwer in wine gallons; i f  we 
divide it by 282, the quotient will be the anfwer in beer gallons ; and if  
we divide it by 2150.4 the quotient will be the number o f buihels.

E x a m p l e . Required the number of wine gallons contained in a cubi(j 
ciftern, the length o f whofe fide is 62 inches,

62
62

124
37z

384+
62

7688 
'23064

231)238328(1031 wine gallons; the remainder of the divifion 
231 167 being about |  o f 231, fhews that the
—-------  ciftern contains 4 o f a gallon more than

732 1031.
6 93

3 98 
231



PROBLEM  II.

To find the number of gallant contained in a body of the form of a Parallel- 
opiped. (See the figure of Problem V I I . o f Menfuration.)

R u l e . Multiply the length, breadth, and depth together ; divide this 
laft produft by 231, for wine gallons; by 2S2 for beer gallons; and by 
21 j o .4 for to find the number of buihels.

E xample . Required the number o f wine gallons contained in a cittern 
ABCD FG H E (fee fig. Prob. V I I . o f Menfuration) of the form of apar- 
allelopiped, whofe length EF is 66 inches, its breadth G F  35 inches, and 
its depth F D  24 inches.

Length EF =  66
Breadth G F  =  33

330
198

2310
Depth FD  —  24

9240
4620

231)5J44o(240 wine gallon;. 
462

924
924

O

PRO BLEM  III .

To find the number o f gallons contained in a body o f a cylindricalform.

R u l e . Multiply the diameter by itfelf and that product by the height 
o f the cylinder, divide this laft prod aft by 294.12 and the quotient will 
pe the number o f wine gallons ; if you divide it by 339.c j  the quotient 
w ill be the number o f ale gallons ; and i f  you divide it by 2738 you will 
have the number o f buihels.

N ote . Thefe divifors are found by dividing 231, 2S2, and 2150.4 
by .7854.



E x am ple . Required the number o f wine gallons contained in the cy i 
linder A FH D  (fee the F ig. o f Prob. V I I I .  o f Menfuration), the diameter 
A D  o f its bafe being 26 inches, and length H D  18 inches ?

Diameter A D  =  26 
26

1 5 6
Sz

676
Length, HD = 1 8

5408
676

294.12)12168.00(41 gallons 
117648

40320
29412

10908
I  have affixed two fiphers to the produil 12168, which makes the fame 

number o f decimals in the divifor and dividend, and confequently the 
quotient is the number of gallons.

PROBLEM  I V .
To find the number of gallons contained in a body o f the form of a pyramid 

or cone. (See figures o f Prob. X . o f Menfuration.)

R u l e . Multiply the area o f the bafe of the pyramid or cone 
by one third of its perpendicular height; the prodnft divided by 231 
gives theanfwer in wine gallons; i f  divided by 282, the quotient is the 
number of beer gallons; and i f  divided by 2150.4, the quotient is the 
number of buihels.

E x a m p l e . Required the number of beer gallons contained in a pyra
mid D EFG K  (fee Fig. Prob. X . Exam. 1.) whofe bafe is a fquare E F G K , 
a fide of which, as EF, is equal to 30 inches,- and the perpendicular height 
o f  the pyramid is 60 inches ?

Bafe E F = 3 o 
3 °

900
One third o f 60 =  20

282)18000(63.8 Ale gallons 
1692

1080
846

234.0
225.6



PRO BLEM  V .

TV find, the number o f gallons contained in a body o f the form ffi a frujlurtt 
o f a cone* f  See the Figure belo<w.J

R u l e . Multiply the top and bottom diameters together, and to the 
product add one third o f the fquare o f the difference of the fame diameters ; 
multiply this fum by the perpendicular h eigh t; and divide the product by 
£94.. 12 for wine gallons, by 3 59.05 for ale gallons, and by 2738 for 
bulhels.

E xa mp l e . Given the diameter D C  o f the 
bottom o f a fruihim of a cone 36 inches, the 
top diameter AB=2Z7 inches, and the perpen
dicular height, FE , 50 ificlics. Required the 
number o f wine gallons it w ill hold i

M ultiply A B  rm 27 
by D C  —  36 A B  =  27

162
St

Difference 9 
Multiplied by 9

Produit 972 
Add 27

. 9 9 9
M ultiply by FE  =  50

Divided by 3)81

294.12)49950.00(169 wine gallons 
29412

205380
176472

289080
264708

24372

PR O B LEM  V I .

To gauge a cafk.

To gauge a caik, you mull meafure the head 
diameters F A , D C , and take a mean o f their 
meafures when they differ 5 meafure alfo the di
ameter EB at the bung, (taking the meafure 
within the calk); then meafure the length of the 
calk, making due allowance for the thicknefs o f 
the heads. Having thefe dimenfions you may 
calculate the number o f gallons it will hold by 
the following rule.

R u l e . Take the difference between the head and bung diameter, mul. 
tiply this by .62, and add the product to the head diameter, the fum w ill 

E e



be the mean diameter; multiply this by itfelf and by the length of the 
calk, and divide the produft by 294.12 for wine gallons, by 359.05 for 
beer gallons, and by 2738 for bufhels.

The quantity .62 is generally ufed by gaugers in finding the mean di
ameter of a calk ; but if  the ftaves are nearly ftraight, it would be more 
accurate to take .60 or lefs; i f  on the contrary the calk is full on the 
quarter, it would be beft to take .64 or .65.

E x a m p le . Given the bung diameter £ 6 = 3 4 .5  inches, the head diam
eter F A — 30.7 inches and the length 59.3 inches; required the number 
©f wine gallons this calk will hold l

Rung diameter 34-5 Mean diameter 35.1
Head diameter 30.7 33-t

Difference 3-8 3-31
Multiply by .62 99  -3

993
76

2.28 1095.61
len gth  59.3

2-366
Add head diameter 30.7 328.683

9860.49
Mean diameter 33.056 or 33.2 54780.5

294.12)64969.673(220.8 
58824 Galls»

61456
58824

263273
235296

27977

To gauge a cafe by means of the tine of numbers, on Gunter’s Scale,  or ett 
the calipers ufed by ganger's.

Make marks on thefcale at the points 17 .15 , 1S.95, an(̂  52.33 which* 
numbers are the fquare roots of 294.12, 359.05, and 2738. A  brafs pin' 
is generally fixed on the calipers at each of thefe points, which are called* 
the gauge points. Having prepared the fcale in this manner, you may cal
culate the number of gallons or bulhels by the following rule.

R u l e . Extend from 1 towards the left hand to .62 ; that extent will 
reach from the difference between the head and bung diameters, to a num
ber which added to. the head diameter will give the mean diameter ; then- 
put one foot o f the compaifes upon the gauge point— which is 17.15 for 
wine gallons, 18.95 f°r ale gallons,-and 52.33 for bulhels— and extend the 
other to the mean diameter, this extent turned over twice the fame way,, 
from the length o f the calk, will give the number o f gallons or bulhels ref— 
peilively.

In the preceding, example the extent from 1 to .62 will reach from 3.8 
to 2.4 nearly, which added to 30.7 gives the mean diameter 33-1.

Ihen the extent from the gaugepoint 17.15  to 33,1, turned over twice 
from the length 59.3, will reach to 220.8, wine gallons.

I f  you had ufed the gauge point 18.95 the anfwer would have been in ale 
gallons j and il you had ufed 52.33 the ar.fwer would have been in bulhels.
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S U R V E Y I N G .

T1  ^A N D  Is generally meafured by a chain o f 66 feet in length, which 
Is divided into ioo equal parts called links, each link being 7.92 inches.

A  pole or rod is i6 j  feet, or 25 links, in length ; hence a fquare pole 
contains 2724 fquare feet, or 625 fquare links.

An acre o f land is equal to 160 fquare poles, and therefore contains 
43560 fquare feet, or 100000 fquare links.

To find the number o f fquare poles in any piece of land, you may take 
the dimeniions of it in feet, and find its area in fquare feet, as in the pre- 
ceding f  roblems; divide this area by 43560, the quotient will be the num
ber of acres; or dividing it by 272,25 the quotient w ill be the num
ber o f fquare poles. I f  the dimenfions be taken in links, and the area be 
sound in fquare links, we may obtain the number o f acres by dividing by 
100000 (that is, by eroding off the five right hand figures) ; and the num
ber of fquare poles may be obtained by dividing by 625.

PRO BLEM  L
To find the number of acres and poles in a piece o f land in the form o f a 

reiiangular parallelogram.
R u l e . Multiply the bafe by the perpendicular height, and divide by 

625 if  the dimenfions were taken in links, but by 272.25 if  they were taken 
in fe e t; the quotient will be the number of poles, which, divided by 160, 
gives the number of acres.

E x ample  I. Suppofe the bafe DB (fee the figure o f Ex. I. Prob. I. o f 
Menfuration) o f the rectangular parallelogram A C B D  is 60 feet, and the 
perpendicular BC 25 fe e t; required the area in poles.

Multiply
By

2S
60

Divide by 272.25)1500.000(5.5 
136125

I 3 8 7 S °
136125

T o  the produft 1500, I have 
affixed three ciphers to the right, 
in order to obtain the area in 
poles and decimal parts o f a 
pole; hence the fought area is 
5 poles and 5 tenths.

2625

PRO BLEM  II.

To find the number of acres and poles in a piece o f land in the form o f an 
obl-j'u--: r parallelogram. (See the figure o f  Prob. I. Ex. IV . o f
M e : , ;  ■ )

R u . :s area is found in exaflly the fame manner as in the preced
ing i r< >y multiplying the bafe A D  by the perpendicular height BE,
anc.d; oy 625 when the dimenfions are taken in.links, butby 272.25
whei _ :e taken in feet; the quotient is the anfwer in poles,. which, 
divide« . r 160 gives the anfwer in acres. •



E x a m p le . Suppofe the bale A D  is 632 links, and the perpendicular 
BE 326 lin k s; required the number of poles.

Multiply 632
By 3 2<5

3792
I 264 

1896

625)206032(329 poles. 
1875

1853
1250

6032
5625

407

PRO BLEM  III .

To find the number of acres and poles in a piece of land of a triangularformd
R u l e . Multiply the bafe by the perpendicular height, and divide the 

produft by 1250 when the dimeniions are given in links, but by 544.5 
when they are given in fe e t; the quotient is the anfwer in poles.

N ote . Inftead o f dividing by 1250, you may multiply by 8, and crofs 
off the four right hand figures.

E x ample-. Given the bafe A C  (fee fig. ofProb. I I . o f Menfuration) 
equal to 300 feet, and the perpendicular BD 150 fe e t; required the area in 
poles.

Multiply 150 
B y 300

544.5)45000.00(82.6 poles.
4 3 S6°

14400
10890

35100
32670

2430
PROBLEM  I V .

To find the number of acres and poles in a piece of land o f any irregular
right-lined figure.

R u l e . Find the area as in Problem III . o f Menfuration, by drawing 
diagonals, and reducing the figure to triangles : the bafe o f each triangle 
being multiplied by the perpendicular, (or by the fum of the perpendiculars 
falling on it) and the fum o f all thefe produfts divided by 1250 when the 
dimeniions are given-in links, but by 544*5 when in feet, will give the 
area o f the figure in poles.



E x a m p le . Suppofe that the piece of land is o f the fame form as t-he fig
ure in Problem III. o f Menfuration, and that EB =  22 feet, E C —  33 f'eer, 
A F =  73 feet, BG =  14. feet, and D H — 12 fe e t; it is required to find the 
area in poies.

EB —  22 BG —  14
A F  —  13 D H  —  12

66 Sum 26
22 E C  —  33

E A B  = 2 8 6 78
78

BCD E =  858 
E A B  —  286

544.5)1144.00(2.1 Anf. poles, 
10890

5500
54+5

55
The manner o f furooeying Coajls and Harbours.*

From what has been already faid, an intelligent reader would fee how 
the bufmefs of taking the bearings of part o f a coaft, and of plotting or de
lineating it might be done. But as there are fome particulars which can 
be gained only by experience in the art of Purveying, it will not be im
proper to apprize the learner concerning them to qualify him to go more 
readily to work.

To take a draught o f a coaft in failing along Jhore,

Having brought the (hip to a convenient place, from which the principal 
points of the coaft, or bay, may be feen, either call anchor, i f  it is conve
nient, or lie too as fteady as poflible ; or if  the coaft is too ihoal, let the 
obfervations and meafures be done in a boat. Then while the veffel is 
ftationaiiy, take with the azimuth compafs the bearings in degrees of fuch 
points of the coaft as form the molt material projections or hollows ; write 
down thefe bearings and make a rough fketch o f the coaft, obferving care
fully to mark the points whofe bearings were taken, with letters, for the 
fake of reference.

Then let the ihip or boat run in a dire& line, which muft be very care
fully meafured by the log, or otherwife, one,, two or three miles, until fire 
comes to a fituation from which the fame points before obferved can be feen 
again with quite different bearings : then let the veffel lie fteady as at the 
former ftation, and obferve again the bearings of the fame points, and make 
a rough fketch of the coaft ; this fketch may be made more accurately 
while the veffel is running the bafe line.

•  Jicft of ibis piece is from  F.obertfonT Na\ igaiion»



T o defcribe the chart from thefe obfervations, you muft in fome conve
nient part of a (heet o f paper draw the magnetic meridian, and lay off the 
ieveral bearings taken at the firft ftation, marking th. m with their proper 
letters ; lay down alfo the bearings taken from the fecond ftation. Draw 
a line to repreion t the (hip’s run both in length and ccurfe, and from that 
end of it exprefling the firll ftation, draw lines parallel to the refpe&ive 
bearings taken from that end ; alfo from the other end draw lines parallel 
ro the bearings taken at that end, and note the interfe&ion of each pair of 
lines directed to the fame point ; and through thefe interfeftions, draw by- 
hand, a curved line, ©bferving to wave it in and out as near as can be like 
the bending of the coaft itfelf. Then mark off the variation of the com. 
pafs from the north end of the magnetic meridian, towards the right hand, 
i f  it be weft, or towards the left hand, i f  it be eaft, and draw the true me
ridian through that point and the centre o f the circle.

Againft each part draw the appearance of the land marked in the (ketches, 
diftinguiihing rocks, ciifts, high-lands, fand-hills, &c. I f  there are any 
currems, exprefs them in their proper places by darts or arrows, the points 
being turned that way the current fets. Put in the feveral foundings at 
low water, in fmall figures, diftinguiihing whether they are fathoms or 
feet ; (hew the time of high water on the full and change days by roman 

■ figures, and tell the rife in feet. Put in a compafs, and a fcale of miles 
or leagues, fuch as tire veffels run was laid down by ; add the name of the 
place, and the latitude and longitude as true as can be obtained.

I f  there are lhoals or funds on the coaft, let them be taken by a boat fail
ing round them, keeping account of the courfes, diftances, and foundings. 
Hut to put them in the draught, the boat muft take the bearings of two 
points on the coaft ; the bearings, o f which have been taken from the (hip, 
from fome part of each fund or Ihoal fo failed round ; or, the bearing of 
the boat at fome part o f the ihoal, or o f fome beacon in that place, mult be 
taken bv the (hip at each of the ftations where (Ire took the bearings of the 
ihore ; for by either of thefe means, one point o f the fand being obtained, 
the reft o f it can be laid down from the boat’ s account.

I f  the coaft to be drawn is a bay or harbour winding in fuch manner 
that all its parts cannot be feen at two ftations, let as many bafes or lines 
be run and meafurccl exa&ly as may be found ncccflary, obferving that the 
feveral diftances run ihould join to one another, in the nature of a traverfe ; 
that each new fet of objeiils, or points obferved, Ihould be taken from two 
ftations at the end of a known diltance, and that the objects whofe bearings 
are taken do not fo much extend beyond the limits of the bafe as to make 
angles with it lefs than about 4 or J of a point, but rather referve fuch 
objects for the next meafured bafe line ; for when lines lie very obliquely 
to one another their interfeitions are not eafiiy afeertained.

I f  any particular parts of the harbour cannot be conveniently (een from 
either of the ftations, take the boat into thofe places, and having well ex
amined them, make (ketches thereof, eftimating the lengths and breadths 
of the feveral inlets, either by the rowing or failing oi the boat, take as many 
bearings, foundings, and other notes, as may be thought neceffary ; then 
annex thefe particular views in their proper places in the general draught.

I f  there are any dangerous fands or rocks, belides inferting them in their 
proper places, you muft fee if  there be any two objects aihorc (fuch as a 
church, mill, heufe, noted cliff, & C .J which appear in the fame right line 
when on the ihoal; and thefe objects muft be noted on your chart. I f  
none can be found, you muft take the bearings of fome remarkable points, 
and note them on your chart; by which means a (hip will know how to 
avoid the danger.



I t  Ihould be remarked in the draught what places are unfit for anchor
age, and what fit, by writing rocky ground, foul anchorage, good anchorage, 
&c. and in the latter to draw the figure of an anchor. Alfo, i f  there is 
any particular channel more convenient than another, it is to be pointed 
out by lines drawn to its entrance from two or more noted marks alhore.

The pofitions of objefts taken by a magnetic compafs being liable to 
great uncertainties, as is well known to thefe who have had any expe
rience, cfpecially at fea ; an obferver would therefore do well to obferve 
only the bearings of the ftation lines by the compafs, and then meafure 
the angles which the other objects make with thefe lines, by a quadrant or 
iextant, which for this purpofe mull be held in an horizontal polition.

E X A M P L E  I. (See F ig . i .  adjoined plate.)

Suppofe a (hip at A , obferves the bearings of the moil remarkable points 
o f a bay, C , D , E, F, G , H, and I , and fails S. 63° E. i 4 miles to B ; at R 
Ihe alfo obferves the bearings of the fame points ; from hence it is required 
to conitruft the chart.

of C from A  S. 38° W . Bearing of C  from B S. S9* W .
D N . 9’  W , D N . 48s W .
E N . 26° E. E N . 240 W .

' F N . 55s E. F N . 1 30 E.
G Eaft. G N . 470 E.
H S. 40° E. H S. 38° W .
I S. 190 E. I S. 46° w.

Draw the line A B , S. 63° E. miles. Through the points A  and B 
draw the lines A C , A D , A E , A F , A G , A H , A I , BC, BD, BE, BF, B G , 
RH, and BI, at their refpeftive bearings, and where the correfponding lines 
cut each other, will be the points C, D , E, F, G , H, and I, required 
through which the different curvatures of the land mull be drawn, corref
ponding with your eye-draught. In this manner inay a chart be conllrufl- 
ed by obfervations taken upon the water. The manner of furveying upoD 
land is exadlly fimilar.

To/rrvey a harbour by obfcr’vaUom on /hare,
M ake an eye-draught of the place to be furveyed, and in going round 

its coall fix ftation Haves, or ftraight poles, tall enough to be feen at a 
confiderable diftance, in the moll remarkable points and bendings of the 
fhore ; but if  at any of thofe places there is a noted tree, houfe, or any 
other remarkable thing, that objefl may ferve inllead o f a ftation Half; 
and it will be convenient to black the Haves, and tic a piece of white bunt
ing at the top of each ; then in the eye-draught put letters at the noted 
points of marks, for diftinction fake.

Choofe the moil extenfive and level fpot o f ground you can meet with 
to meafure your bafe line upon, which ihould not be lefs than a tenth part 
o f the diftance of the two extreme objcils which arc to be obferved ; and 
let the direftion of the meafured bafe line be fuch that as many of the fta
tion Haves as poftiblc may be feen from each end of it. The bearing or 
polition of this bafe mail be well determined in degrees and minutes, and 
its length accurately meafured, either by a meafurir.g chain or a piece ot 
log-line.

From each end of the bafe obferve, with the azimuth compafs, the bear
ings of each of the ftation Haves ; or clfe with a fextant meafure the angles



contained between tbefe {laves or remarkable objcfts, and tlie other end 
o f the ftation line, and write them down in order in j our book. Thefe 
meafures and agles being plotted down, as before direfted, will give the 
moil confpicuous points o f the ihore ; the intermediate fpaces are to be 
filled up from the Iketches made on the fpot.

But i f  either of thefe objects lhould fpread on either hand lo far beyond 
the limits o f the bafe, that at either end thereof the other end and thofe ob
jects lhould appear nearly in the fame direction, or to make angles not ex
ceeding io° ; or, i f  feme of the remarkable objects can be, feen only from 
one end o f the bale ; then let the bearings of fuch objeits be taken from 
a place whofe pofition has been determined from both ends of the'meafured 
bafe ; or, i f  there are feveral remarked objects which cannot be feen from 
cither end of the bale lines, let the bearings o f fuch objeits be taken from 
each of the two points whofe pofition has been taken from both ends o f the 
bale, or it may on fome occafions be proper to choofe another place on 
which another bafe of a convenient length may be meafured, and from the 
extremities of which the ends of the firit bafe may be feen ; and alfo as 
many as can be o f the remaining objects which lay too obliquely for the 
firit bafe, or which could not be feen from it. In fuch manner proceed un
til the bearings arc taken o f all the points judged neceffary for completing 
the furvey of the limits o f the harbour.

I f  a bafe line o f a fulncicnt length cannot be meafured in one right line* 
it may be taken in two adjoining lines as the two fides of a triangle, the 
included angle being accurately taken, and the bearing of either line.

When the outlines or limits o f a harbour, bay, road, &c. are delineated 
by the preceding precepts, let a fmall veflel go out to fea to take drawings 
of the appearance of the land, and its bearings ; fail likewife into the har
bour, and draw the appearance o f its entrance ; take particular notice i f  
there be any falfe refemblance of the entrance, by which ihips may be 
deceived and run into danger ; or when any two objects being brought 
in a line, or in one, will lead into the harbour without danger ; fearch 
for the bell anchoring places, and i f  poflible, denote thofe place by bring
ing two objeits in one, i f  not take the exaft bearings of two or three other 
objeits, fo that the places may be ealily determined. The chart being 
correctly drawn, a compafs, with the variation, and fcafo properly fitted to 
the plan, the ifles, rocks, fands, &c. marked in their proper places, with 
their foundings at low water, and the winds open to them, the belt track 
with the foundings all the way to thofe anchoring places ; the proper failing 
marks to avoid dangers; the winds, i f  any troublefome ones, which pre
vail, and at what feafons ; the places where frelh water can be g o t ; the 
r.ame of the place, the country in, on what fea-; the latitude and longi
tude ; a Iketch of the appearance the place makes at fea upon a known 
riui.uD, and at an eftimated diftance ; and whatever elfe a judicious fea- 
nrut ihall think proper to Infert. Then is the plan fit for all nautical pur- 
poles, and may be embelliihed with proper colours i f  neceffary,

E X A M P L E  II . (See F ig. 2. o f the Plate.J

F rc m  each end o f a bafe line A B  o f 1203 fathoms, were ob. 
f r ie d  the points C , D , E , F, a n d G ; and as the points I, K , 2nd L 
v. crc rot viiible from the exiremities of the bafe line, another bafe line was 
nwafired from the point D  to H of 6 io  fathoms, from which points the 
bearings o f I , K , and L ;were obferved : from hence it is required to con- 
firnct a «.hart o f the place.







B earin g o f  B  from A  E aft.
C  North.
D  N . E. b. N .
E • N . E. i  N . 
F  N .E .b .E .-fE .
G  E . b . N . f N .

Bearing o f H from D  N . W .
I N . b. W .
K  N . b. E . 4  E.
L  N . N . E. |  E.

Bearing o f C  from B N .W .b .  W .
D N . N . W .
E North.
F N . b. E .
G N . E .

Bearing o f I from H N .E .b .N .
K N . E. F E.
L E . N . E.

Draw the eaft line A B = i2 0 o  fathoms; from each end o f this line 
draw the lines A C , A D , A E , A F , A G , BC, &c. at their refpeftive bear
ings ; the points of inteffeftion will give the points C , D , E, F, and G . 
From the point D (which was found in this manner) draw the N . W . line 
DH hr: 6So fathoms ; and through thefe points draw the lines D I, D K , 
D L , HI, &c. at their relpective bearings ; the points o f iriterfeftion o f  the 
corrvfponding lines will be the fituation of the points I, K , L . Between 
thefe remarkable points draw the Outlines o f the land conformable to your 
rough draught.

In order to determine the fituation o f the point M , which is feen.too ob
liquely from the bafes A B , DH, you may take the bearing o f that point 
from B and then from G  (whofc litiiation has been determined by bearings 
taken from the points A , 1>), the interfedion o f the lines BM , G M , w ill 
determine the fituation o f M .

To reduce a Dr alight to a /diallerfcale.

W ith a black-lead pencil draw the draught to be reduced a lf  over with 
crofs lines, forming exadt fquares ; draw the clean paper for the copy all 
over with the fame number o f fquares, but their fides larger or fmailer in 
proportion to the intended fize o f the fcale fuch as -J, See. length o f 
the other; diftinguifh by a ftronger mark, every fifth or fixth row o f 
fquares in both, fo that the feveral correfponding fquares may be 
readily perceived ; then,- in each o f the fquaies of the draught,- draw, by 
the eye, a curve on the paper, fimilar to that in the fquare o f your copy
ing draught, till the whole is copied ; when the black-lead lines may be 
rubbed out with bread or India rubber.

A  chart may alfo be reduced in the following manner '  thus,' fuppofe 
you would reduce a chart in the ratio of the line M N  (figure plate fronting 
page 45) to H I. Draw the line ACy which make equal to HI ; upon A  
a's a centre fweep the arch CE,- and make the chord C E — MN,- join A E  ; 
then- i f  you take any diftance, A B  you want to reduce,- and upon A , as a 
centre, fweep an arch B D ; the chord BD intercepted bv the lines A C , 
AEy will be the reduced diftance correfponding to A B . This reduced dif
tance can alio be obtained by another method, wdiich is more fimple than 
the former : Take any extent from the large chart which is to be reduced 
to a fmailer fcale, and apply it from A  to O  (fee figure of fame plate) ;  take 
in your compaffes the correfponding diftance on the fmall chart, and with 
one foot in O fweep an arch P ; draw the line A P  juft touching the arch 
in P ; then i f  you take any diftance from the great chart,1 and apply it from 
A  to R, and at the point R fweep an arch'S to touch the line A E  ; th* 
extent RS will be the reduced diftance o f the line A R .

F f
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O F  W I N D S .

------ ---------------------

T  HE earth is furrounded by a fine invifible fluid, called A ir , extend
ing iome miles above its furface. By its weight it is capable of fupporting 
the vapours raifed by the fun ; and by its elafticity it is capable of expand
ing or fpreading itfelf, fo as to fill up a larger fpace. When the elafti
city o f any portion o f the air is changed, by the heat o f the fun or by 
other caufcs, the neighbouring parts arc put in motion to reftore the equi- 
libriusn ; in this manner a current of air i3 formed, called the Wind, 
which is diftinguifhed.by fcveral names, viz . trade-wind, monfoon, va
riable wind, &c. The t r a d e  w h t d s  blow conftantly from the fame part ; 
the m o n jo o n s  blow half the year one w ay, and half the other ; and the v a 

r i a b l e  w i n d s  are fuch as blow without any regularity either as to time, 
place, or dircition. The following obfervations on the wind have bee» 
made by Do ¿lor Halley, and others.

There is a conftant trade wind, blowing from the eaft, in moil parts o f  
the Atlantic and Pacific Oceans, between the latitudes of 30° N . and 
30° S. Near their northern limits, they blow between the north and eaft ; 
and near their fouthern limits they blow between fouth and eaft.

In the Atlantic Ocean, at about 100 leagues from the coafts of Africa, 
between the latitudes o f 28° and io° north, there is generally a frefh gale 
o f wind blowing from the N . E.

Thofe bound to the Carribee Iflands acrofs the Atlantic, find, as they 
approach the American fide, that the N . E. wind becomes cafterlv, or fcl- 
dem blows more than a point from the eaft, either to the Northward or 
Southward.

Thcfe trade winds on the American fide are extended to 30°, 31°, or even 
to 3 20 of north latitude, which is about 40 further than what they extend to
on the African fide ; alfo to the fouthward of the equator, the trade winds 
extend 3 or 4 degrees further towards the coaft o f Brazil on the American 
fide, than they do near the Cape of Good Hope on the African fide.

Between the latitudes of 40 north and 40 fouth, the wind always blows 
between the fouth and eaft : on the African fide the winds are neareft the 
fouth, and on the American fide neareft the eaft. In thefe feas, Dr. Hal
ley obferved, that when the wind was eaftward, the weather was gloomy, 
dark, and rainy, with hard gales of wind ; but when the wind veered to 
the fouthward, the weather generally became ferene, with gentle breezes 
next to a calm.

Thefe winds are fomewhat changed by the feafons c f  the year ; when the 
fun is far northward, the Brazil S. E. wind gets to the fouth, and the N .E . 
wind to the eaft ; and when the fun is far fouth, the S. E. wind gets to the 
eaft, and the N . E. wind on this fide of the equator veers more to the north.

Along the coaft of Guinea, from Sierra Leon to the iiland of St. Thomas, 
under the equator, the foutherly and S. W . winds blow perpetually ; for 
the S. E. trade wind having palled the equator, and iipnroaching the Guinea



eoaft, Within 80 or 100 leagues, inclines toward the (hore, and becomes
S. S. E. then fouth, and by degrees, as it comes near the land, it veers about 
to S, S. W . and within the land it is S. W . and fometimes W . S. W . 
This track is troubled with frequent calms, and violent fudden gulls of 
wind, called Tornadoes, blowing from all points of the horizon.

The reafon of the wind fetting in welt on the coaft o f Guinea is, in all 
probability, owing to the nature of the coalt, which being greatly heated 
by the fun, rarefies the air exceedingly, and confequently the cool air from 
o ff the lea will keep rufhing in, to rellore the equilibrium.

Between the 4th and roth degrees o f north latitude, .and between the 
longitude o f Cape Verd and the eafternmoft o f the Cape Vcrd IHands, there 
is a track of fea, which terms to be condemned to perpetual calms, attended 
With terrible thunder and lightning, and frequent rains.

The caufe of this feems to be, that the wcfterly winds fetting in on tins 
coaft, and meeting the general eailcrly winds in this tract, balance each 
other, and fo caufe the calms; and the vapours, carried thither by each 
wind, meeting and condenfing, occafion the almoft conftant rains.

Thefe obfervations fhew the reafon o f  the difficulty which illips find in 
failing to the fouthward, between the coafts o f Guinea and Brazil, particu
larly in the months of July and Auguft, notwithilanding the width of the 
fea is more than yoo leagues. For the S. E. winds at that time o f the year 
commonly extend fomc degrees beyond the ordinary limits o f 40 N . latitude, 
feefules coining fo much foutherly as to be fometimes fouth, fometimes a. 
point or two to the w e ll; it then only remains to ply to windward : And 
i f  on the one fide they lteer W . S. W . they get a wind more and more 
ccfterly, but then there is danger o f lulling in with the Brazilian coaft or 
ilioals ; and i f  they fleer E. S. E. they fall into the neighbourhood of the 
coaft of Guinea, from whence they cannot depart without running eafterly 
as far as the ifland of St. Thomas ; and this is the conftant prailice o f all 
the Guinea fltips.

A ll ftiips departing from Guinea for Europe, their direfl courfe is north
ward ; but on this courfe they cannot go, becaufe the coaft trending nearly 
eaft and weft, the land is to the northward; therefore, as the winds on this 
coaft are generally between the fouth and W . S. W . they are obliged to lleer 
S. S. E. or fouth, and with thefe courfes they run off the fhore ; but in fo 
■ doing they always find the wind more and more contrary ; fo that when 
near the ihore they can lie fouth; at a great diftance they can make no 
better than S. E. and afterwards E. S. E. with which courfes they generally 
fetch the ifland o f St. Thomas, and Cape Lopez, where finding the winds 
to the ea it ward of the fouth, they fail wefterly with it, till coming to the 
latitude of four degrees fouth, where they find the S. E . wind blowing per
petually.

On account o f thefe general winds, all bound from Europe to the Vveil- 
Indies, or to the fouthern ftates of America, reckon it their beft coucfe to 
get as foon as they can to the fouthward, that fo they may be certain o f a 
fair and frcfh gale, to run before it to the wellward. For the fame reafon 
thofe bound from America to Europe endeavour to gain the latitude of 30 
degrees, where they firft find the wind begin to be variable, though the mod 
ordinary winds in the North Atlantic Ocean come between the fouth and 
weft.

And for the fame reafon, thofe bound to India from America run to the eaft- 
ward in the variable winds, fd. as to ibe in the longitude of 35° or 38° W.



when in the latitude of 30° N . From thence they fleer fouth-eafterly to
wards the Cape de Verds, palling 20 or 30 to the weftward o f them, unlefs 
they want to flop for fupplies, or to correft their longitude. Being then 
in the common route of the European Indiamen, they fleer fouth-eafterly 
to crofs the equator between the longitude of 180 W . and 25° W . where* 
meeting the S. E. winds, they muft brace up and fail upon a-wind till they 
get through them, and come into the variable winds, where they may fleer 
to the eaftward. Near the equator, the trade-wind is generally ftronger 
to the weftward than to the eaftward; and were it not for the fear of fall
ing in with the Brazil coaft, a ihip might crofs the line further to the weft
ward than what we have recommended above. When homeward bound, 
from the Cape of Good-Hope towards America, they might deviate a lit
tle to the weftward of their ftraight courfe, in order to take advantage o f 
this freiher trade-wind.

Between the fouthern latitudes of io s and 30° in the Indian Ocean, the 
general trade-wind about S. E. by S. is found to blow all the year round, 
in the fame manner as in the like latitudes in the Ethiopic Ocean ; and 
during the fix months, from May to December, thefe winds reach to with- 
in 2 degrees of the equator ; but during the other fix months, from No
vember to June, a N . W . wind, called the little monfoon, blows in the 
track lying between the 3d and 10th degrees offouth latitude, in the mer
idian of the north end of Madagafcar, and between the 2d and 12th de
grees of fouth latitude, near the longitude of Sumatra and Java.

In the track between Sumatra and the African coaft, and from 3°of fouth 
latitude, quite northward to the Afiatic coaft, including the Arabian fea 
and the bay of Bengal, the monfoons blow from September to April on the 
N . E. and from March to OClober on the S. W . In the former half year, 
the wind is more fteady and gentle, and the weather clearer than initlte lat
ter fix months; and the wind is more ftrong and fteady in the Arabian fea 
than in the bay of Bengal.

Between, the iiland of Madagafcar and the coaft o f Africa, and thence 
northward as far as the equator, there is a track, wherein, from April to 
October, there is a conftant freih S. S. W . wind, which, to the northward, 
changes into the W . S. W . wind, blowing at that time in the Arabian fea.

To the eaftward of Sumatra and Malacca, on the north of the equator, 
and along the coaits o f Cambodia and China, quite through the Philippines 
as far as Japan, the monfoons blow northerly and foutherly ; the northern 
fetting in about October or November, and the fouthern about M ay. Thefe 
winds are not quite fo certain as thofe in the Arabian fea.

Between Sumatra and Java to the weft, and New-Guinea to the eaft, the 
fame northerly and foutherly winds are obferved ; but the firft half year 
the monfoons incline to the N . W . and the latter to the S. E. Thefe. 
winds begin a month or fix weeks after thofe in the Chinefe feas fet in, and 
are quite as variable.

Thefe contrary winds do not ihift from one point to its oppofite all at 
pnce : in fome places, the time of the change is attended with calms, in 
Others by variable winds; and it often happens, on the ihores of Coroman, 
del and China, towards the end of the monfoons, that there are moil vio
lent florins, called Tuftons, greatly refembling the hurricanes in the Weft- 
Indies, wherein the wind is To vaftly ftrong, that hardly any thing can re- 

its force. '■ ‘ T



T I D E S .
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i  ^ ID E  is a periodical motion of the water of the fea, by which it ebbs 
and flows twice in a day. The flow continues about 6 hours, during which 
the water gradually rifes till it has arrived at its greateft height ; then it 
begins to ebb or decreafe, and continues to do fo for about 6 more, till it has 
fallen to nearly its former le v e l; then the flow begins again as betore.

The caufe of the tides is the unequal attraction of the fun and moon upon 
different parts of the earth. For they attraft the parts of the earth’s furface 
neareft to them, with a greater force than they do its centre ; and attraft 
the centre more than they do the oppofite furface. T o  reftore this equilib
rium the waters take a fpheriodical figure, whofe longer axis is direfted 
towards the attrafting luminary. I f  the moon only afted upon the water, 
the time of high water would be when the rncon was upon the meridian, 
above or below the horizon ; or rather at an hour or two after, {becaufe 
the moon continues to aft with confidcrable force for fome time after paf- 
fing the meridian.) But the moon paffes the meridian about 4.9' later eve
ry day ; of courfe, if  fhe only afted on the tides, they would be retarded ■ 
every day 49', and it would be high water at the fame diftance from her 
pafling the meridian : and it is upon this principle that the time o f high 
water is calculated in moil books of navigation, although it will fometimes 
differ an hour from the truth, owing to the negleft o f the diflurbing force 
o f  the fun. The effeft o f the moon upon the tides is greater than that of fun, 
notwithfeanding the quantity of matter in the latter is vaftiy greater than in 
the former ; but the fun being at a much greater diftance from the earth than 
the moon, it attrafts the different parts o f the earth in a more uniform 
manner. According to the latcft obfervations, the mean force of the fun 
for raifing the tides is to the mean force of the moon as 1 to z\. By the 
combined effeft o f thefe two forces, the tides come on fooner when the moon 
js in her fn jl and third quarters, and later in the Jecond and fourth quarters, 
than they would do i f  caufed only by the moon’s attraftion. The quan
tity  of this acceleration and retardation is given in the Table B, adjoined ; 
the ufe of which will be explained hereafter.

The tides are greater than ordinary about three days after the new and 
full moon ; thefe are called Jpung-tides. And they are lower than com
mon about three days after the firft and laft quarters ; thefe are called the 
neap-tides. In the former cafe the fun and moon concur to raife the tide 
in the fame place, but in the latter the fun raifes the water where the moon 
depreffes it. When the moon is in her perigee, or neareft approach to the 
earth, the tides rife higher than they do, under the fame circumftances, at 
other times ; and are ioweft when fhe is in her apogee, or fartheft diftance 
from the earth. The fpring-tidcs are greateft about the time of the equi
noxes, in March and September, and the neap-tides are lefs. The morning 
t;des generally differ in their rife from the evening tides. A ll thefe things 
would obtain exaftly, were the whole furface of the earth covered with fea ; 
but the interruptions caufed by the continents, iflands, fhoals, &c. entirely 
alter the ftate of the tides in many cafes. A  fmall inland fea, fuch as the 
Mediterranean or Baltic, is little fubjeft to tides; bccaufe the action o f



the fun and moon is always nearly equal at the extremities of fuch feas. In 
very high latitudes the tides are inconfiderable.

From the obfervations of many perfons, the times when it is high-water 
on the days of new and full moon, in the molt noted places of the globe, 
have been colie ¿ted. Thefe times are ufually put in a table againft the 

names of the places, arranged in an alphabetical order; this is generally called 
a Tide Table. We have here given one for the molt remarkable places of 
the coails o f America and Europe, by means o f which the times o f high- 
water may be found, by various methods. The molt common rule pre- 
fcribed for this purpole, in books of navigation, is that depending on the 
golden number and epa¿l; in which the tide is fuppofed to be uniformly 
retarded every day. This method will fometimes difter 2 hours from the 
truth, for which reafon I fnall not infert i t ; but ihall proceed to explain 
the calculation by the adjoined tables A  and B, and the Nautical Almanac ; 
by means of which the time of high-water may be obtained to a greater 
decree of exaftnefs than from our common almanacs.O

R U LE .

Find the time o f the moon’s coming to the meridian of Greenwich on N 
the given day, in page 6th. o f the Nautical Almanac. Enter the Table 
A ,  and find the longitude of the given place, in the left hand column, cor- 
refponding to which is a number o f minutes to be applied to the time o f  
palling the meridian of Greenwich, by adding when in weft longitude, but 

Jubt rafting when in eaft longitude ; the fum or difference will be nearly 
the time that the moon palfes the meridian o f the given place. With this 
time enter Table B, and take out the correfponding correction, which is 
to be applied to the time of palling the meridian of the place o f obfervation, 
by adding or fubtrailing, according to the dirciiions o f the table.

To this correfted time add the time o f full fea on the full and 
change days ; the fum will be the time of high-water at the given place, 
reckoning from the noen of the given day. I f  this fum be greater than 
j ah. 24m. you mull fubtrafl izh . 24m.* from it, and the remainder will 
be the time of high water nearly, reckoning from the fame noon ; or i f  it 
exceed 24b. 48m. you mull fubtradl 24I1. 48m. from that fum, and the re
mainder will be tlie time of high-water, reckoning from the fame noon, 
nearly.

E X A M P L E  I.
Required the time o f high-water at Charlefton light-houfe (S. C.) March 

15, 1S04, in the afternoon, civil account ?
By the Nautical Almanac I find that the moon palfes the meridian o f 

Greenwich at 3I1. 6m.; to this I add 11m. taken from Table A , corref
ponding to the longitude 'of Charlefton light-houfe. W ith the fum 3b. 
17m. I enter Table B, and find (by taking proportional parts) that the 
correftion is 54m. which is to be fubtraflcd from 3h. 17m. (becaufe imme
diately over it in the table it is marked Sub.) ; to the remainder 2h. 23m. 
I  add the time of high-water on the full and change days 7I1. om. (which 
is found in the tide table following) ; the fum gh. 23m. is the time o f 
high-water on the afternoon o f March 15, 1804, civil account.

*  I n le iJ  o f  fubtrafting t ih . 2411). you m av, when great a te u n c v  is required, fnbtraft ra hours incTcafed hv h a lf the daily v a n . 
atinn o f d.e m on^s pairing the rnsridiau found in the N io u ra l Alm anac ; w ith this enter Table K, and cnrrcA !», and rind thy 
truie o f high.w ater from noon as above. And intUad o f fuhtraflintr 24I1- ^Hm. yuit may fubtraEt 24)». incrcafcd by the daily vail*» 
civil o f  the nicon’s pading the m eridian ,  then fi:.d the corrq ju cu  o f T ably B>, <»ud the lia is  o l bi^h-waw^ fiutn n hiu as above.



E X A M P L E  II .

■ Required the time of high-water at Portland light-houfe, M ay 20, 1804» 
in the afternoon, civil account ?

By the Nautical Almanac the moon paffes the meridian o f Greenwich at 
9I1. 14m. The corrcition from Table A , correfponding to 70% the longi
tude of Portland light-houfe, is 9m. which added to 9I1. 14m. gives the 
time of the moon’s fouthing at Portland 9I1. 23m. nearly. 'I he number ia 
Table B correfponding to 9I1. 23m. is 23m. which is to be added to gh. 
23m. (becaufe immediately over it, in the table, is marked Add). T o  
the fum 9h. 46m. I add the time o f high-water on the full and change days 
loh. 45m. and the fum is 2oh. 31m. confequently the high-water happens at 
2oh. 31m. paft noon o f M ay 20, that is at 8h. 31m. A . M . of May 21. 
And by fubtradling 12b. 24m. from 20I1. 31m. we have 8h. 7m. which is 
nearly the time of high-water on the afternoon o f M ay 20, 1804.

In this manner we may obtain the time of high-water at any place, to a 
confiderablc degree o f accuracy. But the tides are fo much influenced by 
the winds, freihets, &c. that the calculated times will fometimes differ a 
little from the truth.

Many pilots reckon the time o f high-water by the point o f the cornpafs 
the moon is upon at that time, allowing 45 minutes for each point. Ih u s 
on the full and change days, i f  it is high-water at noon, they fay a north 
and fouth moon makes full fea ; i f  at 1 ih. 15m. they fay a S. by E. or N . 
by W . moon makes full fea ; and in like manner for any other time. But 
it is a very inaccurate way o f finding the time o f full fea by the bearing 
o f the moon, except in places where it is high-water about noon on the 
full and change days.

When you have not a Nautical Almanac, you may find the time o f high 
water by means o f the following Tables C and D ; and although this meth
od is not fo exait as the former, yet it may be ufeful in many cafes. 
To calculate the time of full fea by this method, obferve the following

R U L E .

Enter Table C , and take out the number which Hands oppofite to the 
year, and under the month for which the tide is to be calculated ; this 
number, added to the day of the month, gives the moon’s age, taking care 
to reject 30 when it exceeds that number. Againft her age found in the 
left hand column of Tabic D , is a certain number of hours and minutes in 
the adjoined column, which, being added to the time o f high water at the 
given place on the full and change days, will give the time of high water 
required; which will be on the afternoon of that day, civil account, i f  lefs 
than iz  hours; but if  above 12 hours, and lefs than 24 hours, fub trait 12 
hours, and the remainder will be the time o f high water on the next morn
ing : i f  above 24 hours, fubtrail 24 hours, and the remainder will be the 
time of high water in the following afternoon. And the time of the pre
ceding high water may be obtained nearly, by fubtrailing 12I1. 24m.

By this rule I (ball work the two preceding Examples.

E X A M P L E  III .

Required the time of high water at Charlcfton light-houfe (S. C .) 
March iy , 1804, in the afternoon, civil account ?

In the Tabic C , oppofite 1804, and under March, Hand 19, which, added 
to the day of the month iy ,  gives 34, and by fubtrailing 30, leaves 4, the



moon’s age : oppoiite 4 in Table D , is zh. 22m. which added to 7b. thé 
time o f high water-on the full and change days, gives çh. 22m. for the 
time o f high water ; differing only one minute from the former method.

E X A M P L E  IV .

: Required the time of high water at Portland light-houfe, M ay 20, 1804, 
in the afternoon, civil account ?

In theTableC, oppoiite 1804, and under M ay, ftand 21, which added to 
the day of the month 20, and 30 fubtraded from the fum leaves the moon’s 
age 11 ; oppoiite to this, in Table D , is 9I1, 19m. which added to toll. 
45,m. the time of high water on the full and change days, gives 20I1. 4m. 
or 8h. 4m. A . M . of M ay 21 ; or by fubtrading 12I1. 24m. from 20I1. 4m. 
we have 7)1. 40m. for the time o f full fea on the afternoon o f M ay 20> 
1804 ; this differs 27 minutes from the former method.

In the third column of Table D  is given the time o f the moon’s coming 
to the meridian, for every day of her age : thus, oppoiite 11 days ftand 
Sh. 57m. which is the time o f her elm mg to the meridian on that day. 
This table may be of fome ufe when a Nautical Almanac cannot be pro
cured, but as it is calculated upon the fuppofttion that the moon moves uni
formly in the equator, it cannot be very accurate. The numbers in this 
Table arc reckoned from noon to noon ; thus, ill. A . M . is denoted by 
I3h. ; 2h. A . M . by 14I1. &c.

The time of new moon is eaftly found, by fubtrading the number taken' 
from Table C , from 30. Ex. Suppofe it was required to find the time o f 
new moon for M ay, 1804. By examining the table, we find the number 
corrcfponding to that time is 21 ; this fubtraded from 30 leaves 9 ; there
fore it is new moon the 9th M ay, 1S04. This table is calculated to give 
the true time of new moon, and not the mean time.

When the time of high water is known for any day of the moon’s age, 
we may from thence find the time of high water on the full and change 
days, by the following

R U LE .

Find the time of the moon’s coming to the meridian o f Greenwich, in' 
the 6th page of the Nautical Almanac ; to this'time apply the correction.; 
taken from the tables A  and B, (in the fame manner as directed in the pre
ceding rule for finding the time of high water;— fubtrad this correded 
time from theobferved time of high water, and the remainder will be the 
time of high water on the change and full days.

N orn . I f  the time to be fubtraded be greater than the obferved time 
o f  full fea, you mult increafe the laTter by 12I1, 24m.. or by 2411. 48m. 
nearly.*

E X A M P L E .

On the ijrh  March, 1S04, the time of high water at Charlefton light, 
houfe, was iouod to be at 9b. 23m. P.-M. required the time of high water 
on the full and chansre days ?•

O- ✓

I find, as in example ift preceding, that the number to be fubtraded is' 
2h. 23m.— taking this from qh. 23m. leaves ph. which is the time of high1 
water on the full and change davs.O e

*  Or itiftcad: fi'.ltrafttng lith . 94* and 2411.48'— fo a  m *y m ik e  the calculation accurately by a  method firoîlar to *!>at



When you Iiave hot a Nautical Almanac, you may find this time by 
Tlieans of the Tables C  and D . For in the prefent example, 1 find by Ta
ble C , that the moon’s age was 4, correfpor.ding to which in the fecond 
Column o f Table D , is 2I1. 22m. this fubtraC'tcd from gh. 25m. leaves ^h. 
:m. for the time of high-water on the full and change days.

T a b . A . T a b . B ; T a b l e  C . T a b l e  D .
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T ID E  T A B L E , . r
Shewing the time of high water at the fu ll and change of the moon at va

rious places on the coajl of the U n i t e d  S t a t e s  o f  A m e r i c a /  and in 
E u r o p e  ; with the ufual rife of the tide exprejfed in feet.

Places on the Coaft of the United 
States of America.

Time of 
High 

Wa’-er.

Eleva
tion in 
Feet.

Places in various parts of the 
world.

Time 
of Id. 

IV atfi

Block I (land
H.  M.7 37 s Aberdeen (Scotland)

H.  At
0 45

Boilon Ught-Houfe n  30 12 Amazon’s River (Am.) 6 0
Broad Bay 10 45 9 Amfterdam (Holland) 3 c
Cape Ann [ I 30 12 \mfterdam, Ifl. of (South Teas) 

Anholt (Denmark)
8 30

Cape Charles 7 0 0 0
Cape Cod i i  30 Antwerp (Flanders) 6 0
Cape Henlopen 
Cape Henry

8 54 5 Archangel (Ruilia) 6 07 0 4 Bayonne (France) 3 30.
Clui'eiion 7 0 6 Beachy-Head (England) 10 15
Elizabeth-Town-Point 8 54 5 Bel fait (Ireland) 10 0;
Florid#» Keys 8 50 Bermudas illand 7 O'
fox ltland (Mall'.) 10 4; I O Blanco Cape (Ncgroland) 9 45
Gay Head 7 37 7 Bordeaux (France) 3 0

¡George's River 10 45 9 Bremen (Germany) 6 0
Goulsborough i r 0 1 2 Briftol (England) 6 45

(Acnnebeck 10 45 9 Cadiz (Spain) 3 3°
fMachias l I  O 12 Canaria Illand 3 0
jManomy Point 11 30 H y .  Chailotte’s Sound (N.Z.taJ.J 9 0
[■ Marblehead II 30 1 2 Cape Clear (I<eland) 3 °
[MoofeHland (Mail'.) 
[Mount Defert (Mali.)

11 30 » 5 Dort (Holland) 3 0
II 0 12 Dunkirk (France) 0 0

[Nantucket 12 3 6 Gibraltar (Spain) 0 0
New iJeJlurd 7 37 S Graveiend (Eng.) I 30
Mewburyport u  i S JO Hague (Holland) 8 15
New-Kaven 11 0 8 Havre de Grace (France) 9 0
New-I.ondon 8 54 S Lisbon (Portugal) 2 15

|New-Voik 8 54 S Loire River (France) 3 °
Palfa ma auod d v -tviv'er n  3° 2S London (England) 3 °

)?enobfcot- Ri ver 10 45 10 Madeira I/land 12 4
^Plymouth II 30 Naze (Norway) i i  15
»Portland 10 45 9 Oilend (Flanders) 12 0
(P)rt-Roval 3  i s Port Prays (Cape de Verd) II 0
kportfmouth "  1? 10 Portsmouth (Erg.) "  '5
\iCacc-l#uini ^Cape-Coil) 10 45 Quebec (Canada) ' 7 30
Ahode-I Hand-Harbours 7 37 s Rochelle (France) 3 45

i>t. Anaftatia's-lilaud 7 30 Rotterdam (Holland) 3 0
It, Simon’ s Bar 7 30 Rouen (France) L 1 '5
Sf, Simon's Offing 6 45 Sierra l.eona (Guinea) 8 15

|dr. Simon’s Sound 9  0
Shetland I. (Scotland) 3 01

¡Salem 11 30 12 Ufliant (France) 4 3°
jSandy Hock (New-Yo*k) 
pheepfeut
jTarpaulin Cove f Mail'.) 
»Townfend ( M di.)

6 37 
10 459 S* 
10 45

5

9
5
9

In the Table o f latitudes and longitudes (Tab. IV .)  there is alfo given ft 
the time of high-water at a number of places, on the day of full or change 5  

o f the moon. i|



C U R R E N T S .

— —  — ■ —

Ax  C U R R E N 'l is a progtcflive motion o f the water, caufmg all float
ing bodies to move that way towards which the ft ream is di retted. The 

fe t of a current, is that point o f the compafs towards which the waters run, 
and its drift is the rate it runs per hour. The moft ufual way of difee ver- 
ing the fet and drift o f an unknown current, is thus:

Let three or four men take a boat a little way from the fhip : and by a 
rope fattened to her ftern, let down a heavy iron pot or loaded kettle into 
thefea to the depth of 80 or 100 fathoms ; then heave the log, and the 
number of knots run out in half a minute will give the miles the current 
fets per hour, and the bearing of the log fhows the fet o f it.

There is a very remarkable current, called the G u lf  S t r e a m ,  which 
fets in a north-eaft direction along the coaft o f America, from Cape Flo
rida towards the Ille of Sables, at unequal diftances from the land, being 
about 75 miles from the fltores of the fouthern ttates, but is more diftant as 
it proceeds to the northward ; the width of it is about 40 or 50 miles, 
widening towards the north ; its velocity is various, from one to three 
knots per hour, or more ; being greateft in the channel between Florida 
and the Bahamas, and gradually decreaiing as it pafles to the northward ; 
but is greatly influenced by the winds both in its drift and fet.

W e are chiefly indebted to Doctor Franklin, Commodore Truxton,. an3 
M r. Jonathan Williams, for the knowledge we poftefs o f the direction and 
velocity of this ftream ; whofc general courfe, as given by them, is marked 
cn the chart affixed to this work. They all concur in recommending the 
ufe c f  the thermometer, as the belt means of dtfeovering when you are ip or 
near the ftream. For, it appears by their obfervations, that the water is 
warmer than the air when in the ftream ; and that at leaving it, and ap
proaching towards the land, the water will be found fix or eight de
grees colder than in the ftream, and fix or eight degrees colder ftill when 
on foundings. Veflcls coming from Europe to America, by the northern 
paflage, fhould keep a little to the northward o f the ftream, where they may 
probably be affiiled by a counter current, as is obfervecl by Commodore 
Truxton. When bound from America to Europe, a fhip may ‘generally 
ihorten her paflage by keeping in it. By fleering N . W . you-will gen
erally crofs the gulf in the fhorteft time, as its direftien is nearly N . E. 
Thcfe who 'wilh for further information on this fubjedt, may coi/ult an 
ingenious treatife on “  Thermometrical N avigation," publifhed by M r. 
Jonathan Williams, at Philadelphia, in 1799,

In the other parts o f the Atlantic ocean the currents are variable, hut are 
generally fouth-eafterly, along the coaft o f Spain, Portugal and Africa, from 
the bay o f Bifeay towards Madeira and the Cape de Verds. Between the 
tropics there is generally a current fetting tp the weftward,

There is alfo a remarkable current which fets through the Mozambique 
channel, between the Iiland of Madagafcar and the main continent of A fr i
ca, in a fouth-wefterly direction ; as it proceeds towards Cape Lagullas it 
takes a more wefterly courfe, and then tends round the Cape towards St. 
Helena. Ships bound to the weftward from India, may generally fnortep



their paflage, by taking advantage of this current.— On the contrary, when 
bound to the eaftward, round the Cape of Good Hope, they ought to keep 
far to the fouthward of it. However there appears to be a great difference 
in the velocity of this current at different times ; for fome (hips have been 
off this Cape fevcral days endeavouring to get to the weftward, and have 
found no current ;— others have experienced it fetting conftantly to the 
weftward during their paffage from the Cape towards St, Helena, Afcen- 
fion and the Weft-India Iflands.

A il cafes of failing in a current are calculated upon the principle, that 
the (hip is affe&cd in the fame manner by the current, as i f  (he had failed 
in (bill water, with an additional courfe and diftance exactly equal to the 
courfe and fet o f the current ; on this principle the projection and calcula., 
tion of any problem may be eafily made.

E X A M P L E .

J f  a Jhip fails 98 miles À . E. by N. in a current nxihich fets S, by IV, 27 
miles in the fame time ; required her true courfe and diftatice ?

C

By PRO JECTIO N ,

Defcribe the compafs NESW , 
through the centre A  draw the 
N . E. by N .line A C = 9 8  miles, 
through C drasy the line CB par
allel to the S. by W , line, and 
on it fet o ffC B = 2 7  miles; join 
A B , and it is done i for A B  will 
be the courfe and diftance made 
good, which by meafuring is \y 
Li, E. J N . 74 miles,

By C A L C U L A T IO N .

The (horteft method of calculating 
this problem is by the adjoined Trav- 
erfe T a b le ; putting in it the courfe 
failed by the (hip, and the fet o f the 
current, and finding the difference of 
latitude and departure, by Table I . ; 
then find the courfe and diftance made 
good, as in Cafe V I . Plane Sailing.—
In the prefent example the courfe is 
N . E. i  N . and the diftance 74 miles 
peaply,

T r a v e r s e  I a b l e .

Courtes. Dut. N. s . i.. *V .

S'. E .b y N . 98 81.5 5 44
S. by W. 27 26.5 S-3

81.ç 26.5 54-4 5-3
26,5 5-3

Dlff. Lat. C/1 
1 

* 0 
1

Dep. 49.1

H



Method of keeping a iliip’s Reckoning, or 
Journal, at Sea.

'UUl.’HrtlUJ'*

AjL~\. SHIP’S R eckoning  is that account, by winch it can be lfliov/n 
St any time where the iliip is, and on what courfe or courfes ihe mull fleer 
to gain her port. D ead R eckoning  is that account deduced from the 
fliip’s run from the lafl obfervation.

The daily occur
rences on board a fliip 
are marked on a board 
or ilate, called the log- 
board, or log-flate, 
kept in the fteerage for 
that purpofe, which is 
ufually divided into 
feven columns ; the 
firft contains the hours 
from noon to noon, be
ing marked by fome 
for every two hours, 
but by others for every fmgle hour ; in the fecond and third columns are 
the knots and fathoms the drip is found to run per hour, fet againft the 
hours when the log was hove. Some navigators do not divide the knot in
to ten fathoms, but into half knots only, marking the third column H. F . 
The fourth column contains the courfes fleered by cornpafs ; the fifth, the 
winds; the fixth, the leeway; and in the feventh, the alteration of the 
fails, the bufinefs done a-board, and what other remarks the officer of die 
watch thinks proper to infert. For it fhould be obferved, that it is ufual 
to divide a fhip’s company into two parts, called the flarboard and larboard 
watches, who flo the duty of the fhip for four hours and four hours, alter
nately, except from 4 to 8 P. M . which is divided into two watches.—  
The remarks made on the log-board are daily copied into a book called 
the l o g - b o o k ,  which is ruled like the log-board. This book contains 
the only authentic record o f the fhip’s tranfailions, and the perfons who 
keep a reckoning tranferibe them into their journals, and from thence make 
the neccffary dedudlions relative to the fhip’s place. There are various 
ways o f keeping thefe journals, according to the different taftes o f naviga
tors. Some keep only an abilradl of-each day’s tranfaclions, fpecifving the 
weather, what fhips or lands were feen, accidents on board, the latitude, 
longitude, courfe, and run: thefe particulars being drawn from the fliip’s 
log-book. Others keep a full copy o f the log-book, and the deductions 
drawn therefrom, arranged in proper columns at the bottom o f i t : this is 
the moil fatisfadlory method to thofe who may have occafion to infpedl it, 
and we have adopted it in the following journal, but fha.ll g ive an abflradt 
4t the end conformable to the former method.

T H E  L O G - B O A R D .
1

H . K . F. C ourfes. W in d s . L ee
way. T ran factio n s.

.

2 6 S . W . N .  E .
4 5 5
6 5 N.  W .b y  W .
8 5 M odera te  gates

10 4 5 E . N .  E . N . W . Sc fa ir w e a th e r ;
12 4 5 at 8 A .M . favv

2 4 5 a (tup  to  the
4 4 5 northw ard .
6 4 5
8 5 S . W . W . N . W . I

10 4 S N o  obfervation .
12 4



When a fhip is about lofing fight of the land, the bearing of fome noted 
place (whole latitude arid longitude is known) is obferved, and its diftance 
eftimated and marked on the log-book : this is called taking a de
parture. In working this firft day’s work, the calculation is made in the 
fame manner as if  the fhip had failed that diftance, from that place, upon a 
courfe oppofite to its bearing; and it is entered accordingly into the 
Traverfe Table, after correding it for the variation. The other courfes 
failed, till the following noon (which ends the fea day, as we have before 
obferved), corredtcd for the variation, are alfo put in the Traverfe Table, 
with their correfponding diftar.ces. From hence the latitude and longi
tude of the fhip are found, as in the Example page 125, and are marked in 
the journal. The next and following days’ works are calculated in a 
fimilar manner ; finding the latitude and longitude of the fhip by means of 
her latitude and longitude at the preceding noon.

Having thus explained the general manner of keeping a Ihip’s journal, 
we fhall now give a number o f examples— O f allowing for the variation ; 
o f the eftimation and allowance for leeway ; o f the rules for correcting the 
dead reckoning by an obfervation— and then will follow a number of Angle 
days works, and a continued journal o f a voyage from Bofton to Madeira, 
in which the various rules of Navigation will be exemplified.

To allow for the Variation.

W e have already taught the methods o f finding the variation, which 
imft be allowed on all courfcs fleered, and on all bearings taken with the 
Compafs ; to the right hand, i f  the •variation be eajl ; but to the left hand, i f  
it be weft; the obferver being fuppofed to be placed in the centre of the 
compafs, looking towards the point on which the variation is to be al
lowed.

E X A M PLE S.

Gourfc by
Points.

ipafs N . E .b y E . Variation 2 W . True courfe N . E. bv N,
N . E. t |  E. N .E . b y E .'j  E.
N . Vv. 3 W . W . bv N .
S. E. ' 3 E . S. bv E.
S. s. w . i-\ W . S . j W .
E. S. E. 11 w . E'.{ S.
S. W . \ w . w . S. W . 1 S.
N . N . E. a E. i {  E. N . E. 1 E.

To find the Leeway and allow for it.

Leeway is the angle the {hip’s real courfe makes with her intended courfe, 
occafioned by contrary winds or a rough fea ; and may be eftimated by 
obferving the angle which the wake of the flip  makes with the point right 
a-ftern, or in the direftion of her keel. This may be done by a compafs 
cut in lead (or other metal) on the poop, or fome other convenient part o f 
rhe fhip’s ftern. It would be very conducive to the accuracy of a fhip's 
reckoning, i f  the leeway was marked on the log-board every watch,, ac
cording to an eftimation made at the time, inftead of leaving it till the 
day’s work is calculating, and then gueffng at it, as is the general practice.

Lee-way is to be allowed on all courfes lteercd, in the foliowing manner: 
Count the neareft way of the compafs from the wind to the courfe fet, and 
as many points and parts beyond as the Ice-wav amounts to, and it gives



the correit courfe : or, allow it to the eight hand of the cottrfe fleered when 
the larboard tacks* are aboard, and on the left hand when the Jlarboard 
tacks are aboard, the perfon making- the allowance being fuppofed to be 
looking towards the point of the coinpafs the ihip is failing upon.

The lee-way made by different fhips, under the fame circumftanccs of 
wind and fails, will be different; and even the fame flip , when differently 
laden, and having more or lefs fail abroad, will make more or lefs lee-way. 
However, the following precepts for allowing for lee-way arc generally 
given by writers: they were firil nublifhed by W . Jones, Efq. who had 
them from M r. John Buckler.

ift. When a (hip is clofe-hauled, with all her fails fet, the, water 
frnooth, and a moderate gale o f wind, (he is then fuppofed to make little or 
no lee-way.

2d. Allow  1 point, when the top-gallant-fails arc taken in.
3d. Allow  2 points, when the top-fails mud be elofe-reefed.
4th. A llow  21 points, when one top-fail rnuft be handed.
5 til. A llow  3 J points, when both topfails mull be taken in.
6th. A llow  4 points, when the fore courfe is handed.
7th. Allow 5 points, when trying under the main-fail only.
8th. Allow  6 points, when both main and fore courfes are taken in.
9th. Allow 7 points, when the (hip tries a-hull, or all fails handed.
10th. When a (hip is lying-to, under her main-fail, mizen, &c. then 

obferve how (he comes up and falls off, and take the middle between the 
two points, and from that allow the lee-way and variation.

When the wind has blown hard on any point o f the compafs, and (hifts 
to the oppofite point, the (hip will make lefs lee-way than (he did before. 
But in all thefe cafes refpeft muit be had to the roughnefs o f the fca, and the 
trim of the (hip.

E X A M PL E S.

Courfe (leered. Wind Lee-way.
N . W . N . N . E. 1 point.
E. N . E. North. 2
E. S. E. South. 1
W . by N . N . by W . A
E. N . E. A E. S. E. 3

When variation and lee-wav are both to be allowed on a courfe, you 
may do it at once, by allowing their fum when they are both the fame way, 
and their difference when the allowance is to be made in different ways, 
taking care to make the allowance in the fame way as the greater quantity 
ought to be, whether it be the variation or lee-way.

True courfe. 
N . W . by W . 

Eaft. 
E . by S. 

W . i  N . 
N . E. A N .

E X A M P L E  I.
A  (hip (leers W . by N . with her

E X A M P L E  IT.
A  (hip (leers E. S. E . with her

larboard tacks 'aboard, and makes (larboard tacks aboard, and makes
one point lee-way, there being two 
points weilerly variation ; required 
the true courfe.

Lce-way to the right hand 1 pt. 
Variation to the left 2 pts.

Difference allowed to the left 1 pt. 
Whence the courfe is W ell.

two points lee-way, there being one 
point weilerly variation ; required 
the true courfe.

Lee-way to the left 2 pts.
Variation to the left 1 pt.

Sum allowed to the left 3 pts.
Whence the courfe is E. bv N .

* S.-e the iv.;c a  .t it  o f  p ig *  10U



E X A M P L E  III .
A  fhip lying-to under her main-fail, with her ftarboard tacks aboard,- 

comes up E. by S. and falls off N . E. by E. there being one point weiterly 
variation, and file makes 5 points lee-way 5 what cotirfe does (he make good?

The middle between E. by S. and N . E. by E . is Ea by N . ; and by ale 
lowing 6 points to the leit hand (viz. 5 for lcc-way and 1 for variation) 
the true courfe will be obtained N . by E.

To exercife the learner, we ihall add the examples contained in the fol
lowing Table.

I f  the ihip has been 
sited upon by a cur
rent or a heave of the 
fra, you mult allow 
the fet and drift as a 
courfe and diitance in 
your traverfe table, as 
divefted in page 236, 
where we have alrea
dy treated on this 
fubjett.

Ta ccrredi the dead 
reckoning.

After having cal
culated your day’s- 
work, you mult com
pare the latitude by 
dead reckoning with 
the latitude by obfer- 
varion ; i f  they agree 
your aay’s-work is 
probably correct, but 
i f  they differ you mud 
try to difeover the 
catifes of it. Examine 
your log-line and half- 
Eiinute-glais, to find whether the diitance is given exactly by the log ; in- 
fy k e  whether t!;e fliip came-to or fell-off her courfe, by bad fteerage or 
fttdden ftutalls, & c .; fee i f  you have made fufficient allowance for variation 
and ice-way ; but above all, you ought to difeover (if poffiblej whether 
there is a current, with its.fetting and drift. If, after making proper allow- 
anccfcr thefe things, there is ftill a difference between the latitude by dead 

; reckoning and by obfervation, and you feel confident that the error does 
cot arifefrom an unknown current, you may make a further corredtion, de
pending on the following principles: When the courfe is within three 
point, o f the meridian, the error is probably in the diitance, becaufe it. 
wosid require a greater error in the courfe, to caufe that difference o f 1 sti
tch:, than can be fuppofed probable to have been committed.— When the 
ceiiife is above five points from the meridian, the error is probably in the 
ceori-, becaufe a fnail error in the courfe would caufe a confiderable error in 
the clHtcrer.ee of latitude, but an error in the diitance would affeCt it but little. 
V i c e  the cc irfc is between three and five points, the error may be either

TH E  T A B L E .

Courfes fceered Winds.
Lee
way.
point

Vari
ation.
Points

Courfes corre&ed.

N. W. i  W. N. N. E. 1 AW. N. j f  W.
W. N. N. W. A | w . S. 6i W.

W. S. W. S. I fW . S. 61 W.
w . S. S. W. * * w . W.

W. by N. N . b y W. i i AW. S. 7 W.
S. W. W. N. W. «4 |W . S. I-AW.

S. W. S. W. .AW- S. S. E.
S. S. W. w . I ! jW- S. ¿ E .

S. W. N. W . bv W. i •¿w . S. S. W. 1  w .
W. S. S. W. «4 i+W. W. § N.

W . by N. N. bv W. 1 |1W- W. S. W .A  W.
s. E. S. E. 2 liW . S .J  w .

K- by S. S .J E . 4 liW . E .'by N.
1 , E. N. E. N. 1 i I j . v . E. N. E. IE .

E. N. - 3 4- i '̂vV. E. 1 N.
E. S. 0 ri-W: E. N. E. i  E.

S. E. S. E. 1 I AW. S. by E. 1  E.
E. S. E. N. E. 1 |1W. E. -JS.

W. S. W. • S. A .A.W, S. W. by W.
W . by N. S. W. bv S. I ,AW. W. 1 N.

N. W. w . s .  w . I ■d-w. N. W . t  W.

S. w .  s. w . I | E . S . l E .
N .b y  E. S’ . W. by W. A ! E. N. N. E. AE.

•N. W. by N. W. by S. 1 E. N. J W.
*N. W. by W.j N. by E, i i . I E . N. W . by W. A W.

W. b. s. 1N. W . by N. 1 31 4. * i  E. w .  1  s.



in the courfe, or in the diftance, or in both ; and an allowance ought to be 
made on both o f them. The' method o f making this correition is therefore 
naturally divided into three different cafes, each of which we (hall explain 
by proper examples.

C A S E  I.

'I f  the courfe found by dead reckoning is lefs than three points, or 3 30 4 5 '.

R u l e . W ith the difference o f latitude and departure by account, find 
\he courfe, by Cafe V I . Plane Sailing ; with this courfe, and the difference 
tof latitude by obfervation, find the difference of longitude, by Cafe IV . o f 
Middle Latitude or Mercator’s Sailing.

E X A M P L E .
Yefterday at noon we were in the latitude ò f 390 18' N . ; by an obfer

vation this noon we are in the latitude o f 370 48' N . and our dead reckon
ing gives 107 miles fouthing-, and 6 f  miles wefting ; required the true dif
ference of longitude.

T o  the difference of latitude 107, and departure 64, 1 find the courfe 22 
points ; with which-, and the difference o f latitude by obfervation 90 miles 
(which is the difference between 370 48' and 390 18') I find the departure 
54 miles ; with this departure and the middle latitude 3S0 33', I  find the 
'difference o f longitude 69 miles.

C A S E  II .
I f  the courfe by dead reckoning be more than three point:, or 330 45', and lefs 

than five points, dr 3 6° i f .
R u l e . W ith the difference of latitude and departure by account; find 

the diftance (by Cafe V I . Plane Sailing) ; with this diilance, and the dif- 
ferencè of latitude by obfervation; find another departure, by Cafe I V .  
Plane Sailing 5 take half the fum of this departure, and the departure b y  
account, for the true departure, with which, and thè difference Qf latitude 
by obfervation, find the difference of longitude by Cafe II. of Middle Lat
itude 0» Mercator’s Sailing.

EXAMPLE.
Yefterday at noon we wrere in the latitude of 320 40/ N . and this hood 

are in the latitude of 540 N . having made by account 84 miles north
ing, and 76 miles wefting ; required the true difference of longitude ?

With the difference o f latitude 84, and departure 76, I find the courfe 
420, and diftance 113 miles ; with this diftance, and the difference o f lat
itude by obfervation 102 miles, I find the departure 47.8, which added to 
76, and divided by 2, gives the true departure 61.9 ;. with this departure 
¿ j .9 , and the middle latitude 530 3 i ',  I find the difference of longitude 
1 oc miles.

C A S E  III .
I f  the courfe by dead reckoning be more than five points, or c6° i f , .

R u l e . W ith the difference of latitude and departure find the diftance, 
by Cafe V I: Plane Sailing ; with this diftance, and the difference of lati
tude by obfervation; find the difference o f longitude, by Cafe V . o f M id
dle Latitude of Mercator’s Sailing.

E X A M P L E .
Yefterday at noon we were in the latitude o f 38° j i ’ N . ; this day at 

noon we were in the latitude of 40° iS ' N . and by account have made 68 
miles northing, and 113 miles of wefting ; required the true diff. o f longitude.

W ith the difference o f latitude 68, and departure 113, I find the courfe" 
390, and the diftance 132 miles, with which, and th: difference cf latitude



by obfervation 86 miles, I find the courfe 49° nearly, and the departing
99.6 ; with this departure, and the middle latitude 390 35', the differense 
of longitude is found equal to 130 miles nearly.

To correil for federal days.
The preceding rules will ferve for eorreiting any Angle dayr’s work; 

but i f  an obfervation has been wanting for federal days, you mull proceed 
in the following manner.

la k e  the latitude by obfervation and longitude in at the time o f laffc 
obfervation ( or the latitude and longitude of the place you took your de
parture from, i f  you have had no obfervation fince) and alfo the latitude in 
by obfervation, and the longitude by account; find the differences o f thefe 
latitudes and longitudes, and the middle latitude ; with the middle latitude 
and difference of longitude, find the departure ; with this departure, and 
the difference of latitude by account (which is found by taking the differ
ence between the latitude left by obfervation and the latitude in by ac- 
fount) find the courfe and diftance correfponding, and fee what cafe this 
courfe falls under, and correit the departure by i t ; then having the correct 
departure, you may find the true difference o f longitude and longitude in.

E X A M P L E .
Three days ago, I was in the latitude of 40° o' N . and longitude of y 3° 

20/ W . This day by account iny ¿latitude is 38° io7 N . and my longitude 
5 7 0 2o7 W . but my latitude by' obfervation is 38° o' N . what is my true 
longitude in ?

Latitude left 40°o/N . Latitude left 400 c / N . Long, left jS ^ c / W . 
Lat. by obf. 38 o N . Lat. b\'acc. 3 8 10 N . Lo.in by acc. 57 j o  'A '.

Diff.lat.by obf. 2 o 
60

In miles 120

Dif. lat. by acc. 1 50 
60

In miles m o

D if, o f long. 1 o 
60

In miles 60

Sum oflati-tudesyS o 
M id. latitude 39 o

With the middie latitude 390 and difference of longitude 60 miles, I find 
the departure 46,6 ; with the difference of latitude by account 110 and the 
departure 46,6, I find the courfe 230 ; therefore it mall be corrected by 
Cafe I .  by finding the departure Jo,8 correfponding to the courfe 230 and 
the difference of latitude by obfervation 120 ; and then with the middle lat
itude 59°, and the correit departure 5:0,8, I find the correit difference o f 
longitude ¿5 miles or 1° f ,  which fubtrailed from the longitude left 58° 
2 o' j leaves the correit longitude in 57° i f  W . In the preceding examples 
we have taken the courfes and mid. lat. to th'c neaseft degree ;• a final! dif
ference would be found i f  we had taken- them to minutes.

A  journal being kept in the preceding manner, the fituation of the flip  
may be known nearly at any time, and the bearing and diftance of the 
place of deftination may l>e found. When the mariner is fearful that his 
longitude by account is inaccurate, and he has no lunar obfervations to cor
reit it ; he muff get into the latitude of the place, and (if poflible) runeaft 
or weft according to his fituation and the prevailing ftate of the winds. 
T o  iilufrrate what has been laid on thefe fubjeits we fnall now add exam
ples of a number of feparate dayvs works, and then proceed to a connected 
journal.



E X A M P L E  I.
Ycfterday, at noon, we were in the latitude o f 48° 21' N . and the Ion. 

gitude of 36° 2 8' W . and have failed till this day at noon, as per log-board ; 
required the courfc and diftance made good, with the latitude and longi
tude in.

L o g- B o a r d .

h ! K F Courfes. Winds. Lee-
R e m a r k s .  • -

I way.

2' 6 S.W .by W .iW . N . Thefe 24 hours moderate gales
4! S 5 and cloudy weather.
6‘ 5 N . W . A t 4P. M .fpoke the lhipWafh-
S' 5 ington from New-Y ork bound

iol 3 6 s .  w .  1 w . to Cork.
12! 3 4
2, 3 4
4! 4 5 A t 6 A . M . got the bower an-
6; 4 6 chors on the gunnel, and un-
8! 5 S.W .by S. 1 W . W . N .W . bent the cables and llowcd

10 4 S them.
I2| 4 Variation 2_[ points weftcr!v.+

By examining the log- 
board, it appears that the fhip 
goes large, and makes no lee
way ; therefore, by allow
ing the variation on each of 
the courfes, they will Hand 
as in the adjoined traverfe 
table. Then the diftances 
marked on the log-board 
mult be fummed up, and dou
bled, becaufe marked only for 
every two hours.* In allowing for the knots, you mull reckon 1 o to a mile ; 
and when the tenths are above 5, you rnuft add 1 mile to the diftance. 
Having found die diftances, you muft find the correfponding differences o f 
latitude and departures, in Table I. or II. and then with the whole differ
ence of latitude and' departure, find the courfe and diftance made good, and 
$he difference of longitude, by Cafe II. Mercator’s Sailing.

Jn the prefent example, the difference o f latitude is 93' =  1° 33' S.
Ycftcrday’s latitude 48 21 N .

T r a v e r s e  T a e i . e .

Courfes. DiftJ N . s. E. W .

S.W . byS. i f f .  
S. S. W . i W .  

S. by W . \  W .

43
39
27

33 - 2
34- 4 
25.8

27-5
18.4
7.8

Diff.
Lat.

93-4 Dcp. 55*5

The difference is the latitude in 46 48 N .
Sum o f latitudes 95 9
Middle latitude 47 34

W ith the difference o f latitude made good 93.4 S. and the departure 
53»5 W* I enter Table I I . and find they correfpond nearly to a courfe o f 
S. 30° W . and diftance 108 miles. Then with the middle latitude 
470 34' or 48°, I enter Table II. and find the departure-5-3.5 in theLat. 
column, oppofitc to which in the diftance column, is the- difference of lon
gitude 80' == i° 20' W .

Longitude left 36 28 W .

Sum is the longitude in 37 48 W .
•„ In ludi* voyages, it i s  cuftomary to mark the log-board «very hour ; in that cafe, the dittanccs marked on the log leitijj luifi« 

>ij<, will be the true diitance failed.
t  J it  theft; examples were ¿¡vea onlyto illuftratc the rule«, we have nut been attentive to mark, the true variation.



E X A M PLE  II.
Yefterday at noon we were in the latitude of 35® 46' N . and the longi

tude of 170 36' W . and have failed till this noon as per log-board; re
quired the latitude and longitude in, and the bearing and diftance of Cape 
St. Vincent ? '________

- Lot¿-Board.

H. K F. Courfes. Winds. Lee-
Way R emarks.

2 6 6 S.b.E.|E. S. W . i  W . i i Thefe 24 hours moderate gales and
4 5 8 clear weather.
6 5 8
8 5 8

10 5 S. S. E. S. W . i f A t 8 A . M . faw a ihip to wind-
I 2 5 2 ward, fleering eaft.
2 5 3
4 5 5 S.S.E.iE . S.W .b.S.rW .
6 5 S
8 5 5

IO 5 6 S .E .b .S . S .W . b.S . i f
I 2 '5 4 Variation | point eafterly.

The courfes being correfted 
for lee-way and variation, and 
the diftances furnmed up and 
doubled, will ftand as in, the ad
joined Traverfe Table. Hence 
the difference o f latitude made 
good is 105.4 S. and the depar
ture 81.7 E . ; confequently the 
courfe is S.380 E. and the diftance 
153 miles nearly.
Latitude left 3 50 46' N.

1 45 s -

T r a v e r s e  T a b l e .
Courfes. Dili. N. S. E. w .

3.S .E .|E . 48 41.2 24.7
S. E . f S . 31 24.9 18.5
S .E .J S . 33 24.5 22.2

3. E. J E. 22 14.8 16.3

D iff Lat. 105.4 81.7 Dep.

D if f  of lat.

Latitude in 
Sum of lat. 
Middle lat.

34 I N . 
69 47 
34 53

W ith the middle latitude 34°- 53' or 350, 
and the departure 81.7, the difference o f 
long, is found to be 100 m iles,=  i° 4 o 'E .

Longitude, left 17 36 W ,

Longitude, in 15 56 W ,

Toftnd the hearing and diftance o f Cage St. Vtncents.

Latitude in 34° l ' N . Mer. parts 2173 Long, in
C.St.Vincent’slat. 37 2 N . Mer. parts 2395. C .St.V . Ion. 8 56 W ,

Diff. of lat. 3 1 =  1 8 1 'M .dif.lat. 222 Diff. long. 7 0—420'

By LO G A R ITH M S.
To find tire bearing. To find the diftance.

A s Mer.diff. lat. 222 log. 2.34655 
Is to radius 45“ 10.06000
So is diff. long. 420 log. 2.62325

As radius 45° 10.00000
Is to prop. diff. lat. 181 2.25768
So is feeant courfe 62° 8' 10.33030

To tang, courfe 62° 8' 10.27690 To the diftance 387.2 2.58798
Hence the bearing of Cape St, Vincent is N. 62° 8 'E . and diftant 387,3 

miles.



E X A M P L E  III.

Suppofe that at the end of the fea-day, March io , 1804, we were in the 
latitude of 43° 34' N . and the longitude o f 350 16' W . and have failed 
till next noon as per log-board ; required the latitude and longitude in4 
and the variation of the compafs,

L o g -B o a r d .
H K E Courfes, Winds. LW. R e m  a r k s .

2 4 S w . s .  w . South. Thefe 24 hours moderate gales» found a fmall current
4 4 5 fetting N. E. at the rate of l mile in 4 hours.
6 4 5
8 4

IO 4
12 4
2 3 5
4 3 5 S .W . by W. S.by E.
6 3 At 8 A. M. fun’s magnetic azimuth N. 12 ;0 19 ' E.
8 3 Alt. of Q 's  L. L. 1S9 40' $ correction for dip and

IO 3 femi-diameter 12* additive.
12 3 5

In calculating the variation from the above obfervation it is neceffary to find the declination 
and latitude at the time of obfervation. The former at noon ending the fea-day March I I ,  
1804,is 3 °4 0 ' S. by Table V . ; the correilion for the long. 35°. W. is —  z '  1 4 " ,  and for 
the time from noon 4h. is -(-35' 1 1 ' ,  therefore the whole correilion is 4 . 1 '3 7 ' '  or nearly z ' ,  
which added to 3 0 40' gives the declination at the time of obfervation 30 4 1 ' S. confequent- 
ly  the polar diftance 930 42'. To find the latitude we mult fee by the log-board what 
courfes and diftances the (hip has failed from noon to the time of obfervation 8 A. M. viz. 
W . S, W. 58 miles, and S. W . by W. 19 miles ; the current fttting in the fame time N. E. 
5 miles; thefe courfes mull be corrected for 1 point wellerly variation, which is found to be 
nearly its value, by a rough calculation made with the latitude in at the preceding noon; and by 
arranging them in a traverfe table we find that the difference of latitude made good at 8 A . M. 
is about 41 miles, confequently the latitude in at the time of obfervation is nearly 42° $3'  N. 
and the co-latitude 47® 7/ ; the obferved altitude of the fun’s L. L. is i8° 40 ': the cor- 
reftion for dip and lemi-diameter bcing-|-12 ', and the refrailion by table XIII.— 3 ' nearly, 
confequently the fun’s correft altitude is 180 4 9 ' and its co-altitude 71° 1 1 Wi t h thefe 
qlata, the true azimuth is calculated as in page 146.

Co#lat. 47Ô 7* Co-fccam 
Cc-Me. 7» 11 Ço.fccam 
Pol.dtft. 93 42

Sum 1110»

11. fum 106 00 Sine 
fol-dift. 93 4*

9.98:84

*cm. i t  1« Sine 932844
Sum 19*47018

tialf fum log. co-fine 57° 5» • 9-73i°a

True azimuth N. 114 10 E* 
Mag. azimuth N. 123 19 £.

Variation a a 9 W. or nearly 1 point.

The variation being allowed on all the courfes 
and current, and the dillances fummed up, the trav
erfe table will be as adjoined ; and the difference of 
latitude made good — 49,8 S. departure=67,5 W. 
hence the courfe made good S. 53-y0 W. and difiance 
2=84 miles. And by fubtrafiing the difference of 
latitude 50' from latitude left 43° 3 4 ', there re
mains the latitude in 42° 44* N. Hence we have 
the middle latitude 43° 9 ' ,  with which and the de
parture 67,5, the difference of longitude is 92'or i°
32' W. nearly; and by adding it to the longitude left 350 16' W. wc have the longitude ira 
36*48 ' W , _

T r a v e r s e  T a b l e .
Courtes« Dili. N. s . E. w .

S.W.b.W.
S. W. 

N.E.b.N.

5 «
3 Z

6 5-0

32.2
22.6

3-3

48.2
22.6

50 54.8
5-0 3-3 7O.8

3-3
Diff. Ldt. 49.8 Dep. 6 7 ->
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E X A M PLE  IV .

Yefterday at noon we were in the lat. of 40° 19' N . and in the long, of 
6S° 8' W. and have failed till this noon as per log-book ; required the 
bearing and diftance of Cape Cod ?

L p g - B o a r d .

h .Ik .
!

F. Courfes. W inds. Lee
way. R e m a r k s .

J I VV. N . W. N orth. I F i r f t  part of thefe 24 hours light breezes
I and fine weather; latter part pleafant

4 Î gales and cloudy.
s *2 56 3

I
S I 5
9 I 510 I

II I N . W . N . N . E . I Saw great quantities o f gulf-weed, and
1 rock-weed.

I 2 5 N, VV.4  N. N. N . E . p . I
2 2 5
3 2 5
4 2 5 A t 7 A . M . water difcoloured, founded
5 3 N . N . W . N . E . by E . 0 no bottom.b 3
7 3
s 3
9 4

II
4
4 E .N . E . Latitude by obfervation 40° 52' N.

12 4 5 Variation { point W .

The diftances are fummed up, 
and marked in the Traverfe Ta
ble without doubling, becaufe the 
log-board is marked for every 
hour. By working this day’s work 
like the others, we find the difF. of 
lat. made good=3 1,6m. N . & the 
dep. 40.3m. W .— hence the courfe 
N . 5 20 W . nearly, and diftance 51 miles. 

Latitude left 40° iq 'N .
Diff. of lat.

t r a v e r s e  t a b l e .

Courfes. Diti. N. S. E. w.

W . J N. J S 0 7 13 0
N .W .byW .4 YV. 2 0 9 I 8
N.W .'byW .JW . 10 i  1 8 6
N. N. W . 1  W. 29 H  9 14 9

D.Lat. 31 6 Dep. 4 °  3

Sum of lats. 
Mid. lat.

Lat. in by obf. 40° 52' N . 
Lat. of Cape Cod 42 5 N ,

32 N. With the mid. lat. 40I-0 and the departure
.40 51 N . 40,3, the diff. of long, is o° S3'W .
81 10 Long, left 68 8 W.
40 3S ■ Long, in 69 I W,

To find the bearing and diftance o f Cafe-Cod.

Long, in by D. R. 69° i '  W . 
Long, o f Cape Cod 70 14 W .

Diff. of lat. i 13=73 miles. Diff. of long, 1 j 3=7 jmi.

Mid. lat. 41 z3
With the difference o f longitude 73 miles, and the middle-latitude 410 

28', or 414°, I find the depart. 54,6 nearly, with which and the diff. of lat. 
73 miles, the bearing o f Cape Cod is found N . 570 W . dift. 91 miles.



JOURNAL
O F A  V O Y A G E  FROM  BO STO N  T O  M A D E IR A .

H IC F Courfcs. Winds. Lee
way.

R e m a r k s  on board, Wednefday, March 25,  1801:

2 At noon got under way, with a fine breeze from
4 the N. W.

8 At 8 P. M. Cape Cod Ilght-boufe .bore S. S. E.
10 6 5 E. by S. N. W . diflant 4 leagues ; from which I take my dc-
12 6 i parture.

2 6 b
4 6 4
6 7
8 7 North.

IC 7
T 2 ? Variation -J point wefterly. '

Dir. Lat. by
Courfe. Did. Lat. Dep. D. R.

N.87» I i ’E. ,0 .
E.

102
N.

42« 10’

Diff.
Lo:g. 'Long. in. Bearing anddiftance

E. 1 W. Funchal S.76c'4 i ’t
2° 17’ 6 7 ° 57 ’ did. 2485 miles.

Cape Cod bearing from the (hip 
S.S .E . dill, 4 leagues, is the fame 
as if the ihip had failed from Cape 
Cod 4 leagues or 12 miles upon the 
oppofite or N. N. W. point of the 
compafs, and allowing for rhe va
riation, it becomes N. N. W , J W , 
diff. 12 miles, which is to be fet in 
the traverfc table as the ficlt couifc- 
and diftance*

The ihip failed all day upon an 
E. by S. courfe by compafs, which, 

by allowing rhe variation, becomes E. £ $. The fum of all the diftances is 54 miles, which 
being doubled becaufc the table is marked for every two hours, gives the whole diftance failed 
108 miles. With thefe couTfes and diftances, l  find the correfponding differences of latitude 
¿nd departures; and by fubtradiing the touching from the northing, and the wefting from the 
calling, find that the difference of latitude made good is 5.0 N. and the departure 101.7 W« 
which correfpond to a courfe of N, 87° 11’ E. and «.iftance 102 miles.

T r a v e r s e  l ABLE .

Courfes. Did. N. s. E. w.

N. N.W. 4  VV. 1 2 10.3 6.2
E. ¿  S. 108 Í -3 107.9

10-3 5-3 107.9 6.2

5-3 6.2

D.Lat. ;.o Dpp. IOI.7

Lat. failed from, or Cape Cod’s lat. 420 05’ N.
DifF. of lat*

Sum of lats. 
¿diddle latitude

0 05 N.

42 TO N.

84
4 2

Then with the middle latitude 42° as a 
courfe, I enter Table II. and aaraiutt rhe 
departure 101.7 (or 101.8 which is the 
neared tabular numh;i ) found in the lati
tude column, is 137 —  the différence of 
longitude in the diftance column.

Long fiom, or C.Cod’s long, 70° 14’ W .
Diff. long, 3 in E.

Long, in 67 57 W.

To find the bearing and didance o f Funchal.
Latitude in 4 2 0 ïo ’ N. Mer. parts 2 7 9 > Longitude ifi . 67o 57’ W,
Funchal’s lat. 38 N. Mtr. parts 2073 Funchal’s long« 17 5 W.

Diff. of lai. 9 32 Mer. diff. lat. 722 Did’, long. so 51
60 60

■—  -  ^ -.

In miles s ? * In miles 3C52

With the merid. diff. of lat. 722 miles, and diff. of long. 3052 miles, the bearing is 
found S. 76e 41’ E. and uith that bearing taken as a courfe, and the proper difference of lati
tude 572 miles, the diftance is found 24S ; miles, as i.i Cafe I, of Mercator’s Sailing.



H K F

2 ~7 —

4 7
6 7
8 7

10 7
12 7
2 7
4 6 6
6 6 4
8 6 4

10 6 6
\̂ 6 5

Courfes. Winds. Lee*
Way

R e m a r k s  on board, Thurfday, March 26, 1801.

E. by S. N. by E. Frefli gales and pleafant weather.

Saw a number of filhing veficls to the fouthward,

. by S. I  S. 

E. S. Ê.

N .N .'E . At neon ebferved the altitude of the fun's lower 
limb to the fouthward oi me 50© 17* 

Add for femidiameter and dip is 
The refraction being fmall, is neglefted —■ 
CorreCk altitude ¿0 29 
Subtract from 90 00

Q ’s Zenith diftance 39 31 N. 
O ’s corrcCt declination 2 is N.

Latitude by obfervation 41 43 N.
Variation J point wefterty*

Courfe.

S.8o° 15’ E.

D ill.
Dif.
Lat.

D e p . Lat. by 
D . R .

Lat. by 
Obf.

D iff.
Long. Long. in.

s E. N . N. E. W.
I62 2 7 16 0 4 i ° 4 3 ’ 4 1 ° 4 3 ’ 3 °3 5 ’ 64° 22’

Gearing and Diftance. 
Funchal S. 76" 24’ E. 

diff. 2319 miles.

The variation being allowed on each 
courfe, and the diftances fummed up’j 
they will (band as in the adjoined trav- 
erfe table ; from hence, by means of 
Table I. I find the difference of lati
tude 27,$ and the departure 160,0 
which correfpond to the courfe S. 
So9 15’ E. and the difiance 162 mileŝ

Yefterday’s latitude 42® 10’  N .
D iff. of latitude 47 S.

Latitude in 4 ' 43 N .
Sum of latitudes 83 S3
Middle latitude 4 1

With the middle latitude 41° 36’ or 44* 
as a courfe, I enter Table II. and feek for 
the departure 160,0 in the latitude column ; 
the neareft number to which is 159,8 cor- 
refpondingto the difiance 215, which is there
fore the diff. of long, equal to 3® 35’ E.

Yefterday’s long. 67 57 W,

Long, in 64 22 Wi

To find the bearing and diftance of Funchal.

latitude in 4 >° 43’ N. Mer parts 2759 Longitdde in 64® 22’ W.
}? unchains lat. * 32 38 N. Mer. parts 2073 Funchal’s long. 17 . 5 W ,

Diff. of lat. 9 5 Mer. diff. lat. 686 Diff. of long. 47 17
60 60

In miles S45 In miles 2837

Gy Cafe I. of Mercator’s Sailing, I find the beating of Funchal S. 76s 24’ E. and its dif- 
taSce 2319 miles.

When the fun was upon the meridian, the altitude of his lower limb was 50® 17’ , to which 
add 12 miles for his femid'ameter and the dip of the horizon ; the rcfrailion (given in Ta
ble X III.) for this altitude, being fmall, is neglected; hence his correft central alti
tude =  50® 29', which fubtrafted from 9a0 leaves his zenith diftance 39® 31’ , which muff 
be called north, becaufe the fun bore fouth when on the meridian; then in Table V . I find the 
fun’s declination at noon at Greenwich =  2° 8’ N. to this add the correction 4 miles, taken 
from Table V I . correfponding to the" (hip’s longitude ; the fum is 2® 12’ N. =  his correit 
declination ; and fincethe declination and Zenith diftance are both north, l  add them together, 
and the fum is the latitude by obfervation =• 410 45’ N.-which agrees with the latitude by 
account.



H K F Courfes. Winds. Lee-
Way R e m a r k s  on board, Friday, March 27, 1

2 E. S. E. N. by E. A ll thefe 24 hours frefh breezes, and dear.
4 8
6 8
8 8 Meridian alt. fan's lower limb ¿1° 38*

IO 8 Add Jot fcmidiaractcr, dip, die* t*12 8 Sun’s fcorreft ahituda ¿t 50
Z 8 6 N. N, E. Subtract from 90 00

4 8 6 Sun’s aentth diftance 38 10 N.
6| 8 6 Sun's correct declination a $6 N.

8I 8 6 Latitude obferved 40 46 N.
8 1

12! 8 N.E.byN. Variation J point wefterly, per amplitude.

Courfe.
Dif. Lat. by Lat. by Diff. I 
Lat. Dep. D. R. Obf. Long. | Long. in. Bearing and Pittance.

S . 7 3 ° E, I 19;
E. N. N. E.

37 186 40o 36’ 4Qi>46' 40 S*|
W. Funchal, S. 76® 43’ E, 

6o° 14' dift. 2129 miles.

T r a v e r s e  T a b l e .

Courfes. Dift. N. S. E. W .

E. by S. 1  S. *95 D.Lat. 4 7 -4 189.2 Dep.

The Clip failed all day upon 
the fame courfe, which, correiled 
for the variation, is E. by S. J S. 
the whole diftance failed is 195 
miles, and the difference of lati
tude is 47 miles, O® 47’ S, 
Yefterday’s latitude 41 43 N .

Latitude by D. R. 40 56 N. 
Hence the latitude by account differs 10 miles from the latitude by obfervation j therefore 

I  correft this day’s work by Cafe III .

Latitude, yefterday, by obf. 4 10 43* N« 
Latitude obf. this day 40 46 N .

Diff. of lat. by obf. 37
Sum of latitudes 82 29
Middle latitude 41 14

With the diftance 193, and difference of 
latitude 37, I find the courfe S. 73° E. and 
the departure 186.3 ; then with the middle 
latitude 41° I A7 as a courfe, and the depar 
ture 186.33s difference of latitude, 1 find the 
correfponding diftance 248, which is equal to 
the difference of longitude 40 8’ E.

Yefterday’s long. 64 22 W .

Longitude in 60 14 W .

N o t *. A s this journal is only defigned to exemplify the rules of navigation, we have not 
endeavoured to give the true variation.

To find the bearing and diftance of Funchal.

Latitude in 
Funchal’s lat.

40o 46’ N. 
32 38 N.

Mer. parts 
Mer. parts

2683
2073

Longîtu le în 
Funchal’ s long.

6o°
*7

14’ W . 
3 w ,

Diff. of Ut. 8 8 
60

M. D . Lat. 610 Diff. long. 4 i
60

9

In miles 488 In miles 2389

With the mcrid. diff. of lat. and ¿iff. of long, the tearing is found S. 76° 45’ £. With 
that and the proper diff. of lat. the diftance is found to be 2129 miles,* by Cafe 1. Mercator.

* If the co’irfe was calculated to freonAs, and the meridional part-, Liken to one ot two placet of decimals, it woyld feoleti®** 
aaake a 4tffcrer.ee of a few ouit-t in die calculated diftance.

[A  Jo u rnal-}



H

2
4
6
8

10
12
2
4
6
8

IC
12

K

6
6

5
5
5
5
5
6 
6 
6 

5

F

6

4
6
6
3
Í

Courfss. Winds. Lee»
Way R e m a r k s  on board, Saturday, March 28, 1801.

S. E. by E. 

S .E .

S. E. by S.

N.E.byE. 

E . N .E . 

E . by N.

1

1

Frefh gales, with rain.
At 4 P. M. fpoke the fhip Franklin, from Phila

delphia, bound to Lilban.

At noon, obferved merid. alt. fan's lower limb 50® 43»
Add for fcimduinctct» &c> a®

Sun’s corrcfl altitude 53' 55 
Subtraft from 90 00

Sun’s Zenith diftance 36 05N.
Sun’s corrott declination * 59 N

Latitude obferved 39 4 N.

Variation j  point wefterly.

Courfe.
iDif 

Dift. (Lat Dep,
Lat. by 
D. R.

Lat. by 
Obf.

Diff. I
Long. 1 Long. in. Bearing and Diftance.

S. 420 2 9 'E.
S.

138 tot
E.
93

N .
39°  0 4 '

N.
39«°4 '

E. I W . 
2° 2' 1 58® 12'

Funchal, S. 790 4 ' E. 
dill. 4037 miles.

T r a t e r s e  T a b l e .

Courtes. Dill. N. S. E. W .

S. E. J  E. SO 29.8 4O.2
S. E. J S. 4 4 32.6 29.5

S. S. E. i  E. 46 39-5 23.6

D. Lat. IOI.9 93-3 Dep.

The leeway and variation being 
allowed on the courfes,.they will 
ftand as in the adjoined traverfe 
table. Then with the difference 
of latitude and departure the courfe 
is found to be S. 4a0 29’ E. di£. 
tance 138 miles.

Yefterday’ s latitude 40o 46’ N. 
Diff. of latitude 102' —  1 42 S.

Latitude m 
Sum of lats,

Middle lat.

39  04 N- 
7 9  5°

39  5 S

With the middle latitude 39e j  j ’  or 40* 
as a courfe, and the departure 93,3 taken ai 
difference of latitude, the difference of Ion* 
gitude is found 122 miles =  2° 2 ' E.

Yefterday’ s long, éo 14 W ,

Longitude in 5.8 12 W.

The courfe made good each day is marked in the journal to degrees and minutes, as they 
were calculated by the logarithms; but for pra&ical purpofes, it is fufficiently exait to find it 
to the neareft degree by infpeftion of Table II.

To find the bearing and diftance of Funchal.

By Cafe I .  Middle Latitude Sailing.

Latitude in 390 04’ N. Longitude in jE ° 12’ W.
Funchal’s latitude 32 38 N. Funchal’s long. 17 05 W .

1)iff. of lat. 6 26 = 3 8 6  miles. D iff of long. 41 7'
■ ■ ■ ■ ■ ■  ■ - 60

Sum of latitudes 71 42 -■
Middle latitude 35 51 I" miles 2467

With the middle latitude 350 5 1 ' or 36° as a courfe, and the difference of longitude 2467 
as a diftance, I calculate the departure ; with that and the difference of latitude 1 find the dif- 
tauce and coutfe, by Cafe i, of Middle Latitude Sailing.



Courtes. Winds. Lee
way.

R e m a r k s  on board, Sunday, March 29, 1801.

South. E. S. E. 1 Thefe 24 hours moderate, pleafanc weather.

S. ì  E. E.byS.iS. 1$

Mcr»d. Alt. 0 ’s lov.tr limb s*5̂  ,4‘ 
Add for femidiameter, dip, &e o »*

0 ’t eorreft Altitude 34 
Subtraft from 9°

0 's Zenith diftance 34 0’s corritH declination 3 «N .

Latitude obferved 37 4&N 
Variation t point wdlrrly.

Courfe. |Di{l.ll.at. Pep. 1 D. R. Long. Long, in . I Bearing and D iftance-.
South. 76 I 76

N . I N .
37° 3» '|37° 4 S 5R«

. IF u n ch a l, S. 8 1® 15 ’ £ 
I a '  I P itta n c e , ¿038 miles

The leeway and variation being 
allowed on both courfes,'”thcy be
come South ; the whole diftance 
failed, or 86 miles, is therefore the 
difference of latitude by account ; 
the departure being nothing; con- 
feqitently the fhip is in the fame 
longitude as yefterday.

Yefterday’s latitude 39’  04'N.
Difference of latitude 86 =  1 26 S.

Latitude in by D. R. 37 38 N.

The latitude by obfervation is 37® 48' N. differing 10 miles from the account ; and this 
is probably an error in the diftance marked in the log-book, 1 therefore take to miles from 
that diftance, and reckon it 76 miles.

To find the bearing and diftance of Funchal.

Latitude in 37° 48’ N. Mer. parts 2453 I/ongitude in 58° 12 'W .
Fjwchal’s latitude 52 38 N. Mer. parts 2073 Funchal’s longitude 17 5 W .

Diff. of long. 4s 7 
60

In miles 2467

Hence the bearing is S. 8t° 15 ’ E. difiance 2038 miles, by Cafe I. of Mercator’s failing ; 
and the fame may be found by middle latitude, which is the moft exa£t method when the t«o 
latitudes differ but little ; and it is the way in which (he calculation will be made in the reft 
of the journal.

Diif. of lat. 3 10 Mer. diff. lat. 380 
60

In miles 310

T r a v e r s e  T a b l e .

Courfes. Dift.
l

N. j S. E. w .

South. 86 j 86.0 Diff. 
I.at.
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Courfes. Winds. Lee
way. RfMARjcs on board, Monday, March 30, 1801.

Edit.

00, up S. E. 
rS. Drift i  J roil 
off S .W . Dri 

our.
E . by N.

V.  N . £.

by E. off 
es per hour, 
x i § miles

S. E, by S.

"3

s

5

TheleT4 hours frefh gales a»d Equally.
Handed the Fore and Main Courfes.

A t midnight more moderate j wore fhip, and fet 
the Courfes clofe reefed.

A t fi A . M . fet the Topfails clofe reefed.

Variation 1 point wefterly.

Courre, Dirt.
Ditti
Lar. Dep.

Lat. by
D. R.

Lat. bv 
Obs.' Di f. Long. Long. in. f Bearing & Dift.

Ni 76° 17 'E. 3 *
N.
7

E.
3°

n :
3 7 ° 55'

£,
o° 38'

W. |tun. S.8o', 55'E. 
57° 34' |dift. 2008 miles.

T r a v e r s e  T a b l e .

Courfes. Did. N. s. E. W.

E . S. E. 12 4. 6 II. I
South 6 6. 0

W . S. W. 6 2. 3 5- 5
N. E. i  E. 3 » 20. 3 24. 7
* 20. 3 12. 9 35- « 5- 5

12. 9 5- S
D. Lat. 7. 4 Dep. 3°- 3

Taking the middle points (viz. 
S. E. and S. S. W .) between the 
point to which the (hip comes to 
and falls off, as taught in the rules 
o f lying too, and then allowing as 
before for the variation and leeway, 
the traverfe table will {land as ad
joined,

With the difference of latitude 
and departure the courfe is found 
N . 76" i j ' E .  diftance 31 miles.

Yefterday’slatitude 37° 4 8 'N,
Difference of latitude 7 N.

Latitude in 37° 55 N ,
Sum of latitudes 73 43
Middle latitude 37 51

With the middle latitude 37* 51  ̂(or 33e) as a courfe, and the departure 30. 3 ufed as 
difference of latitude, I End the difference of longitude o. 38 E.

Yefterday’s longitude 58. 12 W.

Longitude in S7•34
T o find the bearing and < 

Latitude in 37® 55' N.
funchal’s latitude 32 38 N.

DifF. of latitude 5 1 7 = 3 17  miles,

Sum of latitudes 70 33 
Middle latitude 35 16

diftance of Funchal.
Longitude in 57® 34' W .
Funchal’s longitude 17 3 W,

, Jgjff. of longitude 40 29 
6o

In miles 9429

W ith the middle latitude 33° 16 ' and the differenceof longitude 2429, the departure is 
found=i9S3 j with that and the difference o f latitude 317, the hearing of Funchal is found 
hi 80° 53' E. diftance 2008 miles.



H K F
1

CourftS. Wind;. Lee
way. R em arks on board» Tucfday, March 31» xSoi.

2 s E. S. E. Sputh, i ; Plcafant gales and fair weather.
4 ?
6 5 <>8 5 410 5 Î E. by S. i  S. S , f E , i

12 6 This day took a lunar obfervation, by meafuring
2 7 the diftance of the moon from the ftar Antares ; the
4 7! lqngitude at noon, deduced from this obfervation, is
6 7 j 54° 23" W , which agrees with the longitude by
8 account.

10 7;12 SI Variation t point wefterly, per azimuth.

Courfe. Dift. Lat. Dep.
Lat. by 
D. R.

I Lat. by
Obs. Dif. Long. Long, in Beating & Dili

~ W . Pun.S.8o°9'E
54" 23' dift. 18; ; mile*Eaft.

»5»
ET

»Si
N .

3 7 ° SS'

„The variation and leeway being allowed on both courfes, it appears, that the ihip has made 
a due eaft courfe, the diftance failed 151 miles is the departure, and the difference of longitude 
is found by Cafe IX. of Parallel Sailing. The latitude in, is the fame as ycfterday’s latitude, 
3 7 °S 5 'N . Taking this as a court:, and the departure 151 as difference of latitude, the 
diiUncc which correfponds is the difference of longitude, 191 miles =  3 9 n  ’ E.

Vefterday’s longitude 57 34 W;

Longitude in 54 23 W .

To find the bearing and diftance of Funchal,

Latitude in 37® 55' N .
Funchal’s latitude 32 38 N .

Longitude in 54° 23’  W .
Funchal’s longitude 17 05 W„

P iff. of latitude 5  17 = 3 17  miles

Sum of latitudes 70 33
Middle latitude 35 16

P iff. of longitude 37 18
60

In miles 2238

Hence by Cafe I. o f middle latitude failing, the departure is 1827 miles, the bearing of 
Funchal S. So® 9 ' E, diftance 1855 miles.



H K

2 8
4
6
8 8 

io 8 
12 8 
2 9 
4  9 6| 8 
SJ 8 

S 
9

Courfes.

E. S. E.

E. by S. J S.

Winds.

S. S. W,

io

S. by W.

( South 

S. by E.l {

R e m a r k s  on board, Wednefday, April r, 1801

Freíh gales and pleafant weather.

Obs. mer. alt. fua’ilower limb 
Corrcft for femidianeier, dip,

Latitude obferved
Variation i point wefterly.

Courfe.
-  j 0 .(4.
Did. J Lat. Dep.

Lat. by 
D.R.

Lat. byl Diff.
Obs. | Long. Long, in Bearing &  Diftance

L i i ! j * 4 ' e . 20 r
N .

3 7 ° 3 9 ’
N. E I W . lFun. S. 79° 4 8 'E  

370 30' 4 °  15 I  50a 8f Dift. 1649 miles.

The couries being corrected for 
leeway and variation, the traverfe 
table will be as here given.

Hence the courfe is S. 85* 24'E. 
diftance 202 miles,

Yefterday’s latitude 37“  55 'N . 
Dift'. of latitude 16 S.

Lat. in by account 37 39. K  
Sum of latitudes 75 34 
Middle latitude 37 47

Yefterday’s longitude 34® 4 3 ' W. 
With the middle lat. and the dep. 201.3 the difference of longitude is 233=0 4 13 E.

Longitude in by account 50 8 W.
As the latitude by obfervation differs from the latitude by account, X correft as follows, 

it being three'days finee I had an obfervation.
Laft obs. lat. Mar. 29, 370 48' Lat. obs. Mar. 29, 37® 48’ long, in Mar. 29, 58® 12'W . 
Lat. in by account 37 39 Lat. in hy obs. 37 30 Long, in by acc. 50 8

D if.of lat. by account 9 Dif. of lat. by obs. 18 Diff. of long. 8 4
Sum of latitudes 7 3 4 7  60
Middle latitude 37 43 —------ -

In miles 484
With the middle latitude 37® 43', and the difference of longitude by account 484, I find 

the departure 382. 9 ; with this departure and the difference of latitude by account 9, I find- 
the courfe S. S8” 39' E, and diftance 383 ; with this diftance 383, and the difference 
of latitude by obfervation 18, I find the true courfe S. 87° 1 8 'E. and the departure 
382.5; with this departure and the middle latitude, I find the true difference of longitude 
483.6 miles=;8ff 4', this fubtrafled from 5 8 ° I 2 'W . the longitude in March 29, gives 
the longitude in this day 5O0 8’ W .*  The preceding calculations were made by logarithms, 
to a greater exaftnefs than is neceffary at fea.

T r a v e r s e  T a b l e .

Courfes. Dift. N. s. E. w.

E. by S.
E. $ S.

E. by N. $N.

t o o
70

35 10. %

19.  3 
6 . 9

98. i  
6 9 . 7

3 3 .5
Dep.10. 2

Diff.
l.at.

2 6 . 4  
10. 2

16. 2

201.  %

To find the bearing and diftance of Funchal.

Latitude in 3 7 ° 30’ N. Longitude in ro° 08’ W.
Funchal's latitude 32 38 N. Funchal’s longitude 17 5 w .

Sum of latitudes 70 8 Diff. of longitude 33  3
.Middle latitude 35 4 60
Diff. of latitude 4 52=254 In miles 1983

Hence by Cafe I, middle latitude failing, the beating of Funchal is S. 79° 48' E. and its 
diftance 1649 miles.

* The courre being nearly eaft makes the eerrefti« 
CR« is the ftnie as the eerrrttcd longitude«

of longitude only 4 tentht of « stilt, to that the longitude hy dead reckon*



H K. F Courfes. Winds. Lee-
Way R em arks on board, Thurfday, April 2, 180s.

2
4
6
8

10
12

2
4
6
8

xo
12

6
7
7
8 
8 
8 
9 
9 
9 
9 
9 
9

i
5

Í
J

i
5J

E. S. E. 

E. S. E.

South. 

S. W .

1a

O

Freih gales, with rain.

Saw a ihip to the fouthward.

Variation 1 point wefterly.

Courfe. Did.
Dit
Lat Dep.

Lat. by 
D. R .

Lat. by 
Obf.

Diff.
Long. Long. in. Bearing and Diffance.

S.79» 36'E. 202
S.
35

E.
199

N.
360 5 5 *

E. 
4 * 9 1

W.
4 5 ° 5 9 *

Funchal, S, 790 46’ E. 
diff. 1447 miles.

T r a v e r s e  T a b l e .

Courfes, Diff. N. S. E. W.

E. J S. 
E. by S,

42
160

D. Lat.

4.1
3 J-*

41.8
136.9

Dep.35-3 198.7

The leeway and variation beinj 
correiled on the courfes, the trav- 
erfe table will be as here given ; 
hence the courfe S. 79® j6 ' £. dif- 
tance 20a miles.

Ycfterday*» latitude 37o 30' N . 
Diff. o fla t  35 S.

Latitude in 
Sum of latitudes 
Middle latitude

3 6  J  3 N. 
7 4  25
3 7  »*

With the middle latitude 3 7° 12 ' and the 
departure 198.7, the difference of longitude is 
found 249 miles a  4° 9’ E.

Yefterday’s longitude 30 8 W.

Longitude in 45 3 9 W,

To find the bearing and difianee o f Funchal.

Latitude in 36o 35' N.
Funchal’s latitude 32 38 N.

Longitude in 450 39' W.
Funchal’s longitude 17 03 W.

Diff. oflat. 4 17 —  237 miles.

Sum of latitudes 69 33
Middle latitude 34 46

Diff. of long.

In miles

28 34 
60

1734



Journal of a’ voyage

H K F" C o u tfes . W in d s. !? R i m Ar x s  on board, Friday; April 3 , i 8 6 r .

2 9 6 E. S. E. Weft" Frelh giles and rainy weather; latter part Clear.

6
9
9

4 A great fwell from the N.E.for which I allow 9 miles.

$ 9 Obfi ah; tower limb at rtoon ¿8*48*

1 2
2

9 5 Correction for fioitliaraetcr, £c- add 0 is
9
9

5
N . W. Son’s coVrect altitude ¿9 9 

Subtraft frora 90 9
6 Sun's zenith diftance 31 0 M.

8
9, Sun's declination 3 17 K.

10I 9 North L&tifede’obferveft 3* 17 N.

izi 9 ! . Variation I points wifterly per azimuth.

Courfe. I Dili.
Dit'. Lat. by 
Lat. Dep. D. R

Lat. byj Diff.
Obf. ¡Lorig. Long. in. Bearing and Diftarlce.

. 79°2a*E.[ 217
S. E.
40 213 36° xj

N. I E. W. 
■ J6*i7’ |40 25, 4 1" 34’

FdnCbal, S i7 9 ° 4 j 'E .  
difiance'1231 miles.

In this day’ s work the fwell is con- 
lideted as a current Letting the fliip 9 
miles per day ; and fince it comes from 
the N. E. k mud fet the (hip S. W . 
and allowing the variation S.S.W, J W. 
9 miles, this is placed as a courfe and 
diftance in the traverfe table.

With the difference of latitude and 
departure the courfe is found to be 
S. 790 22’ E. and didance 217 miles. 

Yefterday’s lat. .36® 55’ N .
DifF. of lat. 40 S.

With the middle latitude 36° 35', and the »■  .
deo.rture 213 miles, the difference of longitude Latitude in 36 IJ* if.
is found 26; miles = r 40 25’ E. Sum of latitudes 73 10

Yefterday’s long. 45 59 W . MidJle latitude 36 33

T r a v e r s e  T a b l e .

Courfes. Dift. N. S. E. W.

E. S. 
S.S.W.A W.

220
9

32-3
7-7

217.6
4.6

D. Lat. 40.0 217.6
4.6

4.6

Dep. 213.0

Longitude in 41 34 W. The latitude by obfervation is 36° 1 y’ NL »
differing only 2 miles from the computed 
latitude ; for that reafon, this day’s work 
does not want any cotreflion.

Latitude in 
Funchal's lat.

Diff. of latitude

Sum of latitudes 
Middle latitude

T o find the beating and difiance of Funchal. 

36° 17’ N. Longitude in
32 38 N. Funchal’s long.

3 392=219 miles. Diff. of long.

68 j j
34 27 In miles

41° 34’ W . 
J7__S_W.
24 29 
60

1469
Hence, by Cafe I. of Middle Latitude Sailing, the bearing of Fufichal is S. 79° 4 5 'E . and 

diftance 1231 miles.

T o  find the bearing and diftance of Funchal by Mercator’s Chart.

Having pricked off the place of the (hip at noon, lay a ruler from that point to Funchal 7 
take the neared diftance between tile centre of the compafs and the ruler; then Aide one foot 
of the compaffes along the edge of the ruler, keeping the other foot at the greatell diftance from 
it, and it will be found to run nearly upon the E. by S. line, which is therefore the bearing of 
Kunchal; then take in your compafles the extent from the place of the (hip to Funchal, and 
apply it to the graduated meridian, fetting one foot as much above one place as the other is be
low the other place, and it will be found to meafure ao§ degrees, or 1230 milts; which is 
the diftance of the ihip from Funchal nearly.



H K. F Courfes. Winds. Lee
way R em arks on board, Saturday, April 4, 1S01.

2 Er S. E. N . E. I Firft part freih gales } latter part more moderate,

6 a heavy fea running.

8 4 S. E. E. NT. E. > Mcr. alt. fun's lower lim^ 6f> 53*
IO 4 6 Correction for femidùmctcr, &c. 10
12 4 S. S. E. Eaft. 1 S-m'3 Corrcft altitude 61 95
2 4 S, by E. E. by S. «Î Subtract front 99 00

4 4 Bun’s zenith dlftanc* •8 65 N.
6 4 5 S. by W . S,E. by E. Sun’s declination S 40 N-

8 4 Latitude obferved 34 35 N.
10 4
I2l ? Variation 1 j  points wefterly.

Courfe.
Dif. Lat. by Lat. by I Di ff.

Dift. Lat. Dep. D. R. Obf. |Long. Long.in. Bearingand diftance.
S. E. N. N. I E. vV. Funchal, S. 84° 14* E. 

s. 3 1° <7 ’ E. 120 I102 64 3 4 ° 5SI 34° 35 j  l°  i8 ‘ 40° 16* diftance 1164 miles.

T raverse  T a b l e .

Courfes. Dift. N. s. E. w.

È- by S. 1- S, 40 13 5 3 7 -7J
S. E. 1  E. 20 13-4 14.8

S. S. E. X. E. 8 7.2 3-4
S. by E. l6 >5-7 3-15 . by W . 1  W. 33 32.O 8.0

D. Lat, 81.8 59-0 8.0
8.0

Dep. 510.

The courfes being corredied foe 
lee* way and variation, willHand as 
in the adjoined trarerfe table.

Then with the difference of lati
tude 81.8, and the departure $1.0J 
I find the courfe S. 31° 57’ E .

Yefterday’s latitude 36° 17’ N.  
Difference of latitude 1 22 S.

Latitude by àccoûnt 34 55 N ,

But the latitude by obfervation being 340 33’ N . t  correi! by Gaie I.
Yefterday’s latitude 36° 17’ N.
Latitude in by obf, 34 35 N.

Diff. of lat. by obf. 
Sum of latitudes 
Middle latitude

r 42 =  jo a  miler. 
70 52 
35  *6

. With the courfe 31® 57’ (or 32s ) and the difference of latitude by obfervation 102 miles* 
1 ftofthe diftance 120 miles, and the departure 63.6 miles ; with this departure, and the mid
dle latitude 350 26', I find the difference of longitude 78 miles i°  18' E.

Yefterday’s longitude 41 34 W;

Longitude in 40 16 W .

To find the^aringand diftance of Funchal.

Latitude in 340 35’ N. Longitude in 4O0 16' W.
Funchal’s latitude 32 38 N. Funchal’s long. 17 o ;  W ;

Diff. of lat, I 5 7 = 11 7  milei. Diff. o f long. 23 II
Middle latitude 33 36 62

In miles 1341

£B JoVRNAI..]



Lee-
Way

——— j . ,. , «

C ourfes. Winds. R em arks on board, Sunday, April 5, 1801.

S. JE. 

Calm.

E. S. H.

E. N. E

N. N.E.

Fir it part of theft 14 hours (mall breezes, and 
calm; latter part frefh galea.

A t 4 P . M. got out tho boat and tried the cur 
rent ; found it running E. 1 mite per hour, and 
fuppofc it has been fetting in that direction all theft 
24 hours.

Met. alt. Son's lower llmV 6»° 30»
Correction for ftniditncttr« 8tt» o is

6s 42

Courfe. Dift. Dift*.
Lat. ■ *r- I ' M

Lat. by 
Obs.

Diff.
Long.

Long.in Bearing & diftance.

S. 83® 36' E. IOI
S. 1 £. I N. 
r i  1 100 134® 24’

N.
34°  211

E.
2 ° I*

W.
38® i j ’

Fun. S. S40 27’ E. 
dift. 1064 miles.

T raverse  T a b l e .

Courfes. Dift. N. s. E. W.

S. E. i  E.
E. £ S.

E. by N. J N.

10
70
2 4 5- *

6. 7 
10. 3

7- 4  
69. 2 
23- 3

Dep.S. 8 
Diff. 
Lat.

17. 0 
5. 8 

11. 2

99 - 9

In addition to the courfes failed, 
I  alfo allow 24 miles for the fet of 
the current in the direftion of eaft 
per compafs or E. by N. £ N. true 
oourfe.

With the difference o f latitude r i .  2 and the departure 99. 9, the courfe is S. 83° 36' E. 
and the diftance nearly io i  miles.

Yefterday’ s latitude 34® 35’ N .
Difference of latitude - O 1 1 S ,

Latitude in by account 34 24 N .
And as this differs only 3 miles from the obferved latitude 34° t r ’  N. this day’s work 
Will not require any correftisn ; therefore with the middle latitude 34® 2 8 ’> and the depar
ture 99. 9, I find the difference of longitude 121 miles —  20 i 'E .

Yefterday’s longitude 40 r6 W .

Longitude in 38 15 W .

T o find the bearing and diftance of Funchal.

Latitude in 340 21’ N,
Funchal’s latitude 32 38 N .

Longitude in 38® x j'W .
Funchal’s longitude 17 5 W .

Difference of latitude 1 43=103 miles,
Sum of latitudes 66 59

Difference of longitude 21 ro 
60

Middle latitude 33 30 nearly. fn  miles 1270



Courlis.

£. S.  E.

Winds.

North.

Lee
way R e m a r k s  on board, Monday, April 6, 1801.

Fine trelh gales and clear weather.

Obfcfvcd latitude 33 4HIÌ.
Variation per Amp» I % point wefterly.

Courfe.
i5S\

Dill. Lat.
Lat. by Lat. by Diff.

Depart. D. R. Obs. Long. Long, in Bearing and Pittance,
S.

216 32
E.

214
j N . N. E. W . Funch.S. 85o 16’ E. 
*33" 4 9 ' 35°  48’ 4<>»8'330 S7 1 diftance 8 ;o  miles.

The courfe eorre&ed for variation is E. S. diftance 216 miles ; hence the difference of 
latitude is 31. 7, and the departure 213. 7 miles.

Yafterday’s latitude 34a 2t '  N , 
Difference of latitude 32 S.

Latitude in 
Sum of Latitudes 
Middle latitude

33  4 9  N, 
68 10
3 4  Í

With the middle latitude 34° 5’ and the departure 213. 7 miles, I find the difference of 
longitude 258 miles =  4° 18' E.

Yefterday’s longitude 38 15 W.

Longitude in 33 57 W .

T o find the bearing and diflance of Funchal.

Latitude in 33a 48' N.
Funchal’s latitude 32 38 N.

Longitude in 330 57' W ,
Funchal’ s longitude 17 05 W .

Dili, o f latitude 
Sum of latitudes 
Middle latitude

i  10= 70 miles. 
66 26 
33

Diff. of longitude 16 52
. 60

In miles 1012



H K F Courfes. Winds. Lee
way. R im a r k s  on board, Tuefday, April 7 , 1801.

2 IO E. S. E- N .N . W . 'Eredi gales and pleafant weather, with a large fea.
A 10
6 10
8 8 4 E. S. E. i  S. North.

10 8 6
12 8 5
2 8
4 8 4
6 8 4
8 8 6

10 8
12 8 Variation per azimuth 1 I  point wefterly.

Courfe. iDift. Lat Dep.
~ET
207

Lat. by 
D. R.

Lat. by 
Obs.

Diff.
Long. Long.in Bearing and Diftance

S. 8o® 20’ E.
S.

210 35
N.

3 3 * 13 ’
e ; w .

4 e 8’ 29° 4 9 ’
Fun. S. 86° 53’ E 
diftance 642 miles.

I k a v e r s e  T a b l e . 1

Courfes. Dift. N . s . E. W .

E. \  S. 
E. by S.

6o
150

S- 9 
2 9 - 3

5 9 - 7  
¡47. 1

SS- * 206. 8

By the adjoined traverfe table, 
the difference of latitude is 35. 2, 
and the departure 206. 8, hence the 
courfe S. So8 20’ E , and the dift
ance 209. 8, or 210 miles.

Yefterday’s latitude 33° 48’ N .
Difference of latitude 33’ S.

Latitude in by account 
Sum of latitudes 

Middle latitude

33  *3 ’ N«
(7  <n
?3  id

With the middle latitude 33® 30* and the departure 306. 8, I find the differente of loq? 
situde 248 miles, or 4® 8'E.

Yefterday’s longitude 33 57 W .

Longitude in 29 49 W,

TTo find the bearing and diftance of Funchal,

Latitude in 33® 13’ hi.
Funchal’s latitude 32 38 N.

Longitude in 
Funchal’s longitude

Diff. of latitude 33
Sum of latitudes 6$ 51
Middle latitude 32 53

Diff. of longitude

In miles

29° 49’ W . 
17 5 W .
12 44 
60

764.



H K F Courfes. Winds. Lee
way. R em arks on board, Wednefday, April 8, 1801:

2 8 E. by S. ¿ S . N. N. E. Firft part frelh gales and clear. Latter part rainy
+ 8 s weather.
6 8 5
8 8 S. E. E. N. E. |

10 8
12 8
2 8
4 8 At 6 A . M . the wind hauled fuddenly to thv
6 7 Î Eaft. S. S. E. 1 S. S. E,
8 7 i

ro 7 Í
7 5 Variation i £ point wefterly.

Courfe. D ift.
Diti.
Lat. Dep.

Lat. by |Lat. by 
D. R . I Obs.

Diff.
Long. Long, in Bearing & Dirt.

S . 83®4 Ç'E- 172
s .
19

E.
171

N. 1 I E. I W. (Fun. b. 8 8"o3’#E.
3 2 ' 54  1 1 3° 24’ j 26o 25']Diftance 471 miles

T r a v e r s e  T a b e e .

Courfes. Did. N. S. E. W .

Eaft.
S. E. by E. 

E .N .E .lN ,

O
O

O
 

vn 00 «O S Í; 7
44. 4

jQ. 0 
66. s  
5 4 - a

* 5- 7
D iff.
L a t .

44. 4 
25. 7

170. 7 Dep,

18 . 7

The leeway and vaiiation being 
allowed on the collides, they wiij 
(land as in the adjoined traverfe 
table; then with the difference of 
latitude 18 .7 , and the departure 
170. 7, the courfe is found S. 83® 
45' E. and the diftance 172 miles.

Ycfterday’ s latitude 33® 13' N.
Difference of latitude' 19 S-.

Latitude in 32 54 IJ.
Sum of latitudes 66 07
Middle latitude 33 03

With the middle latitude 33° 03', and the departure J70. 7, 1 find the difference of 
Jongitude is nearly 204 miles =  3 24 E.

Yefterday's longitude 29 49 W.

Longitude in 26 25 W ,

To find the bearing and diftance of Funchal.

Latitude in _ 32® 34’ N-
Funchal’s latitude 32 38 N.

Longitude in 26o 2 5 'W.
Funchal’s longitude 17 05 W .

Diff. o f latitude 16
Sum o f latitudes 63 32
Middle latitude 32 46

Diff. of longitude 9 20 
60

In  m iles c6o

Hence the beating of Funchal is S. 88° 3' E. diftance 471 miles.



H K F Courfes, Winds. Lee
way. R e m a r k s  on board, Thurfday, April 9, 1801.

2 7 S E. by S. J S. South. Fine breezes, with variable weather.
4 8
6 8 S
8 9

9 a Mer. alt. fan's lower limit
9 Corrc&ioa for dip, &c.

4 9 E. by S.
dun’s corre& altitud* 
Subtract from

64 36 
90 03

t> 9 Sun’s zenith diftance
8 9 Sun’s declination 7 3*N.

10 9 Obferved latitude 56 N.
12 9 Variation 1 £ point wefterly.

Diff. 
lOill. Lac Dep.

Lac. by Lac. by Diff. 
D. R. Obs. Long. Long.in Bearing & diftance.

W . Funch. S. 86° 3'E, 
22° 15' diftance 261 miles.N. 89° l ï ’E.

N.
210 3

E.
209

N. N. E. 
J3 ° J 1 1 3 2 0 5 6 ' 4 °  i

The variation being allowed on 
the courfes, they will fland as in 
the adjoined table ; then with the 
difference of latitude 2. 9, and the 
departure 209. 5, the courfe is 
N . 87* 12 'E . and the diftance 
2to miles nearly,

Yefterday’s latitude 32“ 54' N.
Difference of latitude 3 N.

Latitude by account 320 57 N.
Which differs only one mile from the latitude by obfervation j therefore this day’s work needs 
so correction.

T r a v e r s e  T a b l e .

Courfes. Dift. N. S. E. W.

E .J S .  
E. 1 N._

120
90

Diff.
Lat.

8. 8
5 - 9 1 19. 9 

89. 6

Dep.8. 8 

5 - 9  
2. 9

S- 9 209. J

With the middle latitude 32® 55', and the departure 209. 5. the difference of longitude is 
found ;=  250 miles 40 io* E.

Yefterday’s longitude 26® 25 W.

Longitude in 22° 15 W;

To find the bearing and diftance pf Funchal.

Latitude in 3 a0 561 N. Longitude in *2°
Funchal’ s latitude 32 3* N. Funchal's longitude >7
Diff. of latitude l8 Diff. of longitude 5
Sum of latitudes 
Middle latitude

65
32

34
47-

60

In miles 310



H K F Courfes. Winds. Lee
way.

2 1 S .E .b y  E. S. S. W .

4 96 98 910 912 92 9 Eby S. Ì S .
4 9
€ 98 910 912

R em arks on board, Friday. April 19, 1801.

A ll this day fine breeze, with very clear 
weather.

A t 10 A. M . made the land. The weftern part 
of Madeira bearing per compafs E. by S. j  S 
diftant 1 ;  leagues.

"Variation 1 -| point wefterly.

Courfe. Dift. Diff.
Lat. Dep. Lat. by 

D. R.
Lat. by 
Oba. Dif. Long. Long.in Bearing Sc did.

s. E. N. E. W .
S. 83° 39 'E . 244 27 243 32° 29’ 4 ° 4s ’ 17° * 7 ’

T r a v * » » *  T a b l e .

Courfes. Dift. N. S. E. W.

E. by S. J S. 
Eaft. 
Eaft.

u t
90
4 $

27. 0 107. 7 
90. 0 
43. 0

27. O 242. 7

Yefterday’s latitude 
Difference of latitude

In the traverfe table is placed the 
bearing and diftance of the land at 
IQ , A. M. (after allowing the va
riation.) Hence the whole differ
ence of latitude is 27 miles, the 
departure 242.7, the courfe S. 83® 
39' E. diftance 244 miles.

320 56' N.
27 S.

Latitude by account 3 2 29 N.
Sum of latitude« 65 25
Middle latitude 32 42

With the middle latitude 32° 42’, and the departure 242. 7, the difference of longitude n  
found to be 288 miles n  _ 40 48’ E.

Yefterday’s longitude 22 15 W .

17 27 W.
Therefore the latitude of the weftern point of Madeira by my account is 320 29’ N. and 

its longitude 17° 27 ’ W . thefe values differing only one mile from the values given in the 
table of latitudes and longitudes; I therefore conclude that my journal was nearly exalt; and 
that the latitude and longitude of that part of Madeira were well laid down.

H K F Courfes. Winds. Lee
way. R emarks on board, Saturday, April n ,  1801.

2
4
6
8

Pleaiant gales and fair weather*

At 6 P. M. came too, oft* Funchal«

10
E2
2 At 8 P. M went afliore.

46
8

10
12

Courfes. ju ift.j ’ j DeP- j ^  j' o b s ^ !D‘f  1,0ng jLonP*’c|Bearing & dift.
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Dirt. La T d -'p ilDift 1 L i t . Dc-p | Di'ft L a t. | Dcp D ift .j  L at. Dep n m ; l.rfl. ' L’-p.

1 .0  I. d oo.ojl 6 60. ° 3 -c 12 120. ; 05.9 1 181 180.Î 08.5 2 4 12 4 0 .7 I 11.8

2 02. 00. ill 6; 6 1. 03.0 22 1 2 1 .9  06.0 : 8 ¡8 1 . 08.9 , 4 2]24 '- 7 > 1-9
3 i ° 3 -<} 00. 62.C 0 3 .1 2 1 2 2 . 9 l0 6 .O ■ - 8 182.Ï 09.0 451242.7 J i  9
4104.«:) 0 0 .2II 64 63-5 03.1 123.91X76.1 1 183.8 O9.O 4 4  24 3 -" J 2 .0
5 o j.c 00.2 65 64. ç 03. î 2 5 124:8 0 6 .1 : »3 184.8 09.1 4 5  24 4 -l’ J 2  O

6 06 c 00.3 £6 63.9 03.2 26 125. 06.2 8C 185.8 09. 1 4 <- 2 4 5 -7 12 .1
0 7 .c OO.3 1 67 66.9 ° 3 '3 27 126.! 06.2 i 8 7 186.8 O9.2 4 " 246.7 ] 2.1
68.C OO.4 68 67.9 ° 3-3 28 127.8 06.3 88 187.8 O0.2 4 8 247.7 12 .2
Ô0 .0 00.4 69 68.9 ° 3 -4 29 128.8 06.3 89 188.8 09.3 4 9 248.7 12.2

ic 10.0 00  5 70 69 9 0 3 .4 3 0 129.8 0 6 .4 ,  9 ° 189.8 09.3 5 ° 249.7 12.3

11 1 1.0 00.5 7 « 70.9 ° 3-5 i 3 ‘ 130 .8:0 6 .4 191 190.8 09.4 251 250.7 1 12.3
12 12.0 00.6 72 7 1 .9 ° 3 -5 3 2 13 I .s f 06.5 92 IÇ Î.S 09.4 5 2 2 5 1 .7 12 .4

13 l j .0 00.6 73 72.9 03.6 33 >3 2-8 06.5 93 192.8 09.5 5 ? 252.7 12.4

t 4 ¡4 .0 00.7 74 7 3 .1) 03.6 3 4 ‘ 3 3 -8 06:6 9 4 193.8 09.5 5 4 2 5 3 -7 12.5

'  5 15.0 00.7 75 7 4 -9 ° 3-7 35 ‘ 3 4 -8 06.6 9 5 194.8 09.6 5 5 254.7 1 2- 5

1 16.0 00.8 7 b 7 5-9 0 3 .7 3 d 13 5-8 06.7 96 195.8 09.6 C6 2 5 5 -7 12 .6
17 17 .0 00.8 7 7 7 6 .0 03.S 3 " 136-8 06.7 97 196.8 09.7 5 ' 256.7 12.6
18 18.0 00.9 7 « 7 7 -9 03.8 3 8 ■ 3 7 -8 06.8 197:8 09 .7 S 8 257-7 12 .7

i 9 19.0 00 . 3 7 9 78.9 03.9 3 9 138.8 06.8 99 198.8 O9.8 5 9 258.7 12-7

20 20.0 OI.'G 8g 7 9 -9 0 3 - 9 4 ' 139.8 Ob.9 200 199.8 09.8 j 60 259.7 12.8

21 2 1 .0 0 1.0 81 80.9 O4.O 141 140.8 O6.9 201 ¡200.8 09.9 26 1 260.7 12.8

22 22.0 C l .  I 82 8 1.9 O4.O 4 2 14 1.8 O7.O 02 201.8 09.9 62 2 6 l.7 12 .9

=3 23 -° 0 1 . 1 83 82.9 0 4 .1 4 3 142.8 07:0 03 202 8 10.0 63 262.7 12.9

2 4 24.0 0 1.2 « 4 83.9 04:1 4 4 143.8 0 7.1 04 203.8 IO.C 64 263.7 13.0

2 5 2^.0 0 1.2 85 84.9 04.2 4 5 144.8 0 7.1 ° 5 204.8 10.1 65 264.7 13.0
26 26 .G 0 1.3 86 89.9 O4.2 46 145.8 0 7.2 06 205.8 10. i 66 2 b 5-7 13-1
27 27.O O I.3 87 86.9 P 4 -3 4 7 146.8 0 7 .2 07 206.8 10.2 67 266.7 13.1
28 28.0 O I.4 88 87.9 0 4 -3 4 8 147.8 07.3 08 2 0 7 .7 10.2 68 267.7 13 .2
29 29.O O I.4 89 88.9 04.4 4 9 148.8 07.3 09 208.7 10-3 69 268.7 1 3 .2 :

3 0 3 ° - 0 0 1 -5 9.0 89.9 04.4 5 ° 149.8 0 7 .4 10 2 0 9 .7 i ° - 3 7 0 269.7 1 3 .2 .

3 1 3 1.0 0 1.5 9 ' 90.9 04.5 151 150.8 0 7 .4 2 11 210.7 10.4 271 27O.7 1 3 -3  !
3 * 32.0 0 1.6 92 9 1.9 04.5 5 2 .5 1 .8 0 7.5 12 2 1 1.7 10.4 7 2 27 !-7 13-3
33 i l - 0 0 1.6 9 3 92.9 04.6 5 3 152.8 0 7.5 l 3 2 12 .7 10.5 7 3 272.7 13 .4

3 4 3 4 0 0 1 .7 9 4 9 3 -9 04.6 5 4 >5 3 -8 0 7.6 14 2 1 3-7 10.5 7 4 27 3 -7 J3 -4
3 5 3 5 -o 0 1 .7 9 5 9 4 -9 04.7 5 5 154.8 0 7.6 15 2 1 4 -7 10.5 75 274 .7 * 3-5
3 6 36.0 0 1.8 96 9 5 -9 04.7 5 b ■ 5 5 -8 0 7.7 16 2 I 5-7 10.6 76 2 7 5 -7 *3  5
37 3 7 -0 0 1.8 9 7 96.9 04.8 57 156.8 0 7 .7 17 216 .7 10.6 77 276.7 13 .6

3 8 38.0 O I. Qj 9 8 9 7 -9 0 4 8 58 >57-8 0 7.8 18 2 17 .7 10.7 78 27 7 -7 13-6

3 9 3 9 -0 O i.9 9 9 98.9 04.9 5 9 158.8 07.8 ! 9 218 .7 1 0 .7 79 278.7 13-7
40 4 0 .0 02.0 100' 9 9 -9 04.9 60 159.8 0 7 .9 20 2J9-7 10.8 80 2 7 9 -7 13-7
41 4 1 .0 02.0 I O I 100.9 o ç .o l 6 l 160.8 0 7.9 22 t 220.7 10.8 2 8 j 280.7 13.8

4 2 4 1.9 02. ! 02 l O i . J 05.0 62 16 1.8 0 7.9 22 22 1.7 IO.9 82 28 1.7 13.8

- 4 3 42.9 02.1 03 102.9 05.1 b 3 162.8 08.0 23 222.7 IO.9 8.1 282.7 13.9

4 4 4 3 -9 02.2 04 103.9 05.1 b 4 163.8 08.0 2 4 223." I I.C 84 287.7 * 3-9
4 5 4 4 -9 02.2 05 104.9 05.2 65 164.8 08.1 2 5 ¿ 2 4 .7 I 1.0 85 284.7 14.0
46 4 5 -9 02.3 06 105.9 05.2 66 165.8 08.1 26 225.* 1 1 . 1 86 285.7 14.0

4 7 46.9 02.3 ° 7 106.9 05.3 67 166.8 08.2 27 226.7 I I .] 87 286.1 14 .1
48 4 7 -9 O2.4 08 107.9 05.3 68 167.8 08.2 28 2 2 7 .7 I 1.2 88 287.7 *4 - *
4 9 4 .8-9 O2.4 09 108.9 05-3 60 168.8 08.5 29 228.7 11 1.2 89 288.7 14 .2

SO 4 9 - 9 O I . , 10 109.9 0 5.4 70 169.8 08.31 30 22 9 .- 11.3 90 289.7 14.2

5 ' 50.9 0 2.5 ; ! . . 1 10.9 0 5 .4 171 170.8 08.4! ¿ 3 1 230.7 11.3 291 290.6 ‘ 4 -3
5 2 5 1.9 02.6 12 i n . 9 0 5 5 7 2 .7 1 .8 08.4) 3 2 23 1.7 11.4 9 2 2 9 1.6 14.3

5 3 52.9 02.6' 13 112 .9 o <-5 7 3 172.8 08. 5| 3 3 232.7 1 1-4] 9 3 2q2.6 *4 - 4
5 4 5 3 -9 02.6; 14 U 3 .9 0 5.6 7 4 >7 3 -8 OS.?! 3 4 2 3 3 -7 " • 5 1 9 4 293.6 14 .4

55 5 4 -9 0 2 .7 j 15 1 14 .9 05.6 i s >7 4 -8 08.6' 3 5 234.7 11.5 95 19 4.6 14-5
5b 5 5-9 02.7! 16 115-9 05.7 76 175-8 08.6I 36 2 3 5 -7 11.6I 9 b j29 5 -6 14-5
57 56.9 02.8; 17 1 16.9 0 5 -7 77 176.8 0 8 .7I 37 256.- 1 1 .61 971296.6 14.6

' 58 57-9 02.8. 18 1 17.9 05.8 7 8 , 1 7 7 -8 08.7 38 23 7 - ' I 1.7 98 297.6 14.6

59 58.9 02.9" ‘ 9 1 18.9 05.8 ■ 79; 178.8 08.8! 39 238.- 1 i.y q g ’2 q 8 . 6 *4-7
60 59-9 0 2 .9 ! 20 I i g . q l  O ç . g ! So; 179.8 o 8. 8 | 40 239-; i i . 8 30 0^ 99 .6 ' ' 4 -7

D ili. Dep. I at. | D m . D ep.| L ar.tlU iit.lU i p. ! L at.l D ili . D ep. L at. D ili. D np.( L a t..



D i f t . L a t . D ep, D i f t . , L a r . jD ^ p .' i

) 0 1 .0 CO . 1 6 1 ! 6 0 .7 l0 6 .c l j

2 -0 2 .0 0 3 .2 621 6 1 .7 0 6 .1  ¡j

3 O 3.O OO.3 6.31 6 2 .7 o 6 . 2 ||

4 0 4 .0 OO.41 6 4 , 6 3 .7 06.311

5 O 5.O OO.5 6 5 64-7 06 .4 J
6 OÓ.O 0 0 .61 6 6 6 5 .7 0 6 .5 !

7 O 7.O o o .  7 1 6 7 6 6 .7 0 6 .6

8 0 8 .0 0 0 .8 68 6 7 .7 0 6.7(1

9 0 9 .0 0 0 .9 6 9 6 8 .7 0 6 . s |

10 10 .0 Oi-O , 70 6 9 .7 0 6 .9  h

J 1 10 .9 0 1 .1 7 1 7 0 .7 0 7 .0

12 1 1 .9 0 1 .2 72 71-7 0 7 .1

13 1 2 .9 0 1 .3 73 7 2 .6 07-24

1 4 * 3-9 O I .4 7 4 73-6 0 7 .3

15 1 4 -9 0 1 .5 ■ 75 74-6 0 7 .4

1 0 ‘ 5-9 0 1 .6 76 7 5 .6 0 7 .4 I
17 l6 .Q O i- 7 77 7 6 .6 ° 7 -5 j
18 ‘ 7-9 0 1 .8 7 8  7 7-6 0 7 .6 '

*9 1 8 .9 0 1 .9 79 7 8 .6 0 7 -7 Í
20 1 9 .9 0 2.01 80 7 9 .6 0 7 .8 jl

2 1 2 0 .9 0 2 .1 81 8 0 .6 0 7 -9 II
o 8 .o ! l2 2 * 1 .9 0 2 .2 8 2 8 1 .6

£9 2 2 .9 0 2 . Ï S r 8 3 .6 0 8 . i|

2 4 13-9 O 2 .4 82.

+
?<

5?
O

 
O

2 4 .9 0 2 . i l 8 5

2.6 12 5 .9 0 2 .5 86 8 5 .D 10 S .4 j1
2 7 2 6 .Û 0 2 .6 S ' 8616 0 8 .5  1

28 2 7 .9 O 2 .7 88 8 7 .6  0 8 .6  t

2 9 2 S .9 0 2 .8 8 9 8 8 .6| 08.7*1

3 0 2 9-.9 O 2.9 90] 8 9 .6 o 8 .8 i|

3.1 30-9 O3.O 9 1 9 0 .6 0 8 .9 '

3*2 5 . . 8 0 3 .1 9 2 9 1 .6 Oq.O

3‘3 3 2 .8 0 3 .2 93 9 2 .6 0 9 . i

34 3 * 8 0 3 .3 9 4 93-5 O 9 .2

3 5 Ì 34-8 ° 3 4 95 94-5 0 9 .3

J 6 3 5-8 0 3 .5 9 6 95-5 0 9 .4

56:8 0 3 .6 97 9 6 . 5 0 9 .5

3-7 -8 0 3 .7 981 97-5 O 9 .6

39 3 8 .8 0 3 . S 9 9 Ì 9 8 -5 0 9 .7

40 39 .8 0 3 .9 .0 0 99-5 0 9 .8

4 1 !  4 0 .8  

4 2 '4 1 . 8

O4.O lO llr O O .5 0 9 .9 !

0 4 .1 0 2 I0 I .5 10.0I

0 4 .2 0 3 : 1 0 2 .5 1 0 .1

4 4 ! 4 3 .8 ° 4 - 3 0 4 Í 1 0 3 .3 J0 . 2 |

4 5 Í4 4 - 8 0 4 .4 O 5 IO 4 .5 1 0 -3 ;
a 6 ‘ 4>s .8 0 4 .5 o ô j i o s . s > °-4 t

4 ’ I 4 6 .8 0 4 .6 0 7 I I 0 6 .5 I0 ‘ 5 ¡
4-8 ¡ 4  7 -S 0 4 .- 0 8 1 0 7 .5 10.6I

4 9 ( 4 8 .8  
5 0 14 9 .8

0 4 .8

0 4 .9

Oy 
10

10 S .5
[0 9 .5

1 0 .7 !
lO.Sj

, 5 ¡ 5 0 -8 O5.O . I l l l IO.5 * ° - 9 i

5 5 ' - : 0 5 .1 I 2 L I I.s I l.O !

5 , 5 2 - ' O5.2 >3 1 1 2 . ) M . l !

■ 5 -K 53-7 0 5 3 i- n 3o 1 1 . 2 ,

5 54-7 0 5 .4 15 1 1 4 . , 1 1 .3 !

S&, 5 5-7 0 5 .5 l6 ' '  5-4 h .41

5 7 1 5 6 ." 0 5 .6 1 “ 116.9 1 1 .5 ,

m ° 5  7 
0 5 .8

1 ifc M 7 .i| 1 1 . 6 :

!■  ’ Ç 1 18.4
l l ' 7 l

60; ; o . - C 5 .9 ; ïO in y .e T I.*

D if t D tip .j L a t 1 Dift ! D e p L a r .

D ift. L a t, Dep. D ift . L a t.

121 12 0 .4 11.9 18 I 180.1
22 1 2 1 .4 12.0 ' 82 1 8 1 .1

2 3 12 2 .4 12 .1 8 3 18 2 .1
24 I 2 3 -4 12.2 84 l8 3 .1

* 5 124 .4 i i -3 85 .8 4 .1
2b' I 2 5-4 I2 .4 86 185.1

2-7 126 .4 12 .4 87 186.1
28 12 7 .4 12.5 88 187.1
29 128 .4 12 .6 89 [88.1
30 129 .4 12.7 90 ¡8 9 .1

131 ■ 3 ° - 4 12.8 191 190. I 1

3 2 ' 3 1 -4 I2 .9 9 3 19 1.1

3 3 I3 2 .4 13.0 9 3 l9 2 .I l

3 4 153-4 I 3 . 1 94 ' 9 3 - 1
3 5 ' 3 4 -3 1 3 -2 95 19 4 - 11
36 1 .35-3 >3-3 96 * 9 5 - 1 ;
3 7 136.3 i 3 -4 9 " 1 9 6 .1

38 157 .3 1 3 -s 98 •197.0

39 138.3 I3 .6 9 ? 198.0

40 1 3 9 -3 13-7 2ÒC 199.0

1-4 1 140.3 13.8 2 0  J 200.0

4 2 14 1-3 13.9 02 201.0

4 3 142.3 14.0 03 202.0

4 4 1 4 3 -3 14.1 04 203.0

4 5 ■ 4 4 - 5 -14 - -, ° 5 204.0
46 1 4 5 -3 1 +  3 06 2O5.O

4 7 146.3 1 4 4 07 206.0
48 ■ 4 7 -3 ' 4 -5 08 2O7.O

49 ‘ 4 8 - 3 14.6 09 208.0

50 ' 4 9 -3 ■ ' 4 -7 10 2O9.O

151 150.3 14.8 21 1 210.0

5 2 t 5 i -3 .14-9 12 2 II.O

5 3 1 5 2 -3 15.0 I3 212.0

5 4 153-3 15.1 14 2 13 .0

55 1 5 4 -3 15 .2 I5 214.O

C6 155 .2 15-3 l6 2 1 5 -0
5 7 156 .2 .1 5 .4 17

18
216 .0

¿S I5 7 .2 ' 5-5 2I7.O

59 15S .2 .5 .6 19 2 17 .9

60 1 5 9 *2 ' 5-7 20 218 .9

i 6 1 160.2 .5 .8 221 219.9

62 1 6 1.2 15-9 22 22O.9

63 162.2 16.0 23 22 I.9

, 6 j3 1 6 3 4 1 6. i 24 222.9

65 164.2 16 .2 2 5 223 -9
6c 165.2 16.3 26 224.9

6*7 166.2 4 6 .4 2 “ 225 9

6? 167.2 16.5 28 226.9

6ç ib S .2 16.6 =9 227.9

7 C 169.2 16.7 3 C 228.9

!7 1 17 0 .2 16.8 2 3 22 9 -9
7 : 1 1 7 1 .2 16.9 3^ 23C.9

7 3  IT'2-2 1 *7.0 So 4 3 1 - 9
7 4 l ' 7 3 -2l * 7 -i

541252.9

Ü 7 4 -2 17.2 3 3P-3 3 -9
¡ 7Í 1 .75 ,2 17-3 3 6i23 4 -9

7 7 : 1 7 6» i
78177-'
79 :178 .1
8 0 7 7 9 .1

D ep. D ift . t a t .

9 7 2 9 5 . 6  29.I 
98(296.6 29.2 
99:297.6  29.3 

300,298.6 29.4 

DÜ K l Dep.! Lat. 

[F o r  7 ¿  Points.



Dilt. Lat.

1 01.0
2 02.0
3 O J . O
4 O4.O
5 04.9
6 05.9
7 06.9
S 07.9
9 08.9

10 09.9
Î 1 IO.9
12 1 1.9
13 I2.9
H 13.8
«5 14.8
16 15-8
17 16.8
18 17.8
»9 18.S
20 19.8
21 20.8
22 21.8
23 22.8
24 23.7
25 24.7
26 25-7
2 7 26.7
28 27-7
29 28.7

_ J ° j_29-7
31 30.7
3 2 3 i -7
33 32.6
34 33-6
35 34-b
36 3 5-6
37 36.6
38 37.6
39 38.6
40 39-6
4 ‘ 40.6
4 2 4 '-S
43 42.5
44 43-5
45 44-5
46 45-5
47 46.5
48 47.5
49 48.5
5° 49-5
5 1 50.4
5 * 51.4
S3 5 M
SA 53-4
55 54-4
5<> 55-4
57 5<>-4
5« 57-4
59 S«-4
be 59-4

Dili JDcp.

D c p .| Dift. L u c . Dep.| Dirt.| Lac. )rp.

0 0 .11 6 l 6 0 .3 O9.O 1 2 1 1 1 9 .7 1 7 .8

CO. 3! 6 2 6 1 .3 O 9 .1 2 2 1 2 0 .7 1 7 .9

0 0 .4I 6.3 6 2 .3 O 9 .2 23 1 2 1 .7 1 8 .0

00 .6! 6 4 6 3 3 O 9 .4 M 1 2 2 .7 18 .2

0 0 .7 1 65 fa4-3 O 9 .5 2.5 1 2 3 .6 1 8 .5

0 0 . q ! 6 6 6 3 .3 O 9 .7 20 1 2 4 .6 1 8 .5

0 1 .0 ' 6 7 6 6 .3 O 9 .8 2 ; 1 2 5 .6 18.Û

0 1 .2 ! 68 .6 7 .3 I 0.0 28 1 2 6 .6 18 .8

0 1.3 * 691 6 8 .3 IO.I 29 1 2 7 .6 1 8 .9

0 1 . 7 0 ; 6 9 .2 10.,3 30 1 2 8 .6 ■ 9-1
0 1 .6 7 1 7 0 .2 1 0 .4 «31 I 2 9 .6 19 .21

0 1 .8 ! 7 2 7 1.2 10 .6 32 13 0 .6 1 9 -V
O l.d 73 7 2 .2 10 .7 33 1 3 1 .6 19 -5
0 2 . it 7 4 7 3 .2 1 0 .9 34 ' 32-5 ' 9-7
0 2.21 7 5 7 4 .2 I 1.0 35 ' 33-5 19 .8

0 2 .3 ' 7 6 7 5 .2 I 1 .2 3 t> ‘ 3 4 -5. 2 0 .0

C 2 .5| 7 7 7 6 .2 1 1 ’ Si 3 7 ■ 35-5 20.1

0 2 .6 ! 78 7 7 .2 1 1 .4 38 ■ 36.5 20.2

02.8| 7 9 7 8 .1 11.6 39 ' 37-5 2O .4

02.9'. 80 79-1 1 1 .7 4 0 13 8 .5 2O .5

03.11 8 i 8 0 .1 1 1 . 9 14 1 ' 39-5 20.7

° 3- 2 l 82 8 1 .1 12.0 4 2 14 0 .5 2 0 .8

03-4! «3 82.] 1 2 .4 4 3 147-5 2 1 .0

03-51 « 4 8 3 .1 !2 .3 4 4 1 4 2 .4 2 1.1;

0 3 -7! 85 8 4 .1 1 2 .5 4 5 ' 4 3 -4 2 1 - 3

0 3 .8 1 86 8,-.. 1 2 .6 4 6 >4 4-4 2 1 .4

0 4.0 Î ,8 7 8 6 .1 I 2.8 4 7 145-4 2 1 .6

0 4 .1 88 8 7 6 1 2 .9 4 ;; 1 4 6 .4 2 1 . 7

° 4-3 89 8 8:0 7 3 -1 4 9 1 4 7 .4 2 1 .9

0 4 .4 90 5 8 9 .0 1 3 .2 5 ° 1 4 8 .4 22.0

0 4 .5 9 ' 90.0 73-4 7 5 1 1 4 9 .4 2 2 .2

04. r 9 2 9 1 .0 >3-5 5 2 1 5 0 .4

0 4 .8 93 92.0 r 2.6 53 i 5 '- 3 2 2 .4

0 < .0 9 4 9 3 -° 13 .8 5 4 I 52-3
0 5 .) 95 9 4 .0 73-9 5 5 153-3 22. ,

0 5-3! 9 6 9 5 .0 1 4 .1 5 b • 5 + 3 2 2 .9

0 5 .4 97 9 6 .0 1 4 .2 5 7 ■ 55-3
0 3.6 98 9 6 .9 1 4 .4 5 *t 1 5 6 .3 23-2
° 5-7 99 97-9 «4-5 59 157-3 23-3
0 5 .9 ! IOO 9 8.9. 1 4 .7 6 0 15 8 -3 ^3 - S

0 $ ,0 10 1 99-9 14 .8 1 6 1 159-3 2 3 .6

0 6 .2 0 2 10 0 .9 1 5 .0 •62 16 0 .2

0 6 .3 0 3 1 0 1 .cr 1 5 , 1 63 1 6 1 .2 23 -9

0 6 .5 0 4 10 2 .9 '5  3 64 1 6 2 .2 2 4 . j

0 6 .6 0 5 10 3 .9 « 5-4 1 6 3 .2 2 4 .2

0 6 .7 0 6 1 0 4 .9 1 5 .6 6 6 16 4 .2 2 4 .4

07 10 5 .8 ' 5-7 6 7 1 6 3 .2 24-5
0 8 10 6 .8 15 .8 68 16 6 .2 2 4 .7

0 7 .2 Oy 1 0 7 .8 l 6 .0 69 ( 6 7 .2 2 4 .8

0 7 .3 10 ios.s 1 6 .1 7 C 16 8 .? 24-9
07.5 11 109.F 16 .3 16 9 . 2 5 .1

0 7 .6 12 I JO.? 1 6 .4 7 ’ I 7 0 . 1 2 5 .2

0 7 .8 13 11  J.b 16 .6 7 j 171-1 25-4
0 7 .9 M  

15

1 1 2 .8 1 6 .7 7-1 1 7 2 .1 2 J-5
0 8 . 1 1 1 3 .8 1 6 .9 7 i 7 3 -i 2 5 .^

0 8 .2 16 1 1 4 .7 1 7 .0 7 * ■ 7 4 -

0 8 .4
0 8 .5

«“j ' 1 5-7 
i 8 j j  16 .7  

19 ; 1 17*7

1 7 .2

77-3

' 7-5

V
7 ~
7 ‘

1 7 5 - 1
1 1 7 6 .

»! «7 7 -

2 6 . 1 
2 6 .3

0 8 .8 2 0 1 1 8 . 7 1 7 6 8o jl7X. 2 6 .4

Lat. Dilt iDep. Lac. Dilt 1 Dep Lat

b in D e ,,. D ili Lat. Dep.

181 179.0 26.6, 241 238.4 3 5 -4
82 180.0 26.7! 4 2 239-4 3 5 -5
83 18 1.0 26 .9 ’ 4 3 ¿40.4 3 5 -7
84 iS i.O 27.0 4 4 2 4 1.4 3 5 -8  I

85 183.0 27.I! 4 S 242-3 3 5 -9
86 184.0 2 7 -3 ' 46 243-3 36.1

s ? 185.0 2 7 -4 42 2 4 4 -3 36.2

SS 186.0 27.6, 48 2 4 5 -3 3 b -4
89 187.0 2 7 -7 , 4 9 246.3 36.5
9 0 187.9 27-91 5 ° 2 4 7 -3 3&-7

*9 ' 188.9 28.0 251 248.3 36.8

9 2 189.9 28.2I 52 2 4 9 -3 3 7 -0
9 3 190.9 28.3 53 250.3 3 7 -i

9 4 197.9 28.51 5 4 2 J I -.3 3 7 -3
9 5 IQ2 .P 28.6 5 5! 252.2 3 7 - 4
96 193-9 28.8 5 s 253-2 3 7 -6
97 194.9 28.9 57 254-2 37-7
98 195.9 2 9 .) 5 « 255.2 3 7 -9
99 196.8 29.2 59 256.2 38.0

200 197.8 29.3 b o 257-2 38.1

2 0 1 198.8 29.5 261 258.2 3 8 .3
02 199.8 29.6 62 259.2 38.4

.03 200.8 2Q.S 63 260.2 38.6

04 20 1.8 29.-9 6 4 26 1.1 38.7

° 5 202.8 iO.T 65 2 6 1.1 3S.9

06 203-8 30.2 ■ 66|2 63 -7 .3 9 -0
07 204.8 3 0 -4 6 - 16 4 .1 3 9 -2
08 2O5.7 3= -5 68 265.1 3 9 -3
09 206.7 3 0 -7 69 2 b 6 .1 3 9 -5
10 2 0 7 .7 .3 0 .8 7 0 267.1 3 9  6

211 208.7 3 I.Ô 271 268.1 39.8

I 2 2 0 ^ 3 r. i 7 2 16 9 . i 3 9  9
I 3 2-10.7 3 ' - 3 7 3 270.0 40.1

14 21 I.7 3 1 - 4 7 4 27 1.0 40.2

15 21 2.7 3 i -5 7 5 272 .0 40 .4

l6 213 .7 3 1 -7 7 b 273.0 40.5

17 214-7 3 1-8 7 7 274.0 40.6

18 215.6 12.0 7 8 275.0 40.8

19 2 16 .6 32.1 7 û 276.0 40.9

20 2 17 .6 32.3 80 2 7 7 0 4 1 . I

221 218.6! 32.4 281 278.0 4 ' - 2
22 219.6! 52.6 82 278.9 4 1 .4

220.6 32.7 82 279.9 4 i -5
24 221.$ 3 2-9 84 280.9 4 i -7
23 222.6 3 3 -0 85 281.9 4 1 .8

26 223.C 3 3 -2 86 282.9 42.0

27 224.5 3 3 -3 1 87
2.83.9 4 2 .1  '

28 225.5 3 3 -5 ! 88 284.9 4 2 -3
29 226.5 ¡ 3 3 -6 285.9 4 2 .4

30 227.5 ¡ 3 3 -7 , 9° 286.9 42.6

231 228.5 3 3 -9 8291 287.-9 4 2 -7
32 229 -5 | 3 4 -0 C)2 288.8 42.8

33 230.5134.2 93 289.8 43.0

34 2  ̂ I. ' 3 4  3 •94 290.8 4 3 -«
3 Ç 23 2-5| 3 4 - 5 95 291.8 4 3 -3
36 23 3 -4 ; 3 <-6 96 292.8 4 3 - 4
37 234.4: 34.8 97 193.8 43-6
38 23  5-4 : 3 4 -9 98 294.8 4 3 -7
39 236*4 3 5- ‘ 95 295.-S 4 3 - 9
4 0  2 ?7 . 4  3 5  2 30C 29ft.S 4 4 - 0

i3n 1 D ep .l Lat. D ir Dep I Lat.

][For 7  ̂ Points.



j D ili. L a ;. D p p . Dift L at. D ep. Dift L a t. Dep. Dift L at. D ep . D id L at. D e p '

, I 0 1 .0 CO. 2 6 l 39.8 11.9 121 118 .7 23.6 iS  i «7 7 -5 3 5 -3 241 236.4 47.0
t ~ 02.C OO.4 62 60.8 J 2.1 22 1 19 .7 2 3 -8 82 178 .5 35*5 42 2 3 '- 4 4 7.2

i 3 0 2 .9 o c .6 67 6 1.8 12.3 2 3 120.6 24.0 83 ' 7 9 -5 3 5 -7 4 3 238.3 4 7 -4
C?3 .y 00.8 : 6 4 62.8 12.5 2 4 121.6 24.2 84 180.5 3  5-9 4 4 2 3 9 -3 4 7.6

j 5 04.9 Ol.O : 65 63.8 12.7 2 5 122.6 24.4 85 18 1.4 .30.1 4 5 2 4 0 -3 4 7 -8
6 05.9 0 1.2 66 64.7 12.9 26 123.6 24.6 86 182.4 36.3 46 241.3 48.0
7 ( 06.9 0 1.4 1 67 65.7 13.1 2 7 124.6 ? 4 -!' 87 18 5 .4 36.5 4 7 242.3 48.2
8 07.8 0 1.6 ; 68 66:7 *3-3 28 125.5 25.C 88 184.4 3<>.7 4 8 2 4 3 -2 48.4
o! oS.8 o i.S ! 69 67.7 ‘ 3-5 29 126.5 25.2 89 185.4 36.9 4 9 244.2 48.6

TO 09.8 02.C J 70 68.7 13.7 30 1 2 7 . ; 25.4 90 186.3 37-1 5° 245.2 48.8

1 1 i o . x 02.1 7 1 , 69.6 * 3-9 > 3 1 128.5 25.6 * 9 1 187-3 3 7 -3 251 246.2 49.0
- 12 11.8 02.5 72 70.6 14.0 3 2 129.5 25.8 92 188.3 3 7 -5 52 247.2 4 9.2

] 3| 12.8 02.5 73 7 1 .6 14.2 33 130.4 25.9 93 189.3 3 7 -7 5 3 248.1 49.-4
>3-7 02.7 7 4 72.6 14.4 3 4 131-4 26. 1 9 4 190.3 3 7 -8 5 4 249.1 49.6

1 5 14-7 02.9 1 7 5 73.6 14.6 55 132.4 26.3 9 5 ' 9  ' - 3 38.0 55 2 ; 0 .1 4 9 -7
16: 15.7 0 3 -i | 7 6 7 4 -5 14.8 36 ■ '3 3 -4 26.5 96 iq 2 .2 38.2 5 b 2 5 1.1 4 9 -9
I 7 ! 16.7 ° 3-3 • 7 7 75-5 15.0 37 ' 3 4 -4 26.7 9 7 '9 3  2 38.4 57 2 £ 2 .1 50.1
18 ‘ ; - 7 03.5;; 78 76.5 15.2 3 * ' 3 5 -3 26.9 S* 194.2 38.6 5 8 253-0 5 ° -3
>9 iS .6 0 3 .- 7 9 7 7 -5 1 5 -4 39 ' 3*>-3 2 7 .1 9 9 19 5.2 38.8 59 254.0 50.5
20; 19.6 03.91: * ° 78.3 15 *>, 40 >3 7 -3 27-3 200 196.2 3 9 -0 60 255.0 50.7

21 20.6 04.1 ! 81 7 9 -4 15.8 i 4 >|i3 * -3 2 7-5 201 19 7.1 3 9 -2 261 256.0 50.9
22) 2 1 .6 ° 4 -3 i| *7 80.4 16.0 4 2 ‘ 3 9 -3 2 7-7 02 198.1 3<?-4 62 257.O 5 1 .1

23 22.6 04.5 ! *3 8 1.4 16 .2 4 3 -1 40 -3 27.9 03 199.1 3 9 -6 6 3 2 5 7 -9 ' S I -3
~4 | 23-5 04.7 j- 84 82.4 16-4! 4 4 i ' 4 J-- 28.1 04 200. i 3 9 -8 64 258.9; 5 1 .5

25 24-5 04.9 i 8,- 83.4 16.6 4 5  i 4 2-2 28.3 ° 5 2 0 1.1 40.0 65 2 5 9 -9 , 5 '- 7
i b  25.5 05.1 [ 86 * 4 -3 16.8 j 4 6  I4 3 -2 28.5 u 06 202.0 4 P .2 66 260.9 5 * -927 26.3 0 5  3 ; */ 83.3 17 .0 4 7  >4 4 -2 28.7 0 7 ZOJ.O 40 .4 &7 261.9 52.1
28 27-5 05.5 | 88 ,86.3 I / . 2 48 143.2 28.9 08 2O4.O 40.6 68 262.9 5 - -3
29 28.4 05.7 ! S 9 «7-3 17-4 49 146.1 29. I 09 205-0) ,4 0 .8 69 263.8, 52.5

3° i  29 -4 07.9 ! 9 ° 88.3 17 .6 50| 1 4 7 . I 29-3 10 206.0 4 1 .0 70 264.8! 5 2 .7
3  1 30.4 06.C ! <)I * 9-3 17.8 1 5 1 148.1 29.5 21 1 206.9 4 1 .2 271 265.8 52.9
32 3 ‘ -4 06.2 92 90.2 17.9 5 2 149.1 29.7 J 2 207.9 4 1 .4 72 266.8 53.1
33 3 M 06.4 93 9 1 .2 18.1 53 I50 .] 29.8 J3. 208.q 4 1 .fi 73 2 6 7.S 5 3 -3
3 *i 3 3 -3 06.6 9 4 92.2 18.3 5 4 T ?  1.0 30.c ' 4 209.9 4 1 -7 7 4 268.7 5 3 -5
3 3 3 4 -3 06.8 95 9 3 -2 18.5 55 J 5 2 .C 30.2 ' 5 210*9 4 1.9 7  5 269-7 5 3 -6
3 6 3 5 -3 o ; . c i 9 6 94.2 18.7 5 *> 153.C 30.4 l6 2 11 .8 4 2.1 7 6 2 7 0 .7 5 3 -8
37 3 b -5 07.2 ■ 9 7 93.1 18.9 5 “ 154.0 30.6 7 212.8 42.3 77 2 7 1 7 54.0
3 « 3 7 -3 0 7.4 98 96.1 19.1 5 1 5 5 *c 30.8 18 1213-8 4 2-r 7 8 272 .7 5 4 -2

! 39 3 « -3 07.6 1 99 9 7 . 1 19.3 5 9 ;1 55-9 3 1.0 19 214.8 4 2.7 7 9 273.6, 54.4
40 3 9 -2 07.8 j roc 98. ! 19-3 6o|i 56.9 3 ! -2 20 215.8 42.9 So 274.6 5 4 -6
4 ' 40.2 o 8 .c 1101 99.I 19-7 16 1:15 7-9 3 * -4 221 216 .8 4 3 .1 281 275.6 5 4 -8
42 4 1  2 08.2 1 02 to o .o 19.9 62 I 58.q 3  '-6 22 2 1 7 .7 4 3 -3 82 276.6 55.0
4 3 4 2 .2 08.4 ; 03 IO 1.0 2 0 . J 6 j ; ' 5 9 -9 3 1.8 2 3 218 .7 4 3 -5 83 277.6 55.2

4 4 | 4 3 - 1 08.6 ; ° 4 102.0 20. r 64(160.8 32.0 2 4 2 ' 9 -7 4 3 -7 84 278.5 5 5 -4
4 5 4 4 -1 oS.8 , 05 IOj .O 2 0 . S 65 161.8 32.2 2 5 220.7 4 3 -9 85 2 7 9 -5 5 5 -6
46 4 5 -1 OQ.O 1 c 6 IO4.O 20. t| 6 6 l 6 2 . i 3 2 -4 26 2 2 1.7 4 4 .1 86 280.5 55.8

4 7 4 6 .! 09.2 j 0 7 104.9 20.9 i>7 | 1 32.6 2 7 222 6 4 4 -3 87 28 1.4 56.0
4 *| 4 7  ,1 09.4 j 08 103.9 2 1 .1 681164.8 32.8 28 223-6 4 4 -5 88 282.5 56.2

4 9 1 4 8- ' 09.6 o 9 IO6.9 21.3 6 q ll6 5 .S 3 3 -0 29 224.6 4 4 -7 89 28 3.4 56.4

5° 4 9 -0 09.8 1 JO IO7.0I 2 1 .5 7 0 Ii 66.^ 3 3 -2 3 0 22 5.6 4 4 - 9 90 284.4 t6 .6

5 ' 50.0 ° 9 -S i l l  1 108.9 21.7 17 1:16 7 .7 3 3 -4 231 226.6 4 5 - ‘ 291 285-4: 56-8
5 2 51.0 10. ! 12 109.8 21.9 7 2 I68.7 33-6 32 227.5 4 5 -3 92 286.4 57.0

53 _ 52 .0 10.2 13 110.8 22.0 7 3 :16 9 .7 3 3 -8 33 228.5 4 5 -5 9 3 287.4 ' 5 7 -2
5 4 5 3 -0 10. d 14 1 11 .8 22.2 7 4  ' 7 0 -r 3 3 -9 3 4 229.5 4 5 -7 9 4 288.4 5 7 -4
5 5 S3 y r o .7 ‘! is 112 .8 22.4 7 5 171.6 3 4 -> 3 5 23 0 -5 4 5 -8 9 5 289.3 5 7 -6
S6 5 4 -9 I0 -9 | 16 1 13 .8 22.6 76 :172 .6 3 4 -3 36 2 3 i -5 46.0 9 b 290.3 5 7 -7
57 55-9 I I . i j i i 114 .8 22.8 7 7 | l 7 3 - f 3 4 -5 3 7 232.4 4 6 .2 9 7 29 ' - 3 i 57.9
5 *1 56 9 ‘ 1-31 .8 1 1 5 .7 23.0 78 1174 ^ 3 4 -7 3 8 23 3 -4 4 6 .4 98 2 9 2 3  $8.1

5 9 , 5 7 -9 ! : i . ; | ' 9 116 .7 2 3 .2 7 9 l ' 7 5 -t 3 4 -9 3 9 234.4 4 6 .6 9 9 2 9 3 -3 5 8 .3
60 5 * * 1 11.7I 20 1 1 7 .7 25 4 S o 11 7 6 .; 3 5 - ' 40 2 3 5 -4 46.8 300 29 4 .2 5 8 .5

D ili.1 Dep.i Lit- ■■D ift Dep. L a t. Dili* D e p . ' L a t . l  D ift D ep . L a t. Dift D e p ,' L a t.

[For 7 Points. 
----------—------ - ir nwri



D irt. Lac. Pep. JDili Lat. Dep. D iti. Lat. Dep Dirt. L a t. >p-] L> 1 It. 1 L a t. X p .

1 01.0 OO.2I 61 59.2 14.8 121 1 1 7 -4 29.4 181 17 5 .6 :4 -0 j 24 * 2 3 3 -8 58.6
2 0 1.9 00.$' 62 60.1 1 5 .1 22 118 .3 29.6 82 176 .5 H - 2 4 2 23 4 -7 58.-8
3 02.9 00.71 63 6 1 .I >5-3 2 3 119 .3 29.9 « 3 177 -5 !4 -5 | 4 SI 2 3 5-7 59.0

4 03.9 O I.0 Í 6 4 6 2.1 15.6 .24 I2O.3 30.1 84 178.5 44-7  ! 4 4 23 6 .7 59-3
5 04.9 01.2, 65 6 3.1 15.8 2 5 121.3 30.4 - 85 1 7 9 -5 4 5 -0 4 5 23 7 -7 59-5
6 05.8 01.5! 66 64.0 16.0 2<ï 122.2 30.6 86 180.4 46 23 8 .6 59.8

7 96.8 OI.7} 67 6 5.0 16.3 27 ■  23 -2 30.9 87 1 8 1 .4 4 5 -4 , 4 " 23 9 -6 bo 0
8 07.x 01.91 68 66.0 16.5 28 124 .2 3 1.1 88 182.4 4 5 -7 ! 48 240.6- 60. J

9 08.7 02.2! 69 6 5.9 16.8 2 9 12 5.1 3 1.3 89 '8 3-3 4 5 -9 | 4 9 24 l . S 6O.5
10 09.7 02.4! 7 0 6 7.9 I7.O 30 I2 6 .I 3 1.6 90 184.3 40.2I SO 242.5 60.7

1 1 10.7 02.7I 71 68.9 ‘ 7-3 131 127.1 3 1.8 191 185.3 46-4 2 5 1 24 3 -5 6 1 JO
12 I I . 6 02.9! 7 2 69.8 >7-5 32- 128.0 3 i - 1 9 2 186.2 -46.71 5 '- 24 4 - 4 6 1.2

¡3 12.6 03.21 73 70.8 * 7-7 3 3 I29.O 3 2 -3 9 3 187.2 4 6 9 S3 245.4 6 I .5
' 4 13.6 0 3 .4 1 7 4 71 .8 18.0 3 4 1130.0 32.6 9 4 188.2 4 7 - J ! 5 4 246.4 6 1 .7

15 14.6 03.6 7 5 72.8 <8.2 3  S¡ * 3 1-° 32.S 9 5 189.2 47-41 5 5 24 7 - 4 62.O
16 ' 5-5 03.9 7 <> 7 3 -7 >8-5 3 6 :13 1 .9 3 3 -0 96 IQO.I 4 7 -6 : 5 <> H 8 .3 6 2.2
I? •<>-S O4. I 7 7 7 4 -7 18.7 3 7 132-9 3 3  3 9 7 I 9 1 .1 4 7 -9 5 7 24 9 -3 6 2.4
18 ' 7-5 0 4 .4 7 « 7 5 -7 I9.O 3 » 133-9 3 3  S 98 19 2.1 48 .1 : 5 » 25 0 -3 62.7

19 18.4 04.6 7 9 yti.6 19 .2 39 134-8 3 3 -8 9 9 193.0 4 8 .4 59 2 S 1.2 62.9
20 19.4 0 4 .9 So 77 .6 19.4' .40 135.8 34.0 200 194.0 48.6: 60 252.J 63.2

21 2O.4 05.1 81 78 .6 >9-7 141 136.8 3 4  3 201 195.0 48-8! 261 2 5 3 -2 6 3 -4
22 21.3 05.3 82 7 9 -5 1 9 .9 1 4 2 I 3 7 .7 3 4 -5 02 195.9 4 9 - ' ! 62 254.1 63.7
23 22.3 05.6 «3 So. 5 20.2 4 3 138.7 34-7 C 3 ' 9 6 9 4 9 -3 63 2-55-1 63.9

24 2 3-3 05.8 84 81.5 2O.4 4 4 139 -7 3 S,c 04 1 9 7-9 4 9 .6 64 1256.1 64.1

2 5 24-3 06. ! 8 5 82.5 2O.7 4 5 140.7 3 5 -2 05 198.9 4 9 .8 , b? 25 7 -i 6 1 .4
2Ó 25.2 06.3 8ft 8 3 -4 2O.9 46 1 4 1.6 35-5 06 1 49.8 to . 1 66 258.0 64.6
27 26.2 c6 .6 87 84.4 2 1.1 4 7 I42.6 3 5-7 0 7 20C. s 50.3 67 259.0 6 4.9
28 2 7 .2 Ç6.8 88 85.4 2 1 .4 48 ■ 4 3 .6 36.O 08 201.8 68 260.0 6 5 .1
29 28.1 O7.O 89 86.3 21.6 4 9 144.5 36.2 09 202.7 50.8 69 260.« 6 5.4
30 29.1 0 7 -3 90 »7-3 2 1.9 5° 145.5 36.4 10 203.7 5 1.0 70 2 6 I.9 65.6

31 3 3 .1 07.5 9 ' 88.3^ 2 2 .1 ; 1 5 1 146.5 36.7 2  1 J 204.7 S i -3 2 71 262.9 65.8
32 3 1.0 07.8 9 1 89.2 22.4 5 V 4 7 - 4 36.9 12 205.6 5 '  5 7 2 263.8 6 6 .1
33 32.C 08.0 9 3 9O.2 22.6 S3 ; ‘ 4 8 -4 i3 7 - i 13 206.6 î  1.8 73 264.8 66 .3

• 34 3 3 -0 0S.3 9 4 9 1 .2 22.8 5 4 ‘ 4 9 -4 1 3 7 .4 1 4 2 0 7 .6 52.0 7 4 265.8 66.6
3 5 34.0 08.5 9 5 92.2 2 3 . I 55 ' 50.4137.7 IS 208.6 5 2-2 7 5 266.8 66.8
3 6 3 4 -9 08.7 96 93.1 2 3 -3 5*1 15 • -3(37-9 1 6; 209.5 5 2 -5 76 267.7 6 7 .I
3 7 ; 3 5 -9 OQ.O 9 7 94.1 25.6 5 " ‘ 5 2 -3 3SLI 1 7 ; » 1 °-  5 32.7 7 7 268.7 6 7 3
3 » 36.9 09.2 98 9 5  ' 23.8 S “ 1 53 -3 38.4 i8 ¡ 2 i i .5 5 3 -0 7 8 269.7 6 7 -5
3 9 3 7 .8 09.5 9 9 96 0 2 4 .I 59 154 .2 3 8 .6 - 19; 212.4 5 3 -2 7 6 1 7 0 .6 67.8
40 38.8 09.7 ICO 97.0 24 -3 60 1 5 5-2 !3 8-9 20! 2 1 3.4 Í 3-5 Xo 2 7 1 .6 68.0

4 1 3 9 -8 10.0 IOI 98.0 24-5 I6 I 156.2 39-1 2 2 I12 J4 .4 5 3 -7 2ÜI 272.6168.3
40.7 10.2 02 98.9 24.8 62 157.1 3 9 .4 22 2 15.3 53-9 82 273.5 68.5

4 3 4 1.7 10.4 1 03 9 9 -9 25.0 63 158. i 3 9 -6 23 216.3 54.1 83 »74.5168.8
4 4 42.7 10.7 04 IOO.9 2 5-3 64 159.1 3 9 -8 24 2 17..Î 5 4 -4 84 27 5.5 !Ô9.0
4 5 4 3 -7 10 .Q 1 °> IO I.9 2 5-S 65 160. 40.1 2 3 218.3 54-7 84 276.5 ÓQ.2

• 46 4 4 -6 1 1.2 1 oft 102.8 25.8 66 161.0 40.3 26 219.2 54-9 86 277 .4 69.5
4 7 4 5 -fi 1 1 .4 0 “ 10 5.S 26.0 6~ 162.C 40.6 27 220.2 55.2, 87 278.4 69.7
48 46.6 I 1.7 08 104.8 26.2 68 163.0 40.8 28 221.2 55-4 88 2 7 9 -4 7O.O
4 9 4 7 -5 1 I.9 ®9 105.7 26.5 69 163.9 4 1 .1 29 222. 55.6 89 280.3 7O.2
5 ° 48.5 12. 1 10 •eft. 7 26.7 70 164.9 4 > -3 30 223.1 5 5-9 90 281.3 70.5

i> 1 4 9 -5 ' 2 .4 111 JO?.? 27.O 171 165.9 4 M 2 3 '224. 1 56.1 2 9 i l282.3 70.7
52 : 50-4 12.6 12 108.6 2 7 .2 7 7 Í66.8 4 1.8 31 ,225.0 56.4 i 9 2 2 8 3 .2 7 1 .0
5 3 : 51-4 I7..9 »3 109.i 27.5 7 - 167.8 42.C 331226.0 56.6 93 284.2 7  1.2
5 4 ! 5 2 -4 1 3 .1 •4 1 10.6 27-7 7 4 168.8 4 2 -3 341227.C ;6 .q • 9 4 2 8 5 .2 7 1 .4
55 : 53.4 ‘ 3 -4 15 1 11.6 2 7 .9 7 5 I69.8 4 2 -5 35:228.0 ^7.1 9 5 286.2 7 1.7
5 * 54-3 i J 3 6 16 112 .5 28.2 /6 I7O.7 42.8 3 f 228.Ç C7 .-; 96I2ST.I 7 1 .9
5 7 5 5 -3 1 * 3 .* 17 i > '3-5 28 .4 7 7 • 71-7 |4 3 -C 3 " 229., w -h 9 ' I288-I 7 2 .2
5 8 5 6.3' 1 4 .i iX ji 14.5 2S.7 78 172.7 4 3.5 $81 ¿¿o.c 57.8 98 289.1 7 2 .4
5 9 ; 57.2 ! r 4 ’ 9 1 1 5 4 28.9 7 9 • 7 3 .6 4 3 -5 3 9 l23 >- 5S.1 99,290.0 7 2.7
6o{ 58.2 j ’ 4 -6 2" 1 16.. 29.2 80 ‘74-6143-- 40;2.?2> 4S.3 300-291.0 " 2 -9

L u t . Lar. L ilt  LXp Lat. I) ft..D tp. 'Lat. D :lt i 1 x 4 Lat. D i t - ! i x p ‘ L a t.



D i f t .

1
2

3
4
5 
É  

7 
»

9
to

11 
12 >3 
>4 *5 26 
1 7
j S■ 9
2 0

*324
25
26

2 7
2S

29
12
31
32

33
3 4
35 
3 *37
39
4 0

4 «
4 2

4 3
4 4
4 5
46

4 9
5°

~ 7 *
52
53
54
55
56
57
s»
5960

DÎÔT

L a t . Ùep.: Ü H K L a t . D e p . D , f t . Lat« D e p . D ili-. L a t . D e p . D i f t . L a t .  iD ep .

O i . o 0 0 .3 6 1 5 8 .4 ■ 7-7 1 2 1 1 1 5 .  s 3 5 - i 1 8 1 ■ 7 3 - 2 Î5 2-5 2 4 1 2 3 0 .6  7 0 .0

O I.Q , 0 0 .6 6 2 59-3 1 8 .0 2 2 1 1 6 . 7 35-4 8 2 1 7 4 .2 5 2 .8 4 2 2 3 i . 6 j 7 o . 2

0 2 .() 0.0.0 6 3 6 0 .3 18 .3 23 1 1 7 . 7 35-7 8 3 1 7 5 .1 53-1 4 5 2 3 2-5  70-5
0 3 .8 o r . i 1 6 4 6  1 .2 1 8 .6 2 4 1 1 8 .7 3 6 .0 8 4 1 7 6 .1 53-4 4 -i 23 3-5 7  0 . 0

0 4 .8 0 1 . 5 ' t ? 6 1 . 2 l S . 9 2 5 1 1 9 . 6 3<>-.3 8 i ■ 7 7 -0 5 3 -7 45 23 4 -5 i7 ! - t
0 5 .7 0 1 . 7| 6 6 6 3 .2 1 9 .2 2 6 1 2 0 .6 3 6 -6 8 6 1 7 8 .0  5 4 .0 4 6 2 3 5 -4 |7 t -4
0 6 .7 0 2 .0 6-> 6 4 ,1 ■ 9-4 2-r 1 2 1 .5 3 6 .9 8 - ■ 7 8 -9 |S4-3 4 7 2 3 6 .4 ) 7 1 .7

0 7 .7 0 2 .J 6 8 6 5 _ r ■ 9-7 2 S 1 2 2 -5 3 7 - 2 88 ■ 7 9 -9 ;5 4-6 4 8 2 3 7 -3 |7 2 -0
o 8 .6 j 0 2 .6 6 9 6 6 .0 2 0 .0 2 9 ■ 2 3 -4 3 7 -4 8 9 1 8 0 9 5 4 9 4 9 2 3 8 -3 |7 2 -3
0 9 .6 1 0 2 .9 7 0 6 7 .0 2 0 . j 3 0 ■ 24 -4 37-7 9 0 1 8 1 .8 55 -2 . 50 2 3 9 .2  7 2 .6

J 0 .5 I 0 3 .2 7 i 6 7 .9 2 0 .6 ■ 3 i ■  2 5 .4 3 8 .0 1 9 1 1 8 2 .8 5 5-4 2 5 1 2 4 0 .2 7 2 .9

1 1 . 5 =>3-5 7 2 0 8 .9 2 0 -9 3 2 ■  2 6 .3  3 8 .3 9 2 ■ 83.7 53-7 5 2 2 4 1 .1 7 3 -2
1 2 .4 .0 3 .S 7 3 6 9 .9 2 1 .2 33 127 .3 3 8 .6 93 1 8 4 .7 5 6 .0 55 2 4 2 .1 7 3 -4
1 3 .4 1 0 4 .1 7 4 7 0 .8 2 ! . 5 3 4 1 2 8 .2 3 8 .9 9 4 1 8 5 .6 5 6 .3 5 4 2 4 3 .1 7 3-7
• 4 -4 : ° 4 -4 7 5 7>-8 2 1 . S 3 5 1 2 9 .2 3 9 .2 95 1 8 6 .6 5 6 .6 55 2 4 4 .0 7 4 -o

* 5*3 0 4 -6 7 6 7 2 . 7 2 2 .1 3 b I j O .  I 39-5 9 6 1 8 7 .6 5 6 .9 56 2 4 5 .0 74-3
1 6 .3 0 4 .9 77 73-7 2 2 .4 37 1 3 1 .1 39-8 97 1 8 8 .5 57 -2 57 H S -9 7 4-6
1 7 .2 0 5 .2 7 « 7 4 .6 2 2 .6 3 » 1 3 2 .1 4 0 .1 98 1 8 9 .5 57-5 58 2 4 6 .9 7 4-9
t S .2 0 3 -5 7 9 7 S -6 2 2 .9 39 1 3 3 .0 4 0 .3 9 9 ■ 9 0 -4 5 7 .8 59 2 4 7 .8 7 5 -2
I 9 . I o ; . 8 8 0 7 6 .6 - 3*2 4 0 ■ 3 4-0 4 0 .6 2 0 0 J 9 » -4 5 8 . . 6 0 2 4 S .S 75-5
2 0 .1 0 6 . I 8 1 77-5 2 3-5 1 4 1 ■ 34 9 4 0 .9 2 0 1 ■ 9 2 -3 5 8 .3 2 6 1 2 4 9 .8 7 5-8
2 1 .1 0 6 .4 8 2 7 8 .5 2 3 .8 4 2 ■ 35-9 4 1 . 2 0 2 ■ 9 5-3 5 8 .6 6 2 2 5 0 .7 7 6 .1

2 2 .0 :0 6 .7 8 3 7 9 -4 2 4 .1 4 3 1 3 6 .8 4  ■ -5 ° 3 ‘ 9 4-3 5 8 .9 6,v 2 > i -7 7 6 .3
2 3 .o !o 7 . o 8 4 8 0 .4 2 4 .4 4 4 ■  3 7 .8 4 1 .8 0 4 1 9 5 .2 5 9 -2 6 4 2 5 2 .6 / 6 .6

2 3 -9 ^ 7-3 8 3 8 1 . 5 2 4-7 4 5 ■ 3 8-8 4 2 - ■ 0 5 1 9 6 .2 59-5 6 5 2 53-6 7 6 .9

2 4 .9 I 0 7 .5 8 6 8 2 .3 2 5 .0 4 6 ■ 39-7 4 2 .4 0 6 ■ 9 7 .1 59-8 6 6 2 5 4-5 7 7 -2
2 J .S 0 7 .8 8 7 8 3 -3! 2 5-J 47 1 4 0 .7 4 2 .7 07 1 Q 8 .1 [6 0 .1 6 2 2 53-5 77-5
2 6 .8 0 8 . j 88 S 4 2 2 5-5 4 8 1 4 1 .6 4 3 .C 08 1 9 9 .0 6 0 .4 6 8 2 56-5 7 7-8
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8 8 .44 2 .5 1 7 1 1 5 8 .0 6 5 .4 ,231 2 1 3 .4 2 9 1 2 6 8 .8 1 1 1 . 4

4 2-9 7 2 1 5 8 .9 6 ; .S j 3 Z 2 14 -3 ' 8 8.8 9 2 2 6 9 .S 1 1 1 . 7

4 4 3 -2 2 3 159.8 6 6 .2 . 33 2 >5-3 8 9 .2 9 3 270 .7 1 1 2 .1

43-6 7 4 1O 0.8 6 6 .6 i 34 2 1 6 .2 8 9 .5 9- 2 7 1 .6 1 1 2 .5

2 4 4 . ; 7 5 l 6 l .7 6 7 .0 j 35 2 < 7 - l 8 9 .9 9 5 2 72 .5 I I 2 . 9

2 44-4 7 6 l6 2 .6 6 7 .4 36 2 1 8 .0 9 °-3 2” 3-5 2 *3-3
44-8 72 1 6 5 .5 6 7 .7 i 37 2 1 9 .0 9 0 .7 9 " 2 " 4-4 >>3-7

3 4 5 .2 78 16 4 .5 |6S. 1 38 2 1 9 .9 9 1 .1 98 ¿ 75.3 I I4 .O

9 45-5 7 9 1 6 5 .4 16 8 .5
! 39 2 2 0 .8 9 1 • 5 99 2 7 6 .2 : 1 1 4 .4

9 45-9 Xo I 6 6 .3 16 8 .9 ! 4 0 2 2 1 .7 9 1 .8 3 o r 2 7 7 .2  1 1 4 .8
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D ill.|L a t  . D ep.i Jilt. Lat* 5 ep. jD
i; OO.9 OO.4I 61 5 5 -i 26.1 1 1
*i 01.8 00.9] 62 56.0 26. c; J

3 l 0 2 . 7 0 1.3 , 63 S7 -o 2 6 .Q 1

4! 03.6 0 1 .7  i 6-1 5 7 .9 I 7 -4 |
5 04.5 02.1 6> 58.8 27.8
6 ° 5 -4 < 02.6] 66 5 9 -7 28.2
7 06.3 0^.0 6? 6O.6 2S.6
8 07.2 03.4 68 6 1.5 2Q.1

, 9 08. 1 03,8! 69 62.4 2 9 -5
i© 00.0 0 4 -3 1 7 0 6 3 - 3 20.9 |
11 09.9 0 4 -7 ! 7 ' 64.2 30.4 1
12 10. is 0 5 .1 ' 72 63.1 30.8 |
' 3 11.8 0 ; ,6 7 3 66.0 3 1.2 1
' 4 1 2 .7 06.0; 7 4 66.9 3 '.6  !
15 1 3 -6 0 6.4; 7 S 67.8 3 ^ -1  !
l6 ■ 4 - 5 o6.8| 7 <> 68.7 32.3 !
17 J5 - 4 0 7 -3 1 7 " 69.6 3 1 - 9  -
18 16.3 0 7 . 7  | 

08. I I
7 * 70.5 3 3 - 3

19 1^.2 7 9 71-4 3 3 - 8
20 18.1 0 8 .6j 80 72.3 3 4 - i  1
22 HJ.O 09.0 81 7J . 2. '{4 .6
22 19 -9 09.4! 82 7 4 ' 3  5 -i
J 3 20.8 09.8! ^ 3 7 5-0 3 5 - 5
1 4 2 1 .- 1 0.3 i 84 7 5-9 3 5-9

22.6 1 0 -7  i 8,- 76.8 36.3
26 13-5 . . . , | 86 7 7 -7 36.8
- 7 1 4 4 1 * - SI 87 7X.6 3 7 - i
28 2-5-3 12.0« 88 7 9 - 6 3 7 - 6
29 26.2 1 2.4J 89 80.5 38.1

_j p 17 .1 12.81 90 8 1.4 3 8 .3
3 ' 28.0 13-31 9 > 82.3 38.9
3 1 28.9 13-71 92 8 ;.2 3 9 - 3
33 29.8 ■ 4 -i 9 3 84.1 3 9 -8
34 30.7 1 4 -5 9 4 83.0 40.2 1
35 31.6 1 S-°| 9 5 83.9 4 0 6
36 3 i -5 1 5-4 96 86.8 4 1.0
37 3 3 -4 13.8 9 7 87-7 4 1 - 5
3 »1 3 4 -4 16 2 98 88.6 4 1 .9

1 3 5 3  5-3 16.7 9 9 89.5 4 2 -3
!__ 4 £ 3& .1 17.1 .00 90.4 42.8

I 41 3 ?. 1 ■ 7 .5 lO i 9 1 - 3 4 3 -2
i 4 2 38. c 18.0 1 02 92.2 43.6
; 4 3 38.9 I8.4 03 93.1 44.0
1 4 4 3 9 -8 18.8 09 94.C 4 4 -5

4 5 4 ° - : 19.2 0 9 4 -5 4 4 - 9
46 4 1. 19.7 o£ 95.8 4 5 - 3
4 7 4 2- 20.1 0* 96." 4 5 - 7

1 4 k 4 3 - 20.5 o i 9 7 -f 46.?.
I 4c 4 4 -. 2 1 .0 0 1 9 -̂ 46.6
1 ?c 4 5 - 2 ! .4 IC 9 9 - 4 7 .o

1 S 46. 2 1.8 i 1 I I OO. 4 7 - 5
5 4 7 . J 2  2.1 1 1 2 IO I. 47.9

1 5 4 7 - - Z 2 -7 l 1 3 1 0 2 . 48.3

5 - 48. & 23 .1 I 103. 48.7

5 4 9 - 2 3 -5 I 104. 49.2
5 50. 23.9 1 104. 49.6

5 5 1 - 24.4 1 103. 50.0

5 52. 24 1 106. 50.5

S J 5 3 - 15 -1 I 107. 5 0 .9
6 01 4 4 . 2 2 ,- .7 2 -  108. 5 ' - 3

Dcp L a t. D ilt D ep . L a t .

in L a t. D c p .' D iftj L at. D cp. j

2 I 109.4 5 i -7 i S i 163.6 7 7 -4
22 110 .3 52.2 82 164.5 7 7 -8
2 3 1 1 1 .2 52.6 83 165.4 78 .2

2 4 112 .1 5 3 -o 84 6 6 . j 78.7

2 5 I T j.O 5 3 .4 85 167.2 7 y - 1 j
26 113 .9 53-9 86 168.1 7 9 -5
27 1 14.8 54-3 «7 169.O 80.0
28 r 13.7 5 4 -7 88 169.9 80.4
29 16.6 5 5-2 89 I 7 0 .t, 80.8
30 1 I7.5 5 5-6 90 171.8 8 1.2

3 ' 1 18 .4 56.C 191 1 7 2 .7 8 1.7

3 1 H 9.3I 56.4 9 2 173.6 82. 1

33 1 20.2 36.9 9 3 ‘ 7 4 -5 82.5

3 4 I2 I .1 57-3 9 4 ’ ' 7 5 .4 82.9
3 5 1 22.0 5 7 -- 9 5  17 <i 3 83.4
36 12 2 .t, 5 8 ., 96 177 .2 S3.8
3 " 123 8 58.6 9 7 1 7 8 . 1 8 4 .2
38 .24.8 59.C 9̂ *1 179.0 S 4 .7

39 125.7 5 9 -4 99 >79  9 85.1
40 '2 6 .6 5 9 -9 200 iX o .t 85.5

4 ' 127.3 60.3 201 18 1 .- 8 5-9
4 1 128.4 60 ." 02 182.6 86. >
43 1 2 9 .3 6 l . l 03 183-5 8 6 .8
4 4 130.1 6 i .6 0 4 ‘ i 84.9 8 7.2
4 5 ‘ 3 ' . i 62.0 05 185.3 87.6
48 '32.C 62.4 06 186.2 88.1
47 ‘ 32.3 62.9 07 187.1 88.5
48 ‘ 3 3 -8 63-3 0 8 18 8 .0 88.9
4 9 >34-7 63.7 09 1 S 8 .9 89.4
5C ^3 3 -6 64. i ; 10 1 8 9 4 89.8

5 ' 136.5 64.6 21 1 190." 90.2
52 ‘ 3 7 -4 65.0 I 2 19 1.6 90.6
53 ‘ 38.3 65.9 13192.5 9 1 .1
5 4 ■ 3 9 -2 65.8 14 193-5 9 1.5
55 140.1 (>6.3 ' M >9 4 -4 9 1.9
5 «- >4 ' . c 66.7 j 6 •9 5 -3 9 2 4
5 ' ‘ 4 1 .9 6 7.1 1- 196.2 92.X
5 fl 142.8 67.6 18 ' 9 7 - 93.2
59 ‘ 4 3 -- 6X.c >9 198.C 9 3 .6
6^ ^44-6 68.4 2 C 198.C 94.1

16 ' 4 5 - 6 8 .8 2 2 199-8 9 4 -5
6 '4 6 - 6 9 .; 22 2 0 0 .* 9 4 -9

■ 4 7 - 69.- 2 2 0 1 .( 9 5 -3
6 148. 7 0 . 2 *. 2 0 2 . 95.8

D i f t .  L a t .

221.5 I0 4*̂

> 2 3 '- 4  ' ° 9  5

,0 3 .4  9 6 .2

39 216 .1
40 2J7.o|i02.6

D ilt l  D e p . l  L a t .  I l'D iit

2 6 6 .7  1 
2 6 7 .6  1 

26 8  5 i 
2 6 9 .4  1 

2 7 0 .3  1
27  1 .2  | 
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p i f t - l  I .a r . ' D  p. U9 if t .| I .a t .i P « P -1 D ift I . , t . P e P-[' Dift L a t . D ep .| J ilt L a r . D e p .

»1 00.91 OÛ-5 6l|•53*^1 2S.8j 1 2 1 0 6 .7 5 7 -° 1 8 1 15 9 .6 85-3! 241 2 1 2 .5 1 3-6
2 o i . S j  0 0 .9 6 2 5 4 -7 2 9 .2 2 2 0 7 .6 57-5 82 1 6 0 .5 8 5.8 ! 4 2 2 1 3 -4 1 1 4 . I

3 0 2 .6 I 0 1 .4 63 55-6 2 9 .7 ! 2 3 0 8 .5 , 5 8 .0 s ? 1 6 1 . 4 8 6 .3 ' 43 2 1 4 .3 H 4-5
4 0 3 .5  0 1 .9 - 6 4 5 6 .4 3 0 .2 , 24 1 0 9 .4 5 8.5 84 1 6 2 .3 S6 .7I 4 4 2 1 5 .2 I IJ .O

5 0 4 .4 ] 0 2 .4 ; 65 57-3 3 0  61 2 5 1 J 0 .2 5 8 .9 «5 1 6 3 .2 8 7.2! 45 2 1 6 .  I U 5 . 5
6 0 5 .3 1 0 2 .8 ' 66 5 8 .2 3 1 .1 26 1 1 1 . 1 59-4 86 1 6 4 .0 87.71 4 6 2 1 7 .0 I l 6 .0

7 0 6 .2 ! 0 3 .3 ! 6 7 5 9 .1 3 1 .6 ; 27 I I 2.C 59-9 8 - 16 4 -0 8 8 .2 47 2 1^ .8 1 1 6 .4
8 0 7 . 11 O 3 .8 . 6 S 6 0 .0 3 2 . l! 28 I I 2 .9 6 0 .3 88 1 6 5 .8 88.6! 48 2 1 8 .7 I 1 6 .9

9 0 7 .g ! 0 4 .2 , 6 9 6 0 .9 3 2 .ç ; 29 1 1 3 .8 6 0 .8 89 1 6 6 .7 8 q.11 49 2 1 9 .6 ■ 17-4
1 0 o 8 .S | 0 4 .7 70 6 l . *7 3,3 -°! 3C 1 1 4 .6 6 l . j .9 ° 1 6 7 .6 8 9 .6 , 5° 2 2 0 .5 ■ 17.8
11 0 9 .7 : 0 5 .2 7 i 6 2 .6 3 3 *5 ’ 13 ] 1 1^ ,^ 6 1 .8 19 1 1 6 8 .4 9 0 .0 2 5 ‘ 2 2 1 .4 1 1 8 .3
I 2i 1 0 .6  0 5 .7 . 7 2 6 3 .5 3 3 -9 ' 32 l 16.4. 6 2 .2 9 - 16 9 .3 9 0 .51 5 2 2 2 2 .2 1 1 8 .8

, 3 i
I I . y  0 6 . Il 73 6 4 .4 3 4 -4 ; 33 1 1 - . 3 6 2 .7 93 1 7 0 .2 q l.o l 53 2 2 5 .I ” 9-3

>+| 1 2 .3 ‘ 0 6 .6 74 6 5 .3 3 4 -9 ' 34 l I 8 .2 6 3 .2 94 1 7 1 - 1 9 1 - s 54 224.O 1 1 9 .7

1 5 1 3 .2 : 0 7 .  1 ' 7 5 6 6 .1 3 5-4 ; 35 1 19 .1 6 3 .6 95 17 2 .O 9 1-9 ; 55 2 2 4 .9 1 2 0 .2
16 >+<| ° 7 - 5| 7 « 6 7 .0 3 5-8 ' •;6i ï u .g 6 4 .1 96 1 7 2 .9 9 2 .4 5 6 2 2 5 •< 1 2 0 .7  !
j -1 15 .0 ; 0 8 .0 T ** 6 7 .9 36-5 3 - I 20 . S 6 4 .6 9 " >73-7 9 2 .9 : 2 2 6 .7 1 2 1 . I |
i S 15.9 1 ° 8 . 3 7 S 6 8 .8 3 6 .8 , 38 1 2 ! .* ' 6 5 . , 98 1 7 4 .6 9 3 -3 ' 58 2 2 7 .* 1 2 1 .6  ,

‘ 9 16 .8 ! 0 9 .0 79 6 9 .7 i l ’-- 39 1 2 2 .6 6 5 .5 99 ' 75-5 9 3 -8 ' 59 2 2 8 .4 I 2 2 . 1 j
20 1 - . 6  0 9 .4 $0 70-6 b"'*- 40 1 2 3.Ç 6 6 .c 20C 1 7 6 .4 94-3 6 0 12 2 9 .3 1 2 2 .6  !

2 1 l£>.y O 9 .9 X 1 7 2-4 3 8. 2] ' 4 ' 12 4 .4 6 6 .5 2 0 . ' 77-3 94-8 2 6 1 :2 3 0 .2 1 2 3 .0
22 1 9 .4  1 0 .4 8 2 7 2 . > 3 8 .7 ; 4 2 1 2 5 .2 6 6 .9 02 1 7 8 .1 9 5 - 2 6 2 ,2 3 1 .1 ' 2 3-5  |
23 2 0 .3 1 10 .8 *3 7 3 - 2 3 9 - ‘ j 45 I 2 6 . 1 6 : 4 O5 .7 9 . 0 9 5 -7 i 63 2 3 !-9 1 2 4 .0  ’

2 4 2 1 .2 , 1 1 .3 ■ X4 7 4 - 1 3 9 .6 44 I 2 7 .C 6 7 .9 Oj ' 79-9 9 6 .2 6 4 ,2 3 2-8 124-4  :
2 Î 2 2 .0 ! 1 1 .8 8 ; 7 5- ° 4 0 .1 ! 45 1 2 7 .9 6 8 .4 Oc 180 .8 q 6 .6 | 6 5 !233-7 1 2 4 .9  i
2  G! 2 2 , qj 12.-; 86 75-8 4 0 - 51: 4 <> 12 8 .8 6 8 .8 o f  1 8 1 .7 9 7 - n 6 6  2 3 4 .6 1 2 5 .4  i

2 7 2 3 .8  1 2 .7 8 7 7 6 .7 4 I .0 | 4 " 1 2 9 .6 6 9 .3 0 - 1 8 2 .6 9 7 -6 j 6 7 :235-5 1 2 5 .9  1
28 2 4 -7 ! > 3-2 88 77-6 4 1 .5 48 ' 30-5 6 9 .8 o S 1 8 3 4 9 8 .1 68 ¡2 3 6 .4 1 2 6 .3  i
29 2 5 .6 - 1 3 .7 8 9 7 8 .5 4 2 .0 49 ' 3 i -4 7 0 .2 09 '8 4 -.3 9 8 .5I 69 '2 3 7 .2 1 2 6 .8  !

3 0 2.6-5! 1 4 . ’ 9 0 79-4 4 2 .4 5C i 3 2 .3 7 0 . - IC .8  5 .2 9 9 .0 ! 7 0 ; 2 3 o . 1 1 2 7 .3  i

3 ' 2 7 .5 ; 1 4 .6 9 1 8 0 .3 4 2 .9 1 5 1 ' 3 >-2 7 1 . 2 21  I 1 8 6 .1 99-5 2 7 ' , 2 3 9 -° 1 2 7 .7  i

3 2 2 8 .2  1 5 .1 9 2 8 1 .1 5 2 ‘ 34-1 7 i -7 12 I 8 7 .O 9 9 -9 ! V- :2 39-9 1 2 8 .2  !

33 2 9 . i| 1 5 .6 93 S 2 .0 4 3 .8 53 ' 34-9 7 2 .1 *5 1 8 7 .8 100.4* 7 3 ,2 4 0 .8 1 2 8 .7  ‘

3 4 30 .0 ; 1 6 .0 94 8 2 .9 44-3 54 ■ 35-8 7 2 .6 ■ 4 1 S 8 .- IOO.9 74 .2 4 1 .6 1 2 9 .2  |

35 3 0 .9 ' 1 6 .5 95 8 3 .8 4 4 .8 5 < 1 3 6 .7 7 3 - i I N 1 8 9 .6 1 0 1 .4 73 ;2 4 2-5 1 2 9 .6  |

36 3 i . "  T 7.O 96 8 + 7 45-3 S«» ■ 3 7 .6 73-5 16 19 0 .5 1 0 1 .8 7 6 24 3 .4 13 0 . i j

3 “ 3 2 .6 , 1 7 .4 97 8 5 .5 45-7 57 1 3 8 .5 7 4-0 >7 1 9 1 .4 i 0 2 . r 1‘ ,244-3 1 3 0 .6

3 8 3 3 - 5i >7-9 98 8 6 .4 4 6 .2 58 >39-3 74-5 i ? *9 2-3 1 0 2 .8 7 8 H 5-2 l 3 i . O  1

3 9 3 4 -4  >8-4 99 S - .3 4 6 .7 59 14 0 .2 7 5 .0 IC 1 9 3 .1 1 0 3 .2 7 9 ,2 4 6 .1 • 3 '- 5
4 0 3 3 .3  18 .9 Ï0 0 8 8 .2 4 " - 1 6C 1 4 1 .1 7 5 - 4 20 194 .C > 0 3 .7 8 0 |î 4 6 .9 Ï 5 2 .0
4 ' 3b . 2 1 9 .3 IO I 8 9 .1 4 7 .6 lO i 14 2 .0 7 5 -9 221 19 4 .9 1 0 4 .2 28 U 4 7 .8 1 3 2 .5

4 2 3 7 .0 ; 1 9 .8 0 2 Ç)0.0 4 8 .1 6 2 14 2 .9 7 6 .4 22 1 9 5 .8 1 0 4 .7 8 2 :2 4 8 .7 1 3 2 .9

43 3 7 -9 ' 2 3 -3 0 3 9 0 .8 4 S .6 6 5 1 4 3 .8 - 6 .8 2 3 Î 9 6 .7 I O Ç .l 8 . i 249-6 133-4
4 4 3 s .y j  2 0 .7 0 4 9 ' " 4 9 .0 65 14 4 .6 77-3 2 - 193-6 1 0 5 .6 8 4 :2 5 0 .5 ' 33-9
45 39  7 j 2 ‘ - 2 0 5 9 2 .6 49-5 65 • 45-5 77-8 2 5 1 9 8 .; 1 0 6 .1 8 2 5 r -3 134-3
4 6 4 0 .6 : 2 1 .7 0 6 93-5 5 0 .0 6 6 14 6 .4 7 8 .3 26 1 9 9 .3 * 0 6 .5 S 6  2 5 2 .2 1 3 4 .8

4 " 4 1 .5 ;  2 2 .2 ¿>7 9 4-4 5 0 .4 6 “ ' 47-3 7 8 .7 27 2 0 0 .2 1 0 7 .0 8- 2 5 3 - i 135-3
4 S 4 2 .3 ] 2 2 .6 o s 9 5 .2 5 0 .9 6 S 1 4 8 .2 7 9 .2 28 2 0 1 .1 1 0 7 .5 8 ! 2 5 4 .C ' 3 5 -8 '

49 4 3 . 2 | 2 3 . . 0 9 9 6 .1 5 1 -4 6 9 14 9 .C 79-7 2 9 2 0 2 .C 1 0 7 .q 2 5 4 -Ç 1 3 6 .2

5° 4 4 .1 !  2 3 .6 10 9 7 .0 51-9 ■ »c fd-Q.q 8 0 .1 3 C 2 0 2 .8 1 0 8 .4 9 <> 2 5 5 .? 1 3 6 .7

S ' 4 J.O: 2 4 .0 1 1 97-9 1 7 1 15 0 .8 S 0 .6 2 3 2 0 3 .7 10 8 .9 2 9 1 1 2 5 6 .1 1 37 -2

5 2 4 5 -9 | 2 4-5 12 0 8 .8 5 2 .S 72 1 5 1 .7 S i . I 3 2 2 0 4 .6 i o q . 4 9 2 |2 5 7 -_ ' 37-6
4 6 .7 !  2 ; - c 13 99-7 53-3 73 1 5 2 .6 . 0 1 .6 5 , 2 0 5 .5 109.8 I 9 3 ;2 5 S -4 1 3 8 .1

i 4 4 ’ -6 ; 2 5-5 I 4 -IOO.Ç 7-> vSj-Si S z .c 3 - 20&.4 1 10 .3 9 4  2 59 -. 1 3 8 .6

55 4 8 . j i  2 5 .9 1 5J IO I.J 54- 2 7 s 15 4 .5 S 2. 5 3 707-3 1 ¡0 .8 | 9 5 I 2 6 0 .- I 3 9 -I

5 6 4 9 -4 ; 2 ft- t i6 | i0 2 - 3 '5 4 ' 7 b 155.2 ! 8 3 .0 36  20 8. i r 1 1 .2 | 9 6 1 2 6 1.C 139-5
S ' 5 ° - 3 ! 26 9 1 7 1 10 3 .2 1" 156. 8 3 .4 5 “ 4 0 9 . c 1 1 1 . 7 9 T 2 Ü 1.9  14 0 .0  J

5 8 J I . 2' 2 7 .3 iS ■ 104.1 5 5 .6 7 b 1 5 7 .° !  8 3 .9 3* ¡20 9 .9 1 1 2 .2 98 2 0 2 .8  I 4 0 .s

59 5 2 .0 , 2 1 .8 !9 . '0 4 .9 36. 1 79 l 5 7 .c 1 8 4 4 39  ï i o . 8 l 12*7 991263. 114 0 .9

60 5 2 .9  2Ü. 3 20 : i o î > 5 6 .6 8c l 5 8 . ' ; 84-9 4 0  2 1 1 . ' 1 1 3 .1 3 0 0  2 6 4 . 6 1 4 1 . 4
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D u t. I. « .  
0 0 .9  
0 1 .7

0 2 .6
0 3 .4

0 4 .3
0 5 .1

0 6 .0
0 6 .9

0 7 .7  
0 X .6

0 9 .4
10 .3

II. 2
1 2 .0

1 2 .9

13-7
•L6
' 5-4
1 6 .317-*,
15.0
1 8 .9  

1 9 . 

2 0 .6  

21-4
22.3
2 3 .2

2 4 0

24.9
2 v

2 0 .0 
27-4  
2 8 0  

29- 
30.'
3 0 .93*'l
3 2 .0

3 3 -  5
3 4 - 3

T?”
3 6 .0

3 6 .9

3 9-3
4 0 .3

+  '•  
4 2 .' 

4 2 ^

4 H4 + ‘
4 5-5
4 6 ..
4 7 .:

U e p .| D i f t . l L a t . D t p . >ill l .a t . D e p .i|D it t| L a t ,| U c p . 1 O i l ' , L a t . D e p %

OO.5 0 1 5 2 -3 ( 2 1 1 0 3 .8 62.2 1 8 1 1 5 5 .2 9 3 - i 2 4 1 2 0 6 .7 > 2 3 .9
O i ,o 6 2 53-2 3 1-9 2 2 1 0 4  6 6 2 .7 1 8 2 1 5 6 .1 9 3-6 4 2 2 0 7 . c 1 2 4 .4
0 1 .5 6 3 5 4 .0 3 2 .4 23 1 0 5 .5 6 3 .2 1 83 1 5 7 .0 9 4 .1 45 20 8.4 1 2 4 .9

0 2 .1 6 4 34-9 3 2 .9 *4 1 0 6 .4 6 3 -7 ! 84 1 5 7 .8 9 4 .6 44 2 0 9 .3 1 2 v < l
0 2 .6 6 5 5 5 .8 3 3-4 2 5 1 0 7 .2 6 4 .3 ; 85 5 8 .7 9 5 .1 4 > 2 1 0 . 1 1 2 6 .0

0 3 .1 6 6 5 6 .6 33-9 2Ò 1 0 8 .1 6 -p 8 l 86| ■ 59-5 9 5 .6 4 6 2 1 I.C 1 2 6 .5

0 3 .6 6 7 57-5 34-4 2 7 1 0 8 .9 6 5 -3 ! 67] l6 0 .4 9 6 .1 4 : 211-9 * I 7 .O

° 4 - i 6 8 ¿ S -3 3 5 -a 28 IO lJ.t 6 3 -8 . 88! 1 6 1 . 3 9 6 .7 , 4 8 2 1 2 .7 ' 27-5
0 4 .6 6 9 5 9 - 2 35-5 2 9 1 lO .b 6 6 .3 8 9 1 1 6 2 .1 97-21 4 9 213-1 1 2 8 .0

0 V » 70 O o .o 3 6 .0 3 0 H i . 5 6 6 .8 9 0  1 6 3 .0 i)7 . 7 - 50 2 1 4 .4 1 2 8 .5

° S -7 OO.9 3 6 .5 >3 > 1 1 2 .4 6 7 -3 U jl j 1 6 3 .8 9 0 .2i 2 5 1 2 1 5 .3 1 2 9 .0

0 6 .2 7 2 6 j .8 3 7-0 3 2 1 1 3 .2 6 7 .9 9 2  1 6 4 .7 9 8 .7 1 52 2 1  6. 1 1 2 9 .6
O 6 .7 73 6 2 .6 37-5 33 1 1 4 .1 6 8 .4 9 3 : l 6 5-5 99 .21 53 2 1 7 .C 13 0 . i

0 7 .2 74 6 3 .5 3 8.C 1 1 4 .9 6 S .9 9 4  1 6 6 . -P 99  7 ' 5 4 2 1 7 .5 1 3 0 .6

O ? . ; 7 5 6 4 .3 3 8 .6 35 i 1 69.41 95  1 8 7 -3 1 0 0 .3 55 2 1 8 .7 1 3 1 . I

0 8 .2 7 6 6 5 . , 3 9 .1 36 1 1 6 , - 6 9 .9 9 6 1 6 8 . 1 10 0 .8 5<- 2 1 9 .(; 1 3 1 - 6
0 8 .7 7 7 6 6 .0 39-6 37 1 1 7 . 5 7 0 .4 97 i 0 Q.0 1 0 1 .3 57 22 0 .4 1 3 2 .1

° 9-3 78 6 6 .9 4 0 .1 38 . 1 8 . 4 7 °* 9 9 8  I 6 9 .8 1 0 1 . ÎV 58 2 2 1 .3 1 3 2 .6

0 9 .8 7 9 6 7 .8 4O.Ó 39 1 1 9 .2 7 1 - 5 9 9  1 7 0 .7 J 0 2 .J . 5 9 2 2 2 .2 ' 3 3-2
JO. 3 8 r 6 8 .6 4 1 . 1 4 0 1 2 0 .1 7 2 .C 2 0 0  I 7 I . 5 1 0 2 .8 6 0 2 2 3 .0 1 3 3 .7

1 0 .8 8 1 6 9 .5 4 1 .6 • 4 > 1 2 0 .9 7 2 . 5 20 1 1 7 2 .4 1 0 3 -3 2 ( ) l j2 2 5 .t , ‘ 3 4 -2
1 1 . 3 8 2 7 °-3 4 2 .2 4 2 1 2 1 .8 7 3 .0 0 2 173-3 103.82 6 2 12 2 4 .7 ' 34-7
1 1.8 »3 7 1 . 2 4 2 .7 1 2 2 .7 7 3 -5 03 ' 74-1 1 0 4 .4 6 3 2 2 5 .6 135 -2-
1 2 .3 84 7 2 .0 4 3 .2 4 4 > 23 .5 7 4 .0 0 4 1 7 5 . 0 10 4 .9 - 6 4  2 2 6 .4 ' 3 5-7
1 2 .9 85 7 2 .9 4 3-7 4 5 1 2 4 ,4 74-5 0 5 175 -8 ; 1 0 5 .4 - 6 5 2 2 7 .5 1 3 6 .2

1 3 .4 8 b 7 3 .8 4 4-2 4 6 . 2 5 .2 7 5 - » 065 1 7 6 .7 1 0 5 .9 6 6 2 2 8 .2 1 3 6 .8

1 3 .9 8 - 7 4 .6 4 P " 4 7 1 2 6 .1 7 5 .6 0 " 1 7 7 .5 ' 1 0 6 .4 6 7 2 2 9 .C ■ 3 7-3
1 4 .4 88 7 5 - S 4 5-2 4 8 1 2 6 .9 7 6 . I o b- j 7 b. ĵ i c 6 .q 6 8 ,2 2 9 .9 ' 3 7-8
14 .9 8 9 7 6 .3 4 5 .8 4 9 1 2 7 .8 7 6 .6 0 9 ‘ 79-3 1 0 7 .5 6 9 2 J 0 .3 . '.> 8 .3

14 .4 q o 7 7 .2 4 6 .3 5 0 1 2 8 .7 7 7 - » 10 18 0 .1 10 S .C *?o 23 U ( 1 3 8 .8

1 5 .9 9 * 7 8 . 1 4 6 .8 4  5 1 1 2 9 .5 7 7 . 6  ̂ 1 l b i . o 1 0 8 .5 2 7 1 2 3 2 .5 ' 39-3
1 6 .3 9 2 7 8 .9 4 7 .3 52 13 0 .4 7 8 .1 2 l 8 l . 8 : l 0 9 . C 7 2 2 3 3 - 3 ■ 39-8
1 7 .0 93 79-8 4 7 .8 53 >3 ‘ .2 7 8 .7 '3 I C 2 .7 1 0 9 .5 7 3! 2 5 3 -2 1 4 0 .4

1 7 -4 94 S 0 .6 4 8 .3 5 4  '3 2 . 1 7 9 -2 ■ 4 1 8 3 .6 I 1 0 .C 7 4 .2 3  5 -c 1 4 0 .9

1 8 .0 95 8 .- 3 4 8 .8 53 > 3 2 .9 7 9-7 5 I 8 4 .4  I IO. s ' 7 5 :2 3 5 -9 ' 4 1 -4
1 8 .5 06 8 2 .3 4 9 .4 5 6 ■ 3 3-8 8 0 .2 16  1 8 5 .3  I I I . C 7 6 ,2 3 6 .7 1 4 1 .9

I <4.0 97 8 3 .2 4 9-9 57 ' 34-7 8 0 .7 1 7 1 1 8 6 . J 1 1 1 : 6 77 2 3 7 .6 ¡ 4 2 .4

>9-5 98 8 4 . . 5 0 .4 5 S 13 5*5 S l . 2 i 8 ; i 8 7 .g 7 8 1 2 3 X 4 1 4 2 .9

20 . i 99 8 4 .9 5 0 .9 59 1 5 6 .4 8 1 .7 19 I 0 7 .6' I 12.6 7 9 ; 2 3 9 - j * 4 3 4
2 0 .6 lOO 8 3 .8 3 1 .4 6 0 1 3 7 .2 8 2 .3 20 . X r„7 1 1 3 .1 8 0  2 4 0 .2 ' 4 .3-9
2 1 .1 ' 10 1 8 0 .6 5 1 -9 I b i 1 3 8 .1 8 2 .8 2 2 1 1 8 9 .6 1 1 3 .6 ' 2 8 i |2 4 1 .C ■ 4 4 -5
2 1 .6 0 2 8 7 .5 5 2 .4 6 2 1 3 9 .0 8 3 .3 2 2 19 0 .5 1 1 4 . i 82 2 4 1 .9 1 4 5 .0

2 2 .1 0 ; 8 8.3 53-0 63 >39-8 8 3 .8 2 3 1 9 1 - 3 1 1 4 .6 83 2 4 2 .7 ' 4 5-5
2 2 .6 0 4 8 9 .2 53-5 6 4 140.7 8 4 -3 -4 1 9 2 .1 1 1 5 .2 8 4 2 4 3 .6 1 4 6 .0

2 3 . > 05 9 O .1 5 4 .0 65 i 4 '- 5 ¿>4 -& 2-5! '9 3 ,0 1 ' 5-7 1 85 2 4 4 .5 ' 4 *- 5
2 3 .6 0 6 9 0 .9 6 6 1 4 2 .4 8 5 .3 2 C j j 93 .8 I l 6 .1 « ,245-3 1 4 7 .0

2 4 .2 0 7 9 1 .8 5 5 .C 67 1 4 3 .2 8 5 .9 2 “ ' 94-7 1 1 6 . - ! 8? ¡2 4 6 .2 ■ 47-5
2 4 .7 o s 9 2 .6 55-3 68 1 4 4 .1 8 6 .4 28 ' 9 5-6  1 1 7 - 2 I 8 8 ,2 4 7 .0 1 4 8 . i

0 9 93-5 Ç 6 .0 6 9 ' 4 5 .C 8 6 .9 2 9 1 9 6 .4 1 1 7.7 8 9 :2 4 7 .9 1 4 8 .6

2 v “ 10 9 4-4 3 6 .6 70 1 45 .8 8 7 .4 30 1 9 7 .3 ! l X . 7 || 9 0 2 4 8 .- 1 4 9 . i

2 6 .2 11 9 5 .2 57 - ' * 7 ■ 1 4 6 . - 8 7 .9 23  1 1 9 b . 1 ¡ 1 1 8 .8 I ¿ 9 1 “ 2 4 9 .6 1 4 9 .6

2 6 .7 12 9 6 .1 5 7 .6 7 2 ' 4 7-5 8 8 .4 3 2 19 9 .O , 1 1 9 . 3 9 2 :2 5 0 .5 I 5 0 . I

2 7 .2 i j 9 6 .9 3 8 . . 7 3 1 4 8 .4 8 8 .9 33 19 9 .9 ¡ 1 1 9 . 8 I 9 3 2 5 1 . 3 1 5 0 .6

2 7 .S 1-4 9 7 .8 3 8 .6 74 1 4 9 .2 8 9 .5 34 2 0 0 .7 1 2 0 .3 9 4 2 5 2 .2 1 5 1 .1

2 8 .3 1 s 9 8 .6 5 9 - 1 75 1 3 0 .1 9 0 .0 J 5 2 0 1 .6 1 2 0 .8 9 5 I2 5 3 -C ' 51-7
2 8 .8 16 9 9-5 3 9 .6 76 1 5 1 .C 9 0 . j 3 6 20 2..] I I I . 3 9 6 U 5 3 .9 1 5 2 .2

29-3 1 “ 10 0 -4 6 0 .2 77 1 5 1 .1 9 1 .0 37 2 0 3 .3 1 2 1 .8 9 ' 2 5 4 .- 1 5 2 .“

2 9 .8 ix 1 0 1 .2 6 0 .' 78 >52-7 9 1- 5 38 2O4. 1 22..] 98 2 5 5 .6 1 53-2
3 0 .3 >9 [ 0 2 .1 6 I .2 79 153 - 9 2 .C 2O5.C 1 2 2 .9 95 2 5 6 .5 >53-7
3 0 .8 2 C IO 2 .9 6 1 .7 8 c 15 4 .J 9 2 .5 40 î o  v< '2 3 . 4 1 3 OC 2 5 7 .3 1 5 4 2

LtJ t . ¡ D i l l U 4 p . 1 L i t . D i! l|  D tp L a t . IJ llij U e p 1 L a t . [ D i lt U c p L a t .

(F or 5L Points
= 4



D ili. La: D e , . 0,1} ! . „ D e r .,
E i

L a t. D ep. DiH Lar. D ep .1 Dif, Lat. Dep.

1 OÜ.Ï. 00.6 6 5 ^ -7 3 3-9 121 £00.6 O7.2 18! 150.5 1OO.5 241 200.4 1 33 -9
2 0 1 . ? 0 1 . J 62 5 1 .6 3 4 -4  

3 5-°

22 1 0 1 .4 67.8 82 >5>-5 10 1.1 4 2 2 0 1.2 >3 4 -4
3 0 2 .5 01 65 5 2 .4 i 2 3 Î02.3 68.2 S3 152.2 101.7 4 3 2 0 2 .C 1 3 5 °
4 o-;. ; • 02 . 2 64 5 3 -2 3 5 .b

1 2-t
103.1 68.5 84 1 5 3 -c 102.2 4 4 202.9 ' 35-5

5 04.2 0 2.h' 65 54.C 36.1 2 5' 0 3 -9 09.4 85 ' 53-8 102.8 4 5 20 3.- 136.1
6 O i.C ox.  ; 66 5 4 -9 36.7 26 104.8 7 0 .C 86 ■ 54-7 103.3 4 6 204.5 136.7
7 o ; .8 0 3 .9 6 - 3 7 -2 27 105.6 7O.5 87 >55-5 103.5 4 7 205.4 137-2
s o '6 .- 0 4 .4 68 5 6 -5 37.8 2h 106.4 7 1 .1 88 ' 56-3 104.4; 4 8 206.2 >3 7 -8
9 0 7 . s OJ.C ÔÇ 5 7 -4 3.*-3 i 2S 107.3 7 1 - 7 89 157-1 i o s .c : 4 9 2O7.O ■ 38.3

IO o x .  5 O s .r 70 18 .7 3s  .'9 | 10 1 0 8 .1 72.2 qo 1 sS.c 1 0 ; . : 50 20^-0 138.9

1 1 09. i 0 6 . i 7 * 59.O 3 9 -4 t j  l 108.9 72.5 i > 9 > 158.8 106.11 251 2O8.7 • 3 9 -4
I • 1 0 .c 0 6 .7 7 2 5 9 -9 40. c 3 2 109.8 7 3 -3 9 2 1 5 9 .b 106.7’ 5 2 209-5 I4O.O
IJ I C .8 0 7 . 2 73 6 0 .7 40.6 33 1 10.6 7 3 -9 93 160.5 107.2 5 5 2Î0 .4 140.5

14 i 1 .6 0 7 .s 74 6 1 .5 4 1 . 1 34 I I I .4 7 4 -4 , 9 4 16 1.3 107.8 54 21 1.2 1 4 1 .1
I s 12 .5 08 .3 7 5 6 2.4 4 > -7 3 $ ÎI2 .2 7 5 -c 95 162.1 10 8 .; 55 2 12.C 14 1 .7
lb >3 -3 0 8 .9 76 6 3 .2 42.2 36 1 13 .1 7 5 -5 9 6 163.0 icS .g j 561 2 12 .9 142.2
17 14 .1 0 9 .4 77 64..c 42.8 37 >>3 -9 76.1 97 163.8 109.4 5 " 213.7 .4 2 .8
ih 1 5 .° 10 .0 7 8 64.0 4 3 -3 38 114 .7 7 6 .7 9 8 164.6 11 Q.C 58 214 .5 1 4 3 -3
i n ' 5 -8 10 .6 7 9 6 ; .  7 4 3 -9 3 9 f I5 .6 7 7 -2 9 9 163.5 n o -5 59 2 1 .5-4 1 4 3 -9
2C 16 b r r . 1 82 66. c 4 4 -4 4 C 1 16.4 _ 7 7 .8 IOC 166.3 I I I. I 60 216.2 1 4 4 -4
2 ! >7 - 5' 1 . - 8 t tr :\ j . 4 5 - 0 ; 4 ,J I 1 7 .2 7 8 .3 2 j l 107. ] 1 1 1.7 2Ô1 2I7.O 14 5.0
21 >8 -3 1 2 .2 82 68.2 45.6 4 > r 18.1 78.9 0 : 168.C 1 12.2 6 : 2 ,7 .8 145-5
25 19 .1 12.8 «3 69 .0 46.1 4 3 u 8 - q 7 9 -4 03 ifïS.'S 1 12.8 2 18 .7 14 6.1

24 20. C >3 -3 *4 69.8 4 6 .7 4 4 r i 9.- 8o.c 04 169.6 113-3 64 219 .5 146.7

.I4 7 -220.8 13.9 85 7 0 .7 4 7.2 4 5 ,2 0 .6 80.5 Os 170.5 >>3-9 6 ; 2 2 0 .j
2b z i . b 14 .4 86 7 1 .5 47.8 4 6 1 2 1 .4 S i .  1 ob 1 7 1 .; ! 14.9 66 221.2 .147.8
2" 2 2 .4 15 .0 OT 72 .3 48.3 4 " 1 22.2 s , . - 0 7 172.1 ,1 5 .0 6;- 222.0 1-48-3
2? 23-5 1 5 .6 88 7 Ü.2 48 .9 48 [ 2 3 - 1 82.2 c S 172.1, 115 .5 68 222.8 148.9
2(f 24 .1 l6 . 1 S9 7 4 - 0 4 9 -4 4 9 l2 3 -9 82.8 09 173.8 1 l6 .I 69 2 2 j.7 149.4
,?0 ' 4 *̂ 1 6 .- QO “  j . 8 so .o ;o ,2 4 .- 10 174.6 116 .7 7 0 224.5 I 50 0

3 1 2 5 . i 1 / .2 9 ' 5O.6 15 r , 2 5.b " 3-9 211 >7 5 -4 I 1 7 .2 271 2 2 5 .3 150.5

3 - 26 .6 1 7 . s 92 7 6 .5 5 >• ' 2 i 26.4 X4.4 12 I76.3 117 .8 72 226.2 1 5 1 .1

33 2 7 .4 18.3 9 3 7 7 - 3 5 >-7 53 1 27.2 SC.O 3 177 .1 118 .3 73 227.O 151-7
j 4 a S -3 1 8 .o' 9 4 7 8 .2 54 I2S.O » 5-5 J 4 1 7 7 -9 * 1 8.9 74 227.8 152.2

3 ; 29 .1 19 .4 95 7 9 .0 52.8 5 ^ 128,9 8 6 ., I s 178.8 1 i 9 -4 i| 7 5 228.7 152.8

3 <> 29 .9 20 .0 96 7 9 .S 53-3 5 (> ,2 9 .7 X6.~ 16 179.6 1 2 0 . C 7 6 2 2 g.5 >53-3
3 7 3 0 .S 20 .6 97 SO.^ 5 3 -9 57 >3 0 -5 87.2 l - I 8O.4 120.5 77 130.3 ' 5 3 -9
3 ; 3 1 .6 2 1 . ) 98 8 1 .5 5 4 -4 5 « ‘ 3 >-4 8 -,8 18 18 1.3 1 2 1 .1 78 2 3 1 .J 1 5 4 -4
3 9 3 2 .4 2 1 .7 9 9 8 2.3 5 5 -c 59 132.2 88.3 >9 l8 2 . 1 1 2 1 .7 7 «. 232.0 155.0

4<7 XX.X 9 1 i  Ç-6 60 1 XÏ.O 88.9 20 l8 2 .9 122.2 8c 232.8 15 5-5
+ • 3 4 - 22 .,: iO l **4.0 50. t , 6 >|>3 3 -9 89. j 221 183.8 122.8 281 23 J.6 156 .1

4 ' 5 4 -9 23 -3 02 84.8 62 ' 34-7 90. c 22 184.6 1 -3-3 82 23 4 -5 156.7

4 3 3 5 -3 23 .9 03 8 5.6 5 7 -2 6 3  >35-5 90.5 2 3 185.4 i ^3-9 ^5 2 3 5-5 15 7 .2

4 -> 3 6 .6 2 4 .4 04 S o .5 5 7 -» 64 136.4 9 1-1 24 186.2 124.4 84 236.1 157.8

4 X^.2 2<.0 0 j S - - 3 5»-3 65 1 3 7 .2 9  >■ ' 2S | l 8 7 -i 125.0 85 237.0 158.3

4 f’ 3 S .2 2 5 .6 06 S 8 .1 58.9 66 1 38.0 9 2.2 2b 187.9 i 2 5-5 86 237.8 1.58-9

4 " 3 9  1 2 6 .1 07 89.0 5 9 -4 6 - 138.9 92.8 2-7 188.7 126.1 87 L23S.6 ' 5 9 -4
4 t 3 9 - 9 26 .7 oh 89.8 60.0 6? 139.7 9 3 -3 28 1 89.6 126.7 88 23 9 -5 160.0

49 4 0 .7 2 7 . 2 ° 9 90.6 60.6 6c> 140. s 9 3 -9 2 9 190.4 127.2 89 24 0 -3 160.5

4 1 .6 2 - . 8 10 9 1 • 5 f t , . i 7 o | i4 i -3 9 4  4 3 0 T q i. 2 I2*».S 9c 2.41.1 i 6 i . i

4 2 .4 28.3 x 11 9 2 -3 i n . 7 ■ 7 > 142.2 9 5 ’*c 231- 192.1 128.3 291 242.0 16 1.7

5 2 4 3 - 2 2S.4 12 9 3 -> 62.2 72 >4 3 -c 93-5 3 2 192.9 128.9 92 242.8 1 62.2

5 3 4 4 -> 2 9 .4 >3 94. c 62.8 73 >4 3 -8 q 6. 1 33 >9 3 -7 129.4 9 3 243.6 l6 2 .8

5 4 4 4 .9 30.0 >4 9 4 .8 63.3 74 >4 4 -7 9 6 .- 34 ■ 9 4 -6 130.0 9 4 24 4 -5 •63-3

55 4 5 - 7 30.6 '  >5 9 5 .6 63.9 75 >4 5 -5 9 7 -2 35 >9 5 -4 130-5 9 5 24 5 -i 163-9
56 4 6 .6 3 1 .1 l6 9 6 .5 64.4 76 [40. X 97.8 3 »> 196.2 131-1 96 246.1 164.4

S ’ 47-41 3  > - 7 I " 9 7 -3 6 7 .c 7 ' 147.2 9 S -3 37 197-1 I 3 I .“ 97 246.9 165.0

5 » 4 8 .2 3 2- 2 9 8 -, 65.5 7 8 , 4 S .c 98. c 38 197.9 132.2 98 247.8 165.5

çy 4 9 .1 3 7-S >9 9 8 .Ç 66.1 7 4 14S.8 9 9 -4 3 9 198.7 ■ 3 2 -8 j 9 9 248.6)166. 1

60 4 Q.q 20 9 9 ■ * «ft. S c U Q - • r c o .c AO 199.6 13 3-3 :30c 249.4)166.7

l in t . Ucp. L a ri D ili. D o, L a i . , L>:ltJ lX p'.| L a i. U iltlD cp. Lat. | Lift l O ep.l Lat-





D if t L a t  i D e p D ift|  L a t . i D e p . iD if t ,  L a t | D e p . D ifl L a t . D e p . D i( L a t . D e p .

~ — 0 0 .8 0 0 .0 0 4 7 .2 3 8 .7 1 2 1 93-5 7 6 .8 1 8 1 1 3 9 -S 1 1 4 .8 2 4 1 1 8 6 .3 1 5 2 .9

O I .5

0 2 .3

0 1 .3 63 47-9 39-3 22 94-3 7 7 -4 82 1 4 0 .7 115-5 4 2 1 8 7 .1 1 5 3 - 5

0 1 .9 63 4 8 .7 4 0 .0 2 3 9 5 - 7 8 .0 8 l 1 4 1 .5 1 1 6 . 1 4 3 1 8 7 .8 1 5 4 .2

'■ ■ 4 O J .I 0 2 . V 64 4 9-5 4 0 .6 2 4 9 5 -S 7 8 .7 84 1 4 2 .2 1 1 6 . 7 4 4 1 8 8 .6 1 5 4 .8

0 3 .9 0 3 .2 65 5 0 .2 4 1 -2 -5 9 6 .6 79-3 85 1 4 3 .C 1 1 7 .4 45 1 8 9 .4 1 5 5 - 4

0 4 .6 0 3 .8 66 i  I 0 4 1 .9 26 97-4 7 9-9 86 14 3 -^ 1 1 8 .0 4 6 19 O . 2 ■ 56.1

O 5 .4 0 4 .4 6 7 j i . a 4 2 -5 2 7 9 8 .2 8 0 .0 87 i 4 4 -6 1 1 8 .6 47 ■ 9 ° - 9 1 5 6 .7

% 0 6 .2 0 5 .1 68 5 2 .6 4 3 - 1 1 28 9 8 .9 8 1 . 2 88 ■ 45-3 119-3 4 8 1 9 1 . 7 ' 5 7-3
0 7 .0 0 5 .7 69 53-3 4 3-8 2 9 99-7 8 1 .8 89 1 4 6 .1 ' 19-9 4 9 1 9 2 .5 1 5 8 .0

IC 0 7-7 0 6 .3 70 54 - i 4 4 -4 30 IO O .5 8 2 .5 90 14 6 .9 1 2 0 .5 50 193  3 1 5 8 .6

! 1 1 0 3 .5 0 7 .0 7 ' 54-9 4 5 .0 1 3 1 1 0 1 .3 8 3 .1 1 9 1 1 4 7 .6 1 2 1 .2 2 5 1 1 9 4 .0 1 5 9 .2

! 22 O 9 .3 0 7 .6 7 2 55-7 4 5 -7 3 2 1 0 2 .C 83-7 9 2 1 4 8 .4 1 2 1 .8 5 2 1 9 4 . 8 ' 5 9 -9
23 1 0 .0 0 8 .2 73 5&:4 4 6 .3 33 1 0 2 .S 8 4 .4 93 1 4 9 .2 1 2 2 .4 53 1 9 5 . 6 1 6 0 .5

! H 1 0 .8 0 8 .9 1i 5 7 -2 4 6 .9 3 4 1 0 3 .6 8 5*0 94 15 0 .C 1 2 3 . 1 54 1 9 6 .3 1 6 1 . 1

1 *5 1 1 .6 0 9 .5 75 5 8 .0 4 7 .6 3 5 1 0 4 .4 8 5 .6 95 1 5 0 .7 1 2 3 .7 55 1 9 7 . 1 1 6 1 . 8

Ì 16 1 2 .4 J 0 .2 76 5 8 .7 4 8 .2 3 b I O 5 .I 8 6 .3 9 6 1 5 1 .5 1 2 4 .3 56 1 9 7 .9 1 6 2 .4

! *7 1 3 . i 1 0 .8 77 59-5 4 8 .8 37 1 0 5 .9 8 6 .9 97 * 5 2-3 I2 5 .O 57 1 9 8 . 7 1 6 3 . 0

1 1 **
1 3 .9 1 1 . 4 78 6 0 .3 4 9-5 38 1 0 6 .7 8 7 .5 98 ' 53-1 1 2 5 ,6 5 « 1 9 9 .4 1 6 3 . 7

1 9 r4*7
T

I 2 .1 79 6 l .  J 5 0 .1 39 1 0 7 .4 8 8 .2 99 153-8 1 2 6 .2 59 2 0 0 .2 1 6 4 .3

1 2 C 12.7 8 c 6 r .8 50.8 4 0 1 0 8 .2 8 8 .8 2 0 0 1 5 4 .6 1 2 6 .9 6 0 2 0 1 .0 1 6 4 .9

21 1 6 .2 ' 3-3 8 l 6 2 .6 5 1-4 1 4 1 IO 9.O 8 9 .4 2 0 1 ' 55-4 1 2 7 .5 2 6 1 2 0 1 .8 1 6 5 .6

22 1 7 .0 1 4 .0 82 6 3-4 5 2 .0 4 2 1 0 9 .8 9 0 . 1 0 2 1 5 6 .1 1 2 8 . i 6 2 2 0 2 .5 1 6 6 .2

23 1 7 .8 1 4 .6 83 6 4 .2 5 2 -7 43 I IO .5 9 0 .7 0 3 1 5 6 .9 1 2 8 .8 6 3 2 0 3 -3 1 6 6 .8

24 1 8 .6 1 5 .2 84 6 4 .9 53-3 4 4 1 I 1.3 9 1 .4 0 4 1 5 7 .7 1 2 9 - 4 6 4 2 0 4 . I 1 6 7 . 5

25 • 9-3 1 5-9 85 b 5-7 53-9 45 1 1 2 .1 Q 2.G O5 1 5 8 .5 1 3 0 .1 6 5 2 0 4 .8 1 6 8 . ,

2^ 20 . 1 16 .3 86 6 6 .3 5 4 .6 4 6 1 1 2 .9 9 2 .6 OÓ '5 9 . 2 <30-7 6 6 2 0 5 .6 m . j

2 " 2 0 .0 1 7 .1 87 6 7 .3 5 5 .2 4 7 r 1 3 .6 93-3 0 - 16 0 .C 1 3 1 - 3 67 2 0 6 .4 1 6 9 .4 1

28 2 1 .6 1 7 .S 88 6 8 ,0 55-8 4 8 1 1 4 .4 9 3-9 0 8 16 0 .8 1 3 2 .0 68 2 0 7 .2 1 7 0 - 0 1

29 2 2 .4 1 8 .4 S y 6 8 .8 5 b -5 4 9 1 1 5 . 2 94-5 0 9 1 6 1 .6 .3 2 .6 6 9 2 0 7 .9 1 7 0 . 7 i

3C 2 3 .2 19 .0 90 6 q .6 5 t . i 50 1 1 6 .0 9 5 .2 1 0 1 6 2 .3 13 3-2 7 0 2 0 8 .7 ' 7 1 - 3 !

3 ) 2 4 .0 1 9 .7 9 ' 7 0 .3 57-7 ‘ S ' 1 1 6 . 7 9 5 .8 2 1  1 1 6 3 .1 ‘ 3 3-9 2 7 1 2 0 9 .5 1 7 1 . 9 ;

3 1 ~4 ’7 2 0 3 9  2 7 1 . 1 5 8 .4 5 2 1 1 7 . 5 9 6 .4 1 2 1 6 3 .9 ‘ 3 4-5 7 2 2 1 0 .3 1 7 2 . 6  :

2 5-5 2 0 .9 93 7 1-9 5 9 .0 53 1 1 8 .3 9 7 - i '3 1 6 4 .7 135-1 73 2 1 1 * 0 1 7 3 - 2  !

34 2 6 .3 2 1 .6 94 7 2-7 5 9 .6 54
55

1 1 9 .0 97-7 1 4 1 6 5 .4 ( 35-8 7 4 2 1 1 . 8 1 7 3 .8

2 7 .1 2 2 .2 95 7 3 -4 .6 0 .3 1 1 9 .8 9 8 .3 15 1 6 6 .2 1 3 6 4 75 2 1 2 . 6 1 7 4 -5
! 36 2 7 .8 2 2 .8 9 <> 7 4 .2 6 0 .9 56 1 2 0 .6 9 9 -c l 6 1 6 7 .c ' 3 7 -0 , 76 2 1 3 -4 1 7 5 . 1

2 8 .6 2}.% 97 7 5-0 6 1 .5 57 ( 2 1 . 4 9 9 .6 '7 1 6 7 .7 137 -7 1 77 2 1 4 . 1 • 7 5 -7
2 9 .4 2 4 .1 98 7 5-8 6 2 .2 58 1 2 2 .1 10 0 .2 18 1 6 S .5 1 5 8 .3 ; 78 2 1 4 .9 1 7 6 . 4

1 3 V 3 o . i 2 4 .7 99 7 6 .5 6 2 .8 59 1 2 2 .9 IO O .9 1 9 i 6 q . ; 1 3 8 .9 ! 79 2 1 5 . 7 1 7 7 . 0

1 -t * 3 0 .9 2 3 .4 lO O 7 7-3 6 3 -4 6 0 1 2 3 .7 I O I .5 n o 1 7 0 .1 1 3 9 .6 8 0 2 1 6 . 4 1 1 7 . 6

1 4 ' 3 ‘ -7 2 b .o I C i 7 8 .1 6 4 .1 l 6 l 1 2 4 .5 1 0 2 .1 2 2 1 1 7 0 .8 1 4 0 .2 2 8 l 2 1 7 . 2 1 7 8 - 3

! 4 2 3 2-5 26 .O 0 2 7 8 .8 6 4 .7 6 2 1 2 $ .2 1 0 2 .1 2 2 1 7 1 .6 14 0 .8 8 2 2 1 8 .0 1 7 8 .9

! 43 3 3 -2 2 ? .  5 0 3 7 9 .6 b 5-3 6.3 1 2 6 .0 1 0 3 .4 2 3 1 7 2 .4 >4 '- 5 83 2 1 8 .8 * 7 9 -5
i 44 3 4 -0 2 7 .9 0 4 8 0 .4 6 6 .C <4 1 2 6 .8 ÌO 4.O 2 4 1 7 3 .2 1 4 2 .1 8 4 2 1 9 . 5 1 8 0 .2

i 45 3 4-8 2 8 .5 O5 8 1 . 2 6 6 .6 6 5 1 2 7 .5 104^7 2 5 >7 3-9 1 4 2 .7 8 5 2 2 0 .3 1 8 0 .8

4 6 3 5 .6 2 9 .2 0 6 8 1 .9 6 7 .2 6 6 1 2 8 .3 * ° 5-3 26 >74-7 143 -4 ! 86 2 2 1 . 1 1 8 1 . 4

47 36-3 2 9 .S 0 7 S 2 .7 6 7 .9 6 7 1 2 9 .1 1 0 5 .9 2 7 >75-5 1 4 4 .0 *>7 2 2 1 - 9 1 8 2 .1

455 37-1 3 0 .5 0 8 8 3 .5 6 8 .5 6 8 1:29 .9 1 0 6 .6 28 1 7 6 .2 1 4 4 .6 1

145-3
88 2 2 2 .6 1 8 2 .7

4 c 37-9 3 ' - ' 0 9 8 4 -3 6 9 .1 6 9 1 3 0 .6 1 0 7 .2 2 9 1 7 7 .0 8 9 3 2 3 -4 ■ 8 3 -3
3 8 .7 3 ' - “ 10 * ? - o 6 9 .8 7 0 ■ 31.4 1 0 7 .8 t o 1 7 7 .8 145-9 9 0 2 2 4 . 2 1 8 4 .0

5 ' 3 9-4 3 2 -4 1 1 1 8 5 .8 7 ° -4 * 7-1 I 3 2 .2 1 0 8 .5 2 3 ‘ 1 7 8 .6 1 4 6 .5 2 9 I 2 2 4 .9 1 8 4 .6

5 - 4 0 .2 3 3-0 1 2 8 6 .6 7 1 . 1 7 2 • 3 3-0 lO g . 1 3 2 1 7 9 .3 1 4 7 .2 , 9 2 2 2 5 .7 1 8 5 .2

53 4 1 .0 3 3-6 «3 8 7 .4 7 1 . 7 7 3 • 33-7 10 9 .8 33 1 8 0 .1 1 4 7 .8 93 2 2 6 .5 * 8 5 - 9
54 4 '- 7 3 4 -j »4 8 8 .1 7 2-3 7 4 * 3 4-5 1 1 0 .4 3 4 1 8 0 .9 1 4 8 .4 9 4 2 2 7 -3 1 8 6 . 5

\ 55 4 2 .5 3 4 -9 •5 8 8 .9 7 3 -c 7 5 J35-3 ( 1 1 . 0 35 1 S 1 .7 149-1 95 1 2 8 .0 1 8 7 .1

5 * 4 3-3 35-5 16 8 9 .7 73-6 7 6 1 3 6 - 0 1 1 1 . 7 36 1 8 2 .4 • 4 9-7 9 6 2 2 8 .8 1 8 7 .8

57 4 4 - ' 3 6 .2 ' 7 9 0 .4 7 4 .2 7 7 1 3 6 .8 1 1 2 .3 37 8 3 .2 1 5 0 .4 97 2 2 9 .6 1 8 8 .4

5 « 4 4 -8 3 6 .8 18 9 1 . 2 7 4-9 7 8 137-6 1 1 2 .9 38 1 8 4 .0 I 5 I .G 9 8 2 3 0 .4 1 8 9 . 6

59 4 5 -6 3 7-4 1 9 9 2 .O 75-5 7 9 1 3 8 .4 1 1 3 - 6 3 9 8 4 .7 1 5 1 .6 9 9 2 3 1 . 1 1 8 9 . 7

J  6 f 4 6 .4 3 » . ' 2 0 9 2 ,8 7 6 .1 So* ' 3 9 - » ! 1 4 .2 4 0 8 5 .5 ■ 52 -3 3 0 0 2 3 1 .9 1 9 0 .3

L )m .(  Dep* L a t D il i D Cp . I .a t . D i it j  i ) e p . L a t . O if t jU e p . L a : .  | S ilt D e p . L u .

( F o t  4 1  P o in ts .



D irt L a t . D e p . Din I ,a t . D e p . D irt L a t . D e p .

1 0 0 .7 0 0 .7 6  J 4 5 - i 4 1 .0 1 2 1 8 9 .7 8 1 .3
0 1 .5 0 1 .3 6 2 45-9 4 1 .6 2 2 9 0 .4 8 1 .9

3 0 2 .2 0 2 .C 6 3 4 6 .7 4 1 .3 1 3 9 1 .1 8 2 .6
4 O3.O 0 2 .7 64 47-4 4 3 .0 2 4 9 1 .9 8 3-35 0 3 .7 0 3 4 6 5 4 8 .2 4 3-7 1 5 9 2 .6 8 3 .9
6 0 4 .4 O4.O 6 6 4 8 .9 44-3 2 6 93-4 8 4 .67 0 J .2 0 4 .7 6 7 4 9 .6 4 5 -o 27 9 4 - ' 8 5-30 J.9 0 5 .4 68 5 0 .4 4 5-7 28 9 4 .8 8 6 .0
9 0 6 .7 0 6 .0 6 9 5 1 .1 4 ®-3 2 9 9 5 .6 8 6 .60 7-4 0 6 .7 7 0 ç i . r 4 7 0 .30 9 6 .3 8 7 .3

i ] 0 8 .2 0 7 .4 7 ' 5 2 .6 4 7 .7 T i T 9 7 . 1 8 8 .0
2 O 8.9 0 8 . ! 53-3 4 8 .4 3 2 9 7 .8 8 8 .6

13 O 9.6 O 8 .7 73 5 4 ' 4 9 -0 3 3 9 8 .5 * 9-3
14 O 9 .4 74 5 4 .S 49-7 3 4 99-3 9 0 .0
»5 1 0 . 1 7 5 5 5 .6 5 0 .4 3 5 IOO.O 9 0 .7

M -9 1 0 ,7 " 6 5®-3 5 1 .0 36 10 0 .8 9 J*3*7 1 1 . 4 77 5 7 - ' 5 '.7 3 " 1 0 1 .5 92.O
'3  3 12 . 1 78 57-8 5 2 .4 38 10 2 .2 9 2 .7

'9 1 4 .] 1 2 .8 7 9 5 8.5 53-1 39 1 0 3 .0 93-3
I t i 8 c 59-3 53-7 .4 0 10 3 .7 9 4 .0

21 1 5 .6 ' 4 - ' 81 6 o .c 54-4 1 4 1 ■ 104.5 94-7
1 6 .3 14 .8 82 6 0 .8 5 5 ' 4 2 1 0 5 .2 9 5-423 1 7 .« 1 5 .4 83 6 I .5 5 5-7 43 1 0 6 .0 0 6 .0

24 1 7 .8 l 6 .  I 8 4 6 2 .2 5 6 .4 4 4 IO 6 .7 96.*7
1 5 »8 .5 l6 ,8 85 6 3 .c 57-1 4 5 1 0 7 .4 97-4

' 9-3 ' 7-5 86 ®3-7 5 7 .8 10 8 .2 08.O
2 7 2 0 .0 1 8 .] ^7 ®4-5 5 M 47 10 8 .9 9 8 .7
2S 2O .7 18 .8 88 6 5 .2 5 9 -1 4 8 1 0 9 .7 99-4
29 2 1 .5 ' 9-5 89 ®5-9 59-8 49 I IO .4 10 0 .1
30 2 2 .2 2 0 .1 90 6 6 .7 6 O .4 50 1 1 1 . 1 10 0 .7

3 1 2 3 .0 20 .8 9 ' 6 7 .4 6 l . l 1 5  * m -9 1 0 1 .4
3 2 2 3 .7 2 ! .5 9 2 6 8 .2 6 1 .8 5 2 1 1 2 .6 1 0 2 .1
33 2 4 .5 2 2 .2 93 6 8 .9 6 2 .5 53 " 3-4 1 0 2 .7
3 4 2 5 .2 2 2 .8 9 4 6 9 .6 6 3 .1 5 4 1 1 4 .1 1 0 3 .4
35 2 5 .9 * 3-5 95 7 0 .4 6 3-8 55 1 1 4 .8 1 0 4 .1

! 3 6 2 6 .7 2 4 .2 9 6 7 1 . 1 6 4 .5 5 6 1 1 5 .6 10 4 .8
3 7 2 7 .4 2 4 .8 97 7 '- 9 6 5 .1 5 7 1 1 6 .3 1 0 5 .4
38 2 5-5 98 7 2 .6 6 5 .8 58 1 1 7 . 1 ■ o6.1
3 9 2 8 .9 2 6 .2 99 73-4 6 6 .5 59 1 1 7 .8 1 0 6 .8

1 4 ° 2 9 .6 2 6 .9 IOO 7 4 - ' 6 7 .2 6 0 1 1 8 .6 1 0 7 .4

1 4 1
3 0 .4 * 7-5 IO I 7 4 .8 6 7 .8 lt>J 1 i y -3 1 0 8 .1

1 4 2
3 1 .1 2 8 .2 02 75-6 6 8 .5 62 120.C 10 8 .8

1 4 3
31.9 2 8 .9 03 7®-3 6 9 .2 ®3 120.8 1 0 9 .5

1 4 4 3 2.6 2 9 .5 7 7 -i 6 9 .8 6 4 1 2 1 .5 1 1 0 .1
; 4 5 33-3 3 0 .2 ° 5 7 7 .8 7 0 .5 ®5 122.3 1 10 .8

46 3 4 - 3 °-9 0 6 7 8 .5 7 1 . 2 66 123.C 1 1 1-5
! 4 7 3 4 -S 3 '-6 07 79-3 7 1 .9 •67 123 *7 1 12 .2

48 35  < 3 2 .2 08 8 o .c 7 2 .5 68 124.5 112 .8
1 4 9 3 6 .3 3 2 .9 09 8 0.8 7 3 * 6 o 125.2 1 1 3 .5
1 <0 3 *r.c 33-6 10 8 T. ^ 7 3-9 70 12 6 .0 1 1 4 .2

: 5 3 7 .t 3 4 -2 I J J 82.2 74-5 1 7 1 1 2 6 .7 1 1 4 .8
; 52 3 8 - 34-9 12 8 3 -c 7 5 - 1 7 2 127.4 " 5-5
; 5 3 3 9 -. 3 5'® ' 3 8 3 .7 75-9 7 3 1 2 8 .- 1 1 6 .2

5 ‘ 40.C 36.3 i ' 8 4 ., 7 6 .6 74 1 2 8 .9 1 1 6 .9

55 4 0 . 3 6 .9 •5 « 5-1 7 7 - i 75 1 2 9 .“ 1 1 7 .55fi 4 1 . 3 7 .6 1 6 8 6 77-9 7 6 13 0 .4 1 1 8 .2

! 57 4 2 .- 3»-3 '7 8 6 .- 7 8 .6 7 7 1 3 1 .1 1 1 8 .9

1 5s 4 3 - ' 3 9 ° i f 8 7.^ 7 9 .2 78 1 3 1 .1 ” 9-5
i 5 C 4 3 - 3 9 .6 '5 88.2 79-9 7 9 13 2 .6 12 0 .26c 4 4 . 4 0 .3 2 C 88. 8 0 .6 s o i m . j 1 2O .9

U ii D e p . 1 i-J t . D u D e p . L a t . D iit|U d p . L a t .

Din L a t. D ep. D id L-it.| Dep.

181 ' 3 4 - ' 12 1 .6 241 178 .6 16 1.8
82 ' 3 4 - 9 122,2 . 4 2 ' 7 9 -3 162.5

83 ' 3 5 -® I22.9 4 3 180.1 16 3.2
84 136 .3 123 .6 4 4 180.8 163.9
85 ' 3 7 - ' I24 .2 4 5 18 1.5 264.5
86 ' 3 7 - 8 ■ 2 4  9 4 ® 1 8 2 3 16 5.2
87 13 8 .6 125.6 4 7 187.0 165.9
88 1 3 9 - 3 126.3 48 183.8 166.5
89 14 0 .0 126.9 4 9 184.5 167.2

9 C 14 0 .8 127.6 5 0 185.2 167 9

19 ' ' 4 1 - 5 128.3 251 186.0 168.6

9 - ■ 4 2 -3 128.9 5 2 186.7 16 9 .2

9 3 14 3 .0 129 .6 5 3 187 .5 169.9

9 4 ' 4 3 - 7 i 30. 3 5 4 188.2 170 .6

9 C ' 4 4 - 5 1 3 1 .0 5 5 188.9 1 7 1 .2
96 1 4 5 .2 1 3 1 .6 5 ® 189.7 1 7 1 9
9 7 14 6 .0 ' 3 2 -3 57 190.4 17 2 .6
98 14 6 .7 ' 3 3 - 0 5 8 1 9 1.2 1 7 3 - 3
9 5 ' 4 7 - 4 ' 3 3 - 6 5 9 19 1.9 173-9

2 0 C 14 8 .2 ' 3 4 -3 6 0 !l9 2 .6 1 7 4 -6
201 14 8 .9 135.O 2 ÔI ' 9 3 - 4 ‘ 7 5 -3

02 14 9 .7 *3 5 -7 62 194.1 ' 7 5 - 9
03 1 5 0 .4 1 3 6 -3 ®3 194.9 I76 .6

04 1 5 1 .2 1 3 7 -0 ®4 195.6 ' 7 7 - 3
05 1 5 1 .9 ' 3 7 - 7 ®5 196.4 178.0
06 15 2 .6 1 3 8 -3 66 19 7 .1 178 .6
O7 1 5 3 - 4 139.0 6 7 197.8 ' 7 9 - 3
08 1 5 4 .1 ' 3 9 -7 68 198.6 1 8 0 0
09 ■ 5 4 - 9 140.4 ®9 ' 9 9 - 3 180.6
10 1 5 5 .6 1 4 1 .0 7 0 2 0 0 . I 181.3

211 1 5 6 .3 1 4 1 .7 27 1 200.8 182.0
12 1 5 7 .1 14 2.4 7 2 2 0 1.5 182.7

13 1 5 7 .8 i 4 3 -o 7 3 202.3 183.3

' 4 15 8 .6 ' 4 3 - 7 7 4 2O3.O 184.0

' 5 ' 5 9 - 3 1 4 4 - 4 7 5 203.8 1 8 4 7
l6 160.0 1 4 5 - ' 7 ®204.5 18 5 .4
17 16 0 .8 ' 4 5 - 7 7 7 20 5.2 186.0
18 1 6 1 .5 146.4 7 » 206.0 186.7

• 9 16 2 .3 14 7 .1 7 9 206.7 18 7 .4
2 C 16 3.0 ' 4 7 - 7 80 207. ç 188.0

22 i 1 6 3 - 8 ' 4 8 -4 2 8  I 208.2 188.7
22 16 4 .5 149.1 82 208.9 189 .4

2 3 1 6 5 .2 149.8 83 209.7 1 9 0 . I
24 l6 6 .0 150 .4 84 210.4 190.7

2 5 16 6 .7 M i - ' 85 Z l l . ' l I 9 I - 4
26 1 6 7 .5 1 5 1 .8 86 2 1 1 .9 1 9 2 .1
2 7 16 8 .2 ■ 52.4 » 7 2 1 2 .7  192.7
28 16 8.9 1 5 3 -1 88 2 13 .4 19 3 .4
29 16 9 .7 153.8 89 214 .1 19 4 .1

.30 T7 0 - 4 ' 5 4 -5 90 2 ' 4 - 9 104.8

23 1 1 7 1 .2 155.1 Oi)\ 215.6 ' 9 v 4
3 2 1 7 1 .9 155.8 92 216.4 19 6 .1

3 3 17 2 .6 156.5 9 3 H 7 .I 196.8

3 4 ' 7 3 - 4 • 5 7 -1 9 4 2 I 7 . 6 ;I9 7 . 4
3 5 17 4 .1 157.8 9 5 218 .6 .19 8 .1

3 ® ' 7 4 - 9 158.5 9 ®219 .3 198.8

37 1 7 5 .6 ' 5 9 -2 91 220.1 ' 9 9 - 5
176 .3 1 5 9 -8 98 220.8 200.1

3 5 177-1 1 6 0 .L 9 9 2 2 1 .5  2 0 0 .5
45 1 7 7 - 8 Ï 6 1.2 ? o c 222.3 2O I.5

D it i| D e p . 1 JL*u. Dm ¿.«it.



D ll f L a c . ■ Dep. l i l l t i) é p . DUt L a t . D e p .  j|D ift L a t . D e p . D ill L u t. D e p . ;

1 0 0 .7 0 0 .7 6 1 4 3 1 4 3 .1 1 2 1 8 5 .6 8 5 .6 18 1 1 28 .0 1 2 8 .0 2 4 1 1 7 0 .4 1 7 0 .4
2 O 1 .4 0 1 .4 6 2 4 3 .8 4 3 .8 2 2 8 6 .3 8 6 .3 I 8 2 1 2 8 .7 1 2 8 .7 4 2 1 7 1 .1 1 7 1 .1

i 0 2 .1 0 2 .1 6 3 44-5 4 4-5 23 8 7 .0 8 7 .0 83 1 2 9 .4 1 2 9 .4 4 3 1 7 1 .8 1 7 1 .8

4 0 2 .8 0 2 .8 •<M 45-3 4 5-3 24 8 7 .7 87-7 84 1 3 0 .1 1 3 0 .1 44 1 7 2 .5 1 7 2 .5

5 0 3 .5 03-5 65 4 6 .C 4 6 .G 2 5 88 4 8 8 .4 1 85 ,13 0 .8 1 3 0 .8 45 173*'2 1 7 3 .2
6 0 4 .2 0 4 .2 66 4 6 .7 4 6 .7 2Ô 8 9 . i 8 9 .1 8 6 • 31-5 I 3 I -5 4 6 1 7 3 .9 17 3 -9
7 0 4 .9 0 4 .9 6 - 4 7 -4 4 7 -4 2 -

28
8 9 .8 8 9 .8 87 1 3 1 .2 J 3 2 .2 4 " ' 74-7 ' 74-7

8 0 5 .7 0 5 .7 68 4 8 .1 4 8 .1 9 0 .5 9 °-5  1 88 ' 32-9 1 3 2 .9 4 s >7 5-4 175-4
9 0 6 .4 C6.4 6 9 4 8 .8 4 8 .8 2 9 9 1 .2 Q 1 .2  j 89. 133-6 1 3 3 .6 49 I / 6 .I [76 .1

r o 0 7 . j 0 7 .1 ] 70 49-5 4 9-5 3 a 9 1 . 9 9 >-9 . 9 0 ' 3 4-4 1 3 4 -4 5° 1 - 6 .8 17 6 .8

1 1 0 7 . a 0 7 .8 7 1 SO. 2 Ç 0 .2 * 3 1 9 2 .6 q 2.6 j 19 1 ' 35-1 1 3 5 .1 2 5 1 ' 77-5 ' 77-5  '
1 2 0 8 .5 0 8 .5 7 2 5 0 . Ç 5 0 .9 3 2 93-3 93-3  I 9 2 135-8 1.3 5-8 ■ 5 2. 1 - 8 .2 1,7 8.2
»3 0 9 .2 0 9 .2 7 3 5 1 .6 5 1 . b 33 9 4 .0 9 4 .0 I 95 1 3 6 .5 1 3 6 .5 53 1 7 8 .9 17 8 .9

* 4 0 9 .9 0 9 .9 74 S 2 -3 5 2 -3 34 9 4 .8 9 4 .8  | 9 4 1 3 7 .2 1 3 7 .2 54 1 7 9 .6 1 7 9 .6  ;

*5 1 0 .6 1 0 .6 7 5 53 -o 5 3 -0 ! 35 9 5  5 95-5 95 1.37-9 ' 3 7 -9 ' 55 18 0 .3 18 0 .3

I 6 1 1 .3 " • 3 7 <> 53  7 53-7 3 b 9 6 .2 q 6. 2 9 6 1 3 8 .6 i  3 8 .6 s 6 1 8 1 .0 1 8 1 .0

17 1 2 .0 1 2 .0 7 - 54-4 5 4 4 37 9 6 .9 9 6 .9 97 ‘ 39-3 ' 39-3 5- 1 8 1 .7 1 8 1 .7

18 1 2 .7 1 2 .7 78 55 - 5 5- 2 38 97-6 9 7 .6 98 1 4 0 .0 1 4 0 .0 58 1 8 2 .4 1 S 2 .4

•9 1 3 .4 ' 3-4 ■ 9 5 5 « 55-9 39 9 8 .3 9 8 .3 99 140.7 1 4 0 .7 59 1 8 3 .1 1 8 3 .1

2 0 1 4 . . 14  J- 80 -<î6.fï 5 6 .6  I 4 P 9 9 .0 9 9 .0 20 0 i 4 '- 4 1 4 1 .4 6 c 18 3 .8 1

21 1 4 .8 1 4 .8 81 57-3 5 7 .3  j 14 1 99-7 99-7 20 1 1 4 2 .1 1 4 2 .1 20 t I8 4 .Ü 1 8 4 .6

2 2 1 5-6 1 5 .6 82 58 c 5 S . 0 1 4 2 IO O .4 I O O .4 , 02 14 2 .8 1 4 2 .8 6 2 '8 5 .5 1 8 5 .3

2 3 1 6 .S 1 6 .3 8 3 5 8 - 5»-7  j 43 10 1 .1 I O I .I  i 03 ' 4 3-5 ' 43-5 63 18 6 .0 186.0

=4 1 7 .0 1 7 .0 84 59-4 59-4 4 4 1 DI.S 1 0 1 .8  ; 04 1 4 4 .2 1 4 4 .2 6 4 1 8 6 .7 1186.7

2 i I " . 7 1 7 .7 « s 6 0 .1 6 0 . . 45 1 0 2 .5 1 0 2 .5 0 5 1 4 5 .0 1 4 5 .0 65 1 8 7 .4 1 8 7 .4
26 1 8 .4 1 8 .4 S6 6 0 .8 6 0 .8 4 6 1 0 3 .2 1 0 3 .2  !) 0 6 ■ 45-7 1 45 -7 ; 66 1 8 8 .1 1 8 8 .1

- i ‘ 9 - 4 1 9 . ! S r 6 1 .5 6 1 .5 10 3 .9 1 0 3 .9 0 7 14 6.4 . 1 4 6 .4 6- 1 S 8 .8 188.8

28 19. s 1 9 .8 88 62.2 6 2 .2 4 8 , 0 4 .7 > °4-7 0 8 1 4 7 .1 H ’ -* 6S 1 8 9 .5 189.5

2 9 2 0 .5 20. ¿1 89 6 2 .9 6 2 .9 4 9 1 0 5 .4 1 0 5 .4 0 9 1 4 7 .8 1 4 7 .8 6 9 1 9 0 .2 1 9 0 .2

.3 0 2 1.2 2 1.2 90 ■ 6j.fi 6 3 .6 5C 1 0 6 .1 1 0 6 .1 IÇ 1 4 8 .5 1 4 8 .5 70 1 9 0 .9 1 9 0 .9

3 ‘ 2 1 .9 2 1 .9 9 1 64-3 t>4-3 1 5 1 106 .8 10 6 .8 21 1 1 4 9 ,2 ! 4 9-2 27 1 1 9 1 .6 1 9 1 .6

32 2 2 .6 2 2 .6 9 2 b 5' i 6 5 .1 5 2 1 0 7 .5 1 0 7 .5 12 14 9 .9 1 4 9 .9 7 2 1 9 2 .3 19 2-3
33 2 3 3 23-3 93 6 ,- 8 6 5 .8 53 1 0 8 .2 1 0 8 .2 13 15 0 .6 1 5 0 .6 73 1 9 3 .0 1 9 3 .0 I

3 4 2 4 .0 2 4 .0 94 6 6 . s 6 6 .5 54 10 8 .9 10 8 .9 *4 151-3 i 5 '- 3 7 4 ' 93-7 ■ 93-7
35 2 4 .7 M -7 95 6 7 .2 6 7 .2 55 IO 9 .6 1 0 9 .6 2 5 1 5 2 .0 I >2 .0 75 194 -S ■ 94-5
3 « * S <5 Z j. j 9 6 6 7 . c* 6 7 .9 5 b I 10 .3 I IO.3 l 6 1 5 2 .7 15 2 -7 7 6 1 9 5 .2 1 9 5 .2 !

37 2 6 .2 2 6 .2 97 6 8 .6 6 3 .6 57
5 ^

I I I .C 1 1  1 .0 I 7 ' 53-4 ' 53-4 7 7 ■ 95-5 ' 95-9
3 « 2 6 . y 2 6 .9 98 b 9-3 b 9-3 r 1 1 .7 1 1 1 .7 iS | i  5 4 .1 1 5 4 .1 78 I 9 6 .6 1 9 6 .6

39 2 7 .6 2 7 .6 99 7 0 .C 7 0 .0 59 112.4 I I  2 .4 >9 >54-9 1 5 4 .9 7 9 ' 97-3 ‘ 97-3
. 4 ° 28.3 18.3 I o p 7 0 ,** 7 ° - 7 60 1 13 .1 i 13.1 20 1 5 5 .6 1 5 5 .6 S o 19 8 .0 1 9 8 .0

4 ‘ 29.O 20.0 10 1 7 *-4 7 1 .4 16 1 1 1 3 .8 1 1 3 .  s 221 i >6-3 1 5 6 .3 ¿0 i 19 8 .7 1 9 8 .7

4 2 2 9 .7 2 9 .7 0 2 72.1 7 2 .1 6 2 1 14 .6 1 1 4 .6 22 1 5 7 .0 1 5 7 .0 82 ‘ 99-4 >9 9-4
43 3 ° -4 3 ° -4 ° 3 72.8 7 2 .8 65 1 1 ,-.3 1 .-5 .3 2 3 1 57-7 157-7 83 200.1 200.1

4 4 3 ' - ' 3 1 1 0 4 73-5 73-5 64 ! l6 .C u 6 .o 2 J [ 1 5 8 .4 1 5 8 .4 84 2 0 0 .8 200.8

45 3 1 .8 3 1 .8 7 4 .2 7 4  2 « 5 ÎI6 .7 1 1 6 .7 2 5 1 5 9 .1 1 5 9 .1 85 201-5 2 O I.5

46 32-5 3 2 .5 0 6 7 5 x 75  0 66 1 1 7-4 1 1 7 .4 2 6 1 5 9 .5 1 5 9 .8 8C 2 0 2 .2 202.2

J 3.-2 33-2 0 7 75-7 75-7 67 1 1 8 .1 1 18 . i 27 16 0 .5 1 6 0 .5 87 2O 2.9 202.9

48 33-9 ,33-9 c ? 7 6 .4 7 6 .4 68 1 1 8 .8 u 8 . 8 1 6 1 .2 I Ô I .2 8 ? 2 0 3 .6 2 0 3 .6

49 3 4 ( 34-6 0 9 77-1 77  - 1 69 1 1 9 .5 1 1 9 .5 29 1 6 1 .9 f 6 l . 9 89 1 0 4 .4 2 0 4 .4

<;o 3 ?-4 35-4 iO 7 7 .8 7 7 .8 "0 1 2 0 .2 ! 2 0 .2 3 G [ 6 2 .6 16 2 .6 QP 2 0 5 .1 2O5. J

5 1 3 6 .1 1 1 1 7 8 .5 7 8 .5 1 7 1 [ 2O.9 1 20 . Q 2 j  1 16 3 -3 1 6 3 .3 291 2 0 5 .8 2 0 5 .8

5 6 .8 3 6 .8 12 7 9 .2 7 9 .2 7 - 1 2 1 .6 1 2 1 .6 3 2 1 6 4 .0 1 6 4 0 9 - 2 0 6 .5 2 0 6 .5

531 37-5 3 ' -  5 IJ 79-9 79-9 73 1 2 2 .3 12 2 .3 3.3 |, b 4 -f 16 4 .8 93 207-2 2 O 7 .2

3 8 .2 ■ 4 X0.6 8 0 .6 7 4 Î 2 3 .C 12 3 .0 T- 1 6 5 .5 1 6 5 .5 94 2 0 7 .9 2 0 7 .9

55
5 f

[ 3 8 . 5 . 3 S .9 15 8 1 .3 S i -3 75 1 2 3 .7 1 2 3 .7 35 ji 6 6 .2 1 6 6 .2 95 1 0 8 .6 2 0 8 .6

3 9 -6 i f 8 2.0 8 2 .0 76 12 4 .3 1 2 4 .5 3 6 ; 1 6 6 .0 1 6 6 -9 96 IO 9 .3 2O 9.5

40 .3 I* 8 2 .7 8 2 .7 r 12 5 .2 M 2 5 . 2. ! 3 - 1 16 7 .6 J 6 7 .6 9 " 2 1 0 .0 210.0

5 81 4 i . c 4 1 .0 i i 8 3 .4 8 3 .4 7 * 1 2 5 .9 :1 2 5 .9 ! 3 8 }>6 8 .3 1 6 8 .5 98 2 1 0 -7 2 1 0 .7

591 4<-7 
6 o j 4 2  .

u n t l D e p .

4 1 .7 It 8 4 , 8 4 .1 7 t.j 1 2 6 .6 . !26.t> 1 3 9 i l 6 9 ° I6 9 .O 99 2 I i . 4 p l  1 .4

4 2 4

L a t .
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t

D irti L a t D e p . D irti L a t . D e p . D i t i . L a t . D ep . D ift L a t . D e p . D i f t . L a r . P e p

O I.C 0 0 .0 T T  6 1 .0 0 1 . 1 1 2 1 1 2 1 .0 0 2 . 1 7 7 i 1 8 1 .0 0 3 .2 2 4 1 2 4 1 .0 I 0 4 .2

0 2 .C 0 0 .0 6 2 6 2 .0 0 1 . 1 2 2 I ? 2 .0 0 2 . 1 82 18 2 :0 0 3 .2 4 2 2 4 2 .0 0 4 .2

OJ.C 0 0 .1 63 6 3 .0 0 1 .  t 23 1 2 3 .0 0 2 . ì 83 1 8 3 .0 0 3 .2 43 2 4 3 .0 0 4 .2

O4.O 0 0 .1 6 4 6 4 .0 0 1 . 1 2 4 1 2 4 .0 0 2 .2 84 1 8 4 .0 0 3 .2 4 rt 2 4 4 .0 0 4 .3

0 £ .c 0 0 .1 6 5 6 5 .0 0 1 . 1 2 5 1 2 J .0 0 2 .2 85 IS 5 .O 0 3 .2 45 2 4 5 .0 0 4-3
0 6 .0 0 0 .1 6 6 6 6 .0 0 1 . 2 2 6 1 2 6 .0 0 2 .2 86 18 6 .0 0 3 .2 46 2 4 6 .0 04-3
0 7.Ó 0 0 .1 6 7 6 7 .0 0 1 . 2 2 7 I '2 7 .0 0 2 .2 37 l 87’.0 0  3-3 47 2 4 7 .0 P4-3

8 0 8 .0 0 0 . Il 68 6 8 .0 0 1 . a 28 1 2 8 .0 0 2 .2 88 1 8 8 .0 0 3 .3 48 2 4 8 .0 04-3
9 0 9 .0 0 0 .2! 6 9 6 9 .0 0 1 . 2 29 I 2 9 .0 0 2 .3 89 18 9  0 ° 3-3 49 2 4 9 .O ° 4 -3 |

IO 10 .0 0 0 - 2 1 7 0 7 0 .0 O T .2 3 0 1 3 0 .0 0 2 .3 90 1 9 0 .0 ° 3-3 5° 2 5 0 .O 0 4 . 4 1

11 I I .O 0 0 . z\ 7 1 7 1 . 0 0 1 . 2 i 3 > 13  1 .0 0 2 .3 1 9 ' 1 9 1 . 0 03 .3 2 5 1 ¿ 5  i . c 0 4 .4

12 1 2 .0 0 0 .2 7 2 7 2 . 0 ° > -3 3 2 I 3 2 .C 0 2 .3 9 2 1 9 2 .0 0 3-4 5 ? 2 5 2 .0 0 4 .4 1

13 1 3 0 0 0 .2| 73 7 3 .0 O 1 .3 33 ' 3 3 - ° 0 2 .3 93 1 9 3 .0 0 3 .4 53 2 5 5 .0 0 4 .4 1

«4 14 .C 0 0 .2 1 74 7 4 .0 0 1 .3 3 4  ' 3 4  ° 0 2 .3 9 4 1 9 4 .0 0 .3-4 54 2 5 4 .0 0 4 .4 !

1 ? 1 5 .0 0 0 .31 75 7 5 - o 0 1 . 3 3 5 ! ' 35-0 0 2 .4 95 1 9 5 .0 0 3 .4 55 2 5 5 .0 0 4 .5

16 i 6 ; c 0 0 .3 ! 7 6 7 6 .0 0 1 . 3 3 6 :1 3 6 .0 O 2 .4 9 6 1 9 6 .0 0 3 .4 5 6 2 5 6 .0 ° 4-5
1 7 1 7 .0 0 0 .1 ] 77 7 7 -0 o i -3 37 1 3 7 .0 O 2 .4 97 1 9 7 .0 ° 3-4 57 2 5 7 .0 0 4 .5

18 i 8 . c 0 0.31 7 « 7 8 .0 O I . 4 38 1 3 8 .0 O 2 .4 98 I9 8 .O ° 3-5 58 2 5 8 .0 0 4 .5

' 9 19.0 0 0 .3  i 7 9 7 9 .0 O I . 4 39 1 3 9 .0 O 2 .4 99 1 9 9 .0 03-5 59 2 5 9 .0 0 4 .5

20 2 0 .0 o o .3 | 80 S o .o O I . 4 4 0 14 0 .0 O 2 .4 20 0 2 0 0 .0 0 3-5 6 0 2 6 0 .0 0 4 .5

2 1 2 1 . C 0 0 .4 ! X l 8 1 . 0 0 1 . 4 ■ 4 ' 1 4 1 .0 O 2.5'. 2 0 1 2 0 1 .0 0 3-5 2 6 1 2 6 1 .0 0 4 .6

22 2 2 .C 0 0 .4 ! 8 2 S 2 .0 o « .4 4 2 1 4 2 .0 0 2 .5 0 2 2 0 2 .0 03-5 62. 2 6 2 .0 O 4 .6

23 2 3 .C o c .  4! 83 8 3 .0 O I . 4 4 3 1 4 3 .0 0 2 .3 ' 0 3 2 0 3 .0 0 3 .5 2 6 3 .0 0 4 .6

2 4 24 .C 0 0 .4 ! 8 4 8 4 .0 0 1 . s 4 4 1 4 4 .0 o M ' 0 4 -2O4.O 0 3 .6 1 6 4 2 6 4 .0 0 4 .6

2> 25.O 0 0 .4 ! *5 8 5 .0 O l . c 45 ' 4 5 ° 0 2 . 0 5 2 0 5 .O 0 3 .6 6 5 2 6 5 .0 0 4 .6

26 2 6 .c 0 0 .5 86 8 6 .0 0 1 . 5 4 6 1 4 6 .0 0 2 . J 0 6 2 0 6 .0 0 3 .6 6 6 2 6 6 .0 0 4 -6 1

2 7 2 7 .C 0 0 .5 8 7 8 7 .0 0 1 . 5 47 1 4 7 .0 0 2 .6 : 0 7 2 0 7 .0 0 3 .6 (>7 2 6 7 .0 0 4 .7

28 28 .0 0 0 .5 88 8 8 .0 0 1 . 5 48 1 4 8 .0 0 2 .6 ' 08 2 0 8 .0 0 3 .6 68 2 6 8 .0 0 4 .7
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53 5 2 .9 0 2 .8 '3 1 1 2 .8 o ;-9 73 1 7 2 .8 0 9 .1 3 - 2 3 2 .7 1 2 .2 93 I2 9 2 .6 ' 5-3
54 5 3-9 0 2 .8 ' 4 1 1 3 .8 0 6 .0 7 4 173-8 0 9 .1 34 2 3 3 .7 1 2 .2 94 2 9 3 .6 ' 5-4
S 5 5 4 -9 O 2 .9 : '5 1 1 4 .8 0 6 .0 75 1 7 + 8 0 9 .2 35 1 3 + 7 1 2 .3 95 2 9 4 6 ' 5-4
5 <> 5 5-9 0 2 .Q J 1 6 1 1  5.8 0 6 .1 7 <> 1 7 5 - 8 0 ^ 2 3 b 2 3 S -7 1 2 .4 9.6 2 9 5 .6 »5-5
57 5 6 .9 0 3 0 1 7 1 1 6 .S 0 6 . 1 7 7 1 7 6 .8 O 9 .3 37 2 3 6 .7 1 2 .4 97 2 9 6 .6 >5 5
5 « 57-9 0 3 .0 , 18 1 1 7 .8 0 6 .2 78 1 7 7 .8 0 9 .3 3 8 237-7 1 2 .5 98 2 9 7 .6 1 5 .6

59 5 8 .9 0 3 . ! ‘ 9 1 1 8 .8 0 6 ,2 79 1 7 8 .8 O 9 .4 39 * 3 8 .7 1 2 .5 99 2 9 8 .6 1 5 .6

6 0 | 5 9 - 9 0 3 .1 2C 1 19 .8 0 6 .3 80 1 7 + 8 O9.4:] 40 2 39-7 12.6 300 2 9 9 .6 I 1 5 .7

D i i t . ' j j i  p 1 . L a t D id D e p . i.a r. D ift. D e p . L a t . !  D ift 'D e p . L a t . D if t ’D e p .  L a t .



b i f t . L a t . D cp . b i n .
L a ‘ D e p .j  D îf! L a t . D ep. D ift L a t . Dep. Dift L a t . Dep.

1 o t .o OO. 1 6 l 6 0 .9  0 4 .3 .1 2 1 12O.7 0 8 .4 1 8 1 18 0 .6 1 2 .6 2 4 1 2 4 0 .4 16 .8
2 0 2 .0 ÔO.I ! 6 2 6 1 .8 04-3 1" 22 1 2 1 .7 0 8 .5 8 2 1 8 1 .6 1 2 .7 4 2 2 4 1 .4 1 6 .9

3 0 3 .0 i] 0 0 .2 ; 6  3 6 2 .8 0 4 .4
! 23

1 2 2 .7 0 8 .6 83 1 8 2 .6 1 2 .8 : 4 3 2 4 2 .4 1 7 .0

4 0 4 .0 Ô 0.3 • <>4 6 3 .8 0 4 .5 ! 2 4 1 2 7 .7 oÿ.6 8 4 1 8 3 .6 1 2 .8 ’ 4 4 2 4 3 .4 17 .O

■ s 0 ^ .0 0 0 .3 ; 65 6 4 .8 9 4  5 i 2 5 1 2 4 .7 0 8 .7 «S 1 8 4 .5 1 2 .0 i  4 < ¡ 2 4 4 .4 I 7-»
6 0 6 .0 0 0 .4 ri 6 6 6 3 .8 Q4 - 6 26 1 2 5 .7 0 8 .8 8 6 1 8 5 .5 I 3 -P ! 4 6 2 4 5 .4 1 7 .2

7 0 7 .0 0 0 .5 1 6 7 6 6 . 8 9 4 - 7 2 7 .2 6 ,7 0 8 .9 87 18 6 .5 1 3 .0 i  4 ? 2 4 6 .4 1 7 .2

8 Ò2 .0 0 0 .6 ! 68 6 7 .8 0 4 .7 28 Í 2 7 .7 0 8 .9 88 1 8 7 .5 1 3 .1 48 247-4 1 7 .3

9 0 9 .0 0 0 .6 j 69 6 8 .8 0 4 .8 2(, 1 2 8 .7 O9.O 89 18 8 .5 1 3 .2 J  49 2 4 8 .4 1 7 .4

JO 1 0 .0 0 0 .7 1 70 6 9 .8 0 4 .9 ; 30 1 2 9 .7 OÇ.l 9 0 18 9 .5 13-3 ! 50 2 4 9 .4 17-4
J ] 1 1 .0 0 0 .8 7 ' 7 0 .8 O 5.O j 141 130.7 0 9 . 1 1 9 1 1 9 0 .5 13-3 ¿ 5 1 2 5 0 .4 17-5
1 2 1 2 0 o o .S ; 7 - 7 1 .8 O 5 .0 3 2 1 3 1 - 7 O 9 .2 9 2 1 9 1- 5 13-4 1 5 2

2 5 1 . 4 1 7 .6

1 3 1 3 .0 OO.9 73 7 2 .8 0 5 . . 3 3 '3 2 . 7 0 9 .3 93 1 9 2 .5 13-5 53 2 5 2 .4 1 7 .6

1 4 1 4 .0 0 1 - 0 ! 74 7 3-8 0 ^ .2 ! 3 4 133-7 0 9 .3 9 4 ■ 93-5 13 -5 : 5 4 253 -4 J 7-7
1 5 * 5 ° C I .C •75 74-8 0 5 .2 ! Ss 134-7 0 9 .4 95 194-5 1 3 .6 ! 55 254-4 1 7 .S
ï 6 1 Ç .0 C l . .

1 7 6
75-8 0 5-3 1 3 6 135.7 0 9-5 9 6 195-5 13-7 ! 5 6 255-4 1 7 .9

1 7 1 7 .0 0 1 .2
! ' ' 7 6 .8 9 5 -4 3 7 1 3 6 .7 Q 9 .6 97 1 9 6 .5 1 .3-7 1 5" 2 5 6 .4 1 7 .9

| 8 1 8 .0 0 1 .3 . 7 8 77-8 0 5 4 38 . 37.7 0 9 .6 98 197-5 1 3 .8 i 5 8 257-4 1 8 .0

>9 1 9 .0 0 1 - 3 7 9 7 X .8 05-5 3 9 . 3 8 .7 0 9-7 99 1 9 8 .5 13-9 1 59 2 5 8 .4 l 8 . I
2 0 2 0 .0 0 1 .4 ■ 80 79-8 0 5 .6 JO >3 9 “ 0 9 .8 20 0 ' 99-5 J4 .0 : 6 0 259 -4 1 S .1

2 1 20-9 0 1 .5 s . S o . 8 05-7 H i l  1 4 0 .7 0 9 .8 2 0 1 20 0 -5 1 4 .J ,2 6 1 2 6 0 .4 1 8 .2
2 2 2 1 . g 0 . - 5 8 2 4 2 1 4 1 .7 0 9 .9 0 2 2 0 1 .5 1 4 .1 1 6 2 2 6 1 .4 1 8 .3
23 2 2 .9 o i . o 83 8 2 .8  0 5 .8 4 3 1 4 2 .7 1 0 .0 0 3 2 0 2 . > 1 4 .2 i 6 ; 2 6 2 .4 1 8 .3

2 4 2 3-9 O î -7 »4 8 3 .8 9 5-9 4 4 1 4 5 .6 1 0 .0 0 4 203-5 14.21 1 6 4 2 6 3 .4 1 8 .4

. 25 ' 2.4-9 O r .? s . 8 4 .8 O 5 .Ç ‘*5 1 4 4 .6 JO .I 0 5 2 0 4 .5 ■ 4-3 ! 6 ?
2 6 4 .4 1 8 . ,

. 2 6 2 5 .9 0 1 .8 8 6 8 3 .8 c G .o 4 6 1 4 5 .6 1 0 .2 c 6 2 0 5 .5 14-4 1 6 6 2 6 5 .4 1 8 .6

27 O I . Q S - 8 6 .8 p ô . i 4 7 1 4 6 .6 IO .} 0 7 2 0 6 .5 14.4I ; 6 ? 2 6 6 .3 1 8 .6

. .  28 2 7 .9 0 2 .0 ■ 88 8 7 .8 0 6 . . 4 8 1 4 7 .6 10-3 o S 2 0 7 .5 1 4 .5 ' 68 2 6 7 .3 1 8 .7

29 2 S .9 0 2 .C 89 8 8 .8 C 6 .2 ! 4 Q 1 4 8 .6 1 0 .4 0 9 2 0 8 .5 1 4 .6 I 6 9 2 6 8 .3 18 .8

3 ° 29-9 0 2 .1 QO S q .S 0 6 .3 1 50 14 9  6 •0-5 1 0 2 0 9 .5 14 -6 1 7 0 2 6 9 .3 1 8 .8

3 ' 30-9 0 2 .2 9 1 0 0 .8 c fc .3 •1> 1 1 5 0 .6 1 0 .5 2 1 1 2 1 0 .5 1 4 .7 2 7 1 2 7 0 .3 1 8 .9

• 3 1 3 1 . 9 0 2 .2 9 2 9 1 .8 0 6 .4 ; P “ 1 5 1 .6 1 0 .6 12 2 1-1.5 1 4 .8 7 2 271-3 1 9 .0

33 3 2 .9 O 2 .3 93 q 2 .S ‘ C 6 .3 ! 53 ,5 2 .6 1 0 .7 13 2 t 2 . 5 1 4 .9 7 3 2 7 2 .3 1 9 .0

3 -r ¿ 3-9 0 2 .4 9 4 93-8 0 6 .6
1 54 1 53-6 10.7 >4 2 * 3-5 1 4 .9 7 4 273-3 1 9 .1

. 3 5 34-9 0 2 .4 95 94-8 0 6 .6 55 1 5 4 .6 1 0 .8 . 15 2 1 4 .5 15-0» 75 274-3 1 9 .2

3 9 3 5 -9. O 2 .3 9 6 95-8 0 6 .7 5 <> 1 5 5 .6 IO .9 16 2 1 5 .5 1 5 .1 7 6 275-3 19-3
3 7 3 6 .9 0 2 .6 97 9 6 .8 C 6 .S 57 1 5 6 .6 1 1 . a 1 7 2 1 6 .5 1 5 .1 77 2 7 6 .3 19-3
3 8 3 7-9 0 2 -7 98 9 7 .8 c 6 .S 58 1 5 7 .6 1 1 . 0 1 ? 2 1 7 .5 15 .2 . 78 277-3 1 9 .4

3 « 3 Ü-9 0 2 .7 99 9 X .8 0 6 .9 59 1 5 8 .6 1 1 .  ï \ 1 9 2 1 8 .5 i S -3 79 2 7 8 .3 * 9-5
4 0 3 9-9 0 2 .8 IOO 9 9 .8 0 7 .0 I ■ 6 0 1 5 9 .6 i I .2 ¡ 20 2 1 9 .5 1 5-3 80 27 .9-3 1 9 .5

41 4 0 .9 0 2 9 Ï O l 1 0 0 .S 97-2 r b i l i 6 o . 6 1 1 .2 ; 2 2 1 2 2 0 .5 15.41 28 1 2 8 0 .3 19 .6

4 ¿ 4 1 .9 0 2 .9 0 2 1 0 1 .8 0 7 . i 6 2 1 .6 1 ,6 1 I .J , 22 2 2 1 .5 i S -5 82 2 8 1 .3 ‘ 9 -7 '

43 4 2 .9 0 3 .0 03 1 0 2 .7 07-2 6 3 1 1 6 2 .6 11 -4 ’ 23 1 5 .6 83 2 8 2 .3 1 9 .7

4 4 4 3-9 0 3 ; l 0 4 * 10 3 .7 0 7-3 6 4 16 3 .6 L I .4 4 2 4 2 2 3 .5 1 5 .6 8 4 283-3 1 9 .8

4 5 4 4-9 .03.1. ° s ;  1 0 4 .7 0 7 .3 65 1 6 4 .6 1 1 . 5 , 2 5 2 2 4 .5 15-7 85 2 8 4 .3 1 9 .9

4 0 45-9 0 3 . ; 06; t o e . -. O 7 .4 G 6 ‘ 1 6 5 .0 i  j . 6 2Ò 2 2 5 .4 1 5 .8 86 28 5-3 2 0 .0 ’

47 4 S .9 03-3 0 7 5 9 6 .7 0 7 .5 6 ? l6 0 .6 1 1.6 | 2 7 2 2 6 .4 .1 5 . 8 87 2 8 6 .3 2 0 .0

4 8 4 7 .9 03-3 0 8 ,1 0 7 .7 0 7 .5 1 6 8 1 6 7 .6 n - y 2 8 2 2 7 .4 1 5 .9 88 2 8 7 .3 2 0 .1

4 9 4 8 .9 0 3 .4 0 9  .0 8 .7 0 7 .6 09 1 6 8 .6 1 i .8 h 2 9 2 2 8 .4 89 2 8 8 .3 2 0 .2

$0 4 9 9 ° 3-5 1 0 ’ 1 0 9 .7 0 7-7 1 70 1 6 9 .6 1 1 . 9 ' 3 0 2 2 9 .4 t 6 .o qc 2 8 9 .3 2 0 .2  ;

*î < 5 °-9 0 3 .6 1 I 1 11  0 .7 07-7 ¡ 1 7 1 1 7 0 .6 1 1 - 9 ; 2 3 1 2 3 0 .4 i 6 . i 2 9  * 2 9 0 .3 2 0 .3  ;

5 2 5 1 .9 0 3 .6 1 2 1 H ..7 Ô 7 > 7 2 1 7 1 ,0 12 .Ò 3 * 2 3 1 -4 1 6 .2 9 2 2 9 1 .3 2 0 .4 ,

53 5 2 .9 0 3-7 1 3 1 1 1 2 .7 0 7 .9 73 1 7 2  6 I 2 .1 33 2 3 2 .4 1 6 .3 93 2 9 2 .3 2 0 .4

54 5 3 ,9 0 3 .8 1 4 I I 3-7 o 8 .c 74 1 7 3 -ó I2 .X 3 4 233-4 1 6 .3 94 2 9 3 .3 2O .5  ;

55 54-9 0 3 .S 1 5 4 1 4 . 7 0 8 .0 75 1 7 4 .6 1 2 .2 3 5 2 3 4 .4 1 6 .4 . 95 2 9 4 .3 2 0 .6  !
5 <> 55-9 0 3 .9 16 115-7 0 8 . . 701 7 5 .6 1 2 .3 3 6 235 -4 1 6 .5 96 2 9 5 .3 2 0 .6  ;
57 5 6 .9 O 4.O 1 7 - 1 . 6 . 7 o S . j 77 1 7 6 .6 1 2 .3 37 2 3 6 4 1 6 .5 9 7 2 9 6 .3 2 O .7  1

•S*» 57-9 £ 4 .0 18 I 17-7 o ? .; 7 8 ] i 7 7 .6 j  2 .4 3 8 2 .37-4 1 6 .6 98 297-3 2 0 .8  j

59 5 8 .9 0 4 .1 . o  1 1 8 .7 c S .3 79  1 7 8 .6 1 2 .5 3 9 2 3 8 .4 1 6 .7 9 9 2 9 8 .3 2 0 .9  j
6‘o 59-9 O 4 .2 2 0 " ± 7 0 8 .4 8 0 r 7 9*6 1 2 .6 4 0 239-4 1 6 .7 3OC 2 9 9 .3 2 0 .9  \

b î i t . Del). Lac. D ift. Dep. L a t . J^iltî D ep. L a r . Dift Dep. L a t . iDift Dep. L a t .  1X. | iym  rp. . «

(F o r 86 Degrees. I



D ir t . L a t . D ep. D i d . L a t . D e p . D i d L a t D e p . D i l i L a t . D e p . D i d 'L a t . D e p .

1 0 1 .0 0 0 .1 6 l 6 0 .8 0 5 - 3 : 1 2 1 1 2 0 .5 1 0 .5 1 8 1 18 0 .3 1 5 .8 2 4 1 2 4 0 .J 2 1 .0

2 0 2 .0 0 0 .2 6 2 6 1 .8 0 5 . 4 2 2 1 2 1 * 5 1 0 .6 8 2 1 8 1 .3 1 5 -9 4 2 2 4 1 .1 2 1 . 1

3 0 3 .0 0 0 .3 6 3 6 2 .8 0 5 - 5 ; 2 3 1 2 2 .5 1 0 .7 83 1 8 2 .3 15-9 4 3 2 4 2 .1 2 1 .2

4 0 4 .0 0 0 .3 6 4 6 3 .8 0 5 .6 2 4 1 2 3 -5 1 0 .8 84 183-3 1 6 .0 4 4 2 4 i - i 2 1 .3

5 0 5 .0 0 0 .4 (’ 1 6 4 .8 0 5 .7 ; 2 5 1 2 4 .5 IO.Q 85 1 8 4 .3 1 6 .1 4 5 24 4 - ' 2 1 . 4

6 0 6 .0 0 0 .5 6 6 6 5 .7 0 5 .8 1 2 6 125-5 1 1 .0 86 185 - 3 1 6 .2 4 6 2 4 5 . . 2 1 . 4

7 0 7 .0 0 0 .6 6 7 6 6 .7 0 5 .8 : 2 7 1 2 6 .5 J i . i 87 18 6 .3 1 6 .3 47 2 4 6 .1 2 1 .5

8 0 8 .0 0 0 .7 6 8 6 7 .7 ° W \ 28 1 2 7 .5 X I . 2 88 ■ 87-3 1 6 .4 4 8 2 4 7 .1 2 1 .6

9 0 9 .0 o o .s 6 9 6 8 .7 0 6 .0 ! 2 9 1 2 8 .5 I  1.2 , 89 18 8 .3 16 .5 49 2 4 8 .1 2 1 .7  j
10 1 0 .0 0 0 .9 7 0 6 9 -7 0 6 .11 3 0 1 2 9 .5 1 1 .3 9 ° ‘ 8 9 3 1 6 .6 j o 24 9 .O 2 1 .8

IX I 1 .0 0 1 .0 7 1 7 0 .7 0 6 .2 . 1 3 * 1 3 0 .5 ” •4 1 9 1 19 0 .3 l 6 .6 2 5 1 2 5 0 .0 2 1 .9

1 2 1 2 .0 0 1 .0 7 2 7*-7 0 6 .r 3 2 1 3 1 .5 n - 5 ; 9 2 1 9 1 3 1 6 .7 5 2 2 5 1 .0

»3 1 3 .0 0 1 .1 7 3 .7 2 .7 0 6 .4 ] 33 1 3 2 .5 1 1 .6 93 1 9 2 .3 1 6 .8 53 2 5 2 .0

14 1 3 .9 0 1 .2 7 4 73-7 0 6 .4 ' 34 ' 33-5 1 1 . 7 9 4 ' 93-3 1 6 .9 54 253-0
J? *4-9 0 1 .3 75 7 4-7 0 6 .5I 35 134-5 n .  8; 95 <94-3 I^ .O 55 254 .0 -

16 15-9 0 1 . 4 76 75-7 0 6.61 3 6 >35-5 1 1 . 9 .9 6 >95-3 1 7 .1 5 h 2 5 5 .0

17 1 6 .9 0 1 .5 77 7 6 .7 0 6 .7 37 1 3 6 .5 11-9 97 1 9 6 .3 1 7 .2 57 2 5 6 .0

1S 1 7 .9 0 1 .6 78 77-7
7 8 .7

0 6 .8 3 8 137-5 I2 .0 | 98 1 9 7 .3 17-3 58 2 5 7 .0 2 2 -5

«9 1 8 .9 0 1 .7 79 0 6.91 39 138-5 1 2 .1 ! 99 1 9 8 .2 17-3 59 2 5 8 .0 2 2 .6

2 0 1 9 9 0 1 .7 80 79-7 0 7 .0 | 4 0 139-5 I 2.2! 2 0 0 1 9 9 .2 17-4 60 2 5 9 .0

2 1 2 0 .9 0 1 .8 81 8 0 .7
8 1 .7

O 7 .I l 1 4 1 1 4 0 .5 1 2 .3 1 2 0 1 2 0 0 .2 17-5 2 6 l 2 6 0 .0 2 2 .7

2 2 2 1 .  J O I .9 8 2 0 7 . x ! 4 2 i 4 '- 5 1 2 .4 ' 0 2 2 0 1 .2 1 7 .6 6 2 2 6 1 .0 2 2 .8

2 3 2 2 .9 0 2 .0 83 S 2 .7 0 7 .2 ' 43 1 4 2 .5 1 2 .5 ! o > 2 0 2 .2 1 7 .7 6 3 2 6 2 .C 2 2 .9

2 4 2 3 -9 0 2 .1 8 4 83-7 ° 7 -3 ' 4 4 >43-5 1 2 .6 ; 0 4 2 0 3 .2 1 7 .8 6 4 2 6 3 .0

2 5 2 4 .9 0 2 .2 85 8 4 .7 O 7 .4 1 4 5 1 4 4 .4 1 2 ,6 0 5 2 0 4 .2 1 7 .9 6 5 2 6 4 .0 2 3 .1

2 6 2 5 9 0 2 .T « 6 85.7 ° 7 -s!
4 6 1 4 5 .4 1 2 .7 I ofa 2 0 5 .2 1 8 .0 6 6 2 6 5 .c

2 7 2 6 .9 0 2 . J 8 7 8 6 .7 O 7 .6 47 1 4 6 .4 1 2 .8 0 7 2 0 6 .2 1 8 .0 6 7 2 6 6 .0 2 j -3
28 2 7 .9 O 2 .4 88 8 7 .7 0 7-7 4 8 1 4 7 .4 1 2 .9 o S 2 0 7 .2 1 8 .1 68 2 6 7 .c 2 3 .4

2 9 2 3 .9 O i . J 8 9 8 8 .7 0 7 .8 4 9 1 4 8 .4 1 3 - ° ' 0 9 2 0 8 .2 1 8 .2 6 9 2 6 8 .G 2 3 .4

3 0 2 9 .9 0 2 .6 9 0 8 9 .7 0 7 .8 50 1 4 9 .4 • 3 - i j IO 2 O 9 .2 18 .3 7° 2 6 9 .C — *-2

3 1 3 0 9 0 2 .7 9 ‘ 9 0 .7 0 7 .9 * 5 1 1 5 0 .4 I 2- 2 1 1 2 1 0 .2 1 8 .4 2 7 1 2 7 0 .C 2 3 .6  ,

¿ 2 3 1-9 0 2 .8 9 2 9 1 .6 0 8 .0 5 2 1 5 1 .4 n . 2 ‘ 12 2 1 3 .2 1 8 .5 72 2 7 1 .0 2 3 .7

33 3 2 .9 0 2 .Q S 3 9 2 .6 0 8 .1 53 ' 5 2-4 * 3 - 3; 13 2 1 2 .2 3 8 .6 73 2 7 2 .C

34 33-9 O 3.O 94 9 3 .6 0 8 .2 54 >5 3-4 13-41
13 -5 :

' 4 2 1 3 .2 1 8 .7 74 2 7 3 .0 2 3 .9

35 34-9 0 3 .1 95 9 4 .6 0 8 .3 55 154-4 1 5 2 I 4 .2 1 S .7 75 2 7 4 .0

3 6 3 5-9 0 3 .1 9 6 9 5 .6 0 8 .4 5 <> ' 5 5-4 i r 6 I 6 ¿ X 5 .2 lS .8 7 6 2 7 4 .9 2 4 .1

37 3 6-9 0 3 .2 97 9 6 .6 0 8 .5 57 1 5 6 .4 1 3 . 7| 1 7 2 1 6 .2 1 8 .9 77 275-9 2 4 .1

3 * 37-9 0 3 .3 98 97-6 0 8 .5 58 > 57 4 13-8 18 2 1 7 .2 1 9 .0 78 2 / 6 .9

39 3 8 .9 0 3 .4 9 9 9 8 .6 0 8 .6 59 1 5 8 .4 I 3 -9 ! 19 2 1 8  2 1 9 .1 7 9 2 7 7 .9 2 4 .3

4 0 39-8 ° 3-5 10 0 9 9 .6 0 8 .7 6 0 159-41 13 -9 1 2 0 2 1 9 .2 1 9 .2 8 0 2 1 8 .9 2 4 -4

4 1 4 0 .8 0 4 .6 10 1 [0 0 .6 0 8 .8 x 6 1 1 6 0 .4 1 4 .0 2 2 1 2 2 0 -2 19-3 1 8 ] 2 9  9 2 4 .5

4 2 4 1 .8 ° 3-7 0 2 i c i . 6 0 8 .9 6 2 1 6 1 .4 1 4 . ! 2 2  2 2 1 .2 1 9 .3 8 2 2 8 0 .9

4  3 4 2 . S 0 3 .7 0 3 10 2 .6 CQ.O 6 3 1 6 2 .4 14 -2 | 23 22 2 .2 19-4 83 2 8 1 .9 2 4 .7  '
2 4 .84 4 4 3 .8 0 3 .8 0 4 10 3 .6 0 9 .1 6 4 1 6 3 .4 14 -3 : 2 4  2 2 3 .1 19-5 84 2 8 2 .9

4 5 4 4 .8 0 3 .9 ° 5 1 0 4 .6 C o . 2 $5 1 6 4 .4 14 .4 - 2 5  2 2 4 .1

2 6  2 2 5 .I

I 9 .6 85 28 3 -9

4 6 4 5-8 O 4.O 0 6 1 0 5 .6 0 9 .2 6 6 1 6 5 .4 14 -5 : 19-7, 86 2 8 4 .9

4 7 4 6 .8 04-1 0 7 1 0 6 .6 0 9 .3 6 7 1 6 6 .4 1 4 .6 ' 2 7  2 2 6 .1  
28  2 2 7 . I

19 .8 87 2 8 5 .9 2 5 .0 )

4 8 47  i 0 4 .2 08 1 0 7 .6 0 9 .4 68 1 6 7 .4 1 4 .6 19 .9 88
I f U

4 9 4 S .I 0 4 .3 0 9 10 8 .6 0 9 .5 6 9 16 8 .4 1 4 .7 . 2 9 12 2 ?. I 2 0 .C 89 2 8 7 .9 2 5 .2 1

5° 4 9-8 0 4 .4 1 0 1 0 9 .6 0 9 .6 70 1 6 9 .4 14 .8 ! 3 0 12 2 9 .1 2 0 .g | 9 C

5 1 5 0 .8 0 4 .4 11 1 1 0 .6 0 9 .7 1 7 1 1 7 0 .3 1 4 .9 2 3 ' 2 3 0 .1 20 . 1 29 1 2 S 9 .9 2 5-4 
2 5 -4 1

5 2 5 1 .8 0 4 .5 1 2 i n . 6 0 9  8 72 171-3 15 -0 , 3 2 2 3 1 .1 2 0 .2 9 2

5 3 S 2.8 0 4 .6 13 1 1 2 .6 0 9 .8 73 1 7 2 .3 1 5 . . 33 2 3 2 .1 2 0 .3 93 2 5-5  |

5 4 53-8 0 4 .7 1 4 1 1 3 .6 0 9 .9 74 173 -3 ! ’ 5-2 34 2 3 3- 1 94 i,.C

5 5 5 4 -i 0 4 .8 1 5 H 4 .6 1 0 .0 75 174-3 * 5-3 35 2 3 4 - 1 2 0 .5 95 293-9 2 S -7 ' 

= 5-* -5 6 5 5 > 0 4 .9 l 6 1 1 5 .6 1 0 . 1 76 ‘ 7 v 7 i ?-3 36 2 3 5 .1 2 0 .6 9 6 2 9 4 .9

57 5 6 .8 O 5.O 1 7 1 1 6 .6 X0 .2 77 1 7 6 . ; 15-4 37 2 3 6 .1 2 0 ." 9 " 295-9 2 5 .9

2 6 .05 * 57-8 0 5 . i 18 1 1 7 .6 1 0 .^ 78 177 -3 : 15-5 38 i 3 7 -> 2 0 .- 98

59 58.8 05.1 '9 • 1 8 .5 JO .4 79 ■ 78-3 ! 1 5-6 39 2 3 8 .1 20 . i 99 2 9 7 -1
2 9 8 .5 2 6 . 1

! 63 59.8 0 J . 2 20 1 1 9 . 5 1 0 .5 80 179-3 ! 15-7 4 0 2 J 9-1 3 0 0

D il l D ep i L a c . D irt. Dt-p L a t . D i l l D e p 1 L a t . D ill D e p . L a t .
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D i d . L a t . D e o . D i d . L a t . D e p , D i d L a t . D e p . D id L a t . D e p . D i d L a t . Dep.

i 0 1 .0 0 0 .1 6 1 6 0 .7 0 6 .4 1 2 1 12 0 .3 1 2 .6 i £71 8 0 .0 1 8 .9 2 4 1 2 39-7 2 5 .2

2 0 2 .0 0 0 .2 6 2 6 1 .7 0 6 .5 2 2 1 2 1 .3 1 2 .8 8 2 1 8 1 .0 19 .O 4 2 2 4 0 .7 * 5-3
3 0 3 .0 0 0 . 6 3 6 2 .7 0 6 .6 2 3 1 2 2 .3 1 2 .9 83 1 8 2 .0 1 9 .1 43 2 4 1 .7 2 5 .4

4 0 4 .0 0 0 .4 6 4 6 3 .6 0 6 .7 2 4 123-3 1 3 .0 8 4 1 8 3 .0 1 9 .2 4 4 24 2 .7 * 5-5
5 0 5 .0 0 0 .5 6 3 6 4 .6 0 6 .8 2  4 I 2 4-3 1 3 - 1 85 1 8 4 .0 1 9 -3 45 243-7 2 5 .6

6 0 6 .0 0 0 .6 6 6 6 5 .6 0 6 . i) 2 6 1 2 5 .3 13-2 8 6 1 8 5 .0 1 9 .4 4 6 2 4 4 .7 2 5 .7

7 0 7 .0 0 0 .7 6 7 6 6 .6 0 7 .0 2 7 1 2 6 .3 ■ 3-3 8 7 1 8 6 .0 19-5 47 2 4 3 .6 2 5 .8

8 0 8 .0 0 0 .8 68 6 7 .6 0 7 .1 28 I 2 7-3 13-4 88 1 8 7 .0 1 9 .7 4 8 2 4 6 .6 2 5 .9

9 0 9 .0 0 0 .9 6 9 6 8 .6 0 7 .2 2 9 1 2 8 .3 13-5 8 9 1 8 8 .0 1 9 .8 4 9 2 4 7 .6 2 6 .0

10 0 9 .9 0 1 .0 7 0 6 9 .6 0 7-3 30 1 2 9 .3 1 3 .6 9 0 1 8 9 .0 1 9 .9 50 2 4 8 .6 2 6 .1

1 1 1 0 .9 0 1 .1 7 1 7 0 .6 0 7 .4 >3 * 13 0 .3 1.3-7 1 9 1 1 9 0 .0 2 0 .0 23  i 2 4 9 .6 2 6 .2

12 * 1 -9 0 1 .3 7 2 7 1 . 6 0 7 .5 3 2 ‘ 3 i -3 1 3 .8 9 2 1 9 0 .9 2 0 .1 5 » 2 5 0 .6 2 6 .3

»3 1 2 .9 0 1 . 4 73 7 2 .6 0 7 .6 33 > 3 2.3 13-9 93 1 9 1 - 9 2 0 .2 53 2 5 1 . 6 2 6 .4

14 13-9 0 1 .5 7 4 7 3-6 0 7 .7 3 4 r 33-3 1 4 .0 9 4 1 9 2 .9 2 0 .3 5 4 2 5 2 .6 2 6 .6

M 1 4 .9 0 1 .6 75 7 4 .6 0 7 .8 3 5 ■ 34-3 1 4 .1 95 1 9 3 9 2 0 .4 55 2 5 3 .6 2 6 .7

l 6 » 5-9 0 1 .7 7 6 7 5-6 0 7 .9 3 & ‘ 35-3 1 4 .2 9 6 1 9 4 .9 2O .5 5 b 2 5 4 .6 2 6 .8

>7 1 6 .9 " 0 1 .s 77 7 6 .6 0 8 .0 37 1 3 6 .2 14-3 97 ' 9 5-9 2 0 .6 57 2 5 5 .6 2 6 .9

! 18 1 7 .9 O I .9 78 7 7-6 0 8 .2 3 « 1 3 7 - 2 1 4 .4 98 1 9 6 .9 2 0 .7 5 « 2 5 6 .6 2 7 .0

, 1 9 1 8 .9 0 2 .0 79 7 8 .6 0 8 .3 3 9 1 3 8 .2 1 4 .5 9 9 1 9 7 .9 2 0 .8 59 2 5 7 - 6 27-1
2 0 19 .9 0 2 . 1 80 7 9 .6 0 8 .4 4 0 1 3 9 .2 1 4 .6 20 0 1 9 8 .9 2O .9 6 0 2 5 8 .6 2 7 . 2

21 2 0 .9 0 2 .2 8 0 .6 0 8 . <; 1 4 1 1 4 0 .2 14-7 2 0 1 1 9 9 .9 2 1 .0 2 6 1 2 5 9 .6 2 7 .3
2 2 2 1 . 9, 0 2 .3 8 2 8 1 .6 0 8 .6 4 2 1 4 L 2 1 4 .8 0 2 20 0 -9 2 1 . 1 6 2 2 6 0 .6 2 7 - 4

: 1 3 2 1 .9 0 2 .4I 8 ? 8 2 .5 0 8 .7 43 1 4 2 .2 1 4 .9 0 3 2 0 1-9 2 1 .2 6 3 2 6 1 .6 2 7-5
: 2 4 2 3 .9 0 2 .^ » 4 8 3 .5 0 8 .8 4 4 1 4 3 .2 1 5 .1 0 4 2 0 2 .9 21-3 6 4 2 6 2 .6 2 7 .6

1 2< 2 4 .9 0 2 .6 85 8 4 .5 0 8 .9 ; 44 1 4 4 .2 1 5 .2 0 5 2 0 3 .9 2 1 . 4 <>5 2 6 3 .5 2 7-7
! 2 6 2 3 .9 0 2 -7 8 6 8 5 .5 O Q .C 4 6 1 4 5 .2 15-3 0 6 2 0 4 .9 2 1 .5 6 6 2 6 4 .5 2 7 .8

' 2 7 2 6 .9 0 2 .8 87 8 6 .5 Ou. 1 47 1 4 6 .2 • 5-4 O7 2 0 5 .9 2 1 .6 6 7 265-5 2 7 . 9

1 28 2 7 .8 0 2 .9 88 8 7 .5 0 9 .2 4 » 147-2 * 5-5 o s 2 0 6 .0 2 1 .7 6 8 2 6 6 .5 2 8 .0

: 2 9 2 8 .8 O 3.O 8 9 8 8 .5 0 9 .3 4 9 .4 8 .2 1 5 .6 0 9 2 0 7 .9 2 1 .8 6 9 2 6 7 .5 2 8 .1

; JO 2 9 .8 0 3 .1 9 0 8 9 .5 0 9 .4 50 1 4 9 .2 13-7 TO 2 0 8 .8 2 2 .0 ~ o 2 6 8 .5 2 8 .2

3 1 3 0 .8 O 3 .2 9 ' 9 0 .5 0 9 .5 >5 ‘ 1 5 0 .2 1 5 .8 2 1 1 2 0 9 .8 2 2 .1 2 7  I 2 6 9 .5 2 8 .3

; 3 2 3 1 .8 ° 3-3 9 * 9>-5 0 9 .6 5 2 1 5 1 . 2 • 5-9 1 2 2 1 0 .8 2 2 .2 7 2 2 7 0 .5 2 8 .4

* 33 3 2 .8 0 3 .4 9 3 ; 9 2-5 0 9 .- 53 1 5 2 .2 1 6 .0 13 2 1 1 .8 2 2 .3 73 2 7 1 .5 2 8 .5

, 3 4 3 3-8 0 3 .6 9 4 , 93-5 0 9 .8 54 ' 53-2 I 6 .I 1 4 2 1 2 .8 2 2 .4 7 4 2 7 2 .5 2 8 .6

■ 3 5 3 4-8 0 3 - 941 94-5 0 9 .9 55 1 54-2 1 6 .2 1 5 2 1 5 .8 2 2 .5 75 2 73-5 2 8 .7

« 34-8 0 3 .8 9 6 95-4 1 0 .0 56 155-1 1 6 .3 l 6 2 1 4 .8 2 2 .6 7 6 2 74-5 2 8 .8

3 7 3 6 .S 0 3-9 97 9 0 .5 1 0 .1 >7 1 5 6 .1 I 6 .4 I ? 2 1 3 .8 2 2 .7 77 275-5 2 9 .0

3 ° 37-8 O4.O 9 ? 97-5 1 0 .2 58 '  57-1 1 6 .5 18 2 1 6 .8 2 2 .8 7 8 2 7 6 .5 2 9 .1

■ 3 9 3 8 .8 ° 4  1 99 9 8 .5 1 0 .3 5 9 1 5 8 .1 1 6 .6 19 2 1 7 .8 2 2 .9 79 277-5 2 9 .2

■ 4 3 39-8 0 4  2 10 0 99-5 1 0 .5 6 0 1 59 -1 l 6 . 7 2 0 2 1 8 .8 2 3 .O 8 o ; i 7 » .5 2 9-3
, 4 ( 4 0 . S ° 4-3 1 0 1 10 0 -4 1 0 .6 1 6 1 1 6 0 .1 1 6 .8 2 2 1 2 1 9 .8 2 3 .1 2 8 1 1 2 7 9 .5 2 9 .4

1 4 2 4 1 .8 0 4 .4 0 2 I I O I .4 1 0 .7 6 2 1 6 1 . ] 1 6 .9 2 2 2 2 0 .8 2 3 .2 8 2 ;2 S o .J 2 9 .5

i 4 3 4 2 .8 0 4-4 0 3 ; I 0 2 .4 10 .8 6 3 1 6 2 .1 1 7 .0 23 2 2 1 .8 2 3-3 8 3 2 8 l . 4 2 9 .6

■ 4 4 4 3  8 0 4 .6 0 4 ! I 0 3-4 1 0 .9 6 4 1 6 3 .1 1 7 .1 2 4 2 2 2 .8 2 3 .4 8 4 2 8 2 .4 2 9 -7

4 5 4 4 -8 0 4 .7 0 5 1 0 4 .4 1 1 . 0 6 5 1 6 4 .1 1 7 .2 2 5 2 2 3 .8 2 3-5 85 2 8 3 .4 2 9 .8

4 6 4 5-7 0 4 .8 0 6 : 1 0 5 .4 1 1 . 1 6 6 1 6 5 .1 >7-4 2 6 2 2 4 .8 2 3 .6 8 b 2 8 4 .4 2 9 -9

4 7 4 6 .7 0 4 .9 0 7  1 0 6 .4 I 1.2 6 7 1 6 6 .1 • 7-5 2 7 2 2 5 .8 2 .3-7 8 7 2 8 5 .4 3 0 .0

4 8 4 7-7 O 5.O . o S | i o - . 4 ” •3 6 8 1 6 7 .1 1 7 .6 28 2 2 6 .8 2 3 .8 88 2 8 6 .4 3 0 .1

4 9 4 8 .7 O J .l 0 9 '1 0 8 .4 1 1 . 4 6 9 1 6 8 .1 17.7 2 9 2 2 7 .7

2 2 8 .7

2 3 .9 8 9 2 8 7 .4 3 0 .2

3° 4 9-7 0 ? . 2 io |  I 0 Q.4 1 1 . 5 7 0 1 6 9 .1 1 7 .8 3 0 2 4 .0 9 0 2 8 8 .4 3 0 .3
5 > 50-7 ° 5 i u i j i i o < 4 1 1 . 6 «7 * ¡ 7 0 .1 1 7 .9 2 2 9-7 2 4 .1 2 9 I 2 8 9 .4 3 0 .4

> Z 5 i -7 ° 5-4 1 2 ) 1  1 1 .4 1 1 . 7 7  2 1 7 1 .1 1 8 .0 3 2 2 3 0 .7 2 4 .3 9 2 2 9 0 .4 3 0 .5

53 5 s -7 0 5-5 1 3 i 1 1 2 .4 1 1 .8 73 1 7 2 .1 1 8 .1 3 3 2 3 1 .7 2 4 .4 93 2 9 1 .4 3 0 .6

5 4 53-7 0 5 .6 »4 ; I >3 -4 1 1 . 9 74 t 7 3 -o 1 8 .2 3 4 2 3 2 .7 2 4 .5 9 4 2 9 2 .4 3 0 .7
■ 5 ? 54-7 0 5 .7 »5 1 1 4 .4 1 2 .0 75 174-0 1 8 ,3 3 5 2 33-7 2 4 .6 95 2 9 3 -4 3 0 .8

5 b 4 5-7 ° 5-9 1 6 , 1 1 5 . 4 1 2 .1 76 1 7  5 0 1 8 .4 3 6 2 34-7 2 4 .7 9 6 2 9 4 .4 3 0 .9

5 6 .7 0 6 .0 1 7 1 1 6 . 4 1 2 .2 77 1 7 6 .0 1 8 .5 3 7 2 35-7 2 4 .8 97 2 9 5 .4 3 1 . 0

5 « 57-7 0 6 .1 1 8 1 1 7 . 4 1 2 .3 78 i 7 7 -c 1 8 .6 3 8 2 3 6 .7 2 4 .9 1 9« 2 9 6 .4 3 1 . 1

59 5 8 .7 0 6 .2 1 9 ( 1 1 8-3 1 2 .4 79 1 7 8 .0 1 8 .7 3 9 2 ? 7-7 2 5 .0 i  99 2 9 7 -4 3 i -3
6 0 59-7 0 6 .3 2 0 I I 9 . 3 1 2 .5 8 0

D id
1 7 9 0

Dep

18 .8 4 0 2 3 8 .7 , 2 5 - i 3 0 0 2 9 8 .4 3 1-4
Dilt.l Dep. L a t . Dut. i)ep. L a t . L a t . D id Dep. L a t . ,DHtt Dep. L a t .



Dift. Lat. Dep. Difl. Lat. Dcp.l E

I 0 1 .0 0 0 .1 6 1 6 0 .5 ° 7-4
2 0 2 .0 0 0 .2 6 2 61.5 0 7 .6

3 0 2 .0 0 0 .4 6 3 6 2 .5 0 7 . 7

4 O 4.O 0 0 .5 6 4 6 3  s 0 7 .8

5 oc.d 0 0 .6 6 5 6 4 .5 0 7 .9

6 0 6 .0 0 0 .7 6 6 6 5 .5 0 8 .0

7 0 6 .9 0 0 .9 6 7 6 6 .5 0 8 . 2

8 0 7 .9 O l.O 68 6 7 .5 0 8 .3

9 0 8 .9 O l . l 6 9 6 8 .5 0 8 .4
1 0 0 9 .9 0 1 .2 7 0 6 9 .5 0 8 .5

11 10 -9 0 1 .3 7 i 7 0 .5 0 8 .7
n n . 9 0 1 ■ 5 7 2 7>-5 0 8 .8

13 1 2 .9 0 1 .6 73 7 2 .5 0 8 .9

»4 1 3 .9 0 1 .7 74 7 3-4 O 9.O

•5 ' 4 -9 0 1 .8 75 7 4-4 0 9 .1
l 6 » 5-9 0 1 .9 7 6 7 5-4 0 9 .3

»7 1 6 .9 0 2 .1 77 7 6 .4 0 9 .4
1 8 1 7 .9 0 2 .2 78 7 7-4 0 9 .5

«9 I 0 .9  0 2 .2 1 79 7 8 .4 0 9 .6
2 0 . 1 9 - 9 0 2 .4 - S o 7 9-4 0 9 .7

a j 2 0 .8 0 2 .6 1 8 1 8 0 .4 0 9 .9
2 2 2 1 .8 ' 0 2 .7 8 2 8 1 .4 10 .0

a 3 2 2 .8 0 2 .8 ' 8 3 8 2 .4 I O .I

a 4 2 3 .8 ; 0 2 .9 ] 8 4 8 .3-4 1 0 .2

*5 2 4 .8 ; 0 3 .0 * 5 8 4 .4 1 0 .4
2 b 2 5 .8 0 3 .2 I 8 6 8 5 .4 1 0 .5

»7 2 6 .8 ° 3 -3 l 8 7 8 6 .4 1 0 . ?
2 8 2 7 .8 0 3 .4 88 8 7 -3 1 0 .7

* 9 2 8 .8 0 3 .5 89 8 8 .3 10 .8
30 2 9 .8  0 3 .7 9 0 8 9 .3 I 1 .0

3 i 3 0 .8 , 0 3 .8 9 > 9 0 .3 11.1
3 * 3 1 .8 0 3 .9 9 2 9 1 .3 X I .2

33 3 2 .8 . O4.O1 93 9 2 .3 n -3
3 4 3 3 -7 i ° 4 - 1 9 4 93*3 1 1 . 5

35 3 4-7  0 4 .3 : 95 9 4-3 1 1 .6

36 3 S-7 ° 4 -4 ; 9 6 9 5-3 1 1-7
37 3 6 .7 I  0 4 .5 97 9 6 .3 i i . 8

38 37-7 1 0 4 -6 , 98 9 7-3 i i . 9

39 3 8 .7 | 0 4 .8 9 9 9 8 .3 1 2 .1

.  4 0 _3  9-7 1 ° 4-9 IOO 9 9 -3 1 2 .2

4 i 4 0 .7 1  0 5 .0 1 0 1 1 0 0 .2 I 2 .V

4 * 4 1 . 7  0 5 .1 02 101 *2 12.4

4 3 4 a -7 ° 5 -a 0 3 102.2 12.6

44 4 3-7  0 5 .4 0 4 IO3.2 12.7

4 5 4 4-7  ° 5-5 0 5 10 4 .2 i z . 8
4 6 4 5 -7 | ° 5 - 6 0 6 1 0 5 . 2 12.9
4 7 4 6 .6 , 0 5 .7 0 7 10 6 . I 3-0 i
4 8 4 7 .6 .  0 5 .8 0 8 1 0 7 .2 I3-2
4 9 4 S . 6 1 0 6 .0 09 ^ 10 8 .2 *3 -3
5Q ■ 4 9 .6 ' o 6 . i I0 1109.3 ' 3-4
5 « 5 0 .6 1  0 6 .2 I 11  j 1 1 0 .3 * 3-5
5 * 51.61 06.2 I l l l l l . 1 3 .6

53 J 2 .6 !  0 6 .5 1 3! 1 1 2 . ' 1 3 .8

S- 5 3 . 6| 0 6 .6 1 4 1 1 3 - * 3-9
55 5 4 .6 ! 0 6 .7 1 s'11 *4 - I4 .0

5 * 5 5 .6 . 0 6 .8 i t U 5- 1 4 .1

1 * 7 5 6 .6 1  0 6 .9 i* 1 1 6 . «4-3
5 « 5 7-6  0 7 .1 l i 1 1 7 . *4 -4 .
59 5 8 .6 ' 0 7 .2 1c 1 1 8 . 1 14 .5 !

1 60! 5 9 .6 I 0 7 .3 zc)1 I9 . 1 ' 4 -6 |
D in 1 Dep.! Lat. Did Dep.! Lat.!

D ift. L a t . D e p . D ift L a t . D e p . D ift L a t . D e p .

1 2 1 1 2 0 .1 1 4 .7 1 S 1 ' 79-7 2 2 .1 24 1 2 3 9 .2 2 9 .4

2 2 1 2 1 . 1 1 4 .9 8 2 18 0 .6 2 2 .2 4 2 2 4 0 .2 * 9-5
23 1 2 2 .1 1 5 .0 8 3 1 8 1 .6 2 2 .3 4 3 2 4 1 .2 2 9 .6

2 4 1 2 3 .1 i j . i 8 4 1 8 2 .6 2 2 .4 4 4 2 4 2 .2 2 9 .7

a 5 1 2 4 .1 1 5 .2 85 1 8 3 .6 2 2 .5 45 2 4 3 .Z 2 9 .9

2 6 1 2 5 . 1 1 5 .4 8 6 1 8 4 .6 2 2 .7 4 6 2 4 4 .2 3 0 .0

27 1 2 6 .1 * 5-5 8 7 1 8 5 .6 2 2 .8 47 2 4 5 .2 30 .3
z 8 1 2 7 .0 1 5 .6 88 1 8 6 .6 2 2 .9 4 8 2 4 6 .2 3 0 .2

29 i z 8 . o ' 5-7 89 1 8 7 .6 2 3 .C 49 2 4 7 .1 3 0 .3
30 1 29 ,0 1 5 .8 9 0 1 8 8 .6 2 3 .2 5° 2 4 8 . i 3 0 .5

*3  * 1 3 0 .0 1 6 .0 19 1 1 8 9 .6 2 3 3 2 5 1 2 4 9 .1 3 0 .6

3 2 1 3 1 .0 1 6 . i 9 2 1 9 0 .6 2 3 .4 5 2 2 5 0 .1 3 0 .7
33 1 3 2 .0 1 6 .2 93 1 9 1 .6 2 3 .5 53 2 5 1 . 1 3 0 .8

3 4 13 3 -0 1 6 .3 9 4 1 9 2 .6 2 3 .6 54 2 5 2 .1 3 1 0

35 1 3 + 0 1 6 .5 95 ■ 93-5 2 3 .8 55 2 5 3 .1 3 *-*

3 6 135-0 1 6 .6 9 6 1 9 4 .5 2 3 .9 5 b 2 5 4 .1 3 1 . 2

37 1 3 6 .0 1 6 .7 97 *95-5 24.G 57 2 5 5- 1 3*-3
38 • 3 7-0 1 6 .8 98 1 9 6 .5 2 4 .1 5 » 2 5 6 .1 3 > -4
39 1 3 8 .0 1 6 .9 9 9 >97-5 2 4-3 59 2 5 7 .1 3 1 6

4 0 1 3 9 .0 1 7 .1 2 0 0 1 9 8 .5 24 -4 i 6 0 2 5 8 .1 3*-7
1 4 1 ' 3 9 -9 1 7 .2 2 0 1 1 9 9 .5 2 4 .5 2 6 1 2 S 9 - * 3 1 .8

4 2 1 4 0 .9 >7-3 0 2 2 0 0 .5 2 4 .6 6 2 2 6 0 .0 3 1 .9

4 3 1 4 1 .9 1 7 .4 0 3 2 0 1 .5 2 4 .7 6 3 2 6 1 .0 3 2 ->

4 4 1 4 2 .9 * 7-5 0 4 2 0 2 .5 2 4 -9 , 6 4 2 6 2 .0 3 2 -2

4 5 >4 3 -9 >7-7 0 5 2 0 3 - 5 2 5 .0 6 5 2 6 3 .0 3 2-3
4 6 1 4 4 .9 1 7 .8 0 6 2 0 4 .5 2 5 - ij b b 2 6 4 .0 3 2 -4
4 7 >4 5-9 1 7 .9 O/ 2 0  5-5 2 * .2 6 7 2 6 5 .0 3 2 -5
4 8 1 4 6 .9 1 8 .0 0 8 2 0 6 .4 a 5-3 6 8 2 6 6 .0 3 2-7
4 9 «4 7-9 1 8 .2 0 9 2 0 7-4 2 5-5 6 9 2 6 7 .0 3 2 .8

50 1 4 8 .9 18 .3 1 10 2 0 8 .4 2 5 .6 7 0 2 6 8 .0 3 2 .9

* 5 * 1 4 9 .9 1 8 .4 2 1 1 2 0 9 .4 2 5 .7 1 7 1 2 6 9 .0 3 3 -0
5 2 1 5 0 .9 1 8 .5 ! 1 2 2 1 0 .4 2 5 .8 7 2 2 7 0 .0 3 3 - i

53 * 5 *-9 1 8 .6 >3 2 1 1 . 4 2 6 .0 73 2 7 1 .0 33-3
541* 52-9 1 8 .8 >4 2 1 2 .4 2 6 .1 74 272.CS 3 3 -4
4 5! * 53-8 1 8 .9 >5 2 ' 3-4 2 6 .2 75 2 7 3 .0 33-5
56 1 5 4 .8 IQ.O 1 6 2 1 4 .4 2 6 .3 76 2 73-9 33-6
57 1 5 5 .8 1 9 .1 >7 2 1 5 . 4 2 6 .4 77 2 7 4 .9 33-8
5 « 15 6 .8 * 9-3 : 18 2 1 6 .4 2 6 .6 78 2 75-9 3 3-9
59 15 7 .S 1 9 .4 1 >9 2 1 7 .4 2 6 .7 79 2 7 6 .9 3 4 -o

6 0 1 5 8 .! * 9-5 2 0 2 1 8.4 2 6 .8 80 2 7 7 .9 3 4 - i

l 6 l 1 5 9 .8 I 9 .6 2 2 1 2 >9-4 2 6 .9 281 2 7 8 .9 3 4 -2

6 2 i 6 o . i 1 9 .7 2 2 2 2 0 .3 2 7 .1 8 2 2 7 9 .9 3 4-4
6 3 i 6 i . i 1 9 .9 2 3 2 2 1 .3 2 7 -2 83 2 8 0 .9 3 4-5
6 4 16 2 D 2 0 .0 24 2 2 2 .3 2 7-3 8 4 2 8 1 .9 3 4-6
6 5 1 6 3 .! 2 0 .1 2 5 2 2 3 .3 2 7 .4 8S 2 8 2 .9 34-7
66 1 6 4 .! 2 0 .2 2 6 2 2 4 .3 2 7 .5 86 28 3 .9 3 4-9
6 7 1 6 5 .) 2 0 .4 27 2 2 5 .3 2 7-7 8 7 2 8 4 .9 3 S -0
68 1 6 6 .7 2 0 . * 28 2 2 6 .3 2 7 .8 88 2 8 5 .0 3 5 *

69 1 6 7 .7 zo .6 2 9 2 2 7 .; 2 7 .9 89 2 8 6 . 8 3 5 -2

70 1 6 8 .7 ; 2 0 .7 1 30 2 2 8 .3 2 8 .0 9C 2 8 7 .8 35-3
I 7 1 1 6 9 J 2 0 . i .2 3 1 2 2 9 .; 2 8 .2 2 9 ! 2 8 S .8 35-5

72 1 7 0 .7 2 1 .0 , 3 * 2 3 0 .; 2 8 .; 9 2 3 5 .6

7 j 1 7 1 .7 2 1 .1 33 23*-3 2 8 .4 93 290. 35-7
74 1 7 2 .  •; 2 1 .2 : 34 23 2-3 2 8 .5 99 2 9 1 .8 3 S-8
2_5 >73-7 2 1 .3 35 233-2 2 8 .6 93 2 9 2 .8 3 6 .0

76 >74-7 2 1 .4 36 * 3 4 -* 28 .8 9 t 2 9 3 .8 3 6 .1

77 175-7 2 1-6 37 2 3 5 -2 28 .9 9 ' 29 4 .8 3 6 .2

78 1 7 6 .7 2 1 . “ 38 2 3 6 .2 2 9 .C 9 ? 29 5 .8 3 6 .3

7 % . 7 7 .7 1 2 1 .8 39 2 3 7 .2 2 9 . 1 99 29 6 .5 3 6  4

8c 1 7 8 .7 1  2 I -9 40 2 3 8 .2 2 9 .? :?oc 2 9 7 / I

U i f t J  D e p L a t . D ift D e p L a t . ¡DU _ D e p 1 L a t ,



D if t . L a i . D e p . D ift L a t . D ep . D ift L a c. D e p . D ilt L a t . D e p . D ift Lat* D e p .

' 1 0 1 .0 0 0 . I 6 l 6 0 .4 0 8 .5 1 2 1 119 .8 1 6 .S l 8 l 1 7 9 .2 ¿41 2 3 8 .7 3 3 .5

2 0 2 .0 0 0 .3 6 2 6 1 .4 0 8 .6 2 2 12 0 .8 1 7 .0 8 2 1 8 0 .2 2 5 -3 4 2 2 3 9 .6 3 3 - 7

3 O 3 .O 0 0 .4 63 6 2 .4 0 8 .8 23 1 2 1 .8 1 7 .1 83 1 8 1 .2 2 5 .5 43 2 4 0 .6 3 3 -8
4 O 4.O 0 0 .6 6 4 6 3 .4 0 8 .9 25 1 2 2 .8 17-3 8 4 1 8 2 .2 2 5 .6 4 4 2 4 1 .6 3 4 -0
5 O 5 .O 0 0 .7 65 6 4 .4 Oq.O 25 1 2 3 .8 1 7 .4 85 1 8 3 .2 2 5 . 7 45 2 4 2 ,6 3 4 - i

6 0 5 .9 0 0 .8 66 6 5 .4 0 9 .2 26 1 2 4 .8 17-5 86 1 8 4 .2 2 5 .9 4 6 2 4 3 .6 3 4 -2
7 0 6 .9 O I .0 <>7 6 6 .3 0 9 .3 2 7 1 2 3 .8 1 7 .7 8 7 1 8 5 .2 2 6 .0 47 2 4 4 .6 3 4 -4
8 0 7 . 9 0 1 .1 68 6 7 .3 0 9 .5 28 1 2 6 .8 1 7 .8 88 1 8 6 .2 2 6 .2 4 8 2 4 5 .6 3 4 -5
9 0 8 .9 0 1 .3 69 6 8 .3 0 9 .6 29 1 2 7 .7 1 8 .0 8 9 1 8 7 .2 2 6 .3 49 ¿ 4 6 .6 3 4 -7

10 0 9  9 0 1 .4 7 C 69-3 0 9-7 30 12 8 .7 1 8 .1 9 0 1 8 8 .2 2 6 .4 t o 2 4 7 . 6 3 4 -8
I I 1 0 .0 0 1 .5 7 ‘ 7 0 .3 0 9 .9 13 1 1 2 9 .7 1 8 .2 1 9 1 1 8 9 . 1 2 6 .6 2 5 1 2 4 8 .6 3 4 -9
1 2 1 1 . 9 0 1 .7 7 2 7*-3 1 0 .0 3 2 1 3 0 .7 1 8 .4 9 2 IQO. I 2 6 .7 5 2 2 4 9 .5 3 5 - i

»3 1 2 .9 0 1 .8 73 7 2 .3 1 0 .2 33 ' 3 i -7 1 8 .5 93 1 9 1 .  I 2 6 .9 53 2 5 0 .5 3 5 -2
»4 1 3 . 9 0 1 .9 74 73-3 i o . r 3 4 132-7 1 8 .6 9 4 T 9 2 .; 2 7 . 0 5 4 2 5 1 . 5 3 5 -3
I S 1 4 .9 0 2 .1 75 74-3 1 0 .4 35 >33-7 1 8 .8 95 1 9 3 1 2 7 . 1 55 2 5 2 .5 3 5 -5
l 6 » 5-8 0 2 .2 76 7 5-3 1 0 .6 3 6 *34-7 1 8 .9 9 6 1 9 4 . 1 2 7 -3 5 6 2 5 3 -5 3 5 -6
1 7 1 6 .8 0 2 .4 77 7 6 .3 1 0 .7 37 135-7 1 9 .1 9 7 1 9 5 . 1 2 7 . 4 57 2 5 4 -5 3 5 -8
1 8 1 7 .8 0 2 .5 78 7 7 . 3 10 .9 38 ' 36-7 1 9 .2 9 8 1 9 6 .1 2 7 . 6 5 « 2 5 5 -5 3 5 -9
»9 1 8 .8 0 2 .6 74 7 8 .2 r i . c 39 • 37-7 19-3 9 9 ! 9 7 .  I 2 7 . 7 59 2 5 6 .5 3 6 .0

2 0 1 9 .8 0 2 .8 8 c 79-2 1 1 . 1 4 0 1 3 8 .6 19-5 20 0 1 9 8 . , 2 *7 .8 6 0 2 5 7 -5 3 6 .2

2 1 2 0 .8 0 2 .Q 8 l 8 0 .2 u . 3 1 4 1 *3 9-6 1 9 6 2 0 1 i q q . o j  2 8 .0 2 6 l 2 5 8 . 5 3 6 .3

2 2 2 1 .8 0 3 .1 8 2 8 l . 2 n . 4 4 2 1 4 0 .6 1 9 .8 0 2 2 0 0 .0 2 8 . I 6 2 2 5 9 -5 3 6 -5
2 3 2 2 .8 0 3 .2 83 8 2 .2 1 1 . 6 43 1 4 1 .6 1 9 .9 0 3 2 0 1 .0 2 8 .3 63 2 6 0 .4 3 6 .6

2 4 2 3 .8 o j -3 84 8 3 .2 1 1 . 7 44 1 4 2 .6 2 0 .0 2 0 2 .0 2 8 .4 6 4 2 6 1 . 4 3 6 .7

2 5 2 4 .8 0 3 .5 85 8 4 .2 n . 8 45 *4 3-6 2 0 .2 0 5 2 0 3 .0 2 8 .5 6 5 2 6 2 . 4 3 6 9

2 6 2 5 .7 0 3 .6 86 8 5 .2 1 2 .0 4 6 1 4 4 .6 2O .3 0 6 2 0 4 .0 2 8 .7 6 6 2 6 3 .4 3 7 .0

2 7 2 6 .7 0 3 .8 87 8 6 .2 1 2 . 1 +7 1 4 3 .6 2O .5 0 7 1 2 0 5 .0 2 8 .8 6 7 2 6 4 .4 3 7 -2
28 2 7 .7 0 3 .9 88 8 7 .1 1 2 .2 4 8 1 4 6 .6 2 0 .6 0 8  1 0 6 .0 2 8 .9 68 2 6 5 .4 3 7 -3
2 9 2 8 .7 O4.O 89 8 8 .1 1 2 .4 4 9 ' 4 7-5 2 0 -7 O 9 2 0 7 .0 2 9 .1 6 9 2 6 6 .4 3 7 -4
3 0 2 9 .7 0 4 .2 9 0 8 9 . i 1 2 .5 50 1 4 8 .3 2 0 .9 I0| 2 0 8 .0 2 9 .2 “ 0 2 6 7 . 4 3 7 .6

3 1 3 °-7 0 4 .3 9 * 9 0 .1 1 2 .7 1 5 1 I 4 9 -S 2 1 .0 2 1  1 2 0 8 .9 2 9 .4 2 7 1 2 6 8 .4 3 7 -7
3 2 3 i -7 0 4 .5 9 2 9 1 . 1 1 2 .8 52 1 5 0 .5 2 1 . 2 1 2 2 0 Q .Q 2 9 .5 7 2 2 6 9 .4 3 7 -9
33 3 2 .7 0 4 .6 93 9 2 . I 1 2 .9 53 1 5 1 .5 1 1 . 3 13 2 1 0 .9 2 9 .6 73 2 7 0 .3 3 8 .0

34 3 3-7 0 4 .7 94 9 3 - i 1 3 1 54 1 5 2 .5 2 1 . 4 1 4 2 1 1 - 9 2 9 .8 7 4 2 7 1 - 3 3 8 - 1

35 34-7 0 4 .9 95 9 4 .1 1 3 .2 55 * 53-5 2 1 .6 i s 2 1 2 .9 2 9 .5 75 2 7 2 .3 3 8 .3
3 6 35-6 O 5.O 96 9 5 - i 1 3 4 5 6 ' 54-5 2 1 .7 i b 2 1 3 -9 3 0 . i 7 6 2 7 3 -3 3 8 : 4

37 3 6 .6 O 5 .I 97 9 6 .1 1 3 5 57 155-5 1 1 . 9 17 2 1 4 .9 3 0 .2 77 2 7 4 -3 3 ? .6
3 * 3 7 .6 0 5 .3 98 9 7 .0 1 3 .6 58 1 5 6 .5 2 2 .0 18 2 1 5 . 9 3 0 -3 7 « 2 7 5 -3 3 8 .7

39 3 8 6 0 5 .4 99 9 8 .0 13 -8 59 ■ 57-5 2 2 .1 19 2 1 6 .9 3 0 .5 79 2 7 6 - 3 3 8 .8

4 0 3 9 .6 O 5 .6 IOO 9 9 -Q 1 3 .9 6 0 1 5 8 .4 2 2 .3 2 0 2 1 7 .9 3 0 .6 80 2 7 7 -3 3 9 -0
4 1 4 0 .6 ° S -7 10 1 10 0 .0 1 4 .1 i o i • 5 9-4 2 2 .4 2 2 1 2 1 8 .8 3 0 .8 ¿ S i 2 7 8  3 3 9 - '

4 2 4 1 .6 o e .8 0 2 t o i . o 1 4 .2 6 2 1 6 0 .4 2 2 .5 2 2 2 1 9 .8 .3 0 .9 8 2 2 7 9 . 3 3 9 -2
4 3 4 2 .6 0 6 .0 0 3 1 0 2 .0 14-3 6 ? 1 6 1 . 4 2 2 .7 23 2 2 0 .8 3 i x 83 2 8 0 .2 3 9 -4
4 4 4 3 .6 0 6 .1 0 4 1 0 3 .0 1 4 .5 6 4 l 6 2 .4 2 2 .8 2 4 2 2  1 .8 3 1 . 2 8 4 2 8 1 . 2 3 9 -5
45 4 4 .6 0 6 .3 05 IO 4.O 1 4 .6 6 5 1 6 3 .4 2,3.0 25 2 2 2 .8 3 1 -3 «5 2 8 2 .2 3 9 -7
4 6 4 5 .6 0 6 .4 0 6 10 3 . 14 .8 6 6 1 6 4 .4 23-1 2 6 1 2 3 .8 3 i -5 8 6 2 8 3 .2 3 9 -8
47 4 6 .5 0 6 .5 0 7 10 6 .0 1 4 .9 ■ 67 1 6 5 .4 2 ? .2 i 2 7 2 2 4 .8 3 1 . 6 8 7 2 S 4 .2 3 9 -9
4 8 4 7-5 0 6 .7 o S 1 0 6 .9 « 5 .0 68 1 6 6 .4 2 3 -4 i 28 2 2 3 .8 3 1 -7 88 2 8 5 . 2 4 0 .  1

4 9 4 8 .5 0 6 .8 0 9 1 0 7 .9 1 5 .2 6 9 1 6 7 .4 23-5 2 9 2 2 6 .8 3 i - S 89 2 8 6 .2 4 0 .2

5° 4 9-5 O 7.O IC 1 0 8 .9 >5-3 7° 1 6 8 .3 2 3 -‘, | 30 2 2 7 .8 3 2 .C 9 0 2 8 7 .2 4 0 .4

S ' 5 «-5 0 7 .1 > 1 . 10 9 .9 15-4 1 7 1 16 9 .3 2 3 .X| 23 1 2 2 8 .8 3 2 . 1 2 9 1 2 8 8 .2 4 0 .5

S a S i -5 0 7 .2 12 I IO .9 1 3 .6 7 2 1 7 0 .3 2 3 -9 | 3 2 2 2 9 :7 3 2 .3 9 2 2 8 9 .2 4 0 .6

S 3 5 2-5 0 7 .4 13 H I . 9 r 5-7 7 3 ‘ 71-3 2 4 .1 1 3 3 2 3 0 .7 3 2 .4 93 2 9 0 . r 4 0 .  S

54 53-5 0 7 .5 14 r 1 2 .9 1 5-9 7 4 1 7 2 .3 2 4 .2 3 4 2 3 1 . 7 3 2 .6 9 4 2 9 1 . 1 4 0 .9

55 54-5 ° 7-7 1 5 1 1 3 9 16 .C 7 5 *73-3 2 4 .4 35 2 3 2 .7 3 2 -7 95 2 9 2 . 1 4 1 . 1

5 6 55-5 0 7 .8 16 1 1 4 .9 l 6 .1 78 174-3 2 4 -5 : 3 6 2 3 3 .7 3 2 .8 9 6 2 9 3 -1 4 1 . 2

5 6 .4 0 7 .9 >7 1 1 5 - 9 1 6 .3 77 ■ 75-3 2 4 .6 3 7 2 3 4 -7 3 3 .0 97 2 9 4 .1 4 '- 3
58 57-4 0 8 .1 18 1 1 6 .9 1 6 .4 78 1 7 6 .3 2 4 .8 3 8 2 3 5 -7 3 3 - ' 98 2 9 5 .1 4 1 . 5

59 5 8 .4 0 8 .2 19 1 1 7 .8 1 6 .6 7 9 ' 77-3 2 4 .9 3 9 2 3 6 .7 3 3-3 99 2 9 6 .1 4 1 . 6

6 c 59  4 .0 8 .4 20 i t 8 . « 1 6 .7 ¿ 0 1 7 8 .2 2 5 - 1 i 4 0  2 3 7 . 7 3 3 -4 3 0 c 2 9 7 . I 4 1 . 8

D . f t . D e p . L a t . D ilt D e p . L a c . D ili D e p . L a i . j l i l i i t '  D e p . L a t . D ' l t D e p - L a t .



D irt L a f D e p . D i l l . L a t . D e p . D i l l . L a t . D e p . D ir t . L a t . D e p . D i l i L a t . D e p .

0 1 .0 0 0 .2 6 l 6 0 .2 0 9 .5 1 2 1 1 1 9 .5 1 8 .9 1 81 1 7 8 .8 2 8 .3 2 4 1 2 3 8 .0 37-7
0 2 .0 0 0 .3 6 2 6 1 .2 0 9 .7 2 2 £20-5 1 9 - 1 1 8 2 1 / 9-8 2 8 .5 4 2 2 3 9 .0 3 7-9

3 O 3.O 0 0 ,5 63 6 2 .2 0 9 .9 23 1 2 1 . 5 19 .2 1 8 3 1 8 0 .7 2 8 .6 4 3 24O.O 3 8 .0

4 O4.O 0 0 .6 6 4 6 .3-2 10 .0 2 4 1 2 2 .5 1 9 .4 8 4 1 8 1 .7 2 8 .8 4 4 2 4 1 .O 3 8 .2

j 0 4 .9 0 0 .8 65 6 4 .2 1 0 .2 2 5 1 2 3 .5 1 9 .6 8 5 1 8 2 .7 2 8 .9 45 2 4 2 .O 3 8 .3

6 0 5 .9 OO.Q 6 6 6 5*2 10 .3 2 6 1 2 4 .4 1 9 .7 8 6 1 8 3 .7 2 9 . 1 4 6 2 4 3 .0 3 8 .5

7 O 6.9 0 1 . r ' 67 6 6 .2 1 0 .5 2 7 1 2 5 .4 1 9 .9 87 ' 84-7 2 9 .3 47 2 4 4 .O 3 8 .6

8 0 7 .9 0 1 .3 6 8 6 7 .2 1 0 .6 28 1 2 6 .4 2 0 .0 88 1 8 5 .7 2 9 .4 4 8 2 4 4 -9 3 8 .8

9 0 8 .9 0 1 .4 6 9 6 8 .2 1 0 .8 2 9 127-4 2 0 .2 8 9 1 8 6 .7 2 9 .6 49 2 4 ^ 9 1 3 9-0
10 0 9 .9 0 1 .6 7 0 6 9 .1 I I .C 3 0 1 2 8 .4 2 0 .3 9 ° 1 8 7 .7 2 9 .7 50 2 4 6 .9 3 9 - i

1 1 IO .9 0 1 .7 7 i 7 0 .1 1 1 . 1 1 3 1 1 2 9 .4 2 0 .5 1 9 1 1 8 8 .6 2 9 .9 2 5 1 2 4 7 .9 39-3
1 2 u . q 0 1 .9 7 2 7 "-1 n -3 3 2 1 3 0 .4 2 0 .6 9 2 1 8 9 .6 3 0 .0 S 2 2 4 8 .9 .3 9-4
1 3 1 2 .8 0 2 .0 73 7 2 . 1 r i . 4 3 3 1 3 1 - 4 2 0 .8 93 1 9 0 .6 3 0 .2 S 3 2 4 9 .9 3 9-6
1 4 1 3 8 0 2 .2 7 4 7 3 - • 1 1 . 6 3 4 '3 2 . 4 2 1 .0 9 4 1 9 1 . 6 3 0 .3 54 2 5 0 .9 3 9-7
'5 1 4 .8 0 2 .3 75 7 4 .1 1 1 . 7 3 5 *33-3 2 ! . I 95 1 9 2 .6 30-5 55 2 5 1 . 9 3 9-9
1 6 1 5 8 0 2 .5 7 <> 7 5 - ' n . 9 3 6 >34-3 2 1 .3 9 6 1 9 3 .6 3 0 .7 5 b 2 5 2 .8 4 0 .0

1 7 1 6 .8 0 2 .7 77 7 6 .1 1 2 .0 3 7 ‘ 35-3 2 1 .4 97 1 9 4 .6 3 0 .8 57 2 5 3 .8 4 0 .2

18 1 7 .8 0 2 .8 78 7 7 -0 1 2 .2 3 8 1 3 6 .3 2 1 .6 98 1 9 5 .6 3 1 .0 58 2 5 4 .8 4 0 .4

>9 I8 .R 0 3 .0 79 7 8 .0 1 2 .4 3 9 137-3 2 1 .7 99 1 9 6 .5 3 i - i 59 2 5 5 .8 AO. 5'

20 1 9 .8 0 3 .1 80 7 9 .0 1 2 .5 4 0 13 8 -3 2 I . 9 2 0 0 197-5 3 i -3 60 2 5 6 .8 '4 0 . 7

21 2 0 .7 ° 3-3 8 1 8 0 .0 1 2 .7 1 4 1 139-3 2 2 .1 2 0 1 1 9 8 .5 3 1 .4 2 6 1 2 5 7 .8 4 0 .8

2 2 2 1 .7 0 3 .9 8 2 8 1 .0 1 2 .8 4 2 140-3 2 2 .2 0 2 ' 9 9-5 3 1 . 6 6 2 2 5 8 .8 4 1 .0

2 3 2 2 .7 0 3 .6 «3 8 2 .0 1 3 .0 4 3 1 4 1 .2 2 2 .4 0 3 2 0 0 .5 3 1-8 6 3 2 5 9 .8 4 1 - 1

2 4 23-7 0 3 .8 8 4 8 3 .0 13 - ' 4 4 1 4 2 .2 2 2 .5 0 4 2 0 1 .5 3 i -9 6 4 2 6 0 .7 4 1 .3

2 ? 2 4 .7 ° 3-9 8 5 8 4 .0 13-3 4 5 1 4 3 .2 2 2 .7 0 5 2 0 2 .5 32.1 6 5 2 6 1 .7 4 1 - 5
2 6 2 S-7 0 4 .1 86 8 4 .9 i 3'-5 4 6 1 4 4 .2 2 2 .8 0 6 2 0 3 .5 3 2 .2 6 6 2 6 2 .7 4 1 .6

2 7 2 6 .7 0 4 .2 8 7 8 5 .9 1 3 .6 4 7 1 4 5 - 2 2 3 .0 O? 2 0 4 .5 3 2 .4 67 2 6 3 .7 4 1 .8

28 27-7 0 4 .4 88 8 6 .9 1 3 « 4 8 1 4 6 .2 2 3 .2 0 8 2 0 5 .4 3 2 .5 68 2 6 4 .7 4 1 .9

2 9 2 8 .6 0 4 .5 8 9 8 7 .9 * 3-9 4 9 1 4 7 .2 2 3 -3 0 9 2 0 6 .4 3 2 .7 6 9 2 6 5 .7 4 2 .1

3 0 2 9 .6 0 4 .7 9 0 8 8 .9 1 4 .1 5 0 1 4 8 .2 2 3 .5 10 2 0 7 .4 3 2 .9 7 0 2 6 6 .7 4 2 .2

3 1 3 °-6 0 4 .8 9 > 8 9 .9 J4 .2 ' 5 ' 1 4 9 .1 2 3 .6 2 1  I 2 0 8 .4 3 3-0 2 7 1 2 6 7 .7 4 2 .4 I

3 2 3 1 . f> 0 5 .0 9 2 9 ° -9 1 4 .4 5 2 1 5 0 .1 2 3 .8 1 2 2 0 Q.4 3 3-2 7 2 2 6 8 .7 4 2 .6

3 3 3 2 .6 0 5 .2 93 9 '-9 1 4 .5 53 1 5 1 . 1 2 3 .9 13 2 1 0 .4 33-3 73 2 6 9 .6 4 2 .7

3 4 33-6 0 5 .3 9 4 9 2 .8 1 4 .7 54 1 5 2 .1 2 4 . 1 1 4 2 1 1 .4 33-5 74 2 7 0 .6 4 2 .9

33 34-6 ° 5-5 95 9 3 .8 1 4 .9 55 i 5 3 - i 2 4 .2 15 2 1 2 .4 33-6 75 2 7 1 .6 4 3 -0
3 6 3 5 -b 0 5 .6 9 6 9 4 .8 1 5 .0 5 b ■ 5 4 - i 2 4 .4 l 6 2 1 3 -3 33-8 7 6 2 7 2 .6 4 3 -2
3 7 3*>-5 0 5 .8 97 9 5 .8 1 5 .2 57 1 5 5 .1 2 4 .6 1 7 2 1 4 .3 33-9 77 2 7 3 .6 4 3-3
3 * 37-5 0 5 .9 98 9 6 .8 * 5-3 58 1 5 6 .1 2 4 .7 18 2 1 5 .3 3 4 - i 78 2 7 4 .6 4 3-5
39 3*-5 0 6 .1 99 9 7 .8 15-5 59 1 57 .0 2 4 .9 19 2 1 6 .3 34-3 79 275-6 4 3 .6
4 0 39-5 0 6 .3 10 0 9 8 .8 1 5 .6 6 0 1 5 8 .0 25 .O 1 2 0 2 1 7 .3 3 4-4 80 2 7 6 .6 4 3-8
4 ' 4 0 . ̂ 0 6 .4 [0 1 9 9 .8 1 5 .8 l 6 l 1 5 9 .0 2 5 .2 2 2 1 2 1 8 .3 3 4 .6 2 8 1 277-5 4 4 -0
4 2 4 i -5 0 6 .6 0 2 [ 0 0 .7 1 6 .0 6 2 16 0 .0 2 5 .3 2 2 2 1 9 .5 34-7 8 2 2 7 8 .5 4 4 .1

43 4 2 .5 0 6 .7 . 0 3 r o i . 7 l6. 1 6 3 1 6 1 . 0 2 5 -5 23 2 2 0 ,3 34-9 83 2 7 9 .5 4 4-3
4 4 4 3-5 0 6 .9 0 4 1 0 2 .7 1 6 .3 6 4 1 6 2 .0 2 5 -7 2 4 2 2 1 .2 35-0 8 4 2 8 0 .5 4 4 .4

4 5 4 4 .4 0 7 .0 0 5 1 0 3 .7 1 6 .4 6 5 1 6 3 .0 2 5 .8 2 5 2 2 2 .2 35-2 85 2 8 1 .5 4 4 .6
4 6 4 5 -4 0 7 .2 0 6 ■ 0 4-7 1 6 .6 6 6 1 6 4 .0 2 6 .0 2 6 2 2 3 .2 3 5-4 86 2 8 2 .5 4 4-7
47 4 6 .4 0 7 .4 0 7 1 0 5 .7 1 6 .7 6 7 1 6 4 .9 2 6 .1 2/ 2 2 4 .2 35-5 8 7 2 8 3 -5 4 4 -9
4 8 4 7 -4 0 7 .5 0 8 1 0 6 .7 1 6 .9 68 1 6 5 .9 2 6 .3 28 2 2 ^ .2 3 5-7 88 2 8 4 .5 45-1
4 9 4 8 .4 0 7 .7 0 9 1 0 7 .7 1 7 .1 6 9 1 66 .9 2 6 .4 29 226.2 3 5 .8 89 2 8 5 .4 4 5 . 2
50 4 9 -4 0 7 . 8| 10 10 8 .6 1 7 .2 7 0 ^ 6 7 .9 2 6 .6 3 0 2 2 7 .2 3 6 .0 9 0 2 8 6 .4 4 5 -4
5 * 5 0 .4 °8.°j 1 1 J 1 0 9 .6 1 7 .4 1 7 . 1 6 8 .9 2 6 .8 2 3 1 2 2 8 .2 3 6-1 ,2 9 1 2 8 7 .4 4 5-5
5 2 5 '- 4 0 8 . ij I 2 1 1 0 .6 17-5 72 1 6 9 .9 2 6 .9 3 2 2 2 9 . 1 3 6 -3 9 2 2 8 8 .4 4 5-7
S 3 5 2 -3 0 8 .3I • 3 1 1 1 . 6 ' 7-7 73 1 7 0 .9 2 7 .1 33 2 3 O .I 3 6 .4 93 2 8 9 ^ 4 5 .8

5 4 53-3 0 8 .4 ' 4 1 1 2 .6 1 7 .8 7 4 1 7 1 .9 2 7 . 2 3 4 23 I. 1 3 6 .6 9 4 2 0 0 .4 4 6 .0

S 5 54-3 0 8 .6 1 5 1 1 3 .6 1 8 .0 75 1 7 2 .8 2 7 -4 35 2 3 2 . 1 3 6 .8 i 95 2 9 1 .4 4 6 .1

50 55-3 0 8 .8 l 6 r 1 4 .6 1 8 .1 7 6 173-8 2 7 .5 3 6 2 3 3 -1 3 6 .9 j 9 b 2 Q2 .4 4 6 .3

57 5 b -3 0 8 .9 17 1 1 5 .6 1 8 .3 77 1 7 4 .8 2 7 . 7 37 2 3 4 -1 3 7 - i 97 2 9 3 -3 4 6 .5

5 » 57-3 O 9. 1 l 8 1 1 6 . 5 1 8 .5 78 ‘ 7 5-8 2 7 .8 3 8 23  5- i 3 7-2 98 2 9 4 .3 4 6 .6

59 5 8 .3 0 9 .2 >9 117-5 1 8 .6 79 1 7 6 .8 2 8 .0 3 9 2 3 6 .1 3 7 -B 99 2 9 5 .3 4 6 .8
6 o 59-3 0 .9-4 20 1 1 8 .5 r8 .8 80 1 77 .8 2 8 .2 4 0 2 3 7 .0 37-5 5 0 0 2 q 6 .2 4 6 .9

D i l l D e p . L a t . put. D e p . L a t . D i( t . D e p . L a t . D i l l . D e p . L a t . 'D irt D e p . L a t .

( For 8 1 Degrees.
( D )  T a b .



D tO |  L a t . D e p . ■ D i d L a t . D e p . D id L a t . D e p . D id L a t . D e p . D id L a t . D e p .

0 1 .0 0 0 .2 1 6 1 6 0 .1 1 0 .6 1 2 1 1 1 9 . 2 2 1 . 0 l 8 l 1 7 8 .3 3 1 . 4 2 4 1 2 3 7 -3 4 1 . 8
2 0 2 .0 0 0 .3 6 2 6 1 . 1 1 0 .8 2 2 1 2 0 .1 2 1 . 2 82 1 7 9 .2 3 1 . 6 4 * 2 3 8 .3 4 2 .0

3 0 3 .S 0 0 .5 6 3 6 2 .0 I O .9 2 3 ( 2 1 . 1 2 I . 4 83 1 8 0 .2 3 1 -8 43 2 3 9 -3 4 2 . 2

4 0 3 .9 0 0 .7 6 4 6 3 .0 1 1 . 1 2 4 1 2 2 .1 2 1 5 84 1 8 1 . 2 3 2 .0 4 4 2 4 0 . 3 4 2 . 4
0 4 .9 0 0 .9 6 3 6 4 .0 1 1 . 3 2 5 I 2 3 .1 2 1 .7 8c 1 8 2 .2 3 2 .1 45 2 4 1 . 3 4 2 .5

6 ° 5-9 0 1 .0 6 6 6 5 .0 2 1-5 2 6 I 2 4 .I 2 1 .9 86 1 8 3 .2 3 2 -3 ,4 6 2 4 2 .3 4 2 -7
7 0 6 .5 0 1 .2 6 7 6 6 .0 1 1 . 6 2 7 1 2 5 . 1 2 2 .1 87 1 8 4 .2 3 2 .5 4 7 2 4 3 .2 4 2 . 9
8 0 7 .9 O I .4 68 6 7 .0 1 1 .8 28 1 2 6 .1 2 2 .2 88 1 8 5 .1 3 2 .6 4 8 2 4 4 .2 4 3 -1

9 0 8 .9 0 1 . ft 6 9 6 8 .0 1 2 .0 2 9 1 2 7 .O 2 2 .4 89 1 8 6 .1 3 2 .8 4 9 2 4 5 .2 4 3 - 2
1 0 0 9 .8 0 1 .7 ! 7 0 6 8 .9 1 2 .2 3 0 1 2 8 .0 2 2 .6 ' 90 1 8 7 .1 3 3 -0 50 2 4 6 .2 4 3 '4
J I 10 .8 0 1 .9 i 7 1 6 9 .9 1 2 .3 ■ 3 ' I2 9 .O 2 2 .7 1 9 1 1 8 8 .1 3 3 -2 2 5 1 2 4 7 . 2 4 3 -6
1 2 1 1 . 8 0 2 . J . 7 2 7 0 .9 1 2 .5 32 1 3 0 .0 . 2 2 .Q 9 2 1 8 9 .1 3 3 -3 5 2 2 4 8 .2 4 3 .8

>3 1 2 .8 0 2 .3 i 7 3 7 1 . 9 1 2 .7 33 N J I .O 2 3 .1 93 1 9 0 .1 3 3 -5 53 2 4 9 .2 4 3 -9
14 1 3 ? 0 2 .4 1 7 4 7 2 .9 1 2 .8 3 4 1 3 2 .0 2 3-3 94 1 9 1 . 1 3 3 -7 54 2 5 0 . 1 4 4 . 1

I S 1 4 .3 0 2 .6 ! 7 5 7 3-9 1 3 .0 35 1 3 2 .9 2 3-4 95 1 9 2 .0 3 3 -9 55 2 5 1 . 1 4 4 -3
1 6 1 5 .8 0 2 .8 1 7 <> 7 4 .8 1 3 .2 3 6 ' 3 5-9 2 3 .6 9 6 1 9 3 . 0 3 4 - o 56 2 5 2 .  I 4 4 -5
1 7 1 6 .7 0 3 .0 ! 77 7 5 .8 13-4 37 1 3 4 .9 2 3 .8 97 1 9 4 .0 3 4 -2 57 2 5 3 . 1 4 4 . 6
i 8 17-7 0 3 .1 i 78 7 6 .8 1 3-5 38 ■ 3 5-9 2 4 .0 98 1 9 5 .0 3 4 -4 58 2 5 4 .1 4 4 .8

1 9 1 8 .7 ° 3-3 ! 7 9 7 7-8 13-7 39 1 3 6 .9 2 4 .1 99 1 9 6 .0 3 4 .6 59 2 5 5 . 1 4 5 . 0
2 0 19-7 0 3 .5 : 80 7 8 .8 13  9 4.0 137-9 2 4 .3 20 C 1 9 7 .0 3 4 -7 6 0 2 5 6 .1 4 5 . 1

2 1 2 0 .7 0 3 .6 8 1 7 9 .8 1 4 .1 1 4 1 1 3 8 .9 2 4 .5 20 1 1 9 7 .9 3 4 -9 2 6 1 2 5 7 .0 4 5 -3
2 2 21 .7 0 3 .8 1 8 2 8 0 .8 1 4 .2 4 2 * 39-8 2 4-7 0 2 1 9 8 .9 3 5 - i 6 2 2 5 8 .0 4 5 -5
*3 22 .7 0 4 .C ; 83 S r . 7 1 4-4 43 1 4 0 .8 2 4 .8 0 3 1 9 9 .9 3 5 -3 63 2 5 9 .0 4 5 -7
2 4 2 3 .6 0 4 .2 i 8 4 8 2 .7 1 4 .6 4 4 1 4 1 .8 2 5 .0 0 4 2 0 0 .9 3 5 -4 6 4 2 6 0 .0 4 5 . 8

*5 2 4 .6 0 4 .3 ! 85 8 3 .7 1 4 .8 45 1 4 2 .8 2 5  2 0 5 2 0 1 .9 3 5 -6 6 5 2 6 1 . 0 4 6 . 0

2 6 25 .6 0 4 .5 86 8 4 .7 1 4 .9 4 6 1 4 3 .8 2 5 .4 0 6 2 0 2 .9 3 5 -8 6 6 2 6 2 .0 4 6 . 2

*7 2 6 .6 0 4 .7 8 7 8 5 .7 1 5 .1 47 1 4 4 .8 2 5 .5 0 7 2 0 3 .9 3 5 -9 6 7 2 6 2 .9 4 6 . 4

28 2 7 .6 0 4 .9 88 8 6 .7 1 5  3 4 8 1 4 5 .8 2 5-7 o S 2 0 4 .8 3 6 .1 6 8 2 6 3 - 9 4 6 . 5

2 9 2 8 .6 O 5.O
8 9 8 7 .6 ■ 5-5 4 9 1 4 6 .7 2 5 .9 ° 9 2 0 5 .8 3 6 .3 6 9 2 6 4 .9 4 6 . 7

30 2 9-5 0 5 .2 , 9 0 8 8 .6 1 5 .6 5.° ‘ 4 7-7 2 6 .0 1C 2 0 6 .8 3 6 .5 70 2 6 5 .9 4 6 . 9

3 1 3 0 .5 0 5 .4 9 i 8 9 .6 15-8 1 5 1 1 4 8 .7 2 6 .2 2  J 1 2 0 7 .8 3 6 .6 2 7 1 2 6 6 .9 4 7 . 1

3 2 3 i -5 0 5 .6
i 9 2

9 0 .6 1 6 .0 5 2 1 4 9 .7 2 6 .4 1 2 2 0 8 .8 3 6 .8 7 2 2 6 7 . 9 4 7 . 2

33 3 2 5 ° 5-7 93 9 1 .6 l 6 . 1 53 1 5 0 .7 2 6 .6 13 2 0 9 .8 3 7 -0 7 3 2 6 8 .9 4 7 - 4
3 4 3 3-5 O J .9 9 4 9 2 .6 1 6 .3 5 4 i 5 '- 7 2 6 .7 14 2 1 0 . 7 3 7 -2 7 4 2 6 9 .8 4 7 . 6

35 3 4  5 0 6 .1 95 9 3 -6 1 6 .5 55 1 5 2 .6 2 6 .9 1 5 2 I I .7 3 7 -3 7 5 2 7 0 .8 4 7 . 8

3 6 3 5-5 0 6 .3 9 6 9 4-5 16-7 5 6 ■ 53-6 2 7 .1 1 6 2 1 2 -7 3 7 -5 7 6 2 7 1 . 8 4 7 - 9
37 3 6 .4 0 6 .4 97 9 5-5 1 6 .8 57 1 5 4 .6 2 7 .3 1 7 2 1 3 -7 3 7 -7 7 7 2 7 2 .8 4 8 . 1

3 « 3 7-4 0 6 .6 9 8 9 6 .5 1 7 .0 58 • 55-6 2 7 . 4 I ? 2 1 4 . 7 3 7 -9 7 8 2 7 3 .8 4 8 .3

3 9 3  8 -4 0 6 .8 99 9 7 -5 1 7 .2 5 9 1 5 6 .6 2 7 .6 19 2 1 5 . 7 3 8 .0 7 9 2 7 4 . 8 4 8 . 4

4 0 3 9 -4 0 6 .9 IOO 9 8-5 1 7 .4 6 0 1 5 7 . 6 2 7 .8 2 C 2 1 6 . 7 3 8 . 2 8 0 2 7 5 -7 4 8 . 6

4 1 4 0 .4 0 7 .1 1 0 1 9 9-5 17-5 l 6 l 1 5 8 .6 2 8 .0 2 2 1 2 1 7 . 6 3 8 . 4 2 8 1 2 7 6 . 7 4 8 .8

4 2 4 1 -4 » 7-3 0 2 IO O .5 17-7 6 2 1 59-5 2 8 .1 2 2 2 1 8 .6 3 8 -5 8 2 2 7 7 .7 4 9 . 0

4 3 4 2 .3 0 7 -5 <73 I O I .4 1 7 .9 6 3 1 6 0 .5 2 8 .3 2 3 2 1 9 . 6 3 8 . 7 83 2 7 8 .7 4 9 . 1

4 4 4 3 -3 0 7 .6 0 4 1 0 2 .4 1 8 .1 6 4 1 6 1 . 5 2 8 .5 24 2 2 0 .6 3 8 . 9 8 4 2 7 9 . 7 4 9 -3
4 5 4 4 -3 0 7 .8 0 5 1 0 3 .4 1 8 .2 6 5 1 6 2 .5 2 8 .7 2 5 2 2 1 . 6 3 9 . 1 8 5 2 S 0 .7 4 9 -5
4 b 4 5-3 0 8 .0 0 6 1 0 4 .4 1 8 . 4 6 6 t b 3 5 2 8 .8 2 6 2 2 2 .6 3 9 -2 86 2 8 1 . 7 4 9 -7
4 " 4 6 .3 0 8 .2 O ? 1 0 5 .4 1 8 .6 6 7 1 6 4 .5 2 9 .C 27 2 2 3 .6 3 9 -4 87 2 8 2 .6 4 9 .8

4 8 4 7-3 0 8 .3 0 8 1 0 6 .4 1 8 .8 68 1 6 5 .4 ' 2 9 .2 28 2 2 4 . 5 3 9 - 6 i 88 2 8 3 .6 5 0 .0

4 9 4 8 .3 0 8 .5 0 9 1 0 7 .3 l S . 9 6 9 1 6 6 .4 2 9-3 2 9 2 2 5 .5 3 9 .8 89 2 8 4 .6 5 0 .2

. 5° 4 9-2 0 8 .7 1 0 1 0 8 .3 1 9  1 *?0 1 6 7 .4 2 9-5 3 ° 2 2 6 .5 3 9 -9 9 0 2 8 5 .6 5 0 . 4

5 1 5 0 .2 0 8 .9 1 1 1 1 0 9 .3 19-3 1 7 1 1 6 8 .4 2 9-7 2 3 1 2 2 7 - 5 4 0 .  1 2 9 1 2 8 6 .6 5 0 .5

5 2 5 1 .2 O 9.O 1 2 I 10 .3 1 9 .4 7 2 1 6 9 .4 2 9 .9 3 2 2 2 8 .5 4 0 .3 9 2 2 8 7 .6 5 0 .7

53 5 2 .2 0 9 .2 13 I I I .3 1 9 .6 73 1 7 0 .4 3 0 . c 33 2 2 9 .5 4 0 .5 93 2 8 8 .5 5 0 .9

54 53-2 0 9 .4 1 4 I 1 2 .3 1 9 .8 74 1 7 1 .4 3 ° - 2 34 2 3 0 .4 4 0 .6 94 2 8 9 .5 5 1 - 1

55 5 4 .2 0 9 .6 15 l ' 3-3 2 0 .0 75 1 7 2 .3 3 0 .4 35 2 3 1 . 4 4 0 .8 95 2 9 0 .5 5 1 . 2

5 <> 5 S -i 0 9 .7 16 I 1 4 .2 20 . I 7 6 ‘ 7 3  3 3 0 .6 36 2 3 2 .4 4-1 .0 9 b 2 9 1 .5 5 1 . 4

5 7 S & .i 0 9 .9 r7 I 1 5 .2 2 0 .3 77 ‘ 74-3 3 0 .7 37 2 3 3 -4 4 1 . 2 97 2 9 2 .5 5 1 . 6

5 » 57 - i 1 0 . 1 .8 r t 6 . 2 2 0 . 5 78 ‘ 75-3 3 0 .9 38 2 3 4 .4 4 1 -3 98 2 9 3 -5 5 1 -7
59 »*•« 1 0 .2 19 I 1 7 .2 2O .7 79 1 7 6 .3 3 1  1 3 9 2 3 5 -4 41-51 9 9 2 9 4 .5 5 1 . 9

6 0 5 9 .1 IO .4 2 0 1 1 8 .2 2 0 .8 Ko 1 1 7 .3 3 i -3 4 0 2 3 6 .4 4 i - 7 ; ?0 0 2 9 5 -4 5 2 . 1

D  it D e p . L a t . D i lt D e p , L a t . j u t D e p . L a ' . D i d D e p . L a t .  1 D id D e p . L a t .



D id D e p D id L a t . D e p . D id L a t D e p . D id L a t . D e p . D id L u r. D e p .

0 1 . 0 0 0 .2 6 1 5 9-9 1 1 . 6 12 1 1 1 8 .8 2 3 .1 T F T 1 7 7 . 7 3 4 -5 2 4 ] 2 3 6 .6 4 6 .0

“It 0 2 .0 O O .4 6 2 6 0 .9 m .8 22 u 9 .8 2 3 - 3 8 2 1 7 8 .7 3 4 -7 4 2 2 3 7 .6 4 6 . 2

3 0 2 .9 0 0 .6 63 6 1 .8 1 2 . 0 23 1 2 0 .7 2 3-5 83 1 7 9 . 6 3 4 -9 43 1 3 8 - 5 4 6 . 4

4 0 3 .9 0 0 .8 6 4 6 2 .8 1 2 . 2 24 1 2 1 . 7 2 3 -7 84 1 8 0 .6 3 5 - ' 4-1 1 3 9 - 5 4 6 .6

5 0 4 .9 0 1 .0 65 6 3 .8 1 2 . 4 25 ! 2 2 .7 2 3 .9 85 1 8 z . 6 3 5 -3 45 2 4 0 .5 4 6 .7

6 0 5 .9 0 1 . 1 6 6 6 4 .8 1 2 . 6 2b 1 2 3 .7 2 4 .0 86 1 8 2 .6 3 5 -5 4 6 2 4 1 .5 4 6 .9

7 0 6 .9 0 1 . 3 67 6 ; . 8 1 2 .8 1 7 1 2 4 .7 2 4 .2 87 1 8 5 .6 3 5 -7 47 2 4 2 .5 4 7 - i

s 0 7 . 9 0 1 . 5 68 6 6 .8 I 3 .O 28 1 2 5 .6 2 4 .4 38 1 8 4 .5 3 5 -9 4 8 2 4 3 . 4 4 7 -3
9 0 8 . s 0 1 . 7 6 9 6 7 . 7 1 3 . 2 29 1 2 6 .6 2 4 .6 89 1 8 5 .5 3 6 .1 4 9 2 4 4 . 4 4 7 -5

IO 0 9 .8 0 1 . 9 7 0 6 8 .7 1 3 - 4 30 1 2 7 .6 2 4 .8 90 1 8 6 .5 3 6 .3 s c 1 4 5 - 4 4 1 . 7

u 1 0 .8 0 2 . 1 7 1 6 9 .7 • 3-5 ■ 3 1 1 2 8 .6 2 5 .c 1 9 1 > 8 7 .5 3 6 .4 2 5 1 1 4 6 . 4 4 7 -9
1 2 1 1 . 8 0 2 .3 72 7 0 . 7 J 3-7 3 2 1 2 9 .6 2 5 .2 9 2 1 8 8 .5 3 6 .6 5 3 H 7 -4 4 8 . t

13 1 2 . 8 0 2 . 5 73 7 1 - 7 13-9 33 1 3 0 .6 2 5 .4 93 1 8 9 .5 3 6 .8 53 1 4 8 .4 4 8 . 3

* 4 «3 - 7 O 2 .7 7 4 7 2 . 6 1 4 . 1 3 4 1 3 1 - 5 2 5 .6 94 1 9 0 .4 3 7 - c 54 2 4 9 .3 4 8 .5

15 1 4 .7 O 2 .9 75 7 3 . 6 1 4 .3 3 5 1 3 2 .5 2 5 .8 95 1 9 1 . 4 3 7 - 2 55 2 5 0 .3 4 8 .7

l 6 «5 -7 0 3 .1 7 6 7 4 .6 • 4 -5 36 1 3 3 .5 2 6 .0 9 b 1 9 2 .4 3 7 -4 56 1-51-3 4 8 .8

17 1 6 . 7 0 3 .2 77 7 5 .6 1 4 . 7 3 “ 1 3 4 - 5 2 6 .1 97 1 9 3 .4 3 7 -6 57 151 -3 4 9 - o
18 1 7 -7 0 3 . 4 7 8 7 6 .6 1 4 .9 38 1 3 5 5 2 6 .3 98 1 9 4 . 4 3 7 - 8 5 « 1 5 3 -3 4 9 . 2

*9 1 8 . 7 0 3 .6 79 7 7-5 * 5 -> 39 1 3 6 .4 2 6 .5 99 ' 9 5 -3 3 8 .0 59 1 5 4 . 1 4 9 - 4
2 0 1 9 .6 0 3 .8 80 7 8 .? * 5-3 4 0 1 3 7 - 4 2 6 .7 20 0 1 9 6 .5 3 8 .2 b o 2 S S -2 4 9 -6
21 2 0 .6 O 4 .O 8 1 7 9-5 ' 5-5 1 4 1 1 3 8 .4 2 6 .9 20 1 ' 9 7 -3 3 8 . 4 Lb i 2 5 6 . 2 4 9 .8

22 2 1 . 6 O 4 .2 8 2 SO . Sj 1 3 . 6 4 2 ■ 3 9 -4 2 7 . 1 0 2 1 9 8 .3 3 8 .5 6 2 1 5 7 - 1 5 0 .0

23 2 2 .6 0 4 .4 83 8 i - 5 i ; . S 4 3 1 4 0 .4 2 7-3 ° 3 ■ 9 9 -3 3 8 .7 6 3 2 5 8 .2 5 0 . 2

24 2 3 .6 0 4 .6 s 4 8 2 .5 1 6 .0 4 4 1 4 1 . 4 2 7 -5 0 4 2 0 0 .3 3 8 - 9 6 4 2 5 9 .1 5° - 4 .

2 5 2 4 .5 0 4 .8 85 8 3 -4 1 6 .2 45 142-3 2 7 . 7 ° 5 2 0 1 .2 3 9 -1 6 5 2 6 0 . j 5 0 .6

2 6 2 5 -5 O S .O 86 8 4 .4 1 6 . 4 4 6 ' 4.3 -3 2 7 . 9 0 6 2 0 2 .2 3 9 -3 6 6 2 6 1 . 1 5 0 .8

2 7 2 6 .5 0 5 .2 87 8 5 - 4 1 6 .6 4 " ' 4 4 -3 2 8 .c 0 7 2 0 5 .2 3 9 -5 6 7 2 6 2 .1 5 0 .9

28 2 7 . 5 ° 5-3 88 8 6 .4 1 6 .8 4 8 * 4 5 -3 2 8 .2 08 2 0 4 ,2 3 9 -7 68 2 6 3 .1 5 1 - 1

29 2 8 .5 o j . 5 89 8 7 .4 1 7 .0 49 1 4 6 .3 2 8 .4 0 9 2 O 5 .2 3 9 -9 ' 69 2 6 4 .1 5 i -3
3 0 2 9 .4 0 5 . 7 QO 8 8 .3 1 7 . 2 s o 1 4 7 . 2 2 8 .6 10 2 0 6 .1 4 0  . 11 70 2 6 5 . c 5 1 -5
3 1 3 ° - 4 0 5 .9 9 1 8 9 -3 ' 7 -4 1 5 1 1 4 8 .2 2 8 .8 21 1 2 0 7 . 1 4 ° -  3 ‘ 1 7 1 2 b 6 . c 5>-7
3 2 3 1 • 4 0 6 . 1 9 2 9 ° -3 1 7 . 6 5 2 1 4 9 .2 2 9 .0 1 2 2 0 8 .1 4 0 - 5; 72 2 6 7 .c 5 1 . 9

33 3 2 .4 0 6 .3 9 3 9 1 . 3 1 7 -7 53 I s o .  2 2 9 .2 >3 2O 9 . 1 4 0 . 6| 73 2 6 8 .c 5 2 . 1

34 3 3 -4 0 6 .5 9 4 9 2 -3 ’ 7 -9 5 4 i s * - * 2 9 .4 14 2 1 0 .  1 4 0 .8 7 4 2 6 9 .c 5 2-3
35 3 4 -4 O 6 .7 9 5 9 3 -3 1 8 . 1 55 1 5 2 .2 2 9 .6 15 21 1 .0 4 1 . 0 75 2 6 9 .9 5 2 -5
36 3 5 -3 O 6 .9 9 6 9 4 .2 1 8 .3 5 6 ' 5 3 - i 2 9 .8 10 2 1 2 .0 4 1 . 2 7 6 2 7 0 .9 5 2 .7

37 3*>-3 0 7 .1 9 7 9 5 -2 . 8 . 5 57 1 5 4 .1 3 0 .0 17 2 1 3 .O 4 ‘  -4 7 7 2 7 1 . 9 5 2 .9

3 » 3 7-3 ° 7 -3 98 9 6 .2 1 8 . 7 58 1 5 5 .1 3 0 .1 18 2 1 4 .O 4 1 . 6 78 2 7 2 .9 5 3 - o

39 3 K . 3 0 7 . 4 99 9 7 .2 1 8 .9 59 I 5 6 .  1 3 0 -3 19 2 1 5 . 0 4 1 . 8 7 9 1 7 3 -9 5 3 - i
4 0 3 9 -3 0 7 . 6 10 0 9 8 .2 l 9 . r b o * 5 7 - * 3 0 .  S 2C 2 1 6 . 0 4 2 . 0 80 1 7 4 . 9 5 3 -4
4 * 4 O .  2 0 7 . 8 l O i 9 9 .1 1 9-3 i b i 1 5 8 . c 3 0 - 7 22 J 2 1 6 .9 4 2 . 2 281 2 7 5 .8 5 3 -6
4 2 4 : . 2 0 8 .0 0 2 1 0 0 . 1 1 9 .5 6 2 I S9 -0 3 0 .9 2 2 2 1 7 .9 4 2 . 4 8 2 2 7 6 . S 5 3 .8

4 3 4 2 . 2 0 8 .2 0 3 1 0 1 . 1 1 9 . 7 6 3 i 6 o . c 3 1 . 1 23 2 1 8 .9 4 2 .6 S3 2 7 7 .8 5 4 .0

4 4 4 3 . 2 0 8 .4 3 4 1 0 2 . 1 1 9 . 8 6 4 1 6 1 . 0 3 1 - 3 2 4 2 1 9 .9 4 2 . 7 8 4 1 7 8 .8 5 4 . 2

4 5 4 4 .2 0 8 .6 0 5 l O j .  I 2 0 . 0 6 5 1 6 2 . c 3 i -5 25 2 2 0 *9 4 2 .9 85 2 7 9 .8 5 4 -4
4 6 4 5 . 2 0 8 .8 0 6 I O 4 . 1 2 0 .2 6 6 1 6 3 . c 3 ‘ -7 26 2 2 1 .8 4 3 - i 86 2 8 0 . / 5 4 . 6

4 7 4 6 . 1 O 9 .O 0 7 IO 5 .O 2 0 .4 6 7 1 6 3 .9 3 1 . 9 2 7 2 2 2 .8 4 3 -3 87 2 8 1 .7 5 4 .8

4 8 4 7 . 1 0 9 .2 08 1 0 6 .0 2 0 .6 68 1 6 4 .9 3 2 .1 28 1523.8 4 3 -5 88 2 8 2 .7 5 5 .0

4 9 4 8 . , 0 9 .3 0 9 1 0 7 .0 2 0 .8 6 9 1 6 5 .9 3 2 .2 29 2 2 4 .8 4 3 -7 89 2 8 3 .7 5 5 -*
SO 4 9 .1 0 0 .  ^ 10 1 0 8 .0 2 1 . 0 70 1 6 6 . 9 3 2 .4 30 2 2 5 .8 4 3 -9 00 1 8 4 .7 5 5-3
5 ‘ 5 0 .1 0 9 .7 1 11 IO 9 .O 2 1 . 2 ‘ 71 1 6 7 .9 3 2 .0 23 i 2 2 6 .8 4 4 . 1 29 l 2 8 5 . 7 5 5 -5
52 5 1 . G 0 9 .9 12 ( O q .q 2 1 -4 72 1 6 8 .8 3 -’ - -8 3 ~ 2 2 7 .7 4 4 -3 9 1 2 8 6 .6 5 5-7
53 5 2 .0 1 0 . 1 13 1 1 0 . y 2 1 - 6 73 1 6 9 .8 3 3 - 0 33 2 2 8 .7 I 4 4 -5 • 2 8 7 .6 5 5-9
54 5 3 . C 1 0 .3 1 4 r 1 £. y 21 .8 74 1 7 0 . S 3 3 * “ 3 4 2 2 9 . - 1 4 4 -6 9 4 2 8 8 .6 5 6 . 1

55 5 4 .G 1 0 .5 '5 1 12- y 2 1 .9 7 5 1 7 1 . 8 3 3 - 4 35 2 3 0 . 7 | 4 4 - S 9 5 2 8 9 .6 5 6 .3

56 5 5 -o 1 0 .7 1 6 1  15  c 2 2 - 1 - 6 1 7 2 . 8 3 3 - 6 3 6 1 3 1 . 7 4 5 . 0 9 6 2 9 0 .6 5 6 .5

57 5 6 .0 1 0 .9 1} 1 1 4 . 9 2 2 -3 77 1 7 3 -" 3 3 -8 3 ' I 2 3 2 . 6 4 5 . 2 9 " 1 9 1 . 5 5 6 . 7

5 « 5 6 .9 1 1 . 1 18 ‘ I 5 ' b 2 2 - j 78 ‘ 7 4 -7 3 4 - 0 3 - i 3 3 - f | 4 5 -4 98 1 9 1 - 5 5 6 .9

59 5 7-9 11-3 ■ 9 [ 1 6 .8 2 2 *7 7 9 ‘ 7 5 -7 3 4 -2 | 3911.3 4 - f 4 5 -6 99 1 9 3 -5 5 7 - i
6 0 5 8 .9 1 1 .4 20 I 17 - ^ 2 J -9 1 8 0 1 " 6 .  ~ 3 4-3 4 0 U 3 5 - ' 1 4 5 -8 1 30c 2 9 4 . . 2

I V L)rp. L a t . l> 7 U 7 ) i . j r . ! L>;it D e p . L a t . j i b 1 D - P ¡¡57T j D up | L-Jt.
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p i f l
I

L  a t . D e p , D i f i D e p D i  4 L a t . D e p . D i f t ’ a t . . D e p . l D i f t l . a t ~ | D e p  
5 0 .  iO i  . 0 0 0 . 2 6 59 -7 1 2 . 7 . 121 1 1 8 . 4 2 5 . 2 7 7 7 1 7 7 . 0 3 7 . 6 2 4 1 2 3 5 -72 0 2 . 0 0 0 . 4 6 : 6 O . 6 1 2 .  t 2 2 “ 9 - 3 2 5 . 4 8 2 1 7 8 . 0 3 7 - 8 4 2 2 3 6 . 7 5 0 . 3

3 O 2 . 9 . 0 0 . 6 6 ; 6 l . 6 ■ 3 - 1 2 3 1 2 0 . 3 2 5 . 6 8 3 1 7 9 . 0 3 8 . 0 43 2 3 7 -7 5 0 . 5
. 4 0 3 - 9 o o . s 6 4 6 2 . 6 1 3 - 5 2 4 1 2 1 . 3 2 5 . 8 8 4 1 8 0 . 0 3 8 . 3 4 4 2 3 8 . 7 5 ° .  7

5 0 4 . 9 . 0 1 . 0 6-- 6 3 . 6 1 3 - 5 2 5 1 2 2 . 3 2 6 . 0 8 5 1 8 1 . 0 3 8 . 5 4 5 2 3 9 . 6 5 0 . 9
6 ° 5 - 9 0 1 . 2 6fr 6 4 . 6 • 3 -7 2 6 1 2 3 . 2 2 6 . 2 8 6 1 8 1 . 9 3 8 . 7 4.6 2 4 0 . 6 5 1 . 1
7 0 6 . 8 0 1 . 5 6 7 6 5 . 5 J 3 ? 27 H 4 . 2 2 6 . 4 8 7 1 8 2 . 9 3 8 . 9 47 2 4 1 . 6 5 1 . 4
S 0 7 . 8 0 1 - 7 6 ^ 6 6 . 5 1 4 . 1 2 8 1 2 5 . 2 2 6 . 6 8 8 1 8 3 . 9 3 9 - 1 4 8 2 4 2 . 6 5 1 . 6
9 o S .  8. O I . 9 6 c 6 7 . 5 1 4 . 3 2 9 1 2 6 . 2 2 6 . 8 8 9 1 8 4 . 9 3 9 - 3 4 9 2 4 3 . 6 5 1 . 8

IC 0 9 . 8 0 2 .  1 7 C 6 8 .  < 1 4 . 6 3C 1 2 7 . 2 2 7 . 0 QO 1 8 5 . 8 3 9 - 5 5° 2 4 4 - 5 5 2 . 0
1 L 1 0 . 8 0 2 . j 71 6 9 . 4 1 4 . 8 ‘ 3 > 1 2 8 . 1 2 7 . 2 i 9 i 1 S 6 . 8 3 9 - 7 2 5 1 2 4 5 - 5 5 2 . 2
IT1 I 1 .7 0 2 . 5 7 2 7 0 . 4 1 5 . 0 3 2 1 2 9 . I 2 7 - 4 9 2 1 8 7 . 8 3 9 - 9 5 2 2 4 6 . 5 5 2i4
1 3 1 2 . 7 O 2 . 7 7 5 7 1 - 4 1 5 . 2 33 t 3 0 . I 2 7 . 7 93 1 8 8 . 8 4 0 . 1 53 2 4 7 - 5 5 2 . 6
1 4 1 3 - 7 O 2 . 9 7 4 7 2 -4 1 5 . 4 34 >3 1 -1 2 7 . 9 94 1 8 9 . 8 4 0 . 3 5 4 2 4 8 . 4 5 2 . 8
‘ 5 1 4 -7 0 3 . 1 1 7 5 7 3 - 4 1 5 . 6 35 1 3 2 . 0 2 8 . 1 95 1 9 0 . 7 4 ° .  5 55 2 4 9 . 4 53  01 6 ' 5-7 ° 3 - 3 7 6 7 4 - 3 1 5 . 8 3 b ' 3 3 - 0 2 8 . 3 9 6 1 9 1 . 7 4 0 . 8 56 2 5 ° - 4 5 3 - 2
17 1 6 . 6 ° 3 -5 7 7 7 5 - 3 1 6 . c 37 1 3 4 . 0 2 8 . 5 97 1 9 2 . 7 4 1 . 0 57 2 5 1 . 4 5 3 - 41 8 1 7 . 6 0 3 . 7 7 8 7 b -3 l 6 . 2 38 ‘ 3 5 - 0 2 8 . 7 9 8 ‘ 9 3 - 7 4 1 . 2 58 2 5 2 . 4 5 3 . 6
J 9 1 8 . 6 0 4 . c 7 9 • 7 7 - 3 1 6 . 4 39 1 3 6 . 0 2 8 . 9 9 9 1 9 4 . 7 4 1 . 4 59 2 5 3 - 3 5 3 . 8
2C I Q . 6 0 4 .  2 8 c 7 8 . 2 l 6 . 6 4 0 1 3 6 . 9 2 Q .  1 2 0 0 1 9 5 6 4 1 . 6 6 c 2 5 4 . 3 54 . 1

■ It 2 0 . 5 0 4 . 4 T T 7 9 . 2 1 Ó . 8 1 41 ‘ 3 7 - 9 2 9 . 3 2 0 1 I 9 6 , 6 4 1 . 8 2Ò1 2 5 5 - 3 54 -32 ; 2 ‘ - 5 0 4 . 6 8 2 8 0 . 2 1 7 . c 4 2 1 3 8 . 9 2 9 - 5 0 2 1 9 7 . 6 4 2 .  Ó 6 2 2 5 6 . 3 54-5
2 3 2 2 .  5 0 4 . 8 8 3 8 1 . 3 17 -3 4 3 ‘ 3 9 - 9 2 9- 7 0 3 1 9 8 . 6 4 2 . 2 6 3 2 5 7 - 3 54-7
24 2 3 - 5 0 5 . C 84 8 2 . 2 • 7 -5 4 4 1 4 0 . 9 2 9 -9 0 4 1 9 9 . 5 4 2 . 4 6 4 2 5 8 . 2 54 -9
2 5 2 4 - 5 O 5 . 2 8  3 8 3 . 1 1 7 - 7 45 1 4 1 . 8 3 0 . 1 0 5 2 0 0 . 5 4 2 . 6 6 5 2 5 9 . 2 5 5 - 12 6 2 5 . 4 0 5 . 4 8 e 8 4 . 1 1 7 . 9 4 b 1 4 2 . 8 3 ° - 4 0 6 ¿ O I . 5 4 2 . 8 6 6 2 6 0 . 2 55-327 2 6 . 4 O 5 . 6 8 - 8 5 .  J 1 8 . 1 4 " ‘ 4 3 - 8 3 0 . 6 0 7 2 0 2 . 5 4 3 . 0 6 7 2 6 l . 2 55 -52 8 2 7 - 4 0 5 . 8 8 8 8 5 . 1 1 8 . 3 4 8 1 4 4 . 8 3 0 . 8 0 8 2 0 3 . 5 4 3 . 2 6 8 2 6 2 . 1 55-7
2 9 2 8 . 4 0 6 . 0 8 9 8 7 . : i 8 . j 4 9 ‘4 5 - 7 3 1 . c 0 9 2 0 4 . 4 4 3 - 5 6 9 2 6 3 . 1 55 -9
3 ° 2 0 .  ^ 0 6 . 2 DC 8 8 . 0 1 8 . 7 . 5 2 1 4 6 . 7 3 ‘_;2 1 0 2 0 5 . 4 .4 .3 - 7 7 C 2 6 4 . 1 5 6 . 1
3 ' 3 O . 3 O Ó . 4 9 ' 8 9 . 0 I 8 . 9 ‘ S ' ‘4 7 - 7 3  ‘ -4 2 1 1 2 0 6 . 4 4 3 - 9 2 7 1 2 6 5 . 1 5 b -3
3 2 3 1 - 3 O 6 . 7 9 2 9 0 . 0 1 9 . 1 5 2 L 4 8 . 7 3 ‘ -6 1 2 2 0 7 . 4 4 4 . 1 7 2 2 6 6 . 1 5 6 . 6
33 3 2 - 3 0 6 . 9 93 9 1 . 0 1 9 . 3 53 1 4 9 . 7 3 1 - 8 1 3 2 0 8 . 3 4 4 - 3 73 2 6 7 . 0 5 6 . 8
3 3 3 3 - 3 0 7 . 1 95 9 I . O 1 9 . 5 54 1 5 0 . 6 3 2 .  c ‘4 2 0 9 . 3 4 4 - 5 7 4 2 6 8 . 0 5 7 . 0
35 3 4 - 2 ° 7-3 95 9 2 . 9 1 9 . 8 55 1 5 1 . 6 3 2 . 2 1 5 2 1 0 . 3 4 4 - 7 75 2 6 9 . O 5 7 - 2
36 j ; . 2 0 7 . 5 9 b 9 3 - 9 2 0 . 0 5 6 1 5 2 . 6 3 2 -4 I 6 2 1 1 . 3 4 4 - 9 76 2 7 0 . 0 5 7 - 4
37 3 6 . 2 O 7 . 7 97 9 4 - 9 2 0 . 2 57 1 5 3 . 6 3 2 . 6 ‘ 7 2 1 2 . 3 4 5 - 1 77 2 7 0 . 9 5 7 . 6
3 » 3 7 - 1 0 7 . 9 9 8 9 v _9 2 O . 4 58 ‘ 5 4 - 5 3 2 -9 18 2 1 3 . 2 4 5 - 3 78 2 7 1 . 9 5 7 . 8
3 9 3 8 - 1 0 8 .  1 99 9 6 . 8 2 0 . 6 59 ‘ 5 5 - 5 3 3 - 1 ‘ 9 2 1 4 . 2 4 5 - 5 7 9 2 7 2 . 9 5 8 . 0

! 4  C . 2 0 . 1 O 8 . 3 1 0 0 9 7 8 2 0 . 8 6 0 r < ; 6 . 5 3 3 - 3 2 0 2 1 5 - 2 8 0 2 7 3 . 9 5 8 . 2
' 4 ' 4 ^ .  i Oi) .  5 t o  » y S . f c 2 1 .  C l 6 l ‘ 57 -5 3 3 - 5 1221 2 1 b . 2 4 5 - 9 2 b  1 2 7 4 - 9 5 8 . 4
1 4 2 4 1 . i 0 8 . 7 0 2 9 9 . 8 2 1 . 2 6 2 ‘ 5 8 . 5 3 3 - 7 2 2 2 1 7 . i 4 6 . 2 8 2 2 7 5 . 8 5 8 . 6
1 43 4 2 . I 0 8 . 9 0 3 I O O . 7 2 1 . 4 6.3 ‘ 5 9 - 4 3 3 - 9 2 3 2 1 8 . 1 4 6 . 4 8 3 2 7 6 . 8 5 8 . 8
1 44 4 3 ° 0 9 .  ! 0 3 I 0 I . 7 2 1 . 6 b 4 1 6 0 . 4 3 4 - « 2 4 2 1 9 .  I 4 6 . 6 8 4 2 7 7 . 8 5 9 °

45 4 4 . 0 0 9 - 4 O5 1 0 2 . 7 2 1 . 8 6 5 1 6 1 . 4 3 4 - 3 2 5 2 2 0 .  1 4 6 . 8 8 5 2 7 8 . 8 59-3
' 4 6 4 5 -c O 9 . 6 0 6 1 0 3 . 7 2 2 . 0 6 6 1 6 2 . 4 3 4 - 5 2 b 2 2 1 . 1 4 7 . 0 8 6 2 7 9 . 8 59 -5  -

47 4 6 . c 0 9 .  s 0 7 1 0 4 . - 2 2 . 2 6 . ‘ 6 3 . 4 3 4 - 7 2 7 2 2 2 . 0 4 7 . 2 8 7 2 8 0 . . 7 5 9  7
4 ? 4 7 . c 1 0 . 0 0 8 1 0 5 . 7 2 2 .  <; 6 8 1 6 4 . 3 3 4 - 9 2 8 2 2 J . 0 4 7 - 4 8 8 2 8 1 . 7 59 -9

! 4  y 4 7 - 9 1 0 . 2 O9 1 0 6 . 6 2 2 - 7 6 9 ‘ 6 5 - 3 3 5 - 1 2 9 2 2 4 . O 4 7 - 6 8 9 2 8 2 . 7 6 O . I
' c r 4 8 . O 1 0 - 4 1 0 1 0 7 . 6 2 2 . 9 7 0 16 6 . 7 3 5 - 3 3 0 2 2  0 4 7 . 8 9 0 2 S 3 . 7 6 0 . 3

S 1 4 9 - 9 i o . 6 i l l ) 1 0 8 . 6 ¿ j .  J 171 1 6 7 . 3 3 5-6 2 3 1 2 2 6 . 0 4 8 . 0 2 9 1 2 8 4 . 6 6 O . 5
5 2 5 ° . c 1 0 . 8 I 2 1 0 9 . 6 2 3-3 7 2 1 6 8 . 2 3 5 - 8 3 2 2 2 6 . 9 4 8 . 2 9 2 2 8 5 . 6 6 0 . 7  :

1 53 5 1 . 8 I I . C 13 I 1 0 .5 2 3 . 5 73 1 6 9 . 2 3 6 . 0 33 2 2 7 . 9 4 8 . 4 93 2 S 6 . 6 6 O . O
54 5 2 . 8 I 1 .2 14 h i . 5 2 3 -7 7 4 1 7 0 . 2 3 6 . 2 3 4 2 2 8 . 9 4 8 . 7 94 2 8 7 . 6 6 l.l
5 5 5 3 . 8 i i - A 1 5 1 1 2 .  5 2 3 - 9 75 1 7 1 . 2 3 6 - 4 35 2 2 9 . 9 4 8 . Q 95 2 8 8 . 6 6 1 . 3

: 5 b 5 4 . 8 1 1 . 6 l 6 ■ 13-5 2 4- 1 7 b 1 7 2 . 2 3 6 . 6 3 b 2 3 0 . 8 4 9 . I 9 b 2 8 9 . 5 6 1 . 5
57 5 5 ' 1 1 . 9 1 : M 4 . . J 2 4 . 3 77 >7 3 - i 3 6 . 8 37 2 3 1 . 8 4 9 - 3 97 2 9 0 . 5 6 1 . 7

: J i 5 6 .  - 1 2 . 1 ■ i 11 5 - 4 2 4 - 5 78 1 7 4 . 1 3 7 - 0 3^ 2 3 2 . 8 4 9 - 5 9 8 2 9 1 . 5 6 2 . 0
; 55 5 7 . - 1 2 . s I t ¡ 1 6 . 4 2 4 . 7 7 9 1 7 5 1 3 " - 2 3 9 2 3 3 - 8 4 9 - 7 9 9 2 9 2 . 5 6 2 . 2

6 ,8.7 I ’ -  ' *?r I 17 -4 2 4 .  Q So 1 7 6 . I 3 7 -4 4 0 2 3 4 . 8 4 9 - 9 ? 0 0 2 9 3 . 4 6 2 . 4
1 L’i t !Jeh. D e p ' L a ; . D i f t i  D e p * Lai .j Dilt* D.p. L a t - Dliil D e p . Lac.
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D i l i L a t . D e p . D i d L a t . D e p D id L a t . D e p . D id [ L a t D e p . D i d L a t . D e p .

1 0 1 . 0 0 0 . 2 b i 59-2 1 4 .8 1 2  i 1 1 7 .4 2 9 -3 18  J 1 7 4 .6 4 3-8 2 4 I 233-8 5 8 .3
a 0 1 * 9 0 0 .5 6 2 6 0 .2 1 5 *o 2 2 1 1 8 .4 2 9 .5 8 2 1 7 6 .6 4 4 .O 4 2 2 3 4 .8 5 8.5

3 0 2 * 9 0 0 . 7 6 3 6 l .  I 1 5 .2 23 ■ *9-3 2 9 .8 83 1 7 7 .6 4 4-3 43 235-8 58.8

4 0 3 .9 O l .O 63 6 2 .1 ■ 5-5 2 4 1 2 0 .3 3 0 .0 84 1 7 8 .5 4 4-5 4 4 2 3 6 .8 59.0

5 0 4 .9 0 1 * 2 6 S 6 .3-■ ■ 5-7 2 5 1 2 1 .3 3 0 .2 8 5 ■ 79-5 4 4 .8 4 5 237 -7 59-3
6 0 5 .8 O i . 5 6 b 6 4 .0 1 6 .0 2 6 1 2 2 .3 3 0 .5 8 6 1 8 0 .5 4 5 -0 4 6 2 3 8 .7 59-5
7 0 6 .8 o t . 7 ' 6 7 6 5 .O l 6 . 2 2 7 1 2 3 .2 3 0 .7 8 7 1 8 1 .4 4 5 -2 4 7 2 3 9 .7 5 9 .8

Si 0 7 . 8 0 1 . 9 68 6 6 .0 1 6 .5 28 1 2 4 .2 3 *-o 88 1 8 2 .4 4 5-5 4 8 2 4 0 .6 6 0 .0

9 0 8 .7 0 2 .2 69 6 7 .0 1 6 .7 2 9 1 2 5 . 2 3 1 . 2 89 ■  8 3 .4 4 5-7 4 9 2 4 1 .6 6 0 .2

1 0 0 9 .7 0 2 . 4 70 6 7 - 9 1 6 . q 3 0 1 2 6 . 3 * -4 9 0 1 8 4 .4 4 6 .0 5 0 2 4 2 .6 6 0 .5

1 1 10 *7 0 2 . 7 7  ■ 6 8 .9 1 7 .2 ■ 3* 1 2 7 .1 3 ■ •7 19 1 ■ 85.3 4 6 .2 2 5 * 2 4 3 -5 6 0 .7

1 2 1 1 . 6 0 2 .9 7 2 6 9 .9 1 7 . 4 3 2 1 2 8 .1 3 i -9 9 2 1 8 6 .3 4 6 .4 5 2 2 4 4 .5 6 1 .0

1 3 1 2 .6 0 3 . 1 7 3 7 0 .8 ■ 7-7 3 3 1 2 9 .0 3 2 .2 93 ■ 87-3 4 6 .7 53 245-5 6 1 .2

>4 I 3 '6 0 3 . 4 7 4 7 1 .8 ■ 7-9 3 4 ■  3 0 .0 3 2 .4 94 1 8 8 .2 4 6 .9 5 4 2 4 6 .5 6 1 .4

«5 1 4 .6 0 3 .6 7 5 7 2 .8 l 8 . I 3 5 I 3 I . 0 3 2 .7 95 1 8 9 .2 ‘ 4 7 .2 55 2 4 7 .4 6 1 .7

j 6 « 5*5 0 3 .9 7 6 7 3-7 1 8 .4 3 6 ■  3 2 .0 3 2 .9 9 6 1 9 0 .2 4 7-4 56 2 4 8 .4 6 1 .9

1 7 i b . 5 0 4 .  i 7 7 7 4-7 1 8 .6 .37 1 3 2 .9 3 3 -■ 9 7 1 9 1 - 1 4 7 -7 57 2 4 9 .4 6 2 .2

18 I 7 -5 0 4 . 4 7!» 75-7 1 8 .9 3 « 1 3 3 .9 3 3 -4 9 8 1 9 2 .1 4 7 -9 58 2 5 0 3 6 2 .4

»9 1 8 . 4 0 4 .6 7 9 7 6 .7 ■ 9 -> 3 9 ■ 34-9 3 3-6 9 9 ■ 9 3 -* 4 8 .1 59 2 5 1 . 3 6 2 .7

2 0 I 9 . 4 0 4 .8 80 7 7 . 6 ■ 9 -4 4 0 13 5-8 3 3-9 20 0 1 9 4 .1 4 8 .4 6 0 2 5 2 .3 6 2 .9

2 1 2 0 .4 0 5 . 1 8 l 7 8 .6 1 9 .6 ¡■ 4 « 1 3 6 .6 3 4 - i 2 0 1 1 9 5 .0 4 8 .6 2 b i 2 5 3 -2 6 3 .I

2 2 2 1 .3 0 J .3 8 2 7 9 .6 1 9 . s 4 2 1 3 7 .8 3 4-4 0 2 1 9 6 .0 4 8 .9 6 2 2 5 4 .2 6 3 .4

2 3 2 2 .3 o j . 6 8.3 8 0 . j 2 0 .1 43 ■  3 8 .8 34 - 6 0 3 1 9 7 .0 4 9 - ' 6 3 2 5 5 .2 6 3 .6

* 4 23-3 o j . 8 8 4 8*-5 2 0 .3 4 4 ■ 39-7 3 4-8 0 4 ■ 9 7-9 4 9 -4 6 4 2 ^ 6 .2 6 3 .9

2 5 2 4 .3 0 6 .0 85 8 2 .5 2 0 .6 4 5 1 4 0 .7 35-2 0 3 ■  9 8 .9 4 9 .6 6 5 2 5 7 .1 6 4 .I

2 6 2 5 .2 0 6 . t 86 8 3 .4 20 -8 4 6 ■ 4 i -7 35-3 0 6 1 9 9 .9 4 9 .8 6 6 2 3 8 .1 6 4 .4

2 7 2 6 .2 0 6 .5 8 7 8 4 .4 2 / .0 i 47 1 4 2 .6 3 5-6 0 7 2 0 0 .9 5 0 .1 67 259-1 6 4 .6

28 27*2 0 6 .8 88 8 5 -4 2 1 .3 4 8 ■ 4 3-6 3 5-8 0 8 2 0 1 .8 5 0 .3 6 8 2 6 0 .0 (><pS

2 9 2 8 .1 0 7 . 0 89 8 6 .4 2 1 -3 4 9 1 4 4 .6 3 6 .0 0 9 2 0 2 .8 5 0 .6 6 9 2 6 1 .0 6 5 .1

30 2 9 .1 0 7 -3 QO 8 7 .3 2 1 .8 50 ■ 4 5-5 3 i>-3| 10 2 0 3 .8 5 0 .8 7 0 2 6 2 .0 6 5 3

3 ' 3 0 .1 0 7 . 5 9 1 8 8 .3 2 2 .0 1 5 * 1 1 4 6 .5 3 6-5 2 1  I 2 0 4 .7 5 * - ° 2 7 * 2 6 3 .0 6 5 .6

3 2 * 1 .0 0 7 . 7 9 2 8 9 .3 2 2 .3 52  147-5 3 6 .8 1 2 2 0 5 .7 5 1-3 7 2 2 6 3 .9 6 5 .8

33 3 2 .0 0 8 .0 93 9 0 .2 2 2 .5 53  *48-5 3 7-0 *3 2 0 6 .7 5*-5 73 2 6 4 .9 6 6 .0

34 3 3 - ° 0 8 .2 94 9 1 . 2 2 2 .7 54  * 4 9 -4 37-3 ■ 4 2 0 7 .6 5 *-8 7 4 2 6 5 .9 6 6 . 3

35 3 4 - ° 0 8 .5 9 5 9 2 .2 23 .O 55  * 50-4 37-5 *5 2 0 8 .6 5 2 .0 75 2 6 6 .8 6 6 . 5

3 6 3 4  9 0 8 .7 9 6 9 3 - i 2 3 .2 5 6  1 5 1 .4 37-7 1 6 2 0 9 .6 5 2 .3 7 6 2 6 7 .8 b b .8

37 3 v 9 O 9.O 97 9 4 .1 2 .3-5 57 ‘ 52-3 3 8 .0 17 2 1 0 .6 5 2 .5 77 2 6 8 .8 6 7 .0

38 3 6  9 0 9 .2 98 9 5 -■ 23-7 58 * 53-3 3 8 .2 18 21 1 . j 5 2 .7 78 2 6 9 .7 6 7 .3

39 3 7 -* 0 9 .4 99 9 6 . 1 2 4 .0 59 * 54-3 3 8 .5 *9 2 1 2 .5 5 3 -o 79 2 7 0 .7 6 7 .5

4 0 3 8 .8 0 9 .7 I0 0 9 7 .0 2 4 .2 b o 1 5 5 .2 3 8 -7 2 0 2 I.3-5 53-2 80 2 7 1 . 7 6 7 .7

4 * 3 9 .8 0 9 .9 10 1 9 8 .0 2 4 -4| 10 1 1 5 6 .2 3 8 .9 2 2 1 2 1 4 .4 53-5 2 8 1 2 7 2 .7 6s>.o

■ 42 4 0 .8 1 0 .2 0 2 9 9 .0 24-7 6 2 1 5 7 . 2 3 9 .2 2 2 215-4 53-7 8 2 2 7 3 .6 6 8 .2

43 4 1 .7 1 0 .4 0 3 9 9-9 2 4 .9 6 3 1 5 8 .2 3 9-4 . 23 2 1 6 .4 53-9 83 2 7 4 .6 6 8 .5

44 4 2 .7 10 .6 0 4 1OO.9 2 5 .2 6 4 1 5 9 .1 39-7 2 4 2 * 7-3 54-2 8 4 2 7 5 .6 6 8 .7

4 ^ 43*7 10 .0 °5 1 0 1 .9 25-4 ' 6 5 1 6 0 .1 39-9 25 2 1 8 .3 5 4-4 «5 2 7 6 .5 6 8 .9

4 6 4 4 .6 1 1 . 1 0 6 1.02.9 2 5 .6 66 1 6 1 . 1 4 0 .2 2 6 2 1 9 .3 54-7 . 86 277 -5 6 9 .2

4 7 4 5 . 6 J 1 .4 ° 7 1 0 3 .8 2<J.O 6 - 1 6 2 .0 4 ° - 4 ij 2 7 2 2 0 -3 54  9 8 7 2 7 8 .5 6 9 .4

4 * 4 6 .6 1 1 .6 08 1 0 4 .8 2 6 . i 6 S ; i  6 3 .c 4 0 .6 28 2 2 1 .2 55-2 88 2 7 9 -4 6 9 -7

47*5 n . 9 0 9 1 0 5 .8 2 6 .4 6 9 1 1 6 4 .0 4 0 .9 2 9 2 2 2 .2 55-4 8 9 2 8 0 .4 6 9 .9

50 4 8 .5 10 1 0 6 .7 2 6 .6 i6 > .c 4 1 . 1 30 2 2 3 .2 5 5 .6 9 0 2 8 1 .4 7 0 .2

1 2.1 I l 1 0 7 .7 2 6 .9 , I 7 * j i 0 5 .y 4 1 .4 ! 23 1 2 2 4 .1 5 5-9 2 9 1 2 8 2 .4 7 0 .4

52 5 0 . < 1 2 .6 1 2 1 0 8 .7 2 7 . I 7 2 1 6 6 .9 4 i .6 | 3 2 2 2 5 .1 5 6 .1 9 2 > 8 3 .3 7 0 .6

53 51*4 1 2 .8 ■  3 1 0 9 .6 2 7 -iJ 7 3 1 6 7 .9 4  * -9 i 33 2 2 6 . i 5 6 .4 93 2 8 4 .3 7 0 .9

i 3 * ■ 4 1 1 0 .6 2 7 .6 7 4 1 1 6 8 .8 4 2 .1 , 34 2 2 7.O 5 6 .6 9 4 2 8 5 .3 7 1 1

5 5 5 3 -4 ■ 3 3 ■ 5 1 1 1 . 6 2 7 .8 7 5 1 6 9 . 8 4 2 .3 3 5 2 2 8 .0 ,5 6 .9 95 2 8 6 .2 7 '- 4
? 4-3 13.5 l 6 1 1 2 .6 2 8 .1 76 1 7 0 . fc 4 2 .6 3 6 2 2 9 . C 5 7 -* 9 6 2 8 7 .2 7 1 . 6

5 5 - > 1 3 .8 ■ 7 ■ 13-5 2 S .5 77 1 7 1 .7 4 2 .8 ' 37 23O.O 57-3 97 2 8 8 .2 7 1 . 9

5 « 5 b -3 1 4 0 18 1 1 4 .5 2 8 .e 7 8 27-27 4 3 - ' 38 2 3 0 .9 5 7 .6 9 8 2 8 9 .1 7 2 . 1

50 57*2 ■ 4-3 ■ 9 1 1 5 .5 2 8 .8 79 ■ r s - - 2 4 3 -3 ' 3 9 2 3 1 .9 5 7 .8 99 2 9 0 .1 7 2 .3

60 5 8 .2 ■ 4 5 2 0 ( 1 6 .4 2 9 .0 80 1 7 4 .- 4 5-5 4 0 2 3 2 .9 5 8 ., 300 2 9 1 .1 *»2.6
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D i l l L a t . D e p D il li  L a t . D e p * D il l L a t*  |D c p . D 'H | L a '. D t p . D i t i  l a t .  | D c p .

1 0 1 .0 OO.3 6 l 5 8 .9 i j . 8 1 2 1 1 1 6 . 9 3 1 -3 l 8 l 1 7 4 .8 4 6 .8 2 4 1 1 2 3 2 .8 6 2 . 4

' 2 0 1 .9 OO.5 6 2 59-9 16 .C 22 1 1 7 .8 3 1 . 6 8 2 1 7 5 .8 4 7 - i 4 2 .2 3 3 .8 6 2 .6

3 0 2 .9 o o .S 63 6 0 .9 1 6 .3 2 3 i t  8 .8 3 1 .8 »3 1 7 6 .8 4 7 -4 4 3 |2 3 4-7 6 2 .9

4 0 3  9 0 1 . c 6 4 6 1 .8 1 6 .6 2 4 1 1 9 . 8 3 2 .1 * 4 ' 77-7 4 7 . 6 441* 3 5 -7 6 3 . 2

5 0 4 .8 ° i -3 6 5 6 2 .8 1 6 .8 25 I 2 0 .7 3 2 .4 85 1 7 8 .7 4 7 -9 4 5 , 2 3 6 .7 6 3 . 4

6 0 5 .8 0 1 .6 6 6 6 3 .8 1 7 .1 2 6 1 2 1 .7 3 2 .6 8t ' 79-7 4 8 .1 4 6 2 3 7 . 6 6 3 .7

7 0 6 .8 0 1 .8 6 7 6 4 .7 «7-3 27 ¡ 2 2 . 7 3 2 .9 87 1 8 c .6 4 8 .4 4 7 2 3 8 . 6 6 3 -9
8 0 7 .7 0 2 . 1 68 6 5 .7 1 7 .6 28 1 2 3 .6 3 3 - » 88 1 8 1 .6 4 8 .7 4 8 2 3 9 . 5 6 4 . 2

9 0 8 .7 0 2 .3 6 9 6 6 .6 1 7 .9 29 1 2 4 .6 3 3-4 8 9 l S 2 .6 4 8 .9 4 9 |24 ° - 5 6 4 .4

1 0 0 9 .7 0 2 .6 7 0 6 7 .6 l 8 .  1 3 C t 2 4 .6 33-6 g o '8 3 .5 4 9 - 2 <Oi2 4 ! .5 6 4 .7

! i j o . 6 0 2 .1 7 > 6 8 .6 1 8 .4 * 3 1 1 2 6 .5 3 3-9 19 1 1 8 4 .5 4 9 -4 2 5 1 , 2 4 2 .4 6 5 . 0

12 1 1 .6 0 3 .) 7 * 6 9 .5 1 8 .6 3 2 127-5 3 4-2 9 2 1 8 5 .5 4 9 -7 5 2 2 4 3 .4 6 5 . 2

•3 1 2 .6 03-4 7 3 7 0 .5 1 8 .9 33 1 2 8 .5 3 4-4 93 1 8 6  4 5 0 . c 53 2 4 4 .4 6 5 . 5

14 * 3-5 0 3 .6 7 4 7 i -5 1 9 .2 34 1 2 9 .4 34-7 9 4 1 8 7 .4 5 0 .2 54 2 4 5 -3 6 5 . 7

15 1 4 .5 ° 3-9 7 5 7 2 .4 1 9 .4 35 1 3 0 .4 34-9 -95 1 8 8 .4 5 0 .5 55 2 4 6 .3 6 6 .0

l 6 15-5 O 4. I 7 6 7 3-4 1 9 .7 36 ‘ 3 1 -4 35-2 9 6 1 8 9 .3 5 0 .7 56 2 4 7 .3 6 6 .3

17 1 6 .4 0 4 .4 7 7 7 4-4 1 9 .9 37 >32-3 35-5 97 ' 90-3 5 1 . c 57 2 4 8 .2 6 6 .5

i h 1 7-4 0 4 .7 7 8 75-3 2 0 .2 38 ‘ 33-3 35-7 98 1 9 1 .3 5 1 . 2 58 2 4 9 .2 6 6 .8

>9 1 8 .4 0 4 .9 7 9 7 6 .3 2O .4 39 ■ 34-3 3 6 .C 99 1 9 2 .2 5 i -5 59 2 5 0 .2 6 7 . 0

2 C »9  3 0 5 .2 Xo 77-3 2O .7 4 C ' 35-2 3 6 .2 20 0 1 0 3 .2 5 1 .8 6 0 2 < I .  1 6 7 -3
21 2 0 .3 0 5 .4 81 7 8 .2 2 1 .C 1 4 1 1 3 6 .2 3 6 .5 20 1 1 9 4 .2 5 2 . c 2 0 1 2 5 2 .  1 6 7 . 6

22 21 .3 0 J .7 8 2 7 9 .2 2 1 .2 42 1 3 7 .2 3 6 .8 0 2 1 9 5 .1 5 2 .3 6 2 2 5 3 . 1 6 / . 8

2 3 2 2 .2 0 6 .0 8.7 8 0 .2 2 1 .5 43 1 3 8 .1 3 7 -C 03 1 9 6 .1 5 2 .5 6 3 2 5 4 .0 6 8 .1

2 4 2 3 .2 0 6 .2 8 4 8 1 . 1 2 1 .7 44 * 3 9 - 1 37-3 0 4 1 9 7 .0 5 2 .8 6 4 2 5 5 . 0 6 8 .3

25 2 4 .1 0 6 .5 «5 8 2 .) 2 2 .0 4 5 1 4 0 .1 37-5 0 5 1 9 8 .0 5 3 - i 65 2 5 6 .0 6 8 .6

2 6 2 5 .1 0 6 .7 8 6 8 3 .1 2 2 .3 4 i 1 4 1 .0 3 7-8 C b 1 9 9 .C 5 3 -3 6 6 2 5 6 .9 6 8 .8

2 7 2 6 .1 0 7  .c 87 8 4 .C 2 2 . < 47 1 4 2 .0 3 8 .0 0 7 1 9 9 .9 5 3 -*> 6 7 2 5 7 -9 6 9 . 1

2 Ì 2 7 . C 0 7 .2 88 8 5 .0 2 2 .8 48 <4 3 -0 38 .3 08 2 0 0 .9 5 3 -« 6 S 2 5 8 . 9 6 9 . 4

29 2 8 .C 0 7-5 89 8 6 .C 2 3 .0 49 ' 4 3-9 3 8 .6 ° 9 2 0 1 .Q. 5 4 . 1 6 9 2 5 9 .8 6 9 . 6

3 C 2Q .0 0 7 .8 9 0 8 6 .g 23-3 5C 1 4 4 .9 3 8 .8 IO 2 0 2 .8 C 4 .4 70 2 6 0 .8 6 9 .9

3 1 2 9 .9 0 8 .C 9 ‘ 8 7 .9 2 3 .6 * 5 ' *4 5 -9 39-1 2 1 1 2 0 3 .8 5 4 . 6 2 7 1 2 6 1 .8 7 0 . 1

3 2 3 0 .9 0 8 .3 9 2 8 8 .9 2 3 .8 5 2 1 4 6 .8 39-3 1 2 2 0 4 .8 5 4 -9 7 2 2 6 2 . 7 7 0 . 4

33 3 1 . 9 0 8 . j 93 8 9 .8 2 4 .1 53 ' 4 7 -8 3 9 .6 13 2 0 5 .7 5 5-1 73 2 6 3 .7 7 0 . 7

34 3 2 .8 0 8 .8 9 4 9 0 .8 2 4 .3 54 I 4 8 .8 39-9 1 4 2 0 6 .7 5 5 -4 7 4 2 6 4 .7 7 ° - 9
35 3 3 -S 0 9 .1 95 9 1 .8 2 4 .6 55 ' 4 9-7 4 0 .1 '5 2 0 7 .7 5 5 .6 75 2 6 5 .6 7 1 . 2

3 6 3 4 -* 0 9 .3 9 6 9 2 .7 2 4 .8 56 1 5 0 .7 4 0 .4 l 6 2 0 8 .6 5 5 -9 7 6 2 6 6 .6 7 » -4
37 35-7 C 9 .6 97 93-7 2 5 .1 57 1 5 1 .7 4 0 .6 '7 2 O 9 .6 5 6 . 2 77 2 6 7 . 6 7 J -7
3 * 36-7 0 9 .8 9 8 94-7 2 5 .4 5 * 1 5 2 .6 4 0 .9 18 2 1 0 .6 5 6 . 4 7 « 2 6 8 .5 7 2 . 0

39 37-7 1 0 .1 99 9 4 .6 2 5 .6 59 »5 3-6 4 1 . 2 ' 9 2 1 1 .5 5 6 . 7 79 2 6 9 .5 7 2 . 2

4 0 3 8 .6 1 0 .4 IOO 9 6 .6 2<»9 6 c » 54-5 4 1 -4 2 0 2 1 2 .5 < 6 .9 80 2 7 0 -5 7 2 .5
4 * 3 9 .6 1 0 .6 I O I 9 7 .6 2 6 .1 1 6 1 ‘ 55-5 4 '- 7 2 2 1 2 1 3 - 5 5 7 -2 2 b  i 2 7 1 . 4 7 2 . 7

4 2 4 0 .6 1 0 .9 0 2 9 8 .5 2 6 .4 6 2 ■ 56-5 4 1 . 9 2 2 2 1 4 .4 5 7 -5 8 2 2 7 2 .4 7 3 -0
4 3 4 , -5 1 1 . 1 0 3 9 9-5 2 6 .7 6 3 » 5 7-4 4 2 .2 23 2 1 5 .4 5 7-7 «3 2 7 3 -4 7 3 . 2

4 4 4 2-5 1 1 . 4 0 4 IO O .5 2 6 .9 6 4 1 5 8 .4 4 2 .4 2 4 2 1 6 .4 5 8 .0 8 4 2 7 4 . 3 7 3 -5
45 4 3 -5 1 1 . 6 0 5 I 0 I .4 2 7 . i 6 5 ' 5 9 -4 4 2 . 7 2 5 2 ' 7-3 5 8 .2 85 2 7 5 .3 7 3 .8

4 6 4 4 .4 1 1 . 9 0 6 1 0 2 .4 2 7 .4 6 6 1 6 0 .3 4 3 -0 2 6 2 1 8 .3 5 8 .5 8 6 2 7 6 .3 7 4 .O

4 7 4 5 -4 1 2 .2 0 7 1 0 3 .4 2 7 .7 6 7 1 6 1 . 3 4 3 -2 2 7 2 1 9 .3 5 8 .8 87 2 7 7 . 2 7 4 -3
4 8 4 6 .4 1 2 .4 OS 1 0 4 .3 2 8 .C 68 1 6 2 .3 4 3-5 28 2 2 0 .2 5 9 0 88 2 7 8 .2 7 4 -5
4 9 4 7-3 1 2 .7 0 9 1 0 5 .3 2 8 .2 69 1 6 3 .2 4 3-7 2 9 2 2 1 .2 5 9 -3 SO 2 7 9 .2 7 4 .8

5C 4 8 .3 I 2.0 10 10 6 .3 2 8 .5 7 C 1 6 4 .2 4 4 .0 ? c 2 2 2 .2 5 9-5 1 QC 2 S 0 . 1 ■’ C .I

S ' 49-3 1 3 .2 1 1 1 1 0 7 .2 2 8 .7 1 7 1 1 6 5 .2 4 4-3 2 3 ‘ 2 * 3 . Ì 5 9 .8 ¿ 9 1 2 8 I . I o -3
5 2 < 0.2 * 3-5 1 2 10 8 .2 2 9 .C 7 2 1 6 6 .1 4 4-5 32 2 2 4 .] 6 0 . c 9 2 2 8 2 .1 7 5 . 6

5.3 5 1 .2 13-7 13 I O 9 .I 2 9 .2 7 3 I 6 7 . I 4 4 .8 33 2 2 5 . 1 C o . 3 93 2 8 3 .0 7 5 .8

54 C 2 .2 1 4 . c M n o . ] 2 9 .5 74 1 6 8 .1 4 5 .0 34 2 2 6 .0 6 0 . C 9-1 2 S 4 .0 7 6 . 1

55 S 3 - 1 1 4 .2 i '5 1 1 1 . ) 29 .8 7 5 1 6 9 . 0 4 5-3 35 2 2 7 .C 6 0 . s 95 2 8 4 .9 7 6 . 4

5 6 5 4 - 1 14-5 l 6 1 12.C 30.C 7 e 1 7 0 .c 4 5 .6 3 <= 2 2 8 .C 6 1 . 1 96 2 8 5 .9 7 6 . 6

57 5 5 - 1 .4 .8 17 1 13.C 30 .;. 7 7 1 7 1.C 4 5-8 37 2 2 8 .9 6 1 . 3 97 2 8 6 .9 7 6 . 9

5« 5 6 .c 15 .C iS 1 14.C 3 0 .5 7 8 1 7 1 .9 4 6 .1 38 2 29  9 6 1 . 6 98 2 8 7 .8 7 7 . 1

59 5 7 .C 1 5-3 J 9 1 1 4 ^ 3 0 .8 7 ‘ 1 7 2 .9 4 <> 3 39 2 3 0 .9  6 1 . 9 9 < 2 8 8 .8 7 7 -4
6 0 58 c • 5-5 2 0 1 1  <.c 3 1 - ' 8c ' 73-9 4 6 .6 4 C 2.31.2 1 6 2 . 1 ? c c 2 8 9 . -■ ’ .6

D m D e p , L a t . . D i l i L e p . u l . ■ D l l  | D i  p . | L a t . |U Ì ll* 4-C p . | 1  a t . | u ill|  D e p A 4*1 .



1 D i i [ L a t . [ D e p . |D it [ L a t . D e p . D i 6 i» a f, D e p . D id L a ' . D e p . D irt L a t . D e p .

0 1 . c 0 0 .3 Ò 11 5X.É Tó !» 1 2 1 1 1 6 .3 3 3 -4 18 1 174-0 4 9 -9 2 4 1 2 3 1 .7 6 6 .4

0 1 . 5 0 0 .6 65 5 9 .6 1 7 .1 22 1 17-3 33-6 8 2 1 7 4 .9 5 0 .2 4 2 2 3 2 .6 6 6 .7

0 2 .0 0 0 .8 63 6 0 .6 17-4 23 1 1 8 .2 33-9 83 .175-9 5 0 .4 43 2 3 3 .6 6.7.O

0 3 .8 0 1 . 1 64 6 1 .5 1 7 .6 24 ( 1 9 .2 34-2 8 4 1 7 6 .9 5 0 .7 45 2 3 4 .5 ¿ 7-3
0 4 .8 0 1 . 4 65 6 2 .5 >7-9 25 1 2 0 .2 3 4-5 $ 5 1 7 7 .8 S i - 0 45 2 35-5 6 7 .5

6 0 5 .8 0 1 . 7 66 6 j -4 1 8 .2 26 I 2 [ . I 34-7 8 b pi 7 8 .8 ! 51-3 4 6 2 3 6 .5 6 7 .8

0 6 .7 0 1 . 9 6 7 6 4 .4 1 8 .5 27 1 2 2 . 1 35-0 87 ,17-9.8 S I 'S 47 2 3 7 .4 6 8 .1

S 0 7 . 7 0 2 .2 68 6 5 .4 1 8 .7 28 1 2 3 .0 35-3 88 1 8 0 .7 i S * .8 4 8 2 3 8 .4 6 8 .4

0 8 .7 O 2 .5 69 6 6 .3 I9 .O 29 I 2 4 .O 3 5-6 8 9 118 1 .7 5 2 .1 4 9 2 3 9 -4 6 8 .6

10 c  9 .6 0 2 .£ 7 C 67-3 >9-3 3 C I 2 < .0 3 5-8 9 0 .1 8 2 .6 5 2 .4 50 2 4 0 .3 6 8 .9

i  1 1 0 .6 0 3 .0 7 6 8 .2 I 9 .6 ‘ 31 1 2 4 .9 3 6 d 19 1 1 8 3 .6 52>6 2 5 1 z 4 t -3 6 9 .2

I 2 I I .  5 ° 3 -3 72 6 9 .2 1 9 .8 32 1 2 6 .9 3 6 .4 9 2 1 8 4 .6 5 2 .9 5 2 2 4 2 .2 6 9 .5

1 3 1 2 .5 0 3 .6 7 3 7 0 .2 2 0 .1 33 1 2 7 .8 3 6 .7 93 1 8 5 .5 5 3 .2 53 2 4 3 .2 6.9-7
1 4 • 3 -5 ° 3 -9 7 4 7 t - i 2 0 .4 34 12 8 .8 3 6 .9 94 1 8 6 .5 53  5 5 4 2 4 4 .2 7 0 .0

1 ^ 1 4 .4 0 4 .1 7 5 72.1 2 0 .7 35 1 2 9 .8 37-2 95 1 8 7 .4 53-7 55 2 4 5 .1 7°-3
16 1 5 . 4 0 4 .4 7 6 7 3 - i 2 0 .9 36 13 0 -7 37-5 96 1 8 8 .4 5 4 .0 56 2 4 6 .1 7 0 .6

1 7 1 6 .3 0 4 -7 7 7 7 4 .0 2 J .2 • 37 1 3 1 .7 3 7 .8 97 1 8 9 .4 5 4 '3 57 2 4 7 .0 7 0 .8

18 1 7-3 0 5 . c 73 7 5 .0 2 1 .4 38 1 3 2 .7 3 8 .0 98 1 9 0 .3 5 4 .6 58 2 4 8 .0 7 1 - 1

*9 1 8 .3 0 5 .2 79 7 5-9 2 1 .8 39 1 3 3 -6 3 8 .3 99 1 9 1 - 3 54-9 59 2 4 9 .0 7 1-4
2 0 l q . 2 0 5 -5 SO 7 6 .9 2 2 .1 4 0 1 3 4 .6 3 8 .6 2 0 0 1 9 2 -. 3 5 5- i 6 0 2 4 9 .9 71-7
21 2 0 .2 0 5 .8 8 l 7 7-9 2 2 .3 1 4 1 135-5 3 8 .9 201 1 9 3 .2 5 5-4 2 6 1 2 5 0 .9 7 1 . 9

2 2 2 1 .  I 0 6 . I 8 2 7 8 .8 2 2 .6 4 2 '3 6 . 5 39-1 0 2 1 9 4 .2 55-7 6 2 2 5 1 .9 7 2 .2

23 2 2 .  I 0 6 .3 33 7 9 .8 2 2 .9 43 1.37-5 3 9-4 03 1 9 5 . 1 5 6 .0 63 2 5 2 .8 7 2 .5

2 4 2 3 .1 0 6 .6 8 4 8 0 .7 2 3 .2 44 1 3 8 .4 39-7 0 4 1 9 6 .1 5 6 .2 6 4 2 5 3 .8 7 2 .8

2 5 2 4 .0 0 6 .9 35 8 1 .7 2 3 .4 45 139-4 4 0 .0 0 5 ' 97-1 5 6 .5 6 5 2 54-7 7 3 -0
2 6 2 5 .O 0 7 . 2 8 6 8 2 .7 2 3 .7 4 6 1 4 0 .3 4 0 .2 0 6 1 9 8 .0 5 6 .8 6 6 2 55-7 73-3
2 7 2 6 .0 0 7 . 4 8 7 8 ? .6 2 4 .O 47 141-3 4 0 .4 0 7 1 9 9 0 57-1 6 7 2 5 6 .7 7 3-6
28 2 6 .9 ° 7-7 88 8 4 .6 2 4 .3 48 1 4 2 .3 4 0 .8 0 8 1 9 9 .9 57-3 68 2 5 7 .6 7 3-9
2 9 2 7 . 9 0 8 .0 8 9 8 5 .6 2 4 .5 4 9 • 4 3-2 4 1 . 1 0 9 2 0 0 .9 5 7 .6 6 9 2 5 8 .6 7 4 - i

3 0 2 8 .8 0 8 .3 9 0 8 6 .5 2 4 .8 5° ' 4 4-2 4 1-3 1 0 i O r .9 5"-9 7 0 2 59-5 7 4-4
3 > 2 9 .8 0 8 .5 9 * 8 7 .5 2 5 .1 • 5 1 1 4 4 .2 4 1 . 6 2 1  1 202.1) 5 8 .2 2 7 1 2 6 0 .5 74-7
3 2 3 0 .8 0 8 .8 9 2 8 8 .4 2 5 -4 5 * 1 4 6 .1 4 1 -9 1 2 2 0 3 .8 5 8 .4 7 a 2 6 1 .5 7 5 .0

33 3 i -7 O 9 . 1 93 8 9 -4 . 2 3 .6 53 H 7.1 4 2 .2 13 2 0 4 .7 5 8 .7 73 2 6 2 .4 7 5 .2

3 4 3 2 . 7 0 9 .4 9 4 9 0 .4 2 5 .9 54 1 4 8 .0 , 4 2 4 1 4 2 0 5 .7 5 9 ° 7 4 2 6 3 .4 7 5-5
35 3 3 -6 0 9 .6 95 9 1 .3 2 6 .2 55 1 4 9 .0 4 2 .7 I 5 2 0 6 .7 59-3 75 2 6 4 .3 7 5-8
3 6 3 4 -6 0 9 .9 9 6 9 2 .3 2 6 .5 56 1 5 0 .0 4 3 -0 l 6 2 0 7 .6 59-5 7 6 2 6 5 .3 7 6 .1

37 3 5 -6 1 0 .2 97 9 3 -2 2 6 .7 57 1 5 0 .9 4 3 -3 17 2 0 8 .6 5 9 .8 77 2 6 6 .3 7 6 .4

3 * 3 6 .5 1 0 .5 98 9 4 .2 2 7 .O 58 1 51-9 4 3 -6 18 2 0 9 .6 6 0 .1 78 2 6 7 .2 7 6 .6

39 3 7 -5 I O . ; 99 9 5 .2 2 7 .3 59 1 5 2 .S 4 3 -8 19 2 I 0 .S 6 0 .4 79 2 6 8 .2 7 6 .9

4 0 3 f M I l . C r o o 9 6 .1 2 7 -6 6 c 1 53-8 4 4 - t 20 2 1 1 .3 6 O .6 80 2 6 9 .2 7 7 -2
4 ' 3 9 -4 1 1 * J 10 1 97-1 2 7 .8 16 1 1 5 4 .8 4 4 -4 22 1 2 1 2 .4 6 0 . i) 28 1 2 7 0 -1 7 7-5
4 2 4 ° - 4 1 1 .6 0 2 9 8 .0 2 8 .1 6 2 155-7 4 4 -7 2 2 2 1 3 -4 6 l . 2 82 2 7 1 .1 7 7-7
4 3 4 1 -3 i i . g 0 3 9 9 0 2 8 .4 6 3 1 5 6 7 4 4 -9 23 2 1 4 .4 6 1 .5 83 2 7 2 .0 7 8 .0

4 4 4 2 -3 1  2 . I 0 4 1 0 0 .0 2 8 .7 6 4 1 4 7 .6 4 5 . 2 2 4 2 15-3 6 1 . 7 8 4 2 7 3 .0 7 8 .3

45 ' 4 3 -3 1 2 . 4 0 5 1 0 0 .9 2 8 .9 6 5 1 5 8 .6 4 5 -5 2 5 2 1 6 .3 6 2 .0 85 2 7 4 .O 7 8 .6

4 6 4 4 -2 1 2 .7 0 6 1 0 1 .9 2Q.2 6 6 1 4 9 .6 4 5 -8 2 6 2 1 7 .2 6 2 .3 86 2 7 4 .9 7 8 .8

4 7 4 5 -2 I ; . G 0 7 1 0 2 .9 2 9 -5 6l
1 6 0 .5 4 6 .O 2 7 2 1 8 .2 6 2 .6 8 7 27  5-9 79-1

4 * 4 6 .1 1 3 . 2 0 8 1 0 3 .8 2 9 .8 68 1 6 1 .5 4 6 .3 28 2 T9.2 6 2 .8 88 2 7 6 .8 7 9 -4
4 9 4 7 . 1 n -5 0 9 t 0 4 .S 3 0 .0 69 r 6 2.5 4 6 .6 2 5 2 2 0 .1 6 3 .1 89 2 7 7 .8 79-7
5° 4 Ìì. 1 1 3 . 8 10 I 0 v 7 30-3 70 1 6 3 .4 4 6 .9 30 221.1 6 3 .4 9 0 2 7 8  8 7 Q.Q

5 ! 4 9 .0 >4 -1 ( i 1 io b . 7 3 0 .6 1 7 1 1 6 4 4 47-1 2 3 1 222.1 63-7 2 9 1 2 7 9 .7 8 0 .2
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2 3 2 2 .0 0 6 .7 83 79-4 2 4-3 4 .' 1 3 6 .8 4 1 .8 0 3 1 9 4 .1 5 9-4 63 25  1 .5 7 6 .9
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4 2 4 O .2 I 2 .3 0 2 97-5 2 q .8 j 6 2 • 54-9 4 7 -4 2 2 2 1 2 .3 6 4 .9 ! 8 2 2 6 9 .7 8 2 .4
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0 1 .0 0 0 .3 b l 5 8.C 1 8 .9 1 2 1 1 1 5 . i 3 7 -4 : I fc l 1 7 2 . 1 5 5 - 9 ; 2 4 * 2 29 .2 74-5
0 1 .9 0 0 .6 6 2 5 9 .0 1 9 .2 2 2 16 .0 3 7 -7 | 8 2 173-1 5 6 - 2 | 4 2 2 3 0 .2 7 4 -8
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7 0 6 .7 0 2 .2 6 7 6 3 .7 20 . 7 1 2 7 1 2 0 .8 3 9 -2]. 8 7 1 7 7 .8 5 7-8 47 23 4-9 7 6 .3
8 0 7 .6 Q 2 .5 6 8 6 4 .7 2 1 .0 28 1 2 1 .7 39-6 88 1 7 8 .8 5 8 .1 4 8 2 35-9 7 6 .6

s 0 8 .6 0 2 .8 6 9 6 ) .6 2 1 .3 29 1 2 2 .7 39-9 89 1 7 9 . 7 5 8 .4 49 2 3 6 .8 7 6 .9
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1 4,1
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2 5 2 3 .8 0 7 .7 «5 8 0 .8 2 6 .3 45 1 37-9 4 4 .8 0 5 1 9 5 . c 6 3 -3 ; 2 5 2 .0 8 1 .9
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4 8 4 5-7 1 4 .8 0 8 » 0 2 .7 3 3-4 : 6 8 1 5 9 .8 5 1 .9 28 2 1 6 .8 7 0 .5 88 27 3-9 8 9 .0
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0 3 .Í 0 1 .3 6. 6 o . ' 2 0 .8 1 1 7 . 4 0 4 8-1 ' 74-5 59-98  4 2 3 0 . 7 9-4
O4.5 0 1 .6 65 <>'• 2 1 .2 ' 2 r 18.3 4 ° .  7 8 17 4 .1 6 0 . 1 4 2 3 1- 79-8
O 5 .7 0 2 .0 66 6 2 .4 2 1 .5 2 1 I IQ. 4 I .O S t 1 7 5 .1 6 0 .U  4< 2 S2.< 8 0 .1
O 6.6 0 2 .3 67 6 3 3 2 1 .8 2 " 12 0 . 4 '- 3 8- I 7 6 . Ì 60-81 4 - 3 3 - 8 0 .4
O 7.6 02.(5 68 6 4 .3 2 2 . J 2 Í [ 2 l .c 4  • ■ 7 8Í 1 7 7 .: 6 r.

1 4
25 4 - 8 0 .7

O 8.5 O 2.9 69 6 5 .2 2 2 .5 2 t, 1 2 2 .C 4 2 .O 8 l 1 7 8 .- 6 1 .
! 41 2 3 5 - 8 1.1

10 O 9.3 0 3-3 70 6 6 .2 22 .8 3C r 2 2 .c 4 ’-3 9 C 1 7 ().f 6 1 .1 1 5< 23 6 .« 8 1 .4

IJ IO .4 0 3 .6 1  1 0 7 . i 2 3 ) •3 123 .Ç 4 2 .6 ‘ 9 i s o . t
1 15

2 37 -; 8 1 . 7  j

12 « 1-3 O 3 .9 72 6 8 .1 2 3 4 32 1 2 4 .' 4 3 -c- 9 : 1 8 1 . 6 2 . 5 ' 238.4 8 2 .0

I 3I 12-3 O 4 .2 n 6 9 .0 2 3 .8 35 .2 5 .? 43-3 9 . 1 8 2 .1 6 2-8  5 . 2 3 9 .2 S 2 .4

•4 13-2 O 4 .6 74 7O.O 2 4 .1 34 I 2 0 .*“ 43  0 9-1 18 5 .4 6 3 .: j 54 24 0 .2 8 2 .7

>5 1 4 .2 O 4 .9 7 5 7O .9 2 4 .4 3 s 12 7 -6 4 4 .0 95 1X4.4 6 3 - 5 2 4 1 .1 8 3 .0
l 6 1 5- ' O 5 .2 7 b 7 '- 9 24 -7 36 1 2 8 .6 44-3 96 1 8 5 .3 6 3 .8 S* 2 4 2 .1 83-3
•7 l 6 .  I ° S -5 T 7 2 .8 2 5 1 3 ‘ • 2 0 .; 4 4 .6 97 1X 6 .3 6 4 .1 S" 2 4 3 .C 83-7
l b 1 7 .0 0 5 .9 7 * 73-8 2 5 4 3 8 1 3O .5 4 4  9 98 1 8 7 .2 6 4 .5 58 243-9 8 4 .0

19 18 .0 O 6 .2 79 74-7 25-7 39 •3  > 4 4 5-3 99 18 8 .2 6 4 .8 *0 2 4 4 .9 8 4 .3
20 18 .9 0 6 . Ç 8 c 7 5-6 2 6 .C 4 0 I 3 2 .4 45  6 20C i8 t ) .i 6 5 .1 6 c 2 4 5 .8 8 4 6

21 1 9 .9 0 6 .8 81 7 6 .6 2 6 4 , • 4 1 + 5-9 20  J 19 0 .C 6 5 .4 26 1 2 4 b .b 8 5 .0

2 2 2 0 .8 0 7 .2 82 77 -- 5 2 6 .7 4 2 • 34-3 4 6 .2 0 2 1 9  l.C 6 5 .8 6 l 247-7 8 5 .3
2 j 2 I .7 ° 7-5 *3 7 8 .5 2 7 .0 43 • 35-2 4 6 .6 0 3 1 9 1 .9 6 6 .1 6.5 2 4 8 .7 8 5 .6

2 4 2 2 ." 0 7 .8 84 79-4 2 7-3 4 4 1 3 6 .2 4 6 .9 0 4 ■ 9  2-9 6 6 .4 64 2 4 9 .6 8 6 .0

25 23 6 0 8 .1 85 8 0 .4 27.7 45 • 3 7 - ' 4 7 -2 0 5 1 9 3 .8 6 6 .7 6< 2 5 0 .6 8 6 .3
26 2 4 .6 0 8 .5 86 8 1 .7 2 8 .0 4 6 13 S .C 47*5 0 6 19 4 .8 6 7 .1 6 6 2 5 1 .5 8 6 .6

V> * 5-5 0 8 .8 87 8 2 .3 2 8 .3 47 • 3 9 .C 4 7-9 0 7 • 9 5 - ' 6 7 .4 6- 2 5 2 .5 8 6 .9

. 28 2 6 .5 O 9. I 88 8 3 .2 2 8 .7 48 • 39-9 4 8 .2 08 1 9 6 .7 6 7 .7 68 253-4 87-3
29 2 7 .4 0 9 .4 89 8 4 .2 2 9 .0 49 14 0 .9 4 8 .5 09 1 9 7 .6 6 8 .0 69 254-3 8 7 .6  !

30 2 8 .4 0 9 .8 90 8 5 1 2 9 3 50 1 4 1-8 4 8 .8 IO 19 X .6 6 8 .4 7C 2 5 v 3 8 7 .9
31 2 9 .3 10 . I 9 1 8 b .o 2 9 .6 • 5 * I 4 2 . b 4 9 .2 21 i 19 9 .5 6 8 .7 2 7 1 2 5 6 .2 8 8 .2

3 * 3 0 .3 1 0 .4 9 2 8 7 .0 3 0 .0 52 • 43-7 49-5 I 2 2OO.4 6 9 .0 72 257-2 8 8 .6

33 3 1 . a 1 0 .7 93 8 7 .9 3 0 .3 53 • 44-7 4 9 .8 I3 2 0 1 .4 69-3 73 2 5 8 .1 8 S .9

34 3 2 .1 l i . r 9 4 88.Ç 3 0 .6 5 4 1 4 5 .6 5 0 .1 •4 2O 2.3 6 9 .7 74 2 5 9 .1 8 9 .2

35 33-1 1 1 . 4 95 89.8 3 0 .9 55 1 4 6 .6 5 0 .5 •5 2° 3-3 7O.O 75 2 6 0 .0 8 9 .5

36 3 4 .0 h . 7 9 6 9 0 .8 3 1 .3 Sb • 47-5 5 0 .8 16 2O 4.2 7 0 .3 7 6 2 6 1 .0 8 9 .9

37 35-0 12 .0 97 9 1 .7 3 1 .6 57 1 4 8 .4 5 1 .1 • 7 2 0 C .2 7 0 .6 77 2 6 1 .9 9 O .2

3 « 35-9 1 2 .4 98 9 2 .7 3 1 .9 58 1 4 9 .4 5 r -4 18 2O6. I 7 1 .C 78 2 6 2 .9 9 0 .5 ,

39 3 6 .9 1 2 .7 99 9 3 .6 3 2 .2 59 • 50-3 5 1 .8 ■ 9 2O 7. 1 71-3 79 2 6 3 .8 9 0 .8

! 4 C 3 7 .8 1 3 .0 10 0 9 4 .6 3 2 .6 6 0 • 5 '-3 5 2-< 20 2 0 8 .c 7 1 .6 8c 2 6 4 .7 Q I .2

i 4 '
3 8 .8 >3-3 iO J 95-5 3 2 .9 I 6 I 1 5 2 .2 5 2 -4 i 2 2 J 2O9.G 7 2 .O 28 1 2 6 5 .7 9 1 .5

1 4 2 39-7 13-7 0 2 9 6 .4 3 3-2 6 2 • 53-2 5 2 -7 Ì 22 2 0 9 .9 72-3 82 2 6 6 .6 9 1 .8

1 43 4 ° .  7 1 4  0 0 3 9 7-4 33-5 6 3 1 5 4 .1 5 3 .1 ! 23 2 IO .9 7 2 .6 83 2 6 7 .6 9 2 . 1

! 44 4 I . 6 • 4 3 0 4 9 8 .3 3 3 9 6 4 • 5 5 - • 53  4 * 4 2 1 1 .8 7 2 .9 84 2 6 8 .5 9 2 .5

, 4 5 4 2 .5 • 4-7 0 5 99-3 34-2 6 5 1 5 6 .0 5 3 -7 ! 25 2 I 2 .7 73-3 8 4 2 6 9 .5 9 2 .8

4 6 4 3-5 1 5 .0 0 6 1 0 0 .2 3 4 - 5 6 6 1 5 7 .0 5 4 -°| 26 213-7 73-6 8 6 2 7 0 .4 93-1
' 47 4 4 - 4 • S 3 O ? I 0 I .2 34-8 6 7 1 5 7 4 54-4 2 7 2 1 4 .6 73-9 8 7 2 7 1 .4 9 3 -4
¡ 4 » 4 5-4 1 5 .6 08 1 0 2 . 1 35-2 6 8 1 5 8 .8 5 4 -7 Ì 2 8 2 1 5 .6 7 4 .2 8 8 2 7 2 .3 93-8
; 49 4 6 .3 1 6 .0 0 9 I O 3 .1 3 5-5 6 9 1 5 9 .8 5 5 - ° | 2 9 2 1 6 .5 7 4 .6 89 273-3 9 4 .1

1 ÇC 4 7 .3 1 6 .3 1 0 IO4.O 31-8 7 0 | 1 6 0 .7 5 5 - 3 1 * 0 2 i 7 .<; 74-9 9O 2 74 -2 9 4 -4
I s ’

4 8 .2 1 6 .6 I l  I IO 5.O 3 6 .1 • 7  • I 6 I .7 5 5*7 1 2 ;» 2 18 .4 7 5 -2 2 9 I 2 7 5 .1 94-7
5 2 4 9 .2 1 6 .9 1 2 ‘ 0 5 .9 36-5 7 2 1 6 2 .6 5 6.0 ! ; 2 2 1 9 .4 75-5 9 2 2 7 6 .1 9 5 .1

S 3 j ° . i • 7-3 •3 IO 6 .8 3 6 .8 73 1 6 3 .6 5 6 -3 Ì 3 3 22 0 .3 75-9 93 2 7 7 .0 9 5-4
54 5 1 - 1 1 7 .6 • 4 1 0 7 .8 37-1 74 • 6 4 .5 56.61 3 4 2 2 I .3 7 6 .2 94 2 78 .0 95-7
55 5 2 .O 1 7 .9 •5 10 8 .7 37  4 75 1 6 4 .5 57 -o| 35 2 2 2 .2 7 6 .5 95 .7 8 .9 9 6 .O

Sb 5 2 .9 I 8 .2 l 6 0 9 .7 3 7-8 7 6 1 6 6 .4 5 7 -3 : 3 6 2 2 3 .I 7 6 .S 96 2 7 9 .9 9 6 .4

57 53-9 1 8 .6 • 7 1 1 0 .6 3 8 .1 77 1 6 7 .4 5 7 -6 | 37 2 2 4 .1 77-2 97 280.8 9 6 .7

58 54-8 1 S .9 18 ■  1 .6 3 8 .4 7 8 1 6 8 .3 58.01 38 225.O 77-5 98 .8 1 .8 9 7 .0

59 5 5 .8 I 9 .2 •9 I I 2 5 3«-7 79 1 6 9 .2 58-31 39 22 6.C 7 7 .8 99 28 2.7 97-3
1 6 c 5 6 .7 • 9-5 2 C 1 1 3  e 3 9 - 1 80 I7 O .2 5 8 .6 4 0 22 6 .9 7 8 .1 3OC 28 3 .7 9 7-7
b u t. D e p . 1. 41.1 D il l J c p . L a t . D ÎÏÏ D ep. •a t. 1 D u ll ) e p . L a t . D i l i D e p . L a t .
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iD iit- Lat (D e-.. [D ill.|  L a t. D ep. ,D i^ L a t D ep D ill L a t. D ep. |Dilt| L a t. Dep.

1 00.9 CO. 3 6 : 5 - 3 20.9 12 1 “ 3-7 4 1.4 .18 1 170 .1 6 1 .9 241 2 26.? 82.4
2 O l.t, 00.7 62 S8-3 2 1 .2 22 1 14.6 4 ' - 7 i 82 I 7 I .0 6 2 .2 4 2 227.4 82.8

02. J* 0 1 .0 6 3 59 .2 2 1 .5 23 1 15 .6 4 2 .1
! 83

172 .0 62.6 4 3 2 2 8 .; S3.1

4 O3.i1 0 1 .4 64 6 0 .1 2 1 .9 2 4 116 .5 42.4 84 172 .9 62.9 i 4 4 229.3 S3-5
5 04- r 0 1 .7 65 6 l . I 2 2 .2 2 5 ‘ 17-5 4 2. f 85 • 7 3 -8 63.3 4 5 230.2 83.8

6 05~.b 02. 1 66 62.0 2 2 .6 26 1 1S.4 4 3 *1 86 174 .8 63 .6 4 6 23 ' - 2 84.1

7 06.6 0 2 .4 67 65.C 2 2 .9 2 7 * *9-3 4 3 -4 I 87 I 7 S-7 64 .0 4 7 232.1 84.5

8 07. s C 2 ." 68 63 .9 2 5 -3 28 120.3 4 3 -8 ! 88 I 7 6 .7 6 4 3 ! 4 « 23 3 -0 8 4 8

0 08.5 0^.1 69 64.8 2 3 .6 29 I 2 J.2 4 4 .1 ! 89 1 7 7 .6 64.0 4 9 234.0 85.2

1 l a 09.4 03-4 65.8 2 ? -9 122.2 4 4 - 5 ! 90 1 7 8 .; 6 e .e ' >0 23 4 .9 8 3 .5

1 11 10. ^ 03.8 7 " 6 6 .7 24 .5 ‘ 3 i 123 44.8 191 * 7 9 -5 6 5  3 251 -3  5-9 85.8

1 12 i l  : 04.1 6 7 .7 2 4 .6 3 - 124.0 4 5 -i ! 92 180.4 6 5 -7 1 >2 236.8 86-2'

*3 i I2 - :
\ 1 4 ' >3 -

04.4 7 3 68 .6 2J .0 .T> 125.0 4 3 * 5 : 93 l 8 l .4 66.0 ■ 53 2 3 7 .7 86.5

0 4  s 7 4 69.5 2 $-5 34 125.9 45.8 i 94 l82 .3 6 6 .4 5 4 23S.7 86.9

! 1 5 >4 -1 0 5.1 75 7°-S 25-7 35 126.9 4 6.2 9 5 1S3.2 ■ 66.7 1 55 239.6 8 7.2

i 16 15.C 0 5 .5 7 6 7 ' - 4 26 .G 3 6 127.8 46.5 96 184.2 6 7 .0 56 240.6 8 7.6

1 6.C 05.8 72 .4 ¿ 6 .; 37 128 .7 46.9 1 9 7 185.1 6 7.4 57 241.5 87.9

iS 16.9 06-2 7 8 7 3 -3 26.7 38 1 2 9 ^ 4 7 .2 ' 9 8 186.1 6 7 .7 ; 5 « 242.4 88.2

19 1 7 .e, 06. $ 7 9 74 .2 27.0 3 9 j j o .6 4 7 -5 9 9 187.0 68.1 : 5 9 24 3 - 4 £>8.b

18.1 06.8 Rr S 7 .4 4 0 I13 1.6 4 7 .c 20C [87.9 68.4 60 24 4 -3 88.9

2! 19-7 07.2 b i 76 .1 2 " -7 -4 1 ■ 3 2 -5 48.2 201 1 88.9 68.7 |26l H 5-3 89.3

20.7 O7.5 82 7 7 - 1 28.0 4 2 1 3 3 -4 48.6 02 189.8 69. i j 62 246.2 89.6

2 1 .6 0 7 -9 85 7S.0 28.4 4 3 1 3 4 -4 48.9 03 190.X 69.4 i 6 3 12 47 .1 90.0

2 4 22.e o 8 . i « 4 78.9 28.7 4 4 13 5-3 4 9 -3 : 04 >9 1 -7 69.8 64 ¡24-8.1 90.3

Or S3 - ' 08.6 85 7 9 -9 29.1 4 5 1 3 6 .3 49.C : 05 192:6 7 0 .1 j 65 ¡249.0 90.6

26 2 4 ^ 08.9 86 80.8 29.4 4 6 I 3 7 .2 4 9 -9 , 06 >9 3 -6 70.5 ' bb 250.0

2" 2 5 .4 09.2 87 8 1.8 29.8 138.1 5 ° -5 07 •9 4 -5 70.S • 67 250.9 9 1 .3

28 26.3 09.6 88 82.7 30.1 4 S 139-1 50.6 : 08 >9 5 -5 7 1 .1 5 8 251.8 9 1 .7

29 2 7-3 09.9 89 83.6 3 0 -4 4 9 140.0 51.C 09 196.4 7 1 5 69 252.8

3 ' 2 8.2 10.3 qC S i .  6 5 0 .8 >0 I4 I.O 5 '- 5 ! >0 19 7.3 7 1 .8 7 0 2 3 3 -- 02.3

3 1 29. 1 10.6 9 ' 85.5 3  '■ 1 * 5 1 14 1.9 5 1 .6 21 I 198.3 7 2 .2 271 25 4 -7 9 2.7

3 ? 30.1 IO.9 9? 86.5 3 ' - 5 5 2 143.8 52.C 12 1 9 9  2 72 .5 72 255.6 93.0

3 3 3 I.C 1 **3 93 8 7.4 31-8 5 3 143.8 5 2 -3 i ' 3 200.2 72,9 73 256.5 9 3 - 4
3 4 3 1.9 ! 1.6 94 88.3 3 2- 1 5 4 ' 4 4 -7 5 2 .- i ' 4 2 0 1 .1 7  3 -2 74 2 5 7 - 5 

2 5 8 4
9 3 -7

3i , 12.C 9 5 89.3 3 2 -5 55 1 4 5 -7 53.0 i ' 5 202.0 7 3 -5 75 9 4 .1

3 3 -S 12.3 9b 90.2 32.8 5 6 146.6 53 - i j6 20 j.O 7 3 -9 76 259.4 9 4 -4
37
3 s

3 4 -?
K * 7

1 2 .  -!
13 . C

9 ~
q!>

9 1 .2
9 2.1

3 3 -2
3 3 -5

5 "
5 8

1 4 -.5
148.5

5 -S**7
54.C

- 17 
■ ' iS

S03-S
204.9

74 .2
74 .6

77
78

¿60. 5 
2 6 1.2

9 4 - 7
9 5 -  r

39
40

3 6.6  
r -  6

»3 -jj 9 9
100

93.0
94.0

3 3 - 9
3 4 - 2

$9 i1 *4-9*4 
60 150.4

5 4 -4
5 4 --

19 
f 20

205.8 
206.7

7 4 - 9
7 5 - 2

7 9
Ro 263. 1

9 5 - 4
95.8

4 '
4 :
4 3
4 9
4 5
46

4 -
48

4 9  
> 5°

33.5 

3 9 -5  
40.4 

4 > -3  
4 2 -3 
« • 3 4 4 7
4 3 '
46.C

4 "-C

14 -°j 

«4 -4
14 .-I 
1 5.oj 

' 5 -4 |

I & i
16 .4
16.5  
1 7 . i

JOI
0 2
03
04J
Oc
06
0 ‘
0 $
09
10

9 4 - 9
9 5 - 8
96.8

9 " - 7
9 8 ."
9 9 .6  

IOO.5 
COI.5 
102. 
(0 3 - 4

3 4 -5
3 4 - 9
3 5 -  2 
3 5  6
2 5.0 

3 6 .3
36.6  

3<>-9 
3 7 -3
37.6

161
62

63
64 
6 ;  
66 
6 -  
68 
69 
-0

' 5 1 -3
152 .2
1 5 5 .2 
154 .1  

1 5 5  0 
156.0 

[ 5 6 '9  
■ 5 7 -9  
158.8 

' 59  “

5 5 -i
5 5 -4
55-7
56.1
56.4
56.8 

5 7 -i 
5 7 -5
57.8  
58.:

,221

n
24

26
2?
28

2Q

J 2

2 0 7 .7
208.6
209.6
210.5
2 J I .4
212.4

213 .3
2 14 .2
2 1 5 .2  
2 16 .1

75 .6  

7 5 -9  
-6 .3
76 .6  
77 .0  

7 7 -3  
7 7 -6  
7 S.o 

7 « -3  
7 8 . '

28 ]
82

83
84

'« 5
86

87
88
89

90

264.1
265.0
265.9
266.9
267.8
268.8 
269.7 
270.6 
27 r.6 
272 .5

96.1
9 6.4
96.8
9 7 .1  

9 7 -5  
9 7 -8
98.2
98.5
98.8
9 9.2

S '
5 2
5 3
5 4
5 5
5 6
5 7  
5 « 
5 5  
60

C hit.

4 7 - 9
48.9
49.8
50.7

5 '- "
52.6

53  f
5 4 - 5
5 5 - 4
<(i.i

D ep.l

*8.1:

'*■ 5
18.8
19 .2  
19 .5
19.8
20.2 
2 0 .3 .

L a t . '

1 JI 
12 
13
J4

16
I "
I ?
19

f 20

104.3
105.2
106.2
10 7.1
108.1 
109.0 
109.9

10.9 
11.8  
12  p

>ep.

58.0

38.3
38- 6 

3 9 c
3 9 - 3
3 9 - 7
40.0
40.4

4 0 - 7 
4 1.C  |

L a ;. |

17 1
7 2
73
7 4
75
76

7 7  
7 «
7 9
80

Tirtl

160.7
16 1.6
162.6  
163.5  
16 4 .4  
165 4 
[66.3

6 ~ .j
6 8 .2 
6q. 1 1

D q J

58.5
5S.8
59.2 

5 9  5 
5 9 -9
60.2
60.5 
60. c. 
6 r.2
6 1 .6  

L a t.

231
32

33 
.34 
3 5 
56
37
3 »

i 3914 .0

u l i i

2 17 .1
218 .0
218 .9
2 19 .9  
220.8 
22 1.8  
2 2 2 .7  
223.6 
224.6 
2 2 ?.5

D p .

79.0 

7 9 -3  
7 9 -7
80.0
80.4 
80.7I 
S i .  1 j
8 1.4  i 
8 1.7 !
8 2.1 j 

L a t. ‘

291
92

9 3  
9 4 ] 
9 5 !
96
9 7  
9 8 j

9 9 j 
3 00'

Lhii

■ L 3 - i 
274 .4  

2 7 5 -3  
276.3 
277.2
278.1
279.1
280.0
28 1.0  
28 1.9

J t  p . 1

9 9 -5
99.9

100.2
100.6
100.9
10 1 .2
10 1.6
10 1.9
102.3
102.6 

L at.
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D id I.at Dep. Din I.at. 1 ) ,P. 'D ili i.a t. D.-P. D 'flj I.at. Dep. D 'ft . | I.at 1 P ep

00.9 00.4 61 56.9 21.CJ 1 z 1 113 .0 4 3 - 4 181 169.0 6 4 -9 241 isb.4
0 1 .C 00.7 62 5 7 -9 22.2 22 " 3-9 4 3 -7 82 169.9 65.2 4 2 S6.7
02.8 0 1 . 1 63 58.8 22.6 2 3 1 14.8 4 4 -1 83 170.8 65.6 2 2 6 ., 87.1

4 0 3.7 0 1 .4 6.; 59-7 22-9 2 4 11 5.8 44.4 84 171 .8 6 5 -9 44 227.I. 8 7.4
.5 0 4.7 01.8 65 6O.7 23.3 2 5 1 1 6 . ' 44.8 85 I72 ./ 6 6 .; 45 228.7 87.8
6 0 5.6 02.2 66 6 1.6 2 3-7 2(> 1 17.6 4 5 -2 86 1 73 -6 66.7 46 IZQ .‘ 88.2
7 0 6.5 0 2 .5_, 6? 62.5 24.O 2 7 118 .6 4 5 -5 87 174 .6 67.0 47 230.6 88.5
8 0 7 .  5 O2.9 68 63.5 24.4 28 1 ' 9-5 4 5 -9 88 ‘ 7 5 -5 67.4 48 23 1.5 88.9
9 0 8 .4 03-2 69 64.4 24.7 2 9 120.4 46.2 89 176.4 07.7 49 2.3 2. s 89.2

IO Oq.> 0 3 6 - 7 0 6 5.4 25.1 3 0 121.4 46.6 90 1 7 7 4 68.1 5° 233 -3 89.6

1 1 IO.3 ° 3 -9 71 66.3 25.4 i 3 > 1 22.i 46.9 191 178.3 68.4 251 2 3 4 -3 90.0
12 I I. 2 0 4 -3 7 2 6 7.2 2 5 .8 3 2 123.2 4 7 -3 92 179 .2 68.8 5 2 2 3 5 -3 90.3
13 12 . j 04 .7 7 3 68.2 26.2 33 124.2 4 7 -7 9 3 1 So . 2 69.2 5 3 236.2 90.7
' 4 23 - 1 OJ.O 7 4 69.1 26.5 34 125.1 4 8 * 9 4 1 S 1 .1 69.5 5 4 23 7 -i 9 1 .0
•5 14.C 05.4 7 5 70.0 26.9 3 5 ■ 26.0 48.4 9 5 182.0 6 9 ^ - 5 5 238.1 9 1 4
l6 1 4 - 9 ° 5-71 76 7 1 .0 27.2 36 127.0 48 .7 96 183.0 70.2 56 2 3 9 -C 9 '- 7
17 ■ 5-4 0 6 .1 ; V 7 1 .9 2 ” .6 37 , 2 7 9 4 9 .1 9 7 183.9 70.6 57 23 9 -9 9 2.1
18 16.8 06. 5 ! 7 8 72.8 28.0 3 « 128.8 4 9 -5 9 8 184.8 ,71.0 ■ •58 240.9 92.5
! 9 I *».7 06.8] 7 9 7 3 -8 28.3 3 9 1,29.8 4 9 -8 9 9 185.8 7 i -3 59 241.8 92.8
20 18.- O-^.ll 80 7 4 -" 28.7 4 0 1 3 0 .7 $0.2 200 186.7 7 1 .7 60 242.7 9 ; .2

21 ig.i- ° 7-5 81 75.6 29.0 141 13 1 .6 50.5 187.6 72.0 2 6 l 2 4 3 -7 93-5
22 2 0 .f 0 7 .9I 82 76.6 29.4 42 '3 2 .6 50.9 02 188.6 72.4 62 244.6 9 3 -9
23 2 1 -5 08.2! 83 7 7 -5 29.7 4 3 ■ 3 3 -5 5 1.2 0.1 189.5 72.7 65 245.5 9 4 -3
2 4 22.4 0 8 .6 1 84 ■ 8.4 .30.1 4 4 ' 3 4 -4 5 1.6 04 190.5 7 3 - 1 64 246.5 9 4.6

2 5 23-3 O9.O' 83 7 9 -4 3 ° -5 4 5 '5  5-4 52.0 05 19 1.4 73-5 65 247.4 95:0
26 24-3 0 9 -5 ! 86 80.3 30.8 46 ' 3 o -3 5 2 -3 06 192.3 7 3 -8 66 248.3 9 5 -3 ,
2 7 2?.2 c 9 '7  j 8 - 81.2 3 '  2 4 7 ' 3 7 .2 5 2 -7 07 >9 3 -3 74.2 6 t 2 4 9 -3 9 5 -7
28 26.1 10.01 88 82.2 3 1 ■ 5 4 8 138-2 5 3 -0 oS 194.2 7 4 -5 68 250.2 96.0
29 27.1 I0 .4 jJ 89 83.1 3 i -9 4 9 139.1 5 3  4 09 ' 9 5 - ' 7 4 -9 69 2 5 1.1 96.4

, 3 ° 28.C 10.8; 90 84.C 32.3 50 140.0 53-8 10 196.1 7 5-3 70 252. 1 96.8

3 ' 28.9 I l .V 9 ' 85.0 32.6 2S ' 14 1.0 5 4 - i ¿ 1 1 19 7.0 7 5 -6 271 2 5 3 -= . 9 7 -1
3 2 29.9 n - 5 ! 92 85.9 3 3 ° 5 2 *4  ' - 9 5 4 -5 12 19 7.9 76.C 7 2 2 5 3 -9 9 7 -5
3 3 30A 1 1.8 9 3 86.8 3 3 -3 53 142.8 54.8 13 1-9S.9 76.3 7 3 2 5 4 -9 9 7 -8
3 4 31-7 12 .2 9 4 , 87.8 3 3 -7 5 4 1 4 5 .8 5 5 -2 ' 4 199.8 76 .7 7 4 255.8 98.2

35 3 2 ’7 12.5 9 5 88.7 34.0 5 > 144.7 5 5 -5 '5 200.7 77.C 7 5 256.7 9b. b
36 3 3 -6. 12.9 96 89.6 3 4 -4 56 145.6 5 5 -9 l6 201-7 7 7 -4 76 2 5 7 -7 9S.9

I 7 34-5 ' 3-3 9 7 90.6 3 4 -« 57 146.6 56.3 17 202.6 7 7 -8 7 7 258.6 9 9 -3
3 « 35-5 13.6 98 9 1.5 3 5 - 1 5« ' 4 7 -5 56.6 18 203.5 7 8 ., 7 8 2 5 9 -5 99.6

3 9 36-4 14.0 9 9 92.4 3 5 -5 59 148.4 57.0 >9 204.5 78 .5 7 9 260.5 100.0
40 3 7 -3 ' 4 -3 I o d 9 3 -4 35.8 60 149.4 5 7 -3 20 2 0 v 4 78 .8 80 261.4 100.3

4 1 3 8 .3 ' 4 -7  | 101 9"4 -3 36.2 161 150.3 5 7 -7 221 206.3 79 .2 2i>l 262.3 100.74239.2 ■ 5 . ' ! 02 9 5 .2 36.6 62 1 5 1 .2 5 8 .. 22 207.3 79.6 82 2-6 3 -3 10 1.1

4 3 40.1 1 5 -4  j 03 96.2 36-9 63 152.2 58.4 23 208.2 7 9 -9 83 264.2 10 1.4

4 4 4 ' - 1 i j .8 0 4 9 ' - ' 3 7 -3 64 153 .1 58.8 24 209.1 80.3 84 265.1 101.8

4 5 42.C l6 . I | 05 98.c 3 7 -6 65 154.O 5 9 -i 25 210.1 80.6 8S 266.1 1 0 2 .1
46 42.9 16.51 06 99.0 38.0 66 155.C 5 9 -5 26 21 1.0 81.C 86I267.C IO2.5

4 7 4 3 -9 16. S ! 07 9 9  9 3 « -3 6 7 ■ 55-9 59.8 27 2 1 1 .9 8 1.3 S7I267.9 IO2.9

48 44.8 17 .2 ! 0$ 100.8 3 « -7 68 156.8 60.2 28 2 12 .9 8 1 .- 88 26S.9 103.2

4 9 4 5 -7 17-6I 09 101.8 3 9 - ' 69 157-8 60.6 29 2 1 3 .81 .8 2.1 89 269.8 103.6

5 0 4 6 .- 17.9 10 102-7 3 9 -4 7 0 158.7 60.9 30 2 T4 .7 82.4 QO 2 7 ,0 .7 1 0 3 ; 9
5 '1 4 7.6 18.3I I I I 103.6 39.8 171 ' 5 9  6 6 1.3 23 1 215.7 82.8 , 2 9 ‘ 2 7 1 .7 ' 0 4 -3
5 2 48.5 18.6 t 12 104.6 4.0 .1 7 2 1 60.6 6 l .6 32 2 16 .6 8 .3- 1 9 2 272.6 104.6

53 4 9 -5 I Q.O 1 13 105.5 40.5 73 16 1.5 62.0 33 2 17 .5 8 .3-5 ! 9 3 2 7 3 -2 105-0

5 4 50.4 IQ.J. *4 106.4 4 ° - 9 74 162.4 6 2.4 34 218 .5 83.9 9 4 2 7 4 -5 10 5.4

55 5 r -3 19.7 15 1 0 7 .4 4 1.2 7 5 163.4 62.7 35 219.4 84.2 9 5 27 5 -- IO3.7

5 6 52.3 20.1 l6 108.3 4 1.6 76 ' 6 4 -3 6 3 .I 36 220.3 84.6 9 6 276.; 10 6 .1

57 5 3 -2 20-4 17 I0C).2 4 1 .9 77 16 5.2 63 .4 37 22 1.3 84.9 9 7 2 7 7 -3 10 6 .4

5 » 5 4 ' 20.8 18 I 10 .2 4 2 -3 78 166.2 63.8 38 222.2 8 5 -5 98 278.2 106.8

59 5 5 ' ' 2 1 . 1 19 I I  I .I 42.6 79 167.1 64.1 39 22 3.I 85.6 9 9 279. 107.2

60 56.0 21.5 20 I I 2.0 4 3 *° 80 168.0 64.5 40 224.1 86.0 ! 300 280. t e
Out Dep* Lat. T5i? D tp L at. Lillt Dep Lat. D ill Dep I.at. 'D id . Dep | I.at.



Di ft Lat. Di-p. Dirt. I. at. D e p . |Dift Lat. Dep. Dirt L a t. Dep. d ;a L at. Dep.

i 00.9 00-4 6 l 56.6 22.9 l 2 i r 12.2 4 5 - 3 ifc i 1 6 7 .8 6 7 .» 24 ‘ 22 3 -5 90.3
2 0 1.9 00.7 62 57.5 2 t . 2 22 113 .1 45 * 7 82 16 8 .7 6 8 .2 4 2 2 2 4 .4 9O.7

3 0 2 .8 0 1 .1 63 58.4 23.6 21 r 14.C 4 6 .1 83 16 9 .7 6 8 .6 4 3 2 2 5 .3 91.0

4 ° 3-7 o r . 5 64 59-3 24 0 24 H 5 .0 4 6 .5 84 T 70.6 6 8 .9 4 4 226.2 9 1.4

5 04.6 O I.9 6< 60.3 24 -3 2 5 1 * 5-9 4 6 .8 » 5 1 7 1 .5 6 9 - 3 45 2 2 7.2 91.8
6 05.6 0 2 .2 66 6 1 .2 24 -7 26 116 .8 4 7 -2 86 1 7 2 .5 6 9 .7 46 228. 1 92.2

1 7 06.. 5 0 2 .6 67 6 2.1 2 5 ., 2 7 117 .8 4 7 .6 87 »7 3 - 4 7 0 .1 4 7 2 2 9 .c 9 2 -5
8 0 7 -4 03.0 68 63.0 2 5-5 2 1 1 1 8 .- 4 7 -S 88 ' 7 4 - 3 7 0 .4 4 8 22 9 -S 9 2 -9
9 08.3 03.4 69 64.0 25.8 19 119 .6 4 8 .3 89 1 7 5 .2 70 . t 4 9 230.9 9 3  3

ji IC 0 9 -3 03.7 7 C 64.9 26.2 3C 1 2 9 . 5 4 8 .7 90 1 * 6 .2 7 1 .2 5 - 2 3 ' - 8 93-7
I I 10.2 0 4 .1 71 65.8 26.6 >3 ' 12 1.5 4 9 .1 191 *7 7 -* 7  * ■ 5 25 1 2 3 2 .7 94.0
12 I  I . J 0 4 .5 72 66.8 27.0 122.4 4 9 - 4 9 2 1 7 8 .c 7 1 . 9 5 2 23 3 - 7 9 4 -4
13 12.1 04.9 73 6 7 -7 2 7 -3 ' S 3 123.3 4 9 - 8 9 3 1 7 8 .9 7 2 -3 53 23 4 .6 94.8

14 13-c O5.2 74 68.6 2 7 -7 i 34 124 .2 5 0 .2 94 1 7 9 .9 7 2 -7 54 - 3  5-5 9 5 -2
: ¡5 13.9 05.6 75 69.5 28.1! 35 12 ? . 2 50 .6 9 5 180 .8 7 3 -c 55 2 3 6 .4 9 5  5

( 1+ 8 06.0 76 7 0 -5 2 8 .;! 36 126 .1 50 .9 9 b 1 8 1 .7 7 3 -4 , i»> 2 3 7 .4 9 5 -9
< 13.S O6.4 77 7 »-4 28.S! 3 ' 127*0 5 *-3 9 7 18 2 .7 7 3 - 8 57 23 8 .3 9 6 -3

<8 16.7 O6.7 78 72.3 2Q .21 38 128.0 5 * • “ 98 18 3 .6 7 4 - 2 58 239.2 96,6

>9 17 .6 ° 7 - ' 79 73 .2 2Q .6! 3 9 128.C) 5 2 .1 9 9 18 4 .5 7 4 - 5 59 24 0 .1 97.0

20 ■ i ? . ; 0 7 -3 ! 8- •74.2 30.0 4 C ■ 298 52.4 200 18 5 .4 7 4 - 9 bo 2 4 1 .1 9 7 -4
 ̂ 21 . *9-5 0 7.9 81 7 5 - ' 3 0 -3 141 130.7 5 2.8 201 18 6 .4 7 5 -3 2b i 2 4 2 .Q 97.8

22 20.4 08.2 82 76.0 3 0 -7 ' 4 2 1 3 1 .7 5 3 -2 02 ' 8 7 -3 7 5 -7 62 24 2.9 98.1

. 23 2 1 -3 08.6 83 77.0 3 1 .1 4 3 132.6 5 3 .6 03 18 8 .2 7 6 .c 63 24 3.8 98.5
2 4 22. j O9.C 84 7 7 -9 3 i -5 4-1 ' 3 3 -5 5 3 - 9 04 1 8 9 .1 7 6 .4 b 4 244.8 98.9
25 25.2 O9.4 85 78.8 3 1.8 4 5 ' 3 4 -4 5 4 -3 05 1 9 0 .1 7 6 .8 65 24 5 - 7 9 9 -3
26 24.1 O9.7 86 7 9  7 32.2 46 ■ 3 5 -4 5 4 -7 ob 1 9 1 . c 7 7 - 2 66 2 4 6 .6 99.6

; 27 1C.C ] 0 . 1 87 80.7 32.6 4 " 136.3 5 5 * 1 07 1 9 1 .9 7 7 - 5 67 2 4 7 .6 100.0
2'S 20.C 10.5 88 8 1.6 3 3 -° 48 13 7 .2 5 5 - 4 08 19 2 .9 7 7 - 9 6 8 I2 4 8 .5 100.4

1 2q 2.6.9 10.9 85 82.,- 3 3 -3 4 9 1 3 8 .1 5 5 .8 09 19 3.8 7 8 .3 69:249.4 100.8

3 0 • 21.8 1 1.2 90 8.3 4 3 3 -7 5C ' 3 9 - ' 5 6 .2 TO ' 9 4 - 7 7 8 .- ? 0 !2 5O.3 tO r .i

1 3 > 28.7 1 l.b 9 > 8 4.4 3 4 ** • 5 ' 140.0 5 6 .6 21 | 1 9 5 .6 79 .C 27 i ;2 5 ‘ -7 10 1.5

1 32 2 9 - ' 12.0 9 2 8 5 - 5 3 4 -5 5 2 140.9 5 6 .9 12 19 6 .6 7 9 - 4 72 ¡2 5 2 .2 10 1.9

1 3 3 3.0.6 12.4 9 3 8 6 .2 3 4 -8 53 1 4 1.9 5 7 - 3 13 ' 9 7 - 5 7 9 -8 7 3 l2 5 3 -J 102.3

1 3 4 3  » 5 12.7 9 4 8 7.2 3 5 -2 5 4 .4 2 .8 5 7 - 7 * 4 19 8 .4 •8 0 .1 7 4 25 4 . c 102.6

•* 3 3 3 2 -5 ' 3 - ' 9 5 88.1 3 5 -6 55 ' 4 3 -7 5 8 .. *5 *9 9 - 3 80.5 7 5 i2 5 5 -c 103.0

I 3 6 3 3 -4 • 3  5 06 89.0 3 6 .0 5 6 14 4.6 5 8 .4 ib 200-3 80. c 7 M 5 5 - 9 103.4

1 S 7 3 4 -3 1 3 -9 9 " 89.9 3 6 -3 ! 14 5,6 5 8 .8 *7 2 0 1 . 2 8 * • 3 77:2 56 .8 103.8

i 3 « 3 5  2 14 .2 9 8 90.9 3<>.7 5 8 146.5 . 5 9 - 2 18 202. 1 8 l .  T 78 :257-8 104.1

3 9 36.2 14.6 9 9 9 r.8 3 7 .1 59 14 7 .4 5 9 .6 *9 2 0 3 .1 8 2 .C 79 :2 58 .7 104.5
! 40 3 7 - 1 i ; . o 7 00 Q2 .7 3 7 . 5 ] 6c .4 8 .3 5 9 - 9 2 C 204. C 8 2.4 80 2 5 9 .6 104.9

1 41
38.0 I 5 -4 10  J 9 3 ,b f 37.SÍ 16 i ' 4 9 -3 6 0 .3 2 2.» 2 0 4 -4 82.» 281 260.5 1 0 5 -3

4 2 3 8 -9 • 5-7 0*2 5 4 -6 38.2 62 150.2 6 0 .7 , “22 20 5.8 83.2 82 2 6 1 .5 105.6

1 4 3 3 9 -9 J 6s 1 03 9 5 -5 3 8 .6j 63 , 5 1 . . 6 l .  1 23 20 6.8 8 3 -5 8 3,26 2.4 (06.0

Í 4 4
40.S 16.5 04 9 6 .4 3 9 - 0 64 152 .1 6 1 .4 24 2 0 7,7 8 .3 -9 8 4 2 6 3 .3 106.4

! 45 4 1 .7 16,9 05 9 7 .4 3 9 -3 6 ; ' 5 3 -0 6 1 .8 2 5 20 8.6 8 4 - 3 85 2 6 4 .2 106.8

1 4 b •12.“ 17.2 06 98.3 3 9 -7. 66 ' 5 3 -9 6 2 .2 26 209 - 5 8 4 .7 86 2 6 5 .2 107.1

j- 4 7 43 .6 1 7 .6 0 7 9 9 -1 4 0 .l' 67 154.8 6 2 .6 27 2 1 0 .5 8 5 .c 87 26 6 . 1 107.5

! 48 4 4 -5 18.0 08 to o . r 40.5 68 * 55-8 6 2 .9 28 2 1 1 .4 8 5.4 88 2 6 7 .0 ¡07.9

i. 4 9 4 5 -4 IS .4 09 r’T 0 1. 1 40.8 69 ■ 5 6 -7 6 5  3 29 212-3 8 5.8 891268.0 108.3

1 30 46.4 18. •» TO 102.0 4 1 .2 7 C >5 7 -6 6 3 .7 3 0 2  T  ̂- 3 8 6 .2 qo 268 .9 108.6

1 5 1 4 7 -3 ' 19.1 H i IO2.9 4 1 .6 171 158.5 6 4 .1 2 3 ' 2 1 4 .2 8 6. í 2 9 1 269.8 1 0 9 .0 1

i  i 2 4 S.2 • 9 -5 12 103.8 4 2 .0 7 2 ■ 59.-5 6 4 .4 3 2 2 1 5 . i 8 6 .9 921270 .7 109.4]

f 53 4 9 - ' I g . O >3 104.8 4 2 -3 73 160.4 6 4 .8 3 3 2 i 6 . c 8 7 .3 9 3 ,2 7 1 .7 ■ 09.8

r 54 50.1 20.2 14 10 5 .7 4 2.7 74 16 1.5 6 5 .2 3 4 2 1 7 .0 8 7 .7 9 4 2 7 2 .6 1 I O . I  I
3 5 j l .O 20.6 • 5 106.6 4 3 -i 75 162.3 6 5 .6 35 2 1 7 .9 88.0 9 5 27 3 - 5 u o . 5

) 5 1 -9 21.0 . 16 107.6 4 3 -5 76 16 3.2 6 5 .9 3 6 218 .8 8 8 .4 96 2 7 4 - 4 110 .9  ¡

!■: 57 52.8 2 1 .4 • 7 108.5 4 3 -8 77 164.1 6 6 .3 37 2 1 9 .7 88.8 9 7 2 7 5 .4 1 1 1 .3 !
i S8 5 3 -8 2 1.7 18 109.4 4 4 -2 78 163.0 6 6 .7 3 8 22 0 .7 8 9 .2 98 2 7 6 .3 1 1 1 .6

, 5 9 : 54-7 22. 1 19 1 10.5 4 4 .6 79 166.0 6 7 .1 3 9 2 2 1 .6 8 9 .5 9 9 2 77 -2 U  2.0
60 : 3 5 -6 22.5 20 1 1 1 .3 4 5 - 0 8c. l66.Q 6 7 .4 40 222-5 8 9 .9 300 2 78 .2 1 T2.4|

; D irt : Deo. Lat. D ili. D o . L a t. U utjO ep. i-at. Dm D ep. L a t. ! U ilt D ep. L a t. |



Lat. 3op. Dirt Lilt. )ep . D id .a t. |Dep. D id L a t. D ep. Did Lat. D ep. 5

J 00.9 00-4 61 56.2 23.8 121 i n j 4 7 -3 181 166.6 70.7 241 221.8 9 4 .2 ]
2 01.8 00.8 62 5 7 - ' 24.. 2 22 12.3 4 7 -7 82 16 7.5 7 1 .1 4 2 222.8 9 4 .6  j

3 02.8 0 1.2 63 58.0 24.6 23 1 1 3 -2 4 8 .1 8 3 168.5 7 i -5 4 3 2 2 3 .7 9 4 - 9  1
4 03.7 0 1 .6 64 58.9 a5 .0 24 114 .1 48 .5 84 16 9 .4 7 1 -9 4 4 224.6 9 5 - 3
5 04.6 02.0 6 5 59-8 2  5-4 25 1 15 .1 48.8 85 ' 7 ° -3 7 * -3 4 5 225.5 9 5 -7
6 05.5 02.3 66 60.8 25.8 26 >6.0 4 9 .2 86 1 7 1 .a 7 * -7 46 22ti.4 ^ 6 .1
7 06.4 02.7 67 6 1 .7 26.2 27 116 .9 4 9.6 «7 172 .1 73-1 47 227.4 96.5
s 07.4

08.3
03.1 68 62.6 26.6 28 1 17 .8 50.0 88 ■ 7 3 -i 7 3 -5 48 228.3 9 6 9

9 7 -39 0 3 5 69 63.5 27.0 29 18.7 50.4 89 174 .0 7 3 -8 4 9 229.2
IC 09.2 0 3 -9 7 0 64.4 27.4 3 ° 19.7 50.8 90 ' 7 4 -9 74 .2 5° 23O J 9 ? -7  s
11 1 0 .1 O4.3 71 63.4 27.7 ■ 3 ' 120.6 5 1 .2 191 ■ 7 5 -8 74.6 251 231.0 68 .1
12 I/.O O4.7 7 2 66.5 28.1 32 1 2 1 .5 5 1.6 9 2 176 .7 75 .0 5 Z 232.C

9! - 5 i
13 12.0 0 5.1 7 3 6 7.2 28.5 3 3 122.4 52.0 9 3 >7 7 -7 7 5 -4 53 232.9 98- 9 i

9 9 - 2j>4 I2.9 ° 5-5 7 4 68.1 28.9 34] ' 2 3 -3 52.4 9 4 178.6 75.8 53 233.8
•5 ■ 3-8 05.9 7 5 69.0 29-3 35 124.3 5 2 ." 9 5 1 7 9 .5 76 .2 55 2 3 4 -7 99.6  3
16 14.7 06.3 76 70.0 29.7 3 <i 125.2 5 3 -1 96 180.4 76.6 56 2 3 5 -6 1iOO.Q |
I? 15.6 06.6 77 70.9 30. I 37 126. I 5 3 -5 97 181.3 77.0 57 236.6 IOO.4 1
18 16.6 07.0 7 8 71.8 3 ° -5 3 8 127.0 5 3 -9 9 8 182.3 7 7 4 5 » 237 -5 10 0 ,8 1
19 27-5 O

 O 7 9 7 2 .7 30.9 3 9 128.0 5 4 -3 9 9 18 3 .2 7 7 -8 5 9 238.4 1 0 1 .2  i,
20 18.4 80 3 1 -3 40 128.9 54-7 200 .8 4 . , 78 .1 6C 2 3 9 -3 . 0 1 . 6 1

21 19.3 0 8 .i| 8 l 74.6 3 1.6 *4 > 129.8 5 5 * 201 185.0 78.5 26 l 240.3 10.2.0 jj
22 iO-3 08.6] .82 7 5 -5 32.O 42 130.7 5 5 -5 02 18 5.9 78 .9 6 2 2 4 1.2 IO2.4 *
23 2 1 .2 Oq.ol 83 76.4 32.4 4 3 ¡3 1 .6 5 5 -9 ° 3 186.9 7 9 -3 63 242.1 102.8 ij
24 22.1 09.4';

O9.8
84 7 7 -3 32.8. 4 4 132.6 56.3 04 187.8 7 9 -7 6 4 243.0 10 3 .2]'

25 23.0 85 78.2 3 3 -2 4 5 133-5 56.7 ° 5 188.7 80.1 65 2 4 3 -9 i ° 3-5
26 2 3 -9 10.2 86 79 .2 33.6 46 1 3 4 -4 5 7 .° 06 189.6 80.? 66 244.9 1 0 3 -9 :,
27 24.9 10.5 87 80.1 3 4 -0 4 7 1 3 5 .3 5 7 4 07 190.5 80.9 67 245.8 104.3 1
28 2S-8 IO.9 88 8 i .c 3 4 -4 48 136.2 5 7 .8 oB 19 1 ■ 5 81.3 68 14 6 .7 104.7
25 26.7 11.3 89 8 1.9 34.8 4 9 1 3 7 .2 58.2 09 1 9 2 4 8 1.7 69 247.6 105-1
30 2 7 .6 11-7 QC 82.8 3 5 -2 50 138.1 58.6 10 ' 9 3 4 8 2 a 7 C 248.5 ' 0 5 -5 1
3 1 28.5 12 .1 9 1 83.8 3 5 -6 i 5 ‘ >3 9 -° 59.0 2 11 194.2 82.4 271 2 4 9 -5| “ ’ 5 -9 ]
32 29. j 1 2.$ 92 84.7 3 5 -9 52 1 3 9 -9 5 9 4 12 *9 5 -i 82.8 7 2 25O.4] 106.3.1
33 3 0 -4 12.9 93 85.6 36.3 5 3 140.8 59.8 13 196.1 83.2 7 3 251.31106.7:1
34 3 * -3 1 3 3 94 86.3 36 .7 5 4 14 1.8 60.2 14 197.0 83 6 7 4 252.2 1 0 7 . 1 j
35 32.2 13-7 95 87.4 3 7 -1 55 142.7 60.6 ' 5 >9 7 -9 84.0 75 2 <3 -I IO7.5 |
36 33-1 14 .1 96 88.4 3 7 -5 5 <> 143.6 6 1 .0 l6 198.8 S4 .4 76 254.1 107.8
37 3 4 - ' 145 97 89.3 3 7 -9 57 1 4 4 -5 6 1.3 17 199.7 84.8 77 255.C 108.2 j
38 3 5 -0 14.8 98 90.2 38.2 5 8 1 4 5 -4 6 1 .7 18 200.7 8 5 2 7^ 2 5 5 -9 IO8.6 j
39 3 5 -9 >5.2 99 9 1 .1 3 * -7 59 146.4 6 2.1 19 2 0 1.6 8 5.6 70 256.8 10 9 .0 1
40 36.8 15 .6 lOO 92.1 39-1 6 c ' 4 7 -3 62.$ 20 202. ^ 86.0 8c 257 -7 1 0 9 -4  ,

4 > 3 7 .7
3 8 .7

16.0 101 93.0 3 9 -5 i b i 148.2 62.U 221 2 0 }.4- '86.4 281 258.7 109.8
42 16.4 02 9 3 '? 3 9 -9 62 I4 9 .I 6 3 -3 22 204.4 86.7 82 2 5 9 -6 1 10-2 : ;
43 3 9 -6 16.8 03 94.8 40.2 63 150.0 6 3 -7 23 205.3 8 -.1 85 260.5 1 1 0 .6 '
44 40.5 17 .2 04 9 5 ’ " 40.6 64 1 5 1 .0 64.1 24 206.2 87.5 84 261.4 I I I .O  ■
45 4 , -< 17.6 05 9 b.-> 4 1.0 151-9 64.5 ■ 25 207 -1 87.9 85 162.5 1 1 1 .4
46 42.3 18.0 06 9 7 -f 4 1 .4 bC 152.8 64.9 26 208.0 88.5 86 263.3 1 1 1.7
47 4 3 .; 18.4 07 9 ^ 5 4 1.8 67 1 5 3 -7 65-3 27 2O9.O 88.7 87 2 6 4 .: I I 2 .1
48 44.2 18.8 0? 99-4 42.2 68 154.6 6 5.6 28 209.9 89.1 8? 263.1 112-5
49 4 5 ' ' 9 ' 09 100.; 42.6 65 1 5 5 .6 66.0 29 210.8 89.5 89 ¿6 6 .c 1 12.9
5= 4 6 .c 19-5 1C 1 0 1.; 4 3 -0 7C 156.5 6 6.4 3= 21 1.7 89.9 QC 266.9 1 ' 3-3
5 46.9 19.9 i 1 102.2 4 3 -4 1? 1 5 7 4 66.8 231 2 12 .6 9 ° - 3 29 1 267.9 U 3-7
52 47-5 20.3 12 103. 4 3 -8 71 158.3 6 7.2 32 213 .6 9O.6 92 268.8 I I4. I
53 48. 20.7 13 104.C 44.2 73 1 59-2 6 7.6 33 214 .5 9 1 .0 93 269.7 114 .5
54 4 9 -" 2 1 . I i- 104 .( 4 4 -5 7A 160.2 68.0 34 215.4 9 1 .4 93 270.6 114 .9
55 ;o . i 2 1.5 _I_ '° 5 - ( 4 4 -9 7 . 16 1.1 68.4 35 216 .3 9 1.8 95 271-. 1 15 .3
5« 5 ’ - 2 1.9 I( 106. 4 5 -3 7 16 2 .c 68.8 3« 217.2 92.2 9( 272 . 1 1 5-7
5 ' 52. 22.3 i - 10 7 / 44-7 r 162.5 69.2 37 218.2 92.6 9" 273-4 116 .0

55 53-c 22.7 to 108.( 4 b .i 7 i I63.S 69.6 38 219 . 93.0 9> 2 74 . 116 .4

5 ( 5 4 - 23.1 IC 109. 46.5 7 < 164.8 69.9 35 220 .C 9 3 4 9 ‘> 27  5- 116.8
6c 55- 23.4 2 C I 10. 46.9 8c 165.7 70.3 4C 2 2 0 . C 93.8 3°c 126 . 1 17 .2

D m Dep. I . i t . iDUt1 Dep l Lat Oil D ip . ILat. ID iftiD ep. 1 Lat. D.l t D ep. Lat.



jU iit. L a t. D ep. D ifL L at. D e p . ' D iftlL a t. D eo. D ift .jL a r . D e p .! D ift. L a t. Dep.

F 1
00.9 00.4 ■ 6 1 5 5 -7 24.8 ■ 121 H O .* 49 .2 i  8 1116 5 .4 7 3 -6 . 241 22 0 .2 98.0

! 2 0 1 . b 00. S ; 62 56.6 25.2 i 22 1 1 r . i 4 9.6 8 2:16 6 .3 7 4 -0 ; 4 2 2 2 1 .1 98.4
3 0 2 .7 0 1 .2 i 63 5 7.6 2?.6 ! 23 1 1 2 .4 50.0 * 3 16 7 .2 7 4 - 4 4 3 222.0 98.8
4 ° 3-7 o i .6 1 6-i 58.5 26.0 24 1 13 .3 50.4 8 4 :16 8 .1 7 4 -* 4 4 222.Q 99.2

5 O4.6 02.0 65 5 9  4 26 .4 ! 2 S 11.4.2 50.8 * 5 i 6 q .o 7 5.2: 4 5 22 5.8 9 9 -7
6 OJ.S 02 .4 66 60.3 26.8 ! 26 1 1 5 .1 5 1 .2 S 6 : i 6 q. q 7 5 -7 . 4 6 22 4.7 100.1

' 7 O6.4I 0 2 .5 67 6 i . 2 2 7 -3 ! 27 r i6 .o > *•7 * 7 170 .8 7 6 .1 4 7 22 5.6 100.5
8 0 7 3 0 3 .5 6 5 , 6 2 .1 2 7 .7 1 28 1 I6 .9 52.1 8 S ‘ i 7 i .7 7 6 .5 48 226.6 100.Q

9 08.2 ° 3-7 ! 69: 63.0 28.1 t 29 1 17 .8 5 2 5 * 9 1 7 2 .7 7 6 .9 4 9 2 2 7.5 10 1.3
: 10 O 9.I O4. 1 7 0 63 .9 28.5 ! 3 0 118 .8 52.9 -90 1 7 3 -6 7 7 -3 5 0 228.1) 10 1.7

11 10.0 04.5 , 7 >! 64-9 28.9 :* 3 > 1 1 9 .7 5 3 -3 19 1 *7 4 -5 7 7 -7 251 229.3 J 0 2 .1
12 I I.C O4.9 * 7 2 b j .5 29.3 ; 32 > 20.6 5 3 -7 ! 9 2 * 7 5 - 4 7 8 .1 52 230.2 IO2.5

»3 1 1 .9 ° 5-3 ! 73! 6 6 .7 29 .7 1 3 3 1 2 1 .5 5 4 - i i 9 3 1 * 7 6 .3 78 .5 5 3 2 3 1 .1 IO2.9

. « 4 12.8 0 5 .7 i 74: 6 7 .6 3 0 .1 : 3 4 1 2 2 .4 5 4 -5 i 9 4 1 7 7 .2 7 S .9 5 4 232.0 *03-3
' 5 ' 3-7 0 6 .1 . 7 5 68.5 3 0 .5 i 3 5 >2 3 -3 5 4 -9 i 9 5 .7 8 .1 7 9 -3 5 5 233-0 103.7
l6 14.6 0 6 . S ! 76: 6 9 .4

1 7 7  70-3
j 78| 7 1 .3

3 0 -9 ; 36 12 4 .2 55-3 ! 9 ®i * 7 9 - 1 7 9 -7 56 233-9 10 4 .1

17 1 5-5 06.9 3 1 -3 ! 3 " 1 2 5 .2 55*7 | 9 7 | i 8 o .o 80.1 57 234.8 104.5
18 *6 -4 07.3 3 i -7 1 38 126 .1 56.1 q 8' 180.0 80.5 5 * 235-7 104.9

19 >7 - 0 7 .7 | 7 9 i 72 .2 3 2.1 1 39 127.0 56.3 ! 9 9 1 8 1 .8 80.9 5 9 236.6 105.3
20 >8.3 08.1 ; 80| 7 3 .I 32.5 ! 4 0  1 2 7 .q 56.9 200118 2 .7 8 1.3 60 2 3 7 -5 105.8

21 19 .2 08.5 1 '8 1| 74 .0 32.9 141 128.8 57-3 ! 201 183 .6 8 1.S 261 238.4 106.2
22 20.1 08 .9 1 82 7 4 -9 3 3 - 4 1 4 2 ' l 2 Q.7 5 7 -S ! 02 1 8 4 ., 82.2'' 6 2 2 3 9 -3 106.6

23 2 1 .0 0 9 .4 83 75 .8 3 3 -8 : 43 130 .6 58.2 1 03 .8 5 .4 82.6 63 240.3 IO7.O

24 2 I.9 09.8 1 8 4 76.71 3 4 -2 ! 44 1 3 1 .6 58.6 i 04 18 6 .4 83.0 64 2 4 1.2 107.4

25 22.8 1 0.2 
10.6

85 7 7 -7 3 4 -6 45 ' 3 2 -5 59.0 1 0?: 1 8 7 .. * 3 -4 65 242.1 107.8
108.226 23.8 | * ° l  7 5 -6 ; 3 5 - 0 46 ' 3 3 - 4 5 9 -4 j 0 6 )18 8 .2 83.8 66 243.O

27 24-7 1 1 .0 ! 87 7 9 -5 3 5 -4 47 ‘ 3 4 -3 59.8 I 0 7 118 9 .1 84.2 67 2 4 3 -9 108.6
28 25.6 1 1 .4 I  b& 80.4; 3'3-8 |, 48 ■ 3 5 -2 6O.2 ! 08! 190.0 84.6: 68 244.8 IO9.O

29 26.5 ii .8 |i 89 S 1 .3 36.2 49 13 6 .1 60.6 j o q ’ i q o . q 85.0 69 2 4 5 -7 109.4

3 ° 2 7 .4 I 2. 2 1 9 0 82.2, 36.6!, 5 0 4 3 7 .0 6 1.0 ! i o |i q i .8 * 5 -4 7 0 2 4 6 .7 IO9.8

'3 ' 28.3 12.6 i  9 * 8 3 .. 3 7-0 * 5 ' 137.9I 6 1 .4 ; 2 1 11192.8 85.8 2 71 24 7 .6 l 10.2

32 29.2 13.0 ! 92 84.0 3 7 -4 5 2 138.9 6 1 .8 i i 2 | ' 9 3 -7 86.2; 7 2 248.5 U 0 .6

33 30.1 13 .4 i 93 S 5 .0 3 7 -8 !; 53 1 3 9 * 6 2.2 1 3 1 *9 4 -6 8 6.6 7 3 2 +9 -4 M I X

34 3 1-1 13.8 ! 94 S5.O 3 3 .2 5 4 , ' 4 ° - 7 6 2.6 * 4 : *9 5 -5 8 -.w 7 4 250.3 I 1 1-4
. 35 3 2.0 »4 -2 ! 9 ; 86.8 38.6 5 5 |t4 i .6 6 ; . c

i 13
19 6 .4 8 7.4, 7 5 i25 1.2 I1X .9

36 32.9 14 .6 96
l l ' 7

39.O 5 6  14 2 .5 6 3 -5 16 ' 9 7 -3 87.9; 7 6 2> 2.) 1 12.3

37 3 3  8 I5 .C 97 88.6 3 9 -5 5 7 * 4 3  4 6 3.9
64.3

1 1 7
198.2 S8.3! 7 7 255.* XI 2.7

3 » 3 4 -7 i j -5 .981 89.5 3 9 - 9 5 *| -'4 4 - 3 18 19 9 .2 8 8 . 7 , 7 * 254.0 * 1 3 -*

39 3 3.6 1 3-9 99 90 .4 4 0 -3 591245-3 6 4 .7 I 9 f200.1 8 9 .1; 795254.9 U 3 .C

40 36 S 1 6 .5 ; 100 9 ' - 4 4 ° - 7 60' 14 6.2 6 < .i i 20! 20 1.0 8 9 .0 S o i2 5 5 .S '* .3-9
4 * 3 7 -5 16 .7 , 101 9 2.3 4 >-L l 6 | 14 7 .1 65*5 2 2 I I 2 0 I .9 89.9' 2 8 l j 2 5 6 .7 1 *4 -3
4 2 3 8 . 4 1 7 .1 02 9 3 - 2 4 I*5 . 62 148.0 6 5.9 S 2  2» 202.8 90.3, *2 )2 5 7 .6 " 4 -7
4 3 3 9 -3 • 7 -5 l 03 94.1 4 1 .9 63 >4 * - 9 66 .3 20 3.7 9 0 . 7 j s 3 ;2 5 * -5 1 1 5 .1 1

4 4 4 0 .2 ■ 7 -9 0 4 9 ?-° 4 2 3 6 4 149.8 6 6 .7 2 4 20 4.6 9 1 .« , 8 4 .2 5 9 .4 1 15 .5

4 5 4 1 .1 18.3 ° 5 9 5 -9 4 2 .7 65! 150-7 6 7 .1 25 20 5.5 9 1 .5 : * 5 260.4 1 1 5 .9

4 fc 4 2 .0 1 S .7 | Ob 96.8 4 3 - i 66! i 5 1 .6 6 7 .5 j 26  ¡206.3 9 *-9 i 86 2 6 1 .3 1 16 .3

• 4 7 4 2 .9 19 .1 0 7 9 7 - 7 4 3 - 5 ! 67 1 5 2 .6 6 7 .9 2 7 |2 0 7 .4
I 28 208.3

9 2 -3 i 8? 2 6 2 .? ( 1 6 .7
4 s 4 3 - 9 »9 -5 : 08 9 8 .7 4 3 -9 ’ 68 ■ 5 3 -5 68.3 9 2 .-; 88 2 6 3 1 *17-1

4 9 4 4  8 19.9 09 9 9 .6  44.3I 6 9!* 5 4 -4 6 8 .- 2 Q«2 0 Q.2 9 3  ij 89 264.0 I I7 .5 '

5° 4 5 -7 2 0 .3 1 0 1 0 0 .5 4 4 -7 ; 7 0 1 5 5-3 6 9 .1 30 2 1 0 .1 9 3 - 5: 90 264.9 118 .0

5 * 4 6 .6 2 0 .7 11  i j i o i . 4 4 >-i ' 7 1 15 6 .2 6 9 .6 21 1.0 9 4 -°j 291 265.8 118 .4

5  2 4 7 -5 2 1 . 2i 12  102.3 4 5 - 6 72 * 3 7 .1 70.0 2 1 1.9 94.41 92 266.8 118 .S

S 3 48 -4 2 1 .6 I 7 | l 0 3 .2 4 6 0 , 7 3 1 58.0 70 .4 3 3 2 1 2 .9 94-*1 9 3 2 6 7.7 1 19 .2

5 4 4 9  3 2 2 .0 1 4 ; 1 0 4 . I 4 6 .4 7 4 159 .0 70.8 3 4 I2 13 .8 9 5 -2! 9 4 26 8 .6 119 .6

■ 5 5 $0.2 22.4 i S j i o s - i 46.8: 7  5 * 5 9 -9 7 1 .2 3 5 |2 *4 -7 95.6! 9 S 2 0 9 .5 1120.0

5 f> 5 1 .2 22.8 16; 106 .0 4 7.2 ! 76 160.8 7 1 .6 3 6 12 13 .6 06.0! 9 6 2 -0 .4 ! 12 0 .4

57 52.1 2 3 -2 i7 j io 6 - 9 4 7 -6 , 77 l 6 l .7 72.G 3 7 :2 1 6 .5 96.4] 9 7 2 7 *-3 j 120.8

5S S 3-0 23.6 1 8 4 0 7 .8 48.0; 7 * 162.6} 7 2 .4 3 8 )2 1 7 .4 96.81 98 2 72 .2 j 1 2 1 .3
5 9 5 3 -9 24.0 19 108.7 4 8 .4 ' 79 i 6 3 -5 72.8 3 9 2 18 .3 97.21 9 9 2 7 3 . 2 ] 1 2 1 .6

60

d u k !

5 4 -8
J=p.

24.4  

.a t .  1

2 0 ‘ 1O9.6 

D ilt 'D e p . !

48.8: 

Lat. |

80

D iit
' fe4 4 ! 7 3 -2  
D ep. ¡ L i t .

4 0 |2 1 9 .3
D ift .jD e p ^

9 7 -6 . 

L a t. i|

300 2 7 4 .1j

Dift J  D e p .|

122.0, 

L a t . '



Dirt Lat Dep. iD ift Lat. D ep. Dirt L at. Dep. Dirt L a t. D ep . Dirt L a t. D ep.

00.3 00.4 6 l 55-3 23.8 121 «>9.7 5 1 .1 181 164.0 7 6 .5 241 2 18 .4 10 1.9

3 0 1 . i 00.8 62 36.2 26.2 ' 22 110 .6 5 1 .6 82 164.9 76 .9 4 2 2 19 .3 102.3

02.7 0 1.3 63 5 7 - i 26.6 ! 23 H i . 5 52.0 8 3 16 5.9 7 7 -3 4 3 220.2 102.7

A 03.6 0 1 .7 64 58.0 27.C 1 2 4 1 1 2 .4 52.4 84 166.8 77.8 4 4 2 2 1.1 103.1

j 0 4 5 0 2 .1 6? 38.9 27.3 i 2 ' 1 1 3 -3 52.8 85 16 7 .7 78 .2 4 5 222.0 103.5

6 OS-4 O2.5 66 59.8 27.9 1 26 1 1 4 .2 5 3 -2 86 168.6 78 .6 4 6 22 3.0 104.0

7 06.3 03.0 67 60.7 28.3 1 27 1 1 5 .1 5 3 -7 87 16 9 .5 79 .0 4 7 223.9 104.4

07.3 03.4 6S 6 1 .6 28.7 2lS 116 .0 54.1 88 170 .4 7 9 -5 48 224. s 104.8

08.2 03.8 69 62.5 29.2 29 116 .9 5 4 -5 89 1 7 1 3 7 9 -9 4 9 22 5.7 105.2

, IQ 09.1 O4.2 7 0 6 3 .4 29.6 ! 30 1 17 .8 5 4 -9 90 1 7 2 .2 80.3 50 226.6 1 0 5 -7
1 ] 10.0 04.6 7 < 64.3 30.0 • 3 ' 1 18 .7 5 5 -4 19 1 1 73 -1 80.7 251 22 7.5 106.1

12 10.9 O J .l 72 6 3 -3 30.4 32 110 .6 5 5 -8 92 174 .0 8 1.1 S2 228.4 106.5

»3 11.8 0 5.5 7 3 6 6.2 30.9 3 3 5 6.2 9 3 ■ 7 4 -9 S 1 .6 53 229.3 106.9

«4 12.7 03.9 7 4 6 7.1 3 1 -3 3 4 1 2 1 .4 56.6 9 4 175 .8 82.0 5 4 230.2 107.3

15 13-6 06.3 7 5 68.0 3> -7 3 5 122.4 5 7 - i 9 5 176 .7 82.4 55 2 3 1.1 107.8

l6 »4 -5 06.8 76 68.9 32. 1 36 123.3 5 7 -5 96 1 77 .6 82.8 5 6 232.0 108.2

• 7 «5-4 0 7.2 7 ? 69.8 3 2 5 3 7 124 .2 5 7 -9 9 7 178 .5 8 3 - i 5 7 232.9 108.6

18 16.3 0 7.6 7 « 70.7 3 3 -o 3 8 12 5.1 58.3 9 8 ' 7 9 -4 «3 -7 58 233.8 IO9.O

*9 17 .2 08.0 7 9 7 1 .6 3 3 - 4 3 9 126 .0 58.7 9 9 180.4 8 4 .I 5 9 2 3 4 -7 109.5

20 18.1 08.5 80 72.5 3 3 -8 40 126.9 5 9.2 200 18 1.3 84.5 60 235.6 109.9

21 19.0 0S.9 81 7 3 - 4 3 4 -o H i 127.8 59.6 201 182 .2 84-9 261 236.5 110.3

22 19.9 09.3 82 7 4 -3 3 4 -7 4 2 128 .7 60.0 02 1 8 3 1 8 S-4 62 2 3 7 -5 110 .7

23 20.8 09.7 « 3 7 3 -2 35-1 4 3 129.6 60.4 03 184.0 85.8 63 238.4 I ( I . I

24 21.8 1 0 .1 84 76 .1 3 5 -5 4 4 130.3 60.9 04 184.9 86.2 64 2 3 9 -3 i n . 6

>5 22.7 jo .6 85 77.O 3 5 -9 4 5 1 3 1 .4 6 1 .3 05 185.8 86.6 6 5 240.2 112 .0

26 23.6 II.O 86 7 7 -9 36.3 4 6 132.3 6 1 .7 06 186.7 8 7.1 66 2 4 1.1 1 12 .4

27 24. J 1 1 .4 8 7 78.8 36.8 4 7 133 .2 6 2 .1 07 187.6 87.5 67 242.0 112 .8

28 25.4 11.8 88 79.8 3 7 -2 48 • 3 4 -i 62.5 08 188.5 87.9 68 242.9 1 1 3 -3
29 26.3 12-3 89 80.7 3 7 -6 4 9 1 3 5 .0 63.0 o 9 189.4 88.3 69 243.8 U 3-7
30 27.2 12 .7 90 8 1.6 38.0 5° »3 5 -9 6 3 .4 IO 190.3 88.7 7 ° 244.7 1 14 .1

3 1 28.1 1 3 .1 9 1 82.3 3 8 .5 ‘ 5 1 136.9 63.8 2 11 I 9 L 2 89.2 271 245.6 1 14 .5

32 29.0 «3-5 92 83.4 38.9 5 2 137.8 6 4 .2 12 (92.1 89.6 72 246.5 1 15 .0

33 29.9 13.9 93 84.3 3 9 -3 53 138.7 64.7 13 193.0 90.0 7 3 247.4 1 15 .4

34 30.8 14.4 9 4 83.2 3 9 -7 5 4 1 3 9 -6 65.1 ' 4 1 9 3 -9 90.4 7 4 248.3 115 .8

35 3 1 -7 14.8 95 86.1 40. 1 55 140.5 65.5 15 1 9 4 -9 90.9 7 5 249.2 116 .2

36 32.6 15 .2 96 87.0 40.6 5 « >4 1 -4 65.9 16 195.8 9 1.3 76 25O.I 1 1 6.6

3 7 33-5 13.6 9 7 87.9 4 1 .0 57 142.5 66-4 17 196.7 9 i -7 7 7 2 51.0 1 1 7 .1

38 3 4 -4 16. j 98 88.8 4 1 .4 58 143.2 _66.8 18 19 7.6 92. 1 >8 252.0 1 17 .5

15 3 5 -3 16.5 9 9 89.7 4 1 .8 59 1 4 4 .1 6 7.2 19 198.5 92.6 7 9 2 5 2 -9 i i 7-9
40 3 6 3 16.9 100 90.6 4 2 -3 bo 145.0 6 7.6 20 199.4 9 3 -c 80 253.8 118 .3

17-3 101 9 * -5 4 2 .7 161 145.9 68.0 221 200.3 9 3 -4 281 » 5 4 -7 118 .8

38.1 17-7 02 9 2.4 4 3 - ‘ 62 146.8 68.5 22 20 1.2 93.8 82 255.6 1 19.2

3 9 -0 l8 .2 03 9 3 -3 4 3 -5 63 ‘ 4 7 -7 68.9 23 20 2.1 9 4.2 83 256.5 119 .6

4 *i 3 9 -9 18.6 04 9 4 -3 44.0 6 4 148.6 69.3 24 203.0 9 4 -7 84 2 5 7 .4 120.0

40.8 IQ.C 05 93.2 4 4 - 4 6 5 149.5 69.7 2 5 203.9 9 5 -i » 5 258.3 1 2 0 -4
46 4 1 .7 19 .4 06 96.1 4 4 -8 66 150.4 70 .2 26 204.8 9 5 -5 86 259 .2 120.9

42.6 *9*9 07 9 7.0 4 3 - 2 67 1 5 1 .4 70.6 27 205.7 9 5 -9 87 260.1 121-3

48 43*5 20.3 08 9 7 -9 4 5.6 68 1-32.3 7 1 .0 28 206.6 96.4 88 26 1.0 I 2 I .7

4 9 44*4 20.7 09 98.8 4 6 .1 69 ■ 5 3 -2 7  !*4 29 207.5 96.8 89 2 6 1.9 1 2 2 .1

5c 4 5 -3 2 1.1 IC 9 9 -7 46.5 J O 154 .1 7 1 .8 _ 3 ° 208.5 9 7 .2 9 0 262.8 122.6

46.2 21.6 i 11 100.6 46.9 1 7 1 155 .0 72.3 231 2O9.4 9 7 .6 29 I 263.7 123 .6

4 7 . I 22.0 J 2 10 1.5 4 7 -3 72 ' 5 5 -9 7 2 .7 32 210.3 98.0 92 264.6 123 .4

53 4S.0 22.4 13 102.4 4 7 -8 73 156 .8 7 3 -i 3 3 21 1.2 98.5 9 3 26 5.5 123.%

5 4 48.9 22.8 >4 103.3 48.2 7 4 1 5 7 -7 7 3 -5 3 4 2 1 2 .1 98.9 9 4 266.5 I2 4 .2

49.8 23.2 1 5 104.2 48.6 75 158.6 74 .0 3 5 2 1 3 .c 9 9 -3 9 5 2 6 7.4 124.7

50.8 2 3 .7 l6 105.] 49.0 76 1 5 9 -5 7 4 -4 | 36 2 13 .9 9 9 -7 96 268.3 12 5.1

5 1 .7 24 .1 17 106.0 4 9 - 4 7 7 16 0 .4 7 4 .8j 37 214 .8 100.2 9 7 269.2 125.5,

5 * 52.6 2 4 i5 18 106.9 4 9.9 7 8 16 1.3 7 5 -2 i 3 8 215-7 100.6 9 8 2 70 .1 1 2 5 .J

5 9 S3-5 24.9 ' 9 107.9 50.3 7 9 16 2 .2 7 5 -6 ; 3 9 2 16 .6 I0 I .0 9 9 2 7 1 .0 1 2 m

60 5 4 -4 23 .4 20 108.8 5 °-7 80 1 6 3 1 76 . i| 4 0 2 17 .5 1 0 1 .4 300 2 7 1 .9 T26.8

Dirt. Dep* Lac. D irt. Dep. L a c . D .it Dep. L a t.j Dirt D ep. L a t. D u t Dep. L a t.

(For 65 Degree*«

I F )  T a  a ,



D ift. I .a f . l  D e 'p .i T>i f t . Lat. Dep.j
1 0 0 . 9 0 0 .4 1 6 1 5 4 .3 2 6 .7
2 0 1 . 8 O O .q j 62 55-7 2 7 .2 ,
3 0 2 . 7 0 1 . 2 6 3 $ 6 .6 2 7 .6 ]
4 03.6 0 1 . 8 6 4 57-5 2 8 .  il
5 0 4 . 5 0 2 . 2 6 5 5 8 . 4 aS-ijl
6 0 5 . 4 0 2 . 6 6 6 59-3 2 8 .9 7

2 9 .4 !7 0 6 . 3 0 3 .1 67 6 0 . 2
8 0 7 . 2 0 3 . 5 68 6 l . I 2 9 .8 ! :
9 0 8 .1 0 3 . 9 6 9 6 2 . 0 s o -1;

10 0 9 . 0 0 4 . 4 7 ° 6 2 . 9 3 0 .7 !
11 0 9 . 9 0 4 . 8 7 ‘ 6 3 IS 3 ‘ -i,
1 2 1 0 .8 0 5 . 3 7 2 6 4 .7 3 1 .6 ,
13 1 1 .7 05-7 73 6 5.6 3 2 .0 !
14 1 2 .6 0 6 .1 7 4 6 6.5 3--4;

13-5 0 6 . 6 7 5 ! 6 7 . 4 3 2-9;
l 6 1 4 .4 0 7 . 0 7 6 ' 6 8 .3 33-3!
1 ? * 5-3 o r - S 7 7 6 9 . 2 33;8|
1 8 1 6 .2 0 7.9 7 8 7 0 .1 54-.*l
19 1 7 .1 O0.3 7 9 i 7 i-=> 34-6 |

! 20 1 8 . 0 0 8 . 8 8 0 7 1 .9 3 5 -‘ |
1 21 1 8 .9 °9-* j 8 1 7 2 . 8 35*5

2 2 1 0 .8 0 9 . 6 8 2 7 3 -7 3 S J .
20.7 IO . I 8 3 7 4 . 6 3 6 . 4

2 4 2 1 . 6 1 0 .5 8 4 75-5 3 6 -8
2S 22 .$ 1 f .O 85 7 6 . 4 37-3
2 6 2 3 . 4 1 1 .4 8 6 77-3 37-7
2J7 2 4 .3 1 1 .8 8 7 7 8 . 2 3 8 .1
2 8 2 5 . 2 ia -3 8 8 79-1 3 8 . 6
29 2 6 .1 12 .7 8 9 8 0 . 0 3 9 °
30 2 7 - 0 1 3 .2 9 0 8 0 . 9 39-5

j 3 1 27.9 1 3 .6 91 8 1 . '8 39-9
1 3 Z 2 8 .8 1 4 .0 9 2 8 2 . 7 4 c -3 i
1 33 2 9 .7 >4-5 93 8 3 . 6 4 0 .  S
; 34 3 0 . 6 1 4 .9 94 8 4 .5 4 1 . 2
i 35 3 1 - 5 15-3 95 8 5 . 4 4 r .6

! 36 32-4 1 5 .8 . 9 6 8 6 .3 4 2 . 1
1 3 “ 3 3 -3 l 6.2 9 7 8 7 .2 4 2 . 5

3 8 3 4 . 2 16 .7 9 8 8 8 .1 4 3 . 0
I -39 3 5 - 1 1 7 . I 99 8 9 . 0 43-4
! 4 0 3 6 . 0 1 ~.< 1 0 0 8 9 .9 4 3 -8

1 4 1 3 6 .4 1 8 .0 IO I 9 0 .8 4 4 -3
3 r -r 1 S .4 0 2 q  1.7 4 4 -7

4 3 3 8 . 6 1 S .8 0 3 1 9 2 . 6 4 J . 2
; 4 4 39-5 1 9 .3 0 4 93-5 4 5 . 6

4 -' 4 0 4 ! ■ 9-7 0 5 9 4 . 4 4 6 . 0
4 1 .* 2 0 . 2 0 6 95-3 4 6 . 5

4 “ 4 2 . 2 2 0 . 6 0 7 9 6 .2 4 6 . 9 !
. 4« 4 3 * 1 i i . o 0 8 9 7 .1 4 7 -3 1

4 Q 4 4 . 0 2 1 .5 0 9 9 8 . 0 4 7 - 8 !
5 0 4 4 - 9 2 1 . 9 1 0 98-9 4 8 . 2 |

5 1 45-8 2 2 - 4 | 1 I I 9 9 .8 4 8 -7
5 * 4 6 7 2 2 .8 1 2 ; 1 0 0 . *7 4 9 . 1 !
5 ? 4 7 . 6 2 3 . 2 13 1 0 1 .0 49-51
5 4 48-5 2 j .7 I 4 ' t ° 2-5 5° - ° |
5 5 '  
5 6

49-4 2 4 .1 1 5 1 0 3 . 4 5 ° - 4 |
> 0 .3 *'4 -5 1 6 1 1 0 4 .3 5 0 .9

57
5 8

$ 1 .2 2 5 . 0 1 7 : 1 0 5 . 2 5 1 -3
$ 2 .1 .* v 4 1 it, 1 0 6 .1 5 *-7
5 3 -0 *5-9! 1 9  IO 7 .O 5 2 . 2
<1.4 2 6 .3 1 2 0  10 .7 .9 5 2 .6

D .il. T ic p T '  Dep. t a t .  1

L a t. D tp .

2 4 I

Difl

1* 4 *
4 ^
4 3
4 445
4 6
4 7
4 849

J2251
52
53
54
55
5 6 
57 
5 *
5 9
6 0

2 6 1
6 2

63
6 4
6
66
6 7
68
6 9

J O

! a?'
7 2
7 3
7 4

Lat. 1 Dep. 
216.6 105.6  
2 1 7 .5  106.1 
2 i 8 .4 'i o 6.52i9.3'“j07.o
220.2 IO7.4
2 2 1 . i |I0 7 ,8
222.0! 108.3
222.9!’I08.7
223.81109.21
224J
2 2 5 .6
2 2 6 .5  
2 2 7 . 4
2 2 8 .3  

2 9 . 2
2 3 0 . 1
2 3 1 .0  
* 3 1 -9
2 3 2 .8  
4 3 3 -7
2 3 4 . 6435-5
2 3 6 . 4437-3
2 3 8 . 2439»
2 4 0 . 0
2 4 0 . 9  
2 4 1 .8
242.7

1 0 9 .6 1 

110 .0 
no-sj 
110 .9  
i n .  3 
hi.8 
1 1 2 .2 1 
1-12.7! 
U 3 - i i  
U3-51
1 1 4 .0 1

* * 4-41 
* *4 -9 1 
1*5-3: 115-71
116 .2  
116 .6  
117-0  
1 1 7 .5  

t i 7 -9  
118 .4

24 3 .6 ! 118.8  
2 4 4 .5 I119 .2

2 4 5 .4 1 1 9 - 7
246.3! 120.1 

7 5  2 4 7 - 2 , 140.6 
2 4 8 .il 12 1 .0  
.249.0! 1 2 1 .4  

249.9! ’  * i -9  
250.8! 1 2 2 -3 ; 
2 5 1 . 7 ! 1 2 2 .7 1 

52 .6 1  1 2 3 .2j

253-5! * * 3 -6;
254.4! 124.1: 
2 5 5 -3 ; 124-5; 
256.2! 124.9; 

2 5 7 - i!  * * 5 -4 ; 
258.0! 125.8; 
258.9  126.3:

7 6
7 7  
7 « 
7 9

J o

¿8
8 2
8 3
8 48586
8 7

.2?2919*;
93
94
95
9 6
9 ’’
98

9 9  300
' Diii

1 2 6 .7 !
1 2 7 .1 ;
1 2 7 .6 !
1 2 8 .0 )
1 2 8 .4 .
128 .91

5 9 -8
2 6 0 .7  
2 6 1 .5  
2 6 2 . 4  
2 6 3 .
2 6 4 . 2
2 6 5 . 1 j 1 2 9 . 3 l  
2 6 6 . 0  1 2 9 .8 !  
2 6 6 . 9  ' 3 °  31 
2 6 7 . 8 ;  130.65
2 6 8 .7  1 31 -1 !
¡ 6 9 .6  1 3 1 - 5
Dtp.! L'at.t



D m . L a t , l)ep. ;Oift l.at. Dep. | D m . L at. D e p . j Dift I.at.| D ep. n m Lat. Dep.

I 0 0 . 9 6 l 5 4 -4 2 1-1 12 1 107.8 5 4 -9 181 16 1.3 82.2 241 214.7 109.4

2 6 l i s - 2 28.1 22 108.7 5 5 -4 ] 82 16 2.2 82.6 42 215.6 10 9 9

3 0 2 . 7 6 3 56.1 28.$ 23 109.6 5 5 -8 | 8 3(16 3.1 83.1 4 ! 216.5 I 10.3

4 0 3 .6 01.8 6 4 57.C 29.1 24 11 o'. 5 56-3 ,1 8 411 6 3 9 8 3 5 1:1 217.4 1 1O.8

5 0 4 .5 02.3 65 5 7 -9 29.5 2 5 1 1 1 .4 56.7I 85 164.8 84 .c 4 5 ' 218.3

6 0 5 .3 02.7 66 58.8 30 .0 . 2 ? 112-3 5 7 -2 ! 86 16 5.7 84.4 46 219.2

7 06.2 O i.2 67 59-7 30.4 27 1 13 .2 5 7 -7 ! 87 166.6 84.9 4 7 . 220.1

8 9 7 -1 03.6 68 60.6 3® -9 28 114 .0 5 8 .1 1 88 16 7.5 85^1 48 2 2 1.0 1 12.6

9 98.0 04.2 6 q 6 I.5 3 '-.3 ; 20 114 .9 38.6' 89 168.4 85.? 4 9 221.9

TO 08.5 04-5 7 P 62.4 3 1.8 .30 1 15.8 5 9 °; 90 169.5 86.3 50 222.8 1 ' 3-5
I 1 09.8 05.0 7 1 6 3 o 72.2 ' 3 ' 1 16 .7 59-5 ¡91 170.2 86.7 251 223.6 I 14.0

12 10.7 0 5.4 72 64.2 3 2 .7 ; 32 1 17.6 5 9 -9 - 02 «71.1 87.2 5 2 224.5 1 14 .4

13 1 1.6 05.9 73 65.0 3 3 ' 3 3 118 .5 60.4. 93 j 72.0 87.6 53 2 2 5 4 114 .9

12.5 0 6 .4 74 65.9 3 3 -6 3 4 " 9 . 4 6 o.8 ( 94 172.9 88.1 5 4 ' 1 5-3
1 5 1 3 -4 06.8 75 66.8 34.0 3 5 120.3 61.3; 9 5 ' 7 .3-7 88.5 55
16 14-3 07-3 76 6 7 -7 3 4 -5 3 6 12 1.2 6 1 .7 , 96 174.6 89.0 5 6 228.1

17 ‘ S ' 0 7.7 77 68.6 3 5 ' ° 77 122.1 6 2 .2 ’ 9 " ‘ 7 5 -5 89.4 5 7
18 16.0 08.2 78 69.5 3 5 - 4 38 123.0 62.7 9 * 176.4 89.9 S* 2 2 9 .9 I 1 7. I

' 9 16.0 08.6 79 70.4 3 5-9 39 123.8 6 ; .  i! 9 9 ' 7 7 .3 9 ° - 3 j 59 230.8

20 17.8 O9. I 80 7 1 -3 3 6 -3 40 124.7 63.6' 200 17S.2 9O.8 60 23 1 .7
‘ 21 18.7 09.5 81 7 2 .2 36.8 1 4 1 1125.6 64.0! 2 0  J 179.1 9 1 -3 26 I 232.6 118 .5

22 19 .6 2 0.0 82 7 3 - 1 3 7 -2 421126.5 64 -5 : 02 180.0 9 1.7 62 2 3 3 -4
23 20.5 IO.4 83 74.0 .3 7 -7 43 1 27.4 64-9! 03 180.9 92.2 63 2 3 4 -3 1 ' 9 -4
24 2 1.4 IO.9 84 74.8 3 8 ., 44 128.3 6 5.4 04 18 1.8 92.6 64 2 3 5 -2
2 S 22. 2 I I.3 85 7 5 -7 38.6 4 5 I2Q.2 tK .S 05 1S2.7 93.1 6 5 236.1

26 23.2 11.8 86 76.6 3 9 -0 46 130.1 66.3, 06 183.5 9 3 -5 60 237.0 120.8

27 24.1 12.3 8 7 7 7 '5 3 9 -5 47 13 1 .0 66.71 0*7 .8 4 .4 94.0 67 237.9 12 1 .2

28 24. q 12 .7 88 78.4 40,0 48 1.3 ' - 9 6 7.2 ' 08 '8 5-3 9 4 -4 68 238.8

29 25.8 ‘ 3 -2 89 7 9 -3 40.4 4 9 132.8 6 7.6 09 l8 6 .2 94.9 69 239.7

30 26.7 13.6 QO 80.2 40.9 50 ' 3 3 -7 68. ij IC 18 7 .1 9 5 -3 -0

3 1 27.6 14.1 9 1 81.1 4 ' - 3 151 1 3 4 -5 68.6! 21 1 iS 8 .c 95.8 27 i 24 1.5 I23.O

3 2 28.5 ' 4 -5 92 82.0 4 ' - 8 5 - ‘ 3 5-4 6q.0| 12 188.9 96.2 72 242.4 123.5

33 29.4 15.0 93 82.9 4 2 .2 53 i 3<>-3 69-51 ■ 3 189.8 9 6.7 7 3 243.2 >23-9

3 4 30-3 15.4! 94 S ,.8 4 2 -7 54 1 3 7 -2 69.9, ' 4 1 9 0 .7 9 7.2 7 4 2 4 4 .1 124 .4

35 31.2} 1 5 .g ( 95 84.6 4 .3 -1 55 138.1 7 ° - 4 j ' 5 19 1.6 97.6 75 245.0

3 6 3 2.11 16.3 9o 8 5 .5 4 3 -6 5 6 1 39.0 70.8! l6 ' 9 2 -5 98.1 76 245.9 125.5

37 3 3 -° 10.8 97 86.4 4 4 -0 57 1 3 9  9 7 1 .3 ; 17 ' 9 3 -3 98.5 / j  1 0 125.8

3 8 3 3 -9 * 7-3 98 87.? 4 4 '5 <81140.8 71-71 18 194.2 99.0 7» 247.7 1 26.2

3 9 3 4 - ' 1 7 .7 99 88.2 4 4 -9 5 9  ' 4 ' - 7 7 2 .2l ' 9 ' 9 5 ' 99.4 79 248.6 126.7

40 3 5 -6 18.2 100 8 9 ., 4 5 - 4 601142.6 72.6] 20j KjO.O 9 9 -9 249.51127.1

4 i 3 6 .5 18.6 101 90.0 4 5 -y 161 7 3 - ' 221 196.9 100.3 281 250.4 1 2 7 .6
4 2 3 7 -4 19.1 02 qo.q 4 h -3 62 144.3 7 3 5 22 1 9 7 .s 100.8 82 2 5  * - j 128.0

4 3 38.3 ‘ 9-5 03 9 1 8 46.8 6 3 I14 5 .2 7 4 -0 2 3 | ] 9 6 .7 101.2 83 252.2

4 4 3 9 -2 20.0 04 9 2 .7 4 7 2 64(146.1 74-5 24 199.6 1 01 -7 84 253-0 128.9

4 5 40.1 2O.4 05 93.6 4 7 .7 65 I [ J/LO 7 4 -9 - 5 200.5 h 5 2 5 3 -9 129.4

46 41.0 2O.9 06 9 4 -4 48.1 6 6 M4 7 -9 7 5 4 26 201.4 102.6 86 254.8 129.8

4 7 4< -9 21.3 07 9 5 -3 48.6 67 ■ 148.8 75.8 27 202.3 103.1 87 2 5 5 .7 ‘ 30.3
48 42 21.8 o s 96.2 4 9 0 68 ¡1 4 9  7 76. 28 203.1 103.5 88 256.6 130.7

4 9 4 3 -7 22.2 09 97.1 4 9 -5 691150.6 7 6 .7 ' 29 204.0 89 2 5 7 -5 13 1 .2

5 = 44.6 22-7 10 98.c 29. q 70 1151 .5 T -.2 30 204.9 ‘0 4 4 _ 9 0 258.4 13 1 -7
5 ' 4 5 -4 23.2 i n !  9S.9 50.4 171 , 1 5 2 -4 77 .6 2^1 205.8 104.9 291 ¡2 5 9 -3 132.1

5 2 46.3 23.6 12! 99.8 50.8 7 2 l i 53-3 78.1 .5 - 206.7 105 -3 9 260.2 132.6

S 3 47.2 24.1 131100.7 >K 3 7 3 1 1 5 4 - 78.5 3 5 207.6 105.8 93 I26 1.1 ' 3 3 -0
54 48. 24.5 M 10 1. c S '- 8 74 ^ 1 5  5-0 7 Q.0 : 5*1 208.5 !06.2 9 4 |2 0 2 .0 ' 3 5 -5
55! 4 ‘)-e 25.0 I i 1 0 2 .3 52.2 7 ; |i <5.9 - 9 4 3  5 209.. 106.7 95126 2.8 ' . ; 5-9
5 f>! 4 9 -9 2 5 4 ¡6 >0 .3-4 52-7 76 1 ;6.J 7 9 -9 36 210.3 107.1 96(1163.7 ' 3 4 4
571 S°-8 25.9 104.2 5 3 -i 7 7 15.7.7 8 o .3< 37 z r i .2 107.6 97(264.6 ' 3 4 -8
58 5>-7 26.3 18 105. 5 3 -6 78 158.6 80.8 38 2 12.1 108.0 98(265.5 ‘ 35-3
5 9 ( 52 6 26.8 ' 9 io o .c 5 4 -0 79 ■ 159.5 81.3 39 2 I J .0 108.5 99 266.. ' 3 5 -7
60I 5 3 4 27.2 20 106. g 54-5 80 160.4 8 l.7 40 213.8 J09.0 200(267.; 136.2

D ith j D ep.l I,at. ( lU i'l Dep.j U i . D m . d 7 Lat. ¡Dirt b e p (.at. D u ll Dep l.a t.



L i ' . D ep. Dift Lat. D e p . jD ift L a t . D e p . DiH L at. D ep. Diñ Lat. Dep.
OO.9 00.5 § 1 5 3 -9 28.6 1 2 1 106.8 j6 .8 181 159.8 85.O 241 2 12 .8 1 1 3 .1

2 0 1 .8 00.9 6 2 5 4 -7 2 9 .1 22 10 7 .7 5 7 -3 82 160.7 8 5.4 4 2 2 1 3 .7 1 13 .6
i 02.6 C 1.4 63 55.6 29.6 23 108 .6 5 7 -7 8.3 1 6 1 .6 8 5.9 4 3 2 1 4 .6 X 14.I

* ° 3-5 0 1.9 64 56.5 30.0 24 10 9 .5 58.2 84 162.5 86.4 4 4 2 1 5 .4 114 .6
5 0 4 .4 02.3 6 5 5 7 -4 3 o - 5 25 1 10 .4 58.7 « 5 163.3 86.9 4 5 2 16 .3 IM .O
6 0 5 .5 02.8 66 5 8 -3 3  J-o 2b 1 1 1 .3 5 9.2 86 164.2 8 7 .3 46 2x7*2 1 15 .5
7 0 6 .2 0 3 - 3 67 5 9 -2 3 1 - 5 27 I I  2 .1 59.6 87 16 5.1 8 7.8 4 7 2 18 .1 1 16 .0
8 0 7.1 03.8 68 60.0 3 1 .9 28 H 3 .C 60.1 88 160.0 88.3 48 219.O 1 1 6 .4
9 O 7.9 C 4 .2 69 60.9 3 M 29 »13-9 60.6 89 16 6 .9 88.7 4 9 2 1 9 .9 1 16 .9

10 08.8 O4.7 _ 7 0 6 1.8 32.9 3 ° 114 .8 6 1 .0 90 16 7 .8 8 9 .a 50 220.7 M 7 .4
11 09.7 O5.2 7 ' 62 .7 3 5 -3 '3 1 1 1 5 .7 6 1 .5 191 168.6 89.7 251 2 2 1 .6 1 1 7 .8
12 10.6 0 5.6 7 2 63 .6 3 3 -8 32 1 *6-5 62.0 92 169.5 9O.1 5 2 222.5 1 18 .3
13 I I.5 06. i 7 3 6 4 .5 3 4 -3 3 3 i * 7 -4 6 2 .4 9 3 170 .4 9O.6 5 3 22 3.4 118 .8
m 12.4 0 6 .6 7 4 h 5-3 3 4 -7 3 4 1 18 .3 62.9 9 4 * 7 1 -3 9 1 .1 5 4 224.3 1 1 9 .2
>5 >3 -2 07.0Í 7 5 6 6 .2 ¿ J .2 3 5 I 19 .2 63 .4 9 5 1 7 2 .2 9 1 -5 55 22 5.2 H 9 .7
j 6 14 .1 0 7 .5 7 6 6 7 .I 3 5 -7 3 *> 120 .1 6 3.8 96 17 3 .1 9 2.0 5 6 226.0 120-2
17 Í 5 -0 08.0¡ 7 7 68.0 j 6 . i 3 7 1 2 7 .0 6 4 -3 9 7 1 7 3 -9 9 2.5 57 226.9 I2O.7
18 * 5-9 08. 5! 7 8 68.9 3 6.6 3 » 12 1 .8 64.8 98 174 .8 9 3 -o S« 227.8 1 2 1.1
»9 16.8 08.9 7 9 69.8 3 7 - ' 3 9 12 2 .7 6 5 -3 9 9 1 7 5 -7 9 3 - 4 59 228.7 12 1 .6
20 I 7 .- 0 9 .4 80 70 .6 3 7 -6 40 123 .6 6 5.7 200 176 .6 9 3 -9 60 229.6 12 2 .1

* *
í 8 .5 0 9 .9 81 7  *-5 38.0 141 124.5 6 6 .2 201 1 7 7 -5 9 4 - 4 2Ó1 230.4 122.5

22 19 .4 10.5 82 7 2 .4 3 8 .5 4 2 1 2 3 .4 6 6 .7 02 .7 8 .4 94.8 62 13 1-3 123.O
i 3 2Q.3 10.8 83 7 3 -3 3 9 - 0 4 3 126 .3 6 7 .I 03 179 -2 9 5 -3 63 232.2 1 2 3 -5
2 4 2 1 .2 1 2-3 84 7 4 - 2 3 9 -4 4 4 12 7 .1 6 7 .6 0 4 28 0 .1 95.8 64 2 3 3 -1 1 2 3  9
25 2 2 .. 1 1 .7 ¡ 8 5 7 5 *1 3 9 -9 4 5 128 .0 6 8 .1 05 18 1 .0 9 6 .2 65 234.0 1 2 4 .4
26 23.0 12.2! 86 7 5 -9 4 0 .4 46 128 .9 68.5 o b 18 1 .9 9 6 .7 66 2 5 4 .9 1 2 4 -9
27 2 3 .s 12 .7 87 76 .8 40.8 4 7 129.8 69.0 07 182.8 9 7 .2 67 2 3 5 -7 1 2 5 -3
28 24 .7 1 3 .1 , 88 7 7 -7 4 » -3 48 '  3 o -7 69.5 08 183 .7 9 7 -7 68 23 6 .6 125.8

29 25.6 13.6 89 78 .6 4 1 .8 4 9 1 3 1 .6 70.0 ° 9 j184.5 98 .1 69 2 3 7 -5 126.3

30
26.5 1 4 .! 90 7 9  5 4 2.3 5° 132 .4 70.4 10 1804I 98 .6 7 0 238 .4 126.8

3 ' 2 7 -4 14 .6 91 80.3 4 2 .7 ■ 51 ' 3 3 -3 70.9 2 11 186.3 9 9 .1 271 2 3 9 -3 1 2 7 .2
32 28.5 15 .0 92 8 1.2 4 3 -2 52 U 4 -2 7 1 .4 12 18 7 .2 9 9 -5 7 2 ¿4-0.2 12 7 .7

3 3 29 . I >5-5 9 3 8 2.1 4 3 -7 5 3 ' 3 5 - ' 7 1 .8 *3 188.1 100.0 7 3 24I.O 128 .2
3 4 30.0 16 .0 9 4 83.0 4 4 -> 5 4 136.0 7  2.? 14 189.C 100.5 7 4 2.11.Q 128.6

3 5 30.9 4 6 .4 9 5 8 3 -9 4 4  6 55 >3 6 .9 72.8 *5 189.8 100.9 7 5 242.8 I2 9 .I
3 6 3 1.8 16 .9 96 84.8 4 5 .1 S b 1 3 7 -7 7 3 -2 l6 190.7 1 0 1 .4 7 6 2 4 3 -7 129 .6

3 7 3 2 .7 17  4 9 2 8 5.6 4 5 -5 57 138.6 7 3 .7 17 1 9 1 .6 10 1 .9 7 7 244.6 130.0

3 » 3 3 -6 1 7 .8 98 86.5 46.C 5 8 *3 9 -5 74 .2 l8 192-5 102.3 7 8 2 4 5 -5 130 .5
3 9 - 3 4 -4 18 .3 9 9 8 7.4 46.5 5 9 i 4 ° - 4 74 .6 *9 19 3.4 102.8 7 9 2 4 6 .? 131-0
40 3 5 -3 18.8 100 88.3 46.9 60 *4 ‘ -3 7 5 -i 20 1 9 4 -2 103.3 80 2 4 7.2 ■ 3 i -5
41 3 6 .2 19 .2 101 89.2 4 7 - 4 l 6 l I4 2 .2 7 5 -6 221 19 5 .1 103.8 281 248.1 >3 1 -9
4 2 3 7 .i " 9 -7 02 90.1 4 7 - 9 62 14 3.0 7 6 .1 22 196.O 104.2 82 2 4 9 .0 132 .4

4 3 38.0 20.2 03 QO.o 4 8 .4 63 ■ 4 3 - 9 76 .5 23 196.9 1 0 4 -7 83 249.9 132.9

4 4 38.8 2O.7 O4 9 1.8 48.S 64 144.8 7 7 -0 24 197.8 IO 5.2 84 2 jo .  8 1 .3 3 -3
4 5 3 9 -7 2 1. 1 05 9 2.7 4 9 - 3 65 ' 4 5 - 7 7 7 -5 25 198.7 105.6 85 2 5 1.6 133.8
46 4 0 .6 2 1 .6 06 93.6 49.8 66 146.6 7 7 .9 2Ó ■ 9 9 -5 106.1 86 252.5 1 3 4 -3
4 7 4 i .5 22.1; 07 9 4 -5 5 0 .2 67 ■ 4 7 - 5 7 8 .4 27 200-4 106.6 87 * 5 3 -4 ■ 3 4 -7
48 4 2 .4 22.5: 08 9 5 - 4 50 .7 68 148.3 78 .9 28 20 1.3 10 7.0 88 1 5 4 -3 135 .2

4 9 4 3 -3 23.0 09 9 6.2 j t . 2 69 14 9 .2 7 9 -3 29 202.2 IO 7.5 89 25 5.2 1 3 5 -7
5 ° 4 4 .1 2 3 -5 10 9 7 -1 5 1.6 7 0 150 .1 79.8 5 0 20 3.1 108.0 90 2 5 6 .1 136 .1

5 1 4 5.0 23.9 1 11 98.0 5 2 .1 17 1 1 5 1 .0 80.3 231 204.O IO8.4 2 9 ' 256.9 136.6

5 2 4 5 - 9 2 4 -4 ¡ 12 9 S.9 52 .6 72 1 5 1 .9 80.7 32 204.8 IO8.9 9 2 257.8 13 7 .1

5 3 46.8 2 4 -9 >3 99.8 5 3  1 7 3 152-7 8 1.2 33 205.7 IO9.4 9 3 25 8 .7 1.3 7 -6
5 4 4 1 - ' 2 5 -4 14 1 0 0 .7 5 3 -5 7 4 153 .6 8 1.7 34 206.6 1 0 9 -9 9 4 25 9 .6 138.0

55 4 S.6 2^.8 '5 IO r.5 54.0 7 5 15 4 -5 8 2.2 35 20 7.5 IIO .3 9 5 260.5 ' 3 8 .5
5 6 l 4 9 - 4 26.3 l6 102.4 5 4 -5 y*> * 5 5 -4 82.6 s 6 208.4 110 .8 96 2 6 1 .4 139.O

5 7 5 ° -3 26.8 17 i ° 3 -3 5 4 -9 77 * 5 b -3 8 3.1 37 209.3 1 1 1 .3 9 7 26 2.2 * 3 9  4
5 « 5 1.2 2 7 .2 18 f0 4 -2 5 5 -4 78 .13 7.2 83.6 38 210 .1 U I.7 9 8 26 3 .1 «3 9 -9
S9 | 52.1 27:7 ' 9 I0 J .1 5 5 -9 79 158 .0 . 84.0 .3$ 2 1 1 .0 1 12 .2 9 9 264,0 140.4
6o| 53.0 28.2 20 106.0 5 6 -3 8 o 158 .9 84.5 40 21 I.9 II 2.7 30c 26 4 .9 140.8

D in . D ep. Lac. D ¡a D e p . Lat* D ift Dep. L a t. D iñ D ep. L a t. "D in D ep. L a t.



D id . L a t. D cp. D ift .i Lat. D c p . jjDifl L a t.

1 00.9 00.5 6 l 5 3 -4 2 9 .6| 12) IO5.8

% 0 1 .7 O I . C 62 5 4 -5 3 0 - i j 22 106.7

3 02.6 0 1.5 6 1 5 5 - ' 3 ° - 5 | 23 107.6

4 0 3 -5 0 1.9 64 5 6 .c 31.0J 24 108.5

5 04.4 02.4 65 56.5 3 1 -5 'J *5 109.3
6 05.2 02.9 66 57-7 32-o; 20 1 10.2

7 0 6 .1 03.4 6 7 58.6 3 2 -5 ) 27 I I I . )
8 07.0 0 3 -9 68 59-5 3 3 *^ 28 t 12.0

9 0 7.9 04.4 69 60. j 3 3 -5 29 112 .8
10 08.7 04.8 7 0 6 1.2 3 3 -9 3 C 1 1 3 -7
I I 09.6 05.3 71 6 2 .1 3 4 -4 131 1 I4 .6
12 10.5 0 5.8 7 * 63.C 3 + 9 32 ' 1 5 -4
«3 1 1 .4 06.3 7 3 63.I-. 3 5 -4 33 116 .3

14 12 .2 06.8 7 4 6 4 .7 3 5  9 34 1 17 .2

15 1 3 - ' 0 7 -3 7 5 65.6 3 <i-4 .35 118 .1
16 14.0 0 7 .8 76 66.5 36.8 36 I 1 8.9

17 1 4 -9 08.2 7 7 <>7-3 37-3 37 119.8
18 «5-7 08.7 7 8 68.2 .37-8 38 120.7

19 16.6 09.2 7 9 69.1 3 8 -3 35 12 1.6
20 >7-5 09.7 80 70.0 38.8 4 0 122.4

21 18 .4 10.2 8 1 70.8 3 9 -3 141 123 -3
22 19 .2 10.7 82 7 i -7 39.8 4 2 124.2

23 20.1 11 .2 83 72.6 40.2 4 3 125.1

* 4 2 1 .0 1 1.6 84 7 3 -5 40.7 4 4 125.9

25 2 1 .9 1 2 .1 85 7 4 -3 4 1 .2 4 5 126.8
26 22.7 12.6 86 7 5 -2 4 i -7 46 127.7
2 7 23.6 13.1 87 76 .1 42.2 4 7 128.6
28 2 4 -5 13-6 88 77 .0 42.7 4 8 129.4
29 2 5-4 14 .1 89 7 7 -8 4 3 - ' 4 5 ■ 3 0 -3
30 26.2 >4 5 90 -8 .7 4 .3-6 1.31-2
3 1 27.1 IJ.O 9 ' 79.6 44.1 ' 5 ' 132 .1

32 28.0 > 5-5 9 * 80. t 44.6 5 * 132.9

3 3 »8.9 16.C 9 3 S 1 .3 4 5 -1 53 ' 3 3 -8
3 4 2 9 -7 16.5 94 82.2 4 5.6 5 4 ' 3 + 7
3 5 30.6 17.0 9 5 85.1 4 6 .1 55 •3 5 -6
3 6 3 ' - 5 >7-5 96, 84.O 4 6 .5 56 '3 6 .4
3 7 3 2 .4 ' 7 -9 9 7 84.8 4 7 .0 ' 57 •3 7 -3
3 8 3 3 * 18.4 98 8 5 .7 + 7-5 138.2

3 9 3 4 -1 18.9 9 9 86.6 48.0 1 55 139.1

40 3 5-° 19 .4 100 S7.5 48 .5 1 6c 1.3 9 -9
4 1 3 5 -9 19.9 101 88.3 4 9 -0 <ibi 140.8
4 2 36 .7 20.4 02 89.2 4 9 -5 62 ' 4 ' - 7
4 3 3 7 -6 20.8 03 90.1 4 9 -9 6 , 142.6

4 4 38.5 21.31 04 91.C 50.4 64 «4 3 - 4
4 5 3 9 -4 2 1 .S 05 9 1 .S 50.9 6s ' 4 + 3
46 4 0 .3 22-3 o i 92.7 5 1 -4 6( 14 5 .2

4 7 4 1 .1 22.8 07 9 3 -6 i ' - 9 6 - 146.1

48 42.C 23.3 o i 94-5 52.4 68 146.9

4 9 4 *-S 23,8 Ol 9 5 -3 5 + 8 69 147.8

5° 4 3 -7 24.2 K 96.1 5 3 -3 7 C 148.7

5 ' 4 4 - * 4-7 11 9 7 - 5 3 -8 117 149.6
52 4 5 -5 25.2 ! ' 98. 5 + : 1 7 2 150.4

53 4 6+ 25.7 1 3 : 9 X-i 5 4 -8 1 75 ' 5 '- 3
54 4 7 - 2  26 ' 2 ' 4  9 9  * 5 5 -3 ; 7-1 152 .2

55 48. j 26.7 I 100.< 55.8 : 75 ' 5 3 - '
5 * 49 .0  27.1 i b j i o r . 56.2 ' 7 > >5 3 -9
55 4 9 .9I 27.6 17} 102. 56.7 154.8

Jt 5 ° - 7 j 2 8 -. 18:10 3 . 57-2 , 7 > ' 5 5 -7
5 ' 5I.61 1 9 , 104. 57-7 ' 7 c 156 .6
6c 52.5) 29.1 20 105.1 58.2 ! 8c ' 5 7 -4

D iit D e p J  L a t. iD H t. D cp i J.at ‘iu ii 1 D t p .

|D ill| L a t. D ep . D id
T 5T

201 175.8
176 .7

. 1 77 .5
o+| 178 .4

' 7 9 -3
180.2 
1 8 1 .0  
18 1 .9
182.8 

-  10 18^.7

S4.4
84.8 

« 5-3
85.8  
86.3

' 3

184.5 
18 5 .4
186.3

14  187.2
15  188.0
16 188.9 104.7
17  18 9 .8:10 5.2
18 19 0 .7 1C5.7
19  19 1.5 )10 6 .2
2 0  iq 2 .4 !io 6 .7  80!244.9'

2 8 1 1245.8

I .a t . ' D tp .  
210.X  116 .8  
2 U .7 I 1 1 7 .3
2i2.5;ii7.8
2 1 3 .4 1 1 8 .3
2 1 4 .3 ,1 18 .8  
215.2! 119 .3  
216 .0  1 19 .7  
2 16.9! I 20.2 
217 .8 ! 12O.7 
2 1 8 .7 (1 2 1 .2  

2 1 0 .5 1 12 1 .7  
220-4'I 22.2
2 2 1 .3j 1 2 2 .7
2 I2 .2 |1 2 3 .1

69 2 3 5 -3  
70I236.1

13 0 .4
1.30-9

2 7 ' 237.0 1 3 1 .4
7 2 2 3 7 -9 • 3 ' - 9
7 3 238.8 1 3 2 4

7 4 239.6 132.8

7 5 240.5 1 33*3
7 6 2 4 1 .4 1.3 3-*
77 242.3 ' 3 + 3

2i,!193-3ji07.i1
22 19 4 .2 .10 2 .6  23li95.o'io8. 1 
2 4 119 5.9 .10 8.6  
25)196.8 (10 9.1 
2 6 1197 .7:10 9 .6  
2 7 )19 8 .5 4  10.1
28 j 19 9 .4 1110 .5
29 2 0 0 -3 ; 1 M .C

' 3 5 -3
1 3 5 -7
130 .2 

82I246.6 .13 6 .7

83)247-5 «3 7 -2
8 4)248.4
85 249.3
86 2 5 c . 1 
8 71251.0  
8 8 ,2 5 1 .9  
891252.8 
9 0 2 5 3 .6

>3 7 -7
138 .2

138-7
139 .1  
1 3 9 .6140.1

' 140.630*20 1.2! | I I.
-  .  ,2 3 '1202.0.1 12.0 .2 9 1-8 5 4 .5 )14 1 .1  

8 .3 -4  i 3 2  2 0 2 .9 :ti2 .5 |j 9 2 2 5 5 .4 )14 1.6  
83-9 I 3 3)20 3.8|| I 3 .cj| 93 2 5 6 .3'14 2 .0

341204.7
35(205.5
36) 20(1.4
3 7) 207.3 
38:208.2

" 3 -4 : 9 4  2 5 7 .1  14 2.5  
" 3 -9  ! 95  258.0  14 3.0  
1 14 .4 1  96 2 5 S .9  14 3.5  
' i 4 -9 j) 9 7  259.8  144.0  
115.411 9 8 2 6 0 .6 1 4 4 .5

86.8 | 39 209.0 1 1 5 .9M 9 9 2 6 1 .5 1 4 5 .0
8 7.3  4 0 120 9.9 ;! 16 .4 ()3oo 2 6 2 .4  14 5.4

i . a t . '  Dm- D ep .l l .a t .! ;b if t D tp . I .a t .



D i f t . L a t . * D e p . D ilt L a t D e p . [ D i l t . L a t D e p . D i i 1' L a t . D e p . D in j L a t D e p .

0 0 .9 OO.5 6 l 5 2 .8 3 °-5 f i l l 1 0 4 .8 6 0 .5 1 8 1 1 5 6 .S 9 0 .5 2 4 1 2 0 8 .7 1 2 0 .5

2 0 1 .7 0 1 .0 6 2 53-7 3 1 -0 | 2 2 1 0 5 .7 6 1.® 8 2 I 5 7 '6 9 1 . 0 4 2 2 0 9 .6 1 2 1 .0

3 0 2 .6 0 1 .5 6 3 54-6 3 i -5 2 3 1 0 6 .5 6 1 .5 8.3 1 5 8 .5 9 2 -5 4 3 2 1 0 .1 1 Z I .5

4 0 3 -5 0 2 .0 6 4 55-4 3 2 .0 * 4 107-4 6 2 .0 8 4 • 5 9 -3 9 2 .0 4 4 2 1 1 . 3 1 2 2 .0

5 0 4-3 O 2 .5 6 5 56-3 3 2 .5 *5 1 0 8 .3 6 2 .5 8 5 1 6 0 .2 9 2 .5 4 5 2 1 2 .2 1 2 2 .5

6 0 5 .2 03.0 6 6 57-2 3 3-0 2 6 l O g . i 6 3 .0 86 1 6 1 . 1 9 3 -0 4 6 2 1 3 . c 1 2 3 .0

7 0 6 .1 ° 3-5 6 7 c 8 .o 33-5 2 7 1 1 0 .0 63-5 8 7 1 6 1 . 9 9 3 -5 4 7 l r 3 -S 1 2 3 .5

8 0 6 .9 O 4.O 6 8 5 8 .9 3 4 ° 2 8 1 1 0 .9 6 4 .0 88 1 6 2 .8 9 4 .0 4 8 2 1 4 .8 1 2 4 .0

9 0 7 .8 0 4 .5 6 9 5 9 .8 3 4 5 2 9 1 1 1 . 7 6 4 .5 89 • 6 3 - 7 9 4 -5 4 9 2 1 5 . 6 1 2 4 .5

1 0 0 8 .7 0 5 .0 7 0 6 0 .6 3 5-0 3 ° I 1 2 .6 6 5 .6 9 0 1 6 4 . 5 9 5 . 0 50 2 1 6 . 1 2 5 .0

1 1 0 9 .5 0 5 .5 7 ' 6 1 .5 35-5 1 3 1 • *3-4 6 5 .5 1 9 , 1 6 5 . 4 9 5 -5 2 5 1 2 1 7 . 4 1 * 5 .5

1 2 10 -4 0 6 .0 7 2 6 2 .4 3 6 .0 3 2 • • 4-3 6 6 .0 9 2 1 6 6 .3 q 6 . o 52 2 1 8 .2 1 2 6 .0

1 3 1 1 . 3 0 6 .5 73 6 3 .2 3 6 .5 3 3 X I 5 .2 6 6 .5 93 1 6 7 . 1 9 6 .5 53 2 1 9 . 1 126^5

i 1 4 1 2 .1 0 7 .0 ; 7 4 6 4 .1 3 7 -o 3 4 1 1 6 .0 6 7 .0 9 4 1 6 8 . 0 9 7 -0 5 4 2 2 0 .0 1 2 7 .0

i *3 1 3 .0 ° 7-5 75 6 5 .0 -37-5 3 5 1 1 6 . 9 6 7 .5 95 1 6 & .9 9 7 -5 55 2 2 0 .8 1 2 7 .5

! 1 6 13-9 0 8 .0 ! 76 6 5 .8 3 8 .0 3 6 1 1 7 . 8 6 8 .0 9 6 1 6 9 .7 9 8 .0 5 6 2 2 1 - 7 ( 2 8 .0

! 15 • 4-7 0 8 -5 77 6 6 .7 3 8 .5 3 7 1 1 8 .6 6 8 .5 97 1 7 0 . 6 9 8 - 5 57 2 2 2 .6 1 2 8 .5

1 8 1 9 .6 0 9 .0 7 8 6 7 .? 3 9 -o 3 8 • • 9-5 6 9 .0 9 8 • 7 « 5 9 9 -0 5 » 2 2 3 .4 1 2 9 .0

: »9 I O .J ° 9-5 7 9 6 8 .4 3 9-5 3 9 1 2 0 .4 6 9 .5 9 9 1 7 2 .^ 9 9 -5 59 2 2 4 .3 1 2 9 .5

2 0 • 7-3 IO .O j 8 0 6 9 .3 4 0 .0 4 0 1 2 1 . 2 7 0 .0 2 0 0 [ I 7 3 .2 1 0 0 .0 bO 2 2 3 .2 1 3 0 .0

2 1 1 8 .2 10 .5 ! 8 1 7 0 .1 4 0 .5 • 4 > 1 2 2 .1 7 0 .5 2 0 1 1 7 4 . 1 t o o .  5 2 6 1 2 2 b .0 • 3 0 .5

2 2 I 9 . i 1 1 .0 8 2 7 1 . 0 4 1 . 0 4 2 I 2 3 .O 7 1 . 0 0 2 • 7 4 -9 1 0 1 . 0 6 2 2 2 6 . 9 I 3 I . 0

2 3 1 9 .9 11*5 83 7 «-9 4 1 . 5 4 3 1 2 3 .8 7 i -5 0 3 1 7 5 . 8 1 0 1 . 5 6 3 2 2 7 .8 1 3 1 5

2 4 2 0 .8 12.01 8 4 7 2 . 7 4 2 .0 4 4 1 2 4 .7 7 2 .0 0 4 • 7 6 . 7 1 0 2 .0 6 4 2 2 8 .6 1 3 2 .0

: 2 5 2 1 .7 • 2*5 85 7 3 -6 4 2 .5 4 5 1 2 5 .6 7 2 .5 0 5 • 7 7 -5 1 0 2 . j 6 5 2 2 9 .5 • 3 2 . 5
2 6 2 2 .5 1 3 .0 8 6 74-5 4 3 -o 4 6 1 2 6 .4 7 3 - 0 0 6 • 7 8 .4 1 0 3 .0 6 6 2 3 0 .4 1 3 3 -0

; 2 7 2 3 4 • 3-5 8 7 7 5-3 4 3 -5 4 7 • 2 7 .3 7 3-5 0 7 • 7 9 -3 1 0 3 .5 6 7 2 3 1 - 2 • 3 3 -5
; 28 2 4 .2 • 4 -°l 88 7 6 .2 4 4 .0 4 8 1 2 8 .2 7 4 .0 0 8 1 8 0 .1 I O 4 .O 6 8 2 3 2 .1 1 3 4 - 0
1 2 9 *>•> • 4-5 8 9 7 7 . 1 4 4 -5 4 9 I2 9 .O 74-5 0 9 1 8 1 . 0 1 0 4 .5 6 9 2 3 3 - 0 • 3 4 -5
. 3 0 2 6 .0 • 5-0 9 0 7 7-9 4 5 ° 50 • 2 9 .9 7 5 -0 IO 1 8 1 . 9 1 0 5 . 0 7 0 2 3 3 -8 1 3 5 .0

1 3 1 2 b .8 1 5 -5 | 9 ‘ 7 8 .8 4 5-5 • 5 « 1 3 0 .8 7 5-5 2 1  1 1 8 2 .7 • ° S - 5 2 7 1 2 3 4 -7 • 3 5 -5
3 2 2 7 .7 1 6 .0 9 2 79-7 4 6 .0 52 • 3 J-6 7 6 .0 1 2 1 8 5 .6 1 0 6 .0 7 2 2 3 5 . 6 1 3 6 0

33 2 8 .6 1 6 .5 93 8 0 .5 4 6 .5 53 ‘ 3 2 .5 7 6 .5 •3 1 8 4 .5 1 0 6 .5 73 2 3 6 - 4 • 3 6 .5

3 4 2 9 .4 1 7 .0 9 4 8 1 . 4 4 7 .0 5 4 • 33-4 7 7 . 0 »4 • 8 5 - 3 I O 7 .O 7 4 2 3 7 -3 • 3 7 0

35 3 °-3 • 7-5 95 8 2 .3 4 7-5 55 1 3 4 .2 7 7-5 •5 1 8 6 . 2 1 0 7 .5 75 2 3 8 .2 • 3 7 -5
! 3 6 3 1 . 2 1 8 .0 9 6 8 .3.1 4 8 .0 5 6

5 7

J.3 5 -J 7 8 .0 l 6 1 8 7 . 1 1 0 8 .0 7 6 2 3 9 .0 1 3 8 .0

; 37 3 2 .0 1 8 .5 97 8 4 .0 4 8 .5 1 3 6 .0 7 8 .5 •7 1 8 7 .9 1 0 8 . j 77 2 3 9 .9 • 3 8 . 5
: 3 8 3 2 .9 1 9 .0 9 8 S 4-9 4 9 .0 s * ■ 3 6 -8 7 9 .0 l 8 1 8 8 .8 1 0 9 .0 78 2 4 0 .8 • 3 9 °

1 39 3 3 .« 1 9 .5 99 « 5-7 4 9-5 5 9 • 3 7-7 79-5 • 9 • 8 9 .7 1 0 9 .5 79 2 4 1 .6 • 3 9 -5
‘ 4 0 3 4-6 20 .0 ! IOO 8 6 .6 5 0 .0 6 0 1 3 8 .6 8 0 .0 2 0 1 9 0 .5 I IO .O 8 0 2 4 2 .5 1 4 0 .0

' 4 ' 2 0 .5I 1 0 1 87-5 5°-5 l 6 l • 3 9 -4 8 0 .5 2 2 1 1 9 1 . 4 M O .5 2 8 1 2 4 3 -4 1 4 0 .5

I 4 ‘
3 6 .4 2 1 .0 ; 0 2 8 8 .3 5 1 .0 6 2 1 4 0 .3 8 1 .0 2 2 1 9 2 .3 1 1 1 . 0 8 2 2 4 4 .2 1 4 1 . 0

4 3 ! 3 7 -2 ' 2 1 .5 1 ° 3 8 9 .2 5*-5 6 3 1 4 1 . 2 8 • -,5 23 • 9 3 -• i n . 5 8 3 2 4 5 .1 •4**5
[ 4 4 i 3 *-« j 2 2 .0 ] 0 4 90.1 5 2 .0 6 4  1 4 2 .0 8 2 .C 2 4 1 9 4 . 0 ! 1 2 .0 « 4 2 4 6 .0 1 4 2 .0

! 4 5 ! 3 9 -0 2 2 .5 ! ° 5 9 O .9 5 2 .5 6 3 1 1 4 2 .9 8 2 .5 2 ? 1 9 4 . 9 I I 2 . 5 85 2 4 6 .8 • 4 2 . 5

4 6 3 9 -S! 2 3 .0 : 0 6 9 1 .8 5 3 .0 6 6 1 4 3 .8 8 3 .C 2 6 • 9 5 -7 U 3 . 0 8 6 2 4 7 . 7 • 4 3 - 0
4 7 4 3 -7 ; 2 3 .5 07 9 2 .7 5 3-5 671 1 4 4 .6 83  5 27 1 9 6 .6 1 1 3 5 8 7 2 4 8 .5 • 4 3 -5
4 ?i 4 1 . 6 ! 2 4 .0 , 0 8 93-5 5 4 .0 68 ! ‘ 4 5 -5 8 4 .0 28 • 9 7 -5 I I 4 .O 88 2 4 9 .4 • 4 4 .0

4 9 i 4 2 .4 ; 2 4 -5 . 0 9 9 4 -4 54-5 6 9  1 4 6 .4 8 4 .5 29 1 9 8 .3 ‘ • 4 -5 89 2 5 0 .3 • 4 4 -5
3° . 4 3 - 3| 2 5 .0 ; 10 o ; .3 5 5-0 7 <5| l 4 * .2 $ 5-0 3 °| I 9 Q -2 1 1 ? .0 9 0 2  { 1. I 1 4 5 .0

s li 4 4 - 2 i, 2 5 . 5 ' M i l 9 &. 1 55  5 1 7 l ! l 4 5 .1 8 5-5 2 3 1 2 0 0 . 1 1 1 5 . 5 2 g i 2 5 2 .O • 4 5 -5
52j 45-01 2 6 .0

2 6 .5 '
12 ! 9 7 .0 5 6 .0 7 2 I 1 4 9 .C 8 6 .C 3 2 2 0 0 .9 1 1 6 . 0 9 2 2 5 2 .9 1 4 6 .0

55! 4 5 -9 * •31 9 7 .9 5 6 .5 7 3 | ' 4 9-8 8 6 .5 5 3 ,2 0 1 .8 1 1 6 . 5 93 2 5 3 - 7 1 4 6 . 5

5 4 | 4 6 . Sj 2 7 .0 . • 4 | 9 8 .7 5 7-0 7 4  1 5 0 .7 S 7 .0 3 4 !2 0 2 .6 M 7 . 0 9 4 2 5 4 .6 • 4 7 . 0

551 4 7 -6 2 7 .? : ■  5| 9 9 -fi 57-5 75  • 5 I -6
7 6 1 1 5 2 - 4

8 7 .5 3 5 ^ 0 3 .5 U 7 -5 9  > 2 5 5 - 5 • 4 7 -5
j S j 4 8 .5 2 8 .0 / i 6 j i o o - 5 ? 8 .o 8 8 .0 3 6 ,2 0 4 .4 1 8 .0 9 6 2 5 6 .5 1 4 8 .0

5 “ ! 4 9-4 2 8 .5 ! 1 7 I 1 0 1 .3 5 8 5 7 7 , 153-3 8 8 .5 3 7 , 1 0 5 . 2 t i 8 .  j 9 ~ 2 5 7 .2 .4 8 . 5

s S ! ^0.2! 29.0 I 1 8 I 1 0 2 .2 5 9 -0 7 8  « 5 4 -2 8 9 .0 3 8  2 0 6 .1 i 1 9 .0 9 8 2 5 8 . , 1 4 9 .0

5 9 i 5 1 . i| 2 9 .5 ! 1 9  1 0 3 .1 59  5 7 9  • 55  ° 8 9 .5 3 9 ; 2 0 7 .0 1 1 9 . 5 99 2 5 8 .9 • 4 9 -5
6 0 5 2 .0 I 3 0 .0 2 0 |I0 3 .Q 'v6 0 .i3 S o 1 5 5 - 9 9 0 .0 4 0 ;2 0 7 .8 1 2 0 .0 3 0 0 3 5 9 -8 1 5 0 .0

D i l i . , D e p . t L d t .{ ' D c p . j L a t . D l f t p D e p . L a t . i D i i t 1 D e p . i  L a t . D u ll  D e p . L a t .



D il i L a t . D e p . D ift L a f . D e p . D i f t jL a t . D p . D id L a r . D e p . D m L a r D e p .

' I OO.^ 0 0 .5 6 l 52-3 3 *-4 121 1 0 3 .7 6 2 .3 1 8 1 1 3 5 .1 9 3 -2 24 2 0 6.6 1 2 4 .1

i o r . } 0 1 .0 6 2 5 3 * 3 1 .9 2 2  1 0 4 .6 6 2 .8 8 2 1 5 6 .0 9 3-7 4 * 2 0 7 .. 1 2 4 .6

0 2 .6 0 1-5 6 3 5 4 .0 3 2 .4 2 3  1 0 5 .4 6 3 .3 8- 1 5 6 .9 94-3 43 2 0 8 .3 1 2 5 .2

1 * 0 3 4 0 2 .1 64 54-9 3 3 -o 2 4 10 6 .3 6 3-9 Zi 1 5 7 - 7 9 4 .8 44 2 0 9 . J 1 2 5 .7
; ^ O4.3 0 2 .6 65 55-7 33-5 25 1 0 7 .1 6 4 .4 85 1 5 8 .6 95-3 45 2 I 0 .C 1 2 6 .2

6 O f . I 0 3 .1 6 6 5 6 .6 34-0 26 10 8 .0 6 4 .9 8 6 1 5 9 .4 9 5 .8 4 6 2 IO .9 1 2 6 .7

7 0 6 .0 0 3 .6 6 7 57-4 34-5 2 7 10 8 .9 6 5 .4 87 1 6 0 .3 9 6 3 47 2 1  1-7 1 2 7 .2
1 8 0 6 .9 O 4 .I 6 8 58 .3 3 5 0 28 1 0 9 .7 6 5 9 88 i 6 f . i 9 6 .8 48 2 1 2 .6 1 2 7 .7
: 9 07-7 0 4 .6 6 9 5 9 * 35-5 2 9 1 1 0 .6 6 6 .4 8 9 1 6 2 .0 9 7-3 49 2 1 3 4 1 2 8 .2

1 10 0 8 .6 O 5 .2 7 ° 6 0 .0 3 6 .1 30 £ I X.l 6 7 .0 90 1 6 2 .9 97-9 5° 214 -3 12 8 .8

1 1 J 0 9 .4 05-7 7 ' 6 0 .9 3 6 .6 1 3 1 1 1 2 .3 6 7 .3 19 1 1 6 3 .7 9 8 .4 2 5 1 2 1 5 . 1 1 2 9 .3

1 I * 10 .3 0 6 .2 7 2 6 l . 7 3 7 - i 3 2 1 1 3 .1 6 8 .0 9 2 1 6 4 .6 9 8 .9 52 2 1 6 .0 1 2 9 .8

1 3 I I .I 0 6 .7 73 6 2 .6 3 7 -6 . 33 1 I4 .O 6 8 .5 93 1 6 5 .4 9 9 .4 53 2 1 6 .9 * 3 °-3
*4 12 .0 1  0 7 .2 7 4 63-4 3 8 .1 3 4 1 1 4 .9 6 9 .0 94 1 6 6 .3 99-9 54 2 1 7 - 7 1 3 0 .8

*5 1 2 .9 0 7 .7 75 6 4 .3 3 8 .6 35 • * 5-7 6 9 .5 95 1 6 7 .1 IO O .4 55 2 1 8 .6 131-3
l 6 »3-7 ! 0 8 .2 76 6 ? . i 3 9 - * 36 1 1 6 .6 7 0 .0 9 6 1 6 S .0 10 0 .0 56 2 1 9 .4 1 3 1 .8

»7 1 4 .6 !  0 0 .8 77 6 6 .0 39-7 37 1 1 7 . 4 7 0 .6 97 1 6 8 .9 1 0 1 .5 57 2 2 0 .3 1 3 2 .4
1$ * 5 4 ° 9-3 7 » 6 6 .9 4 0 .2 38 1 1 8 .3 7 1 . 1 98 1 6 9 .7 1 0 2 . C 58 2 2 1 .  J 1 3 2 .9

»9 1 6 .3 O 9 .8 7 9 6 7 .7 4 0 .7 3 9 i * 9 - i 7 1 . 6 99 1 7 0 .6 IO 2 .5 59 2 2 2 .0 133-4
1 7  1 10 .3 S o 6 8 .6 4 1 . 2 4 0 1 2 0 .0 7 2 . 1 20 0 1 7 1 .4 IO 3.O 6 0 2 2 2 .9 * 33-9

2 1 1 8 .0 1 0 .8 8 1 6 9 .4 4 *-7 1 4 1 1 2 0 .9 7 2 .6 2 0 1 1 7 2 .3 1 0 3 .5 2 6 1 2 2 3 .7 • 3 4-4
1 8 .9 1 1 . 3 8 2 7 0 .3 4 2 .2 4 2 1 2 1 .7 7 3 - ' 0 2 1 7 3 .1 IO 4.O 6 2 2 2 4 .6 1 3 4 .9
1 9 .7 1 1 .8 83 7 1 . 1 4 2 .7 4 3 1 2 2 .6 73-7 0 3 1 7 4 .0 1 0 4 .6 6 3 2 2 5 .4 ‘ 35-5

» 4 2 0 .6 1 2 .4 8 4 7 2 .0 4 3-3 4 4 1 2 3 .4 7 4 .2 0 4 1 7 4 -9 1 0 5 .1 6 4 2 2 6 .3 1 3 6 .0
2 5 2 1-4 1 2 .9 8 5 7 2 .9 4 3 .8 4 5 1 2 4 .3 74-7 0 5 ' 75-7 1 0 5 .6 6 5 2 2 7 .I 1 3 6 .5
2 6 2 2 .3 * 3-4 8 b 73-7 4 4-3 4 6 1 2 3 .1 75-2 0 6 1 7 6 .6 1 0 6 .1 6 6 2 2 8 .0 1 3 7 .0
2 7 2 3 . 1 * 3-9 8 7 7 4 .6 4 4 -8 4 7 12 6 .0 75-7 0 7 * 77-4 1 0 6 .6 67 2 2 8 .9 >3 7-5

2 4 .O 1 4 .4 88 75-4 4 5-3 4 8 1 2 6 .9 7 6 .2 0 8 1 7 8 .3 I O 7 .1 6 8 2 2 9 .7 1 3 8 .0
2 9 2 4 .9 *4  9 8 9 7 6 -3 4 5 .8 4 9 1 2 7 .7 7 6 .7 0 9 *7 9 - * 1 0 7 .6 6 9 2 3 0 .6 1 3 8 5
3 0 2 5 -7 * 5-5 9 0 7 7 - ' 4 6 .4 50 1 2 8 .6 77-3 10 1 8 0 .0 1 0 8 .2 7 0 2 3 1 4 1 3 9 .1

3 1 2 6 .6 1 6 .0 9 ' 7 8 .0 4 6 .9 1 5 * 1 2 9 .4 7 7 .8 2 1  I 18 0 .9 1 0 8 .7 271 2 3 2 .3 * 3 9-6
3 2 2 7 . 4 1 6 .5 9 2 7 8 . ; 4 7 -4 5 2 1 3 0 3 7 8 .7 12 1 8 1 .7 1 0 9 .2 7 2 2 3 3 .1 1 4 0 . I
33 2 8 .3 1 7 .0 93 79-7 4 7-9 53 1 3 1 - 1 7 8 .8 13 1 8 2 .6 1 0 9 .7 73 2 3 4 .0 1 4 0 .6
3 4 2 9 .1 * 7-5 9 4 8 0 .6 4 8 .4 54 1 3 2 .0 79-3 1 4 1 8 3 .4 1 10 .2 74 2 3 4 -9 ( 4 1 . 1
35 3 0 .0 1 8 .0 95 8 1 . 4 4 8 .9 55 1 3 2 9 7 9 .8 *5 1 8 4 3 1 1 0 .7 75 23  5-7 1 4 1 .6
36 3 0 .9 1 8 .5 9 6 8 2 .3 4 9 -4 5 6 133-7 8 0 .3 l 6 1 8 5 .1 1 1 1 . 2 7 6 2 3 6 .6 1 4 2 .2
37 3 1 . 7 *9  * 97 8 3 .1 5 0 .0 57 134-6 8 0 .9 *7 1 8 6 .0 I I I . 8 77 2 3 7 .4 1 4 2 .738 3 2 .6 1 9 .6 98 8 4 .0 5 0 .5 58 135-4 8 1 .4 18 1 8 6 .9 ! 1 2 .3 7 » 2 3 8 .3 ‘ 4 3 -2
39 3 3-4 2 ° . . ' 99 8 4 .9 5 1 .0 59 1 3 6 .3 8 1 .9 19 1 8 7 .7 1 1 2 .8 79 2 3 9 .1 143-7
4 0 34-3 2 0 .6 f 1 0 0 8 5 .7 51-5 6 0 137-1 8 2 .4 2 0 1 8 8 .6 ' * 3-3 S o 2 4 0 .0 144-2
4 ' 3 5 * 2 1 . 1 1 0 1 8 6 .6 5 2 .0 161 1 3 8 .0 S 2 .9 2 2 1 1 8 9 .4 1 1 3 .8 2& 1 2 4 0 . Q 144-74 2 3 6 .0 2 1 .6 0 2 8 7 .4 5 2 .5 6 2 1 3 8 .9 8 3-4 2 2 1 9 0 .3 * ' 4-3 8 2 2 4 1 .7 1 4 5 .2
43 3 6 .9 2 2 .1 0 3 8 8 .3 5 3 -o 6 3 ■ 39-7 8 4 .0 23 1 9 1 . 1 H 4-9 83 2 4 2 .6 1 4 5 .8
4 4 37-7 2 2 .7 0 4 8 9 .1 53-6 6 + 1 4 0 .6 8 4 .3 24 J 9 2 .0 1 1 5 .4 8 4 2 4 3 .4 1 4 6 .3
4 5 3 8 .6 2 3 .2 0 5 9 0  0 5 4 -* 6 5 141-4 8 5 .0 2 5 IQ 2.0 1 1 5 .9 85 2 4 4 -3 1 4 6 .8
4 6 3 9 4 2 3 .7 0 6 9 0 .9 5 4 6 • 6 6 1 4 2 .3 85-5 26 1 9 3 - 7 1 1 6 .4 86 2 4 5 .1 ‘ 4 7-3
4 7 4 °-3 2 4 .2 0 7 9 1 .7 5 5 * 6 7 i 4 3 - i 8 6 .0 2 7 1 9 4 .6 [ 1 6 .9 8 7 2 4 6 .0 1 4 7 .8
4 8 4 1 . 1 2 4 .7 0 8 9 2 .6 55-6 6 8 1 4 4 .0 8 6 .3 28 ‘ 9 5-4 1 1 7 .4 88 2 4 6 .9 1 4 8 .3
4 9 4 2 .0 2 J .2 0 9 93-4 5 6 .1 6 9 1 4 4 .9 8 7 .0 2 9 1 9 6 .3 H 7-9 89 2 4 7 .7 1 4 8 .8
5° 4 2 .9 2> .8 1 0 94-3 5 6 7 7 0 145-7 8 7 .6 30 1 9 7 .1 1 1 8 .5 9 0 24 8 .6 149-4
5 i 4 3-7 2 6 .3 I 1 1 1 9 5 * 5 7-J. *7 1 1 4 6 .6 8 8 .1 2 3 1 1 9 8 .0 I I9 .C 2 9 1 2 4 9 .4 1 4 9 .9
5 2 4 4 .6 2 6 .8| 12 9 6 .0 57-7 7 2 1 4 7 .4 8 8 .6 3 2 19 8 .9 1 1 9 .5 9 2 25 0 -3 1 5 0 .4
S 3 4 5-4 2 7-3 *3 9 6 .9 S 8 2 73 ■ 48.3 8 9 .1 33 * 99  7 1 2 0 .0 93 2 C I .2 1 5 0 .9
54 4 6 .3 27 .8 <4 97-7 58.7 7 4 1 4 9 .1 8 9 .6 3 4 2 0 0 .6 1 2 0 .5 94 2 5 2 .0 1 5 * 4
V 4 7 -* 2 8 .3 *5 9 8 .6 59-2 I 5O.G 9 0 . I 3 5 2 0 1 .4 1 2 1 .C 9 S 2 5 2 .9 1 5 1 ,9
5® 4 8 .0 2 8 .8 l6 9 9 4 59-7 7 f> 15 0 .9 9 0 .6 3 (> 20 2-3 1 2 1 . < 9 6 2 5 3 -7 ■ 52-557 4 8  9 2 9 .4 *7 10 0 -3 6 0 . ^ 77 1 5 1 .7 Q l .2 3 1 2 0 3 .1 1 2 2 .1 97 2 5 4 .6 153-0
58 49_ 7j 2 9 .9 l8 1 0 1 .1 6 0 .8 78 1 3 2 .6 9 1 -7 38 2 0 4 .0 1 2 2 .6 98 2 5 5 .4 ‘ S 3 559 5 c . 6 3 0 .4 . *9 I0 2 .C 6 1 ,3 79 15 3 -4 9 2 .2 39 2 0 4 .9 1 2 3 . 1 99 2 5 6 .3 1 5 4 .O

5 1 .4 3 0 .9 ; 2C 10 2.9 1 6 1 . & 80 54-3 9 2 .7 4 0 2 0 5 .7 1 2 3 .6 3 0 0 2 5 7 . j 54 - S
o u t . 3e p . l . j t .  i D irt 3 e p . I I . i t , D i f l jD e p . L a t . D a l D e p . L a r . D im D e p .



l i t . l . a t . ■ D e p . j Di(V L a t. D e p . D i f t j L a t .  | D e p . D ir t L a r . D p p .

i OO.S OO.5! 6 1 5*-7 3 2 3 1 2 1 1 0 2 .6 6 4 .1 1 8 1 * 53-5 9 5-9
2 0 1 .7 0 1 . l i 6 2 5 2 .6 3 2 .9 2 2 1 0 3 .5 6 4 .7 8 2 * 54-3 9 6 .4

3 0 2 .5 0 1 .6 63 5 3-4 3 3-4 *3 10 4 .3 6 5 .2 83 1 5 5 .2 9 7-0
4 0 3 .4 0 2 . l | 6 4 54-3 3 3-9 2 4 1 0 5 .2 6 5 .7 8 4 1 c fr .o 9 7 -5
5 0 4 .1 0 2 .6 6 i 5 S-* 3 4 -4 2 5 1 0 6 .0 6 6 .2 I «5 * 56 -9 9 8 .C
6 0 5 .1 0 3 -2 66 5 6 .0 3 5-0 2 6 1 0 6 .9 6 6 .8 86 ‘ 57.7 9 8 .6
7 0 5 .9 0 3 -7 6 7 5 6 .8 35-5 2 7 1 07 .7 67-3 87 1 5 8 .6 9 9 .1
8 0 6 .8 O 4 .2 6eS 57-7 3 6 .0 2 8 10 8 .6 6 7 .8 88 ■ 5 9-4 9 9 .6

9 0 7 .6 0 4 .8 ! 6 9 > 8 .5 3 6 .6 2 9 1 0 9 .4 6 S .4 89 16 0 .3 1 0 0 .2

1C 0 8 .5 0 5 .3 ! 70 5 9-4 3 7 * 3 0 l 1 0 .2 6 8 .9 QC 16  r . t 1 00 .7
11 0 9 .3 0 5 . Si 7 i 6 0 .2 37-6 1 3 1 1 1 1 . 1 6 9 .4 . * 9 * 1 6 2 .0 : 1 0 1 .2

1 2 1 0 .2 0 6 .4 ; 7 2 6 l . l 3 8 .2 3 2 1 1  1 .9 6 9 .9 92 1 6 2 .8 1 1 0 1 .7

*3 1 1 .0 0 6 .9 7 3 6 1 .9 3 8 .7 1 1 2 .8 7 0 .5 93 ‘ 63-7 IO 2 .3

1*1 1 1 . 9 0 7 . 4 7 4 6 2 .8 3 9 .2 3 4 1 1 3 .6 7 *-°l 9 4 1 6 4 .5 1 0 2 .S '

*5 1 2 .7 0 7 .9 ' 7 5 6 3 .6 39-7 35 1 * 4 .5 7 1 - S 95 * 6 5 .4 *0 3 -5
l 6 1 3 .6 0 8 .5 1 7 6 6 4-5 4 ° -3 3 6 * * 5 -3 7 2 . 1 9 6 1 6 6 .2 * ° 3 -9 i
IT * 4 .4 0 9 .0 7 7 6 5-3 4 0 .8 37 1 1 6 . 2 7 2 . 6 97 1 6 7 .1  1 0 4 .4

i s * 5-3 0 9 -5 . 7 *. 6 6 .1 4 * 3 38 1 1 7 .0 7 3 -» 9 8 * 6 7 .9 1 * 0 4 - 9
li) l 6 . l 1 0 .1 , 79 6 7 .0 4 1 . 9 39 1 1 7 .9 7 3-7 99 1 6 8 .8  1 0 5 .5

2 C 17.0 1 0 .6 80 6 7 .8 4 * 4 4 0 1 1 8 .7 7 4 .2 1 20 0 1 6 9 .6 :1 0 6 .0

21 1 7 .  8 1 1. 1 1 8 1 6 8 .7 4 2 .9 14 1 1 1 9 . 6 7 4-7 20 1 ' 70-51 1 0 6 .5

22 1 8 .7 **•7 8 2 6 9 .5 43-5 4 2 1 2 0 .4 7 5-2 0 2 C7 M  U 0 7 .O

25 * 9-5 1 2 .2 ' »3 7 0 .4 4 4 -0 ; 43 ¡21.X 7 5 .8 03 1 7 2 . 2 1 0 7 . 6

2 4 2 0 .4 1 2 .7 , 8 4 7 1 . 2 4 4 - j ! 4 4 I 2 2 .1 7 6 .3 0 4 1 7 5 .0 1 0 8 .1

2s 2 1 .2 * 3-2 7 2 . 1 4 5 -° i 45 I 2 3 .O 7 6 .8 0 5 1 7 3 -8 1 0 8 .6

2 6 2 2 .0 13 -8 : £6 7 2 .9 4 5 -6 | 4 6 1 2 3 .8 7 7 -4 0 6 * 7 4 -7 1 0 9 .2

2 7 2 2 .9 * 4-3 87 7 3 .8 4 6 .1  j 47 1 2 4 .7 7 7-9 0 7 > 75 -5 10 9  7

28 2 3 .7 14 .8 ) 88 7 4 .6 4 6 .6 4 8 1 2 5 .5 7 8 .4 0 8 17 6 .4 *  1 1 0 .2

29 2 4 .6 1 5 .4 ! 8 9 75-5 4 7 -2 4 9 1 2 6 .4 7 9 .0 0 9 1 7 7 . 2 I 1 1 0 .8

3 = 2 5 .4 * 5 -9 ; 9 P 76-3 47-71 50 I 2 7 .2 79-5 10 1 7 8 .1 h i . 3

3 1 at).3 1 6 .4 ' y* 7 7 . 2 4 8 .2
* 5 * 1 2 8 .1 8 0 .0 2 1  1 1 7 8 .9 1 1 1 . 8

3 2 2 7 .1 17 .0 * * 9 2 7 8 .0 4 8 .8 5 2 1 2 8 .9 8 0 .5 1 2 1 7 9 .8 1 1 2 .3

3 5 2 8 .0 * 7-5 93 7 8 .9 4 9-3 S 3 1 2 9 .8 8 1 . 1 13 1 8 0 .6 1 1 2 .9

34 2 8 .8 1 8 .0 9 4 79-7 4 9 .8 5 4 1 3 0 .6 8 1 . 6 * 4 1 8 1 .5 *»3  4
35 2 9 .7 l 8 . 5 95 8 0 .6 5 0 .3 1 3 1 - 4 8 2 .1 *5 1 8 2 .5 * * 3-9
3 6 3 0 .5 1 9 .1 9 6 8 1 . 4 5 0 .9 5 6 1 3 2 .3 8 2 .7 l 6 1 8 3 .2 * * 4-5
3 “ 3  * -4 1 9 .6 97 8 2 .3 5 * 4 57 ‘ 3 3 * 8 3 .2 *7 1 8 4 .0 I 1 5 .0

3 * 3 2 .2 2 0 . J 98 5 1 .9 58 1 5 4 .0 8 ,3-7 18 1 8 4 .9 * * 5-5
34 3 3 - '
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8 9 .6

28 193  4 1 2 0 .8

4 1 .6 2 6 .0 0 9 9 2 .4 57-8 6 9 143-3 29 1 9 4 .2 1 2 1 .4
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7 05.9 0 3 .8 6 7 5 6 .2 3 8 .J 2 7 1 0 6 .5 6 9 .2 8 7 1 5 6 .8 1 0 1 .8 47 2 0 7 .2 ‘ 34-5
s 0 6 .7 0 4 .4 68 S 7 -o 3 7 .0 28 1 0 7 .3 6 9 .7 88 ' 5 7-7 1 0 2 .4 4 8 2 0 8 .0 ■ 3 5 - i
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24 2 0 .1 13 -1 8 4 7 0 .4 45-7 44 1 2 0 .8 7 8 . 4 0 4 1 7 1 . 1 1 I I . 1 6 4 2 2 1 .4 143-8
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5 0 4 .1 0 2 .8 b 5 S 3-9 3<>-3 2 5 1 0 3 .6 6 9 .9 «5 ‘ 5 3-4 1 0 3 .5 4 5 2 0 3 .1 * 3 7 -0
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10 0 8 .3 0 5 .6 7 0 5 8 .0 39-1 3 0 1 0 7 .8 7 2 . 7 9 0 ■ 57-5 1 0 6 .2 5° 2 0 7 .3 * 3 9-8
1 1 O 9 .! 0 6 .2 7 « 5 8 .9 39-7 >3 1 1 0 8 .6 73-3 1 9 1 1 5 8 .3 1 0 6 .8 2 5 1 2 0 8 . 1 *4 0 -4
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*9 1 5 .8 1 0 .6 79 63-3 4 4 - 2 3 9 j  1 5 .2 7 7-7 99 1 6 5 .0 1 1 1 . 3 59 2 1 4 . 7 ' 4 4 -8
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2 ) 1 7 .4 I l . ; 81 6 7 .2 45-3 1 4 1 1 1 6 .9 7 8 .8 20 1 1 6 6 .6 M 2 .4 2 6 1 2 1 6 . 4 *4 5 -9
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2  5 2 0 .7 1 4 .0 S 3 7 ° - S 47-3 4 3 1 2 0 .2 8 1 . 1 0 5 1 7 0 - 0 1 1 4 .6 6 S H 9 . 7 * 4 8 - 2

2 6 2 1 . 6 14 -5 86 7*-3 4 8 . . 4 6 1 2 1 .0 8 1 . 6 0 6 1 7 0 .8 1 1 5 . 2 6 b 2 2 0 .5 1 4 8 .7

»7 2 2 .4 1 5 .1 S 7 7 2 .1 4 8 .6 4 7 1 2 1 .9 8 2 .2 0 7 1 7 1 . 6 H 5 .8 6 7 2 2 1 . 4 *4 9 - 3
28 2 3-2 88 7 3 .0 4 9 .2 4 8 1 2 2 .7 8 2 .8 O g 1 7 2 .4 1 1 6 . 3 6 8 2 2 2 .2 *4 9 - 9
2 9 2 4 .0 I 6^2 89 7 3 .8 4 9 -8 4 9 1 2 3 .5 8 3-3 0 9 ' 7 3-3 1 1 6 . 9 6 9 2 2 3 .0 1 5 0 . 4

, JO 2 4 .9 1 6 .8 QO 7 4  6 10.3 1 0 1 2 4 .4 8 3 .9 IO 1 7 4 .1 1 1 7 .4 7 0 2 2 3 .8 • 5 * 0
31 2 5 .7 ‘ 7-3 9 * 75-4 5 0 .9 15 A 1 2 y % 2 8 4 .4 2 1  I «7 4 -9 n 8 . o 2 7 * 2 2 4 -7 1 5 1 . 5

3 2 2 6 .5 1 7 .9 9 2 7 6 .3 5 1 . 4 5 2 1 2 6 .0 8 5 .0 1 2 1 7 5 - 8 1 1 8 .5 7 2 2 2 5 .5 ‘ S 2 . t

3 3 2 7 .4 1 8 .5 93 7 7 - 1 5 2 .0 S 3 1 2 6 .8 8 5 .6 13 1 7 6 .6 U 9 . I 7  $ 2 2 6 . 3 ■ 5 2 .7

5 4 2 8 .2 19 .C 9 4 77-9 5 2 .6 5 4 , 2 7-7 8 6 .1 m >7 7 -4 t > 9-7 7 4 2 2 7 .2 ‘ 5 3 -2
■ 35 1 9 .0 1 9 .6 9 ? 7 8 ,8 5 3 - J 33 1 2 8 .5 8 6 .7 1 5 1 7 8 .2 1 2 0 .2 7 5 2 2 8 .0 *53  8

ji> 2Q .S 20 .J 9 6 7 9 .6 53-7 5 6 , 2 9-3 8 7 .2 i l 6 1 7 9 - 1 1 2 0 .8 7 6 2 2 8 .8 ‘ 5 4 - 3
3 ? 3 O .7 2 0 .7 97 8 0 .4 5 4 .2 37 1 3 0 .2 8 7 .8 : 17 1 7 9 .9 1 2 1 .3 77 2 2 9 .6 * 54-91
3 s 3**5 2 1 .2 98 8 1 .2 5 4 .8 S8 1 3 1 . 0 8 8 .4 i S 1 S 0 .7 1 2 1 .9 7 8 2 3 ° - 5 * 5 5 -5
39 3 ?- 5 2 1 .8 99 8 2 .1 5 3 -4 59 1 3 1 - 8 8 8 .9 19 1 8 2 .6 1 2 2 .5 7 9 2 3  *-3 1 5 6 .0

. 40I 3 . v 2 2 2 .4 10 0 8 2 .9 53-9 6 0 1 3 2 .6 8 9 .5 2 0 1 8 2 .4 1 2 3 .0 S o 2 3 2 . 1 1 5 6 .6

4 > 3 4-0 2 2 .9 1 6 1 8 3 .7 5 6 .5 l 6 l ' 33-5 9 0 .0 2 2 1 1 8 3 .2 1 2 3 .6 2 8 1 2 3 3 .0 1 5 7 . 1

4 2 . 3 4 .S * 3-5 0 2 8 4 .6 5 7 .0 6 2 ' 34-3 9 0 .6 2 2 1 8 4 .0 1 2 4 .I 8 2 23 3 -8 ' 5 7 -7
4 ? 1 3 5-6 2 4 .C 0 3 8 3 .4 37-6 63 ' 3 5 - i 9 1 . 1 2 3 1 8 4 9 1 2 4 .7 83 2 3 4 .6 * 5 8 .3

2 4 .6 0 4 8 6 .2 5 8 .2 6 4 1 3 6 .0 9 1 . 7 2 4 1 8 5 -7 I 2 5-3 8 4 2 3 5 -4 T5 & .S

3 7 - i 2 1 - 2 0 5 8 7 .C 5 8 .7 63 13 6 -8 9 2 -3 -5 1 8 6 .5 I 2 J .8 85 23 6 -3 * 5 9 -4
3 8 :1 y . T 0 6 8 7 .« 59-3 6 6 1 3 7 .6 9 2 .3 2 6 [ 8 7 .4 1 2 6 .4 8 6 2 3 7 - i * 5 9 -9

1 4 7 ?Q.C 2 6 .5 0 ? 8 8 .7 5 9 .8 6 7 1 3 8 .4 9 3 -4 27 1 8 8 .2 I 2 6 .9 ^7 2 3 7 -9 1 6 0 .5

2 6 ;8 0 8 8 9 .5 6 0 .4 68 ' 3 9-3 9 3-9 28 1 8 9 .0 1 2 7 .5 88 2 3 8 .8 1 6 1 .0-
f 4 9 4 0 .6 2 7 :4 0 9 9 0 .4 6 1 .0 6 9 1 4 0 .1 94-5 2 9 18 9 .8 1 2 8 .1 8 9 2 3 9 .6 1 6 1 . 6

<0 4 M . 2 8 .0 20 9 1 .2 6 .I.5 7 0 140-9 9 5 - i 30 1 9 0 .7 1 2 8 .6 QO 2 4 0 .4 1 6 2 . 2
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04.C 0 3 .0 6 5 5 1 . 9 3 9 .1 2 5 9 9 .8 7 5 .2 85 ' 4 7-7 i n . 5 45 * 9 5 7 ' 4 7 -4
0 4 .: 0 3 .6 6 6 5 2 . 7 3 9-7 26 10 0 .6 7 5-8 86 1 4 8 .5 1 1 1 .5 46 1 9 6 .5 1 4 8 .0

0  $.( 0 4 .2 6 7 5 3 -5 4 0 .3 27 1 0 1 .4 7 6 .4 87 *49-8 1 1 2 .5 47 ' 9 7 -: 1 4 8 .6

1 0 6 .4 o 4 . s 6 8 5 4 -3 4 0 .9 28 1 0 2 .2 7 7 .0 88 1 5 0 .1 1 1 3 1 4 8 1 9 8 .1 1 4 9 .3

9 0 7 .2 0 5 .4 6 0 5 5 - 4 » -5 29 IO 3 .O 7 7 . 6 89 1 5 0 .9 1 1 3 .7 49 1 9 8 .9 1 4 9 .9

10 0 8 .0 0 6 .0 70 5 5 -9 4 2 . I 30 1 0 3 .8 7 8 .2 9 0 151-7 1 1 4 .3 50 199-7 1 5 0 .5

1 1 0 8 .8 0 6 .6 7 ' 5 6 .7 4 2 .7 1 3 ' 1 0 4 .6 7 8 .8 1 9 1 1 5 2 .5 1 1 4 .9 2 5 1 20 0 .5 1 5 1 . 1

1 2 119.6 0 7 .2 7 * 5 7-5 4 3-3 3 2 1 0 5 .4 7 9 4 9 2 1 5 3 -j 1 1 5 .5 5 * 2 0 1 .3 1 5 1 .7

n 1 0 .4 0 7 .8 73 5 8 .3 4 3 '9 3 3 1 0 6 .2 8 0 .0 9 : 1 5 4 .1 1 1 6 . 2 S 3 2 0 2 . J 1 5 2 .3

«4 1 1 . 2 0 8 .4 74 5 9 . 1 4 4 -5 34 1 0 7 .0 8 0 .6 9 4 1 5 4 .9 1 1 6 .8 54 2 0 2 .9 1 5 2 .9

15 1 2 .0 O9.O 75 5 9 -9 4 5 - 1 3 5 1 0 7 .8 8 1 .2 95 ' 55-7 1 1 7 . 4 55 2 0 3 .7 ' 5 3-5
l 6 1 2 .8 0 9 .6 7 <> 6 0 .7 4 5 -7 1 0 8 .6 8 1 .8 9 6 1 5 6 .5 1 18 .C 5 6 2 0 4 .5 1 5 4 .1

>7 1 3 6 1 0 .2 77 6 J .5 4 6 .3 37 1 0 9 .4 8 2 .4 97 ' 57-3 1 1 8 .6 57 2 0 5 .2 1 5 + 7
1 8 1 4 .4 1 0 .8 78 6 2 .J 4 6 .9 38 1 1 0 .2 8 .3.1 98 1 5 8 .1 I I 9 . 2 58 2 0 6 . c ‘ 5 S-3
>9 I J .2 1 1 .4 79 6 3 . 1 4 7 -5 3 9 1 1 1 . 0 8 3 .7 99 1 5 8 .9 ■  1 9 .8 59 20 6 .8 ‘ 55  9
20 16 .O 1 2 .0 8 c 6 ? - 9 4 8 . . 4 0 1 1 1 . 8 8 4-3 2 0 0 ' 59-7 1 2 0 .4 6 0 2 0 7 .É • 5 6 .5

2 1 1 6 .8 1 2 .6 8 1 6 4 .7 4 8 .7 1 4 1 1 1 2 .6 8 4 .9 2 0 1 IO O .5 I 2 I .C 2 6 l 2 0 8 .4 1 5 7 2
2 2 1 7 .6 >3 - i 8 2 6 s -5 4 9 -3 4 2 1 1 3 .4 8 5 4 0 2 1 6 1 . 3 1 2 1 .6 6 2 2 0 9 .2 *57-7
2 3 1 8 .4 1 3 « 83 6 6 .3 5 0 .0 4 3 H 4 . 2 8 6 .1 0 3 1 6 2 .1 1 2 2 .2 6 3 2 1 0 .C 1 5 8 .3

2 4 IQ .2 1 4 .4 84 6 7 . 1 5 0 .6 4 4 I I 5 .O 8 6 .7 0 4 1 6 2 .9 1 2 2 .8 6 4 2 1 0 .S 1 5 8 .9

2 5 20 .0, « S -o 85 6 7 .9 j i . 2 45 1 1 5 .8 8 7 .3 0 5 1 6 3 . 7 1 2 3 .4 6 5 2 1 1 .6 1 59-S
2 6 2 0 .8 I S.6| 86 6 8 .7 5 1 .8 4 6 1 1 6 .6 8 7 .9 0 6 1 6 4 .5 1 2 4 .C 6 6 2 1 2 .4 1 6 0 .1

2 7 2 1 .6 16 .2 1 8 7 6 9 .5 5 2 .4 47 1 1 7 . 4 8 8 .5 0 7 !<>S4 1 2 4 .6 6 7 2 1 3 - 2 1 6 0 .7

2 8 2 2 .4 16 .9 1 88 7 0 .3 5 3 .0 4 8 1 1 8 .2 8 9 .1 0 8 1 6 6 .1 1 2 5 .2 6 8 2 1 4 .0 1 6 1 . 3

2 9 2 3 .2 * 7-5 8 9 7 1 . 1 5 3 .6 4 9 U 9 .O 8 9 .7 0 9 1 6 6 .9 1 2 5 .8 6 9 2 1 4 .8 1 6 1 . 9

30 2 4 .0 1 8 .1 ! 90 7 1 . 9 5 4 - * 50 1 1 9 .S 9 0 .3 10 1 6 7 .7 1 2 6 .4 70 2 1  5 .6 1 6 2 .5

3 * 2 4 .8 1 8 .7 9 ‘ 7 2 . 7 5 4 .8 ' 5 ' 1 2 0 .6 9 0 .9 2 1 1 1 6 8 .5 I 2 7 .O 2 7 1 2 1 6 .4 1 Ó 3 .1

3 2 2 J .6 1 9 .3 9 2 7 3 -5 55-4 5 2 1 2 J .4 9 1 .5 12 1 6 9 .3 1 2 7 .6 7 i 2 1 7 .2 1 6 3 - 7

33 2 6 .4 * 9-9 93 7 4 -3 5 6 .0 53 1 2 2 .2 9 2 .1 ' 3 1 7 0 .1 1 2 8 .2 73 2 I 8 .C 1 6 4 .3

3 4 2 7 .2 20 . s 9 4 7 5 - ' 5 6 .6 54 1 2 3 .0 9 2 .7 ' 4 1 7 0 .9 1 2 8 .8 74 2 1 8 .8 1 6 4 .9

35 2 8 .0 2 1 . 1 95 7 5 -9 5 7 .2 55 1 2 3 .8 9 3 ' 3 i '5 171.7 1 2 9 .4 75 2 1 9 .6 1 6 5 .5

36 2 8 .8 2 1 .7 9 6 7 6 .7 5 7 .8 5 6 1 2 4 .6 9 3-9 l 6 1 7 2 .5 >3 ° . o 76 2 2 0 .4 1 6 6 .1

37 2 9 .5 2*-3 97 7 7 -5 5 8 .4 57 1 2 5 . 4 9 4-5 '7 ' 73-3 1 3 0 .6 77 2 2 1 .2 1 6 6 .7

3 * 3 o -3 2 2 .9 98 7 8 .3 5 9 .0 58 1 2 6 .2 95-1 18 1 7 4 .1 I J 1.2 78 2 2 2 .C '6 7 - 3

39 3 ' - ' 2 3 -S 99 7 9 . 1 5 9 .6 59 1 2 7 .0 95-7 '9 1 7 4 .9 131 .8 79 2 2 2 .8 1 6 7 .9

4 0 3 '- 9 2 4 . 1 IOC 7 9 .9 6 0 .2 6 0 1 2 7 .8 9 6  3 2 C 175-7 ' 3 M SO 2 2 3 .6 1 6 8 .5

41 3 2 .7 2 4 .7 1 0 1 8 0 .7 6 0 .8 10J 1 2 8 .6 9 6 .9 2 2 1 1 7 6 .5 1 3 3 -0 2 8 1 2 2 4 .4 1 6 9 .1

4 2 33-5 25 .3 0 2 8 1 . s 6 1 .4 6 2 1 2 9 .4 9 7 4 2 2 '7 7 4 ' 33-6 8 2 2 2 5 .2 1 6 9 .7

43 34-3 2 5 .9 0 3 8 2 .3 6 2 .0 6.3 1 3 0 .2 9 8 .1 *3 1 7 8 .1 ' .3 4 -2 «5 2 2 6 .c 17 0 .3

4 4 3 5 - ' 2 6 .5 04 8 3 .1 6 2 .6 6 4 1 3 1 .0 9 8 .7 24 1 7 8 .9 1 3 4 .8 8 4 2 2 6 .8 1 7 0 .9

45 35-9 2 7 .1 °5 8 3 .9 6 3 .2 6 5 1 3 1 .8 9 9 4 1 5 1 7 9 .7 ' 35-4 85 2 2 7 .6 1 7 1 .5

4 6 3 6 .7 2 7 .7 Ob 8 4 .7 6 3 .8 6 6 1 3 2 .6 9 9-9 2 6 1 8 0 .5 1 3 6 .0 8 6 2 2 8 .4 1 7 2 .1

47 37-5 2 8 .3 0/ 8 5 -5 6 4 .4 67 ' 3 3-4 IC O .« 2 7 1 8 1 .3 1 3 6 .6 8 7 1 2 9 .2 1 7 2 .7

4 8 3»-3 2 8 .9 08 8 6 .3 6 5 .0 68 1 3 4 .2 1 0 I . I 28 1 8 2 .1 1 3 7 .2 88 2 3 0 .0 J73-3
4 9 3 9 - ' 2 9 .5 0 9 8 7 .1 6 5 .6 6 9 1 3 5 .0 1 0 1 .7 29 1 8 2 .9 ■ 37-8 8 9 2 3 0 .8 ' 7 3-9
5° 39-9 3 0 . J 1C 8 7 .8 6 6 .2 70 1 3 5 .8 10 2 .3 30 '8 3 . 7 1 3 8 4 9 0 2 3 1 .6 174-5
S ' 4 0 .7 3 O .7 1 1 1 8 8 .6 6 6 .8 1 7 1 1 3 6 .6 1 0 2 .9 2 3 1 1 8 4 .5 1 3 9 .0 2 9 1 2 3 2 -4 1 7 S - 1

52 4 *.5 3 1 -3 12 8 9 .4 6 7 .4 72 '3  7-4 1 0 3 .5 3 2 1 8 5 .3 1 3 9 .6 9 2 2 3 3 .2 ' 7 5-7
S 3 4 2 .3 3 '- 9 13 9 0 .2 6 8 .0 73 1 3 8 .2 1 0 4 .1 33 1 8 6 .] I 4 0 .2 93 2 3 4 .0 ■ 7 6 .3

54 4 3 -1 3 2 .5 1 4 9 1 .0 6 8 .6 74 1 3 9 .0 1 0 4 .7 34 1 8 6 .9 14 0 .8 9 4 2 3 4 .8 1 7 6 .9

55 4 3-9 3 3 - i >5 9 1.8 6 9 .2 75 1 3 9 .8 1 0 5 .3 35 1 8 7 .7 1 4 1 .4 95 235-6 ' 77-5
5 6 4 4-7 33-7 l b 9 2 .6 6 9 .8 76 1 4 0 .6 1 0 5 .9 3 6 1 8 8 .5 1 42 .0 9 6 2 5 6 .4 1 7 8 .1

57 45-5 3 4 '3 *7 9 3-4 7 0 .4 77 141.4 1 0 6 .5 37 1 8 9 .3 4 2 .6 97 237-2 1 7 8 .7

Si* 4 6 ? 34-9 18 9 4 .2 7 1 .0 7 8 4 2 .2 1 0 7 .1 38 1 9 0 .1 4 3-2 98 2 3 8 .0 ‘ 79-3
59 4 7 .) 35-5 1 9 9 5 .0 7 1 .6 7 9 4 ,3-0 1 0 7 .7 39 1 9 0 .9 4 3-8 99 2 3 8 .3 '7 9  9
6 0 47-9 3 6 .1 2 0 9 5-8 7 2 .2 80 4 3 -8 1 0 8 .3 4 0 ' 91-7 4 4-4 JOC 2 3 0  6 1 8 0 .5
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D irt)  L a .  D e p .

l |  0 0 . 8 0 0 .6

2  o t . 6  0 1 .2

3  0 2 . 4  0 1 .8

4  0 3 . 2 0 2 .5

5 0 3 . 0 3 .1

f> 0 4 . ° 3-7
0 ; . 0 4 .3

0 6 . . 0 4 .9

4 0 7 . ° 5-5
K 0 7 .C 0 6 .2

I 0 8 .; 0 6 .8

I 0 9 .5 0 7 . 4

X 10 .2 0 8 .0

* . I t . C 0 8 .6

«5 1 1 .8 0 9 .2

It 1 2 .6 0 9 .9

I - J 3-4 1 0 .5

iS 1 4 .2 I 1 .1

»5 1 5 .0 1 1 . 7

a c i  ? .S 1 2 .3

2 1 1 6 .5 1 2 .9

22 • 7-3 >3-5
1 3 1 8 .1 1 4 .2

24 1 8 .9 1 4 .8

*5 1 9 .7 J 5-4
2 6 2 0 . C 1 6 .0

27 2 1 .3 1 6 .6

1 8 2 2 .1 1 7 .2

2 9 2 2 .9 i M
30 2 3 .6 r 8. $

3 ‘ 2 4 .4 1 9 .1

32 2 3 .2 1 9 .7

3 3 2 0 .0 2 0 .3

3 4 2 6 .8 2 0 .9

35 2 7 .6 2 1 .5

3 6 2 8 .4 2 2 .2

37 2 9 .2 2 2 .8

3 « 2 9 .9 2 3-4
39 3 0 .7 2 4 .0

4 0 3 *-5 2 4 .6  IC

4 < 3 2 .3 2 5 .2  1C

4 1 S 3 ’ 1 2 5 .9

43 3 3-9 2 6 .5

4 4 3 4-7 2 7 .1

4 5 3 5-5 2 7 .7

4 6 3 6 -2 2 8 .3

47 3 7 -0 2 8 .9

4 8 3 7 .8 2 9 .6

4 9 3 8 .6 30.2, c

? o 3 9-4 3 0 .8

5 1 4 0 .2 3 «-4 j u

S 2 4 1 .0 3 2 .0  1

S 3 4 1 .8 3 2 .6

5 4 4 2 .6 33-2
55 4 3-3 3 3-9
S<> 4 4 -1 3 4-5
57 4 4 9 3 5 - '

5 * 4 5 -7 3 5-7  1

59 4 6 .5 3 6-3  1
6 0 4 7-3 3 6 .9  2

D .f t D e p . l .» t -  D i

ill  L a t .  D e i >.( Dift.
6 1  4 8 . 3 7 - 1 2 1
6 2 4 8 . 3 »- l 2 2
63 4 9 . 3 »- 2 3
54 JO . 1 3 9 -̂ »4
■ *5 S 1 - l  4 0 .C ' 2 5
56 J 2 .( 4 0 . ( 2 6

57 5 2 - l 4 1 .3 *7
,8  ; 3 .< 4 1 .C ■ 28

>9 S 4-5 4 2 .5 2 9
0  J 5 - : 4 3 .1 3 0

* 55-5 4 3-7 1 3  I

2 5 6 .7 4 4-3 32
3  57-5 4 4 .9 33
4  58.3 4 5 .6 3 4
5 5 9 -> 4 6 .2 3 5
6  59-9 4 6 .8 3 6  1
7 6 0 .7 4 7 -4 37
8 6 1 .5 4 8 .0 38
9 6 2 .3 4 8 .6 39
0  6 3 .0 4 9-3 4 C  I

i  6 3 .8 4 9 .9 1 4 1  1
2 6 4 .6 5 °-5 4 2  t

3  6 5 4 5 1 .1 4 3  '
4  6 6 .2 5 L 7 4 4  1
5  6 7 .0 5 2 -3 4 5  1
6  6 7 .8 5 2 .9 4 6  1

7  6 8 .6 5 3 -6] 4 7  -i
8 6 9 .3 54-2 4 8  1
9  7 0 .1 5 4 .8 4 9  1
0 7 0 .9 5 5-4 5 c  1

1 71.7 jb .O 1 5 1  1
2 7 2 .5 5 6 .6 5 2  1

73-3 57-3 53  1
7 4 .1 57  9 54  1
7 4-9 5 8 .5 55  1
7 5 .6 5 9 -i| 56 1
7 6 .4 59-7 57  <
7 7 . 2 6 0  3 | 5 8  1

7 8 .0 6 i . o | 5 9  1
7 8 .8 6 1 .6 1 6 0  15
79  6 6 2 .2 l 6 l  15
8 0 .4 6 2 .8 6 2  <5
8 1 .2 6 3-4 6 3  15
8 2 .0 6 4 .0 6 4  IS

8 2 .7 6 4 .6 6 5  13
8 3 .5 6 5-3 6 6  13
8 4 .3 6 ? .q 6 7  13
8 5 .1 6 6 -s 6 8  13
8 5 .9 6 7 .1 6 9  13

8 6 .7 6 7 .7 7 0  13

» 7-5 6 8 .3 1 7 1  13
8 8 .3 6 9 .0 7 2  13
8 9 .0 6 9 .6 73  '3
8 9 .8 7 0 .2 7 4  *3
9 6 .6 7 0 .8 7 5  >3
9 1 .4 7 M 7 6  13
9 2 .2 7 2 .0 7 7  «5
9 3 -0 7 2 .6 7 8  14

9 3 .S 7 3 -3 7 9  ’ 4
9 4 .6 7 3-9 8 c  14

Dep. L a c . Dift. D
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J 0 0 .8 0 0 .6 6 . 47-4 3 8 .4 1 2 1 9 4 .0 7 6 .1 IÎÎI 1 4 0 .7 1 1 3 .9 2 4 ) 1 8 7 .3 » 5 * 7  j
2 O I.f i .0 1 ,3 6 2 4 8 .2 3 9 .C 2 2 9 4 .8 7 6 .8 82 1 4 1 - 4 ■ H-S 4 2 1 8 8 .1 1 5 2 .3

3 o i . j 0 1 .9 6 3 4 9 .0 3 9 .6 23 9 J .« 7 7-4 83 1 4 2 .2 1 1 5 .2 43 [8 8 .8 1 5 2 .9

■ 4 0 3 .1 0 2 .5 6 4 49-7 4 0 -3 2 4 9 6 .4 7 8 .0 8 4 1 4 3 .0 1 1 5 .8 4 4 18 9 .6 1 5 3 .6

0 3 .9 0 3 .1 6 s 5 ° -  5 4 0 .9 2 5 9 7 .1 7 8 .7
Ü I

1 4 3 .8 1 1 6 . 4 <K 1 9 0 .4 1 5 4 .2

6 0 4 .7 0 3 .8 6 6 5*-3 4 1 .5 2 6 97-9 79-3 8 6 1 4 4 - 5 1 1 7 .  i 4 6 I 9 I . 2 1 5 4 .8

7 0 Ç.4 0 4 .4 67 S 2 . I 4 2 .2 2 7 9 8 .7 79-9 8 7 1 4 5 - 3 1 1 7 . 7 47 I 9 2 .C 1 5 5 - 4
S 0 6 .2 OJ.O 6 8 5 2 .8 4 2 .8 28 9 9-5 8 0 .6 88 1 4 6 .1 1 1 8 .3 4 8 1 9 2 .7 1 5 6 .1

9 0 7 .0 0 5 .7 6 9 53-6 4 3 .4 .2 9 IOO.3 8 1 . 2 89 1 4 6 .9 1 1 8 .9 4 9 193-5 1 5 6 .7

TC 0 7 .8 0 6 .3 7 0 5 4-4 4 4 .1 .'3 0 '10 *  .0 8 1 .8 9 0 147-7 1 1 9 .6
J S

• 94-3 I S 7J
1 1 0 8 .5 0 6 .9 7 1 55-2 44-7 13  * 1 0 1 .S 8 2 .4 1 9 1 1 4 8 .4 1 2 0 .2 2 5 1 19  S - 1 1 5 8 .0

12 0 9 .3 0 7 .6 72 ,5 6 .0 45-5 3 2 10 2 .6 8 3 1 9 2 1 49 -* 1 2 0 .8 52 1 9 5 .8 1 5 8 .6

13 I O .I 0 8 .2 73 5 6 .7 4 5-9 3 3 I 0 3-4 8 .3-7 93 I5 O .O I 2 I . 5 53 1 9 6 .6 1 5 9 .2

»4 .1 0 .9 0 8 .8 7 4 57-5 4 6 .6 3 4 I O 4 .I 84-3 9 4 I S O .* 1 2 2 . 1 54 1 9 7 .4 1 5 9 .8

15 n -7 0 9 .4 75 5 8 .1 4 7-2 3 5 1 0 4 .9 8 5 .0 95 1 5 2 - 5 I 2 2 .7 55 1 9 8 .2 1 6 0 .5

l 6 I  2-4 1 0 .1 7 6 5 9 .1 4 7 -8 3 6 1O S .7 8 5 .6 9 6 1 5 2 .3 12 3 -3 56 1 9 8 .9 I 6 I . I

1 7 13-2 1 0 .7 77 59-8 4 8 .5 37 1 0 6 .5 8 6 .2 97 1 5 3 1 I2 4 .O 57 ‘ 99-7 1 6 1 . 7

18 1 4 .0 i f . 3 7 « 6 0 . b 49-1 38 1 0 7 .2 8 6 .8 9 8 1 5 3 -9 1 2 4 .6 58 2OO.5 1 6 2 .4

«9 1 4 .8 1 2 .0 79 6 1 .4 49-7 39 10  S .o 87-5 99 1 5 4 - 7 1 2 5 * 2 59 2 O I.3 1 6 3 .0

2 0 1 5 5 1 2 .6 80 6 2 .2 5 0 .3 4 0 10 8 .8 8 8 .1 20 0 1 5 5 -4 1* 5-9 6 c 2 0 2 .) 1 6 3 .6

l ì 1 6 .3 1 3 .2 8 ) 6 2 .9 5 1 .0 *4 * 1 0 9 .6 8 8 .7 2 0 1 1 5 6 .2 1 2 6 .5 2 6 1 2 0 2.8 1 6 4 .3

1 2 1 7 . 1 13 -8 8 2 6 3 .7 5 1 .6 4 2 I I O .4 8 9 .4 0 2 1 5 7 - 0 I 2 7 . I 6 2 2 0 3 .6 1 6 4 .9

*3 J 7-9 1 4 .5 83 6 4 .5 5 2 .2 43 I I I . l 9OX» 0 3 1 5 7 .8 1 2 7 .8 6 3 2 0 4 .4 1 6 5 .5

2 4 . 8 . 7 I Ç .1 8 4 6 S .3 5 2 .9 4 4 I I I . 9 9 0 .6 0 4 1 5 8 .5 1 2 8 .4 6 4 2 O 5 .2 1 6 6 .1

2 5 1 9 .4 1 5-7 85 6 6 .1 53-5 45 I I 2 . 7 9 1 .3 0 5 159-3 I2 9 .O 6 5 2 0 5 .9 1 6 6 .8

2 6 2 0 .2 1 6 .4 8 6 6 6 .8 5 4 -1 4 6 1 1 3 .5 9 i -9 0 6 1 6 0 . i I2 Q .6 6 6 20 6 .7 1 6 7 .4

2 7 2 1 .0 1 7 .C 8 7 6 7 .6 54-8 47 I I 4 . 2 9 2-5 0 7 1 6 0 .9 I3 O .3 6 7 2 0 7 .5 1 6 8 .0

28 2 1 .  S 1 7 .6 88 6 8 .4 55-4 48 I I 5 .O 93-1 0 8 1 6 1 .6 I 3 O .9 68 20 8.3 1 6 8 .7

29 2 2 .5 18 .3 80 6 9 .2 5 6 .0 4 9 1 1 5 .8 9 3-8 0 9 1 6 2 .4 131-5 6 9 2 O 9 .I 1 6 9 .3

3 0 2 3 3 1 8 .9 9 9 6 9 .9 5 6 .6 50 ■ 1 6 .6 9 4-4 IO 1 6 3 .2 1 5 2 .2 7 0 20 9 .8 1 6 9 .9

3 ' 2 4 .1 1 9 .5 9 * 7 0 . 7 57-3 * 5 ‘ 2 * 7-3 9 5 .0 2 1 1 1 6 4 .0 1 3 2 .8 * 7 ' 2 1 0 .6 1 7 0 .5

3 2 2 4 .9 2 0 .1 9 2 7 1 -5 57-9 52 1 1 8 : 1 95-7 1 2 1 6 4 .8 • 3 3 -4 7 * 2 1  I .4 1 7 1 . »

33 2 5 .6 2 0 .8 9 3 7 2 -3 58-5 53 1 1 8 .9 9 6 .3 »3 1 6 5 .5 1 3 4 .0 73 2 1 2 .2 1 7 1 .8

34 2 6  4 2 1 .4 9 4 7 3 . : 59-2 54 119-7 9 6 .9 1 4 1 6 6 .3 134-7 74 2Z 2 .9 1 7 2 .4

35 2 7 .2 2 2 .0 95 7 3 .8 59-8 55 i2 o :< 97-5 15 1 6 7 .1 135-3 75 2 1 3 .7 1 7 3 1

3 6 2 8 .0 2 2 .7 9 6 7 4 .6 6 0 .4 56 1 2 1 .2 9 8 .2 l 6 1 6 7 .9 >3 5-9 7 6 2 1 4 .5 173-7
37 2 8 .8 23 -3 97 7 5-4 6 1 .0 57 1 2 2 .0 9 8 .8 1 7 1 6 8 .6 1 3 6 .6 77 2 1 5 .3 174-3
3 S 2 9 .5 2 3 .9 9 8 7 6 .2 6 1 . 7 58 1 2 2 .8 9 9-4 18 1 6 9 .4 1 3 7 .2 78 2 1 6 .0 1 7 5 .0

39 3 °-3 2 4 .5 99 7 6 .9 6 2 .3 59 1 2 3 .6 10 0 .1 •9 1 7 0 .2 1 3 7 .8 79 2 1 6 .8 1 7 5 .6

4 0 3 1 1 2 5 .2 10 0 7 7-7 6 2 .9 6 0 1 2 4 .3 10 0 .7 2 0 1 7  ï .o 1 3 8 - 5 8 0 2 1 7 .6 1 7 6 .2

4 1 3 1 .9 2 3 .8 j l O l 7 8 .5 6 3 .6 1 6 I 1 2 5 .1 1 0 1 .3 2 2 1 1 7 1 - 7 1 3 9 .1 28 1 2 1 8 .4 1 7 6 .8

4 2 3 2 .6 2 6 .4 0 2 7 9-3 6 4 .2 6 2 125-9 1 0 1 .9 *• 2 2 1 7 2 .5 >3 9-7 8 2 2 I 9 .2 177-5
43 3 3-4 2 J . Ì 0 3 ■ 80.0 6 4 .8 6 3 1 2 6 .7 1 0 2 .6 23 >73-3 14 0 -3 83 2 1 9 .9 1 7 8 .1

4 4 34-2 27-7 0 4 8 0 .8 6 5 .4 6 4 * 2 7 .5 1 0 3 .2 2 4 1 7 4 .1 1 4 I .O 8 4 22 O .7 1 7 8 .7

4 5 3 5-0 2 8 .3 o s 8 1 .6 6 6 .1 6 5 1 2 8 .2 10 3 .8 2 5 1 7 4 .9 1 4 1 .6 85 2 2 I .5 ‘ 7 9-4
4 6 35-7 2 8 .0 0 6 8 2 .4 6 6 .7 6 6 I2 9 .O 1 0 4 .5 2 6 1 7 5 .6 I 4 2 .2 86 22 2-3 1 8 0 .6

4 7 3 «-5 2 9 .6 O ? 8 3 .2 67-3 6 ? 1 2 9 .8 I O 5 .I 2 7 '7 6 . 4 1 4 2 .9 87 22 3.O 18 0 .6

4 8 37-3 ...to-* 0 8 8 3 .9 6 8 .0 .6 8 I3 O .6 105-7 28 1 7 7 .2 143-5 88 2 2 3 .8 1 8 1 .2

4 9 3 8 .1 3 0 .8 0 9 8 4 .7 6 8 .6 6 9 131-3 1 0 6 .4 29 1 7 8 .0 144-1 89 2 2 4 .6 1 8 1 .9

50 3 8-9 3 '- 5 10 8 5 .5 6 9 .2 .70 I 3 2 . 1 Í 0 7 .0 3 0 1 7 8 .7 144-7 90 2 2 5 .4 1 8 2 .5

5 1 3 9-6 3 2 .1 1 1 1 8 6 .3 6 9 .9 • 7 ' 1 3 2 .9 1 0 7 .6 2 3 1 ‘ 79-5 145-4 2 9 J 2 2 6 .1 1 8 3 .1

5 2 4 0 .4 3 2 . 7. 1 2 8 7 .0 7 0 .5 72 ‘ 33-7 1 0 8 .2 3 2 18 0 .3 1 4 6 .0 9 2 2 2 6 .9 1 8 3 .8

53 4 1 .2 3 3-4 13 8 7 .8 7 1 .1 73 >34-4 10 8 .9 33 1 S i . 1 1 4 6 .6 93 227 .7 1 8 4 .4

54 4 2 .C 3 4 -c *4 8 8 .6 71-7 74 >35-2 10 9 .5 34 1 8 1 .9 147-3 94 1.2 8 .J 1 8 5 .0

55 4 2 .7 3 4 .6 •5 .8 9 .4 72.4 75 13 6 .C n o . ) 35 1 8 2 .6 ' 4 7-9 95 i 2 9-3 1 8 5 .6

56 43-5 ' 35-2 16 9O.I 7 3 -c 7 6 1 3 6 .F 1 10 .8 3 6 1 8 3 .4 1 4 8 .5 9 6 230.C 18 6 .3

57 44-3 3 5 -9 17 9 0 .9 7 3 - t 7 7 137.6 11 1.4 3 " 1 8 4 .2 1 4 9 .1 97 130 .8 1 8 6 .9

5 * 45-1 .3 6 :5 18 9 1 .7 74-3 7 8 13 8 .3 112.C 38 1 8 5 .0 14 9 .8 9 Í 1 3 1 .6 1 8 7 .5

59 45-9 3 7 - ' ' 9 9 2 .5 74-9 7 9 139-1 1 12.6 39 1 8 5 .7 1 5 0 .4 99 132-4 18 8 .2

6 0 4 6 :6 •3 7 .8 20 93-3 7 5 -< S o 13 9 .9 113.3 4 0 1 8 6 .5 151.0 JOG 133-1 1X 8.8
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L a t.

0J.1

06
0 6 .9
07.7
08.4 
09 
10.o
10 .7
1 1 . 5 
iz .3

16.

13- °

i f .

24-
2 5- 
26. 
; 6 . 
27- 
28 . 
2 9 -
z9-,
3 0 .6

31 .
3 2.
32.
33-
34-
35-
36-
36.
37-
IS.

39-
39-

42.

Dep. D:ft Lat. Dep. Did Lat. Dep. ] Dift Lat. Dep. : Did Lat. Dep.

00.6 61 46.7 39-* 121 92.7 7 7 .81 181 138.7 116.3 »4 184.6 154-9
01.3 62 47-5 39-9 22 93-5 78-4 ; 82 I39.4 117.0 42 185.4 155.6
01.9 63 48.3 40.5 23 94-2 79 -Ji «3 140.2 U 7.6 43 186.1 156.2
02.6 64 49.0 41.1 *4 95-° 79-71 84 I4 X.0 118.3 44 186.9 156.8
03. z 65 49.8 41.? 25 95.8 80.3, *5 141.7 118.9 45 187.7 ‘ 57-5
03.9 66 50.6 42.4 26 96.5 81.0 86 142.5 119.6 46 188.4 158.1
04.5 67 52-3 4 3 ' 27 97-3 81.6 87 143-3 120.2 47 189.2 158.8
05.1 68 52.1 43-7 28 98.1 82.3. 88 144.0 120.8 48 190.0 159.4
05.8 69 52.9 44-4 29 98.8 82.9 89 144.8 I2I.5 49 190.7 160.1
06.4 70 5.3-6 4 ?-° 3° 99.6 83.6 9° ■ 45-5 122. 1 _5f 191.5 160.7

07. } 71 54-4 45.6 131 IOO.4 84.2 19« 146.3 122.8 251 192.3 161.3
° 7-7 72 55-2 46.3 32 ro i. 1 84.8 92 i 47-i 123.4 5J 193.0 162.0
08.4 73 55-9 46.9 33 101.9 85.5 93 147.8 I24.) 53 ■ 93-8 162.6
09.c 74 56-7 47-6 34 102.6 86.1 94 148.6 124.7 54 194.6 163.3
09.6 73 57-5 48.2 35 103.4 86.8 95 149.4 125.3 55 «95-3 163.9
•0-3 7<> 58.2 48.9 36 >04.2 87.4 96 *$0.1 126.0 56 196.1 164.6
10-9 77 59.0 49-5 37 104.9 88.1 97 150.9 126.6 57 196.9 165.2
11.6 78 59-8 JO. 1 38 105.7 88.7 98 15 1 - 7 127.3 5» 197.6 165.8
1 2 . 7 79 60.5 50.8 39 106.? 89.3 99 152.4 127.9 59 198.4 166.5
' 2-9 80 61.3 5 ! .4 40 107.2 qo.o 200 >53-2 128.6 6q 199.2 167.1

•3*5 81 62.0 52.1 141 108.0 90.6 201 154.0 129.2 2b 1 199.9 167.8
14.1 82 62.8 S 2.7 42 108.8 91-3 02 154-7 129.8 62 200.7 168.4
14.8 83 63.6 53-4 43 109.5 91.9 03 155-5 110. s 63 201.5 169.1
15.4 84 b4-3 54.0 44 1 IO.3 92.6 04 156.3 131-1 64 202.? 169.7

85 b?>1 54.6 45 i r i .  i 93-2 05 157.0 131.8 65 203.0 170.3
16.7 86 65.9 55-3 46 i n . 8 93-8 06 157.8 132.4 66 203.8 171.0
*7-4 87 66.6 55-9 47 112.6 94-5 07 158.6 133-1 67 204.5 171.6

88 67.4 56.6 48 1 13-4 95-i 08 »59-3 133-7 68 205.3 172.3
89 68.2 S7-2 49 114.1 95.8 09 160.1 »34-3 1 69 206.1 172.9

»9-3 90 68.9 37-9 5° T14.9 96.4 TO 160.9 1.3 5-0 70]206.8 >73-6
19.9 9 ' 69.7 58.5 >51 115.7 97.1 211 161.6 «35-6 271 207.6 174.2

92 70.5 59.1 S1 116.4 97.7 12 162.4 136-3 i 72 208.4 174.8
93 71-2 59.8 53 117*2 98.3 «3 163.2 136.9 1 73 209. 1 175-5
94 72.0 60.4 54 118.0 99.0 «4 163.9 137-6 ! 74 2OQ.0 176.1
95 72.8 6 i . i 55 118.7 99.6 «5 «64.7 138.2 75 210.7 176.8
96 73-5 61.7 56 119.5 100.3 l6 165.5 138.S 76 2II.4 ■ 77-4

* 3 ' 97 74-3 62.4 V 120.3 100.9 17 166.2 «39-5 77 212.2 178.1
24.4 98 75-> 63.0 58 121.0 101.6 18 167.0 140. ) 78 213.0 178.7

99 75-8 63.6 $q 121.8 102-2 «9 167.8 140.8 79 213.7 179-376.6 6-4-3 60 122.6 102.8 20 168.5 141.4 80 214-5 180.0
26.4 10 1 77-4 64.9 16 1 123-3 I03T5 22 f 169.3 142.1 281 215-3 180.6

78.1 65.6 62 124.1 104*1 22 170.1 142-7 82 216.0 181.3
03 78.9 66.2 63 124.9 104.8 23 170.8 ■ 43-3 83 216.8 lSl.9

iR < °4 79-7 66.8 64 [25.6 105.4 24 171.6 144.C 84 217.6 182.6
°5 80.4 67.5 65 126.4 106.1 25 172.4 144.6 85 218. j 183.2

8 l,2 68.1 66 127.2 106.7 26 i 73 -i >45-3 86 219.1 183.8
8a.0 68.8 1 6 7 127.9 ■07-3 2 7 ' 73-9 145.9 87 219.9 184.5
82.7 69.4 68 128.7 108.0 28 ' 74-7 146.6 88 220.6 185.1

09 83-5 70.1 69 12Q • ^ 108.6 29 175-4 147.2, 89 221.1 185.8
84.3 70.7 70 130.2 109.3 30 176.2 i 4 ’ -8 90 222.2 186.4

1-2
8 j.o 7**3 17 1 13 [.0 109.9 231 177.0 148,5 291 222.9 187.1
85.8 72.0 72 (31.8 n o . 6 32 ■ 77-7 149-1 92 223.7 187.7
86.6 72.6 73 132.5 111.2 33 178.5 149.8 93 224.5 188.3

!4 87.3 73-3 74 133-3 11 i .s 34 179-3 150.4 9^ 225.2 189.0

36. c *5 88.1 73-9 75 134.1 (12. 5 35 180.0 151.1 95 126.0 189.6

36.6
88.9 74-6 76 134.8 113.1 36 180.8 I51-7 96 226.7 190.3
89.6 7 S-2 77 135.6 113.8 37 181.6 152.3 97 227.5 190.9

37.9
90,4 75-8 78 136.4 114.4 38 182.3 153-0 98 228.3 191.6

38.6 *9 91-2 76 . j 79 137-.« 115.1 39 183.1 153.6 99 229.c 192.2
91 .c 77-i 80 137.9 115.7 40 183.9 1 ' 4-3 30C 229.8 192.8

Lac.
U r T Dilt Dep. Lat. Dil Dep ¡uat. lDm|Dep. [.Lat.



Di t La . Dep. iDiIt Lat Dep. Diftj Lat Dep. Di 1 Lat . Dep. Di ft La . Dep.
J 00. 8 00. 1 6 i 4b. 0 40.C 12 i 91. 79-‘ 18 136. 118. j 24 1 181. 9 ‘ 58-1
2 01. 5 Of.. 62 46. 40.7 22 92. 8o.< 8 ' 37- 119. 4 4 2 182. 6158.8
3 02. 3 02.C 6 47- 41.3 23 92. S 80. 8 1.38. 120. 4 ‘ 83- ■ 59-44 ° 3-3 02. 6 1 4 ». 42.C 24 93- 81.3 8. 138. ) 120. 4 184. 160. t
5 ° 3- O3.3 6 49- 42.6 2 94-. 82. 8 139. i n . . 4 184. 160.7

04. O3.9 , 6 4 9 * 43-3 2 95- 82.; 8( 140.1J. 122.C 4 6185. *61.4
0?. 04.6 6‘ 50.6 44.0 2 95 -' 83.3 8 (41 . 122.' 4 186..< 162.0
06. > 05.2 6 53-3 44.6 2 96.6 84. c 8f 141. 12  3-. 4 187. 162.-
06. O5.9 6c 52. 45-3 2<i ' 97-4 84.6 «5 142.( 124.c

i 4 187.1 ‘ «3-4
I 3 07-i 06.6 _7C 52.8 45-9 3c 98. »So 9C ■ 43“ 124.7 18S. 164,0
I 08.3 07.2 7 S3 « 46.6 '3 98.9 85.9 ‘9 144. ■ 25.3 ,25 189.. 164.7,
15 09.1 O7.9 7X 54-3 47-2 33 99.6 86-6 92 144-5 126.c 5- 190. 2 l6s-3;
Jj 09.8 O8.5 73 55-1 47-9 33 100-4 87-3 93 ' 45-7 126.6 S3 190.5
H 10.6 09.2 7- 55.« 48.5 3-1 101. I 87.9 94 14-6-4 127.3 ! 5‘ 191.7 166.6;
M 1 1-5 O9.8 7j 56.6 49.2 35 101.9 88.6 95 147.2 127.9 55 192.5 167.3
l6 12 1 IO.J 7b 57-4 49-9 3« 102.6 89.2 96 147.9 128.6 5«M93 . 2 168.0
«7 12.8 II . 2 77 ,8 .. 50.5 37 IO3.4 89.9 97 14S.7 129.2 57 194.0 168.<)
18 13.6 11.8 7* 58-9 51.2 38 104. 1 90.5 98 149.4 129.9 58 194.7 169.3!
x9 r4-3 **•5 79 59.6 51.8 39 104..Q 91.2 99 150.2 130.6 59 ■ 95-5 ,69-9
20 15.T ' 3-i 80 bo.4 52.5 40 IO5.7 91.8 200 150.9 131.2 | 60 T96.2 170.6
21 i?.8 13.8 81 6l. 1 5?-i 141 106.4 92. j 201 151 - 7 131.9 * 26j 197.c 171. 2-
22 l6.6 14.4 82 61.9 53-8 42 ■ 07.2 93.2 02 ‘ 52.5 132.5 62 197.7 [71.9I
*3 *7-4 15.1 *3 *>2.6 54-5 43 107.9 93.8 °3 153.2 133-2 «3 198.5 172.5:
*4 18.1 ' 5-7 84 «3-4 5 5 * 44 108.7 94-5 °4 154.0 133.8 64 199.2 173-a,
*5 18.9 16.4 8; 64.2 55-8 45 109.4 95.1 05 <54-7 ‘ 34-5 «5 200.0 ■ 73-Si
26 19.6 17.1 8b 64.9 56.4 46 1 10.2 95.8 06 ■ 55-5 135.1 66 200.8 ' 74-5
27 20.4 «7-7 87 «5-7 57. ‘ 47 I IO.9 96.4 07 i ?6-2 135.8 67 201.5 175.2
28 21.1 18.4 88 66.4 57-7 48 III .7 97.1 08 157-0 136.5 68 202.3 175-8
29 2I.9 19.0 89 67.2 58.4 49 H2.5 9--8 09 157-7 137-1 69 203.0 176.5
30 22.6 >9-7 Q 0 67.9 59-0 50 113-2 98.4 10 158.5 137.8 70 203.8 177. I

3 ' 23.4 20.3 9 ' 68.7 59-7 *5 ' I I4.O 99.1 21 1 159.2 138.4 271 204.5 177.8
32 24.2 21.0 92 69.4 60.4 S2 U4.7 99-7 12 160.0 139.j 72 i05-3 178.4
33 24.9 21.6 93 70.2 61.0 53 115.5 100.4 >3 160.8 ‘ 39-7 73 206.0 179.1
34 25.7 22-3 94 70.9 61.7 54 116.2 101.0 M 161.5 140.4 74 206.8 179-8
35 2S.4 23.0 95 7 i -7 62.3 II7.O rol.7 1 5 162.3 141. I 75 207.5 180.4
36 27.2 23.6 9b 72.5 63.0 5« 2 17-7 102.3 lb 163.0 141.7 76 208.3 181.1
32 27.9 24.3 97 73-2 63.6 57 118.5 03. c 17 163.8 142.4 77 209. 1 181.7
3» 28.7 24.9 98 74.0 64-3 58 1 (9.2 03.7 18 164.5 143.O 78 209.8 182.4
39 29.4 2J.6 99 74-7 64.9 59 120-0 04.3 *9 ‘ «5-3 •43-7 79 210.6 183.0
40 30.2 26.2 IOO 75-5 65.6 60 120.8 05.0 20 66.0 ‘44-3 80 211.3 183.7

4 ' 30-9 26.9 lOl 76.2 bb.i i6f 121.5 05.6 221 66.8 145.0 281 212.1 184.4
42 3 17 27.6 02 77.0 66.9 62 122.5 06.3 22 67.5 145.6 82 212.8 l8C.O
43 32.5 28.2 03 77-7 67.6 63 123.0 06.9 23 68.3 •4«-3 83 213.6 .85.7
44 33-2 28.9 04 78.5 68.2 «4 123.8 107.6 24 69.1 147.O 84 214.3 186.3
45 34-o 29.5 05 79.2 68.9 «5 124.5 08.2 25 169.8 47.6 8S 215. I 187.0
46 34-7 30.2 06 80.0 69.5 6b 125.3 0S.9 26 70.6 148.3 86 215.8 187.6
47 35 5 30.8 07 80.8 70.2 67 126.0 O9.6 27 7 1 -3 48.9 87 216.6 188.3
48 36.2 31.5 08 8*-S 70.9 68 126.8 10.2 28 72. 1 49.6 88 217.4 188.?
49 37.0 32.1 09 82.3 72-5 69 127.5 IO.9 29 72.8 50*2 89 218. i 189.6!
?o 37-7 32.8 IO 83.0 72.2! 70 128.3 11.5 3° 73-« 50-9 9<J 218.9 I99 -3I

51 3*-5 33-5 11 I 83.8 72.8 x7 1 129.1 12.2 231 74-3 5 1 • 5 391 219.6 190.9I
S2 39-2 34-x 12 84.5 73-5 72 129.8 12.8 32 7S -1 52.2 92 220.4 191.6
S3 40.0 34-« 13 «5-3 74.1 73 130.6 f 3-5 33 75.8 152-9 93 221.1 IQ2.2
54 40.8 35-4 14 8b.o 74.8 74 131.3 14.2 34 76.6 ■ 53-5 94 221.9 192.9
55 41.5 36.1 *5 86.8 75-4 75 132.1 i 4 .8 35 77-4 154-2 95 222.6 193-5
5« 42.3 36.7 16 87.5 76.1 76 132.8 2 5-5 36 78.1 154.8 96 223/4 194.2
57 43-0 47-4 17 88.3 76.8 77 133.6 16.1 37 178.9 ‘ 55-5 97 224.I 194-8
5« 43 .« 38.1 18 89.1 77-4 78 •34-3 116.8 38 179.6 !j6- 1 98 224.9 195-5
59 44-5 3«-7 j •9 89.8 78.1' 79 139.1 n r -4 39 180.4 (56-81 99 225.7 ig 6 .i
60 45-3 39-4 ' 20 90.6 78.7! 80 135.8 t8 .1 40 181.1 157-5 300 226.4 96.8

DliT Dep. Lat. Dut Dep. Lat. 1 Di.t Deo. L.c Dirt Deiil Lat. Dili Dep.
(For 49 Degrees.

( H ) T a *.



}ift.]Lar. |Drp. Did ,at. |Dcp. ■, Difl|Lat. jDet>. | 3 ift Lat. ,Dep. Di’̂ Lat. |Dep,
1 00.7 •00.7 6l 45-3 40.8 121 89-9 81. d • 81; 134.51 

82 135-3
121.1 241 179-i. 61.3

2 OI.5 OI.3 62 46.1 4 M 22 90.7 81.6 121.8 42 179.8 161.9
3 02.1 02.C 63 46.8 42.2 23 91.4 82.3 83; 136-0 122.? 43 180.6 162.6
4 03.0 02.7 64 47.6 42. S 24 92.1 * 3-4 84 136.7 123.1 44 i 8 i -3 i 633
5 03.7 ° 3-3 65 48.3 43-5 25 92.9 83.6 85 I137-5 123.8 45 182.1 163.9
6 04.5 0*1.0 66 49.0 44-2) 26 93.6 84-3 86' 138.2 124.5 46 182.8 164.6
7 05.2 04.7 67 49 8 44-8 2 1 94-4 85.0I 87 jI 3Q.O 125.. 4 " 183.6 165.3
8 ° 5-9 05.4 68 5°-S 45-5 28 95-i 85.6I 88 139.7 125.8 48 1X4.3 165.9
9 06.7 06.0 69 S '-3 46.2 29 95-9 86-31 8q!i40.? 126.5 49 185*0 166.6

IO 07.4 06.7 TO ?2.o 46.8 30 96.6 S i.o : 90 idr.a 12“\ J 50 185.8 167.3
I 1 08.2 07.4 71 $2.8 47-5 •3 ' 97-4 87.7 iq i : 14-i q 127.8 251 186.5 168.0
12 oS.<v 08.0 72 53-5 48.? 321 98.. 88.3 92 142.7 128.5 5 2 18 7.3116 8.6
13 09.7 08.7 73 54-2 48.8 33 98.8 89.0 93 •43-4 I29.I 53 iss .o  169.3
>4 10.4 09.4 74 55.0 49-5 34 99.6 89.7 94 144.2 129.8 54 188.8 170.0
15 11.1 10.0 75 55-7 50.2 - 35 lOO.j 90.3 95 •44-9 1305 55 189.5 170.6
l6 u -9 10.7 7b 56.3 5°-9 36 10 1.1 qi.oj 96 145.7 131.1 56 190.2 171.3
17 12.6 i '-4 77 57-2 5 i -5 37 101.8 9 '-7 97 146.4 131-8 57 191.0 172.0
18 13.4 12.0 7« c8.o <¡2.2 38 102.6 92.3^ 98^47,1 132-5 58 191.7 172.6
19 14.1 12.7 79 58.7 52-9! 391•03-3 93-0 99 ; H 7-9 1.33-2 50 192.5 173-3
20 •4-9 13.4 Xo 59-5 S3* v 40 104.C 93-7 2C O t48.6 1.33 8 6c to ; .2 174.0

21 15.6 r4.i Si 60.2 54-2 141 104.8 94-3| 2011149.4 134-5 261 194-0 174.6
j 22 16.3 •4-7 82 60.9 54-9 42 • ° 5-5 95.0 02 150.1 135-2 62 <94-7 • 75-3
1 2 3 *7 * • 5-4 83 01.7 55-5 43 106.3 95-2 °3 150.9 135-8 65 195-4 176.0

24 17.8 l6.1 84 62.4 36.2 44 107.C 964 041151.6 136.5 64 196.2 176.7
2? 18.6 •6-7 85 63.2 36.9 45 107.8 97.0 05 152.3 137-2 65 196.9 »77-3
26 19.3 17.4 86 6 .3-9 57-5 461 IO8.5 

47 U09.2 
48jno.o

97-7 06
07

133-1 137-8 6fc ' 97-7 178.0
2? 20.1 18.1 87 64.7 78.2 98.4 ' 53-8 138.5 67 198.4 178.7
28 20.8 18.7 88 6 54 58.9 99.0 081114.6 139.2 68 199.2 179-3
29 21.6 19.4 66.1 39.6 49  ” 0.7 99-7 09 ! 155-3 139.8 69 199.9 1180.0
30 22.3 20.1 90 66 9 60 2 . 50 • ” -5 ICO.4 10 156.1 140.5 7C 200.6 1R0.7

3 ' 23.0 20.7 9 1 67-6 60.9 151 1 12.2 10!.O' 211 .56.X 141.2 271 201-4 181.3
32 23.8 21.4 92 68.4 61.6 52 113.0 I0 I-7 12 157.5 •4 '-9 72 202.1 182.0
33 24.5 22.1 93 69.1 62.2 53 u'3.7 102.4 •3 158.5 142-5 73 202.9 182.7
34 25.3 22.8 94 69.9 62.q 55 114.4 103.0 '4 159.C ' 43-2 74 2036 i* 3-3
35 26.0 23-4 95 70.6 63.6 55 115.2 103.- 15 159.8 ' 43-9 75 204.4 184.0
36 26.8 24.1 96 7 f-3 64.2 56 115.9 IO4.4 l6 160.5 144.5 76 205.1 184.7
37 27. * 24.8 97 72.1 64.9 57 116.7 105.1 •7 161.3 145.2 77 205.9 t * 5-3
38 28.2 2 5-4 98 72.8 63.6 58 117.4 IO5.7 18 162.0 145.9 78 206.6 1 S6.0
39 29.0 26.1 99 73-6 66.2 59 118.2 IO6.4 •9 162.7 146.5 79 207.3 186.7
40 29.’ 26.8 roo 74-3 66.q 60 118.9 10*?.! 20 163.5 147. 2 80 208.1 187-4

4 ‘ 30.5 27.4 101 75-i 67.6 l6 l 119.6 107.7 221 164.2 147.9 281 208.8 188.0
42 31.2 28.1 02 75-8 68.3 62 120.4 108.4 22 165.0 148.5 82 209.6 188.7
43 32.0 28.3 03 7 6. j 68.9 63 I 2 1 .1 IO9.I 23 165.7 149.2 83 210.3 i* 9-4
44 32.7 29.4 04 77-3 69.6 63 121.9 109.7 24 166.5 149.9, 84I m . i 190.0
45 33-4 30.1 05 78.0 70.3 65 122.6 110.4 25 167.2 150.6 85 2x1.8 190.7
46 34-2 30.8 06 78.8 70.9 66 123.4 I II .I 26 168.0 151.2 86 212.5 191.4
47 34-9 . 3>-4 07 79-5 71.6 67 I24.I 1 1 1.7 27 168.7 151.9 87 213.3 192.0
48 35-7 32.1 08 80.3 72-3 68 124.8 112.4 aS 169.4 152.6 88 214.0 192.7
49 36.4 32.8 09 81.0 72.9 69 125.6 113.1 29 170.2 153-2 89 214.8 •93-4
50 37-2 33-5 10 8 1.7 73.6 | 70 126.; 113.8 30 170.9 ' "3-9 9c 215.5 194.0

5 ' 37-9 34.1 111 '82.5 74-3 171 I27.I 114.4 2 3  r 171-7 •54-6 291 216.3 194.7

52 3*-6 34.8 12 83.2 74-9 72 127.8 115.1 32 172-4 155.2 92 217.0 1954
53 39-4 35-5 •3 84.0 75.6 73 128.6 115.8 33 173.2 • 55-9 93 217.7 196.1
54 40.1 36.1 •4 «4-7 76-3 74 129.3 116.4 34 •73-9 156.6 94 218.5 196.7
55 4°.q 36.8 •5 85.5 77-o 75 130.1 117.1 35 174.6 1 57-2 95 219.2 •97-4
56 41.6 37-5 16 86.2 77.6 761130.8 117.8 36 17 5-4 157.9 96 220.C 198.1
57 42.4 38.1 •7 86.9 78-3 77 131.5 118.4 37 176. 158.6 97 220.7 198.7

■ 5 « 43-1 38.8 18 87.7 79.O 78 132.3 I I9.I 38 176.5 • 59-3 98 221.1 199.4
59 43.8 39-5 ' »9 88.4 79.6 • 7 9 133.0 119.8 39177-6 • 59-9 9< 222.2 200. r
60 44.6 40.1 2C 89.2 80.3 80 •33-8 120*4 40)178.4 160.6 I30C 222.9200.7

Dilf IDep. Far." Dil IDep. Lat. taut Dep. Lat. 'Dift'Dcp. Lat. 'Dil Dep. I.at.



Dili/ Lai. u.: p . DiltjLat. Dep. L>llt Lat. Dep. Dilt l.at Dcp. Dili Lat. Dep.

00.7 00.7 6i 44.6 41.6 121 88.5 82.5 l8l 132.4 *23"4 241 176.3 164.4
OI.5 01.4 62 45-3 42.3 22 89.2 83-2 82 ■ 33;i 124.1 4 2 177.0 165.0
02.2 02.0 63 46.1 43-0 23 90.0 83-9 83 >33-8 124.8 43 177-7 165.7

4 O2.9 02-7 64 46.8 43-6 24 90.7 84.6 84 134.6 125.5 4+ 178.5 166.4
03.7 03-4 65 47-5 44-3 25 91-4 85.2 8$ >35-3 126.2 45 179.2 167.1

6 O4.4 O4.I 66 48.3 45.0 26 92.2 85.9 86 >36.0 126.q 46 179.9 167.8
OJ.I 04.8 67 49.0 45-7 27 92-9 86.6 »7 '36.8 ,2 7-5 47 180.6 168.5

8 05.9 05 s 68 49-7 46.4 28 93.6 87.3 88 ' 37-5 128.2 48 181.4 169.1

9 06.6 06.1 69 50.5 4 7 -i 29 94-3 88.c 89 138.2 128.9 49 182.1 169.8
IC 07.3 06.8 70 51.2 47-7 30 95.1 88.7 90 ' 39-C 129.6 50 182.8 170.;

11 08.0 07.5 7 * 51.9 48.4 ' 3 ' 95.8 89.3 191 <39-7 130-3 25 * 183.6 171.2
12 08.8 08.2 72 52.7 49 -i 32 96.5 90.0 9 2 140.4! 130.9 52 184.3 171-9
13 09.5 O8.9 73 53-4 49.8 33 97 -3 90.; 93 141.21131.6 53 185.c 172.5

14 10.2 09.5 74 54.1 50.5 34 i)8.c 91.4 94 14 l -9iI 3*>3 54 185.8 173-2
•5 I I .0 10.2 75 54-9 5 !.1 35 98.7 92. I 95 142.61133.0 55 186.5 I73.9
lb n . 7 IO.9 7 6 55.6 51.8 36 99-5 92.8 96 ‘ 43-3 133-7 S b 187.2 174.6

*7 12.4 I 1.6 77 56-3 5 5 37 100.2 93-4 97 144-1 134.4 57 188.0 175-3
18 13.2 J2.3 78 57.0 53-2 38 IOO.9 Q4.1 98 144.8 135.0 58 188.7 176.0

19 13.9 13.0 79 57.8 53-9 39 101.7 94. t 99 ' 45-5 >35-7 59 189.4 176.6
2C 14.6 13.6 80 58-5 54 '6 40 102.4 95-5 200 146.3 136.4 60! 190.2 ■ 77-3
21 15.4 14.3 81 59.2 55-2 ' 4 ‘ 103.1 96.: 20 J 147.C 137.1 26l|l90.9 I7&.0
22 16 .1 15.0 8a 60.0 55-9 42 103.9 96.8 02 ' 47-7 *37'-8 62 191.6 178.7
23 16.8 ‘ 5-7 83 60.7 56.6 43 104.6 97-5 03 148.5 ' 38.4 63 192.3 179.4

»4 17.6 16.4 84 61.4 57-3 44 105.3 98.2 04 149.2 139-1 64 193.1 I oO.O

25 18.3 17.0 85 62.2 <8.0 45 tOb.C 98.9 05 149.9439.8 65 193.8 180.7
7.6 19.0 17.7 86 62.9 58.7 4 6 106.s 99.6 06 150.7 140.5 66jJ 94.5 181.4
27 *9-7 18.4 87 63.6 59-3 47 107.3 ICO.j 07 151.4141.2 67I195.3 182. i
2? 20. t 19.1 88 64.4 60.0 48 108.2 100.9 08 1^2.1 I41.9 68ji96.o 182.8
29 21.2 19.8 89 6<;.i 60.7 49 IO9.O 101.6 09 152.9 142.5 69:196.7 183.5

3° 2I.9 20.5 90 65.8 61.4 5° 109.7 102.5 TO 153-6(143-- 70:197-5 184.1

3 1 22-7 21. J 9 * 66.6 62.1 ’ S ’ 1 IO.4 IO3.O 21 1 ‘ 54-3 ■43-9 271:198.2 184.8
32 23.4 21.8 92 67.3 62.7 52 I I I . 2 103.7 12 155.0 144.6 72 198.9 185.5

33 24.I 22.5 93 68.0 63.4 53 i n . 9 104.3 13 155.8 145-3 73:199-7 186.2

34 24.9 23.2 94 68.7 64.1 54 112.6 IO5.O >4 156.5 145-9 74:200.4 186.9

35 2?.6 23.9 95 69.5 64.8 55 113.4 105.7 1 5 157.2 146.6 75:201.1 187.5
36 26.3 24.61 96 70.2 6 5 5 5 b 114.1 106.4 16 158.0 ‘ 47-3 76:201.9 188.2

37 27.1 25.2 97 70.9 66.2 57 114.8 IO7.I '7 158.7 148.0 77 202.6 i 5B.9

38 27.8 25.9 98 7 i -7 66.8 58 115.6 107.8 iS 159.4 148.7 78203.3 189.6

39 28.5 26.6 99 7«-4 67-5 59 116.3 108.4 »9 160.2 ■49-4 79 204.0 190.3
40 29.3 27.3 100 7311 68.2 60 II7 .C IO9.I 20 160.9 I 50.0 80 204.8 191.0

4 * 30.0 28.0 101 73-9 68.9 l6l 117.7 109.8 221 16 r.6 150.7 281205.5 191.6

42 30.7 28.6 02 74.6 69.6 62 118.5 110.5 22 162.4 151.4 82| 206.2 192-3
43 3>-4 29.3 03 75-3 70.2 63 119.2 I I I .2 23 163.1 152.1 83 207.0 193.0

44 3 2 , 2 30.0 04 76.1 70.9 64 119.9 111.8 24 163.8 152.8 84207.7 193-7
45 32.9 30.7 05 76.8 71.6 65 120.7 112.5 25 164.6 ' 53-4 851208.4 194.4
46 33.6 31.4 06 77-5 72.3 66 I2I.4 113.2 2b 165.3 154.1 86 209.2 195-1
47 34-4 32.1 07 78.3 73.0 67 122.1 113.9 *7 166.0 ‘ 54-8 ° 7i209-9 195-7
48 3 5 » 32.7 08 79.0 73-7 68 122.9 114.6 28 166.7 155-5 88:210.6 196.4

49 35-8 33-4 09 79-7 74-3 69 123.6 U S -3 29 167.5 156.2 89^211.4 197.1

5° 36.6 34- ' 10 80.4 75.0 70 124.3 115.9 30 168.2 156.9 90212.1 197.8

S ' 37-3 34.8 i 1 1 S l.2 75-7 171 125.1 116.6 23 * 168.9 157-5 291 212.8 198.5

52_ 3 8 .o 35-5 1 2 8I.9 76.4 72 125.8 117.3 32 169.7 158.2 92 213.6 199.1

53 38.8 36.1 13 82.6 77-»j 73 126. £, 118.0 33 170.4 158.9 9 3 2i 4.3 199.8

54 39-5 36.8 '4 8 3 -4 77-7 74 127.3 118.7 34 171.1 159.6 94 215.0 200.5

55 40.2 37-5 •5 84.1 78.4 75 128.0 1 ' 9-3 35 171-9 160.3 95 215.7 201.2

56 41.0 38.2 l6 84.8 79.1 76 128.7 120.0 36 172.6 161.0 96 216.5 2OI.9

57 41.7 38.9 17 83.6 79.8 77 129.4 120.7 37 >73-3 161.6 97 217.2 2 0 2 . 6

58 42.4 39.6 18 86.3 80.; 78 130.2 121-4 38 174.1 162.3 98 217.9 203.2

59 43.1 40.2 >9 87.0 8 l.2 79 130.9 122.1 39 174-8 163.0 99 2l8.7 203.9
60 43-9 40.9 20 87.8 81.8 80 131.6 122.8 40 «75-5 1 6 3 7 30c 219-4 204.6

Difl Dcp. L at. b i i t Dep. Lat .1 D4t Dep. L at. Dili Dep* Lat. Difl Dep. Lat.



Dill. Lat. Dep. Did Lat. Dcp. Dilt Lat. Dep.' Dm Lat. Dep. Dill Lat. Dep.
I 00.7 00.7 61 43-9 42.4 121 87.0 84.1 l8 i 130.2 125.7 241 173-4 167.4
2 O1.4 01.4 62 44.6 43-1 22 87.8 84-7: 82 130.9 126.4 42 i ' 4-i 168.1
3 02.2 02.1 63 4 S-3 43-8 23 ss.? 83.4 85 131-6 127.1 43 174.8 168.8
4 O2.9 02.8 64 46.0 44-5 24 89.2 86.1 84 132.4 127.8 44 «75-5 169.5
5 03.6 03.5 6S 46.8 45-2 25 89.9 86.8 85 153.1 128.5 45 176.2 17O.2
6 043 04.2 66 47-5 45-8 26 90.6 87.5 86 133.8 129.2 46 177.0 170.9
7 O5.C 04.9 67 4S.2 46.5 27 91.4 88.2 87 134-5 129.9 47 177-7 171.6
S 05.S 05.6 68 48.9 47.2 28 92.1 88.9 88 135.2 130.6 48 178-4 172.3
9 06.5 06.3 69 49.6 47-9 29 92.8 89.6 «9 13 6.c I3 I-3 49 i ’ 9-i 173.0

10 O7.2 06.9 7G 50.4 48.6 30 93-5 90.3 90 136.7 132.0 50 179.8 173.7
11 07.9 07.6 7J 51.1 49-3 13 I 94.2 q j.O 191 ' 37-4 132.7 251 180.6 174-4
J2 08.6 08.3 72 51.8 50.0 32 95.0 91.7 92 138., ' 33-4 S2 181.3 175.1
>3 09.4 09. c 73 52-5 50.7 33 95-7 92.4 93 138.I ' 34-' 53 182.0 175-7
M 10.1 09.7 74 S3-2 j i -4 34 96.4 93.1 94 139-6 >34-8 54 182.7 176.4
IS 10.S 10.4 75 5 4 ? 52.i 35 97.1 93-8 95 UO ^ ' 35-5 55 183.4 •77-1
16 II.s 1 1.1 76 54-7 32.8 36 97-8 94 5 96 I4I.G 136.2 S6 184.2 177.8
17 12.2 11.8 77 55-4 53-5 37 98.5 95.2 97 I4 I-7 136.S 57 184.9 178.5

I2.9 12.1, 78 ;b .i 54-2 38 99-3 95-9 98 142.4 1.37-5 58 185.6 179.2
>9 13-7 »3-2 79 56.8 54-9 39 100.0 96.6 99 143.1 138.1 59 186.3 179.9
20 14-4 13.0 Ro 57-5 55.6 40 lOO.* 97-3 20C J43-S '38.9 60 187.0 180.6
21 15.1 14.6 81 58.3 S<>-3 ' 4 i 101.4 97-9 201 144.6 139.6 ¡261 18 7.' 181.3
2 2 15.8 15-3 82 59.0 57.0 42 102.1 98.6 02 ' 45-3 140.3 I 62 188.5 182.0
23 16.5 16.0 8.3 59-7 57-7 43 IO2.9 99-3 03 146.C I4I.0 1 63 189.2 182.7
*4 17-3 16.7 84 60.4 58.4 44 103-6 IOC.O; 04 146.7 H i -7 64 189.9 183.4
25 18.0 17.4 85 6l.I 59.O 45 104.3 IOO.7. 05 147.; 142.4 65 190.6 184.1
26 18.7 18.1 86 61.s 59-7 46 IO5.O IOI.41 06 14S.2 ' 43-1 66 19 !-3 184.8
2 7 19 4 18.8 87 62.6 60.4 47 105.7 102. J, 07 I48.C 143.8 67 192.1 185.5
28 20. 1 19-5 88 63-3 6l. I 48 106.5 102.8 08 149.6 ■ 44-5 68 192.8 186.2
29 20.9 20. I 89 64.0 61.8 49 107.2 103-5 09 •50-3 145.2 69 193-5 186.9

— 1 ° 2 1.6 20.8 90 64.7 62.3 5° 107.9 104.2 10 151.1 145-9 70 194.2 187.6
3 > 22.3 21.5 9 > 65.5 63.2 iS 1 108.6 104.91 211 151.8 146.6 271 194.9 188.332 23.0 22.2 92 66.2 63-9 52 105.3 10<.6 12 152.5 147-3 72 195-7 188.9
33 23-7 22.a 93 66.9 64.6 53 1 1 0 .1 106.3 13 153-2 148.0 73 196.4 189.6
34 245 23.6 94 67.6 65.3 54 110.8 i 07 .0 i 14 153-9 148.7 74 197.1 190.3
3 S “ S-2 24-3 95 68.3 66.0 55 h i . 3 107.7] 15 154-7 149.4 75 197.8 I9I.036 25.9 25.C 96 69.1 66.7 5<>1 1 2 .2 108.41 16 155-4 150.0 76 198.5 I9 I-73“ 26.6 2 S-7 97 6q.8 67.4 57 II 2.9 109.1 [ 17 156.1 150.7 77 199-3 192.4
38 273 26.4 98 70.5 68.1 58 >13-7 lOQ.Sj 18 156.8 151.4 78 2 0 0 .0 ' 93-1
39 28.1 27.1 99 71*2 68.8 59 114.4 HO.51 19 ' 57-5 '5 2 1 79 2OO.7 193.8

2?.8 27.S 100 71.9 69.3 60 115.1 m . , 2 0 1583 152.8 Xo 2 0 1 .4 «94-5
41 29-S 28.5 101 72-7 70.2 l6 l 115.8 in .S i 221 159.C •53-5 281 2 0 2 .1 195.2
42 30.2 29.2 02 73-4 70.9 62 116.5, " 2-5; 22 159-7 154.2 82 202.9 195-9
43 30.9 29.9 03 74.1 7 i -5 63 ‘ 17-3 «13-2 23 160.4 154-9 8.3 203.6 iq6.6
44 31-7 30.6 04 74.8 72.2 64 118.0 113-9 24 161.1 155.6 84 204.3 197-345 32.4 3»-3 OS 75-5 72.9 65 118.7 114.6 25 161.9 156.3 «5 2O5.O 198.046 33-1 3 2.0 06 7b-3 73-6 66 119.4 U 5-3 26 162.6 157.0 86 205.7 198.7
47 33-if 32.6 07 77.0 74-3 67 I20.J 116.0 27 163.7 157-7 87 206.5 199.448 34-5 33-3 08 77-7 75.0 68 120.8 116.7 28 164.C 158.4 88 207.2 200. i l
49 35-2 34-0 09 78.4 75-7 69 121.6 117.4 29 164.7 1 59-i 89 207.9 200.8

^_So 36.0 34-7 10 79.1 76.4 70 122.3 I l8.1 30 165.4 159.8 90 208.6 2OI.5
S i 36.7 35-4 1 1 I 79.8 77.1 171 123.0 1 18.8 231 166.2 160.5 291 209.3 2 0 2 .1
52 37-4 36.1 12 80.6 77.8 72 123.7 119.5 32 166.0 161.2 92 2 1 0 .0 202.8
S3 38.1 36.8 13 81.3 78.5 73 124.4 1 2 0 .2 33 167.6 161.9 93 210.8 203.5
S4 38.8 37-S 14 82.0 79-2 74 125.2 120.9 34 168.3 162.6 94 2 11. 5 204.2
S s 39-6 38.2 is 82.7 79-9 75 123.9 1 2 1 .6 35 169.0 163.2 95 2 1 2 . 2 2O4.9
S6 40.3 38.9 l6 83.4 80.6 76 126.6 122.3 36 169.8 163.9 96 2 1 2 .9 205.6
57 41.0 39-6 17 84.2 81.3 77 127-3 123.0 37 170.5 164.6 97 213.6 206.3
S8 4>-7 40.3 18 84.9 82.0 78 128.0 123.6 38 171.2 165.3 98 214.4 207.0
59 42.4 41.0 «9 85.6 82.7 79 128.8 124.3 39 171.9 166.0 99 215.I 207.7

_ 6 o 43-2 4>-7 20 86.3 83.4 80 129.3 125.0 40 172.6 166.7 }00 215.8 208.4
Dtp. Lat. d I5 Dep Lat. Dill Dep. Lat. Did Dep. Lat. Did Dep; Lat.



7)nt. 1 Lac. Dep. ,Dilt Lat. Dep. -Dili Lac. 'Dep. Dilt Lai. Dep. Dirt Lat. Dep.

00.7 00.7 61 4 ?-> 43.1 121 85.6185.6 I# I 128.0 128.0 241 170.4 170.4
2 01.4 01-4 6 2 43.8 43-8 22 86.3 86.3 82 128.7 ■ 28.7 42 171.1 171. I

3 02.1 02.J 63 44'5 44-5 '23 87.0 87.c 83 129.4 129.4 43 171.8 171.8
a*.8 02.}* 64 45-3 45-3 24 87.7 87.7 84 130.1 130. i 44 ■ 72-5 172.5

5 ° 3-5 03.5 65 46.0 46.0 25 88.4 88.4 85 130.8 130-8 45 *73-2 173.2
6 04.2 04.: 66 46.7 46.7 26 89.1 89.! S6 ‘ 3 i -5 131-5 46 >73-9 >73-9
7 04.9 04.9 67 47-4 47-4 27 89.8 89.8 87 132.2 132.2 47 >74-7 >74-7
$ ° 5-7 05.7 68 48.. 4 »-i 28 90.5 90.5 132.9 132.9 48 >75-4 >75-4
9 06.4 06.4 69 48.S 48.8 29 91.2 91.2 89 ‘ 33-6 >33-6 49 176.1 176.1

10 07-1 0 7 .1 70 49-5 49-5 3C 91.9 91.9 9.c 134-4 >344 50 176.8 176.8

1 j 078 07.8 7 i 50.2 50.G 131 92.6 Q2.fc 191 135.1 >35-' 25> >77-5 >77-5
178.212 08.1; 08.5 72 50.9 50.9 32 93-3 93-3 92 135.8 135.X 52 178.2

>3 09.2 O9.2 73 51.6 51.6 33 94.0 94.C 93 136.5 136.5 53 178.9 178.9

14 09.9 09.9 74 52.3 52.3 34 94.8 94-* 94 ' 37-2 137.2 54 179.6 179.6

15 10.6 10.6 75 53-g 53-0 35 95-5 95-5 95 137-9 137.9 55 180.3 180.3
l6 n -3 H -3 76 53-7 53-7 36 u6.2 96.2 9<>138.6 138.6 5<> 18 I.C 181.0

17 12.0 12.C 77 54-4 54-4 37 96.9 969 97 139-3 139-3 57 181.7 181.7
18 12.7 12.7 78 55-2 55-2 38 97.6 97.6 98 140.0 I40.C 58 182.4 lS2.4

*9 •3-4 134 79 55-9 55-9 39 98.3
99.0

9»-3 99 140.7 140.7 59 183.1 183.1
20 14.1 14.1 80 56.6 <6.6 40 99-° 200 141.4 141.4 60 183.8

21 14.8 x+* 81 57-3 57-3 141 99-71 99-7 201 142.1 142. 1 26l 184.6 184.6
22 15.6 j ?.6 82 <8.0 58.0 42 IOO.4IOO.4 02 142.S 142.8 62 185.3 '* 5-3
23 16.3 16.3 83 58.7 58.7 43 IOI.I 101.1 °3 ' 43-5 >43-5 63 186.0 186.0

*4 17.0 I7.O 84 59-4 59-4 44 101.8; 101.8 04 144.2 144.2 64 186.7 186.7

25 • 7-7 •7-7 85 60.1 60.1 45 102. <’ 102. < 05 145.0 145.0 65 187.4 187.4
26 18.4 18.4 86 60.8 60.8 46 103.2 103.2 06 >45-7 >45-7 66 188.1 188.1
27 19.1 iq .i 87 61.5 61.5 4 ? 105.9'103.9 07 146.4 146.4 67 188.8 188.8
28 19.8 19.8 88 62.2 62.2 48 104-7 ;I04-7 08 147.1 147.1 68 189.5 189.5

29 20.5 2O.5 89 62.9 62.9 49 105.41105.4 
106,1 106.1

09 147.8 147.8 69 190.2 190.2

3° 21.2 21.2 • 90 63.6 63.6 50 10 148.5 148.5 70 190-9 ‘ 9°-9
31 21.9 2I.9 9 > 64.3 64-3 ‘5 1 106.8 106.8 211 149.2 149.2 27 I 191.6 191.6

32 22.6 22.6 92 63.1 65.1 52 107.5:107.3 12 149.9 149.9 72 192.3 192.3
33 23-3 23-3 93 65.8 63.8 53 108.2408.2 13 150.6 150.6 73 19 3-o 193.0

34 24.O 24.O 94 66. j 66.5 54 io8.9'io 8.9 14 15 1 -3 152-3 74 ■ 93-7 >93-7
35 24-7 24.7 95 67.2 67.2 55 109.6,109.6 1 5 152.0 152.0 75 194.5 194.5

J* 25-5 25-5 96 67.9 67.9 5i> 1 io .3 'no.3 lb 152.7 152.7 7b 195.2 195.2

37 26.2 26.2 97 68.6 68.6 57 I I 1.0 1 I I.C 17 >53-4 >53-4 77 195.9 195.9

3* 26.9 26.9 98 69.3 69.3 58 u i . 7j m .7 18 154.1 154.1 78 I96.6 196.6

39 27.6 27.6 99 70.0 70.0 59 112.4112.4 >9 >54-9 154-9 79 «97-3 ‘ 97-3
40 28.3 28.3 IOO 70.7 70.7 60 113.1I113.1 20 155.6 155-6 80 198.0 198.0

4 ‘ 29.O 29.0 IOI 71.4 71.4 l6 l * 13.8413.8 221 >56-3 •56.3 281 198.7 ‘ 9*-7
42 29.7 29.7 02 72.1 7*-1 62 1 14.611 »4.6 22 157.0 157.0 82 199.4 199.4

.43 30.4 30.4 03 72.8 72.8 63 115-311 15-3 *3 >57-7 »57-7 8.3 200.1 200.1

44 3 »*» 3 1.1 04 73-5 73-5 64 u6 .o|u 6 .o *4 158.4 158.4 84 200.8 200.8

45 31.8 31.8 05 74.2 74.2 65 116.71116.7 25 159.1 * 59-1 85 2OI.5 2OI.5
46 32.5 32-5 06 75-o 75.0 66 117.4 117.4 26 159.8 159.8 86 202.2 202.2
47 33-2 33-2 07 75-7 75-7 67 118.1 118.1 27 160.5 160.5 87 202.9 202.9
48 339 33-9 08 76.4 76.4 68 n8.8|i 18.8 28 161.2 ¡6l.2 88 203.6 203.6
49 34-6 34.6 09 77-i 77-> 6q 119.51119-5 29 161.9 161.9 89 204̂ 4 204.4
5° 35-4 35-4 10 77-8 77.8 7° 120.2! I 20.2 30 162.6 l62.6 90 2O5.1 2O5.I

5 i 36.1 36.1 111 78.5 78.5 171 120.9^120.9 231 «63-3 163-3 23 ! 205.8 205.8
52 36.8 36.8 12 79.2 79.2 72 I2 I.6j l 21.6 32 164.0 164.0 92 206.5 206.5
53 37-5 37-5 13 79-9 79-9 73 122.3.122.3 33 164.8 164.8 93 207.2 207.2
54 38.2 38.2 14 80.6 80.6 74 123.o|l23.0 34 165.5 165.5 94 207.9 207.9
55 3«-9 3 8-9 15 81.3 81.3 75 I23.7 ' i 23.7 35 166.2 166.2 95 ao8.6 208.6
5 6 39-6 39.6 16 82.0 82.0 76 124.5 124.5 36 166.9 166.9 96 209.; 209.3
57 4°-3 4°-3 17 82.7 82.7 77 12<.2jl2<.2 37 167.6 167.6 97 2I0 .C 210.0
58 41.0 41.0 ]8 8.3-4 83-4 78 125.91125.9 38 168.3 168.3 98 210.7 210.7
59 4 t-7 4«-7 19 *4 .» 84.. 79 126.6^26.6 39 169.0 169.0 99 21 I.4 211.4
60 42-4 42.4 20 84.9 84.9 80 127.3-127.3 40 169.7 169.7 30C 212. 2 I2.X

¡Dift. Dep. Lac, Dift Dep. Lat. D:ft Dep. 1 Lat, Dift Dtp. Lat* |Difl Dep.| Lat.



j ~ v . . O .' 1 It" | i j 3 <1.| ¿ 3 . 1 5<<. 1 6d. 1 78 . | 8d - i 9 J
| .r» l. 11 id . 1124*1 * 34*| M

C 2 Z 240 i 3 b . 421 464 5 4 2 6 0 664 7* 78* 0

J 61 121 1 8 1 241 301 362 422 483 5 4 3 604 665 ? 2 t 7 8fi
2 2 62 122 1 S 2 242 302 363 4*3 544 6 0 5 6 66 7*7 789 2  :

63 123 *43 3 0 3 364 424 545 606 667 7 2i 79 c 3
r 4 4 64 124 1 84 * 44 304 3 6 < 4*5 486 5 4 6 607 668 7*5 79* 4 j

6 , 125 »85 *45 3 0 5 3 66 42(j 487 547 608 669 792 5 j

t 6 66 126 186 2 46 306 3 0 7 427 4 8 8 5 4 8 6 09 670 73 793 6
7 7 67 »27 »87 247 307 36« 428 489 54C 6 ) 0 671 732 79* 7 !
s g 68 128 188 248 308 369 429 49C 5 5 0 611 6 7 2 734 795 3
9 9 69 I 2C »8*, 249 305 370 4 3 c 49* is * 6 1 2 673 735 796 9

IC 1C 70 I3C 19c 25O 3 »o 37* 43* 49* 552 6 *3 b / 4 7 j 6 797 1 0

1 1 I i 7 1 131 »9« 25 J 31» j ?* 4 3 * 493 553 614 675 737 798 11
12 12 72 * 3 2 »9» 252 312 373 433 494 554 6*5 6 76 738 799 12
*3 «3 73 »33 »93 *53 3*3 374 4 3 4 495 555 6 16 677 739 800 J 3
»4 J 4 74 »34 2 5 4 _3 «4 375 435 496 5 5 6 617 678 740 801 *4
>5 »5 75 »35 »95 *55 3*5 3 76 4 3 6 497 557 618 679 74* 802 *516 16 76 136 l y t 256 3»6 3 /7 4 37 4 9 8 55» 6 19 6 8 0 742 803 l6
I? 17 77 *37 »97 *57 3«7 378 4 38 4 9 9 559 6 20 681 743 804 »7iS 18 78 1 3 s 19S 25 b 3 18 379 439 500 56c 621 682 744 80  j 18
19 >9 _ 7 9 »39 »93 259 3«9 3 8 c 4 4 c 501 561 622 683 745 80b *9
20 20 So 140 2CC 20C 3 20 38* 441 502 562 623 6 8 4 74b 607 20
21 21 81 141 2C1 26) 321 382 442 5°3 5 64 624 685 747 S08 21
2 2 22 8 l 142 262 322 3 8 3 443 504 5 6 5

625J 6S7 748 809 2 2

* 3 23 83 » 4 3 203 263 3*3 3 8 4 444 S O  5 ? 6 6 6 26 6 8 8 749 810 *3
*4 24 8 4 _*44 2 C -; 264 3 2 4 3 8 5 445 506 5 6 7 6 2 / 689 7 5 ° 811 *4
2 5 ' 2 5 85 »45 2 0$ 265 3 2 j 386 446 5°7 56X 6 2 8 6 9 0 75* 812 2 526 2 6 8 6 146 2 0 6 266 326 3 8 - 447 508 569 629 691 75* 8*3 26
2 7 27 87 «47 2 0 ; 267 3*7 38S 448 509 570 631 692 753 815 27
2 8 2 8 8 8 148 206 268 3 * 8 3 8 9 4 49 5*o 57* 6 32 693 7 5 4 816 2 8

*9 1 2 9 89 *49 2O9 - 6 9 3 30 39C 4 5 c 5*» 572 6 33 6 9 4 755 817 29
30 3 ° 90 150 2 JC 270 33« 39« 45* 5*2 573 634 695 756 818 3 °
3* 3 i 9 ' »51 3 3* 392 4 5 2 5*3 574 t>3> 6 9 6 757 819 3»32 3 ’ 9 J IS 1 272 33 j 393 453 5*4 575 636 697 758 8 2 0 3*
33 35 93 »53 *73 3 3 4 394 454 5* S 576 637 698 759 821 3334 34 9 4 »54 2*4 2 74 . 395 4 S 5 S > 6 577 638 699 7 60 822 34
35 35 95 «55 2*5 *75 336 3 9 6 45 6 5*7 578 639 700 761 823 3536 36 9 b 156 21$ 276 337 397 457 5*8 579 6 40 701 762 8 24 36
37 37 97 «57 217 *77 3 3 8 398 4 58 5*9 5 8 c 641 7 0 2 763 825 3738 3» 98 158 2 lb 278 339 399 459 520 581 6 42 703 7 64 826 38
39 39 99 1 59 279 3 4 u 4 0 0 46c 521 582 643 7 0 4 765 827 39
40 43 100 160 22C 2X0 34« 4 0  J 461 S 2 * 5 8 5 6 4 4 7 °5 766 828 4 0
4 i 4 ‘ 101 l 6 l 221 281 342 4 02 4 62 523 <8j 645 7 0 6 767 4*4 2 4 2 102 162 222 282 343 4=>3 463 5 24 585 6 46 707 768 8 30 4 2
43 43 10 3 163 223 283 344 4 0 4 4 6 4 525 5 86 647 708 7 6 a 831 434 4 44 104 «64 224 2 84 345 4 °5 4 65 5*6 587 6 48 7 09 7 7 0 832 4 4
45 45 105 165 225 285 3 46 4 0 6 4 6 6 527 588 649 7 1 0 77» 833 4546 4b 106 166 226 air& 347 407 467 5*8 589 6 30 711 772 46
47 47 107 167 227 287 348 408 4 68 5*9 590 651 7 12 773 4748 48 108 168 22b 288 349 4 09 469 130 59* 6 5 2 7*3 7 7 4 836 4 849 49 IO9 169 229 *89 3 5 ° 4 1 0 4 7 0 53* 59* b S3 7 * 4 77> 837 4 9
5 ° 5 ° 1 IO 170 230 2 90 35* 4*» 47* 532 593 6 5 4 7*5 777 838 50
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4 » 9* 77 73 81 6901 3 b 88 59 53 73 26 18 6) 69 42
43 94 80 77 85 05 4 C 92 64 58 79 32 25 69 78 43
4 4 97 , g3 So 88 09 , 4S 97 68 63 84 38 32 77 87 4 4
45 61 00 9287 6483 6692 6913 7 «49 7401 7 0 /3 7968 ,8200 8644 9039 9485 9996 454 6 03 90 87 95 »7 53 06 78 73 95 5« 4 b 93 10005 46
47 06 93 90 99 20 57 10 83 7 8 S301 57 53 95 °« «0015 4748 09 96 94 6702 24 61 «4 87 83 07 63 60 09 10024 48

_ 4 9 12 99 97 06 28 6 5 «9 92 89 12 69 fi7 «7 10033 49
50 6115 b 3 °3 63 00 6710 6932 7169 7423 7b97 7 9 9 4 8 3 18ÌS676I9074 9525 10043 5 °
5» 18 06 0 4 13 36 73 27 7702 99 24 S2 81 33 10052 5«
52 511 0 9 07 «7 40 77 32 06 8 0 0 4 29 88 88 4« 10061 52
S3 24 12 1 1 20 43 . 81 36 I 1 0 9 35 95 96 49 I0 0 7 I 53

_ 5 4 27 15 '4 24 47 «s 4« l6 «4 4« 8701 9103 57 10080 .54
55 6130 6319 6317 6728 6951 71S9 7445 7721 80 20 47 8707 9 1 10 9 5 b 5 10089 55
56 33 22 21 3* 55 94 49 25 2 5 8 3 5 2 «4 17 73 (ooqq Sb
57 36 25 24 35 59 98 54 30 30 58 20 24 81 i o i o S 57
S» 40 28 28 38 63 7202 58 35 35 64 26 3« 89 10118 58

__59 43 32 3 ■ 42 66 06 b 3 40 4 0 69 n _3S 9« IO I27 59
M .| 70d.J7 id . 1 7 2 d .| 73<l.|74d.| 7 jd . |  7 6 d .| 77d.j78d.| 79<i.jSod.| 8 id . 8 2d. 83d. |M .



N. B." Jn the following Tables, all Places marked thus * are determined by Celeftial Obfer- 
rations 5 Places not fo marked, are from the beft Charts, compared and corrected by the-fe

R. for River ; I. for Ifland ; P- for Point; and C. for C:jie^-The L'»gitud<

Coajl o f the U n i t e d  S t a t e s  o j 
A me r  i c a .

* E N T R A N C E  of 
St. Croix River

dy Bay) 
Wolves’ -Iflands

do. Weft end 
do. S. W. L 

Seal-Rock 
Quady-Headfl 
Entrance of Machias 

River —
Crofs-Ifland oft’ Ma

chias Bay —
Machias Seal-Iflands—  
Beal’s Ifland fS . point 
Little-Manan-Ifland 
Gouldiboro’-Harbour 
♦ Mount-Defcrt-Rock 
Cranberry Ifland (nea 

Mount-Dcfert) 
Lcng-Ifland, ('South o 

Mcunt-Defert or en 
trance of .Blue-Hill 
Bay;

Ife  of Holt 
Caftine (formerly Pe- 

nobfcot)
Matinicus-Ifland - 
Wooden Bald Rock 
Ifland of Manheigin 
Penmaquid-Point 
Townfend, or Booth- 

Bay entrance 
do. South point Rock 
Bantum Ledges 
•Kennebeck-River en

trance
•Seguine Ifland 
Cape-Small point 
C a (he's-Ledge, (flioaleft 

part)
Alden’s-Ledge, fo ff 

Cape-Elizabeth ;  
Brunfwick
•Fort-Hill (Portland) 
•Portland Light-Houfe 
•Cape-Elizabeth - 
Saco River entrance 
Wood-Ifland off do; 
Biddeford Town 
Agamenticus-HiU 
Cape-Porpoife 
Wells harbour .  
Bald-head

Lat. Long.
D. M . D. M .

4J 00 N 670CVV

4 4  SO 67 4
4 4  48 66. 50
4 4  4 ° 66 50
4 4  43 66 55
4 4  30 67 4

4 4  25 67 6
4 4  43 67  S

4 4  35 66 56

4 4  31 67 23
4 4  27 66 52
4 4  24 67 37
4 4  19 67 52
4 4  20 67 56
43  52 68 05

4 4  >4 68 i2

44 06 68 22
44 00 68 5

4 4  24 
43  5°  
43  45 
43  4 4  
43  48

43  49  
3 26 

43 42

43  43 
43  41 
43  4 °

43  04
43 28 
43  52 
43  43 
43  39 
43 33 
43  28 
43  27 
43  30  
43 16 
43  21 
43  19 
4 3  «3

68 46 
6S ¡6 
68 55
69 i j  
69 27

69 04 
69 07 
69 03

69 42 
69  41 
69 47
69 06

70 00

70 08 
70 06 
70 17 
70 15 
70 21 
70 36 
70 20 
70 28 
70 30

Lat.
D. M.

Cape-Neddock Nubble 43 10N 
York-River - 43 07
Boon-Iiland - - 43 06
Boon-Iiland-Lsdge 43 04 
•Portfmouth Light-

Houfe - - 43 04
•Portfmouth - - 43 05
•Ifles of Shoals - 42 57
•Newburyport Lights

on Plumb-Iiland 42 48 
•Ipfwic'n entrance 42 43 
*Squam (Pigeon Hill) 42 42 
Sandy Cove (or Bay) 42 41 
•Cape-Ann lighthoufes

on Thatcher’s ifland 42 40 
•EaftPoint of CapeAnn 

Harbour - - 42 38
•Light houfe onBaker’s 

Ifland 42 3 5
•Beverly -  -  42 35
•Salem - - 42 34
•Marblehead - 42 32
•Nahant Point (N. E.

Point of Boflon har
bour) - - 42 27

•Bofton Light-Houfe 42 21 
•Boflon - - 42 23
•Cambridge (Mali'.) 42 23 
•Cape-Cod - - 42 05
•Cape-Cod Iight-houfe 42 05 
Sandy Point or Malabar 41 34
Shoal of George’s,E end 

do. of do. W , end 
Nantucket Great round 

Shoal
•Nantucket light houfe 
•Sancoty head on Nan- 

tucket-Ifland 
•Tom-Nevers-head 
•Nantucket fouth- (hoal 
Cape Poge 
Stjuibnocket-head 

(fouthwefterly part of 
Martha’s Vineyard)

* Gay Head Light 
Houfe

Noman’s Land-Ifland 
New-Bedford 
Buzzard's Bay entrance 
•New-Port entrance 
•Rhode-Ifland Light- 

Houfe - .
•Point Judith 
•Biock-Ifland (Middle) 
Montock-Point, Eaft 

end of Long-Ifland 
•New London, ( or en

trance of Thames- 
RiverJ

Norwich on do. 
•New-Haven entrance-

4 1 45  
41  35
41 2J
41 22

41 l6 
41 14
40 44
41 25

41 19

41 22 
41 16 
41 41 
41 28 
41 29

41 28 
41 24 
41 10

41 04

41 22 
4 r 34 
41 18

Long.
D.M .
70 31W 
70 33 
70 26 
70 22

70 39 
70 41 

33
70 46 
70 44 
70 36 
'o 34
■ o 33

70 39
70 45 
70 so 
70 50 
70 49

70 52 
70  53

0 58
1 3 

70 14 
70 14 
70 OO
68 22
[68 54

69 55 
69 58

69 56 
®9 57
69 55
70 27

70 48

7°  53 
70 52 
70 57
70 58
71  23

71 30 
7 1 33
71 40

72 01

72 16 
72 29 
72 57



♦ New York light houfe

Laf. 
D. M.

Long. 
D. M,

I J l a n d s  i n  t h e W t j l - I n d i t s .

40 28N. 
4°  35

on Sandy Point 
Perth-Amboy

74  07 W Lat. 
D. M.

Long.
n. m .

I.ittle Egg Harbour 39  30 74  23 frinidada, (N. E. P ) 10 4 cN. 60 36W
Great Egg Harbour 39  18 74  33 Tobago, N, E. ditto II 2CJ 59 <7
Cape May 3-8 57 74  55 S. W . d:tto i i  5 to  49

; Philadelphia 3 9 - 57 75  H Grenada, (N. E. Pc.) 12 14 61 49
Cape James

! Light-houfe on Cape
58  47 75  °8 S. W. ditto 

Grenada Bank, Middle
■ 1 57
II 55

62 I9 
62 45

Henlopen 38 47 75 ' 0 Burbadocs, ($, Point'' *3 4 59 45Falfe-Cape 38 27 75 08 E. ditto 13 22 37
! Cape Charles 57 n 76 10 Bridge Town 13 9 <19 5 I
! Cape Henry • 36 58 76 17 N. W . Point 59 5 2 

61 16i Norfolk (Vir.) 5 6 55  . 76 37 St. Vincent,(N, Point > 13 12
! Peter iburgh (V ir .) 37  ‘ 4 77 54 S. ditto ' l l  4 61 131 York- ( own (Vir,) 37  ta 76 52 St. Lucia, (S. Point) 13 '5° 61 0
i Richmond (Vir.) 37 3°  • 77 50 N. ditto *3 56 60 46
i Annapolis (Mar.) 39 00 Martinico, (S.E.Point) 14 24
| Alexandria (V ir .) 38 49 77 18 Dimond ditto 61 1

Waihingtcn (City) 
Chincoteague fhoalsjfor.

38  53 77 14 Port Royal ■ 4 36 
14 23 
14 38

6l 4

| Maryland fbore) 38 00 75 ° 5 N. E. ditto
| Baltimore 39 »0 76 jO Dominica, (S. Point) 61 20

Roanoke Inlet 
| Cape Hatteras ihoals

35 47 76 08 N. dirto
Marigalante, (N .E .P .)

15 29
16 4

61 23 
61 0

j (South Weft point) 34  48 76 00 S. E. ditto
| Cape Hatteras 35 08 96 7 Guadaloune, (S. Point) 15 <,4 61 43
i Occacocke Inlet - 

Newbern (N. C.)
34  54
35  14

76 28 N. ditto
Grandetcrre, (S.E. I\) 

N. ditto

16 50 
16 15

61 42

Beaufcrr (N. C.) 34  42
77  06

6l 25
Cape Lookout 54 a a Dcfeada, (N. E. Point'
Shoals off do. (S. part) 
Gore Sound (or en-

3 4 1 - 77 01 S. W. ditto 
Antigua, (E. P o i n t )

16 18 
’ 7 3

61 3 
61 43

trance to Beauiort) 34 28 77 8 Montferrat, (N .E .P .) 62 12
. Bouge inlet 54  33 77 38 S. W. ditto 16 40 62 1 3 

62 20Bear do. 34 32 77 4 2 P.edondo Ifland 17 3
New River do, 
Topfail do.

54  27 
34  18

77 5 2
78 04

Nevis
St. Chriftophers, or St.

1 7 1 7 62 28

Wilmington (N. C .) 34  11 78 21 Kitts, (S. E. Point) 
N. \V. ditto

1 7 1 6 62 3 1
Peteriburgh (Gear.) 3 3  4 5 81 32 17 26 62 42
Cape Fear 33 5° 78  25 St. E uflatia, (the Town) 17 29 63 4
S. end of do. Shoals 
Fryingpan-Shoals oft*

33 40 78 23 Saba
Aves Ifland

l 7  39 
15 33

63 8 
63 33

ditto 33 30 78 17 Barbuda, (S. E. Point) 17 50 61 43
George Town (Geor.) 33 14 79  07 St. Bartholomew, E.P. 17 <;6 62 34
Shoals oft do. 33 10 79  ° 3 W. ditto 1 7  S4 62 31
Cape Roman 3 3  ° 3 79 24 St. Martins (E. Point) 18 3
CharlelVon light-houfe 32 4 4 80 02 W. ditto 18 40
North Eddifto Inlet - 32 33 80 16 Anguilla, (N.E. Point) 18 22
South Eddifto do. 3 2 30 80 24 S. W. ditto
Beaufort (S, C .) 32 28

80 52
Prickly Pear 18 20 63 10

Port Royal 32 03 Sombrero 18 26 63 21
T y bee-Light 32 00 80 37 Anegado, fE .  Pointy 18 36 63 30
St. Catherine-Sound 
St. Simon’s Sound

3 i 37 
3r 01

8 l  18 
8 l  48

W. ditto
St.CroIx, or SantaCruz,

18 4 1 64 1

Brunfwick' (Geor.) 
Amelia Sound (or en

trance of St. Mary’s

3 1 10

82 00

(E. Point)
W. ditto

Virgin Gorda, E. Point

17 36 

>7 44  
i s  18

63 40
64 23 
63 40

river) 3 0  3 5 The Fort 18 18 63 34
Talbert’ s Ifland (Geo.) 30 20 82 00 Tortola, ( E. Point) 18 21 64 27



Tortola, (W . Point) 
St. JohiVs, (S . Point) 
St. Thomas, (S. ditto) 

The Town
Porto Rico, N.E. Poim 

S. E. ditto 
N. W. ditto 
S. W. ditto 

La Mona Ifland 
HifpanioJa, or St. Do

mingo
CapeEnganno 
Saona I. (E. Point)
♦  Altavela Rock3 

oft ditto
Abacou Point
♦  Port au Prince 
Cape Tiberon
♦  Fort St. Louis 
Navaza ifland 
Cape Dona Mam 
♦ Petit Grove 
Cape Nicolas 
♦ The Mole 
Tortudas, E.Point

W. ditto 
Monte Chrifto 
♦ Old C . Francois 
♦ Cape Samana 
Cape Raphael 

Ifland of Jamaica
Morant, S .E . end 
♦ Port Royal 
Portland Point 
Carlifle Bay 
Pedro Bluffs 
Black River 
Savannah la Mar 
Negril Point 
Montego Bay 
St. Ann’s Harbour 
Portia Maria 
Port Anthony 

Ifiands and Shoals lying 
off Jamaica

Morant Keys,E.P 
W . ditto 

Pedro Shoals,E.P 
Little Cayman, S 

W. ditto
Great Cayman, S. 

W. ditto 
N. ditto

Swan I. S. W. do. 
Meileriofa Shoal 
A  dry Bank 
Pracel Shoal 

Ifland or* Cuba 
C: Ma\ze 
St. Jago 
Cabo ae Cruz

I. at.
D. M. 
iS 18N

Long. 
D. M.
64 39W I. of Pines, (S. W .

Lat. 
D. M.

Long. 
D. M

18 3 64 40 Point) 21 20N 83 I2W
18 25 64 41 Cape Corientes 21 46 84 57
18 22 64 46 Middle Cape 21 44 84 34
18 39 
18 10

6 5 39 
65  38

Cape Antonio 
Colorados Rocks,

21 49 85 15

18 41 67 46 (N. W. P.) 22 30 85 14
18 11 67 45 Havannah 23 12 82 12
18 10 68 24 Matanzas

Ifiands and ShoalsNortl 
of Cuba and Jamaica

23 I* 81 13

18 27 68 47 Eaft Reef 20 12 68 43
l 7 55 68 48 North Reef, (E. Point 

W. ditto
20 l8 
20 31

69 10 
69 32

17 23 
17 52

71 35 
73 3°

The Triangle 
Square Handkerchief,

20 40 69 48

18 40 72 10 (N. E. Point) 21 35 70  14
i8 ij  
18 19

74  26 
73 15

S. W. ditto 
Grand Turks I. (N. E.

21 5 70 43

i8 18 74  55 ditto) 21 42 70 49
18 38 74 22 The Great Caycos,S.P 21 20 71 3°
18 27 72  45 S. E. ditto 21 43 71 17
i 9 46 
19 49

73 23 
73 23

W. ditto
Inagua or Heneaga, ( N.

21 4O 72 24

20 2 73 32 E. Point) 21 33 72  5920 5 
19 56

72  54 
7 i 39

W . ditto
Little Inagua or Hene

22 4 73  4 0
19 40 »9  57 aga, (S. W. Point) 21 42 72 36
19 15 69 10 N. ditto 21 36 72 30
18 56 69 00 Hogflyes, (the Middle) 

Mayaguana, (E.Point)
21 44
22 44

73 5°  
72  3317 58 75 37 N. Point 22 51 72 53

18 0 76 40 S. W. ditto 22 43 72  35
'7  4 4 77 2 French Keys 22 31 73 27
17 50 77 15 Miraperoos Keys, S. P. 22 14 74 18
17 52 77 35 Caftle I. or South Key 22 20 74  018 s 77 40 North Key Crooked I. 23 14 7 4  *
18 15 78 6 Atwood’s Key, N.E.P. 23 29 73 23
18 17 78 31 Key Verde, S. W,' do. 22 12 7518 40 77  52 The Brothers 22 38 75  018 39 76 56 Long Ifland (S. part) 22 48 74  3418 32 76  35 N. ditto 23 38 7 4  4518 25 76 5 Rum Key

Whatland I, (S. part) 
Little I, (its Centre)

23 54
24 0 
24 4

7 4  *5
73 55
74  30r 7 35 75 23 Cat Ifland (S. part) 24 4 74  4 417 27 75  48 N . ditto 24 39 75 J217 20 77 i Exuma, (E. ditto) 

Eleuthera, (Powel’s Pt.
2 3 54 75 10

19 32 80 10 or S. part)
Egg. I. or t W. part)

24  45
25 35 O 

O

19 T I 
19 l8

¡1 8 New Providence, W.P, 
*Naffau Town in ditto

H  56 
25 4

18 S 
'7  45

17 12 83 30 W , P. of ditto 24  57 8 318 0 83 5° Andros I. (S, Point) 4  5 . ' 8 0
18 36 73 15 N . ditto ¡■ j 2 5 8 30
18 JO 

20 l6

Í4 20 

74 4 '

Frozen Key
The Hole in the Wall
Littlq Bank of Bahama

¡5 22 
6 10

8 0 
7 4 °

•9  55 •5 35 (N . W , Point) 17 45 9 4 419 42 7 52 Sandy Key 6 33 9  34



Lat. Long.
D. M. D. M.

Great Ifaac • 26 oN. 79 47 W
Little ditto 26 3 79 11
Cat Keys Harbour 10 79  36
Orange Key 
Double-Headed Shot

24 43 79 36
Keys, ( W. Point) 24 0 80 10

Key Sal 23 3i 80 3
Anguilla, E. part 
lil. of Bermudas Samt

23 22 78 43
George’s Town 32 20 64 48

N. W. Point 32 25 64 46
S. W . Point 32 11 65 0

N o t e . This Ifland is furrounded with 
dangerous Rocks at fix or feven Miles dif- 
cance, efpecially on the North Side.

Cotijl of Florida towards the Mouth 
of the River M iß fp p i.

River St. John (Ent.) 
St. Augufline 
Augufline-Bay 
Cape Canevercl 
Shoals off do.
Cooper’s Hill (eaftern- 

moil part of Eaft Flor- 
ida)

Cape Florida 
Dry-Tortuga-Shoals 
Cape Sable 
Charlotte Harbour 
Spiritu Santo Bay 
Bay of Apalache 
Cape St. Blaze 
Penfacola Bar 
Mobille Point 
Mouth of the Miffifippi 

River

L a t . L o n g .
D . M . D . M .

3° 09N. 81 5 S W
29 40 81 45
*9 4 « 81 4 9
28 12 80 52
28 J S So 47

26 42 So 23
25 4 4 80 34
24 22 «3 10
25 OO 81 37
26 4 3 82 S 527 4 b 83 22
29 40 «3 3 5
29 35 85 OO
3° 20 86 42
30 i S «7 21

29 OO 88 3 7

Coafl of America from the mouth 
of the'River M ißfp p i to Cape 
Horn, with the adjacent Iflands,

Lat.
D. M .

Mouth of R. Miffifippi 29 oN
Mouth of Rio Brava 26 7
New St. Ander 23 46
Cape Roxo 21 S7
♦ Vera Cruz '9 12
Campeche ‘ 9 41
Praceles Shoals, N. P. 23 59
♦ Cape Catoche 21 33
♦ Loggerhead Key 21 38
Falfe Cape 21 28
Cozumel I. S. Point 20 3
North Triangles, S, P. 18 *5

N. Point *9 5

Long. 
IX M.
8 8  3 7 W  
90 49 
90 27 
99  4 2 
97  24
92  54 
88 54 
87 26 
87 14 
87 14 
*7 3 4  
87 26 
87  27

Key Bokel
Glover’s Reef,(N.part) 

S. ditto
Utila, ( E. Point) 
Rattan J. (E. Point) 
Bonacca I, N.' E, ditto. 
Cape Honduras 
Cape Cameron 
Black River 
Cape Dias Gracias 
Triangles, (S. part)

N. ditto
Sand Key, (N . part) 
St. Andrew’s Ifland 
Corn Iflands, (N . part) 
St, John’s Point 
♦ Porto Bello 
G ulf of Darien 
♦ Carthagena 
♦ St. Martha 
Cape de la Vala 
Monjes Iflands 
Cape Coquibacoa 
Aruba I. ( E. Point) 
Curacoa l. (N. Point) 
Cape St. Roman 
♦ Point Cabello 
♦ Avcs Ifland (S, part) 
Roca Ifland
Orchilla Ifland (S.part) 
Salt Tortuga, E. ditto 
Blanca Ifland N. ditto 
Margarita J. N. E. P.

N. W. ditto 
Cape Three Points 
Oroonoco River 
Eflequebo River 
Surinam River 
•Cayenne 
Cape North 
Mouth of R. Amazon 
St. Louis de Maranhan 
Cape Baxas 
Cape St. Roque 
Pemambuca or Plende 
Cape St. Auguftine 
St. Francifco River 
St. Salvadore 
Porto Seguro 
Abrolhos Banks 
Efpirituo Santo 
Cape St. Thome 
CapeFrio 
♦ Rio Janeiro 
Grande Ifland 
Santos
St. Catherine’s Ifland 
Porto Sr. Pedro 
♦ Cape St. Mary, (N. 

entrance to R. Plate) 
Cape St. Anthony, (S. 

entrance to ditto)

Lat. Long.
D. M. D. M .
t6 27N. S8 14'
16 52 87 47
16 .33 88 17
16 11 87 27
16 25 86 30
16 29 85 55
16 i 36 9
16 O 85 4
15 56 85 4

15 i 82 50
16 30 79  5 S
17 0 80 53
16 30 78 20
12 32 So 30
12 10 82 2
10 33 82 30
9  33 79 4 4
8 40 76 40

10 27 75  2 i
11 27 73  59
12 10 71 53
12 23 71 21
12 S 71 21
12 9 69 23
12 25 69 7
II 30 69 30
10 31 67 26
U  5 4 67 13
11 45 6b 17
11 44 66 3

i 0 64 44
i 40 63 56
i 10 6 3 13

i t  3 63 46
10 19 62 25

3 25 59  26
6 30 58 30
5 52 55 *
4  56 52 10
i 48 49  57
0 18 51 30
2 13 S. 46  34
3 0 4 2  26
5 i 36 17
8 0 35 0
8 32 35  0

i i  0 36 13
12 46 38  38
16 36 39 30
18 0 38 30
20 0 39  45
21 Jl 40 20
22 33 41 15
22 54 42 38
23 IJ 43  3°
24 4 4 S 3°27 IJ 4 9  °
31 4 4 51 17
34  45 54  10

36 31 58 27



Buenos Ayres in ditto 
River

Cape La Matas 
Cape Blanco 
Bay of St. Julian 
Straits of-Magellan 
Cape Succefs 
Staten Ifland 
* Cjpe Horn

Lat. 
D. M.

34  35 S 
45  o 
47 20 

49 10 
5* 35 
55 1
54 4°
55 5*

Long.
D. M.

5* *5W 
6j. 45

64  36 
68 38 

67 45
65 21 
64 30 
67 20

77tt? C o a j l  o f  A m e r i c a ,

C a p e  H o r n  to  B e h r i n g 's  S t r a i t s .

Lat. Long.
i>. M. D. M.

Cape Horn 55 53 S 67 20W
fcarnweH’s Ifland 55 49 66 52
Cape Diego 54 33 64 6
Juan Fernandez Ifland 29 54 71 22
Arica 18 29 7 1 5
Conception Bay 36 43 72 34
Lima 1 2  I 76 43
Gailapagos Mes 23 30N 85 0
Panama 8 48 80 15
Aquapulco 17 10 101 40 ■
Cape Corîentes 22 20 107 0
California, (S. point) 23 33 109 30
Nootka, or Saint (

George's Sound 49 35 .26 42
Pr. William’s Sound 61 s 147 IÇ
Cook's River 59 0 152 0
Cape Grevill 57 30 153 0
Alaika, S. point 54  45 163 10
Shallow Water point 63 0 162 43
C ipe Stephens 64 21 162 15
Norton Sound 64 15 162 0
Cape Rodney 6 4 ' 3 5 164 24
Cape Prince of Wales 65 45 168 13

From the River St. Croix to Cap'
Canfor,

Lat. Long.
D. M. D. M.

* E ntrance of St. Croix
River 45 00N. 67 00W

Mocgone's I. (Entrance
of Sr. Tohn’ s River) 45 18 63 59

Cape Spencer 45  17 6j 50
C. Chigneito,(Entrance

B.fon of Mines) 45  24 64 4 4
Hauto Ifland 45  19 64 47
Annapolis Royal 4 4  47 65 5°
Breyer’s L  Var. 1 1°

1 5 'Weft 4 4  19 66 20
St. Mary’s Cape, Var.

112 4 ; 'W eft 4 4  to 66 7
Cape Forchu 43 52 66 4
Seal Ifles 43  27 65 55
Cape Sable,,Var. 11*15 '

Weft 43 27 65 30

Lat, Long.
D. M. D. M.

Sable I. (Eaft point) 44 8N. 59 55W
Weft ditto 44 4 60 30

Purt Rofeway 43 40 65 12
Ifle ot Hope 43 53 64 39
Port Jackfon 44 13 64 22
Charlotte Bay, V a r .1 4 0

Weft 44 34 6 3  5°
C. Sambro Light-houfe 44 3 0 63 27
Halifax Harbour 44 36 63 23
Port Stephens 45 O 6 1  53
Sandwich Bay 45 8 6 1  3 1
Torbay 45 12 6 1  11
Port Howe 45 13 6l O
C. Cantor, Var. 1 50 W N45 16 b o  50

T h e  G u l f  o f  S t L a w r e n c e .
Lat. Long.

D. M. D. M.

Chedabu&o Bay 46 23 N . 60 46 W
Gut of Canfor, (South

Entrance) 46 28 60 46
I. Madam 45 29 60 44
Cape Hinchinbroke 45 3 4 60 24

jLouiiburg 45 54 59 49
¡Cape Breton 45 57 59 39
Scatari Ifland 46 2 S9 27
Flint Ifland 46 ( I 59 33
Spaniih Bay, (oft*Cape 46 i& 

Breton)
Port Dauphin, ditto 
C. North Ifland, ditto 
Port Hood 
[uftan Corp I Hand 
Gut of Canfor, (North 

Entrance)
Cape St. George or St,

Lewis
St. John's I. N. Cape 

Weft point 
Eaft ditto 
Bear Cape 

Hiliborough. Bay 
P. Efcuminac 
Mifcou I. (Entrance of 

Chaleur Bay)
Cape Defpaii*
Ifland Bonaventure 
Elat Point 
Cape Gafpe and Bay 
Cape Rozire 
Magdalen R.
Cape St. Ann 
Mount Camille 
I. de Bik, in the R. St. 

Lawrence
L of Anticofta, (E. P.)

S. W. ditto 
Weft ditto 
North ditto 

Deadman’ s Ifland

46 23
47 i 
45 57 
45 56

4 5  4 2

4 5  5 1
4 7  2
46 3 4  
46 27 
46 o
46 6
4 7  i

48 o  
48 24 
48 28 

4 5  3 4
48 41 

4 « 4 7
4 9  13  
4 9  3 
48 3 7

48 3 2  
9 8

49  22 
49  48 
49  53 
47  15

59  57
60 13
60 10
61 20 
6 1  22

6 1  22

6 1  4 4
63 49
6 4  1 1
6 1  48
6 2 13
62 5 i  

6 4  3 7

64 1 6
64 i

6 3  5 3  
63 5 3  
6 3 5 3  
63 56
65 18
66 o
67 IS

67 50 
6 1 34
63 lS
64 18 

6 3  58 
6 1  48



Entry Ifland 
Magdalen J. S. W. P.

N. E . P. 
2?rîon I Hand 
Æird I (lands 
St. Paul's Ifland

I Lat. 
D. M. 
47  I 5N. 
4 7  12  
47  4 i 
47  5» 
47  55 

147 U

Long-i 
D. M.
6 1 15VV 
61 36 
60 JJ
60 55 
60 36 
59  55

Newfoundland.
Hank of Newfound 
land, North point 

South point 
Outer Bank 
Cape Norman 
Bay St, Barbe 
Point Ferolle 
St. John’s Ifland 
Ingornachoix bay 
Bay St. Paul 
Cape St. Gregory 
South Head 
C . St. George 
God Roy Ifland 
C. Ray,
*Burges Ifland 
Great Barrifuay 
Runney Ifland 
Penguin’s iflands 
Fortune bay 
Burnet
Great Miquelon 
Langley Ifland 
St, Peter's Ifland 
Chapeau Rouge 
Bay of Placentia 
Cape St. Mary’s 
St. Mary's bay 
Cape Pine 
Cape Race 
Cape Ballard 
Cape Broyle 
Bay of Bull 
Cape Spear 
*St. John’s harbour 
Cape St. Francis 
P. of Grates '
Trinity bay 
Cape Bonavifta 
Barrow harbour 
Funk Ifland

Cape Freels 
Wadham iflands 
Gander Bay 
Fogo Ifland * 
Twillingate iflands 
Bay of Notre Darne 
Cape St. John 
Horfe iflands 
White bay 
Hooping harbour 
Green Ifland 
Groais Ifland 
Hare bay

Lat.
D. M.
49  34  N 
49  54
49  40
50 o 
50 3 
5 0  o  
ç 6  1 0 N  
56 21 
5 0  15 
5 0  4 6
50 47
50 55
51 15

I 1 7
Lat. 

D. M.
Long. 
D. M.

Quirpon harbour 
Bell lile

5 1 40 
51 55

50 15N. 
41 0 
47 0 
5 '  4 °

49  4 5 w  
52 0 
45  0 
5 5 57
56 48
57 6

From, Quebec to Hud/on's

51 15
57 3 Lat.
50 50 57  18 D. M.
50 38 57 22 Quebec 46 55N.
49  5° 57 5° St. Paul’s bay 47  3049 58 12 Bay of Rocks 48 5
49  7 5 8 2 I Laval bay 48 55
48 30 59 8 St. Nicholas's bay 49  28
47 5* 59 18 Trinity bay 49  3747  37 59 10 The Seven ¡(land bay so 7
47  32 57 37 Grand Bay, St. ¡ohn’s 5O 22 (
47  37 57 4 ° Mingan ifland 5° 16
47  32 57 25 E/kimaux iflands 5°  1247  24 57 0 Mount Joli 5°  547 16 5 5 - 3 0 Little Mecatina iflands 50 28
47  15 55 56 Great Mecatina point 5°  4246 55 56 16 Haha bay 50 52
46 42 56 15 Eikimaux bay 5 1 28
46 36 56 6 Grand point 5 1 24
46 52 55 17 Forteau hay 51 3047  0 54  30 Red Cliffs 5 1 33
46 52 54  2 Black bay 51 40
46 50 53 30 Rad bay 

York point
5 1 4 4

46 40 53 15 5 1 57
46 42 52 4 4 Cape Charles 52 13
46 49 >2 37 Great Bay of E/kimaux 54 20
47  7 52 30 Cape Harrifon 54  5447 21 S2 24 St. Peter's harbour 56 28
47  30 52 15 Jnchanted Cape 56 4 °47  3 2 ?2 20 âdet Iflands 57 13 |C47  S4 52 25 Eaft llland 57 45  !ê48 22 52 30 Steel point 58 7 If
48 30 53 0 Cardinals Ifland 5S 50 |é
48 52 52 35 Falfe Black Head 59 20 Ig
48 50 cj 0 Black Head 59 50 |é
SO i 52 12 Button’s Ifland^ 60 47 e

Long.
D. M.
52 55W
53 25
54 10
53 49
54  35
55 30
55 33W
56 46 
56 20 
56 15 
5 S 30 
55  40 
55  56 
55 39 
55 34 
55 25

Long. 
D. M.

T  a s ,



Hudfon's Bay.

I at.
D. M.

Button’s Ifles 60 47  N
Lowe’s Savage Ifland 61 48
Terra Nieva 62 4
Saddle Back Ifland 62 10
Great Bear Ifland 54 4
Ic  ̂Cove 62 0
taker’s Dozen 57 0
Great Savage Ifland 62 35
North Bluff 62 26 ■
God’s Mercies 62 28
Saliibury Ifland 6 3 30
Nottingham fE .  End) 6J 35
Cape CharlesfEaft End ) 62 5°

Weft End 62 40
Cape Walftngham 62 40
Cape Diggs 62 45
Mansfield f  North end) 62 40

South end 61 35
Sleeper’ s Ifland 60 10
Great ditto 58 35
Cape Pembroke 62 S7
Large Swan’s N’eft 62 20
Cape Southampton 62 10
Churchill River 58 47
Charlton Ifland 52 3
Port Nelfon’s Shoals 57 35
Hay River 77 10

Long.
D. M.
65 16W 
56  20 
68 o
68 10 

9  J6
69 o

70 0 
i 10

70 48 
76 50 
70  45 
7 4  15 
76 o 
78 o 
78 48
78 O
81 30 

30
30

82 10
83 30
86 10 
94  7
79 5
92 30
93  o

Davis's Straits.

Lat. Long.
D. M. D. M.

Cape ReCnlution 62 40N. 46 38W
Cape Comfort 62 45 47 30
Hope Harbour 63 55 47 S°
Gilbert’s Sound 04 •5 47 53
Cgoken Sound 64 5° 47 58
K . Chriftian’s River 66 7 47 8
Mufketto Cove 64 55 53 51
Romel Fort 67 22 45 53
Difco. 1. fS .W . Pointy) 69 6 4 4 38
Waygate Ifland 70 40 44 8
James I. C. Bedford 68 30 .50 8
Cumberland lfiand S. P 66 O 60 30
Eav of Good Fortune 64 20 6l 29
Refolution ifland) Cape 62 5 64 30

Warwick. 61 4 64 30

The Coajl of Greenland.

•John or Manen’ s I. 
Gael Hamk.es S iy  
.Bontokoe I Hand 
Cham point 
Dangy Ifland 
Herjoifs Nefs 
Whales Ifland 
Cape Difcord 
Cape Prince Chtiftian 
•Cape Farewel 
Cape Defolation

Lat.
D. M.
71 10N, 
75  o 
73  *7 
70 s 
67 23 
«5  3 
62 30 
60 30 
59 S i 
59 38 
6a o

Long.
D. M.

9  4 4 W 
6 45 
9  3 0  

22 17 
27 19 
30 19 
39 3 
39  55 
4 * 3 0  
42 38 
46 7

The Coajl of Iceland.

Lat. Long.
D. M. Di M.

Reikianefs Cape 63 SSN- 22 40 W
Weftman’s Ifland 63 2 21 4
Palrixfiord 65  36 34 4
♦ Straumnefs 65 40 24 26
North Cape 66  34 23 5
Grims Ifland 67 0 21 41
•Rikefiord 67 0 17 30
Long Nofe 66 45 12 H
Balanefs 66 2 12 l 6
Enchuifon Ifland 65 0 10 O
Engelhoaft 64 32 12 14
Wreeland Ifland 64 5 1 > 14
Cape Hekla 63 22 l 6 4 9

Englijh Coajl from London to St. 
Mary’s Light, Scilly.

* London — 51 32N. O 0 Ï
•Greenwich Obf. Si 29 0  5
Woolwich — 5 i 30 0 9
Purfleet — >1 30 0 19
Gravefend — SI 27 0 28
Rochefter — 5 i 23 0 38
Nore — 51 28 0 5.1
N. Foreland light 5 i 25 1 32 11 45
S. Foreland light; JI 12 1 30
•Dover - — 51 8 1 24 11 15
Dungenefs — 50  52 * 5 10 30
Mailings — 5°  53 0 47 10 4S
Bcachy Head — 50  4 4 0 26 10 15
Shoieham — 5°  47 0 n W 9  *5



Lat. Lone. H.W.11 Lat. Long. H.W .

D . M . o. M. 4 .M. D. M. D. M. H .M .

Arundel — co 46 N 0 26W 9 30 •Caen — 49 11N. O I6W I 1
ISelfcy Bill — 5°  43 0 41 9  30 Cape Barfleur Ls. 49  4 4 i 7 10 30
¡Owers (S.E.Part) 50 36 0 36 9 30 Cherbourgh 49 3» I 32 7 IS

Cape St.Germain* 49  4 <> i 52 9  -
Town — S° 47 I 0 II  i 5 Alderney 1. (W ,

Point) — 49  4 ® 2 IZ 9
•Bembridge Caikets Lights 49  48 2 25 JO

Ledge or Point SO 40 0 S9 II 4 s Guernfeyi« (W.
•Dunnofe — SO 33 X 10 9 Point) — 49 32 2 36
* Saint Cathe- Sark I.(N.Point) 48 28 2 16

tine’s Point — 50 3° I 14 9 Jerfcyl.(N.W.P.'j 49 IO 2 17 6 30
* Needles Lights 50 4 » I 24 9 30 •Coutance — 49 3 I 21 6
Pool Harbour ~ 50 4a * s 9 •Granville 48 s° ' • 3» 6
St. Alban’s Head SO 37 1 8 7 30 •Avranches — 48 41 i 17 6 30
•Weymouth — s o  37 2 30 6 15 ♦ Sr. Maloe 48 39 i S6 6 30
Portland Lights 50 31 2 31 7 >5 Cape Frchel — 48 4S 2 22
Exmouth Bar — 50 37 3 18 6 15 St. Brieux 48 32 2 48
Torbay, Berry De Btahat I (land 48 52 2 52 7  30

Head — 50 22 3 22 6 30 Roche Blanche 4 * 59 3 S2 7 30
Dartmouth So 18 3 33 6 15 •St. Anthony’s
•Start Point — <0 g 3 40 6 45 Lights — 48 40 4  24 6
Praul ditto 50 8 3 47 6 •Ulhant, W . Pt. 48 2 9 4 58 4 30
•Eddyftcne Light 50 8 4 ill 5 30
Hand Deeps 50 IX 4  22 5 30

4  15 5 45
•Plymouth 50 22 4 1 0 6 15 The Current in the Mid. C hannel is N.
Fowty — SO 17 4 47 5 30 E. about 1 H. 30 M. alter High Water;
•Deadman’s Pt. 50 12 4 54 5 »5 and it runs oft Dungrnefs 4 H, to 4 and an

50 8 5 5 5 «5 half hours ; in the Downs 4 Hours; and
Manacles Rocks JO 2 5 6  ' 5 Ealt, in the King’s Channel, 3 Hours after
Black Head — 5°  S 5 10 5 High Water»
* Lizard Point 49  57 5 H 5
Mount’s Bay — JO 8 5 37 5 In the firft column of the following table
Runnel’s Stone JO 2 5 48 5 is given the time of high water at the prin-
W olf Rock — 49  56 6 30 4  45 cipal headlands, &c. in the channel, on full
Land’s End 50 6 5 55 4  30 and change days : In the fécond column is
*St. Agnes L'ght given the time the current runs after high

(Scilly) — 49  55 6 42 4  45 water : And in the third the time the cur- ;
*St. Mary’s ditto 49  57 6 36 4  45 rent has done running

H.M.IH.M. H .M .
F r e n c h  C o a / t  f r o m  C a l a i s  io  U jk - A t the Lizard , at 5 0 3  ° $ O

Oft the Eddiftone 5 30! 3 0 30

OfF Portland _ 7 1 IO 15
•Calais — 50 58N i 57E O ff I. of Wight 8 14' 3 15 II  20
Cape Griz Nez— 50 58 I 4O 3 15 Oft’ Arundel and i
Bologne — 50 44 i 4 4 3 15 Shoreham — 9 ' 51 I '5 10 30
Etaples 50 31 i 47 3 15 O ff Beachy 9 4 5 ! I ‘ 5 I I
St. Vallcry — 4 9  5 2 0 47 3 15 OIF Dungenefs IO 3O'4 oi 1 30
* Dieppe 49  55 0  IO 11
Fecamp — 49  5° 0 30 I I
♦ Havre de Grace |4 9  2 9 O 12 9
•Paris — 48 .50 2 is
Mouth of Seine 49  27 0 JOW 9

<m In tl.c EncrUfti and St. Ceow ’s Channel«. and onihcEaft Confi of Frtglsnd 5ewefi,
hilf Voims, on the Weilern Co* l of Ireland two a a quarter

i4 Mimi cj Wcllcrly every Year, o: hvc and a half tears ;
¿cry five and a half Yea 1 io ill* Variation acre given fu *793»:uu will ba c the Van-

t aúon nearly fur any fuccecd¿r¿ Yc



From the North Foreland to 
Duncan's Bay Head.

* North Foreland
Kentifh Knock 
Long Sand Head 
Galloper fN . P.J 
Ditto f  South P.)  
Shipwaih f  N. P .)  
Ditto ( South P.)  
Gabbard —
Orfordnefs 
Aldboro’ knaps.

'South Point)  
Southwold 
LeoftaiF Lights
* Yarmouth
W interton Nefs 

Lights -
Smiths Knowl 
Haiiborough 

Sand, ,'S* P*J 
Ditto,f North P .)  
Cromer Lights—  
Lemon and Ower, 

North Point —  
Ditto, South P 
Cromer Bank —  
Dudgeon Lights 
Outer Dowlings 
Inner Dowlings 
Lynn Deeps — 
Spurn Lights
* Flamboiough

Head---------
Filey Brig 
Scarborough —- 
Robin Hood's 

Bay —
W h i t b y ------
River Tee's 

Mouth, 
Stockton — 

River Tee’s 
Alouth, New-
cattle------

Cuquet Ifland 
Staples I Hands— 
Holy liland 
Berwick 
St. Abb’s Head 
Dunbar
May Ifland Light: 
* Edinburgh — ; 
Fife Nefs 
Mouth of Tay—  
C . Rock, off ditto 
Red Head 
Montrofe 
New Aberdeen

Lat. _Long. H.W.
M. D. M. H.M.
2jN. i 32E. n  45
43 1 45 II JO
4 » i 45 i t  30
5« 2 0 12
4 « i 59 12

9 i  43 12
2 » 39 12
5 i  45 12

13 I 40 10 30

i? 1 49 9 45
28 i 37 9
SS i 49 9
4 S i 45 8 15

54 I 4O 8 15
57 2 20

54 i 4S 7 30
06 i 32 7 30

3 I l6 9
^3 » 43
13 1 45
21 1 30
26 I O 7 30
40 I O
22 O 5O 5 30
0 0 27 6

41 0 22 5 J 5
IO 0 *7 4  30
17 0 sw 4  S®
21 0 13 4  30

3.0 O 22 3 45
34 O 27 3 15

41 0 J9 3 30

i 9 3 30
22 I 21 2 30
39 I 4O 2 30
42 i 48 2 30
47 2 1 2 45^
57 2  6 4 30
59 2  2 9 i 30
! I 2 32 4 30
58 3 9 4 30I
15 2 33 4 30
2 6 2 38 3 3°|
2 9 2 22 3 30
38 2 24 12
44 2 28 ! 2

7 J 51 12 45!

Lat. Long. H.W.
D. M. D.M . H.M.

Peter Hiad — 57  3 4 n i 42W 12
Buchan Nefs 57 31 I 4 2 12
Kinnaird’s Head 57  39 I 56 12
Bamft •’ — 57 38 2 27 h  30
Fort St. George 57  33 4 » i i  15
hiver Nefs — 57 28 3 45 i i  15
Cromartie 57  4 2 3 5 6 i i  15
Tarbet Nefs 57 52 3  4 4 i i  15
Caithnels 58 17 3  3 II
Nofe Head — 58 28 3 4 II
Duncanfbay Head 58 43 3 5 8 15

The Orkney Ijlands.
Pentland Sker-

ries — 58 41N. 2 55W i i  30 ;
Stromo — 58  45 3 10 i i  30 :
South Ronaldflia,

South Point 58 47 3 0 i i  30
Copinflia — 58 54 2 45 i i  30
Lambs Head, on

Stronfal liland 59  4 2 40 11
North Ronald.

iha1. North Point 59  *3 2 38 10 30
Mould Head, on

Patra Weftra
liland — 59 21 3 10 9

Noup Head, on
Weftra Ifland 59 18 3 !5 9

Marwick Head,
on Pomona I. 59  6 3 26 10

Hoy Head, on
Hoy Wells I. 58  55 3 28 IO

Slue Skerry — 59 3 3 3 4 10
Fair liland ■ — 59  30 i 48 4

The Shetland Ijlands
Sunbro Head, \

South Point — 59  47  N. i  19W 4
Role or Hangchtf 60 13 0 38 4
Bralla Sound,

Latwick — 60 12 O 56 4
Out Skerries 60 42 0 8 4
Whaliey lile — 60 35 0 32 4
u i f t l .  N. E. P. 6 , 7 0 1 5 4  •
Foul Ifland — 6o 18 2 1 6 3

Ferro Ijlands.
1 he Munk Rock

appears like a
Ship under fail 61 18N. 6 47W 3

Fulae I, N. E.
part of Ferro 62 (2 6 7 4

Eatt Point of
. Mygenes Ifl.
N. W , part of
Ferro — 62 3 7 32 4

From Duncan s Bay to the Head of
the Land ’s End. *

Duncanfbay Head 58 43N. 3  3*V i i  30
O.innct Head — 58 44 3 18 i i  30
Farout Head 58 36 5 0 I I  3O
Cape \Vrath, or

Barre Head — ¿8 36 5 20 7



Lat. Long. H.W . Lat. Long. H.W.
D. JV1. D. Mi. H .M . 0. VI. >. M. rLM.

A Rock feen ai Lundy Wand En-
i  Ebb - 5S 45N. 5 21W 7 trance of Brif-

Rena Ifland 5* 5 s <> ’ S 7 tol Channel Si i<;N. 4 44W S 5
Rockal — 57 28 10 32 Mort P. S. En-
St. Kilda 57 51 8 56 trance of ¿?rif-
Butt of the Lewis 5* 29 6 34 5 30 tol Channel 51 '5 4 15 5 3°
Gallan Head — ;8 10 7 24 4 15 Hartland Point 5 > 4 4 38 5 45
Flannan Ifland 5» 13 7 50 4 15 Paditow 5° 42 4 55 5 45
Hi/kere llland — 57 2 3 7 5 » 5 l'owan Head 5° 30 5 7 5 45
Na Monich X. 57 22 7 5 6 5 45 Sr. Ives Bzy 5° 17 5 34 4 30
Bara Head — 5b 5b 7 4 4 5 30 Cape Cornwall 50 IO 5 55 4 30
Rocks very dan- The Seven Stones 50 6 6 2 3 4 30

gerous 56 55 7 7 5 30 The W olf Rock 49 57 6 2 4 »0
Cana Iflands 57 3 6 58 5 5° 1 he Land's End 5° 6 5 55 4 3=>

5 b 56 6 58 30
Rum I. Weft P. 5b 59 6 46 5 30
Tircey I. S. P,— 56 30 7 12 5 I r e l a n d .

Colt 1, North P. >b 42 6 45 5
Bomflily Rocks 5b 9 7 5 5 3° Cape Clear 51 1 t;N. 9 30W 3
Skerryvore — 56 17 7 22 5 3° Falhet Rock $ t 13 9 55 311a I. S. W. P. 55 47 6 44 10 30 Crookhaven 3 1 19 10 5 3
Ditto, South P. 55 39 6 30 10 3° Mizen Head 5 1 18 10 13 3 45
Rachland 111. E. Sheep’s Head 51 24 10 '5 3 45

Part — 55 17 6 17 9 45 Aantry Ray 26 10 IO 3 45
Mull of Cantire Grelagh Rocks 51 22 10 41 3

Light Houfe 55 21 6 0 r 1 Durfey I. W. P. 51 26 10 45 3
I. of Arran, S. E. Bull Rock 51 27 10 45 3

Part — 55 32 5 20 n Cow Ditto 51 27 10 48 3
Cumray I. En- Cod's //ead 51 3 2 10 3 2 3

trance of Clyde 55 47 5 ■ 7 1 r Kenmare ¿hay 51 3 S 10 5° 3 30
EJla iiUnd ■— S5 16 5 24 11 Lamb’ s Head 5 * 3 » 10 37 3 30
Irvin — >5 36 5 0 11 45 Hog Ifland 51 37 10 4 9 30
Air — 55 26 4 57 11 45 Hog’s Head 51 4 1 10 48 3 45
Loch Ryan — 55 3 5 2 1 11 30 jBolus Head 51 4 r 10 55 3 45
Port Patrick Lts. 54 48 5 2 0 11 Skelling’s Rock? 5 1 40 1 r JO 3 45
Muli oi Gallo- Lemon Rock S ' 42 11 2 3 45

way 54 37 5 8 11 /hay Head 51 47 10 49 3 3°
Great Scar Iflan d 5 4 40 4 57 11 Dingle /?ay 51 55 11 O 3 30
Burrow Head 54 4 1 4 39 11 Fuze Rock 51 54 11 14 3 3 0
Solway Firth 54 47 4 3^ 11 3 ° Fretter's I (land 51 56 11 22 3
St. Bee’s Head Tii jghtRocks  ̂I 57 1 r 24 3 4 5

Light ------- 54 30 3 5° 11 15 Great 7?la fleet 51 57 11 9 3 4 5
White Haven 54 3 2 3 47 11 30 Ennis Tufcan 0 11 “ 3 3 45
Selker Rock 54 16 3 39 11 Dunmore Head 51 59 ! 0 55 3 45
Lancafter — 54 3 3 3 1 1 1 ^ Dunorlins Head 5 - 5 10 S7 3 45
Liverpool 53 27 3 12 11 15 Brandon Head 52 10 46 3 45
Great Orms Head 53 20 4 3 ro 30 The Seven Hogs
Skerries Light - - 53 2 5 4 5 ° 9 45 Rocks 52 11 10 37 3 45
Holyhead 53 *9 4 S2 9 45 Kerry Ht ad, S
Brachy Pool Head 52 47 4 57 7 30 Entrance oi
Bardfey Ifland -- 52 45 5 O 7 3° Shannon Rive 52 15 10 3 2 3 45
Barmouth )Z 48 4 12 8 Loop Head, N.
Cardigan Har- Entrance ditto 52 23 10 33 3 45

hour 52 12 4 47 7 15 North Arran, 01
Strumble Head 52 0 5 10 7 Killaney 53 6 10 17 4St. David's Head 51 55 5 20 6 Galvvdv 7jay 53 9 9 59 4Ramfey Idand -- 5 ' 48 5 22 6 Slime Head 53 23 10 49 4
Small's Light Ennis Shark I. 53 3 4 JO 52

Houfe — 5 1 48 5 36 9 Ennis Turk I. 53 40 JO 4 2
St. Ann's ditto, Clare Ifland 53 45 10 36 3 °Milford Haven SI 4 4 5 TO 5 30 AchiH Head 56 10 4 9 4 30
Worms Head — 51 35 4 22 5 3° ¿?Iack Rock 54 2 10
Caldy Ifland — 5 1 43 4  4 2 5 15 EJ rris Head 54 18 10 37 5



Lat. Long. |H.W.
D. M. D. M . 4 Ä M .

Broad Haren 54  15 N 10 29W
Stag Rocks, (off

Broad Haven) 54  21 10 24 S
Down Patrick

Head ■ ■ 54  18 9 58 S
Sligo Bay — 54  15 9 18 5 15
Ennis Murray 1 54  24 9 18 5
Donegal Bay — 54  30 9 6 5 30
Tillen Head — 54  3 8 9 2S _ 5 30
Arrannr.ore 54  5 8 9 8 5 30
Tory Ifland 55 ' 5 8 48 4  30
Loch Swilly 55 17 8 0 5
Malin Head 55 24 J 4 8 4
Enniftrahul

Rocks 55 29 7 35 4
Inilhoan Head,

(Entrance of
Londonderry ) 55 7 16 4

Bengore Head -- 55 18 6 44 4
Rachlin I. (Weft

Point) 55 21 6 32 8
Fair Head 55 ' 5 6 22 10 30
The Maid’s

Rocks 54  55 5  46 10 30
Beltaft Loch 54  43 5 45 IO 3O
Copeland Lights 54  4 i 5 33 10 3°
St. John’s Point 54  12 5 49 I I
Dundrum ---- 54  '3 6 0 I I

Carlingtord Loch 54  0 6 12 10 30
Dundalk 53 57 6 27 10 30
Drogheda Bar — 53 45 6 22 II

St. Patrick's I. 53 36 6 io I I
Lambay Ifland — 53 31 b 7 I I

Dublin ------ 53  22 6 22 i i  45
Wicklow Lights S2 59 6 7 10
Wexford 52 22 6 30 8 30
TufkerRock -- Ç2 12 6 14 8 30
Carnfore Point -- 5 2 1 I 6 23 8 30
The Sifltee Rocks 5 2 5 6 36 5 3°
Hook Lights,

(Waterford
Harbour) — 52 3 7 3 4  30

Dungarvon ----- 51 59 7 36 5
Helwick Head -- 5 « 57 7 36 5
Youghall 51 50 7 53 s
Cork Harbour -- 51 41 8 23 4
Kinfele Harbour 5 1 3 4 8 42 4
Old Head of

Kinfale ----- 51 30 8 42 4
Seven Heads 51 27 8 52 4
Dundedy Head -- 5 1 25 9 8 4
The Stags, (off

Toe Head) - 51 19 9  23 4
Baltimore Har-

bour — $1 20 9 40 4
The Ifle 0/ Man.

C a lf of Man 54  »N. 5 3W 10 30
Douglas — 54  7 4  4 2
Rairiay Bay 54  17 4  3 8 10 30
Point of Air — 54  2 5 4  34 10 30
Peel H ill 5 4  i 2 4  57 10 30

From Calais to the Scaw.

* Calais

Lat. 
D. M. 
50 57 N

Long. 
D. M .

1 J7E.
Gravelines 51 0 2 15
♦ Dunkirk 5 1 a 2 28
♦ Newport 51 8 2 5 1
Oftend 51 14 3 2
Walcheren I.(W eft P.) 51 3 2 3 26
Goree I (land 51 53 3 58
Schowen Ifland 51 47 3 43
♦ North Gate 52 i 4  9
♦ Rotterdam 5 1 56 4  34
♦ Amfterdam 52 23 4  5 »
Texel 53 10 4  5 2
Bremen 53 2 3 8 28
Elbe River, Entrance of 5 4  4 8 i
Holmen 57  i 8 3 8
Robfnout 57  30 9 49
Scaw 57 4 2 10 43

From the Naze to Peterßurg.

♦ Naze of Norway 57 59  N 7 '3
Fer Light 59 2® 10 8
Chriftiana 59  5° 10 2 °
Frederickftad 59  ' 0 10 35
Paternofters 57 54 i i  32
Marftrand Light 57 5 4 i i  4®
Wingo Beacon 57 3 8 i i 1 42
Gothernburgh 57  4 * i i  45
Lefiou I. (Eaft Pointy 57  20 i i  9

Weft Point 57  ’ 7 10 s 1
Trindelen Rock 57 28 I I  IS
Kümmel Bank 57  2 7 I I 2 1
Nidigen Light 57 i 8 12  1
Warberg 57 7 12  19
Falkefiburgh 56  54 12 34
Halmftad 56 40 12 56

Halland’s I. (Wadero) 56 26 12 36
Koll Light 56 19 12 33
Anholt Light 56 44 i i  36
Hafelo Ifland 56 12 i i  48
Hielm Ifland 56 10 10 s4
Cronenburgh Light 56 3 12 42
♦ Elfeneur 56 i 12 41
Huen I. [North PointJ 55  55 12 44
♦ Lendscrone 56 8 12 S
*Copenhagen 55 41 12 41
Saltholm f North Point) 55 41 12  S I
Falftrebo Light 55 2 i 1 2  S 3
Lubek 53 51 10 s°
Dars Head 54  28 12 40
i?arnholm I.fN .B .P t.J 55  19 *4  54

S. W. Pt. 54 57 15 i 7
♦ Dantzick 54  22 18 4°.



Lat. Long. Lat. Long. H.W.
D. M. D. M. 3 . M. 7 . M. i .M .

Qland ("North Point) 56 11N. 16 29E. Point I.’ Abbe — 47 4SN. 4 11W
South Point 57 24 17 9 I îles de Glenan 47 4 4 4  0

Gotland ("North Point,) 56 55 18 16 L'Orient 47 4 4 3 21
South Point 57 55 19 37 lile de Groa 47 36 3 28

Goltfke Ifland 58 16 19 27 Quiberon ■— 47  34 3 5
Memel 55  H 21 6 •Relie Ille 47 17 3 i 2 30
Swaferott Lights 57 55 22  I Houat lfle — 47 2° 2 57
Domes Nefs Lights 57 4 8 22 3O Dumet lfle 47  15 2 52
Runoe Light 57 49 23 12 •Nantes — 47  IS 1 25
Riga 57 2 23 45 Nourmoufter IÍ1. 47  2 2 10
Dagerort Light 58 56 22 3 Dieu lfle — 46 42 2 1 6
Hengo Light 59 49 23 2 •Roche Bon 46 14 2 21 4 30
•Stockholm — - 59 21 18 9 Ree lfle 46 13 1 28 3 30
*St. Peteriburgh — 59 56 30 25 •Rochelle 46 9 » 4 3 45

*Rochetbrt 46 3 0 53
Oleron lile 
Cordovan Light-

46 3 1 19

Houfe 45  36 i 6 4 30
From, the Naze to Archangel. * Rord eaux 4 4  50 0 30 3

Cape Feret 
•Rayonne

44  43 
43 29

i 10 
i 24 3 30

Cape Machîcaco 43 31 3 1 5

Lat. Long.
ifllboa 43  >5 3 » 3
Cape de Lata 43 34 3 53

•The Naze *—
D. M . D. M. Cape Penas 43  4 8 5 4 8 357 5 9 n 7 I3 E. •Cape Ortcgal 43  4 6 7 3b 3

Lifter Land — 5* 9 6 45 Cape Prior 43 31 8 8 3
Judder,orWalbert's Hd 58 34 5 55 Ferrol •— 43  3° 8 0 3
Rutt’s Ifland 58 42 5 5 8 Corrunna 43  17 8 12
Great Wylingloe Ligh

58 56
Cape Æelem 4 3 10 9 13 3

Houle — 5 5° Cape Turiana 43 4 9 21 3
Stavanger, 58 56 6 5 •Cape Finifterre 42 J2 9 H 3
Ulfter’s Iiland — 59 24 5 20 Vigo Bzy — 42 14 8 34 3 30
2?ergen 60 12 5 5° Cape Faillis 42 s 8 50 3
Mus Sound — 60 18 5 30 •Oporto 41 20 8 21 3
Sillewoog Ifland 60 36 5 21 Cape Mondego 40 5 8 46 3
Kate Nofe — 61 25 5 4 2 Cape Fiferaon 39  24 9 10
*l)rontheim, *— 63 26 11 10 The Curlings 39 9 31
•Werro Iiland 67 43 9 7 •The Rock of
•North Cape 71 10 26 10 Liibon — 3 8 45 9 3 ï
•Archangel 64 30 39  0 * Liibon 38 42 9 7 3 30
Weigate’s Straits 69 30 62 2 Cape Epichel 38 21 9 >5 3
Nova Zembla — 78 0 70 0 St, G bes 38 29 9 0 3

•Cape St.Vincen' 37 2 8 56 3
Cape St. Mary 37 0 7 55 3
Point Arenilla • 37 6 6 53 3
•Cadiz 36 3I 6 6 3 30

Front Ufnant to Cape Spartel.
Cape Trafalgar 
♦ Gibraltar —

36 10 
36 5

5 5b 
5 >b

3
3

Ceuta
•Cape Spartel

35 50 5 i 2 3 30
ii- iL . -1-48. . 3

Lat. Long. H.W .
D. M. D. M. M.M .

•Uihsnt — 48 29 N 5 oW 4  30
•fireft — 48 2 3 4  2 5 3 *5
Point Raz 48 2 4  40



T h e  N o r t h  C o a fi  o f  th e  M e d ite r - Lat. Long.

r a n e a n  S e a , f r o m  G ib r a l t a r  to  

C on  f t  a n t in o p ie .
St. María 
Pefcera

D. M. 
4 S 23 E 
4 4  4 2

D. M.
14 25E
15 40

Cape Sedo 43 45 16 25
Lar. Long. R ofaro 42 48 «7 40

D. M. D. M . P atero 42 23 19 15
•Gibraltar 36 SN 5 16W Dorazo 41 40 18 45
Malaga 36 42 4  »5 La Valions 40 55 20 8
*Cape de Gatt 36 46 2  2 4 Cape Liquet* 4O 42 19 50

t ^Carthagena 37  37 I z Pageni 39  19 21 28
•Cape Palios 37  34 0 58 Larta 3 8 55 22 3
•Alicant 3S 18 0 9 Cape de Larta 38 40 21 44
Cape Sc. Martin 3 8 47 0 5E. Lepanto 38 15 22 54
Valentia 39  30 0 32W t Cape Gallo 36 40 21 49
Cape Orooefb 40 0 0 7 Cape Mantapan 36  35 22 37
River Ebro 40 44 0 30E. Cape St. Angelo 36  37 23 4 4
'Barcelona 41 26 2 18 Cape Mala 37  3 4 24 >3
Cape Sebaftian 41 48 3 15 Corinth 3 8 10 23 35
C apc de Creux 42 18 3 23 •Athens 3 8 4 23 5*
Perpignan 42 30 2 57 Negropont 38 28 24 10
Cette 43  24 3 4 6 Cape Doro 38 0 25 0
Narbonne Road 43  0 2 55 Cape St. George 39  «> 23 4 4
Montpelier 43  37 3 4 9 ^Salónica or Saloníque 40 41 23 14
Mount fort 43  39 5 0 Cape Ballourl 39  43 23 55
•Marfeilles 43  18 5 28 Cape Pellice 39  57 24 25
*  Toulon 43  7 6 3 Capc Monte Santo 40 10 24 57
Cape Taillar 43  4 6 36 Adrianople 40 44 27 5
Cape de Otopej 43  2 9 7 21 Galipoli 40 25 27 II
Villa Franca 
Cape de Mille

43  4 2  
43  54

7 23 
7 36

•Conftantinople 4I I 29 O

•Genoa 4 4  25 8 41 T h e  S o u th  Coati, e t  th e  M e d ite r .
Point de Fin® 
•Leghorn 
Cape M . Nero

44 16 
43  27 
43  18

9  0 
1 0  2 7

ra n e a n S e a ,

16 0 Ceuta 35 5 ° n 5 12W
Vada 43  15 10 35 Cape Tetuan 35 28 5 H

43  0 10 33 Cape Negril 35 25 4 24
Point Ereore 42 29 II I •Cape Three Forças 3 ? 3 8 2 45

4 2  S II 52 Cape Eegalle 36 46 I z
•Rome 4 i 54 12 33 Cape Falcon 36 6 0 44
Cape jDazzia 41 38 12 33 Cape Ferrât 36 4 0 3 E.
•Naples 40 j i 14 20 Cape Tennis 36 3 Í I 12
Cape de Polonado 40 3 13 28 •Algiers ;6 49 2 19
Pol'caftro 41 17 15 53 Cape Matifor 3 6  52 3 3
Cape Batican 38 47 16 35 *Cape Carbón 36 S3 4 15
Cape Croie 38 17 16 16 Cape Tenes 37 4 5 44
Cape SpavteventO 38 0 16 57 Cape Fyel 36 38 6  37
Cape Collonia 39  ° 18 8 Cape Ferro 37 4 7 33
Tarento 4O I4 18 2 Bona 36 45 7 53

I Galjpoli 59  5 6 18 36 Ta barca 37 8 8 55
1 Cape St. Mary, the En- Cape Serra 37 25 9  35
t trance to the G ulf of Cape ülanc 37 3° 9 35
1 Venice. 39 40 io 14 Tunis i6 45 0 10

Bri'ùcï 40 38 i» 45 Cape Bon 37 9 i 8
j Barry 4 '  4 17 18 Sufa >5 44 O 5O'
1 Manfredonia 41 40 16  10 Cape Paul 5 5 1 >5

CaDe Ytftio 4 1 43 ■ 6 34 Cape de Zoara 3 30 i 24
‘ Peleara 43 12 14 3° •Tripoli 2 54 3 i»

43  3 8 13 37 Magra 2 29 5 0
Comacchio 44  25 i12 O Cape Menfurato 2 24 5 39

45 26 i12 IO Cape I-orat 3 I 0 16 30
Triefte 46 0 !13 34 Cape Studico ■ 43 7 37
Rovigno 45 i l  Í13 48 Stantores • 0 17 8 40



Lat. Long.
D. M. D. M.

Cape Ljnconta 30 57N. 18 10E
Cape Sarabion 31 28 19 i
Zoara 31 12 ig 0
Cape Bengaz* 32 28 20 2
Cape Razat 33 7 22 26
terne 32 59 22 21
Cape Razatin , 32 45 22 57
Cape Luco 32 15 25 25
Cape SoJiman 31 4 ° 25 4 S
Point Ramitan 31 25 26 27
Cape Lagnfcgo 31 13 27 19
Cape CapopuO 3 1 3 28 49
Cape Rofe 31 0 29 40
♦ Alexandria 31 h 30 22
Cape Brule 31 4 4 3 1 34
Domiate 31 36 32  I
Bere! la 31 20 32 47
Cape Calló 31 34 33 SS
Jaffa 32 5 35 10
M. Carmel 32 50 35 16
Cape Vardo 34  >8 35 57
Tripoly " 36 46 36 24
Tortora 35 20 36 25
Cape Sauditi 36 0 36 0
Cape Canzin 
•Alex«ndretta,orScan-

36 24 35 47
demon 36 35 . 36 26

Aleppo 35 45 37 26
Cape Urico 36 3 5 ' 34  20
Porto CavelerS 36  33 33 17
Cape Dranmont 36 23 32 7
Satalia 36 58 30 35
Cape Seven Capes 36 31 28 54
Cape Biabe 36 44 28 IO
Cape Crío 36 45 27 34
Cape Perrera 37 »0 *7 30
Cape St. Mary 37 45 27 20
Cape Blanc 38 16 26 32
•Smyrna 38 28 27 26
Cape Bab* 39 24 26 20
G. Janefari 39 53 26 32
Cape Capitani 40 13 28 0
Pruflias 40 35 29 4

IJlands within the Straits.

♦ Alboran 
Zaffatine I (lands 
Fórmentela, W. Point
Ditto,
Ivica,
Ditto,
Salina
Carbera,
Majorca,
Ditto,
Ditto,
Ditto,
Minorca,

(E. ditto) 
(S. ditto 

(N. E. ditto)

(S. Point) 
(S. Point) 
(N . ditto) 

(W . ditto) 
(E. ditto) 
(S. ditto)

36 iN. 
n  »3 
38 41 
3 8  39
38 48
39 1 0  
3« SO 
39 1 0  

39 " 8  

4° 45 
39 4 0  

39 4 *  
39 43

48 W 
8

49E.
105»it
40
*3
30
4 05«

; *
: S«»

(W. point) 
(S. ditto)

♦ Minorca, (St.Phillip's 
Fort)

Ditto, (N. ditto point) 
Corlica, (W . Point); 
Sardinia, (S. W. point) 
Ditto, (S. E. ditto) 
Ditto, (N. ditto) 
Ditto, (N. W . ditto) 
Señera, (N. point) 
St. Pelem 
To ro 
Galice 
Elba 
Planofo 
Capraia 
Gorgona 
Ponda 
Lufterca 
Sfrombolo 
Leuaze 
Marelimo 
Faugnana 
Sicily,
Ditto,
Medina, in ditto 
Pantelaria 
Li nota 
Piduflk 
Malta, (NT. point)
Ditto, (S. ditto)
*The harbour in Malta 
Gozo, (N. point)
Corfu, (S. E. point)
Fano, entrance o f the 

Gulph of Venise 
Pelegofa 
Piani 
Tremilli 
Liffa 
Pomo 
Loriga,
Scio,
Cerigo,
Cerigotte 
Milo
Mitelene, (W. point) 
Goze
S. W. point 
Cape Spada 
S. E. point 
N , E. point 
Rhodes, (S. E. point) 
Cyprus, W. point 

E. point 
S. point

(S. E. part) 
(S. point) 
(S. point)

1 1

Lat.
D. M.

39  S!N, 
4© 16 
4 * 30 
39 4
39 °
41 15
40 S7
41 13 
39 °  
38 40
37 5°  
.4 * 48
42 3 4
43  10 
43  2442 32
38 J3
38 57
38 12 
38 o
37  56
38 i l  
.6 4 S
38 15 
36 54 
35 SS
35 4 °
36 o
35  39
36 o 
36 i»
39  3 *

40 8 
42 14 
42 9 
42 10
42  4 7
43  2 
43  S3
38 14 
36 22
35 SS
36  41
39  15 
35 2 
35 17 
35 45  
35  «  
35  35  35 27 
35  o  
35 40 
34  30

Long,
D.M.

3 5 4 E. 
3 2 1

l8 18

u 5+? 35
8 6 

| S
8 20
8 55
9 S» 
9 45 
9  35 
9 21 
9  55
3 35 
S 52 
2 20 
2 i t  
2 26 
2 40 
5 36 
5 59 * o 
2 38 
2 40
4 22 
4  35 
4  3 4  
4  50

20 50

21 6 
16 30
16 13
15 50
16 27
>5 55 
15 52
26 32
23 21
24 43
23 6
27 1224 S
23 S«
24 18 
23 55
27 6
28 45 
31 55 
35 o 
33  16

The Coajl o f Africa from. Cape 
Sparici to Cape Verá,

•Cape Sparici 
•Larafli 
•New Sale 
•Mazagan

35 48N. 
35 «3* 35 
3313

547W. 6 8 
6  3$811



Lat. Long.
D. M. 5  M.

•Cape Blanco 13 jN . S 20 W
•Cape Cantin 32  35 9 0
•Saffia Bay 3 2  20 8 40
•Mogadore I (land 31 27 9  2 5
•Cape Geer 30 28 9  47
Santa Cruz 30 29 9  34
Cape Nun 28 40 II IO
•Cape Bajadore 26 29 14 20
•Cape das Barbas 22 15 t6 34
•Cape Blanco 20 41 16 52
Arguin 20 22 16 22
Cape Miric 19 15 16 JÖ
Purtendic 18 6 i6 58
Senegal Bar '5  51 16 9
•Cape Verd 14 46 ■ 7 47

The IVcfiern Ifies.

•Corvo 39 42N. 31 oW
* Flores 39  3 4 29 5 4
*Fayal, the 'I own 33 28 37
•Pico 38 29 28 20
Tercera 28 K
St. George 38 39 22 55
G raciofa 39  2 28 4
•S t. M ichael,E. Point 37  47 25 48

ditto W . Poini 37  5° 26 iiS
•St. Mary 37 0 25 6

The Madeiras.

•  Porto Santo — 32 58N. 16 20W
Rock (E .o f dittoundei

water) — 33 3° r6 2
Madeira, (Eaft Point) 32 50 16 46
Ditto, (Weft Point) 32 30 17 26
•Funchal — 32 38 17 5
The Salvages Iftand 30 8f 16 4

The Canaria.

•Lanzarote, (North P.) 29 25N 13 26 W
•Ditto, (South P.) 28 51 ‘ 3 41
Forteventura,(Weft P.V2S 4 14 26
Ditto, (Eaft Point- 28 40 >3 40
•Canaria. (N .E. P. 28 13 15 33
•Ditto,. (South P.) 27 42 >5 54
•The Peak a/TenerifieizS 13 16 26
•Ditto, (North P.)l28 39 16 0
•Ofotavia in ditto ' ¡25 23 16 30
Santa Cruz in ditto 28 27 16 18
Palma, (North Point},»8 36 17 32
Tazicote in ditto 25  6 17 3
Ditto, (South Point y 28 18 17 37
Gomcra, at the Port 28 6 17 4
•Ferro,, (the Town)’z7 47 17 40
•  Ditto, (Eaft Porrtt);27 50 17 37
Ditto, (Weft Point) 27 46 1 7 -5 »

Cape Verd Iflands.

Latr. Long.
D.M. D.M.

St. Anthony — ¿ 7  9N. 24 4SW
St. Vincent — 16 JO *4  36
St. Lucia — 16 44 * 4  31
St. Nicholas — 16 32 24 16
•Sal — — 16 38 22 SO
•  Bonavi ft a —- 16 6 zz 41
*Mayo — — 15 10 23 0
St. (ago, (North Point] 14 54 23 27
Ditto, (South Point' 14 17 23 25
Brava *— — 14 50 24 39
•Fogo — H  57 24 ZZ

From Cape Verd to the Cape oj
Good Hope.

•Cape de Verd
Lat.

14 46N.
Long.
17 47 w

•Goree Hie — 14 36 17 37
Cape Naze * 14 24 17 18
Cape St. Mary* (Ent. 

to the river Gambia) 1 3 1 7 16 56
Cape Roxo —- 12 23 17 10
Cape Vergue — 9  5 2 14 56
Delos Iftes — 9 2 9 14 7
•Cape Sierra Leon S 29 13 48
•Cape Ann 7 7 13 2 7
•Cape Mount" — 6 46 i t  42
•Cape Mczurado 6 16 i l  17
Cape Baxos — S 28 IO 7
Seftos River 5 2l 9 47
Cape Formofa — 5 ? 9 39
♦ Cape Palmas 4 26 8 iS
St. Andrew’s River 4  S» 6 20
Cape Laho J 12 5 i*
•Cape Appollonia 4  59 3 1«
•Axim 4  5 1 2 36
•Cape Three Points 4 40 2 38
•D ix  Cove . . 4 48 z zz
•Sakonriee 5 0 I 5 «
•Elmina . . . 5 10 1 40
•Gape Corfe Caftle 5 12 I 2 0
•Devil’s Hill . . S 24 0 50E
•Anamaboe Fort 5 10 I 7
•Acra . . s 30 0 16
•Tibberacoe . . . 5 53 i  23
River Volta 
Cape St. Paul 
Whidah ,
Formofa River 
Cape Formofa 
New Callabar River 
Cameron River 
Cape St. John 
Gabon River 
C .  de Lopas Gonfalvez 
Sefto River 
Alvary Bay

5 53
5 5 26 *5 
5 33 
4  30 
4  *3 
3  20
1 iS 
o o 
o 47S.
2 16
3 27

* o 
3 1 3  
6 10 
6 40
8 o 

io o
9 »3 
9 23 
9 12 
9- 4 Î

j o  4 °



Congo River

Lat. 
D. M.
4  3 5 s -

I.onp.
D. M. 
i t  5E.

Ambris River 8 55 13 13
Cape l.edo 9 SO 12 3
St. Philip de Benguela 12 l8 12 35
♦ Cape Negro (appears 

like black hommocks) 16 5 12 44
♦ Tiger’s Bland 16 30 . 12 0
Cape Frio 18 40 13 42
♦ Elizabeth’s Bay 20 12 15 30
Cape Roftro de Pedro 23 0 14 0
♦ Angra Pequena *6 35 i ç 40
Cape das Voltas 29 0 16 45
♦ Walw ck Bay (N, W . 

Point) 23 0 r4 0
Cape Defeada 32 20 15 24
♦ St. Helen's Bay (C.St. 

Martin’ s) 3 1 4 5 17 45
♦ Saldanah Bay 33 « 18 0
♦ Cape of Good Hope 34 29 18 29

From the Cape o f  Good Hope to 
Cavion* *

IJIands between Cape Verdy ihc\ 
Cape o f Good Hopey and Cape\ Horn.

Sr. I
* Ferdinand Noronha 
St. Matthew 
Fernand de Po (N .P .) 
Prince’s I Hand
♦St. Thomas (Man of 

War’ s Bay)
♦Di'to (S . P.)
♦ Annabona
* I'rir.iJay ( t )
♦ Martin Vas vlargcft)
# Afcenfion
*3t. Helena (James 

T jwii) _
Saxemburgh
* Fri^ran d ’ Acunha ( N

P - ) U )
♦  Inacceliible IfUnd 
♦ Nightingale lHand 
Diego A lvarcï!
♦ Gough’s Ifland
Falkland’s |. (X . E, P .) 5 ( 
Ditto (S. Vv. point)
♦lilan'l Georgia 

♦Gape rLtiier 
♦C. Dinppointment

* Willi«*» i(1“S
♦ Sandwich Land (Cap* 

Montag«.)
♦Cand'etnas Itl^s 
»f5A.rh.Tn Thule

Ln. Limg.
ID. M. D. M.

♦ Cape of Good Hope ¡3+ 18 29E
Falfe Cape |34  ,6
•Falfe Bay ¡34 10 18 39
Cape Agullias 34  44 20 1 5
Bay Sr. Braie 34 28 21 59
Cape l alhado 34 '* 23 17
♦  Algoa Bav 33 3=> 26 35
Cape Delgado (Mufch

Bay) 3i  3 » 24 JO
♦ Firft Point of Natal 32 '* 28 5f
* Middip Peine of Naia' 30 45 30 20
Port Natal 29 50 3° 57
Smokv Cape 27 7 33 15
Cape St. Mary (entrance

tf Delagoa Bay) 23 51 33 16
Cap-* Coii-ntes 23 37 36 35
Cape St. Sebaftian 21 35 36 25
Sofala 20 15 35 32
Angoxi 16 h 39  27
♦ Mozenhiqtie 
Cape Delgado

[4  56 io 6
,40 29 
*41 '5

QuiJoa 8 4 ' |39 40
5 5 N. 27 4°VV, Mom bas 3 34 41 30

53 s - 32 32 Melinda 2 45 ¡4« 47
33 7 30 ♦Magadoiiia 2 ioN /46 25
23 N. 8 50 E.I Cape Batiks 4 5° ¡49 . 2

44 7 35 ' ♦Cape Or Ail IO 27 •S' 33
♦Cape Gudrdafui I I 47 ¡5 1 35

27 7 O ♦Cape l>tbc!manc!£l(en-
5 6 5° trance of the Red Sea' 12 3s ¡43 47

. n s . 5 4 2  : ♦Cane Aden 12 45 ¡45 17
28 28 3 ;  w¡ ♦Cape Fartafh 15 29 Is2 5
3 ■ 28 8 i r ape Mnrebet ¡7 0 i54 •9
56 '4 l 6 ♦.Socotra I/bnd (E ,P .) 12 l i 54 23

Ditto ( vV. Poim) 12 45 ¡53 2
55 5 4 s 1 ♦Cape Pedro 17 1 1 ¡55 27
4 1 ‘ 9 15 , •Moka (in the Red Sea' 1 3 1 7 ;43 ■7

J udda l  I 29 ( 3 9 26
6 t I 38 Cape IDclete '9 4 ; 5? l8

*9 t ; 4 5  : C-eat Madeira I/land iO '5 ’eS 5 1
29 11 43 Cape Rofclgate 22 36 loo 54
20 11 2 Muicat 23 Ì59 26

15 2 30 Cape p ( k 25 57 '57 55
s° 57 30 C. MulelJon (entnneet' !
0 61 4 5  1 the f ïn lf  of Pcijia) zf, 17 Uó 57

Cape BirdillaA ;8 0 ¡5 ' 8
5s 37 35 Oamb.uoon 27 18 i 5® 6
58 i*> 10 ♦ Rafibni 70 7 I a." 3»
0 3« 21 Cape M m ?« -S 0 ¡65 >8

♦Poin* Gi^at 33 ¡53 35
35 26 4 1 Diiu P int 10 44 1*9 5°
to 27 8 * Cambave 22 30 i n 17
34 27 4-7 Su-.ir 11 10 !? 2 26

t The ton lititJr of T» '«n flhnvu is 2 u r j r rp i  left t* .t 
Mtrvjüu,,. I h.„l 1K jJ ,M !'!n S “ ̂ '.'L 'v . ?r

v rhir'c im! ĥ ok«-. 5 V O V * îi* T 'H > r^  
«**«•«•«» :.»•»?)> 11 
t l.tfnJi’A'

» KmbaiTy 10 China, pji

il



1
1 L*t. Long.

D. M. D. M.
' Cape de St. John 20 6N . 7 * 34E
j *Bombay 18 57 7 * 43

Da bu-t 17 48 73 9
’ Goa 15 31 7 3  55
Barcelorc 13 S i 75  *
Mangalore 13 Q 75  3 5
Mount Dilly 12 J 75  35
•Cochin 9  53 7fi> 17
*Cape Comorin 
Donrira Head (fouth F.

7 57 7 7  y 1

of Ceylon) 5 47 81  2
’ Trincomaky 8 3 5 81 27
Point Pedro 9  5 7 80 39

1 Point Calyrr.ere IO IJ 79  54
’ Negapatnam IO 3.2 79  S3

j ’ Pondicherry ■ I I 4 2 . 79  59
: *  Fort Sr. David’s I I 29 79  54

*  Madras *3 5 So 35
Point I) ivy t6  2 81  29

| ’ Malulipatnam 16 16 8 1 24
’ Coringa Bay 16 58 82 30
* Point Gordeware 16 4> 82 37
*Vi&gapatara 17 46 8 j  35

, ’ Gamjam > 9  * 5 8 5 7
l ’ Jagernaut Pagoda 19 48 85 57

* Black Pagoda 19 51 8ft 10
Falfe Point 20 17 8ft s>
’ Point Palmyras 20 4 4 87 10
’ /CadgWee 21 92 «8 16
’ Balafore 21 21 87 2 1
*  Ingel lee 21 48 88  i>

| ’ Calcutta 22  3 4 88 33
| ’ ■ Chandcmagor 22 52 88  35
i ’ Jflamabad 22 20 g ì  J 2
} Aracan River 20 2 7 93 0
! Cheduba Ifle t8  4 5 93  37
1 ’ Cape Negrais. 16  S 9 4  9
| ’Gulf of Martaban 15 3 7 96 30
J ’ Tavay Po*nt '3  37 97  4 4

’ Junkjeyfon 8 15 98 2’ Malacca 2 12 2 02  I f
: ’Cape Roman;a 1 > 5 104 5
1 ’Siam (in Gulf of Siam) 14 l8 100 5 5| ’Camhaja Ft int 8 45 103 4 5
1 AvarclU Point 12 3 4 107 50

Cape Nord orTuron 16 4 10S 30’Macao 22 12 113 S 1
♦ Canton 23 8 1 13 8

Gape o f Crúcd Hope &  Cape Cam-

Shoal dtfcovered b; f 
C apt. Fortune of th. I 
fhip Commerce ¡53 gS.

A fhoal' hh breakersdif-|
covered by the Dutchjji 4 4  

Ifland of Mad igafcar. I 
’ South Point (Cape

St. Mary’s) U j 33

4 3  1 0 E

4 4  O

4 4  55

N o r th  P o in t  ( C .  A m -

L a t .  

D .  M .

b ro  o r  N a ta l ) 12  2 S .
• S t «  A u g u f l i n e ’ s B a y 2 3 35
C a p e  S t .  V in c e n t 2 1  4 «
C a p e  S t .  A n d r e w ! t o  6
C a p e  S t .  S e b a ffia n 1 2  3 0
B a y  A n t o n g i! r(S ©

Ifla n d  S t .  M a r y i 6  54
• F o u l  P o in t I ?  4 I
• F o r t  D a u p h in 1 5  0

I BafTas d e  I n d ia 22 2 0
| E u io p a  R o c k « * i  3 0
| J u a n  d e  N o v a 1 7  »5
1 S u fl'e x  R o c k « 2 1  2 9
1 B a z a r u t o  Iflan d « 2 1  i f t
j E n g li fh  B a n k * 7  3 0

C h e f le r f ie ld  S h o a l' t 6  1 7
• M a y o ; t o  I fla n d 1 2  4 7
• M o h i l la  I fla n d 1 2  JO
• J o h a n n a  I fla n d 12. 1 5
• C o m o r o i t  3 2
P o r tu g u e fe  S h o a t i ' *  3 3
lo h n  M a r t in ’ s Ifla n d t o  9
A ld a b r a  l f la n d i 9  4 0
A flu m p tio n  If la n d 9  4 6
C o fm o le d o  I f la n d 9  4 6

1 S t .  P e t e r ’ s If la n d 9  3 4
| N a t a l  I f o n d 8 3 0
; S a n d y  I fla n d 9  1 6
j Z a n z ib a r  If la n d  

! A m ir a n t e  I fla n d  ( N .  Vf .
6  t o

I P o in t] 5 t o
; D it t o  ( S .  E .  P . )

M a h e  I f la n d  ( N .  W .
6  i o

P o in t) 3  4 01 D i t t o  ( S . E . P . ) 5 2 0
’ Jfle  B o u rb o n  

I ’ M a u r i t iu s ,  o r  I f le  o f
2 0  5 2

F r a n c e 2 0  10
1 - D i e g o  R a i s ,o r  R o d r g n e (J9- 4 0

• S t .  B ra n d o n  

! N a z a r e t h ' B a n k  f S .  W .
i f t  3 4

1 P b h it] 1 6  4 5

1 D it t o  ( N .  E .  P . ) '3  3 5
j S a n d y  Ifla n d  

S o u th  R o ^ u e p iz  ( d o u b t-
1 5  10

j f u l )
j S u p p o fc d  to  b e  t h e  fa m e

i o  3 0

| a s  G a le g a 1 0  3 0
] J o h n  d e  N o v a r o  i j

j P r o v id e n c e  I f la n d 9  7
■ S t .  F r a n c is  t f te s 7 1 0
. P ero s  B a n h o s 5  3 0
1 ’ D ie g o  G a r c ia 7  3 0
i C a o d u I f U 6  0
! A d u  H ies 5  3 0

M a lJ iv e  t ile s  ( S .  E .  P . ) 0  4 0 s .
1 D i t t o  ( N -  V / . P . ) 7 1 5 N .
| M a l i q u e l i k  

i L a c c a d iv e  I fle s  ( S .  F .
S  1 7

j P o in t) 9  j o
j D it t o  ( N .  W .  P o in t) *3  3 <5

Long.
D . M .

50 1 9 E
43 30
43 37
45 3* 
49 44
SO 38

5 0  3 6
49 59
47 5
4 1 30
4 0 1 7
43 7
4 2  26

3 6  3 0

39 17
44 0
45 30
43 55
44 35
43 3°
46 .55
43 15
46 55

4 8  3 8

>0 47
4*7 1 $
48 1 2
4 0  4 j

53 4 5
55 0

54 5
»6 3 0

55 3 6

57 35
6 3 1 0
6 2 5 0

6 0 0
6 1 4 4
55 5

6 4  31
56 50
53 30

53 31
>6 30
72 20
71 3 5
76 35
76 2 0

74 55
7 3 4 0
72 59

7» 55
70  35



Ijlands andJhoals to tie  Joutbward  
and eaftwar-d o f  the Cape o f  Good 
Hope.

Lat. Long.
D . M D. M.
4 1  oS. 21 3 0E .Marfeveen J  doubtful.

Tclemaque fboal 38 50 22 2
Dutch Bank 37 20 38 3°

Ditto 38 24
Prince Edward's Iflands

♦Sonthernmoft 46 J3 37 5* *
♦Nortbemmoft 46 4O 38 13

Marion friand* 47 » 5 46 0

Kerguellen’s Land, or
llle of Defolation

♦Bligh’s Cap(NP) 48 29 68 49
♦Chriftmas llarb . 48  4 t 69 9
♦Port PalliCer 49 3 69 4 2
♦  Cape 15igby 49 *3 70 39
♦Cape George 49 54 70 15
I . Solitaire 49 49 68 t i
Cape Louis 49 3 68 23

St. Paul’s lUand 37 5* 77 11
♦Anifterdam, (E.P.)-j- 38 42 7 7 1 *

Ijlands and Jhoals i v e j l  oj N e w

Holland.
Danifli Rock 
Cloate's lila mi, Long!-

28 17  S. 98 30E

tude uncertain 
Ttyal Rocks 
Roferoary 1 (lands 
Abrolhos Shoals 
Chriltmas Illand 
♦ Coco rs(Northernm.) 

Southernmoit

s i  45 
20 40 
20 30 
2 8  JO 
IO 30 
I I 5O 
12 23

93  *7 
104 30 
n o  45 
n o  45 
104 27 
9 7  «3 
97  *4

Ijlandt and Jhoals between Cape 
Cameron and Sumatra.

♦ Ceylon, (South Point) 
♦ North Point 
♦ Trincomaley 

Bale of Cotton Rock 
(doubtful)

Preparis 1 ll and 
Cocos I (land (N.Point) 
♦ Great Andaman III. 

North Point.
South Point.

Little Andaman I. S. P. 
Nicobar Ides, N. P. 

South Point.
* I'M l.u- 'a. „1 Ha. .u.nu „ 

Eml.aflV to Chin*. v*.l I. p.*. •> 
work i< I, 59', iti, ni.an 
(V.D anrt a half miles (mm tail to

s 47N.9 57
8 33

5 *8 
14 50 
J4 6
13 30 
1 1 2 1
10 31
9  *5
6  5 1

8r 2E. 
So 39 
81 27

86 15 
93 35 
93
92 40 
9s  35
92 30
93 1 2
94  22

Sum atra.
Lat. Long.

D. M. D. M.
Weft-Point 5 *SN. 9 5  3 * E
♦ Acheen 5 22 9 5  40
Cape Felix 3 5« 96 3
Point i.abou 2 5$ 96 48
Cape Sitoe a  3 9 7  3 4
Point Batang 0 5 98 5 3
♦ öencoolen 3 49 s . 102 6
♦ South Point 5 5 3 104 7
Hog’s Point 5  4 8 10$ 12
Luccpera Point 106 5
Tuijong Boa I 0 104 24
Sangoa 2 8N. ICO 2 2
Diamond Point 5 0 97  38

Ijlands o h the Wefleru Coaji o f Su
matra, and in the Straits of M a
lacca.

♦ Pulo Konda 3 5 9 N' 95 2 1E
♦ Pulo Way, N. Point S 49 93  33
♦ Pulo Bralle N. Point 5 38 9 5  >2
Hug Wand 2 30 95  45
P ulo Nyas 0 37 97 2
Pulo Mintaon liiand 0 25 S. 98 0
Good Fortune 111. S. P. « 57 99  49
Foggy or NaCTau S. P. 3 *5 100 1$
Engano or Deceit I'll. 5 33 102 2$
♦ fortune Ifland 6 47 IO4 O
Pulo Sever 8 30N. 98 00
♦ PuU Buton 
♦ Prince of Wales Ifland

6 30 99  24
(Fort Cornwallis) 

Bintang (S. entrance of
5 *7 100 20

the Straits of Sinca pore; r 0 OO

ljland o f Jaaja , and Ijlands in the\ 
Straits o f Stinda. \

♦ Java Head or W. P. 
♦ Arjer Point 
♦ St. Nichols' Point 
♦ Bantam Point 
♦ Batavia 
Indermay Point 
C. -Sandano 
E. Point 
Winerow Point 

♦ Peak on Prince’s Id. J 
♦ Peak on Crocatoa Jfl. 
♦ Peak on Tamarind 1(1. 
Pulo Somboricoo 
♦ Pulo Salier 
♦ Cap 
♦  Button
♦ Thwart-the-way

rdiiiR toC'iipt. Ktiuh, it r

had n Ki.od meridian .»hi', ir
♦ Rearing« of a rock on 

—Peak, on Tamarind 1(1.. 
never in left than ten fath-

A funken rock, on which the ft 
Barnard, nf Billon, and pubUllicd 
dittaui*? lenguet—■S<mih {»tint of 

7 fathom', within SO y; 
not (Hoaien her water iw Itfs that 
have feeti) at fo great a diiUitcc 1’t

n niort hoi.kt and chart*. 
i the tndoftan flruck. in the Strain of Sunda 
6° VV'. Cnj»t. M'lmofh rowed round the r

-Zeclip.W 49 N,-Pt

6 45 s. »04 4jE
6 % l0$ 535 5« 106 05 54 106 1
6 10 106 56
6 15 109 2
7 39 114 32
8 40 “ 4  37
7 25 106 7
6 24 104. ?o
6 8 105 24
5 54 105 28
5 4 4 105 28
5 5° 106 1
5 59 105 54
5 5° 105 54
5 55 105 48

° at»’ K. and i 
r»m riorth to i'umh'̂ ndrJam, in la itwde beiug
it illanrl, a* i i3 marked
akon C.ocatoa,5. Mow.

mine Ifland, \. W.I.vW.
114ht fliould

ucky -, but hi nune (that I



Lat. Lorn;.
D. M. D. M.

*Three Sifters 5 4 2 S. 105 47E
‘ North Wand 5 38 105 48
♦ Two Brothers 5 8 ic6 9
* Lurepera S. entrance

of the Straits of Banca 3 i i 106 20
♦ Nanku 1 (lands in (he

Straits of Banca 2 22 105 46
Banca ifland S. E P. 3  4 107 0
* Monopin Hill N .W .P. 2 7. IOÏ 23

North Point i 3 3 106 0
Eaft Point 2 38 107 0

Straits o f  Gafpar and Billiton.

Gafpar Ifland 2 24 s. 107 20E
Billiton Wand S. E. P. 3 W 108 20

S. W. P. 3 9 107 46
N. P. 2 33 107 58

Point Sambar S. W.
Point Borneo 2 45 IO9 5O

Carimara i 26 108 54

IJlandi and Shoals from  the Straits 
o f  Sunda to the north entrance o f  
the Straits o f  Banco.

ljlands in the nveßern part o f the 
China Sea attd G u lf  o f  Siam,

Bintang I ON. 104 3c E
Spirit iilands 0 39 106 5 7
St. Julian Iflands 0 52 IO6 33
Timelans Wands . I 0 107 IC
Small Ifland 1 36 106 J7
Wood Itiand I 4 1 io6 15
Saddle Ifland 2 2 2 106 0
Great Anambas Ifland 2  56 106 15
Great Natunas llland 4  2 ¡0 8  0
♦ Pulo Tingy 2  23 10 4  25
♦ Pulo Aore a 30
»Pulo Timón Iiland 2  4 6
♦  Palo Brata 4  45 103 56
Pulo Lazen 7 Ji
Ridang Ifland 6 0 I ° 2  37
♦ Pulo Uby 8 30 IO4 30
* Pulo Way 10  0 10 2  44.
Two Brothers 8 30 IOÇ 55
♦ Pulo Condore 8 40 106 24
* Pulo Sapata 10 2 108 42
Hainan (North Point) 20 2 • IIO  35

South Point l8  12
♦ Great Ladrón 2 1  C2
♦ Chook-choo 55 113  41
♦ Afles ears 21 5 s ■ ' 4  12
*Typa Road 22 9 »13 54
*Pedra Branca 22 19 1 15  2

Dalrjm ple 's account o f  Shoals 
China Sea.

the

n*e lituation ol l3rat as' Shoal was determined by 
Capt. King and Mr. Bayley ; it is of conflder- 
abie extent, being 6 leagues from N. to S. and 
ftretching three or four leagues to the eadward; 
of Pxata lfiand.

N . E . E x trem ity
S. W , Extremity 

St. Efprit Bank) nearly round 18 or 20 leagues in 
circuit, on the north part rocks even With the 
water's edge, on the louth part 9, 10, 15 fath
oms, land, rocks and grave! . . .  

Suppofed part of the fame, 8 fathoms, red coral 
rocks -

Ditto 12, i c j ,  6$, 8, 9, 12 fathoms (none at 20 
and 40) fand, with fmall ftones and coral rock ; 
fteered on it N. N. W. £ mile and N. £ W. 1  ̂
miles j appearance of ihoal water to the weit- 
ward . . .  .

Breakers and feme recks above water, extending N, 
E. and S. W. 3 or 4 leagues, fuppofednorth-eaft 
fhoal of Amphitrite, or Triangles 

Law Black ljlandy with white land, round and 
long bank of white fand to the north and break
ers . . . .

High black rock feen from the mart head, bear
ing W . 8 or 9 miles, when the above ifland bore 
N. W. J N. 8 or 9 miles diftant 

Pyramid Rocky to the northward o f it a low fandy 
ifland, and another to the N, E.

Authorities. L a t. Long.

J Mr. Bayley, 20 54N. 1 1 6  55E -
h Capt. Kmg, 20 58 1 *7 5
J Mr. Bayley, 20 39- II6 4O
l  Capt. Kmg. 20 45 I l6 49

Ship Afleviedo,i7j5 W 33 113 6

La Pais, 1763. 19 9

Grofvenor, 1765. 19 7 112 22

E. Sandwich, 1784. ’ 7 4

E. Lincoln, 1764. 16 35 112 57

Enr.Elizabeth,i720 . 16 30
•V. part of the reef 
ra«u<ri «liftant— Cur 
Irland juft joining the wertem part of ijooi



D a lrym ple's account o f  Shoals m thi 
C hina Sea.

Authorities. L o t . Long.

Soundings 13 fathoms, rocky - - - E. Lincoln, 1764. 16 14 113 iE .
Scarborough Jhoal - Scarborough, 1748- 'S t>

Ditto - Afliviedo, 1755. 15 0
Ditto, extending 12 miles from S. by E. to N.

by W. and 4 miles broad, breakers, and tvv< 
fmall rocks juft on the furiace about the middle 
of the flioal • RoyalCaptain, 1773 J 15 U 

t ' S  5 117 46

S boat of Sand extending from N. E. to S. W . 45
112 36fathoms at 2 leagues diftance . . . Sou.SeaCaitle, 1762 it  48N.

Ditto by NicheUen's account two low fanr'y ijU Ditto 5  11 4° 1 12 21
ands . . . Ï  *1 34 112 16

Probably the fame .  .  - 
Ditto, two fecals, breakers and dry fund with one

Ship Luconia, 1764. t i 39 
i t  36or two fmall rocks . . . Capt. Gafpar. II3 j6  :

Bank of foundings . . .
Low Jjland) about I mile extent, covered with

Saubut Jung, 1763. U 34
ihrubs and ica-wreck, at the eaft fide a dry fane 
bank, about a mile extent, llland N. N. W, 
4 miles, no ground at 85 fathoms. Ditto, 1763. I I 32

M3 56 j  

” 3 34  Ï
Bank of foundings . . . Falmouth, 1762. h  25 I I4 20  1i
Ditto 9 fathoms, tocky McurGofTard, *741- h  24 “ 4  17 .
Breakers « . . . Capt. Eaton, 1685. I 1 20 1
Ijland .  .  . Capt. Bacon, 1768. II II 1 *3 I« !:
Breakers . . . Dolphin, 1767. 1 J 10 ‘ 12  59  ;
how Ijlar.d, lecn in company by the Eilex and 

Falmouth . . . .  
Low Iftand with fand to the fouthward and break*

Efifcx, 1762. I l 2 11 « 4 5  •

ers 2 miles N. W . from the ifland 
Low Black Ijland furrounded with breakers, ami

Falmouth, 1762. 10 58 I I 2  J7

has a bank of white and reddith fand at the fouth
point, and at the north a long ledge of breakers 
and green water; lies N. E. and S. W. CavalioMarino, 1752 I I I II5 22

Bank offundings 8, 9, jo, 11, fine white fand 
and coral rocks, about a mile long eaft and weft, 
and -J mile broad . . .  

Very whiteJandabove water, witha ledgeofbreak-
10 57 117 58Sea Horfe, 1776.

ers at each end firetching about \  mile ; it lies 
N. E. and S. W . about 2% miles CavalioMarino, 1752 

RoyalCharlotte 1773
10 48 1 1 5 1 8

Nortkmojl of two Jands j uft above water 10 47 114 34
Ledge op Breakers - Dolphin, 1767. 10 46 M2 53
Small Ijland with two rctfs of breakers Sieur Gofiard, 1741 io 42 “ 3 31
Ledge of Breakers . . . Dolphin, 1767.

*>»V" 
« O'

0 0 1 12 52

FirJ} Jjland by Dolphin *
Breakers lying eaft and weft, 1 mile long, and

Ditto, 1767. 

Cinges, 1759.

10 35 ‘ 12 43
very narrow - -  - (0 31

112 36Breakers .  « Dolphin, 1767. 10 22
Small low Jfeind
Sand bank with high breakers, lies N. N , E, ami

Ganges, 1759. 10 20

S. S. W. - -  - CavalioMarino 17 <2 10 18 12
Andrade  ̂ foundings on it Bridgewater, 1771. 10 16 n o  39
Long Jjland
Sand tike a handkerchief, about 1 mile long, dry

Dolphin, 1767. IO 17 112 4O

and breakers - Capt. Eaton, 1685. 10 10
Breakers . . . . Dolphin, 17Ö7, 10 8 I 12 20
North end of Great Beef Ditto. to 7 112 14
Sand -  . Capt. Eaton, 1683. 10 s
Breakers -  « - Harawicke, 1744. 10 2 112 I
Sand - Capt. Eaton, 1685. 10 0
Reef - .

• R e f  great length, all feather white, nothing a
Dolphin, 1767. 

Hardwicke, 1744.

9 59 M2 I

bovc water - - - 9 54 112 6



Dalrjmple’s account o f Shoals in th 
China Sea.

e Authorities. Lat. Long.

Breakers, fuppofed Andrade« a< fathoms, rocky(
and no ground Falmouth, 176*. 9  <0N 108 46E,

i Shoai, three black rocks in the middle ; at th 
fouth point many breakers, and at the nortl 
point green water, but fcarce any breaking ; lie 
N. E. and S. W . 6 miles in length

1
5

Ca valloMarino, 175 - 9 39 i  i j  3
Breakers two thirds of a mile extent Ganges, I7?q. 9 22
Breakers in three places, a reef under water 

ftretching N. N. W. and S. S. E. about half, 
mile, 8 or 9 leagues from Palawan Sea Horfe, 1776. 9 is

Small redone quarter of a league long from eaft tc 
weft, on which the fea broke ;  7 fathoms at th< 
weft point - Sieur Godard, 1741 8 38 n o  43

Breakers, extending W. by N. and E. by S. fu 
miles long and very narrow ; eaft end appearec 
to be rocky, as the fea broke very high on it 
weft point fuppofed to be fand, on which the fea 
did not break fo high, and only feemed to rol 
over it Sea Horfe, 1776. 8 57 u 6  59

Breakers, lying N. E. and S. W. about ten 0 
eleven miles long, and three broad, in form of a 
half moon, with the curve to the weftward, am 
is all fine white faod juft above the furtace 0. 
the wa'.er . . . Ditto. 8 47 116 49

Shoal 25 fathoms, black rocks and breakers, lies 
N. by E. and 8. by W. nine miles long and three 
broad . . . CavalloMarino, 1752 8 31 1 14 26

Bank of fourteen fathoms, failed weft four or five 
miles on it Pr. o f Wales, 1755. 8 4 n o  35

High breakers Viper, 1769. 8 0 M 5 3 0
Reeks and high breakers • • Walpole, 1783. 7 SO " 4  35
Bank with high breakers Viper. 1769. 7 30 *15 12
Bank feems to be P. Wale’s-bank Viper, 1769. 7 24 n o  35
Reeks and breakers Royal Charlotte. 6 57 " 3  4 6
Northermuoft of twoJkoals9 two and a half farh- 
oms, about four leagues afunder, Borneo in fight Mr. Barton. 6 SS 116 5

Breakers, N. E. and S. W. one and a quarter mile 
long, probably the fouthern part of the Royal 
Charlotte’s (hoal I.ouifa, 1774. 6 14 113 *2

Forty four black (tones, the breakers N. by E. 
four or five miles Ditto. 6 9

Sira/about 4 miles long, north and fouth, had fix 
fathoms, rock j believe as little as three fath
oms ; had 55 and 60 (hells, at two cablet length 
diftant - CavalloMarino, 17 52 S 5 4 II4 23

of four fathoms (doubtful) Cape. Kirton. S 4 » 113 7
Shoal of five fathoms, rocks, (doubtful) Ditto. 5 39 t «3 20
Two Shoals, rocks feen on the northernmoft | Euphrates. 5 39 

5 37
S 37

113 29

Shoal three fathoms, rocks, then 10, 17 fathoms, 
(doubtful) ^apt. Kirton. (13 16

R erf of fand and rock?, with high breakers, lying 
N. N. W . and S« S. E. half a mile long, and 
very narrow . . . Sea Horfe, 1776, 5  3 S 12 33

Bank of five fathoms, fand and rocks 
Shoals fometimes broke N. W . and S. E. Thefe 
appear in four different parts, extending about 
N. W . and $. E. feven or eight miles in length 

Three or four jboals near together - (
Ditto.

la valloMarino. 5 *8 14 44
Shoal one and a half fathoms, hard rocks N.N.E. 
and S. S. W . - - - .uconia, 1776. 5 24 I t  ?€

Shoal of two fathoms Ditto. 5 5  u *  29 

4  57  l i l t  K  r
Dry fand S. 37° E. from the laft ihoal, about 

eight miles diftant. Ditto.



Ijlands in the Ja va S ea , and Jlraits 
taji o f  J a v a .

Lat. Long.
D. M. D. M.

PuloBabce s 42S. 106 16E
Carimon Java 5 43 n o  30
Ide Lubeck S 4 ° 112 15
Jde Madura (N. W. P . ) 6 48 1 12 Ç2
Ditto E. P. 6 34 114 17
Ballv Ide (Couth Point) 8 36 I ! $  2 2
Bally Straits (Couth ent.) 8 45 “ 4  47
Lombockld. (S. W . P.) 9  2 116 12
Peak of ditto 8 14 116 31
Lombock Straits(S. ent.) 9 0 I » S  S S
Cumbava lfl.(S.W .P.) 8 54 Ji6 S7
Straits of Alafs (S.ent.) 9 Q 1 16 50
Straits of Salee 8 10 1 17 3 5
Sraits of Sapy 8 30 I 19 20
Sandlewood I (land 9  4 S 12 0  0
♦ Savu Iiland to 33 122 2Ç
Rot to Ifland 11 17 123 7
Timor Iiland S. to 15 " 2 3  43

Borneo, Celebes, Luconia, and the
adjacent ijlands.

Borneo
PointSambar(S.W.P.) 2 45S. toq coE
T  anj«ng\fora( W. P. j 0 45N 108 43
Tanjong Dato 3 2 n o  15
North Point 7 0 116 4 j
Eaft Point 5 ‘ 5 I I9 20

Mondeur Idand 4  24S. 1 16 0
Three little idands near 

the S. E . point of G . 
Polo I.aut. *Two 
northernmoft 4  3
•Southcrnmoft 4  7

: Great Pulo Laur, N .P . 3 8
.♦ The three alike iiland' 

(ftraits of MacaHar) 3 36
Celebes (fouth point) 5 46 120 0

I Macaflar 5 9 " 9  49
North point 2 oN 124 O

fSooloo (E.P.) 5 57 I2X 2 1
•Bafilan 6 23
Sraits, between Baiilan 

and Mindanao 6 40
¿Cagayan ¡Hands, (north- 

ernmoft) 9 40
•Negros(Couth point) 9 8

| Panay (S. P.or P. Nafog) 10 lS 121 50
-• uinilnban lllind, ly

ing between the north 
parts of Panay and 
Palawan,the northern- 
moll of the group I l 25

Cuyo Ide, to the fouth 
1 of the above [ I 0
(Dangerous thoal marked 

eight fathoms on Gmi 
charts,at 7 or 8league 
diilant from the N. W 
part of Panay, its lati
tude being nearly tx 2 0

7 >7 
7 »7

12 14 
12 12 
12 29
12 39 
12 42 
4 28 
4  36

13 SS
18 45  
2 1 9
21 54 

2S IS
22 30
2 2  O  
21 57 
21 40 
20 30
I I 30
14 S9 
14 20

117 ‘5 
117 30

Palawan (Couth point)
North point

•Balambangan (entrance 
to the Sooloo Sea)

Banguey
* I (lands lying near the 

Couth point of Mindoro
* Wefternmoft 
•Eadernmoft

•Mindoro (P. YlUim)
*Apo Bank, large rock 

above water 
•Smaller ditto 

•Entrance of Manilla B 
•Manilla in Luconia 
•Goat ldand 
Luconia (N. W. P.)
•  Baihee l.(northernmo(l )
•F'ormofa (Couth point)

North point 
Tavoan ¡11 Formofa 

•Tobaco Sima 
•Little Tobol 
•Vela-rete
Marianne or Ladrone J 

Idands j
Tinian, VV. P.
St, Bartholemi 
Pefcadores

Neiv-IJolland and the adjacent 
Ijlands

Lat.
D. M.
8 iSN 

11 20

Long. 
P ,  Al
i i?  3°E 
119' 40

120 59

120 43
122 7
121 5
122 13
120 3J
12 1 43 

43
120 53

‘4 4  o

'4 5  47 
167 30 
165

*S. W, Cape 
•S. Cape 
•Swilly Idani 
•Mew Stone 
•Tafman’s Head 
•Adventure Bay 
•Sr. Maria's ides 
•Sr. Patrick’s Head

*3 37S 
43 42 
43 SS 
13 4 8 
43 33 
43 21 
43 23 
4 ‘ 44

♦ Cape Howe 37 24 149 14
♦ Cape Dromedary 36 21 i $0 4  1
♦Botany Bay 34 0 151  20 1
•Port Jackfon 33 4’ 1 5 1 2 1  j
•Cape Iliwke 152 2S '
•Smoky Cape 30 49 'S3 7
♦Cape Danger 28 7 '153 28
*C.,pe Morton '-6 57 1 53 22
♦ Sandy Cape 24 45 153 2
•Kepple Cav 23 30 ¡ 50  40
♦Cumberland Iiland 20 30 '4 s 45
♦ Cape Cleveland 19 10 147 5
♦Cape Flartery '4  52 r4> 10
•Cape V oik 10 44 1 4 1 37
Well’s Slval 12 20 M-8 3
Murray’s M-s 9 57 143 22
Wreck Reel 1 I 2 2 ‘ 43 43
Van Diemen's T>>v 11 30 1 3 1 '5  '

146 I2E
147 I 
147 It
146 32 
14 " 33
147 34 
[48 10
148 20

Nenju-Gmnea and adjacent Ijlands.
113b 30E 
148 o 
‘ 34 o , 
148 30

Ncw-Cuinea (C. Fnlfe)} 8 
Eart P .in I 6 

LouiiiaJe Ides, E. point 111 
W. point I X



Nrv-Britain, E. point

New-Ireland, E. point 
W. point

d° m* Fiicfutly an  ̂ oibtr JJlands 
* the Pacific Ocean.

¿V.Zealand CisT aaja.ent ijlands.

Banks' Illand 
•Cape PalHfer 
.•Cape Tuniagair* 
Cape £ift 
•North Cape 
•Ship Cove

I *Q- whari<xte*y Sound 
•Cape Farcwel 
•Dtiky Bay 
♦ Norfolk Wind

i*'e-w Cateaortta ana adjacent 
Ijlands ¿9* $b?als.

•Ille of Pines 
♦ Botaov Maud 
•^.Cnaflotte’s Foreland 
•Cape Coronation 
•Cape Coloiict 
•RaMabea Illand

•Wallis*« Ifland 
Probv's Illand 

•P.lltan 
Gardner*« Wind 

•Hoonga-hapee

Rand 
•Rickert »n*» Illand 
•Annamoka 
•Eoa (E. P.) 

¡•B.w»h-c 
¡•Hianhn 
{•Howe*« Ifland 

•Pola (\V.

i*II<>i Plat 
■ •Duke <*f Clarence's I. 
'•Oirolava [Z. P.)

l ;£. P.)
'•Palmed! m*> Illand

-------- ^ -------------------- ¡*VVhv»«ttaVre1  ilU/Hli'-i?/hoaiS la te ly  tllf covered  ! '♦  Hervet \ Wand 
J . . J J Kt rr l  !•«'*—-..« tm...iin the tradì f  oni L'eia Hi /- 

/  ind to Canton.

N. AV. point of 
a- :w Caledonia, oh 
ierred by Cap«. Bon«

•Durand's Reef extend, 
ing 4 or 5iniles, dif.
covered bv Cap* Butler 

Firing’« Wands 535N ‘ 6® *®
Muikill.) Group, low ? 7 ¿0 gg g

and dangcrt'Us $ 7 47
Btown’.« Range 

¡Arthur’« I. (northern) it 43 162 47 
¡P.tirv’s l.  (fniuhern.* 1

N. He.oñ dei y &  adjacentijlands,
ioS»t73 91

1 40 t%  5

♦ Annatqm Illand 
'tironan 119 31
•Tanna P.rtRefoIntron'liÿ 3a 169 46

r Listili
hm»tn-ingt;Traîtor'iH.ji8 43

1741

•.She*«

.• Ifland 
.«.mnnvnr 
•• d'« bunds 
We

168 38 
xf>-< 43 
168 37

rhu-e Hills 
f i  •Piiioai liU rl

'  • * Matte« 'h> C 
•• ch H

168 »7 
i fi8 a* 
*68 34

Lie«

(♦ Mange«
Wand 

a tltand 
Illand 

♦ B >)*bola Lian«!

•Ohatocncno Harbour 
•Enne«* (TalooHarbour)

♦ Htahinc • Owharrc Bav' 
•M-vinira“
•Otahette.OaitipcbiBay)

• Adventure Wand

•Refolution Marni 
'Taoukae Illand 
*Ohitahoo;Ref')UuionB.) 
•Ohevahoa Wand 
♦ Onateavo Illand 
'Magdalene I.land 
•Ho.mI’« Iflaiul
•Carvsfort Itland 
•Lord Hood's Illand 
•Duere'« Wand 
•E-tlter I. (Cook’« Bav' 
f ian Fernandez libimi + 
Gallapagos IOes t   ̂

Gallego

ro  36 
69 5» 

rS9 «5 
169 f ,  
169 ti 
158 5: 
16a v  
»59 3fi 
5® 43

«49 *® 
*5 * 3 
*5*

»3« 4’  
,8 28 

115 a? 
•24 35 
«■>9 30 
78 37

Sandwich IJJands.

• Mowcc, End point
•Somh point 

♦ Welt point
• Marokioee

•Ranai, S. point 
•MorOtoj, \V, point

From Canton to Kamtjkatka% 
•zui tb the adjacent ijlandi, 
from the obfervations of Cap
tains Cook and La Perotije.

•Tiaoyu.fn Wand 
« . . fSoutbernmofl Middle

AMe* lvN’or hernmoft 
Great Ltcukicu, N.P 

S. P.
'A Rock
'Qoelpaeri I. S. P.
•Ifland D'gclet, N.E.P 
h’ iphon Wand, N. point 

•Cape Noto 
S. point 

•Jootfi Sima 
‘A rock weft of C. Noto 
'Bay dc Tetnaa 
•Bay de SnITren 

] Wand Tehoka
*S»uth P. (C.Crillon* 
•Bay de Langlc 
•Bay o'Eftaiog 

•Bay de Caftries 
C. Lopatka Kamtfeatka 
B d'Avatfeba, in Karmf. 
•Cape Tfchukollkoi 
•EailCtpe

17 .36 
45 kl 
47 5*

123 39 
.»«•J 52 
*4 l »5
14» 17 
14« *5 
129 0
i*9  o

»3« o 
«37 45 
‘ 37 39 
‘ 37 34 
*39 5»

‘ 4* 59

‘ 4» 57 
*4 ‘  4 
•$" .50 
5« 55 
71 *9W 

169 3*

North We]i coafl of Americay 
from the obfervaiions of Cap
tains CAok and La Per&ufe.

*55 -53 - 
*54 -.9 
*55 40 
»55 5 l

! 2?

’on of St. Bias 
P>rt Sc. Diego 
‘Port of Mmuerey 
'Port St. Franeifeo 

Cape Mendocino

•Cape Gregory 
•Cape F«>«>lucathcr 
Cape Rond 
Bay of Martyrs
I. de« Dolores 
•Cape Flattery 
•Breaker» Point 
•Nootka 
•Woody Point 
•Bay Si. Louis 
'liles de Sartine 
•Cape Kleuheu 
•Cape Hctìnr 
•fi-iy de la Touche 
Ray de Clonarti 
C ipe St. Anguftin 

•CapeTIchirtKOW 
t Guíllen

Cape Eng-ino 
Port of Guadiloupe 

ÌPort de V>s Ryntedios 
Cape Cmfs 
P<w. de> Français 

¡'Cape Fair*eaihcr 
¡Behring« River (etitr.) 
[Rave de Mon»
¡•Point de >a BouíTole 
I' Mount St. Elias 
¡Cape Hincbinghroke 
'Cape Elizabeth 

¡•Barren Iflvs 
IPoint Banks 
[•Cape Douglar«
I 'Cipe Whitfunday 
¡•Cape Greville

124 1
123 4®
¿4 23

124 50
'24 52 126 35 
126 37 
27 55 
aft 47

'28 53 
128 50 *3‘ *2 
i* *5 

*33 3° 
‘ 33 43
34 5°
35 9 

‘ 35 »336 3 
J5 5 fi 

*35 5^t6 44 
‘ 31 »5
' 4  ?;8 33
«40 10 
»41 o 
‘4°  5®

‘5* »3 
‘ 5* *5 
*52 44 
*51 45 
*52 3» 
152 40 
*54 5 5

i6fi k*
longitude« t.* Jtnn Pernandu.« and the Gallapago Wat», 
v-'re a If«« dife «veretl in the fame (beet, which the rea 

The lonziinje of Cane St. Amb ir.y Ihoulu ne 
The latttude of Cape Fhnc«* —  —  —
The lonçiiMe of Bav Su Julian ~  —
P irnwvll’s IiUu«i ibonld be BarnrvcUh

.« were iuCorrtcUv primed, in the tuth page of 
ler i< delirtd to Correft» vi^.—

VV. nearly.

fe  38 w .

> w .

la<:n;de of RorVal, hv a late ohferv.uion of Cant William 3tnrr, o f the (bin TMendfbip, « 
« hmsintde, found from hi« run ir«»m Fair Ifland. i« 14® 18* \V.
• «iren in the f.-urtH page of thi« tahle,:« about one degree more than in moft book « and chart«. 

, nearly with the !a<e ol-fervaii«ms of Ci;i«ain$ Hurd ana Dixon, viz.—  ’* St. Goirge*«, the eafternmoft part of the 
the latitude of ,4.0 ¿¿*20” N*. longitude 640*6' W  of London. Wreck H«it (weilernmoft land) latitude 

x*. longitude 114° 44* W. ) he hHt latitude to run for Bermuda« 1« 320 S’ N. 51’hcn vdl'eli hound there make 
lv of the itUnd, thrv Ihou’ d keep a good look out, as the ledge of rock« extends 10 01 *' ’ ' ' ‘ ■ ‘J

a parallel line from call to weft about 43 miles,*'
from the land.



T A B L E

or TUB

S U N ’s d e c l i n a t i o n

For the Year 1800.

Jan. Feb. March. April May June. July Aug. Sep:, o e t . ivov. L>ec.

D
ays. South South South. North North North North North North. South South South, D

ay
;

0 / 0 / O / 0 / O / 0 ' O / v) / 0 . 0 / 0 / 0 /

X13- « ■ 7- 5 7-33 4-34 ' 5- S 22. 4 23. 8 18. 3 8.18 3.12 14.28 21.52 i.
2 *7.56 16.47 *7.10 4-57 15.23 22.12 23. 4 17.48 7.56 3 39 14-47 22.00 2

3 22.50 16.30 6.47 5.20 15.41 22.20 23. 0 17.32 7-34 3 -5» 15. 6 22. t 3
4 22.44 ■ 6.12 6.24 5-43 15-59 22.27 22.55 17.17 7.12 4.21 iS-2 5 22.17 4 ;
5 22.37 ■ 5-54 6. 1 6. 6 16.16 22.34 22.49 17. O 6. jo 4-45 >5-43 22.24I_S

6 22.^0 15-35 5-3 # 6.28 16-33 2 2 .4 C **•43 16.44 6.28 5. 8 l 6 . I 22.32 6
7 22.23 15.17 S-»S 6.51 16.50 22.46 22.37 16.27 6. j S-3 * 16.19 22.39 7
8 22.15 14.58 4.51 7-13 17. 6 22.52 22.31 (6.11 5-43 S-S4 1 6 - 3 7 22.45 s

9 22. 6 I4.39 4.28 7-36 17.22 22.57 22.24 15-53 5.20 6.17 16.54 22.51 9
10 21.57 14.19 4 - 4 7 - ? 8 17-38 23. 2 22.16 15.36 4 -S7 6.35 17-11 22.57 10

11 21.48 14. O 3-4 « 8.20 •7-54 23. 6 22. 8 15.18 4 -34 7- s 17.28 23. 2 1 1
12 21-39 13-4° 3 * 7 8.42 18. 9 23.10 22. 0 15. 0 4.11 7.25 ' 7-44 23 . 7 12

13 21.28 I 3 .2 C 2.54 9. 4 18.24 *3-14 21.52 14.42 3.48 7-47 iS. 0 23.1 1 13
*4 2 I . l 8 12.59 2.30 9.25 18.38 23.17 21-43 14.24 3.25 8.10 18.16 23.I5 14

15 2r. 7 i i -39 1. 6 9-4 ’ .8-53 23.20 21 .34 14- 5 3 - 2 8.32 18.32 23.18 i i
l6 20. ? 6 12.18 1.43 1 0 . 8 19. 7 23.22 21.24 13.46 2-39 8.54 18.47 23.21 16

«7 20.44 11.57 1.19 1 0 . 2 C IQ. 20 23.24 21.14 i.3-2 7 2.16 9.16 IQ. 2 23.23 «7
18 20.32 u . 36 0.55 I 0 . 5 C 19 .34 23.26 21. 4 13. 8 «•S3 9.38 19.16 23.25 l 8
19 20.19 11.15 0.32 11.11 ' 9-47 23.27 20.53 12.48 1.29 10. 0 19.30 23.26 19
20 20. 7 10-53 0. 8 XI.32 19.59 23.28 2O.42 12.29 1. 6 10-22 19.44 23.27 20

21 ‘ 9-S3 10.31 0.16N- 11.52 2 0 .12 23.28 20.31 12. 9 0.42 10.43 ‘ 9-57 23.28 21
22 19.40 10.10 0.39 11.13 20.24 23.28 2O.I9 n .49 0.19 1!. 5 20 .10 23.28 22

*3 19.26 9.48 i- 3 12.33 20.36 23.27 20. 7 11.28 0 . 4S. I 1.26 20.23 23.27 23
24 19.11 9.26 1.27 i *-53 20.47 23.26 19-54- 1 1. 8 0.28 II.47 20.35 23-27 24

25 18.57 9- 3 1.50 13.12 20.58 23.25 19.41 10.47 O.JI 12. 8 20.47 ¿3.25 25
26 18.42 8.41 2.14 I3 -3 2 21. 8 23.23 19.28 10.26 1.15 12.28 2°-5 9 23.23 26
*7 18.26 8.18 2.37 13.51 21 . IQ 23,21 19.15 1 0 .5 1.38 12-49 2 1 .1 0 23.21 2?
28 18.11 7.56 3- * 14.10 21.29 23.19 19. 1 9-44 2. 2 13. 9 21.21 23.18 2

*9 • 7-5 S 3.24 14.29 21.38 23.16 18.47 9.23 2.25 13.29 21.31 23.15
30 17-38 3-47 ' 4-47 21.47 23.12 18.33 9. 1 2.48 13-49 21.41 23. 1 I 3_

3 i ,17-21 4. i i 21.56 18.18 8.40 14- 9 23. 7 3J



t
I

| T A B L E
i
!
!| OF THE
!
i

[ S U N ’s d e c l i n a t i o n

For the Years 1801, 1805, 1809.

Jan.j Feb. March April Way. June July. Aug. Sept. o a . | Nov. Dec.

¡5 ^outhlsouth
I

South North Worth Worth North North North South South South

D
ays.

o' / 0 / O / O / 0 / 0 / 0 / 0 / O / O / O / .0 /

i : 3- 2 17. 9 7 39 4.28 •5- J 22. 2 n -  9 is . 7 8.23 3- 6 14.23 21.4S I
2 16.51 7 -16 4-51 15.19 22.102?. i 17.51 8. z 329 1 4 4 2 21.58 z

3 12. CI 1634 6.53 5-’ 4 ■ 5-37 22.18 23. 1 >7-3 f> 7.40 3 53 15. 1 22. 6 3
4 : 2.45:16. 16 6.30 5-37 ' 5-54 22.25 22.56 17.20 7 -• 7 4.16 15.20 22.15 4
5 12. ; q! 15.58 6 . 7 6. 0 16.12 22.3a 22.50 17. 4 6-55 4-39 15.39 ;22.23 5
6 22.32 1 5.40 5-44 0.23 16.29 22.39122.45 16.48 6-33 5- 2 15-57 22.30 6
* 12.24 15.21 5.20 6.45I16.46 22.45i22.39 16.31 6.10 5.25 16.15 22-37 7
S 22.17 15. 2 4 3 7 7- 8U7. 2 22.5122.32 16.15 5.48 5.48 16.32 22.44 8

9 22. 8 1443 4 -3 4 7-3o| 17.18 12.56 22.25 «5-57 5-25 6.11 16.50 22.5° 9
TO 22. O 14.24 4.10 7-53 >7-34 23. l!22.l8 15.40 5- 3 6.34 17- 7 22.56 IO

I I 21.50 14. 4 3-47 8.15117.50 23. 5 J22 .IO 15.22 4.40 6.57 17.24 23. 1 ( I

12 u .4 1 ' 3-44 3-13 8.37(18. 5 2?. Q'22. 2 • 5- 5 4.17 7.20 17.40 23. 6 12

*5 21.31 13-34 2-59 8.<q|i 8.20 13->3 21.54 14.46 3-54 7.42 17.56 23.10 13
21.21 >3- 4 2.36 q. 20 18.35 23.16,21.45 14.28 3-3 > 8. , 18.12 23.14 14

>5 2I.IO 11.44 2.12 9.42118.49 23.19 21.36 14. 9 3- 8 8.27 18.28 23.17 15

ifc 20.50ln.23 1.48 10. 3 <9 - 3 23.22 21.26 >3-5 * 2.45 8.49 18.43 23.20 l6

1 7 20.47 1 2 . 2 1.25 10.24 19.17 23.24j21.l6 1 3 3 1 2.21 9.11 18.58 23.23 17
iS 23-35 u .4 1 I. I IO-45 1 9 -3  • 23.25 21. 6 >3 - 1 2 1.58 9-33 1 9 - 1 3 2 3 2 5 l8

20.22 11.20 0.37 I I .  6l 19.44 23.27(20.56 12.53 * 35 9-55 19.27 23.26 19
20 20. IC 10.58 0.I4S. 1 1.27 19.56 23.28:20.4; 12-33 I. I I 10.17 19.41 23.27 20

2, 19.57 10.37 0 .10N. 11.48 20. 9 23.28,20.33 n .13 0.48 10.38 19-5423.28 21

2 2 i ' 9 -4 I 10.15 0.34 12. 8 20.21 23.28j20.22 11.53 0.25 II. O 20. 7123.28 22

2 ?!l9-29 9-53 °-5 7 12.28 10-33 23.28:20.10 •>-33 0. iN . 11.21 20.20 23.28 23
19.15 9-3 * 1.21 12.48 20.44 23.27 19.57 1 I. 13 0.22S. II.42 20-33 23.27 24

25 10. 0 9 - 9 >■ 43 13. 8 20.55 23.25 19.45 10.52 0.46 12 .0 ? 20-45 >23.26 25

26 8.46 2. 8 1 3 . 2 7 2 1. 6 23.24119.32 10.31 1. 9 12.23 20.56:23.24 26

18.30 8.24 2.32 *3-4 t>2 1 . l6 23.2219.18 10.10 1 - 3 2 12.44 21 . 7 |2 3 -2 I 27
28 18.14 8. 1 1 55 >4 - 5 21.26 23. r9 i19* 5 9.49 1.56 13. 4 2l.l8 j23.i9 28

17.58 3.19 14.24 21.36 23.16:18.51 9.28 2 . IQ 13-24 2 l .2 9 i 2 3 .l6 29

30 1 7 .4 2 3.42 14-43 21-45 23.13ii8.36 9 - 7 2.43 13.44 Z I .3 9 iZ3 .I Z 3 °

3 i ' i 7 - 2 6 4 - f 21.54 18.22 8.45 14. 4 2 3 . 8 3 1



T A B L E

O F  T  II  £

S U N ’s d e c l i n a t i o n

For the Years i8oz, 1806, 1810.

'J a n . Feb. March. April May I June.) July Aug Sv*pU O ct. Nov.

0 South South South North North Noitb North North N orth South South

0 / 0 / 0 / 0 r 0 / 0 / O / O / O / 0 - 0 /
I sj- 3 17 .13 7-4 + 4.23 14 - S 7 22. 0 23.10(18.10 8.29 3- 0 • 4 ‘ 0
2 22.58 16.56 7.2 ( 4.46 15.15 22. 8 23. 6 17-55 8. 7 3.24 14.38
3 22.53 16.38 6.58 5- 9 iS -33 22.16 23. 2 17-40 7-45 3-47  14-57
4 22.47 16.23 6.35 S-3 2 15.50 22.2^ 22.57 17.24 7.23 4.1015.16
5 22.40 16 .2 6 .1 2 5-55 16. 8 22.3 I 22.52 17. 8| 7. I 4 -3 4  15-34

~6 22.34I »5-44 5-49 6.17 16.25 22.37 22.46 16.52 6.38 4 -S7 15.53
7 22.26 15.26 5.26 6.40 16.4? 22.43 22.40 16.35 6.l6 5.20! 16.11
8 22.18 IS- 7 5- 2 7- 3 16.58 22.49 22.34 16.19 5-53 5.43(16.28
9 22.10 14.48 4-39 7-2S 17.14 22- i5 22.27 16. 2 5-3 r 6. 6 I6.46

1C 22. 2 14.28 4. [6 7-47 17.30 23. 0 22.20 • 5-44 5. 8 6 .291/ 7 . 3

X 1 n - 53, ‘ 4 - 9 3 -52 8. 9 17-4 6 (23 . 4 22.12 15.27 4-45 6.51(17.20
12 21.43 13.49 3.29 8.3. 18. 1(23. 8 22. 4 15. 9 4.22 7.1+17.36
13 i i -33 13.29 3- S 8.53 18.17(23.12 21.56 H-5I 3-59 7-37 »7-53
»4 21.23 •3- 9 2.41 9.15 18.31 23.16 21.47 H -33 3-36 7-59 iS. 9
IS 21.12 12.49 2. iS 9 -37 l8.46 23.T9 21.3I] 14.14 3-13 8.22 18.24

lb 2 X. 1 12.28 i -54 9.58 I 9 . Oj23 .2 I 21.29 ‘ 3-55 2.50 8.44 18.39
17 2O.5O I2-* 7 i . 3° 10.19 19.1423.23 21.19 '3 3 6 2.27 9. 6 18.54
18 20.38 II.46 i- 7 IO.4C I9-37 23.25 21. 9 ‘ 3-J-7 2. 4 9.28 19. 9
19 20.25 n.25 0.43 I I .  X 19.41 23.i 6 20.5$ 12.58 1.40 9.50 ■ 9-23
20 20.13 11. ; 0.19S. 11.22 ■ 9-53 23-27 20 .4 7 l12.38 1.17 10. ( 1 19 37
21 20. 0 10.42] 0. 4N. 11.43(20. 6 23.28 20.36 12.18 0.54 10.33 19.51
22 19.46 10.20 0.28 12. 3 20.18(23.28 20.24 1 1.58 0.30 10.54 20. 4
2 3 19-3 4 9.58 0.;2 12.23 20.30 23.28 20 . T3J11-38 0. 7N. 11.16 2O.I7 '
24 19.18 9-36 1.15 12.43 20.41 23.27 20 . 0 I I . 18 0.16s. ir .37 20.30
2 s >9- 4 9.14 i -39 13- 3 20.53 23.26 19.48 10.57 0.40 11.58 20.42

26 18.49 8.52 2 . 2 13.22 2I- 3 23.24 19-35 10.36 I- 3 12.18 2 0 . 5 3

27 18.34 8.29 2.26 13.42 21.14|23 .22 I Q . i i 10.15 1.27 12.39 21. 5
28 18.18 8. 7 2.49 14. 1 21.2^23.20 19. 8 9-54 1.50 12.59 21.16 '
29 18. 2 3 '3 14.20 21-3323.17 18.54 9-33 2.14 13.20 21.26
JO 17.46 3 36 14.38121.43j 23 .1 4 18.40 9.12 2.37 ‘ 3-39 21.36

31 17-30 3-59 i21.52I 18.25 8.(50 ■ 3-59

Dec

South

21.55 
22. 4 
22.13 
22.21 
22.2S 
22-35 
;2-42 
.2.48 
.2.94

23. 9 3 1

( M )  T a *.

Days.



T A B L E

o r  T H B

S U N ’ s  d e c l i n a t i o n

F o r  t h e  Y e a r s  1 8 0 3 ,  1 8 0 7 ,  1 S 1 1 .

Jan. feb. Match jApril.jMay. June. July. Aug. Sept. Oft. Nov. Dec.

! c South. South South North jhlotth North North S'orth North. SouthjSouth South

D
ays.

» / O / * / O t 0 t » / 0 , 0 / O /

1 23- 4 17.17 7-49 4 .1 7  14,52 s i . i l 23.11 18.14 8 .3 4 2-55 «4-«4 21 .44 1
2 22.59 17. 01 7-»7 4.4.0! I ?. 10 S2. 6 S3- 7 ‘ 7-59 8 .1 2 3 .18:14.33 21.53 2

3 22.54 16.42 7- 4 5- 22.14, S3- 3 ‘ 7-44 7 .5 0 3 -4 1 ,«4-52 22. 2 3
4 22.48 16.25 6.41 <.26 15-46 22.22 22.58 17.28 7 .28 4. 5 1 5 .1 1 22.11 4

_5i 22.42 16. 7 6 .18 5.49 16. 3 22.29 S2-51 17.12 7. 6 4 .2 8  15.30 22.19 5
6 22.35 ‘ 5-49 5-55 6 .1 2 lb .21 22.36 22.48 I6 .5 6 6 .4 4 4-5« «S-4» 22.26 6
7 22.28 15.30 5 -3 1 6 .3 5 1 6 .3 8 22.42 22 .42 16.39 6.21 5 .1 4 1 6 . 6 22.34 7
8 12.20 15.11 5. 8 6 .57 :1 6 .5 4 22.48 S2.35 16.23 5-59 5-37 I6.24 22.41 8
9 22.12 14.52 4 4 5 7 .2 o 'i7 .iO ss .5 3 22.29 16. 6 5-36 6. 0  16.41 22.47 9

10 22. 4 «4-33 4 -2 [ 7.42(17.27 22.58 22.21 15.48 5.14 6.23 16.59 22.53 10
11 21.55 14.14 3-5» 8. 4 1 7 .4 s S3- 3 22.14 15.31 4- 5 1 6.46,17-16 22.58 1 1
12 2I.46 13-54 3-34 8.26 17.58 S3- 7 22. 6 15.13 4 .2 8 7- 9 «7-32 23. 3 i z
13 21.36 13-34 3.11 8.4.8 '18.13 s3.11 21.58 ‘4-55 4- S 7-3« 17-49 23. s 13
14 21.26 1 3 1 4 2-47 9 .1 0  18.28 S3 -1 5 21.49 ‘4-37 3 .4 2 7 .54U 8. 5 23.U 14
«5 21.15 1244 2.23 9.31 ¡18.4a S3-18 21.40 14.18 3 -19 8.16; 18.20 23-16 •5
l6 2 1 4 is -3 3 2. 0 9 -5 3 ,I »-57 S3-SI 21.31 14. 0 2 .5 6 8.38 18.36 23.19 l6
*7 so . 5 3 12.12' 136 10.14 I9 .il S3 -S3 21.21 13.41 *•33 9. 1 18.51 23.21 ‘ 7
18 20.41 11.5 ii 1.12 10.35 19.24 S3-S5 21.11 13.22 2. 9 9.23 19« 6 23.24 l8
'9 20.28 11.301 0 .4 9 10.56 19.37 23.26 21. 1 >3- 2 ■ 1.46 9-45 19.20 23-25 *9
20 20 16 11. 9 O.25 11. ? 7j IQ. 50 23.27 2O.5O 12.43 1.23 IO. 6 «9-34 23-27 20

21 20. 3 10.47 0. iS . 11.18 :2 0 .7 23.28 20.39 12.23 0.59 10.28 19.48 23.28 21
22 I9.5O 10.25 0 .2 2 N . 1 1.58 20.15 S3.28 20.27 12. 3 0 .3 6 10.49 20 . I 23.28 22
23 1 9 3 6 10. 4 0 .4 6 I2 .l8 '2 0 .2 7 23.28 2O.I5 11.43 0 .1 3 N . 1 1.11 20 .1 4 23.28 23
*4 10.22 9.42 1 .10 I2.3 8 '20.39 23.27 so. 3 I I .2 3 0.1 iS . 11.32 20.27 23.27 24
*5 >9- 7 9 * 9 i -33 I2.58I2O.5O 23.26 19.51 I I .  2 0-34 11.53 20 .39 23.26

1 1

26 .8 .5 2 »•57 «•57 13.18:21. I 23.25 19.38 IO .4I 0 .5 8 12.14 2O.5I 23.25 26
27 18.37 ft.tci 2.20 I 3 .3 7 i2 i . i l 23.23 19.25 10.20 1.21 12.34 21. 2 23.23 27
28 18.22 8.12 2 .4 4 12.56 21.21 23.20 I9 . I 1 9-59 «•45 12.54 21.13 23.2O 28
29 18. 6 3 - 7 I 4 . i 5 j2 i .3 i 23.18 ‘ »•57 9-3» 2. 8 13.15 21 .2 4 23.17 29
3° •7 -5° 3-3 1 14.34121.41 S3-15 18.43 9.17 2.31 «3-35 21 .34 23.14 30

31 _«7-34 3-54 Ì2 I .J 0 18.29 8.55 *3-54 23.10I 3 «



T A B L E

O P  T H E

S U N ’ S d e c l i n a t i o n
For the Years 1804, 1808, i3 i2 .

Jan. F eb . M a rch . A pril. M a y . June. July . A u g . Sept. O i l . N ov. D e c.

cu
South South South North North North North North N orth South South South

0 / 0 / 0 / 0 / O / 0 / 0 / 0 / O / « / 0 ✓ 0 /

1 7 .2 1 7 - 3 2 4 35 15. 6 2 2 . 4 23. 8 * 8 . 3 8 .1 7 3 .1 2 14.29 2 1 .5 1 1

2 23* 1 1 7 . 4 7 - 9 4.58 ' 5 -2 4 , 2 2 .12 23. 4 *7 -4 7 7 -5 5 3.36 14.48 2 2 . O 2

22.£5j 16.47 6.46 5.21 15.4 2 22.20 22.59 17-32 7 -3 3 3 -5 9 *5 - 7 3

22.5O 16.29 6.23 5-44 1 5 -5 9 22.27 22 .54 1 7 .1 6 7 .1 1 4.22 15.2 5 4

5 2 2 .4 4 16 .1  ■ 6 .  0 6. 6 [6 .1 6 22.34 22.49 17. 0 6 .49 4 -4 5 1 5 -4 4 5
6 2 2 -2 7 1 S-S3 5 -3 7 6.29 16.33 22.40 2 2 -4 3 16.43 6 .27 5 - 9 16 . 2 22 .32 6

7 22.30 1 5-3  S J -1 4 6.52 16.50 22.46 22.37 16.27 6. 4 5 -3 * 16 .20 22.39 7
s 22.22 1 5 .1 6 4 .5 0 7 - ‘ 4 ‘ 7 - 7 22.52 22.30 1 6 .1 c 5 -4 * 5  5 5 16 .3 7 22.45

2 2 .14 1 4 -5 7 4 .2 7 7 -3 7 17.23 22.57 22 23 ‘ 5 -5 3 5 -1 9 6 .18 16 .55 22 .51 9
10 22. 6 14-38 4 - 3 7 .5 9 ' 7 -3 9 2 3 . 2 2 2 .16 ' 5-35 4 .5 6 6.40 1 7 .1 2 22 .57

2 1 -5 7 14 .18 3.40 8.21 1 7 -5 4 23. 6 22. S 15 .1 7 4 -3 3 7 - 3 17.28 23. 2 1 1

21.4 8 1 3 -5 9 3 .16 8 -4 3 18. 9 2 3 .10 22. 0 ‘ 4 -5 9 4 .1 0 7.26 * 7 -4 5 23 - 7 12

13 21.38 1 3 -3 9 M 3 9 - 5 18.24 2 3 .14 2**51 14.41 3 -4 7 7.48 > r

21.28 13 .19 2.2Q 9.26 18.39 2 3 .17 2 1.4 2 14.23 3 .2 4 8 .11 23 .15 14

»5 2 1 .18 11.58 2- 5 9.48 18.53 23.20 21.3 3 14. 4 3 - 1 8.33 18 .32 >5
16 2 1. 7 12.38 1.4 2 10. 9 1 9 - 7 23.22 2 1.24 ‘ 3 -4 5 2.38 8-55 18.47 23*21 16

17 20. ¿5 12 .1 7 1.18 10.30 19 .21 23.24 2 L 1 4 13-26 2 .15 9 - i 7 19. 2 23-23 17

18 2O.44 1 1.5 6 O .54 zo.51 >9 -3 4 23.26 21. 3 >3 - 7 1 .5 2 9 -3 9 19 .1 6 ‘ 3-25 18

IQ 20.31 11.3 5 0 .3 1 1 1 .1 2 19.47 2 ^ .2 7 20.52 12.48 1.28 10. 1 19 .31 23.26 • 9
20 20 .19 I I .  14 0. 7S . ” •33 20. 0 23.28 20.41 12.28 i- 5 10.23 19 .4 4 23.27 20

21 20. 6 10. C 2 0 .I 7 N . n .5 3 2 0 .12 23.28 20.3c 12. 8 0 .4 2 10.44 19.58 23.28 21

22 1 9 -5 3 10.31 0.40 12 .13 20.24 123.28 20.18 11.48 0 .18 N . i r .  5 2 0 .11 23.28 22

2 3 1 9 .3 9 zo. 9j 1. 4 12.33 20.36 23.27 20. 6 1 1.28 0. 5 S . I 1.2 7 20.23 23.27 23

24 ' 9 . 2 J 9 -4 7 1.28 12.53 20.47 23.26 19.54 1 1 . 7 0.29 11.48 20.36 23.26 2 4
2 5 * 9 - 1 1 9.25 1 • 5 1 13-13 20.58 23.25 19.41 10.46 0 .5 2 12. 8 23.25 1 1
26 18.56 9 - 3 2 .15 13-32 2 1. 9 2 3 .2 3 19.28 10.26 1 .1 5 I 2.29 20.59 23-23 26

27 18.41 8.40 2.38 13-52 2 1 .1 9 23.21 1 9 .1 4 10. 5 1.39 12.49 23.2] 27

28 18.26 8 .18 3 - * 1 4 .11 2 1.29 23.18 19. I 9 -4 3 2w 2 13 .10 2 1 .2 1 28

2 9 18 10 7 -5 5 3 .25 14.29 2 1.3 8 2 3 .15 18.47 9.22 2.26 • 3 -3 ° 21.3  I 2 3 .15 29

t o 17 -5 4 3.48 14.48 2 1 .4 7 2 3 .12 18.32 9. 1 2.49 ' 3 -5° 2 I.4 I 2 3 .I l 3 °

3 » '<7 .3 8 4 ” 21.5 6 18.18 8 -3 9 ■ 4 - 9 23 - 7 3 1  ,

* Nott to T a ils  VI. The day of the month is not placed in the bottom column of this Table, as it often leads to an 
erroneous application of the correction of declination. The numbers in the bottom column reprefent the correftion from 
March 10 to March 55, and from September 17 to September 24 to know whether to add or fubtraft it, obferyc the follow. 
in(t rules— If at the noon of the given day at Crecnwich tho urn has patted the equinoftial line (or changed his declination 
from North t©$'»uth, or from South to NoTth) you mud apply the correftion in the fame manner as is direfted in theTabic 
for so or ‘ 1* davs afterwards ; but if the fun has not patted the equinoftial line, you mufl apply the correftion as is direfted 
in the Table for 10 or sa days previous to the givch time.

Thus, if the declination was required for March 2t, 1800, at noon, in I.ong. 10,5° F-— By Tabic V. the declination at 
1 noon at Greenwich is efi *6’ N. the fun having then palled the equinoftial line. The correftion in the bottom column of 
i Table VI. for the Long. to^° is 7’ i t ” or 7’ ; to know whether it is to he added or fubtrafted, I examine that Table ami find 
1 the correftion is fubtraftive on March 31ft (which is ten days after the given time): therefore fubtrafting the correftion 7* 

Trom the declination o® i6’, 1 obuin the true declination at the required time o39’ N.
When the correftion is fubtraftive, and greater than the declination taken from the Table, the difference between the 

two numbers will be the declination, which will be of a different name from that taken from the table.
A fitnilar alteration might have been made in the top* column of the Table ; but the correftion being fmall, it ' 

unnteeffary.



Arid a ft .N , Sub- aft. 
S u b .b e f.N . Arid bef.

Arid in YV 
S u b . in  Jv

D ays.

D e c em b ,2 i
20

1 9
iS

1 7
j6

1 4
1 3

N o v.
O ft.

O f t .
Sept.

D e c .
N o v .

N . ih. m h. m 
N .[0.20 0.40

S u b . in 
Add in

VV. 5
E. deg. deg.

D ays M.

Dec.

D ec.
Jan.

1 9  
IS  

1 7  
|6  

1 5  
1 4  
13 
j i  Jan.

9 Feb, 

7 
5  
3

310. 40. 8;o. 1 1 
i o .  4 0 .  8'o. 12 
20. 40. Sio.13 
30. 50. 9(0.14
4 0 . 5 o .iO | 0 .i5 0.21 
5 0 .  5 0 .n © . 16 
€ 0 . 6 0 .1 2 p .1 7
7 0 .  6 0 .12(0 .18  
8 0 . 6 0 .1 3  0 .19  
9 0 . -, o . 14,0.20

0. 3

2 1 0 . 0 0 . o  
22 O. 0  0 . I 
2 3 0 . GO. I 
24 0 .

1 0 . 3
2 6 0 . 2 0. 4  
2 7  o . 2 0 . 5 
2 8 0 . 3 0 .  6

29 o . 3 0 .  7
3 0 0 . 3 0 . 7  0 .1 0

1 5 0 . 9

1 8 0 .1 0
1 9 0 .1 0

o . 0 o. 0 0 . o
O. 2 

0. 2 O. 2 0. 3
o . 4 o . 6

4 0 . 6 0 . 7

5 0 - 7
o . 6 0 . 8 o. 11  o.

0 .10  
9  3 . 

0 .13

0 .15

7 0.140.210.29 
n o .  70.15(0.220.30 
120. 8 o. 16;o. 23 0.31 
130. 80. i6!o.24o.33 0.4ijo.49 
14 O. 80.17(0.25 ■-> ->•<-, a -.U r ,

l 6 0 .  9 0 .18  0.27 
1 7  0. 9 0 .19 (0 .2 8 0 .38

H. M H. M
I .  20 I.40

deg.

O .16 O .2  
0.21

O .I9 O .2 4 O .29

0 .2 2
O.24

O 2 6 0 .3 1
O .2 80 .33

0 .2 7

O .34O .4
o. 18:0.26 0.35 0 .4 4  

O.46 
O.47

O.37

0 .2 0 :0 .2 9 0 .3 9 0 .4 9  
0.20,0 .30 O.4OO.5O

O.41

O.44

* 0  0 .1 0  0 . 2 1|0 .3  I
2 1  O .I I  O.22 O.32
22  0 .1  I O .22O .33
23 0 .1 1 0 .2 3 (0 .3 4
24  0 .1 2  O.23 O.34 
2 5 0 .1 2 0 .2 4 0 .3 5 (0 .4 7  
2 6 O .i2 O .2 4  
2 7 O . l2 O .2 j  
2 8  0 .1 3  0 .2 6  
30 O.13 0.26

0 -4 3  ° - 5 3

0.45 0 .56 
O .46O .57

I 0 .13  0.27
3 0 .1 4
5 0 .1 4
7 0 .1 5
9 O .1 5 b .3 1

1 1  0 .1 6 0 .3 2 0 .4 7  
0 .1 6  0 .3 20 .4 8  
0 .1 6  0.3 

0 -3 4

18 
15  Feb. 
12 March 

9  6 
3

3 0  
2 7  
* 4

0.28
0.29
0.30

o‘. 17 
10 .18  
0 .18  

.0 .1 9 0  
0 .19  
0 .19  
0 .19  o. 
0 .19  0.J9

0.36

° - 3 7
0.38

0 -3 9
0.41
0.42
0.43
0.45
0.46

0.35 
0.36 o  

0 -3 7  
.380, 
38 o. 

0.38 0. 

•3 9 °

1 9  0 .2 0 0 .3 9  0 _
*  0.2 0(0.4 00 .59

0.48
0.49
0 .51
0.53

o . 9

0 .1 2
0 .1 5
0 .1 7

0 .19

o . 5
0. 7 0 . 8 

9 0 .1 1
0 .1 1  0 .13

15
0 .18

0 .15
0 .18
0 .2 1
0.22

0.26 
0.24(0.28 
0.26 0.30

0 -3 3

0.30 
5 0 .3 1  

0 .2 6 0 .3 3

° - 3 5
0 -3 7
0.39
0 .4 10 - 3 4  

0.3610.43 

0 -3 7 (o.4 5  
O .39O .47

0.51 

0 -5 3  
0.55 
O.57 
0.58 
r. o

0 .51

0.55

0.49 
0.50 

0 .3 4 0 .5 2

0.53

5 4
0 -5 5
1.56

5 7
’•5 7
>.58

0.58
1.58

0.55
0.57
0 . 58
1. 0 
1. 2 

'•  3 
«• 5 
1. 6
'•  7
1. 9

1 .13

O.59

r. 6

1 . 2 
I .  4
I. 6

7
1. 9
1 .1 1
1 .1 2  
1 .1 4

1 . 4 1 . 1 6
1 .1 9

o. c

3
o . 6 23

9
0 .12  
0 .15  
0 .18  27
0.21
0.24
0 .2 7

O .3 6 0 .4 1  
O.38 
0 .4 !
O.43 

0 -4 5  
0.48

0.50
0.52
0.55
0 .57
0.59
U  - if  1 . 1 1 

1 .13 
1 . 16

19
r .1 0

.1 2

.1 4

•1 7
1 .19
1.2 1
1.23
1.2 4  
1.2 6  
1.28  
1.3 2

1.2 2
1.25
1.27
1.30
1.3 2

«•35
'■ 37
« •39
1.41

' • 4 4

1-14  i - 3 *

.36

' • 3 9
1.42

' • 4 4
' • 4 7
1.50

' • 5 3
1.56
..5 8

a- 7

2.13
.1 4 2

2.15
2 .16
2.16
2 .17

28

2 9
30 June

0.30
0.32

0.35
0.38

0.44

o-47
0.49
0.52

0-55
° - 5  
1. c  

«• 3 
1. 6 
1. 8

S u b . aft. N  
A d d  bef. N

S u b . in  W 
A d d  in  H

Days.
21 June

' July

: .2 5
,28

•3 0
•3 a * 5
•3 5
.36

4  2.22

. ~ 2 5 
9  2.28 

’•3 0  
■3 a 
■ 34 
•3 5  
.36 

•3 6  
3 6

3 '  J uiy

- 5 0
•S3
.5 6

•5 9  
31. 6 

’• 9  ' 4  
:.I2 16  
1.15 

•« 9

2 A u g u ft  

4

A d d a ft.N .
Sub.bef.N.
Add in YV. 
Sub, in E.

Days.

21 June

I June 
: i  M a y  

3 0
a 9
2 3  
2 7 
26 

ZS
2 4  
23

24

2 7
30 A u g u ft  

2  S ept.

5
S
1

' 4  
• 7

10
36
4
2 M a y  

30 A p r il  
28 
26 

H

18

«5
2

96
3 A p ril 

3 1  M a rch  
28

5





A d d a f .N , 
S.jb.bef.N  
A dd in W  
Sub. in E.

Days.
D e c.

N o v.
oa.

oa.
Sept.

D ec.
N ov.

D ays.

D ec.
Jan.

H. m |k . MiH. MjK. M 
Ç.2c|t 4.c6. Oib. K

9 0  I 9 S deft, deg

o . 5 o . 6 o . f io . 7 o . 8

0.23 
0.29 0-3

0.38 

0 -4 3  
O.JO 1 
0.56

2. c

S
2.10  

1 2 .16  
; 2 . 2 1  

:.26 
t 2 .31 

1.36

1 9 2 4 '

246
2 l)2 . 50 3

' “ 5 5

fan.

9 Feb.
7
5

3 -3 8  
3 3 -4 « 
5  3 -5 *
7  3 -5 9  4 -1 4

»3

17

18 
1 5 Feb.

23
M arch

i. d o .  o

o. 1 3 0 .1 4  o. 1 5 o. 1 j  o . 16 
0.23 0.240 .2 d 0 . 2 I 

0 .2 6 0 .2 8  
3 3 0 .3  

0 .4 0 0 .4 2  
0.46 0.49

0 .56  0.59

1 .1 0
1 .1 7
1.24
1.3 1

2-37
1.44

2-5 
2-5 
2. 4 
2.10

9! 2 .1b  
2 .J 5 : 
2 .21 2.29 
2 .2 7 2 .3 5
2 -3 3 Ì2 .4 2

2 .5 0 2 .5 9 3 . 9 3 .1 8 3 .2 8 1 8

2.56 3. 6 
2 3 .1 2

6 3 -1 7
3. O J .1 1
3. 4 3 .1 6 3 .2 7 3 .3 9 3 .5 0
3. 8 3 .2 0

• ' 3  3 -2 5  3 -3 7
3 -2 7
3 .22

3 -3 °

1 5 4 -2 4

4 - 4 4

4 5 .  o

1 9 5 .1 2

*  5.13

3 -4 2  3 -5 4 4 - 6 4 .1 9 4 .3 1  
3 -3 4 )3 -4 7  4 - 0 4 .1 2  
3 -4 3

5 4 .2 1
4.28

4 -3 5
4.41

4 -4 7
4 -5 5
5. 2

4 .5 6 5 .2 5

5 - 4  5-23  
• 27

.3 2

2 .4 : 

2 -5 3  3

3 - 5

3 -2 3

2 2  3 -3 3

3 -3 2

3 -5 6 4 . 9 4 .2 2  

4 .1 8 4 .3 2

5 .19
2 6 4 -5 0 5 . 8 5 .2 6 5 .4 4 6 . 26 .2 0

5-33

;-3 o 
.3 1  5-51 6 -J i

H . M 
7 - o 

IO5 
deg

M. S

I. 6

o . S o .  8

0.31
0.38
0. 46

° - 5 4
1. 2
2. 9

.0.52 
0.40 
0.49 

° -5 7  
'•  5 
1 .1 2

•5 4  2.

2 .23U .30 2.3 
2 .3c a .37 2.45 

2 -3 7  2.44)2.52 
2 -4 3  2.51
2 .5 0 2 .5 8 3 -  7  15
2.56

- '7  3 -2 7
-3 3

3.28 3 -3 9
3 -4 5  3  5 6

3 -4 4  3 -5 6  
3 -4 9  4 -

0 4 .1 4 4 .2 8  4.42 
6 4 .2 1  4 .3 6 4 .5 0  

4-29 4-44 4-59 
4 -3 6 4 -5 2 5 . 7
4- 44,5- 0 5 .1 6  
4 .5 1  5- 7 5-23 
4 .5 7 5 .1 4 5 .3 0
5 - 3  5-21 5 .3 8 5 .5 5 6 .1 2  

.1 2  5.29 5.47 6. 4 6 .2 1

5-37

5.295.385.576.16 
5.42 6. 1 6.20 
5.466. 56.25

5 .5 2 6 .1 0 6 .2 9

h .  M  Sub. a f t .  N 
7.20  Add b e f .  N

1.40-1.45

S u b . in W . 
A d d  in E.

D ays.

21 June
22

2 3
24
256
27
28
29
30 June

2 .3 0 |IO

1 J u ly
2
3
4
56
78 
9

3 - 5 3 -2 3  16 
3-2  2

•I5 3 -2 4  3 -3 4  
3 -3 i|3*4
3 -3 7  3 4 8  
3 -4 4  3 -5 5  
3 -5 °  4 -

4- 14-23 
4 . 7 4 .1 9  
4 .1 3 4 .2 6

4 .2 5 4 .3 8 : 
4 .3 6 4 .4 9 3 1  J u ly

5 .5 5 6 .1 3 6 .3 1

5 .4 9 6 . 8 6 .2 8 6 .4 7 7 .  6 

6 .3 1 6 .5 0 7 .  9
3 .5 2 6 .1 2 6 .3 2 6 .5 1  7 .1 1

4 .4 6 4 -5 9
4 .5 6 5 .1 0  

5 - 5 I - '9  
5 .2 4 5 .2 9  

5 -2 3  5 -3 «
5-3  2 S-47  
5.40  5-56 14  

5 -4 7  6 - 3  16

2 A u g .

4

6-34 6-53 
6 .3 9 6 .5 8  

6 -4 4 7 . 3

33  5-53  6.23 6.33)6.52 7-21

18

24
27 “
30 A u g . 

2 Sept.

58
i

14
■ 7

Add aft. N . 
Sub. bef. N .

A d d . in W .
Sub. in E.

21 June
20

' 9
18

17
16

' 5
14
•3

i June 
3 1 M a y  
30 
29
28

27
26

25
24
23

8
6
4
2 M a y  

3 0  A p ril 
28 
26

24

t8

25
2

96
3 A p ril 

3 1 M arch  

28

25



A d d  aft.
Sub. bef.
A d d . in 
Sub. in

Dec.

D e c .
N o v .

N o v.
0 4 *.

oa.
Sept.

11  Dec. 
10  Jan . 

9 8 
7 
6 

5 
4

Sub. aft. 
Add bef.

N.IH. M 
’. N .|7 .40

S u b . in 
Add in

W . | , , 5
E.ldeg.

D ays

Jan.

9 Fco. 
7 
i  
3
i

3 °
*8 
a6  
44

4  ilO. o
4 4  0 . 9

4  3  3 1 7  
4 4 0 .2 5
45 0.34
4 6  O.42 
4 7 j0 . 5 l 
4 8 0 .5 9  
2 9 1 .  
3 0 Ü .I6

31

« 4 3 .1 5
IS  3-22

o. o

9
0 .18
0.26
3 - 35  
O.44 
O.53

1 . 1 1 

«•19 
1.28 

«•3 7  
1 4 6  

«•5 4  
«• 3
2.11
2.40
2.48
4 .3 6
4 - -14 

2.52 
3
3
3 .16
3.24

3 -3 «

8.20

o. 9
0 .18
0.2
0.36
0.46
3.55

«■ 5

o . c
0 .10

0 .1 9 0 .19 
0.29 

0 .3S 0.39 
0.48 0.49 
0 .57 

«• 7

2.59 

3 - 7 
J I É
3.24

3 -3 * 3 -4 « 
3 -4 °|3 -4 9  

3 -3 9  3 -4 8 I3 -5 7  7i3-46|3.5fii4- 6

8.40
H. M 
4 -4C 
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5-15

5 * 3

4.24
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4

4 - 2 7 4 -3 7  
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4.48I5. 0 5 .1 2  
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2 1 5 . 1 4 - “

S- 2 7
5 .2 4 5 .3 8

>-34

6.35 6.49
5 .4 9 6 . 4 6 .1 8 6 .3 3  6.47

Î-44J5-59 6 .Ì46.29
6. 9 6 .2 4
6 .18  6 .3 4 6 .5 0  7 
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6.20Ì6.36 6.53:«5

17 6 .2 9 6 .4 5 7 . 2 
206.39l6.567.13
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■ Add ait. N . 
‘Sub.feef, N .

S u b .a tt .N . 
Add b e f . N .

H .M .

IO .C

H . M 

1 0 . 2 C

H. M. 
IO.4O

H . M.jH. M 
I I .  0 ]l 1 .2 0

H . M
1 1 ;4 0

H . M  

1 2 .  0

S u b . a it . N . 
Add b e f.N

»Add aft. N . 
S u b .b e f.N ,

iA dd in W . Sub. i n  W . 1 5 c ' 5 5 i b o 165 170 . '7 5 180 S u b . in W . Add In  W ,

¡Sub* in  E . A d d in  E . J c g . d e*;. deg. deg. d e g . deg. deg. Add in £ . Sub. in  E .

! D ays. D ays. D ays. Days.

D ee. 2 1 D ee. 21 0 .  0 0 .  0 0. 0! 0. 0 0 .  0 0 .  0 0; c 21 J une 2 i  June

20 2 2 0 .11 0 .1  I 0 .12 0 .1 2 0 . 1 2 0 .13 0 .13 2 2 20

*9 2 3 0.22 0 . 2 3 O.24 O .2 4 0 . 2 S 0.26 0.26 i 3 1 9

1 8 24 ° -3 3 0 -3 4 0.35 0.36 O .3 7 0.38 0.39 24 18

17 2 5 0 . 4 4 0.46 0.47! 0.48 O .5 O 0.31 o -53 2 5 1 7

X6 2 6 ° -5 5 <J-57 0.58 I. 0 I .  2 i .  4 1 .  6 26 16

15 2:*? 1 .  6 1. 8 1 . 1  I 1-13 1.15 1 .1 7 1 . IS 2 7 ■ 5
14 2 8 I . l 9 I . 2 C 1.23 1.25 1.27 r.30 i- 3 2 2 8 14

13 2 9 1.28 1-3 ' 1-3 4 ' i -37 1.40 ' • 4 3 1.46 2 9 '3
IS 3 0 ' - 3 9 1 . 4 2 ' • 4 5 1.49 ' - 5 2 '• 5 5 1 . 5 9 30 June 12

XI D ec. 31 1 . 5 0 i -5 4 1 -5 7 2 .  J 2- 5 2 .  8 2 . 1  2 1 J u ly 11

10 [an. i 2 .  I 2 - 5 2. 9 2 - '3 2 .17 2.21 2.25 2 IO

9 2 2 .1  2 2.16 2.20 2 - 2 5 2.3c 2 -3 4 2.38 3 9
8 3 2.23 2 .2 7 2.32 2 -37 2.42 2 -47 2-5 ' 4 8

:4 2-34 z -39 2 4 4 2.49 2 .5 4 2.J9 3,- 4 5 r
ft 5 - '4 4 2 . 5 0 2 -55 3. 0 3 - 6 3 - ' 2 3 - ' - 6 6

5 6 '• 5 5 3 ' 1 3 - h 3 .12 3 - 1 8 3-24 3 - 3 ° 7 5

4 7 3 - 5 3 .1 ! 3 - 1 7 3 -2 3 3 -2 9 3 -3 6 3 -4 2 8 4

3 8 3 - '5 3 - 2 1 3.28 3-34 3 -4 ' 3 -4 8 3 -5 4 9 3

2 9 3 -2 5 3 -3 2 3 -3 « 3 -4 5 3 -5 9 4. 6 1 0 2

D e c . 1 JO 3*35 3 -4 2 3 -4 9 3 -5 6 4 . 4 4 .1 1 4 . 1 8 1 1 i June

N o v. 3 ° I '  3-45 3 - 5 2 3 -5 9 ! 4 - 7 4 .15 4 - 2 2 4 . 3 c 1 2 31 M a y

4 29 1 2 3-55 4 - 3 4 .1 O :  4 - 1 8 4 . 2 6 4 -3 4 4 . 4 2 1 3 5 0
1 2.3 1 3 V 5 4 - '3 4 .21 4 2 9 4 . 3 8 4.46 4 -5 4 ! ‘ 4 2 9
i 2*r 1 4 4 - 1 5 4 - 2 3 4 -3 1 4 . 4 0 4 -4 9 4 -5 7 5 - 5 *5 2 8

2 6 1 5 4 - 1 4 4 -3 3 . 4 -4 ' 4 .50 4  5 9 S- 8 5 -1 7 16 2 7
i  * 5 1 6 4 - 3 4 4 -4 3 4 -5 2 5 - * 5 .10 5 - '9 5.28 17 2 6
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18 2 3 5-37 5 -4 9 6 .  O 6 . 1 1 6.23 6 -3 4 6 -4 4 , 2 4  ' ' 9
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1 11 J in .  30 6 -3 4 6.47 7. 0 7 - i 3 7 . 2 6 7.40 7 -5 3 3 1 Ju>y 1 2

1 9 ? e b . 1 6.49 7 - 3 7.16 7.30 7 -4 3 7 -5 7 8 .1 1 2  A u g . IO

i 7
7 - 3 7 . 1 / 7 -3 ' 7 -4 5 7 -5 9 8 .13 8.28 4 8

5 7 -16 7 -3 ' 7 -4 5 8. 0 8 .14 8.28 8.43 6 6

1 3 7 7.29 7 -4 4 7 -5 9 8 .14 8.28 8.43 8.58 8 4  w
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9 4 9.24 9 -4 3 IO. 1 10.20 10.39 10.58 i i . i 6 z  Sept. 9
6 7 9.30 9.50 IO. 9 to .28 10.47 i i .  6 n .2 4 S 6

o a .  3 10 9  37 9.56 10 .16 10.35 l 0 -5 4 i t .  13 1 1.3  2 8 3 A p ril
Sept. 30 13 9.41 to . 0 10.21 10.40 ' 0 .5 9 i i . 18 11.3 8 I I 3 1 M arch

2 7 16 9-45 10. 4 I O .2 4 10.44 i i -  3 1 1 .2 2 I 1 -4 ? 1 4 28

2 4 19 9 -4 7 10. 6 10.2b 10.46 1 1 . 5 n .2 4 n . 44 17 »'« 9.48 10. 7 10.27 10.47 i i .  6 1 1 .2 5 H .4 5 *



T A B L E

OF THE

SUN’S r i g h t  a s c e n s i o n .

p J a n . F e b . M a r c . A p r i l . M a y . JUne* July- A u g . S ept. Oil. N o v . D ec.

*2» 5*

1 ' 8 -4 5 2 0 . 5 7 2 2 . 4 8 O .4 1 2 . ? 2 4 -3 5 6 -3 9 8 . 4 4 1 O .4 O 1 2 . 2 8 1 4 . 2 4 1 6 . 2 8 I
2 1 8 . 4 9 2 1 .  I 2 2 . 5 1 0 . 4 5 2 . 3 6 4 -3 9 6 . 4 3 8 .4 8 1 0 . 4 4 1 2 . 3 2 1 4 . 2 8 1 6 . 3 3

3 1 8 .  S 4 2 1 .  6 2 2 . 5 5 0 . 4 8 2 .4 O 4 -4 3 6 . 4 7 8 . 5 2 1 0 . 4 7 1 2 . 3 6 1 4 . 3 2 1 6 . 3 7 3

4 1 8 .5 8 2 1 . 1 0 2 2 . 5 9 O .5 2 2 . 4 4 4 -4 7 6 . 5 1 8 . 5 6 1 0 . 5 1 1 2 . 3 9 1 4 . 3 6 1 6 . 4 1 4

s 1 9 .  3 2 1 . 1 4 2 3 . 2 0 . 5 6 2 .4 8 4 . 5 1 6 . 5 6 8 . 5 9 1 0 . 5 5 ' 4 -4 3 1 4 . 4 0 1 6 . 4 6 _ 5
6 1 9 .  7 2 1 . 1 8 4 3 .  6 0 . 5 9 4 . 5 1 4 -5 5 7 .  0 9 - 3 1 0 . 5 8 1 2 . 4 6 1 4 . 4 4 1 6 . 5 0 6

7 I 9 . I  I 2 1 . 2 2 2 3 . I O *• 3 4 -5 5 4 -5 9 7 - 4 9 - 7 I I .  2 I 2 . 5 O • 4 . 4 8 1 6 . 5 4 7
8 1 9 . 1 6 2 1 . 2 6 4 3 - I 4 i -  7 4 -5 9 5 - 4 7 .  8 9 . 1 1 1 1 .  5 1 2 . 5 4 1 4 . 5 4 1 6 . 5 9

9 I 9 . 2 O 2 1 . 3 O 4 3 -1 7 1 . 1 0 3 - 3 5 - » 7 . 1 2 9 . 1 5 h . 9 1 4 . 5 7 1 4 . 5 6 ' 7 - 3 9
1 0 1 9 . 2 4 2 1 -3 4 2 3 . 4 1 1 . 1 4 3 - 7 5 . 1 4 7 . 1 6 9 . 1 9 n . 1 3 ' 3 - 1 1 5 .  0 1 7 .  7

1 ] 1 9 . 2 9 2 1 . 3 8 2 3 .2 5 1 . 1 8 3 . 1 1 5 . 1 6 7 . 2 O 9 . 2 2 1 1 . 1 6 ' 3 - 5 1 5 .  4 1 7 . 1 2 I I
1 2 ' 9 -3 3 2 1 . 4 1 2 3 .2 8 1 . 2 1 3 - '5 _5 .2 O 7 . 4 4 9 . 2 6 1 1 . 2 0 1 3 .  8 1 5 .  8 1 7 . 1 6 1 2

1 3 1 9 -3 7 2 1 . 4 5 4 3 . 3 4 1 . 2 5 3 - '9 5 . 2 4 7 . 2 8 9 . 3 0 I I . 2 3 1 3 -1 4 1 5 . 1 2 1 7 . 2 1 « 3

1 4 1 9 . 4 2 2 1 . 4 9 4 3 -3 6 I . 2 9 3 -4 3 5 . 2 8 7 -3 4 9 - 3 4 1 1 . 2 7 1 3 1 6 1 5 . 1 7 1 7 . 2 5 • 4
*5 1 9 . 4 6 2 1 . 5 3 4 3 -3 9 1 . 3 2 3 . 2 7 5 -3 3 7 . 3 6 9 -3 7 1 1 . 3 1 I 3 . 2 O ' 5 - 4 i 1 7 . 3 0 ' 5
I 6 1 9 . 5 0 2 Ï -5 7 4 3 -4 3 1 . 3 6 3 -3 ° 5 -3 7 7 . 4 0 9 . 4 1 1 1 . 3 4 1 3 . 4 3 1 5 . 2 5 * 7 -3 4 1 6

IT * 9 -5 5 2 2 .  I 4 3 -4 7 I . 4 O 3 - 3 4 5 -4 ' 7 -4 5 9 -4 5 1 1 . 3 8 1 3 . 4 7 1 5 . 2 9 * 7 -3 8 ' 7
18 1 9 . 5 9 2 2 .  5 4 3 . 5 0 i -43 3 - 3 « 5 -4 5 7 -4 9 9 - 4 9 1 1 . 4 1 1 3 . 3 1 * 5 -3 3 * 7 -4 3 l 8
>5 W .  3 2 2 .  9 4 3 -5 4 1-47 3 -4 4 5 -4 9 7 -5 3 9 . 5 2 1 1 . 4 5 >3 - 3 5 , ' 5 -3 7 * 7 -4 7 «9
2 C 2 0 .  7 2 2 . 1 3 4 3 - 5 * 1 . 5 1 3 -4 6 5-53 7 -5 7 9 . 5 6 1 1 . 4 9 1 3 . 3 8 1 5 . 4 1 1 7 .5 2 2 0
2 ) 2 0 . 1 2 2 2 . 1 6 O . I ' • 5 5 3 - 5° 5 . 5 8 8 .  i 1 0 .  0 1 1 . 5 2 1 3 . 4 4 1 5 . 4 6 1 7 . 5 6 2 1

2 2 2 0 . 1 6 2 2 . 2 0 0 .  5 1 . 5 8 3 - 5 4 6 .  2 8 -  5 1 0 .  4 1 1 . 5 6 1 3 . 4 6 1 5 . 5 0 l 8 .  I 2 2

* 3 2 0 .2 0 2 2 . 2 4 0 .  8 2 .  2 3 - 5 * 6 .  6 8 .  9 1 0 .  7 1 1 . 5 9 : 3 - 5 ° ' 5 -5 4 1 8 .  5 4 3

* 4 2 0 . 2 4 2 2 . 2 8 0 . 1 2 2 .  6 4 .  2 6 . 1 0 8 . 1 3 1 0 . 1 1 1 2 .  3 ' 3 -5 4 * 5 - 5 « 1 8 .  9 4 4

25 2 0 .2 8 2 2 . 3 2 0 . 1 6 2 . 1 0 4. 6 6 . 1 4 8 . 1 7 1 0 . 1 $ 1 2 .  7 ' 3 -5 7 l 6 .  2 1 8 . 1 4 4 5

4 6 2 0 .3 3 2 4 .3 5 0 . 1 9 * • '3 4 . I O 6 . 1 8 8 .2 0 1 0 . 1 8 12.10 1 4 .  i 1 6 .  7 1 8 . 1 8 2 6

27 2 0 -3 7 4 2 .3 9 0 . 2 3 2 . 1 7 4 . 1 4 6 . 2 2 8 . 2 4 1 0 . 2 2 1 2 . 1 4 1 4 .  5 l 6 .  I  I 1 8 . 2 3 27
2 8 2 0 . 4 1 2 2 . 4 3 0 . 2 7 2 . 2 1 4 . 1 9 6 . 2 7 8 .2 8 1 0 . 2 6 1 2 . 1 7 1 4 .  9 1 6 . 1 5 1 8 . 2 7 2 8

2 9 2 0 . 4 5 2 2 . 4 5 0 . 3 0 2 . 2 5 4 -4 3 6 . 3 1 8 . 3 2 1 0 . 2 9 1 2 . 2 1 1 4 . 1 3 1 6 . 2 0 1 8 . 3 2 2 9

3 ° 2 0 -4 9 0 . 3 4 2 .2 8 4 -2 7 6 . 3 5 8 .3 6 1 0 . 3 3 1 2 . 2 5 1 4  17 1 6 . 2 4 1 8  3 6 3 0

3 ' 2 0 .5 3 0 . 3 7 4 - 3 ' 8 .4 0 1 0 . 3 7 1 4 . 2 1 1 8 . 4 1 3 1

This Table gives nearly the Mean of the Sun’s Right Afcenfton for the| 
years 1801, 1802, »803, and 1804, and is fufficiently Cxaft for finding! 
when any ftar comes to the meridian, in order to obtain the latitude ; but 
in all calculations for determining the longitude by celeftial obfervations, the 
Sun’s right alcenfion mull be taken from the Nautical Almanac, where it 
is calculated to a greater degree of accuracy.

( N j  T a b .  - " i ' "  '







Right Afcenfion and Declination of fomeof the principal fixed Stars adapted 
to the beginning of the year 1800, with their annual variation.

N am es and D eclinations o f  the S T A R S ,
n3 |

M
a

g
n

i
tu

d
es.

[light A  f-
cenfion.

A n n .v a r . 
R .  A .  
add.

D e c lin .
A n nual

variation.

H.M-S S. D. M. S-Ttr
Extremity of the wing of Pe-

gafus, Algenib 7 2 0. 2,57 3.06 14.4 N. +20.1
In the head of the Phenix 
Bright Star in the tail of the

CC a>30.16.22 2.99 43-22 s. — 20.0

Whale 0 2>30.33.32 3.00 19.5 S. — ‘9-9
Polar Star, tail of the Great Bear CC 2>30.52.15 12.50 88.14N. +19.6
In the girdle of Andromeda 
The fpring of the river Erida.

2 0.58.34 3.30 34-33 N- +  ‘9-5
Achernar

Almaach in the foot of Andro
CC 1 1.30.16 2.25 58.15 S. — *8.5

meda
* In the preceding horn of the

7 2 1.51.41 3.62 41.22N.

Ram, et AR1ETIS CC 2 ‘ •55-553.34 22.31 N. +  17.6
In the neck of the Whale 0 2 2. 9.15 3.02 3-54 s -— 17.0
In the jaw of the Whale CC 2 2.51.50 3.12 3.18 N. 4-14.8
In the head of Medula, Algol 
The bright Star in Perfeus

0 2 2*55*12 3.85 40.11 N. 4-14.6
CC 2 3.10. 7 4.20 49. 8N. + ‘ 3-6

Thebright Star of the Pleiades..
or Seven Stars

*The Southern eye of the Bull,
« 33-35-373.54 23.29N. 4-11.8

A l d e b a r a n

In the left fhoulder of Auriga.
CC 1 4.24.27 3.42 16. 6N. 4-8.2

Capella CC 1 5* ‘ -56 4.41 45.47 N. +5.0
The b r i g h t  foot of Orion, Rigel n 1 5- 4-56 2.87 8.27 S. -4 .8
The northern hom of the Bull a 2 5-‘3-393-78 28.26 N. 4-4.1
The weflern fhoulder of Orion 7 2 5-‘ 4-253.21 6. 9 N. 4-4-0

f s 2 5.21.47 3.06 0.28 S —3-3
In the belt of Orion € 2 5.26. 4 3-°3 1.20 s — 3-o

t K 2 5-3°-4i 3.02 2. 4 S ----2.6
Bright Star in the Dove CC 2 5-32-252.17 34.11 S — 2.4
The eaftem fhoulder of Orion CC 1 5.44.21 3-24 7 . 2 1  N 4-1.4
In the foot of the Great Dog 
In the poop of the fhip Argo,

/s 2,36-13-54
6.19.31

2.64 17.52 S 4-1.2

Canopus CC 1 ‘ •33 52'35 s +  ‘-7
In the ancle of Pollux 
In the mouth of the Greater

7 2,36.26. 9 3'46 16.34 N — 2.3

Dog, Sirius CC 1 6.36.20 2.65 16.27 S +4.3
In the thigh of the Greater Dog * 2-36.50.46 2-35 28.42 s + 4-4
In the back of the GreaterDog 32-37. 0.15 2.44 26. 5 S 4-5*2
In the tail of the Greater Dog 
In the head of the northern

n 2 7.16.11 2.38 28.55 S +6.5

Twin, Cajlor CC 1*2 7.21.49 3.86 32.19 N. — 7.0

.....-1-'f". -



Right Afcenfion andDeclination of fome of the principal fixed Stars adapted 
to the beginning of the year 1800, with their annual variation.

Namts and Declination! of the STARS.

C
h

arac
ters. 2 0

R ig h t  A f -
cenfion.

A nn.var 
R .  A .  

add.
Déclin.

\

Annual
anation

The LefTer Dog, Procyon * 1.2
H.M.S-
7.28.49

S.3-»4D. M. 
5.44N.-

S-tV
-  7.6

|*In the head of the louthern
Twin, P o l l u x ß 1.2 7-33- 33'6918.30N--— 7-9

j In the row lock of the ihip
! Argo ç 2 7-56-34 2.12 39.27 S. +  9-7
In the poop of the (hip Argo V 2 8. 3-23 t.86 46.45 S. +  i°-3
In the middle of the (hip Argo 52-3 8.39.n 1.66 53-59 s -+  12.9

I In the oars of the fhip Argo fi *•3 9-10-59 0.75 08.54 S- + M -9 :
The heart of the female Hydra

Alphard
* The Lion's heart, R egulus

fit 2 9*17-452-94 7.48 S. +15.2
CC 1.2 9.57.42 3.20 12.56N. — 17.2

South pointer in the fq. of
the Great Bear fi 2 10.49.40 3-71 S7-27N- — 191

| North pointer in the fq. of
the Great Bear ce 1.2 10.51.16 3'8 562.50N.' — 19.2

The Lion’s tail— Denebola fi 1.2 11.38.5c 3.06 15.41N. — 20.0
S. E. Star of O of the Great

Bear y 2 t1.43.x4 3-2254.48N. — 200
N. E. Star of □ of the Great

Bear § 3 12. 5.27 3.02 58. 9n .--20-1
In the foot of the Crois ce I 12.15.37 3-2461.59 s -+20.0
In the top of the Crofs y 2 12.20. 9 3-2455-59 s -4-20.0
In the following arm of the

Crofs fi 2 12.36.10 3-4» 58.36 S. +  19.8
Alioth, firft Star in the tail

of the Great Bear 2-312.45.13 2.75 57- 3n -—  19.7
* The Virgin’s Spike— Spica et 1 13.14.40 3I410. 7 S. +  19.°
The fécond Star in the tail ol

the Great Bear K 2-3 '3-»5-5° 2-4355-59** — 10.0
Laft Star in the tail of the 

Great Bear « 2 ‘3-39-39 2.40 50.19N — 18.2
The we {fern foot of the Cen-

1 taur ß 2 13-49-52 4.10 59 24 s +17.8
In the tail of the Dragon et 2-3i3-58-59 1.63 65.20N — 17.4
The bright Star in Boote 

ArBurus et 1 14. 6.32 2.72 20.14N — 18.9
The ealtern foot of the Centau r et 1 14.26.32 4.44 60. 1 S +  i 6.1
The louthern fcale of the bal

ance et 2-314.39.5c 3-29 15.i2 S
+  15-4

The northern icale of the bal
ance ß 2-315. 6.16 3.22 8.38 S +  13.8

Bright Star in the Crowi 
Gemma et 2 1,5.26.1,5 2 . 5 4 27.24N •— 12-,ç



Right Afcenfion and Declination of feme of the principal fixed Stars adapted 
to the beginning of the year 1800, with their annual variation.

Names and Declinations o f t it  STsiRS.
njy Zr£5 *»« s a.092 5.

Right A f- 
cenfion.

Ann.var 
R. A . 
add.

Declin. Annual
variation

In the neck of the Serpent ct 2
H.M.S.

*5 -34-*5
C t Tr t

*•94
D. M. 

7. 4N.
S-A

— 11.9
The northernmoil Star of the 

Scorpion’s forehead ß 2 ‘ 5-53-50 3-47 19.15 S. +10.5
* The Scorpion’s heart, A n - 

tares ct 1 16.17.10 3-65 25.58 S. +  8.7
In the eaftern knee of Ophi- 

uchus n 2*3 16.58.55 3-42 15 .2 8  s . +  5-3
In the head of Hercules ct 2 ‘ 7- 5 -32 2-73 I4.38N. —  4-7
in the head of Ophiuchus ct 2 ‘ 7-25-39 2.77 12.43N —  3-o
In the head of the Dragon V 2-3 17.51.58 i -39 5 *-3 ‘ n -—  0.8
In the bow of Sagittarius E 2-3 18.10.54 3 9 8 34.28 S. —  0.9
The bright Star in the iiarp, 

Wega, L yra ct 1 18.30.10 *•99 38.36N. 4- 2.6
* Bright Star in the Eagle, 

A tair, a A q u il .e Ct 1 19.41. 1 2-9 2 8.21N. 4 -  8 .5
The eve of the Peacock Ct 2 20. Q.44 485 57.22 s. — 10.8
The tail of the Swan, Dtnth cc 1.2 20.34.37 2.03 44.34N. +12.5
The wellern wing of theCrane ct 2 21-55-33 3-85 47.55s -— 17.2
* In the mouth of the fouthern 

fifh, Fomalhaut ct 1 22.46.34 3-33 3 0 .4 1  s . — 19.1
In the fhoulder of Pegafus ß 2 22.54. 5 2.87 27. oN. +19.2
* In the wing of Pegafus, Mar- 

hah, et Pegasi ct 2 22.54.48 2.96 14. 8N. +19.2
In the head of Andromeda ct 2 23.58. 4 3-°7 27.59N. 4-20.2
Near the ihoulder of Cafliopea ß 2-3 23-58-34 3-05 58. 8n . -j-20.1

N o t e . I f  the places of thefe liars are wanted for any time before the beginning of the 
year 1800, multiply the annual variation, both in right afcenlion and declination, by the 
number of years before 1800, and fubtraft the produil from the right afcenlion Handing In 
the table ; but the produfl of the annual variation in declination mull be added to, or fub- 
trailed from, the declination, according as the fign —  or +  precede i t ; but for any years after 
1800, the variation in right afcenfton mud be added to the right afcenlion in the Table, and 
the variation in declination mull be either added to or fuhtradled from it, according as their 
figns are, to fit the declination to any fucceeding year.— The annual variation is fet down for 
feconds, and decimals of a fecond. An allerilk is prefixed to the liars whofe dillances from 
the moon are given in the Nautical Almanac.

EXAM PLES T O  EXPLAIN  TH E USE OF TH E  PRECEDING T A B L E .

To f n d  the Right Afcenfion o f a Star at any time.

EXAM PLE I.
Required the Right Afcenlion of Aldebaran, 

January I, 1804 ? h. m. fee.
R. A. by the Table in 1800 4 24 27
Variation in 4 years, add 14

R. A. in January, 1804 4  24 41

EXAM PLE II.
Required the Right Afcenfton of Aldeba- 

ran, January 1, 1790 1 h. m. fee.
R. A . by the Table in 1800 4 24 27
Variation io 10 years, fub. 34

R. A . in January, 1790 4 23 53



EXAM PLE H I.
Required the Right Afeenfion e f  Spica, 

May 10, 1806 ? h. m. fee.
JR. A. by the Table in 1800 13 14 40
Variation in 6 years 4J months, aid 20

R . A . May *0, 1806 13 15 o

EX A M PLE  IV :
Required the Right Afeenfion of Sirius  ̂

Nov. 6, 1797 ? h. m. fee.
R . A . by the Table in 1800 6 36 20
Variation in 3 years, fub, 8

R; A. in January, 1797 6 36 1 z
Var. for 10 months and 6 days, add z

R. A . Nov. 6, 1797 6 36 14

The (un*a right afeenfion for any time may be found by the Nautical Almanac to any de
gree of accuracy ; by taking proportional parts of its daily difference ; as will be explained in 
the precepts of Table X X IX . But in cafes where no great accuracy is required, the right 
afeenfion may be obtained within 2 or 3 minutes by means of Table V II,

To fin d  the Declination o f a Star at any tm t.

EX AM PLE I.
Required the declination of Aldebaran, 

January 1, 1804 ?
Declination by the Table in 1800 160 6’ N. 
Variation in 4 years 33" add 1

Declination in 1804 16 7 N .

E X A M PLE  III .
Required the declination of Spica, May 20, 

r8o6 ?
Declination by the Tab. in 1800 10° 7* S.
Variation in 6 years 4 !  months 2

Declin. May 20, 1806 10 9 S.

E X A M PLE  II.
Required the declination of Aldebaran, Janu
ary 1, 1790 ?
Declination by the Tab. in 1800 169 6’ N.
Var. in to years V  22" fub. 1

Declination Jan. I ,  1790 16 5 N .

E X A M PLE  IV .
Required the declination of Sirius, Nov. 6, 

1787 ?
Declin. by Tab. in 1800 160 27 ' S.
Var.in 12 yrs. 1 mo. 24 d. is, fub. r

Declination Nov. 6, 1787 16 26 S,

The right afeenfions and declinations obtained by the preceding calculations, are the mean 
values, to which mud be applied the eorrettions for the N at at ion and Aberration in cafes where 
great accuracy is required.

To fin d  rohen a f l a t  w ill be on the meridian.

R u t * .  Find the right afeenfion of the fun and liar in the preceding table ; fub trail the 
fun's right afeenfion from the liar’s, having previoully increafed the latter by 24 hours when the 
fun’s right afeenfion is the greatefl; the remainder will be the time of the liar’s coming to the 
meridian. I f  the remainder be greater than 12 hours, the liar will come to the meridian after 
midnight; but if  it be lefs than 12 hours, the liar will come to the meridian before midnight.

E X AM PLE I.
At what time will Aldebaran be on the

metidian Jan. 1 ? h. m.
Aldebaran’s right afeenfion 4  24
Add 24

28 24
Sun’s right afeenfion 18 4.;

Aldebaran fouths in tbe evening 9 3V

EX AM PLE H.
A t what time will Pollux be on the merld-

ian March 31? h. m.
Pollux's Right Afeenfion 7 33
Sun’s Right Afeenfion o  37

Comes to the meridian in the evening 6 jfr



EXAM PLE III. E X A M PLE IV .
A t what time will the ftar Regulus be on Required the time when the ftar Fomalhalit

the meridian December 12 ? h. m. comes on the meridian June 1 f h. m.
Regulas’ Right Afcenfion 9  S8 Fomalhaut's Right Afcenfion 22 47
Add -  24__ Sun's Right Afcenfion 4  31

33  58 After midnight 18 1»
Sun’s Right Afcenfion 17 16 Submit 12

After midnight 16 42 In the morning 6 13
Subtrait 12

In the morning 4  4 *

To fin d  what Stat mill tome upon the Meridian at any given Time•

R u l e . Add the time from noon to the right afcenfion of the fun, the fum (rejeiting 24 
hours when it exceeds 24) will be the right afcenfion of the ftar required to be known; with 
which enter the table of the liar’s right afcenfion, and find what liar’s right afcenfion- agrees 
with, or comes the nearett to it, and that is the liar required.

EX A M PLE  I.
I  would know what liar would be on the

meridian about 10 at night, January 26 a
h. m.

Sun’s Right Afcenfion January 26 20 33
Given time 10 hours P. M. 10 0

3°  33
Subtrait 24 0

Nearly anfwers to Sirius 6 33

E X A M P L E  n r .
What ftar will be on the meridian at 6 H.

51 M. P. M. April 1 ? h. in.
Sun’s Right Afcenfion April t 0 41
Given time 6 51

Right Afcenfion of the meridian 7 3 -
Anfwers nearly to Pollux.

E X A M PLE II.
What liar will be upon the meridian 39  

minutes pall 4 in the morning May jo  ?
h. m.

Sun’s Right Afcenfion May 10 $ f
Given time 16 hours 30 minutes 16 3®

Right Afcenfion of mid. heaven 19 37
Anfwers nearly to Atair in the Eagle.

EX AM PLE IV .
What liar will be on the meridian Sept, i f

at 5 H. 37 M. P. M. ? h. m .
Sun’s Right Afcenfion Sept. 1 jo  40
Given time 5 37

Right Afcenfion of the meridian )6 17
Anfwers nearly to Antares.

In all the preceding examples,lthe light afcenfion of the fan ought to have been calculated 
the moment of faffing the meridian, as we lhall more fully explain in the precepts o f 

T..b!e XXIX.







Firft. Find the fun’s declination at the top of the page (marked wi-h the degrees of de
clination) and the lati'ude in the right or left hand columns (marked lat.) and in the com
mon angle of meeting is the time of fun-letting, if  the latitude and declination are of the fame 
same ; but if they are of different names, it i> the time of its riling.

E X A M P L E  I.
Let it be required to find the time of the fun’s rifing and fetiing, with the length of tire day 

and night, in latitude 51° north, the 19th of July,' ttioJ.
I firft feek the fun’s declination for the given day, and find it 20° c i '  north, which I here 

call 21", then under the declination 219, and againft the latitude 5 1°, frauds 7 H, 53 M. the 
time the fun fets on the given day, in lat. 51 north, which being doubled, gives 15 H, 46 
M. the length of the day ; and if 7 11, $3 M. the time of tlte fun’s letting he fubtfafted tro.a 
12 H. the remainder 4 H. 7 M. gives the time of the fun’s riling, which being doubled g > v. s 
8 H. 14 M. length of the night.

But, when the fun has 210 fuuth declination in this latitude, the time of fun fitting become* 
the time of fun riling, and the length of the diy will then become the length of the night.

Thus, the 20th of November, 1804, the fun’s declination was 20° 59' fijuth, <:r 21°, 
then the time of fun-rifing is 7 H. 53 M. his fetting 4 H. 7 M. and the length or the night 
25 H. .46 M . and day 8 H . 14 M .

E X A M P L E  II.
Let it be required to find the time of the fun’s 

riling, fetting, and the leng’h of the day and 
night, at Bofton, the 12th of July, 1B04.

Under 220 N . the declination of that day, 
and again!! 420 23’ or 42°N. the latitude of 
Bofron, Hands the time of the fun’s 7 h. m.

fetting J 7 2 5
Suhtraifed from 12 h. leaves fun-rifing 4 35 
Sun-fettsng doubled is the length of day 14 Jo 
Sun-rifing Joubied is the length of night 9 to

E X A M P L E  III.
Required the time of the fun's rifing and fit

ting, and length of day at the Cape of Good 
Hope, in latitude 34° 29' S. May 15th. 1804.

Under rite declination tij° 53? ot 19° N. 
and againfr the lat. 34.0 S. 1 2 0
Stands the fun’s tifiug ■ 6 54

Time of fun's fetting 5 6

The length of the day 10 12
| And 6h. 54m. doub. is length of right 13 48 

When a greater degree of accuracy is required, proportional parts may be taken fur the 
and minutes of latitude and declination.

To fin d  the Rifing. and Setting of the Stars.
By this table the rifing and fetting of any frar may be found, whofc declination docs not ex

ceed 33° 30'north or Ibuth, in the following, manner,
I f  you are in north lat. and the frar has north declination, look for the declination at the 

top, and the Ut. in the right or left hand columns, in the angle of meeting, is half the time 
of the liar’s continuance above tjie hoiizon in that latitude, or the time it takes |n alccnding 
from the eaftern fide of the horizon to the meridian, and defeending from the meridian to the 
Wcftern part of the horizon.

Therefore, if thefe hours and minutes be fuhtniled from the time of tile frar’s coming to 
the meridian, the remainder vviU be the time of the liar’s rifing, and if added, the iuni will
he the time of the fiat's fetting.

E X A M P L E .
Required when the frar Arfluras riles and fets December 1, in latitude Jt9 hj, h. m. 

The time of the liar’s coming to the meri han, or ft uthing in the morning * 9 39
Then under ftar’s declination 20* nearly, and aguiult latitude 51“ Hand j  ^

Time of ftar’s rifing in the morning t

Added, gives-the time of the ftar’s fetting 17 ^

Star fets 26 minutes after j  in the evening < 0$
When the latitude is north, and the liar has ibuth Jeclirauon, or the latitude fiiutit and the 

flat has north declination, find the latitude in the fide columns as before, againfr which and
under



under the degree« of declination, Hands half the time the ftar is under the horizon, which hei 
ing fubtrailed from 12, the remainder will be half the time the liar will be above the horizon 
in that latitude ; by which the time of riling and fetting may be found, as in the laft example.

EXAMPLE.
What time will the Dog-Star Sirius rife and fet at Philadelphia, February I l 

Under the declination, which is nearly i6° S. and againlt the lati
tude, which is nearly 40° N. Hand

Subtrailed from 12h, leaves half the time the ftar is above the horizon 
The ftar comes to the meridian in the evening, at

1 2  o  
6 56

5 4 
9 39

Sum, rejefting 13 hours, is the time of fetting in the morning 2 43
Difference is the time of riling in the evening 4 35

In like manner may the rifing and fetting of the planets be found when their declination 
does not exceed 23|®,and the time of their paffage over the meridian is known.

Suppofe it was required to find the time of Jupiter’s rifing and fetting, March 2, 1804, civil 
account, in the latitude of 5 20 N.-

In the Nautical Almanac for 1804, I find that Jupiter paffes the meridian March 1 D. 
15 H. 24 M. or March 2 D .  3 H. 24 M. A. M. civil account, his declination being 120 
6 ' S. or nearly 120. Under the declination 120, and oppolite to the latitude 52°, Hand 7 H. 
3 M. which is half the time Jupiter is below the horizon ; this fubtrailed from 12 H. leaves 
half the time that he is above the horizon 4 H. 57 M. ; this fubtrafted from 3 H. 24 M. 
A . M. leaves 10 H. 27 M. P . M of March 1, for the time of Jupiter’s riling ; and added to 
3 H. 24 M. gives 8 H. 21 M . A . M. March 2, for the time of Jupiter’s fetting.

Suppofe it was required to find the time of the moon’s rifing and fetting, May 2, 1804, civil 
account, in the latitude of J28 N.

In the Nautical Almanac page 6, I find that the moon paffes the meridian May 1 D. 17 H . 
45 M. or May 2 D . 5 H. 45 M. A . M. civil account; her declination being about 219 S. 
Under the declination 210 and oppolite to the latitude 520, Hand 7 H. 58 M. half the time the 
moon is below the horizon, which fubtrafled from 12 H. leaves half the time Ihe. is above the 
horizon 4 H. 2 M. this fubtrailed from j  H. 45 M. leaves 1 H. 45 M. A. M. the time of 
the moon's riling, and added to 5 H . 45 M. give 5 H, 47 M- A. M. the time of her fetting, 
nearly.

I f  greater accuracy is required, you mull find tl\e time at Greenwich correfponding to this 
approximate time of her riling or fetting ; then find the moon’s declination, and the difference 
between the right afcenfions of the fun and moon for that moment of time ; and with thefe 
data repeat the operation. In this way we may obtain the time of rifing and fetting to any de
gree of accuracy. Inftead of taking the difference of the right afcenfions of the fun and 
moon, you may take the daily difference in the time of her coming to the meridian of Green
wich, and take a proportional part for the longitude of the place of obfervation (by means of 
Table X X V I) ; and another proportional part, for the interval between the hour of palling the 
meridian, and the time of rifing or fetting.

It were to be wilhed, that gentlemen belonging to the fea would carry a celeftial globe with 
them, upon which all the above may be found in aneafj manner; for they would have nothing 
more to do but to fet the globe north and fouth, raife the poles as many degrees above the hori
zon as the latitude is ; bring the fun’s place to the brazen meridian, and fet the index to the 
upper 12 ; then turn the globe round, and note what liars come to the meridian, and the hour 
index will point to the time; when they come above the horizon, it will point to the time of 
their rifing, and when they defcend below the horizon, it will point to their fetting 5 for aseach 
ftar on the glo.be will point direilly to one of the fame name in the heavens, they may be viewed 
at any time of the night; or, if  a planet, turn the globe until the index points to the time of 
their paffage over the meridian, and make a mark on the globe with a pencil, under their declin
ation, (hen turn the globe eaft until the mark comes to the horizon, and the index will point to 
the time of their rifing ; and turned wellerly till it comes to the horizon, the index will point to 
the time of their fetting.

It may be noted, that the numbers of this fable were calculated for the moment of the fun’q 
centre appearing in the true horizon j where the refradlion makes that luminary appear nearly 
half a degree above the vifible horizon.



For finding the Difiance of Terreflrial Objefls at Sea.

H e ig h t  in 
F e e t .

I D i ita n c e  
[ M il.  D e c

H e ig h t in |  D i i t a n c e . 

F e e t .  !M H . D e c .
H e ig h t  ir 

F e e t .

D i f ta n c e . 

M i l .  D e c .
H e ig h t  ir  

F e e t .
D i i t a n c e .  

M . T e n t h s

X 1 .3 2 4 4 8 .7 8 3 2 0 2 3 .6 7 1 0 0 0 4 1 .8
2 1 .8 7 4 5 8 .8 7 3 3 0 2 4 .0 3 1 1 0 0 4 3 -93 2 .2 9 4 6 8 .9 7 3 4 0 2 4 - 3 9 1 2 0 0 4 5 .8

' 4 2 . 6 ; 4 7 9 ,0 7 3 5 ° 2 4-75 13O O 4 7 -75 2 .9 6 4 8 9 1 7 3 6 0 2 5 .1 0 I4 O O 4 9 -S
6 3 ,2 4 4 9 9 .2 6 3 7 0 2 5-45 I5 O O 5 1 . 2
7 3 -5° 5 ° 9 -35 3 8 0 2 5 .7 9 1 6 0 0 5 2 .9

3 -7 4 5 5 9 .8 1 3 9 0 2 6 .1 3 1 7 0 0 5 4-5
' 9 3-97 6 0 1 0 .2 5 4 0 0 2 6 .4 6 1 8 0 0 5 6 .1

1 0 4 .1 8 6 5 1 0 .6 7 4 1 0 2 6 .7 9 I9O O 57-7
4 -3 9 7 0 I I .O 7 4 2 0 2 7 . I I 2 0 0 0 S 9-2

1 2 4 .5 8 7 5 1 1 . 4 6 4 3 0 2 7-43 2 1 0 0 6 0 .6
»3 4 -7 7 8 0 1 1 . 8 3 4 4 0 27-75 2 2 0 0 6 2 .1
14 4 -9 5 «5 I 2 .2 0 4 5 0 2 8 .0 6 2 3 0 0 6 3 -4
I S 5 . 1 2 9 0 12-55 4 6 0 2 8 .3 7 24O O 6 4 .8
1 6 5 .2 9 95 1 2 .8 9 4 7 0 2 8 .6 8 25O O 6 6 .1

17 5 -45 1 0 0 1 3 2 3 4 8 0 2 8 .9 8 2 6 0 0 6 7 - 5
i S j . 6 i 1 0 5 1 3 - 5 ^ 4 9 0 2 q .2 q 27O O 6 8 .7
1 9 5-77 1 10 1 3 .8 8 5 0 0 2 9 .5 8 2 8 0 0 7 0 .0

5 .9 2 n s 1 4 .1 9 5 2 0 3 0 .1 7 29O O 7  1 .2
6 .c 6 1 2 0 1 4 .4 9 5 4 0 3 0 .7 4 3 0 0 0 7 2 .5
6 .2 1 1 2 5 1 4 .7 9 5 6 0 3 1 - 3 1 3  i c o 7 3-7

2 3 6 .3 4 1 3 0 1 5 .0 8 5 8 0 3 1 - 8 6 3 ¿ 0 0 7 4-8
2 4 6 .4 8 1 3 5 15-37 6 0 0 3 2 .4 1 3 3 0 0 7 6 .0

25 6 .6 1 I 4 0 1 5 .6 5 6 2 0 3 2 .9 4 3 4 0 0 77-1
6 .7 5 1 4 5 15-93 6 4 0 3 3 -4 7 3 5 0 0 7 8 .3

2 7 6 .8 7 1 5 0 1 6 .2 0 6 6 0 3 3 -9 9 3 6 0 0 7 9 -4
28 7 -0 0 1 6 0 1 6 .7 3 6 8 0 3 4 -5 0 3 7 0 0 8 0 .5
2 9 7 . 1 2 1 7 0 , 1 7 - 2 5 7 0 0 3 5 .0 0 3 8 0 0 8 1 . 6
3 0 7 . 2 ; 1 8 0 17-75 7 2 0 3 5 -5° 3 9 0 0 8 2 .6
3 1 7-37 I9 O 1 8 .2 4 7 4 0 3 5-99 4 0 0 0 8 3 -7
3 2 7 .4 8 2 0 0 1 8 . 7 1 7 6 0 3 6 .4 7 4  f o o 8 4 .733 7 . C o 2 1 0 1 9 .1 7 7 8 0 3 6 9 5 4 2 0 0 8 5 .7

3 4 7 -7 i 2 2 0 1 9 .6 2 8 0 0 3 7 .4 2 4 3 0 0 8 6 .8
35 7 .8 3 23O 2 0 .0 6 8 2 0 3 7 .8 8 4 4 0 0 8 7 .8
3 6 7 -9 4 24O 2 0 .5 0 8 4 0 3 ^ -3 4 4 5 0 0 8 8 .7
37 8 .0 5 2 5 0 2 0 .9 2 8 6 0 3 8 .8 0 4 6 0 0 8 9 .7
3 « 8 .1 6 2 6 0 2 1-33 8 8 0 3 9 .2 5 4 7 0 0 9 0 .7
39 H .2fl 2 7 0 2 i -74 9 0 0 3 9 -6 9 4 8 0 0 9  ‘ -7
4 0 8 .3 7 2 8 0 2 2 .1 4 9 2 0 4 0 . 1 3 4 9 0 0 9 2 .6
4 i 8 .4 7 29O 2 2 .5 3 9 4 0 4 0 .5 6 5 0 0 0 93-54 2 8 .5 7 3 0 0 2 2 .9  I 9 6 0 4 0 .9 9 1 m ile 9 6 . j
4 3 8 .6 # 3 1 0 2 3 .2 9 9 8 0 4 1 .4 2



Seek the neareft hour of the reduced'time in the top column, and the difference of par
allax, proportional logarithm, or femidiameter for 1 2  hours in the fide column, the corref-
ponding number in the angle of meeting is the correfiion.________

Reduced Time in Hours.
Variation 

in 12 
hours.

1

* *3
2 

I  ’
_ _ L

*5
4

1 6

5 6  • 7 8 9 1 0 I  1 1 2

■ '7 1 8 J 9 2 0 2 1 2 2 2 3 2 4
1 O O O 0 O O l 1 1 1 I 1

2 O O O 1 I 1 1 1 1 2 2 2

3 O 0 1 1 1 1 2 2 2 2 3 3
4 O 1 1 1 2 2 2 3 3 3 4 4
5 O 1 1 2 2 2 3 3 4 /) 5 S
6 O 1 1 2 2 3 3 4 4 5 5 6
7 1 1 2 2 3 3 4 5 5 6 6 7
8 L 1 2 3 3 4 5 5 6 7 7 8
9 1 1 2 3 4 4 5 6 7 7 8 9

1 o t 2 2 3 4 S 6 7 7 8 Q I O
i  1 I 2 3 4 5 5 6 7 8 9 1 0 1 1
1 2 1 2 3 4 5 6 7 8 9 I O 1 1 1 2
1 3 t 2 3 4 5 6 8 9 I O 1 1 1 2 » 3
* 4 I 2 3 5 6 7 8 9 JO 1 2 * 3 1 4

1 5 1 2 4 5 6 7 9 1 0 1 1 1 2 1 4 1 5
1 6 1 3 4 5 7 8 9 11 1 2 >3 1 5 1 6

» 7 1 3 4 6 7 8 1 0 1 1 >3 1 4 1 6 * 7
r 8 1 3 4 6 7 9 I O 1 2 >3 * 5 1 6 1 8

J 9 2 3 5 6 8 9 1 1 * 3 1 4 l 6 >7 >9
2 0 2 3 . 5 7 8 1 0 1 2 1 3 1 5 1 7 1 8 2 0
2 1 2 3 5 7 9 1 0 1 2 1 4 . l 6 »7 1 9 2 1
2 2 2 4 5 7 9 11 ' J 3 1 5 l 6 1 8 2 0 2 2

2 3 2 4 6 8 I O 1 1 »3 1 5 * 7 1 9 2 1 2 3

2 4 2 4 6 8 IO I  2 1 4 1 6 1 8 2 0 2 2 2 4 .
2 5 2 4 6 8 1 0 t 2 1 5 1 7 « 9 2 1 2 3 2 5

2 6 3 4 6 9 1 1 1 3 1 4 1 7 1 9 2 2 2 4 2 6

2 7 2 4 7 9- 1 1 ’ 3 l 6 1 8 2 0 2 2 2 5 2 7

2 8 2 5 7 9 1 2 1 6 1 9 2 1 2 3 2 6 2 8

2 9 2 5 7 I O 1 2 1 4 » 7 » 9 2 2 2 4 2 7 2 9

3 0 2 5 7 1 0 1 2 >5 * 7 2 0 2 2 2 5 2 7 3 0

3 l 3 5 8 10 J 3 »5 1 8 2 1 2 3 2 6 2 8 3 1

3  2 3 5 8 1 1 1 3 1 6 J 9 2 1 2 4 2 7 2 9 3 2

3 3 3 5 8 1 1 M l 6 1 9 2 2 2 5 2 7 3 ° 3 3
3 4 3 6 8 1 1 1 4 1 7 2 0 2 3 2 5 2 8 3 i 3 4
3 3 3 6 9 1 2 1 5 1 7 2 0 2 3 2 6 2 9 3 2 3 5
3 6 3 6 9 1 2 ' 5 1 8 2  L 2 4 2 7 3 ° 3 3 3 6

3 7 3 6 9 1 2 1 5 1 8 2 2 2 5 2 8 3 1 3 4 3 7
3 » 3 6 9 f 3 1 6 » 9 2 2 2 5 2 8 3 2 3 5 3 8

3 9 3 6 1 0 »3 1 6 ‘ 9 2 3 2 6 2 9 3 2 3 6 3 9
4 0 3 7 10 ’ 3 1 7 2 0 2 3 2 7 3 ° 3 9 3 7 4 0

4 1 3 7 JO »4 l 7 2 0 2-4 2 7 3 1 3 4 3 « 4 1

4 2 3 7 10 1 4 T 7 2 1 2 4 28 3 i 3 5 3 3 4 2

4 3 4 7 l M 1 8 2 1 2 5 2 9 3 2 3 ° 3 9 4 3
4 4 4 7 1 » 5 1 8 22 2 6 2 9 33 3 7 4 0 4 4
4 5 4 7 I 15 * 9 2 2 2 6 3 ° 3 4 3 7 4 5 4 5



T a b  Ls J XIII. XIV. XV. XVI. XVII,

1 T a b .XIII. . he Refrailion of tht 
e,v. nly Rndics in Altitude.

Apr ApP App. Ref.
AI-. Air. Alt.

DM M. •>. D .A 1 . »Vi. S M.S.

oT c 33- 0 6.30 7-5» 3 0 ■ .38
0- 5 3x.11 6.40 7.41 3 « >•35
0.10 31.22 6.C0 7-3 1 3» • - 3>
0 . 1 5 30.36 7. 0 7.21 33 1.28
0 . 2C x<M° 7.1O 7.12 34 I .24
O.iJ 29. 6 7.20 7- 3 35 I .21
0.30 28.23 7-30 6.54 3»> 1.18
0 - 3 5 27.41 7.40 6.46 37 I .16
0.40 27. 0 7.50 0.38 38 1.13
0.45 26.20 8. 0 5-30 39 t . 10

O.5C 25.4» 8.io 6.22 40 i . 8
' 0.55 »5- 5 8.20 6.15 41 >• 5

i. 0 24.29 8.30 42 >■  3
«• 5 »3-54 8.40 43 1. 1
MO 23.20 8.50 5-55 44 0.59
M i 22.47 9. 0 5-49 45 0.57
1.20 22.15 9.IO 5-43 4b 0.55
u s 21.44 9-20 5-37 47 0.53
»•30 a t .15 9 30 5-3 i 48 0.51
M S 20.46 9.40 5.26 49 0.50

1.4c 20.18 9.50 5.20 5° 0.48
1-45 19.51 10. 0 >•>5 5 * 0.46
r - s ° 19-»5 10.15 5. 8 5» 0.45
1-55 :8.$9 10.30 5 .0 53 0-43
2. 0 18 35 10.45 4-54 54 0.41
*• 5 18.M II. 0 4-47 55 O.4O
2.10 17.48 I I .15 4.41 5<> 0.38
z.15 17.26 11.30 4-35 57 o -37
2.20 ‘ 7- 4 11.45 4.29 5» 0.36

16.44 T2. 0 4-»3 59 o -34
2.?0 16.23 12.20 4.. l6 60 0-33
»•35 16. 4 I2.4O 4- 9 6l 0.32
2.4O ‘ 5-45 13. 0 4- 3 62 O.3O
»•45 15.27 U-xc 3-57 b3 0 29
2.?0 15. 9 13.40 3-51 64 0.28

»•55 14.52 14. 0 3-46 65 0.27
3. 0 t-4-35 14.20 3.40 66 0.25

3- 5 14.19 14.4013-35 67 0.24
3.10 14- 3 15. 0 3.30 68 0.23
3-'5 ' 3-4** iS-30 3 »3 69 0.22

2.20 ‘ 3-33 16. 0 3 -‘ 7 70 0.21

3 »5 M.19 16.30 3.11 7 « 0.2C
3-3° ■ *3- 5 17. 0 3- 5 72 0>I9
3-4C '»•39 17-3° »•59 73 O.I7

! 3-5° 12.14 18. 0 »•54 74 0-16
| 4- 0 1 1.5a 18.30 2.49 75 a - i 5
I 4 ->° 11.28 19. 0 2.44 76 O-I4
1 4-2C u .  7 19.3c 2.40 77 0.13
1 4-3c 10-47 20. C 2.36 78 0.12
I 4-4C 10.28 20.3 c 2.32 79 o . n

: 4 ' 5c 10.ic 21. C 2.2* 80 0.10
J. c 9-53 21.3c 2.2. 81 0. 9

1 5-lC 9-37 22. C 2. 2C 82 0. S
<.2C 9.2 23. c 2.1-1 8 3 0. 7
5-3< 9 - 24. 2. *, 84 0. 6
5.4c 8.5 25. 2 . 7 85 0. 5
S -5C 8.3c 26. C i - 5 < 8 6 0. 4
6. ) 8 .2 » 7 - ' • 5 8 7 0. 3
6.1c 8.15)28. 1.4- 88 0. 2
6 .2 < 8. J|29- 1.431 89 0. 1

T a b l e  J C IV .
DeprelBon or Dip

of the Horizon
o f  the fea.

ff e ig h t . Uip'of
of the the
Eye. Horizon.
F e e t . M. S.

I O .5 9

2 1 . 2 4

3 1 . 4 2

4 1 . 5 8

5 2 .  12

6 2 . 2 5

7 2 . 3 6

8 2 . 4 7

9 2 . 5 7
to 3 - 7
I  I 3 -> 6
1 2 3 .2 5

>3 3 -3 3
>4 3 . 4 1

>S 3 -4 9
l 6 3 .5 6
>7 4 - 3
18 4 . 1 1

>9 4 . 1 7
2 0 4 . 2 4

2 1 4 - 3 1
2 2 4 -3 7
»3 4 -4 3
» 4 4 -4 9
2 6 5 - »
2 8 5 > 3
3 0 5 -» 3
35 5 -4 9
4 0 6 . 1 4

4 5 6 . 3 6

5 ° 6 .5 8
6 0 7-37
7» 8 . 1 4

8 0 8 .4 8
9 0 9 .2 0

1 0 0 9 . 5 1

T a b l e  X V .  
he Sun’s Paral
lax in Altitude.

Sun's
Parallax.

0 9
10 9
20 8
3 0 8
40 7
5 0 6
5 5 5
6 0 4
6s 4
7 0 3
75 2
<80 %

8 5 X
90 O

T a b l e  X V I .  
Augmentation 

of the Moon’s 
Semidiameter.

Moon’s
Alt.

40
4 5
5°
55
60
70
80
90

Augmen
tation.

rABLE X V J 1. Dip of the Sea at different Diftances 
from the Obferver..

3 f  D| Height of the Eye above the Sea in Feet.

' 5 1 10 ■ 5 20 1 »5 1 3 °  I 35 1 40
Dip. D ip . L>ip.| Dip. D ip . Dip.  [Dip. Dtp.

» n M . iVl. M . M. M. ivi. M. i\I.
X i  1 »3 34 45 57 68 79 9 1

6 12 «7 »3 28 34 40 45
i 4 8 12 >5 >9 »3 »7 30

1 3 6 9 12 >5 17 20 »3
> i 3 5 7 io 12 *4 16 >9

3 4 6 8 10 12 >4 l6
2 2 4 5 7 8 9 I 1 12
»1 2 3 4 6 7 8 9 IO

3 2 5 4 5 6 7 8 9
3* 2 3 4 5 6 6 7 8

4 2- 4 5 5 6 7 7
5 2 3 4 4 5 6 6
6 2 __3 __4 4 5 0 6 ,1

*~No t e  t o  T a b l e  X V I 1.— '1 he numbers o f  this table" below the" bUck~lines, are the fame
are given in Table XIV. 

aidant as ti.s land.
lor the vifrbk horizon eorrefposding to thofe heights is not fo far





0 9 -4 4 10.42 11.39 12.36 13-33
10 9.46 10.44 I I .4 i , 2 -3 9 >3 -3 6
20 9 -4 7 10.45 11.43 12.41 >3 -3 8
30 9.49 10.47 * * 4 5 12.43 13.41
40 9 -5 * •.0.49 " • 4 7 12.45 ' 3 -4 3
50 9 -5 3 IO.51 1 I.ÇO 12.48 i.t-4 ;

0 9 -5 4 10.53 1 1 .5 2 I2 .J0 <3-46
10 9.56 10.55 1 1 .5 4 12.52 13-50
20 9.58 10 57 1 1 .5 6 12.54 ' 3 -5 3
50 10. 0 10.59 1 1.58 12 .5 7 • 3 -5 5
4 0 10 . 1 1 1 . 1 12. 0 12.59 13-5Ü
5 ° 10. 3 I t. 3 12. 2 13. 1 »4. 0

0 1 0 .5 11. 5 12. 4 >3 - 3 14. 2
10 10. 7 11. 6 12. 6 13- 6 ' 4 - 5
20 10. 8 i i .  8 12. 8 13. 8 14. 7
30 to . to 1 1 .1 0 12 .10 13.10 14 .10
40 10 .12 1 1 .1 2 1 2 .12 I j . ! ! !4.X2

5 ° 10.13 c 1 .14 12 .1 4 •3 * 5 ' 4 - ' 4
0 ÏO .I5 h . 16 I 2 . i 7 l i 3 . i 7 14 .17

10 10 .17 1 1.18 12 .19 113 . J9 14 .19
20 10 .19 1 1.20 12.21 13 .21 1 4 .2 2

30 1 0 .2 0 Î 1 .2 2 1 2 .2 3 *3 -2 4 14.24
4 0 1 0 .22 ( 1.2-} 1 2 .2 5 13 .26 14.27
5° TO. 24 I r .2 6 12.27 13.28 Î4 .2 O

0 I 0 . 2Ó 11.2 7 I 2.29 13.30 i 4 -3 ‘
10 1 0 .2 7 11.29 u . 3 1 ‘ 3-33 1 4 .3 4
20 10 .2 9 11.3 1 12.33 «3 -3 5 14.36
30 IO .3  I 11.33 , 2 -35 ■ 3 -3 7 1 4 -3 9
4 0 i o -33 11.3 5 12.37 1 3-39 H - 4 1
5° 10.34 1 1-37 1 2 .3 9 1 3 -4 2 ■ 4 -4 4

0 <0.36 " • 3 9 12 .4 < ' 3 -4 4 j 1 4 4 6

10® 1 1® 12® * 3 “ l * 4 W

•X J' A p p a re it  Z e n it h  D i f o n c e  o f  th e  M o o n '

2  n ‘ 0 1 0 ° u ° 12® ' 3 ° * 4 “ 1 5 ° i 6 °
K C (» r . C o r r . | C o o . C o r r . C o r i . C o ir . C o rr .

M 1 -
M  S vi S jM  S M  S M  .6 M  S M  S

S 3 0 9 .  2 9 .5 6 1 0 .4 9 t  1 .4 2 1 2 .3 5 1 3 .2 8 1 4 .2 0
10 9 - ‘ 9 .5 8 1 0 .5 1 " •  45 1 2 .3 8 1 3 .3 1 1 4 .2 3
2 0 9 .  6 1 0 . 0 1 0 .5 5 ! i . 4 7 1 2 .4 0 *3 -3 3 1 4 .2 6
3 0 9 - 7 1 0 . 2 1 0 -5 5 1 1 .4 9 1 2 .4 3 1 3 .3 6 1 4 .2 9
4 ° 9 .  9 10 . 3 1 0 .5 8 1 1 .5 1 1 2 .4 5 13 -3 « 1 4 .3 1
5 0 9 .1 1 1 0 . 5 Tl. 0 1 1 .5 4 1 2 .4 7 1 3 .4 1 1 4 -3 4

5 4 0 9 -1 3 1 0 . 7 I I .  2 u . 5 6 1 2 .5 0 ‘ 3 -4 4 14-37
10 9 .1 4 1 0 . 9 a .  4 " . 5 8 I 2 .5 2 1 3 .4 6 1 4 .4 c
2 0 9 .1 6 IO . I ! i l .  6 1 2 .  0 1 2 .5 5 1 3 -4 9 1 4 .4 2
3 0 9 .1 8 I O .I 3 1 1. 8 1 2 . 3 1 2 .5 7 1 3 -5 1 1 4 .4 5
4 0 9 . 2 0 1 0 . 1 5 1 1 .1 0 1 2 . 5 1 2 .5 9 1 3 -5 4 1 4 .4 8
5 0 9 .2 1 IO . 17 1 1 .1 2 1 2 . 7 1 3 . 2 ‘ 3 -5 6 1 4 .5 1

55 0 9 - 2 3 I O . I 9 ( 1 .1 4 I 2 .  9 1 3 . 4 • 3 -5 9 ' 4 -5 3
1 0 9 .2 5 1 0 .2 1 1 1 .1 6 1 2 .1 2 • 3 - 7 1 4 .  2 1 4 .5 6
2 0 9 .2 7 1 0 .2 3 h . 1 8 1 2 .1 4 1 3 - 9 1 4 . 4 >4 -5 9
3 0 9 .2 8 IO .2 4 1 1 .2 0 i a . 1 6 1 3 - 1 2 1 4 . 7 1 5 . 2
4 0 9 . 3 0 1 0 .2 5 1 1 .2 2 1 2 .1 8 i 3 ' 4 1 4 . 9 'S *  î
SO 9 .3 2 1 0 .2 8 " 2 5 1 2 .2 1 1 3 .1 6 1 4 .1 2 1 5 . 7

5 6 0 9 3 4 1 0 .3 0 l  1 .2 7 1 2 .2 3 1 3 .1 9 1 4 - 1 5 1 5 . IC
1 0 9-35 1 0 .3 2 I 1 .2 9 1 2 .2 5 1 3 -2 1 1 4 .1 7 1 5 .1 5
2 0 9 -3 7 1 0 .3 4 I  1.31 1 2 .2 7 1 3 - 2 4 1 4 .2 0 1 5 .1 6
3 0 9 -3 9 1 0 .3 6 1 1 .3 3 1 2 .3 c 1 3 -2 6 1 4 .2 2 1 5 .1 8
4 0 9 .4 0 1 0 .3 8 i i -35 1 2 .3 2 1 3 - 2 9 J 4 . 2 s 1 5 .2 1
5 ° 9 .4 2 1 0 .4 0 I I .3 7 1 2 .3 4 1 3 3 1 1 4 .2 8 1 5 .2 4

' 4 -3 °  

' 4 -33  
' 4-35  
• 4 .3 8  

*4 -4 °  
<4 -43
1 4 .4 6  

14 .4 8  
[ 4 .5 1  

' 4 -S 3 
4 .5 6  

14-59‘5i j .  4 
5. 6  

5- 9JJ.IZ

>5-*7
1 5 .2 9

*5-3
iS-35
15.38

*5-4Q
• 5-43 
15 .46  

' 5-49 
1 5-5 
' 5-54 

5-57
l6.l6.
. 6 . 5 ; 
16 . 8
16. il

1 5 - 1 4  1 6 . 1 3

> 5 .17

1 5 .1 9
1 5 .2 2
15 .2 4 ,

1 7 0 ; 1 8 "  

Corr. Corr. 
M  S  M  5 
1 5 .1 3 : 1 6 .  .

1 5 -1511 7
15 . 18 j1 6 .11
1 5 . 2 1 j 1 6 . 1 4
ij.24 '16.17
1 5 .2 7 : 1 6 .2 0  

5 .3 0  1 6 .2 3  
1 5 .3 3 !  1 6 .2 6  
1 5 .3 6 ,1 6 .2 9  

1 5 .3 9  1 6 .3 2  
1 5 .4 2  1 6 .3 5  
1 5 .4 5 11 6 .3 8  

1 5 .4 8 1 6 . 4 1

1 6 .1 6

1 6 .1 9
1 6 .2 2

16 .2 .1

1 5 .2 7  1 6 .2 7  

1 5 .3 0 j i 6 .3 c

5 .3 2  1 6 .3 3  

1 5 .3 5  1 6 .3 5

• 5-37
' S -40

5-43

1 6 .3 8

16.41
1 6 .4 4

5-45 16 .47

1 5 .4 8  1 6 .4 9  15“ I”!?

6 .2 0 ,1 7 .1  5 

6 .2 3 I 1 7 . I 9
6 .2 6 | I 7.22
6 .2 9 : 1 7 .2 5

1 6 . 3 1 j 1 7 .2 S
1 6 .3 4 1 1 7 .3 1

16 .3 7 *17 .3 4
1 6 .4 0 j l 7 .3 7 j  
1 6 .4 3 .1 7 .4 0 !  

1 6 .4 6 : 1 7-43  i 
i 6 .4 9 i i 7 .46  

6 -5 2 ; ' 7-49 
6 -5 5 |‘ 7 - S 3 

1 6 .5 S 1 7 .5 6  
1 7 .  i  1 7 .5 9  
1 7 .  4  1 8 . 2  

>7 - 7 . 1 *- 5 
1 7 . 1 0 1 8 .  8| 

• I 2 !l 8 . I  i 

1 7 . 1 5  1 8 . 1 4  

1 7 . 1 8 j i 8 . 1 7  
1 7 .2 1  1 8 .2 0  

1 7 . 2 4 1 8 . 2 3  
1 7 .2 7 : 1 8 .2 7  

1 7 .3 0 1 8 . 3 0

* 7 -3 3 , ‘ *¡-33 
1 7 .3 6  1 8 .3 6  

1 7 .3 9  *»-39 
1 7 .4 2  1 8 .4 2  

1 7 .4 5  i 8 -45 
1 7 .4 8  18 .4 8

1 7 .5 0  1 8 .5 1

“ir'iT F

i 2 4
1 0 0 C ■ C
2 C 0 1 1
5 C 1 ) 1
A 0 I 1 2
5 0 1 1 2
6 J 1 5 2
7 1 1 2 38 1 2 2 3

J> L L 2 3 4
Z-cn.

M 5 ^ 52 S3 'SA

5 4 4 4 4
10 8 9 9 i
15 1 3 1 3 13 15
2C 17 ,17 18 i l

2 J .2 2 ,22; 2?
2jli6,26;2; 
30  30 |3 i j 3 i 
3 4  35135  3 <- 

3 9 4 0 4 c  

4 3 4 4 4 5  
4  ̂■ 49145

50142
47

M 55 56^57

5 5 5 510 9 9 9
* j 14 ‘4 142C 18 ■ 9 ‘ 9
25 2 j 2.3 24
3 ° 27 28 28

35 32 33 33
40I37 37 3»
45 4 ' 42 43
50 46 47 47
55 50 i l 52

M|58,59!6o.
5 j 5 | 5 5 10 io  ic  

1 5 I 1 4 I 1 5  15  
20,1 92O 
25,24;25, 
3 o '2 9  29  

3 5 Ì3 4 Ì3 4  
4 0 |3 9 j39 
4 5 4 3 4 4  
5 0 4 8 4 9  

5 5I5 3  54  55
iW|C> i 6 ¿¡63.:

5| 5 5 j 5
lO j IC 10 10

*5!*5 ' 5 1 6
20,20 2 1 2 1

2 5 2 5 26:26
3 0 3 c 3 'Î3  '
3 5 ! i6 3 6 3 7
4 0 :4 1 4 1,4 2
4 5 4 6 4 6 4 7
5°i5 i 52151
55!S6 57 i 5 »

tP) 12«.



S  2 A pparent Zenith  D iltance o f  the M oon’ s Centre.

*L s  ' g IQ® 20° 21® 22® n ° 2 4 " 3 50 z 6 v * 7
s S» v Corr Corr. Corr. Corr. Corr. Corr. <~orr. Corr. Corr.

M j S M M  S M 8 M ^ M  S M  b M  S M  8 M  S

T i l l 16.3 17.4 - l8.3 19.2c 20.1c 21. 2 1 .5S 22 .4 ; 2 3 -3 5
10 16.51 17-5 18.4 ■ 9-3  - JO. 2 . 21.12 22. 2 22.51 23.40

20 ‘ 7 - 17-55 18.4 I 9 -3 É 20.2 21 .17 22. 6 22.55 2 3 -4 4
30 17. 17-57 18.45 19.4c 2O.3C 2 1.21 22. IC 23. c 2 3 -4 9
40 17. t8 . 18.52 ‘ 9-44 20.34 21.25 22 .I5 23. „ 2 3 -5 3
s ° 17-12 18. . i8 -5t 19-47 20.38 21.29 22.x 9 23. 23.58

O 1 7.1 j 18. 19- c 19.51 20.42 21.35 12 .25 23-13 24. 2

5 TO 17.19 18.1 «9 - <9-55 20.4É 2 I -37 2 2 .2 7 23 - »7 24. 7

20 I7.22 18.1 19- 19.58 20.5c 2 f .4 I 22.31 23.22 2 4 .1  I

30 »7 -2*5 18.18 19 .1c 20. 2 20.54 21.45 22.36 23 .2Ê 2 4 .16

40 17.28 18.21 19.13 20. 6 20.58 11.49 22.4O * 3 -3 c 24.20

SO 17.32 18.25 1 9 .17 2 0 .1C 2 1 . 2 21.53 2 2 .4 4 2 3 -3 5 24.25

0 ‘ 7-35 18.28 19.21 20.13 2 1. 6 21.57 22.48 2 3 -3 9 24.30

10 17.38 18.32 1 9 -2 S 20 .17 2 1. 9 22. 1 2 2 -53 23 -4 J 2 4 -3 4
20 17.42 18.35 19.28 20.21 * 1 .13 22. 5 22.57 23.48 2 4 -3 9
30 17-45 18.78 19.32 20.25 2 1 .1 7 22. 9 2 3 . J Ï 3 -5 2 24.43

40 17.48 18.42 ' 9 -3 5 20.28 21.2 1 22 .13 23 - 5 2 3 -5 7 24.48

50 17.5 1 18.45 19.39 20.32 2 1 .2 5 22.18 23.10 2 4 . I 24 .52

0 17-55 18.49 1 9 -4 3 20.36 21.29 22.22 2 3 .J4 24. 5 2 + 5 7
10 17.5S 18.52 19.46 aO.40 J i -33 22.26 2 3 .18 24.10 25. 1

20 18. 1 18.56 19.50 20.43 21.3 7 22.30 23.22 24.15 25. 6

30 18. 4 18.59 19-53 ¿O.47 2 1.4 1 22.34 23.26 24.19 25 .10

40 18. 8 19. 2 <9 -5 7 20.51 21.45 22.38 23.31 24.23 2 5 .15

50 18 .1t 19. 6 20. O 20.55 2 1 -4 9 22.42 23 -3  5 24.27 2 5 .19

0 18 .I4 19. 9 20. 4 20.58 2 1 .5 2 22.46 2 3  3 9 24.32 25.24

10 18 .17 19 .13 20. 8 21. 2 2 1 .5 6 22.5O 23 -4 3 24.36 25.29

20 18.21 19 .16 2 0 .11 21. 6 22. C 22 .54 23.48 24.41 2 5 -3 3
30 18.24 1 9 .2 0 20.15 2 1.10 22. 4 22.58 23 -5 2 24.45 25.38

40 18.27 19.23 20.18 2 1 .13 22. 8 23 - 2 23.56 24.49 25.4 2

50 18.30 19.26 20.22 2 1 .1 7 22 .12 23. 6 24. 0 24.54 25.47

O 18.34 19.30 20.26 21.21 22.16 2 3 .IC 24 - 4 24.58 25.51

10 18.37 >9 -3 3 20.29 21.25 2 2 .2 C 23 - 14 24. 9 25. 2 25.56

20 18.40 19-57 no-33 21.28 22.24 23.19 24.13 25. 7 26. 0

1 8 .4 ; 19.40 20.36 21.3 2 22.28 23.23 2 4 .17 2 5 .11 26. 5

40 18.47 1 9 -4.3 20.40 21.36 22.32 23 -2 7 24.21 25 .16 26. 9

5° 18.50 19.47 20.43 21.40 22.35 23 -3 1 24.26 25.20 2 6 .14

O 18.53 19.50 2 0 .4 7 * 1-43 22.3Q 23 -3 5 24.30 25.24 26.18

10 18.56 19 .54 20.51 i i -4 7 22.45 2 3 -3 9 24.34 25.29 26.23

20 IQ. C *9 -5 7 20.54 21.5 1 22.47 23 -4 3 24.38 25-33 26.28

3 ° ' 9 - 3 20. 1 20.58 2 1.5 5 22.51 23 -4 7 24.43 25-38 26.32

40 IÇ. 6 20. 4 2  f . I 21.58 2 2 -5 5 23 -5 J 24.47 25.42 26.37

50 19. 9 20. 7 2 1. 5 22. 2 22.59 23-55 24.51 25.46 26.41

6c 0 :1 0 .13 20. i 1 2 1 . 4) 22. 6 2 3 - 3 23 -5 9 24 -5 5 25 .5 1 26.46

I 0 |[9 .16 20 .14 2 1 .1 2 22. IC 23 - 7 24- 3 24.59 25-55 26.50

20 Q. IQ 20. r 8 2 1 .16 22.13 2 J. J I 24. 7 25. 4 25-59 26.55

30 19.22 ¿0.21 2 1 .19 22 .17 2 3 - 14 2 4 .1  I 25. 8 26. 4 26.59

4 0  19.2.6 20.25 21.23 22.21 23.18 24.15 2 5 .1 2 26. 8 27. 4

50 ¡19.29 20.28 21.26 22.25 23.22 24.20 25.16 26.13 27. 8

6 l 0 19.32 20. i  1 Ü .3 O 22.28 23.26 24 - 2 4 ¿ 5 -2 ( 26.17 27.13

,0  >*9 -3 5 2O.35I i ' - 3 4 22.32 23 -3 ° 24.28 25.25 26.21 27.18

20 |I9 .J 9 20. ? f 2 1 .3 ’ 22.36 23 -3 4 24.3 2 2S-2 9 26.26 17.2 2

30119 .4 2 20.42 M .41 ¿2.40 J3 -3 Ü 24.36 15-33 26.3c 27.27

4O II9.4S 2O.45 . 1 .4 4 22.43 23.4= 24.4O - 5-37  2 6 -3 5 27.31

JO ' 1 9 .4 0 2O.48 21.48 22.4^ 23.46 24.44 .5 .4 2  26.39 17.36

6 l zb. 5 ’ U .5 2 2 2 .w l2 3 .s o .4 .48 15.46126.43 . 7 .4 0
1 1 9 - 20v 2 1 ° 22 w 1 23® 24 ”  1 2 5 “ 1 zf>° 2 7 “

ü»'1 . ;■!-»

P ar. Add.
s . 3 4 5

1 c 0 0

2 1 I 1

3 1 1 1

4 I 2 2

5 ) 2 2

b 2 a 3

7 2 3 3
8 2 3 4

9 3 4 4
Z en . D ift. A dd.

4813
*7
21

25
3°

34
3 «

M S 2 53 54
5 4 4 4

10 9 9 9
15 «3 1.3 13
20 «7 18 18

25 22 2 2 22
3 0 26 26 2 7

3 5 30 3 1 3 1
4 0 3 5 35 3 6

4 5 39 4 ° 4 0

5C 43 44 4 5
55 48 4 9 4 9

M 55 5« 57
5 5 5 510 9 9 9

>5 m ■ 4 *42C iS >9 19
25 23 23 24
3 C 27 28 28

35 3 2 33 33
4 0 37 37 3 »

45 4 1 42 43
5C 4 6 47 47
55 50 51 52

iVi 5* 59 6 0

5 5 5 5
IC 1C 10 10

15 '4 ‘ 5 15
20 >9 20 20

25 24 25 2 5
30 29 2 9 3 0
35 34 3 4 3 5
4 0 39 39 4 0

4 5 43 4 4 4 5
5° 4 * 4 9 5°
55 53 54 55

48 ¡49 5 °

5 4 4 4
¡0 8 8 8

15 12 12 12
20 16 [6 '7
25 20 20 21

30 2 4 24 25
35 28 29 29
4 0 3 2 33 3 3

45 3 6 37 57
5& 4 ° 4 1 4 2

55 4 4 I45 4 6

Vrrr-



A p p a re n t  Z e n it h  D if ta n c e  o f  th e  M o o n ’ C e n t r e . P a r .  A d d .

g  s  2
28® 2 9 ” 3 0 ° 3 J ‘ 3 2 ° 3 3 ° 3 4 ° 3 5 ° 3 6 ® ^ 4

O O

6

)
K  g

C o r r C o r r C o rr Co^r C o r r C o r r C o r r C o r r C o r r . 2 ■ j i

M s M M M  8 M  6 M  S M ¡VI b M M  S 3 1 1 2

53 C 2 4 .2  j 2 5 .1 c 15-57 2 6 .4 4 1 7 .3 c 2 8 .1 5 2 9 . c 2 9 .4 3 0 .2 8 2 2 t
IC 2 4 .2 ! 2 5 .1 5 2 6 . 2 2 6 .4 9 27-35 2 8 .2 1 2 9 . 6 2 9 .5 c 3 0 .3 4 6 «

2C 2 4 .3 2 2 5 .2 C 2 6 . S 2 6 .5 4 2 7 .4 1 2 8 .2 6 2 9 .1  1 2 9 .5 6 3 0 .4 0

3 = 24-37 2 5 .2 5 2 6 .1 3 1 6 .5 9 2 7 .4 6 2 8 .3 2 2 9 .1 7 3 0 . 2 3 0 .4 6 8 ?
40 2 4 .4 2 25-30 2 6 .1 8 * 7 - 5 2 7 .5 1 2 8 .3 7 2 9 .23 3 0 . 7 3 0 .5 2

i f
2 4 .4 6 25-3  5 2 6 .2 3 2 7 .1 0 2 7 .5 6 2 8 .4 3 29 .2 8 3 0 1 3 3 0 .5 8 7 2JJ. D ir t. A d d .

1 5 4
0 2 4 .5  1 2 5 .4 0 2 6 .2 8 2 7 .1 5 2 8 . 2 2 8 .4 8 2 9 .3 5 3 0 .1 9 3 i-  4

10 2 4 .5 6 2 5 .4 4 16-33 2 7 .2 0 2 8 . 7 2 8 .5 4 2 9 .3 9 3 0 .2 5 3 1 .  9
1 0 2 5 . 1 2 5 .4 9 2 6 .3 8 2 7 .2 5 2 8 .1 2 2 8 .5 9 2 9 .4 5 3 0 .3 0 3 1 . 1 5 t;

3 ° H -  5 2 5-54 2 6 .4 7 2 2 .3 0 2 8 .1 8 2 9 . 4 2 9 .5 1 3 O .3 6 3 « .2 l
7 I

4 0 25* 10 25-59 2 6 .4 8 2 7 -3 6 2 8 .2 3 2 9 .1 0 2 9 .5 6 3 0 .4 2 3 1 . 2 7 • 1 i i | l
50 2 6 . 4 1 6 .5 3 2 7 .4 1 2 8 .2 8 2 9 .1 5 3 0 . 2 3 0 .4 8 3 1-33 2() I . • i »S If

55 0 2 5 .1 9 2 6 . 9 2 6 .5 8 2 7 .4 6 2 8 .3 4 2 9 .2 1 3 0 . 7 3 0 .5 3 3 '- 3 9 2 h i i i 19 (15

10 2 5 .2 4 2 6 .1 4 17 - .3 2 7 .5 1 2 8 .3 9 2 9 .2 6 3 0 .1 3 3 0 .5 9 3 '- 4 5 t E o i
20 2 5 .2 9 1 6 .1 8 2 7 . 8 2 7 .5 6 2 8 .4 4 2 9 .3 2 3 0 .1 9 3 1 - 5 3 1 . 5 1

3 ° 2 5 -3 3 2 6 .2 3 2 7 .1 3 2 8 . 1 2 8 .4 9 29-37 3 0 .2 4 3 1 . 1 1 3 1 5 6 \ -

4 ° 1 5 - 3 8 2 6 .2 8 2 7 .1 8 2 8 . 6 2 8 .5 5 2 9 .4 3 3 0 .3 0 3 1 .1 6 I 3 2 .  2 4 i 34,34
_ i f y -43 2 6 .3 3 2 7 .23 2 8 .1 2 2 9 . 0 2 9 .4 8 3 0 .3  5 3 2 . 8 5C 3 f

¡< 4 C
3 7 |3 ^
4 1  4 2

5 6 0 2 5 .4 s 1 6 .3 8 2 7 .2 8 2 8 .1 7 ■ 19. i 2 9 -5 3 3 ° - 4 ! ■ >1.28 3 2 .1 4
10 2 5 .5 2 2 6 .4 3 17-33 2 8 .2 2 2 9 .1 1 2 9 .5 9 3 0 .4 7 3 1 . 3 4  3 2 .2 0 M 4 7 48 4 l 5C
20 15-57 2 6 .4 : 17 . 3 S 2 S .2 7 2 9 .1 6 3 0 . 4 3 0 .5 2 3 1-39 3 2 .2 6
30 2 6 . 2 2 6 .5 2 27-45 1 8 .3 2 2 9 .2  1 3 0 .1 0 3 0 .5 8 31-45 3 2 .3 2

g $
4 0 2 6 . 6 2 6 .5 7 2 7 .4 8 2 8 .3 7 2 9 .2 7 3 0 .1 5 3 1 - 3 3 1 -5 ' 3 2 .3 s

50 26 . I 1 2 7 . 2 27.55 2 8 .4 2 2 9 .3 2 3 0 .2 1 3 1 .  9 3 1 . 5 6 3 2 .4 3 2C 16 ■ 6 IÉ '7
57 0 2 6 .1 6 ! / •  7 2 7 .5 X 2 S .4 8 29-37 3 0 .2 6 3 1 . 1 4 3 2 . 2 3 2 .4 9 25 10 2C 2 C 21

10 2 6 .2 c 2 7 . 1 2 28 . 3 2 8 .5 3 2 9 .4 2 3 0 .3 2 3 I .2 C 3 2 . 8 5 2 .5 5 3 c •3 2 4 2 4 23
20 2 6 .2 5 2 7 .1 7 28 . 8 2 8 .5 8 2 9 .4 8 3 0 .3 7 3 1 . 2 6 3 2 .14 3 3 - » 3 5 27 28  2Ç 29
3 0 2 6 .3 0 ¿ 7 .2 1 2 8 .1 3 2 9 - 3 29-53 3 0 .4 2 3 1 -3 * 3 2 .1 9 33 - 7 4 C 31 3 2 ; 33 33
4 0 2 6 .3 4 2 7 .2 6 2 8 .1 8 2 9 . S 2 9 .5 8 jO .4 8 31-37 3 2 .2 5 33.13 45 3 6 I37
40 2 6 .3 9 2 7 .3 1 2 8 .2 5 2 9 .1 3 SO.  4 30.53 3 1 .4 2 3 2 .3 1 23-19 50 39 4 o ;4 i 42

0 1 6 .4 4 2 7 ^ 6 2 8 .2 8 2 9 .1 5 3 0 . 9 3 0 .5 9 3 1 .4 8 32.37 33-25 5 1 43  4 4 *4 -i |6
10 2 6 .4 9 2 7 . 4 1 28.37 2 9 .2 4 ?0 .1 4 3 1 - 4 3 '- 5 4 3 2 .4 2 3 3-30
20 2 6 .5 3 2 7 .4 6 2 8 .3 8 2 9 .2 9 3 0 .2 0 3 I . I O 3 '- 5 9 3 2 .4 8 33-36 V) S ' »2 S3
3 0 2 6 .5 8 2 7 .5 1 2 8 .4 3 29-34 3 0 -2 5 3 1 . 1 5 3 2 - 5 3 2 .5 4 33-42 4 4 4
4 0 1 7 .  3 27-55 2 8 .4 8 l 9-3 x 3 0 .3 c 3 1 . 2J 3 2 .1 0 5 3 . 0 33-48 0 8 9 9
5° 1 7 - 7 2# . 0 28-53 1 9 .4 J 3 ° - .3 5 5 1 .2 6 3.3. 5 3 3-54 5 13 13

0 2 7 . H 28 . 5 2 8 .5 8 2 9 .4 5 3 0 .4 1 3 1 - 3 1 3 2 .2 2 3 3 .1 1 3 4 . c 10 17 17 18

10 17.17 2 8 .1 0 29- 3 29-55 5 0 .4 6 j 1 .3 7 3 2 .2 7 33-17 3 4 - S i l 5 22 22

20 Z ? .! » 2 8 .1 5 2 9 . s 3 0 . c 5 0 .5 1 3 1 .4 2 32-33 3 3 -23 3 4-12 30 25 26 2 6

30 2 7 .2 6 2 8 .2 0 1 9 .  >3 !0 - 5 3 0 .5 7 3 1 .4 8 3 2 3 8 3 3 .2 8 3 4 - 1 8 >5 30 30 3 1

4 0 2 7 .3 1 2 8 .2 4 2 9 .1 8 5 0 . IC ; j .  2 3 1 5 3 3 2 -4 4 33-34 34-23 40 3 4 35 35

5° 2 7 .3 6 2 8 .2 9 2 9 .2 3 SO. 15 > i. 7 3 1 - 5 9 32-50, 3 3-40 ? 4 . 2 q 45 38 39 40

6 o 0 1 7 .4 0 2 8 .3 4 1 9 .2 8 3 0 .2 0 3 1 . 1 3 3 2 . 4 32-55 33-45 5 4-35 4 2

10 17-45 2 8 .3 9 29-33 3 0 .2 ^ 5 > . 18 3 2 .1 0 3 3 - 1 3 3 - S i 3 4 -4 '

2 0 1 7 .5 0 2 8 .4 4 2 9 .3 8 3 0 .3 ' 3 1 .2 3 3 2 .1 5 3 3 . 6 33-57 34-47 M 54 i s 36

1 ° 2 7 . 54 2 8 .4 9 2 9 .4 3 3 0 .3 6 3 1 .2 8 3 2 .2 1 5 3-12 3 4 - 3 3 4  53 —

4 0 1 7 .5 9 2 8 .5 4 29.4.8 3 0 .4 1 31-34 3 2 .2 6 3 3 - '8 3 4 - 8 34-59
50 28 . 4 28 . 58 2 9 5 3 3 0 .4 6 31-49 3 2 .3 1 33 -2.3 34-14 35- 5 *5 «3 *4 »4

i 01 2 8 . 8 29 - 3 2 9 .5 8 3 0 .5 1 3 *-44 3 2 - 3 7 3 3-29 3 4-20 3 5 .1 0 20 18 18

2 8 .1 3 2 9 . 8 3 0 .  3 .30.56 3 ‘ -50 3 2 .4 2 3 3-34 3 4 .2 6 3 5 .1 6
25 22 23 23

20 2 8 .1 8 2 9 .1 3 3 0 . 8 3 1 . 2 31-55 3 2 .4 8 3 3 -4 ° 34-31 3 5-22 30 2 7 27 28

Î0 2 8 .2 2 2 9 .1 8 3 0 . 15 3 i-  7 3 2 . '0 3 2 -5 3 33-45 34-37 3 5 .2 8
3 5 3 1 32 33

40 2 8 .2 7 2 9 -1 3 3 0 .1 8 3 1 . 1 2 3 2 . 6 3 2-59 3 3 -5 * 34-43 3 5 -3 4 4 0 3 6 3 7

5° 1 8 .3 2 29 .2 *’ 3 0 .2 3 3 1 . 1 7 3 2 . I I 3 3 - 4 33-57 34-49 35  4 °
4 5 4 0 4 1 4 2

2 8 .3 7 19-.31 3 0 .2 8 3 1 .2 2 ; 2 . i 6 3 .3-10 .34 - 2 .34-54 3 5-46 50 4 5 46 4 7

! 2 8 " 1 9 “ 3 0 " 3 1 " 3 1 " 3 3 ° 3 4 ° 3 5 ° 3 6 ® 55 4 9 50 51



Par. Add. 
ft

3

6 
6

__ 2
Zen. Dis, Add.

Si 6-

37  3 *i 39
5 3 , 3 3

10 b| b b

■ 5 9 ! 9 10
20 ' i l i a I ^

*5 n j l i b i b
3 ° i 8: i q ‘ 9
35 22*22 23
4 0 2 S‘ 2 s 26

45 28  28 29

50 3 1  3 * 3 i

i i 3 4  35 3 6



j 7
o ' - A p p a re n t  Z e n it h  D i f t a n c e n f  th e  M o o n ’ s C e n t r e .

1 " .
—• &

4 6 " 4 7 “ 4 8 » 4 9 ° 5 0 ” 5 i ° 52 v 5 3 ° 5 4 c

1 *
C o r r . C o i r . C u r r . C o r r . C o r r . C o i r . C o r r . C o r r . C o ir .

| M s " M  !> M - S M  S ivt s M  8 M  S M  S> Ai S M  S

O 3 7 - 9 37-45 3 8 .2 1 3 8 .5 5 3 9-29 4 0 . 2 4 0 .3 4 3 ‘ - 5 4 1-3 5

IO 3 7 - i 6 37-53 3 8 .2 E 3 9 - 3 3 9-30 4 0 . 9 4 0 .4 2 4 1 1 3 4 1 -4 3

2 0 3 7-*4 38. 0 3 8 .35 3 9-10 3 9 -4 4 4 0 .1 7 4 0 .4 9 4 1 .2 1 4 1 .5 1

30 37-3  * 38- 7 3 8 .4 3 3 9 .1 8 3 9 -.S2 4 0 .2 5 4 °-5 7 4 1 .2 9 4 1-59
4 0 3 7 -3 » 3 8 .1 5 3 8 .5 0 3 9-25 3 9-59 4 0 .3 5 4 ‘ - 5 41-37 4 2 . 7

>0 37-45 3 8 .2 2 3 8 .5 8 39-33 4 0 . 7 4 0 .4 1 4 1 .1 3 4 1 .4 5 4 2 .1 5

*4 0 37 -5 * 3 8 .2 9 3 9 - 5 3 9 -4 ° 4 0 .1 5 4 O .4 8 4 1 .2 1 4 '- 5 3 4 2 .2 4

1 0 37-59 3 8 .3 6 39-13 3 9 .4 8 4 0 . 22 4 0 .5 6 4 1 .2 9 4 2 . 1 4 2 .3 2

2 0 3 8 . 7 13 8 .4 4 3 9 .2 0 39-56 4 0 .3 0 4 1 .  4 41-37 4 2 . 9 4 2 .4 0

3 0 3 8 - 1 4 ,3 8 .5 1 3 9 * 7 +o- 3 4 0 .3 8 4 1 . 1 2 4 1 .4 5 4 2 .1 7 4 2 .4 8

4 0 3 8 .2 1 I 3 8 .5 8 3 9-35 40.1  I 4 0 .4 5 4 1 . 1 9 + '-5 3 4 2 .2 5 4 2 .5 6

50 3 8 .2 8 I 3 9 . 6 3 9-42 4 0 .1 8 4 0 .5 3 4 1 .2 7 4 2 . c 4 2-33 4 3 -1 4
55 O 3 8 . 3 5 i3 9 - i 3 3 9 -5° 4 0 .2 6 4 1 - r 4 ‘ -35 4 2 . 8 4 2 .4 1 4 3-12

IO 3 8 . 4 .3:3 9 -2 0 39-57 4 0 3 3 4 1 .  8 4 1-43 4 2 .1 6 4 2 .4 9 4 3 .2 c

2 0 3 8 .5 0 1 3 9 .2 8 4 0 - 5 4 0 .4 1 4 1 . 1 6 4 1 . 5 1 4 2 .2 4 42-57 4 3 .2 8

3 0 3 8 -5 7 )3 9-35 3 0 .1 2 4 0 .4 8 4 1 . 2 4 4 1 . 5 8 4 2 .3 2 4 3 - 5 4 3 .3 6

4 0 3 9 . 4 3 9 -4 2 4 0 .2 0 4 0 .5 6 4 1 . 3 1 4 2 .  6 4 2 .4 0 4 3-13 43-45
50 3 9 .1  ( ¡3 9 .5 0 4 0 .2 7 4 ' -  3 4 1 .3 9 ) 4 2 .1 4 4 2 .4 8 43-21 43-53

56 0 3 9 - 19139-57 4 ° -3 4 4 I . I  I 4 ‘ -4 7 |4 2 .2 2 4 2 .5 6 4 3 .2 9 4 4 - ‘
10 3 9 .2 6 .4 0 . 4 4 0 .4 2 4 1 . 1 9 4 1 .5 4 4 2 . 2 9 4 3 - 3 43-37 4 4 - 9
2 0 39*33 4 0 .1 2 4 0 .4 9 4 1 .2 6 4 2 . 2 4 2 . 3 7 4 3 - 1 * 4 3-45 4 4 - '7
30 3 9 .4 0 4 0 .1 9 4 0-57 4 1 -3 4 4 2 .1 0 4 2 . 4 5 4 3-18 4 3-53 44-25
4 0 3 9 .4 7 4 0 .2 6 4 1 .  4 4 i - 4 i 4 2 .1 7 4 2 - 5 3 43-27 4 4 . 1 44-33
5° 3 9 -55140-33 4 1 . 1 2 4>-49 4 2 - 2 5 4 3 .  0 43-35 4 4 - 9 4 4 .4 1

57 0 4 0 . 2 4 O .J  ! 4 1 . 1 9 4 1 .5 6 4 2 .3 3 )4 3 . 8 43-45 44-17 44-49
10 4 0 . 9 )4 0 .4 8 4 1 .2 6 4 2 . 4 4 2 .4 1 1 4 3 .1 6 43  5 1 44-25 44-57
20 4 0 .1 6 :4 0 .5 5 4 1-34 4 2 .1 1 4 2 .4 8 4 3 . 2 4 43-59 44-33 4 5 - 5
3 ° 4 0 .2 3 4 1 .  3 4 1 .4 1 4 2 .1 9 4 2 .5 6 4 3 . 3 2 4 4 . 6 4 4 .4 c 4 5 -‘ 4
4 0 4 0 -3 ' 4 M C 4 1 .4 9 4 2 .2 6 4 3 - 3 4 3-39 4 4 .1 4 4 4 .4 8 4 5 .2 2

Ç0 4 0  3 S|4-1 .1 7 4 1 - 5 6 4 2 .3 4 4 3 - n 4 3 ;47 4 4 .2 2 4 4 .5 6 4 5-30
58 0 4 0 .4 5 ) 4 1 .2 5 4 2 . 4 4 2 .4 2 4 3 - 1 9 4 3 -5 5 4 4 -3 ° 4 5 * 4 4 5 .3 8

IO 4 0 .5 2 4 1 .3 2 4 2 .1 1 4 2 .4 9 4 3 .2 6 4 4 .  3 44-38 4 5 . 1 2 4 5 .4 6

20 4 0-59  4 1-39 4 2 .1 8 4 2  57 4 3 . 3 4 4 4 . 1 c 4 4 -4 6 4 5 .2 0 45-54
30 4 1- 7 4 1-47 4 2 .2 6 4 3 - 4 4 3 4 2 4 4 . 1 8 4 4-54 4 5 .2 8 4 6 . 2

4 0 4 ‘ - i 4 4 t -54 4 2-33 4 3 .1 2 4 3 .4 9 4 4 .2 6 4 5 . 2 4 5 - 3 6 4 6 .1 0

50 4 I .2 I I 4 2 .  1 4 2 .4 1 4 3 - 19 4 3 .5 7  4 4 -3 4 4 5 .1 0 4 5 -4 4 4 6 . 1 S

59 0 4 1 .2 8 ) 4 2 . 4 4 2 .4 8 43-27 4 4 . 5 4 4 .4 2 4 5 - '7 4 5-52 4 6 .2 6

10 4 1 . 3 5 4 2 . 1 6 4 2 .5 6 4 3-34 4 4 .1 2 4 4 .4 9 45-25 4 6 . 0 4 6-34
20 4 1 .4 3 I 4 2 .2 3 4 3 - 3 4 3 .4 2 4 4 .2 0  4 4 .5 7 45-33 4 6 . 8 46-43
3 0 4 1 .5 0 ) 4 2 .3 1 4 3 .1 0 4 3-50 4 4 .2 8 4 5 .  5 4 5 -4 ' 4 -6 .16 46 -5 1 j
4 0 4 ‘ -5 7 |4 2-38 4 3 - i  8 43-57 4 4-3  5 45-13 45-45 4 6 .2 4 3°-59
>0 4 2 . 4 !42  44 4 3 -2  5 4 4 - 5 4 4-43  4 5 - * c 4 v w 40. 4 i -  7 |

6 0 0 4 2 .1 1 4 2 .5 2 43-33 4 4 .1 2 4 4 .5 1  4 5 .2 8 4 6 . 5 4 0 .4 0 47-1  i l
1 0 4 2 .1 9 4 3 . 0 4 3 .4 0 4 4 .2 0 4 4 .5 8 :4 5 .3 6 4 6 .1 3 4 6 .4 8 47-231
20 4 2 .2 6 4 3 - 7 43-48 44-27 4 5 . 6 )4 5 .4 4 4 6 .2 0 4 6 .5 6 4 7-3  1

3 ° 4 2-33 4 3 - '4 4 3 -5 5 4 4  35 4 5-14  4 5 -5 ' 4 6 .2 8 4 7 - 4 4 7 -39 ]
4 0 4 2 .4 0 4 3 .2 2 4 4 - 2 34-42 4 5 .2 1 45-55 4 6 .3 6 4 7 .1 2 4 7 -4 7 :

5° 4 2 .4 7 4 3-29 4 4 . IC 4 4 .5 0 4 5 -2 9 4 6 . 7 4 6 4 4 4 7 . 2C 47-5  5
6 l 0 4 1-54 43-36 44-17 34-57 45-37 4 6 .1 5 4 6 .5 2 4 7 .2 8 4 S- 3

IO 33 - 2 4 3-44 44-2  5 4 5 - 5 4 5 -4 4 4 6 .2 3 4 7 . c 4 7 -3 6 4 8 .1 2 ;

2 0 4 3 - 9 4 3 - 5 ' 44-32 +5-13 4 5 -5 2 46 .3 c 4 7 - i 4 7-44 4 8 .2 0 !

30 I 3 .1 6 4 3 -58 44-47 45-20 4 6 . 0 4 6 .3 8 42.16 4 7-52 4 8 .2 8 )

4 0 4 3 -^ 3 4 4 . 6 4 4 -4 " 4 5 .2 8 4 6 - 7 46-46 4 7-2 4 48. c 4 8 .3 6 '

50 4.3. *0 4 4 - 3 4 4 - i ' + 5-35 4 6 .1 5 4 6 .5 4 4-1.31 38. 8 4 s-4 4 ,
62 0 4538 4 4 -2 0 4 5 - " 45-43 4 6 .2 3 4 7 - i +7-39 4 »-i 6 48-52;

4 6 ° 47“ 4 ? “ 4 3 ° 5 0 ? 51“ 5 2 u 5 3 y 5 4  ‘

P ar. A 3d.
S. - 2 8 _9
2 i 2 2
3 2 2 3
4 3 3 4
5 3 4 46 4 5 5
T 5 6 t
8 ( 6 -
9 6 7 8

Z en . D itt, A d d .
M 29 30 3 ' 32

5 2 2 3 310 5 s 5 5
15 7 7 8 8
20 *0 10 IO 1 1
25 u 12 13 '3
30 ■ 4 '5 ‘ 5 l6
35 17 ‘ 7 18 '940•9 20 21 21
45 22 12 23 24
SO 24 25 26 27
55 2* 27 28 29

tv] 33 34 35 36

5 3 3 3 31C 5 6 6 6
m 8 8 9 9
20 Ï l t 1 12 12
25 '4 U <5 '5
30 l6 ‘ 7 >7 18
35 ‘9 20 20 21
40 22 23 23 24
45 25 25 26 27
>0 27 28 29 30
55 30 3 ! 3 2 33

M 37 3 « 39 40

5 3 3 3 310 6 6 6 7
15 9 9 10 10
20 1 2 '3 13 13
25 *5 16 16 17
30 18 19 '9 20
35 22 22 23 23
4 ° 25 25 26 27
45 28 28 29 30
50 3 1 32 32 33
ss HA 35 3 ”

M 4 ‘ 42 43
5 3 3 41C 7 7 7

15 10 10 I 1
20 >4i 14 14
25 17 ‘ 7 18

30 20 21 21
35 24 24 25
40 27 z i 29
45 .31-3 ' 32
5° 54-35 36
55 38 38 39



■ c O 5* A p p a re n t  Z e n ith  D ifta n c e  o f  th e  M o o n ’ s C e n t r e .

3 0  c 55° e 6 ° 57 ° 5 8 ° 5 9 ° 6 o ° 6 i ° 6 2 e 6 3 ° 6 4 °

s B  » C o r r . C u rr - C o r r . C o r r . C o rr . C o r r . C o r r . C o r r . C o r r . C o r r .

M S . M  S M  S M  .8 VI & M  S M  S M  S M  S M  S M  S

53 O 4 2 . 4 12-33 4 3 - 0 4 3 .2 6 43-52 4 4 .1 6 4 4-39 4 5 .  2 4 S-23 4 5-42
1 0 4 2 .1 3 4 2 .4 1 4 3 - 8 4 3 .3 5 4 4 . 0 4 4 .2 5 4 4 .4 8 4 5 - i o 4 5-32 45-51
20 4 2 .2 1 4 2 .4 9 43-17 43-43 4 4 .  9 4 4 -3 4 4 4-57 4 5-19 4 5 .4 0 4 6 . 0

3 0 4 2 .2 q 4 2 .5 8 4 3-25 43-52 4 4 .1 8 4 4 .4 2 4 5 .  6 4 5 .2 8 4 5-49 4 6 . 9

4 0 42-37 4 1 . 6 4 3 -3 4 4 4 . c 4 4 .2 6 4 4 .5 1 4 5 . 1 4 4 5-37 4 5 .5 8 4 6 .1 8

5° 4 2-45 43->4 4 3 .4 2 4 4 - 9 44-35 4 5 . 0 45-23 4 5 .4 6 4 6 . 7 4 6 .2 7

*54 0 4 2-S 3 43-22 4 3 -5° 44-17 44-43 4 5 . 8 4 5 -3 2 4 5-55 4 6 .1 6 146-36

1 0 4 3 .  2 4 3 -3 i 4 3 -5 9 4 4 .2 6 4 4 - S 2 45-«7 4 S-4 1 4 6 - 3 4 6 .2 5 4 6 4 5
1 20 4 1 . 1 0 43-39 4 4 - 7 4 4 -3 4 4 5 - 0 4 5 .2 6 4 5-49 4 6 .1 2 4 6 .3 4 4 6 .5 4

3° 4 3 .1 8 4 3 4 7 4 4 .1 6 44-43 4 5 - 9 4 5 -3 4 4 5 .5 8 4 6 .2 1 4 6 .4 3 4 7 - 3
4 ° 4 3 .2 b 43-56 4 4 -2 4 4 4-5  * .4 5 .18 4 5-43 4 6 . 7 4 6 .3 0 4 6 .5 2 4 7 .1 2

5° 4 3 -3 4 4 4 - 4 4 4 -3 2 4 5 - 0 4 5 .2 6 4 5 -5 2 4 6 .1 6 4 6 .3 9 4 7 - 1 4 7 .21
55 O 4 3-43 44-12 4 4 .4 1 4 5 - « 45-35 4 6 . 0 4 6 .2 4 4 6 .4 8 4 7 - i o 4 7 -3 0

10 4 3 - 5 * 4 4 i * o 4 4 -4 9 4 5 - 1 7 45-43 4 6 . 9 4 6 .3 3 4 6 .5 6 4 7-19 4 7-39
2 0 4 3 -5 9 44-*9 4 4 .5 8 45-25 4 5-52 4 6 .1 8 4 6 .4 2 4 7 - 5 4 7 .2 7 4 7 .4 8

3 0 4 4 - 7 44-37 4 5 - 6 45-34 4 6 . 0 4 6 .2 6 4 6 .5 1 4 7 .1 4 4 7-36 4 7-57
4 0 4 4  >5 4 4 4 5 4 5-> 4 4 S-42 4 6 . 9 +6-35 4 6 .5 9 47-23 4 7-45 4 8 . 6

50 4 4 .2 4 4 4 .5 4 45-23 45-51 4 6 .1 8 4 6 .4 3 4 7 - 8 4 7 .3 2 4 7 -5 4 4 8 .1 5

56 0 4 4 -3 * 4  S- * 4 5 -3 ‘ 45-59 J.6.2Ô4 6 .5 2 47-17 4 7 .4 1 4 8 . 3 4 8 .2 4

1 0 4 4 .4 0 4 J .1 0 4 5 -3 9 4 6 . 8 46-35 4 7 - 1 4 7 .2 6 4 7 -4 9 4 8 .1 2 4 8-33
20 4 4 .4 8 4 5 -‘ 9 4 5 .4 8 4 6 .1 6 4 6 .4 3 4 7 - 9 4 7 -3 4 4 7 - 5 8 4 8 .2 1 4 8 .4 2

3 0 4 4-5  6 45-27 4 5-56 4 6 .2 5 4 6 .5 2 4 7 .1 8 4 7-43 4 8 . 7 4 8 .3 0 4 8 .5 1

4 0 4 5 - 5 45.35 4 6 . 5 4 6 .3 3 4 7 - 1 47-27 4 7 -5 * 4 8 .1 6 48-39 4 9 . 0

5 0 J 4 Ï - 1 3 4 5 4 3 4 6 .1 3 J.6.'42 4 7 - 9 47-3  5 4 8 . 1 4 8 .2 5 4 8 .4 8 4 9 - 9
0 4 5 .2 1 4 5 -5 * 14 6 .2 1 4 6-50 4 7 .1 8 4 7 -4 4 4 8 . 9 4 8 .3 4 4 8 .5 7 4 9 .1 8

10 4 5 .2 9 46a 0 4 6 .3 0 4 6 .5 9 4 7 .2 6 4 7 .5 3 4 8 .1 8 4 8 .4 2 4 9 - 5 4 9-27
20 45-37 4 6 . 8 4 6 .3 8 4 7 - 7 47-3  5 4 8 . 1 4 8 .2 7 1 4 8 .5 1 4 9 - '4 4 9-36
3 ° 4 5 -4 6 4 6 .1 7 4 6 .4 7 4 7 .1 6 47-43 4 8 4 0 4 8 .3 6 4 9 . 0 4 9 .2 3 4 9-45
4 0 4 5 -5 4 4 6 .2 5 4 6 .5 5 47-24 47-52 4 8 .1 9 4 8 .4 4 4 9 . 9 4 9 -3 2 4 9-54
5 0 4 6 .  2 46-33 + 7 - 3 4 7 .3 2 4 8 . ! 4 8 .2 7 4 8-53 4 9 .1 8 4 9 .4 1 50- 3

5 s 0 4 6 .1 0 4 6 -4 i 4 7 . 1 2 4 7 -4 ' 4 8 . 9 4 8 .3 6 4 9 . 2 4 9-27 4 9 -5° 5 0 .1 2

1 0 4 6 .1 8 4 6 .5 0 4 7 .2 0 4 7-49 4 8 .1 8 +8-45 49-11 4 9-35 4 9-59 5 0 .2 1

2 0 4 6 -2 7 4 6 .5 8 4 7 .2 9 4 7 .5 8 4 8 .2 6 4 8-53 4 9 .1 9 4 9 -4 4 50. 8 5 0 .3 0

3 0 4 6-35 2 7 .  6 4 7-37 4 8 . 6 48-35 4 9 . 2 4 9 .2 8 4 9-53 5 0 .1 7 50-39
i 4 0 46-45 4 7 .1 5 47-45 4 8 .1 5 4 8 .43 49-11 4 9-37 5 0 . 2 5 0 .2 6 5 0 .4 8

1 5° 4 6 .5 1 4 7 .2 ; 4 7 -5 4 4 8 2 3 4 8 .5 2 4 9 .1 9 4 9 .4 6 5 O .I 1 50-35 >0 57
O 4 6-59 4 7 -3 1 4 8 .  2 4 8 .3 2 4 9 - » 4 9 .2 8 4 9 -5 4 5 0 .2 0 5 0 .4 4 5 1 .  6

1 0 4 7 - 7 4 7 -4 0 4 8 .1 0 4 8 .4 0 4 9 - 9 4 9-37 50 .  3 5 0 .2 8 5 0 .5 2 5 1 .1 5

2 0 4 7 .1 6 47.4** 4 8 .1 9 4 8 .4 9 4 9 .18 49-45 5 0 .1 2 5 0 .3 7 S« - 1 5 1 .2 4

3 ° 4 7 -2 4 4 7 .5 6 4 8 .2 7 4 8 -5 7 49 .26 4 9-54 5 0  21 50 -4 6 5 I .I O 51-33
4 0 4 7-32 4 8 . 4 4 8 .3 6 4 9 - 6 49-35 50- 3 5 0 .2 9 5 0 -5 5 5 1 - 1 9 5 1 .4 2

5° 4 7 -4 0 4 8 .1 3 4 8 .4 4 4 9 .1 4 49-43 5 0 .1 1 5 0 .3 8 5 1 .  4 5 1 .2 8 5 1 .5 1

0 4 7 -4 » 4 8 .2 1 4 8 .5 2 49-23 49 -5 2 ) 0 .2 0 5 0 .4 7 5 1 - 1 3 5 1 - 3 7 5 2 , 0.

10 47-57 4 8 .2 9 4 9 . 1 49 -3 ' >0. 1 5 0 .2 9 5 0 .5 6 5 1 .2 1 5 1 .4 6 5 2 . 9

20 4 8 . 5 4 S .3 8 4 9 - 9 49-40 50. 9 50.37 5 ' -  4 5 1 .3 0 5 1 - 5 5 5 2 .1 8

P 4 8 . i i 4 8 .4 6 4 9 .1 8 49-48 5 0 .1 8 5 0 .4 6 5 1 .1 3 5 !-3 9 5 2 . 4 5 2 .2 7

4 0 4 8 .2 1 4 8-54 4 9 .2 6 49-57 5 0 .2 6 50-55 5 1 .2 2 5 1 .4 8 5 2 1 3 5 2 .3 6

5= 4 8 .2 9 4 9 . 2 4 9 -3 4 50 - 5 5°-3  5 5 '-  3 5 1 - 3 1 51-57 5 2 .2 2 52.45
0 4 8 .3 8 4 9 .1 1 49-43 5 0 .1 4 >0-43 5 1 .1 2 S i -39 5 2 . 6 5 2 .3 0 5 2 .5 4

10 4 8 .4 b 4 9 .1 9 4 9 - 5 1 5O .22 5 0 .5 2 5 1 .2 1 5 1-4 8 5 2 .1 4 >2 .3 9 5 3 - 3
20 4 8 .5 4 49-27 5 0 . 0 5 0 .3 1 ^ I. I 5 1 .2 9 >1-57 5 2 .2 3 5 2 .4 8 53-12
30 4 9 . 2 49-36 50. 8 50.39 5 1 . 9 5 1 .3 8 5 2 . 6 5 2 .3 2 52-57 53 -2 i

4 0 4 9 .1 0 4 9-44 5 0 .1 6 5 0 .4 8 5 1 .1 8 > 1-47 5 2 .1 4 5 2 .4 1 53 - 6 53 -3 °

50 4 9 - *9 49-52 5 0 .2 5 5 0 .5 6 5 1 .2 6 j i -55 5 2 .2 3 5 2 .5 0 53 - 1 5 53-39
6 2 0 49-27 $0. 0 5°-33 .51. 5 5 '-3 5 52 . 4 5 2 .3 2 5 2 .5 9 53-24 53-48

5 5 ° 5 6 « ' 5 7 ° 5 8 ° 5 9 ° 6o° 6i® 6 2 » 6 3 ° 6 4 °

Par. Add.
s . 8 _9

2 2 2
3 2 3
4 3 4
5 4 46 5 5
7 6 6
8 6 7
9 7 8

Z en .i7 ilt.A d d .
M '9 20 21 22  ;

5 2 2 2 2 1
id 3 3 3 4
15 5 5 5 5 :
20 6 7 7 7
25 8 8 9 9
30 9 10 10 1 I
35 w 12 12 ■ 3
40 '3 13 14 ■ 5
45 '4 15 l6 16
50 16 17 '7 18 ■
55 17 18 19 20 !
M 23 24 25 2 6

5 2 2 2 2 ‘
10 4 4 4 4  :
15 6 6 6 6  1
20 8 8 8 9 1
25 10 IÛ IO U  1
3 ° I I 12 12 13
35 13 14 15 15
40 15 l6 17 17
45 17 18 19 '9
5° •9 20 21 2 2 1
55 21 22 23 2 4 !
M 27 28 29 3 °

5 2 2 2 2
IO 4 5 5 5
15 7 7 7 720 9 9 (O 10
25 11 12 12 12
30 '3  14 •4 '5
35 1 6 .1 6 17117
4 0 j l 8 '9 !9 |2 0
45 ¡20 21 22 22
50.22 23 24*2 5 -
55l25 26 27 *7
M '3 !;3 2 33 34

S 3 3 3 310 5 5 5 6
■  s 8 8 8 8
20 10 l.l I I I I
25! '3 13 '4 14
30 15 16 16 >7
35 18,19 19 20
40 21 21 22;23 ,
45 23124 *S|*5 ;
50 26U 7 27!28 *
55 28 29 30131 ' 

' i



T able X VIII. For finding the Correction of tne Moon’s Altitude for 
Parallax and Refraftion.

A p p a re n t  Z e n it h  P i t t a n c e  o t  th e  M o o n ’ ^ C e n ir e .

|  ir  |  65° 66° 67° 68® 69° 70» 71® 72® 73® 74'

3  C o r r . C o rr , C o r r .  C o r r .  C o r r .  C o rr . C o r r

S . M  S  M  S  M S  M S  ivi S  M S  M  S  

1 4 6 .1 8 4 6 .3 4 4 6 .4 9  

4 6 .4 4 4 6 .5 8  

46-53  4 7 - 7  4 7 - * '
8 4 6 . 4 6 4 7 .  2 4 7 . 1 7 4 7 . 3 0

7 4 6-55  4 7 . 1 1 4 7 -3 9  4 7 -5 *
> 4 6 -4 6  4 7 - 4  4 7 -2 0  4 7 -3 5  4 7 -4 9  4 8- 0 4 8 . 1 0

> 4 7 .1 3  4 7 -3 °  4 7 -4 5  4 7 - 5 *  4 8 -I °  4 8 -2 0 4 8 - 2 8  
4 7 -5 4  4 8 - 7 4 8 - 1 9 4 8 - 2 9 4 8 - 3 8  
4 8 . 3  4 8 .1 7  4 8 .2 9  4 8 .3 9  48.„47 
4 8 .1 2  4 8 .2 6  4 8 .3  8 4 8 .4 8  4 8 .5  7

3 4 8 .  6 4 8 . 2 2 4  
7 4 8 .1 6  4 8 .3 1

' 4 7 -5°  
10  4 7 -5 9

4 8 . 8 4 8 .2 5  
4 8 .3 448.17

!. 8 4 8 .2 6

4 8 .1 7  4 8 -3 5 -

4 8 .4 0  - 

-  . 4 8 -4 9 - 
4 8 .4 3  4 8 .5 9  a

1 4 8 .2 6  .

50 48-3 5 48-;4j49-ll>48-45

53  4 9 - 12 
2  4 9 .2 1  

1 1  4 9 -3 °  
4 0  4 9 .2 1  49.39  
50 4 9 - 3 0 4 9 4 9

)49-S8 
! 5 0 . 7 
7 5 0 .1 6

4 9 . 3 4 9 .2 0 4 9 .3 6  

4 9-45  
4 9 -5 4  
5 0 . 4  
5 0 .1 3

> 4 9-39
> 4 9-48
> 4 9 -5 7  _
> 5 0 . 6 5 0 .2 5  
1 5 0 .1 5  5 0 .3 4  5 0 .5 2  
1 4 0 .2 4  5 0 .4 3

4 9 -5°  
4 9-59  
5 0 . 9 
5 0 .1 8  

5 0 .2 7
> 5 0 .2 2  5 0 .3 7  5 0 .5 0  51

52 - i °  5
. _ .  4  52 - i 9
5 0  5 1 .1 8  5 1 .3 8  5 1 .5 7  5 2 .1 3 5 2 .2 9

5 1 .  o  5 1 .2 0  

5 1 .  9  3 1 .2 9

' 5 i -47
. 'Si-S6.

2 0  5 1 - 4 6  5 2 . 6  >
5 2 .1 5  5 2 .3 3

>52-24

58 5 3 .1 9  5 3 .3 8  

7  53-28
S 3 - i 6 >3-37 
5 3 -2 5  5 3 .4 6

5 4 .1 1 54-52

5 0 .4 6

50-55

4 8 .5 8 4 9 .  6

4 7-37  
4 7-47

. .  4 7 -5 6  .
4 8 . 0 4 8 .  6 4 8 . 1 0  

4 8 .1 9  
4 8 .2 9

4 8 . 9 4 8 . 1 5 .  

4 8 .1 9  4 8 .2 5  .

M  S

48.34 • 
4 8 . 4 4 .  

4 8 . 5 4 .  

4 9 - 3 - 
4 9 .1 3  - 
4 9 .2 2  -

5 0 .2 9  

5 °-3 9  
5 0 .4 8  

5 0 .5 8  j i . 3 

5 1 . 1 2

51-37  5 1 - 4 8  
5 1 .4 6  5 1 .5 7

51-55  5 2 - 7

■ 55-26 55-41  5 5 -5 4

I $ I .I C 5 1 .1 7 y 1 .2 2

0 5 1 . 1 9 5 1 .2 7 5 1 .3 2
0 5 1 .2 9 5 1 .3 6 5 1 .4 1

9 5 1 - 3 8 5 1 .4 6 5 1 . 5 1

9 5 1 .4 8 5 '-5 5 5 2 . 0
8 5 1 .5 8 5 2 . 5 5 2 .1 0

5 2 . 7 5 2 .1 4 5 2 .2 0

5 2 .1 7 J 2 .2 4 5 2 2 9

& I52.26 5 2 3 4 5 2 .3 9
5 2 .3 6 52-45 5 2 .4 9

52-45 52-53 5 2 .5 8

52-55 53 - 2 S3 - 8

53 - 4 5 3-12 5 3 - 1 7
5 3-14 5 3 .2 1 S 3-27
53-23 53-31 53-37
53-33 S 3 -4 1 5 3 .4 6

5 3 .4 2 5 3 -5° 53-56
53-52 5 4 - 0 54- 5
5 4 - 1 54 - 9 5 4 -1 5
5 4 . 1 1 54 - 19 54-25
5 4 .2 0 5 4 .2 8 54-34
5 4 -3 ° 54-38 54-44
54-39 5 4 .4 8 54-54
54-49 54-57 55 - 354.^8 55 - 7 ! ( • ' , ?

5 5 . 8 5 S -1 6 55-22
55-17 5 5 .2 6 55-32
55-27 55-35 55-42
55-36 55-45 55-51
5 5 .4 6 55-55 >6. 1

>6. 4 5 6  10

5 6 . 5 5 6 .1 4 5 6 .2 0
7 2 “ 7 3 ° 74 -“

S . _9 t o

2 2 2
3 3 3
4 4 4
5 4 5
b 5 6
7 6 7
8 7 8
9 8 9

Z en. D i l l .  A d d .

M

5
IOC
' 5 C 
20 c

25 c
50 c

¡5
4°
45
-0

> 0 
> 0 
> 0

i :

3 4
DO 
D 1
I 1 
1 1
1 2 

2
2 2 

* 3 
2 S 
1 3

4

3

4

1C 8 9 1C 12
i 1

IC> I 1 2 3 2
IJ 2 2 32C 3 3 4 42^ 4 4 53C ‘ 4 5 6
35 5 5 b 6

40 6 7 7 8
45 6 7 7 8 O

50 7 7 8 9 IC
55 / K 9 10 11

M 1.3 l i i l I t ^7

1C 2 2 3 3
15 3 3 4 4 42C 4 5 5 5 6

25 5 6 6 7 7
30 6 7 7 8 8

35 8 8 9 9 1 0
40 9 9 IO I 1 1 1
45 1 0  1 0  11 12 ■ 3
5C 11 1 2 12 '3 ' 4

1 2 '3  ' 4 M 16

M 1 ? '9 20 21 22

5 2 2 2 2
10 3 3 3 3 4
15 4 > 5 5 s20 6 6 7 7 1
25 7 8 8 9 9
3° 9 9 10 10 I 1

35 JO 1 1 1 2 12 13
4 0 12 '3 14 '5
45  »3 M '5 ib 16

5°  '5 16 •7 17 18

55 l 6 I " 8 '9 2C



"Z S'" A p p a re n t Z e n ith  P it t a n c e  o f  th e  M o o n ’ s C e n t r e .

u -
2k 75 7 6 ° 7 7 ° 7 8 ° 7 9 “

* - C o r r . C o rr . C o r r . C o r r . C o r r . C o rr .

M  1 s M  S j vl S 1V1 S M  S M  Ü M  S

53 O 4 7 .4 2 4 7 .4 1 4 7 - 3 6 4 7 .2 8 4 7-15 4 6 .5 8

IO 4 7 .5 2 4 7 - 5 0 4 7 .4 6 4 7 .3 8 4 7-25 4 7 - 7
2 0 4 8 . 2 4 8 . 0 4 7 - 5 6 4 7 .4 8 4 7-35 4 7-17
3 0 4 8 .1 1 4 8 .1 0 4 8 . 5 4 7-57 47-45 4 7 .2 7

4 0 4 8 .2  t 4 8 .2 0 4 8 - 1 5 4 8 . 7 4 7-55 4 7-37
50 4 8 .3 0 4 8 .2 9 4 8 .2 5 4 8 .1 7 4 8 . 4 4 7-47

5 4 O 4 8 .4 ° 4 8 -3 9 48-35 4 8 .2 7 4 8 .1 4 4 7-57
10 4 8 .5 0 4 8 .4 9 4 8 .4 4 4 8 .3 6 4 8 .2 4 4 8 . 6

20 4 8 .5 9 4 8 .5 8 4 8 .5 4 4 8 .4 6 4 8 .3 4 4 8 .1 6

3 0 4 9 - 9 4 9 . 8 4 9 - 4 4 8 -5 6 4 8 .4 4 4 8 .2 6

4 0 4 9 .1 9 4 9 .1 8 4 9 .1 4 4 9 . 6 4 8 -5 4 4 8 .5 6

5° 4 9 -2 8 4 9 .2 8 4 9-23 4 9 .1 6 4 9 - 3 4 8 .4 6

55 O 4 9-38 4 9-37 4 9-33 4 9 -2 j 4 9-13 4 8 .5 6

10 4 9-48 49-47 49-43 49-3  5 4 9 .2 3 4 9 . 6

20 49-57 4 9 - 5 ’ 49-53 4 9-45 49-33 49-15
30 5 0 . 7 50. 6 $0. 2 49-5  S 49-43 4 9 .2 5

4 0 5 0.17 5 0 .1 6 5 0 .1 2 5 0 . 5 ' 4 9 . 5 2 49-35  !

. 5° 5 0 .2 6 5 0 .2 6 5 0 .2 2 5 ° - '4 5° -  2 49-45
5 6 O 5 0 .3 6 5°-3  5 5 0 .3 2 5 0 .2 4 5 0 .1 2 4 9-55  1

10 5 0 .4 6 50-45 5 0 .4 1 5 0-34 5 0 .2 2 5 0 . 5

2 0 50-55 50-5 5 5 0 .5 1 5 0 .4 4 5 0 .3 2 5 0 .1 5

3 0 S ' -  5 S ' -  5 5 1 .  i 50-53 5 0 .4 2 5 0 .2 4

4 0 5 1 - 1 5 5 1 . 1 4 5 1 . i i 5 >- 3 5 0 .5 1 50-34
5° 5 ' - 24 5 1 .2 4 5 1 .2 0 5 ' - ' 3 5 1 . i 5 0 .4 4

57 O 5 ‘-34 5 1 -54 5 1- 3 0 51-23 5 1 . 1 1 5 °-5 4
1 0 5 ‘ -44 5 1 -43 5 1 .4 0 51-33 5 i . 2 1 5 1 .  4

2 0 5 1 -53 5 ‘ -53 5 1 .5 0 5 1 .4 2 5 1 .3 1 5 1 . 1 4  ;

30 5 2 . 3 5 *- 3 5 1 - 5 9 5 I - 5 2 5 1 .4 1 5 '- 2 3
4 0 5 2 -1 3 5 2 - '3 5 2 . 9 5 2 . 2 5 1 .5 0 S i -33

. 5 ° 5 2 .2 2 5 2 .22 5 2 .1 9 5 2 - i 2 $ 2. 0 51-43
5 « 0 5 2 .3 2 5 2 .3 2 5 2 .2 9 5 2 .2 2 5 2 .1 0 5 1 -53

t o 5 2 .4 2 5 2 .4 2 5 2 .3 8 5 2 .3  t 5 2 .2 0 s2- 3 ;
2 0 5 2 .5  t 5 2 .5 1 5 2 .4 8 5 2 .4 1 5 2-3 ° 5 2- ! 3
3 0 5 3 - 1 5 3 - i 5 2 .5 8 5 2 .5  t 5 2-39 5 2-2 3

4 0 5 3 .1 1 53 - ' i S 3- 8 S 3 - i 52 -49 5 2-32
5 ° 5 3-20 5 3 .2 O 5 3 - 1 / 5 3 .1 0 5 2 .5 9 5 2 .4 2

59 O 53-30 5 3-30 53-27 5 3-20 5 3 - 9 5 2 .5 2
IO 5 3 .4 0 5 3 -4 ° 53-37 5 3-30 53-19 5 3 - 2
2 0 53-49 5 3-50 53-47 53 4 0 5 3-29 5 3 .1 2

jO 53-59 53-59 53-56 53 - 5° 5 3 -3 « 53 - 2 2
4 0 5 4 - 9 54- 9 5 4 . 6 53-59 5 3 -4 * 53 -3 2

50 >4 - .'8 54-19 5 4 -’.6 54 - 9 53-58 53 -4 1

6O 0 5 4 .2 8 5 4 .2 8 5 4 .2 6 54-19 5 4 . 8 53-51
JO 54-38 54-38 54-35 5 4 .2 9 5 4 - t  « 5 4 - «
2 0 54-47 5 4 .4 8 54-45 54-38 54-27 54-11  J
3 ° 54-57 S4 -5 8 54-55 5 4 .4 8 54-37 54-21
4O 55* 7 55 - 7 5 5 - 5 5 4 .5 8 54-47 54-31
50. 5 5 .1 6 5 5 .1 7 55-14 55 - 8 54-57 5 4 .4 0

O 5 5 .2 6 55 -2 ? 5 5-24 55 - *8 5 5 - 7 54-50
IO 5 5 -3 6 55-36 5 5-34 55-27 S 5- I 7 55 - 0
2 0 55-45 ’55  4 ® 5 5-44 55-37 S 5-26 5 5 .1 0

3 0 55-55 5 5 5 6 55-53 55-47 55-30 5 5 .2 0

4 0 5 6 . 5 56- 5 5 6 . 3 55-57 5 5 .4 6 55-30
J O 5 6 .1 4 5 6 ,1 5 56; 13 5 6 . 7 55-56 5 5-40

Ô2 0 5 6 .2 4 5 6-24 5 6 .2 3 5 6 .1 6 5 6 . 6 55-49
75° 7 6 “ 7 7 ° 7 8 “ 79“ 8 0 '

0 _9_ 'Q |

. a 2 2
3 3 3
4 4 4
5 4 5b 5 6
7 6 78 7 8
9 8 9

Zen. Dift. Subtraéh
M 0 ‘ >1 2 3 4 5 6 I

5 0 O 0 0 0 0 ° l
10 0 O 0 0 I i l
15 0 0 0 I 1 1!
2C 0 0 1 J 2 2[
25 0 0 1 I 2 2 2'
30 0 ' 0: ll I 2 2 3I
35 o ! 1 j 2 2 3 3
4 C 0 l l i j 2 3 3 4!
45 o' I1 *i 2 3 4 41
5° 0 1 2! 3 4 5i
55 0 I *1 3 4 5 5l'

M"~7 T 9! 10 » 1 Ï 2 J (

5 I ‘ 1 i 1 I 1
IO 1 1! 2 2 2 2
<5 2 2 2 2 3 3 3
20 2 3 3 3 4 4 4
25 3 3 4 4 5 5 5
30 3 4 4 5 5 b 6
35 4 5 5 b b 7 8
40 5 5 b 7 7 8 9
45 5 b 7 7 « 9 IC
50 b 7 7 8 2 j IO 11
>5 6 7 8 9 lo j l  1 12

IV! *4. * 5 !1 b *7 lis 19120

5 1 ' I 1 J 1 2 2
10 2 2 3 3 3 3 3
15 3 4 4 4 4 5 5
20 5 5 s b 6 6 7
25 b b 7 7 8 8
30 7 7 8 8 9 9 *10
35 s 9 9 IO IO 11 12
4 ° 9 10 1 I 11 '2 - i 3 i i 3
45 to I 1 12 '3 * 3 ! * 4-!15

I 2 l l2 ■3 U ■5 i6|t7
>5 13 14 i ? ;i 6 16 17 18

M 22 2 2-1 23
2 2

1C A 4 4
15 6 6
2C 7

2 3 IC 1C IC

3C 1C 1 2 ;

3 i 12 ‘ j 1. h ' 3

4C i-i ■ 1 I '
43 i i it ■ s 1C

SC * 7 ■ s It 2C) 2
> ‘ 5 2C 2 2 1 2

T h e  numbers ¡0 th is  colum n are fom tttm es additive.



T a b l e  XVIII.

Apparent Z enith  D iftanceof the  Moon’s C entre.|
, 8 J l

8 1 " | 8 2 “ 8 3 “ « 4 ° | 8 5 » 86®
1 * y \ \

§
•C C- C -;rr. |C o r r C o r i . C o ir . jC o rr , C o r i . C o t r .  |

A S M .  S ,|.V i. h M.  S Vj, S M .  8 31 . 8 M .  .v ,

I s . 0 4 6 .3 3 Î 4 6 .  c 4 5 . 1 6 4 4 - 1 7 4 2 .5 6 + i-  3 3 8 .2 1  -
10 4 6 . 4 3 i+ 6 . i c 4 5 - 2 6 4 4 .2 7 4 3 - ( 4 i - '3 3 8 .3 1  !
20 4 6 .5 3 1 4 6 .2 0 4 5 -3 6 4 4 -3 7 4 3 - ' f 4 1 .2 3 3 8 -4 ' !
3 0 4 7 .  3 '4 6 ;3 0 4 5 . 4 6 4 4 -4 7 4 3 .2 6 -M -33 3 8 . 5 1 ,
4 0 4 7 - 1 3  ¡ 4 6 - 4 ° 4 5 -5 6 4 4 -5 6 4 3 -3 6 4 '- 4 3 59 - 1
50 4 7 .2 2 j4 6 .5 0 4 6 . 6 4 5 - 6 4 3 -4 6 4 1 -5 3 3 9 "

54 0 4 7 -3 a l 4 7 - o o 4 6 . 1 6 4 5 . 1 6 4 3 -5 5 4 2 .  j 3 ' > 2 i j
10 4 7 -4 4 4 7 - 9 ¡46- 26 4 5 .2 6 4 4 - 5 4 2 .1 3 3 9-31
20 4 7 - 5 2 4 7 -1 9  4 6 .3 5 4 5 -3 6 4 4 -1 5 4 2 .2 3 3 9 -4 i :
30 4 8 . 2 4 7 .2 9  4 6 - 4 5 4 5 .4 6 4 4 - 2 5 4 2 -3 3 3 9 -5 1
4 0 4 8 -1 2  4 7 -3 9  4 6 - 5 S 4 5 . 5 6 4 4 -3 5 4 2 .4 3 4 0 - II
SO 4 8 .2 2 I 4 7 . 4 9 I 4 7 - 5 4 6 . 6 4 4 -4 5 4 2 - S3 4 0 . 1 1  '

0 4 8 .3 2 I 4 7 .5 9 4 7 - I S 4 6 . 1 6 4 4 -5 5 4 3 - 3 4 0 . 2 1 j

10 4 ^ -4 1 4 8 . 9 4 7 -2 5 4 6 .2 6 4 5 - 5 4 3 -1 3 4 0 . 3 i i
20 4 8 .5 1  4 8 .1 9 4 7 -3 5 4 6 .3 6 4 5 -1 5 4 3 -2 3 4 0 .4 1

30  4 9 - i 14 8 .2 9 4 7 -4 5 4 6 .4 6 4 S - 2 S 4 3 -3 3 4 0 - 5 *
4 0  4 9 - n 4 8 -3 9 4 7 - 5 S 4 6 .5 6 4 5 -3 5 4 3 -4 2 4 1 -  1 ;
50 '4 9 .2 1 4 8 .4 8 4 8 . S 4 7 .  6 4 5 -4 5 43-.5  2 4 ! - n

S® 0  149- 3 ' 4 8 .5 8 4 8 .1 5 4 7 . 1 6 4 5 -5 5 4 4 - 2 4 1 . 2 1

10 4 9 . 4 1 , 4 9 .  8 4 8 .2 5 4 7 .2 6 4 b . 5 4 4 . 1 2 4 i - 3 ij
2 0  ’4 9 -5  I I4 9 . 18 4 8 .3 5 4 7 - 3 6 4 6 .1 5 4 4 -2 2 4 1 . 4 1 !

3 0 5 0 .0 0 4 9 .2 8 4 8 .4 5 4 7 .4 6 4 6 .2 5 4 4 -3 2 4 I - 5 ' !
4 0 5 0 .1 0 4 9 -3 8 + 8 .5 4 4 7 - 5 6 4 6 -3 5 4 4 -4 2 4 2 .  1

SO S O .2 0 4 9 .4 8 4 9 - 4 4 8 . 5 4 6 .4 5 +4 : S 2 4 2 . I J

57 0 3O .3 O 4 9 .5 8 4 9 -1 4 4 s .  15 4 6 .5 5 4 5 .  2 4 2 .2 1

10 5 0 .4 0 5 0 . 8 4 9 .2 4 4 8 .2 5 4 7 - 5 4 5 -1 2 4 2 . 3 ' !
20 5 0 .5 0 5 0 .1 8 4 9 -3 4 4 8 -3 5  4 7 - i j 4 5 -2 2 4 2 .4 7

30 5 1 .0 0 5 0 .2 8 4 9 -4 4 4 8 .4 5 j 4 7 . 2 5 4 5 -3 2 4 2 - 5 *
4 0 5 Ï . 1 0 5 0 -3 7 4 9 -5 4 -1-8 . 55147-35 4 5 -4 2 4 3 - 1

SO 5 1 .2 0 ; o -47 s o .  4 4 9 - S|4 7 -4 ? + 5-52 4 3 . " 1

58 0 5 1 .2 9 5 0 .5 7 5 0 .1 4 49  - ‘ 5 4 7 -5 5 9 6 . 2 4 3 .2 1 , '

10 5 1 -3 9 5 1 .  7 5 0 .2 4 4 9 -2 5 4 8 .  5 4 6 . 1 2 4 3 - 3 1 .
2 0 5 1 .4 9 S i -17  50-34 4 9 -3 5 4 8 . 1 5 4 0 .2 2 4 3 -4 '

30 5 * 59 5 1 . 2 7 5 0 .4 4 4 9 -4 5 4 8 .2 5 4 6 .3 2 4 3 - 5 '
4 0 5 2 . 9 î 1 - 3 7 ! 50 - 54 4 9 -5 5 4 8 -3 4 4 6 .4 2 +4 - 1

.3 0 5 2 .1 9 5 1 • 4." 15 1 ■ _3_ 5f - _ i 4 8 -4 4 4 6 .1 :2
Ü . I I

59 0 5 2 . 2 9 1 5 t . 5 7 5 ' . i 3 5 0 .1 5 4 8 .5 4 4 7 - 2 4 4 - 2 i

10 5 ^ -3 9  5 * -  7 5 1-23 5 0 -2 5 4 9 - 4 4 7 . 1 2 4 4 - 3 i
20 5 2 .4 8 ,5 2 .1 6 S 1 -33 j O -35 4 9 . 1 4 + 7 -2 2 4 4 .4 1

30 5 2 .5 8 ) 5 2 .2 6 5 i -43 5 0 .4 5 4 9 .2 4 4 7 -3 2 4 4 -5 1
4 0 5 3- 8 1 5 2 .3 6 5 i -53 5 0-55 4 9 -3 4 4 7 -4 2 4 5 - 1

50 < 3 .1 8 1 5 2 .4 6 5 2 - 3 S i - . S 4 9 -4 4 4 7 -5 2 45-11
6 0 0 5 3 -2 8 5 2 .5 6 5 2 - 1 3 5 1 . 1 4 4 9 -5 4 4 8 .  2 4 5 . 2 1

10 S3 -3 8 5 3 - 6 5 2 -2 3 5 1 - 2 4 5 0 . 4 4 8 .1 2 4 5 -3 1
20 5 3-48 5 3 - 1 6 .5 2-33 S i -3 4 5 0 .1 4 4 8 .2 2 4 5 -4 '

>° 5 3 -5 8 5 3 - 2 6 5 2 -4 3 5 '- 4 4 5 0 .2 4 4 8 .3 2 4 5 - 5 *
4 0 5 4 - 7 5 3 -3 6 5 2 -5 3 5 1 -5 4 5 0 .3 4 + 8 .4 2 4 6 .  1

s o S4 - i 7 :5 3 -4 6 5 3 - 3 S2 - 4 >0 .4 4 +8 -5 2 4 6 . 1 1

6 1 O 5 4-27 5 3 - 5 6 5 3 - *3 > 2 .1 4 5 0 .5 4 4 9 . 2 4 6 .2 1

IO 5 4 - 3 7 ¡5 4 - 5 5 3 -2 2 5 2 .2 4 5 1 .  4 4 9 -1 2 4 6 .3 1

20 5 4 -4 7  ;5 4-> 5 5 3 -3 2 5 2 .3 4 5 1 . 1 4 4 9 .2 2 +6 -4 1

3 0 5 4 - S7 j5 4 -2 5 5 3 -4 2 5 2 -4 4 5 1 . 2 4 4 9 -3 2 4 6 .5 1

4 0 >5 - 7 5 4-35 5 3 -5 2 5 2 -5 4 S i -3 4 4 9 .4 2 4 7 - 1

SO 5 5-17 5 4 -4 S 5 4 - 2 5 3 . 4 5 1 . 4 4 4 9 -5 2 4 7 .1 1
6 2 O 55 - 271 54 -55 5 4 . 1 2 5 3 - '4 5 « - 54 $ 0 . 2 4 7 . 2 1

' ' 8t® 8 2 « 8 3 °  1 8 4 ° 85® 8 6 ° 8 7 “

S. ro

"*7 1

2 2 2

3 3 3

4 4 4

5 4 5
6 5 6

7 6 7
8 7 8

9 8 9

Sublraft.
Zen.Dis.8i® Z .D k .Ri "

M 3 1 3 2 3 3 W 43 ,4 4
5 3 31 3 5 4 4

10 5 s ! s- 10 7
15 8 8 ! 8 • s i f I i
20 10 1 1 j 11 20 14 ■ 5
25 13 13 14 18 l8
3 0 '5 1 6 1 16 30 21 22
3 5 18 19  19 25 26

4 0 21 21 22 4 0 I2 9 29

4 5 23 2 4 l2 $ 45  ‘ 3 2 33
50 26 2 7  j 27 5 0  36 37
.15 28 29 3 0 5 5 39 4 0

Z en .D is.8 3 ® Z .D is .? 4 ®
M 58 59 60 M 80 81

5 5 5 5 5 7 7
IC 10 10 I C I C '3 1 Y
15 14 '5 <5 ■ 5 20 2 0
20 ' 9 20 20 20 27 27
25 24 25 25 25 35 34
30 29 29 30 30 40 4 0
3 3 34 34 35 35 47 47
4 ° 39 39 4 0 40 S3 54
45 43 4 4  45 45 60 61
50 4 8 -4 9 ,5 0 50 67 67
55 53 5;+ 55 55 73 74

Z e n .D is .8 5 ®  Z e n .D i s .  8 6 «

iVi 1 I 2 | 1 I 3
5 9 9

10 19 1 9

■ 5 28 28

20 37 3 «
25 47 4 7
30 56 5 6

35 6 5 6 6

+0 75 75
45 8 4 85
j o 93 94
55 1.03 1 0 4

M i 6 f 1 6 2
5 13 13

IO 27 27
40 4 0

20 541 54
25 6 7 6 -
30 80 8 1
35 9 4 94
4 0 1 0 7 1 0 8
45 12  I I 2  I
5° 1 3 4 135
55 1 4 8 1 4 8



s Apparent Diltance
!< % Add the Difference of the two Numbers taken out of this Table, if  the «  5 !

2  Q Apparent Dtftance is lefs than 90®, and fubtraft it  if  above. ~.£\
■a! o IO“ 11° J2^ 1 3 ° «4 ° •5° .6® i</|200.2 t ’ 2 2 ''i2 3 C|24 .°|2 5 C>
! M // // // // // ft //

"
// " " // " " "

// M|
51 J l 1 1 1 1 1 1 1 1 I 1 1 I c O 5;

1 s 3 3 2 2 2 2 2 2 2 2 2 1 1 1 I J 8
; 10 5 4 4 4 3 3 3 3 3 3 2 2 2 2 2 2 10!
i J I 6 5 3 5 4 4 4 3 3 3 3 3 3 2 2 2 1 1»
I 12 *7 6 6 5 5 5 4 4 4 4 3 3 3 3 3 3 12]
i 13 8 a 7 6 6 6 5 5 5 4 4 4 4 3 3 «3 !
1 14 10 9 8 7 7 6 6 6 5 5 5 4 4 4 4 4 «4 !

15 r ! 10 9 9 8 7 7 6 6 6 5 5 5 5 4 4 «5 !
16 13 11 1 1 10 9 8 8 7 7 6 b 6 6 5 s 5 l 6 '

■ 17 « 4 «3 12 11 10 9 9 s 8 7 7 7 6 6 6 5 «718 16 «5 j 2 1 1 I 1 10 9 9 8 8 7 7 7 6 6 1 St
19 l 8 «5 14 13 12 11 1 0 10 9 9 8 8 7 7 7 «9' 2 0 2 0 18 l 6 «5 « 4 «3 12 I i T I 10 10 9 Q 8 8 T
21 2 2 20 l 8 J'’ «5 «4 «3 13 12 1 1 11 10 10 9 9 8 21;
2 2 24 22 SO 18 17 l6 «5 « 4 «3 12 12 11 IO 10 9 9 22'
23 26 24 22 20 «9 *7 16 «5 «4 «3 «3 I 2 11 11 10 10 23!
24 28 26 24 22 20 «9 18 l6 «5 «5 ' 4 «3 12 12 11 I 24l
~5 31 28 26 24 22 20 IQ l8 1“ l6 «5 «4 «3 «3 12 12 .25
26 33 30 28 26 24 22 21 « 9 18 17 16 *5 «5 « 4 «3 261
2" 3 b 33 30 28 26 24 22 21 20 18 >7 ■7 lb «5 « 4 «4 27J
28 3 9 35 32 3 ° 27 26 24 22 21 20 «9 18 «7 l6 «5 «5 28
29 42 38 35 32 29 27 26 2 4 23 21 20 «9 18 «7 )6 lb 29‘
30 4 5 40 37 3 4 3 '- 29 26 24 23 22 20 ■9 «9 18 ■7 30!

■ 3 ' 48 43 39 36 3 4 3 ' 29 27 26 24 '23 22 21 20 «9 18 3 «,
! 32 5 « 46 42 39 3 6 33 3 « 29 27 26 25 23 22 21 20 «9 32
; 35 5 4 49 45 4 > 3 8 35 3 3 3 ' 29 28 2b 25 24 22 21 20 3 3
i .34 57 52 47 44 40 3 8 3 5 3 3 3 ' 29 28 26 25 24 23 22 3 4
' 35 61 55 50 46 4 3 40 3 7 35 33 3 ' 29 28 2b 25 24 23 351

36 64 5 8 53 49 4 5 42 3 9 3 7 3 5 3 3 3 1 29 28 27 25 24 3 6 :
J 7 68 61 5 6 52 48 4 5 42 3 9 3 7 3 5 3 3 3 1 30 28 27 26 3 7 ]
3 » 1 ' * 5 5 9 55 5 * 4 7 4 4 4 « 3 9 3 7 3 5 3 3 3 ' 30 28 27 3 8

i 39 7 5 68 62 57 53 5° 46 4 3 4 « 3 9 3 b 3 5 3 3 3 « 30 2$ 3 9 !
40 7 9 7 2 66 60 5b 52 4 9 46 4 3 4 « 3 8 3 b J  3 3 « 3 0 4 °|
4 ' * 3 7 5 69 b? 5 9 5 5 5 « 48 4 5 4 3 40 3 * 3 “ 3 5 3 3 31 4 li

■ 4 2 87 7 9 b7 62 57 5 4 5 9 4 7 4 5 4 2 40 3 8 3 6 3 5 3 5 4 2 |
1 4 3 9 ' « 3 76 70 65 60 5 6 53 5° 4 7 4 4 4 2 40 3 « 3 b 35 4 3

, 44 96 8/ 7 9 7 3 68 63 59 55 5 2 4 9 46 4 4 42 40 3 8 3 b 4 4
IOO 9 ' 83 7 b 7 « 66 62 58 5 4 5 « 4 9 46 4 4 42 40 3 8 4 >i

, 46 i o 5 9 5 87 80 7 4 69 64 60 57 5 4 5 « 4 8 4 b 4 3 4 « 40 46]
i 47 109 9 9 9 « 83 V 7 2 b7 6 3 59 5 b 53 5 0 4 8 4 5 4 3 4 « 4 7 !
1 4 * « 7 4 «0 3 • 4 4 « 7 81 7 5 70 66 62 58 5 5 5 2 5° 4 7 4 5 4 3 4 *j
|- 4 9 119 10S 9 « 9 ' 84 7 8 7 3 68 64 6 l 58 55 5 2 4 9 4 7 4 5 4 9 |
' 5° 114 112 «03 9 4 87 81 7  b 7 1 6t 6 3 be 57 54 5 ' 49: 4 7 5°|

i 5 ‘ 128 1 «7 107 9 S 9 « * 5 7 9 74 ' 70 66 62 5 9 5 b 53 5 «[ 4 9 5 «
! 52 «3 4 121 III 102 9 5 88 82 77 7 3 t>& 65 6l 58 5 b 5 3  5 « 52
1 5 3 «3 9 126 « « 5 106 9 « 9 ' 85 80 7 5 7 « 67 64 6t 5 « 55 53 5 3

5 4 «44 >3 « 120 110 102 9 5 « 9 « 3 7 8 74 70 bb 63 60 57 5 5 54
1 55 149 *36 124 114 106 98 9 2 86 81 7 7 72 69 _6? 62 59 57 55

; >b >55 «4 « 120 n 8 110 102 9 5 89 84 7 9 75 7 « 68 b4 6l 5 9 5 6
1 57 160 146 «3 3 123 « ' 4 106 9 9 9 3 87 82 78 74 70 6 7 64 bi 57
! 5* 166 «5 « « 3 8 127 118 109 102 9 6 90 s 5 81 76 7 3 69 66, 63 5 «
! 59 « 7 2 156 «4 3 «3 « 122 ' « 3 106 9 9 9 3 8b 83 79 7 5 7 2 68; 6 ; 59
1 6c J7S 161 I48 1 3 6 126 l «7 IO9 lOt 9.7 9 « 86 82 78 7 4 7 « 67 60

1 61 184 167 « 5 2 140 «3 ° 121 « « 3 106 IOC 9 4 89 85 80 76 73 70 6l
• 62 I9C 172 «58 «4 5 «3 4 125 1 1 7 l i e 103 9 7 92 87 83 7 9 7 5 72 62
! M| io u| n® «2° «3 ° _«4 ? | J_5 ° 1 «6° 1 «7 ° 20v 21® 22cl23t |24®|25® JVJj





— V apparent fJiitajicc* 0 <y
n Add the Difference of the two Numbers taken out of this Table, if  the Ap- |< =

parent Diflancr is lefs than qo°, and f  ibrrafl it if  above. l -  *5
39“' 40° 4 1 4 r- | 43' 44'3T T r 46 J 47 48" 1 49“ 50"' <¡1

M // // // // i f
1 "

// // //
1 "

//
1 " ’HyT

5 O O 0 0 c 0 1 ° 0 0 0 0 0 c 1 5
8 I I I ] I 1 I I I 0 0 c - 8

10 I I I 1 1 7 1 I 1 11 10
J1 I 1 I i 1 I 1 i 1 1 1 1 I 1
12 2 1 1 I 1 1 1 I I 1 ] 1 12
13 2 2 2 2 2 2 I I I I 1 I >3
M 2 2 2 2 2 2 2 2 2 1 I 14
IS 2 2 - 2 2 2 2 2 2 2 '5
j6 3 3 3 2 2 2 2 2 2 2 2 16
17 3 3 3 3 3 3 3 2 2 2 2 2 17
18 3 3 3 3 3 3 3 3 3 3 2 2 18
»9 4 4 4 3 3 3 3 3 3 3 3 3 >9
20 4 4 4 4 4 4 3 3 3 3 3 3 20
21 5 5 4 4 4 4 4 4 4 3 3 3 3 21
22 5 5 5 5 5 4 4 4 4 4 4 4 22
23 6 6 5 5 5 5 5 4 4 4 4 4 4 2 3
24 6 6 6 6 5 5 5 5 5 5 4 4 4 ■ 2 4.
25 7 6 6 6 6 6 5 5 5 5 5 5 4 35'
26 7 7 7 7 6 6 6 6 6 5 5 5 5 26;
27, 8 8 7 7 7 7 6 6 6 6 6 5 5 27;
28 8 8 8 8 7 7 7 7 6 6 6 6 6 28
29 9 9 8 8 8 8 7 7 7 7 6 6 6 29
30 IO 9 9 y 8 8 8 8 7 7 7 7 6 30

31 10 IO to 9 9 9 8 8 8 8 7 7 3 1
32 11 1 I 10 10 10 9 9 9 8 8 8 7 7 32
33 12 I I II 11 10 IO IO 9 9 9 8 8 8 33
34 12 12 12 11 11 IO 10 10 9 9 9 8 8 34
3 5 13 m 12 12 IJ I I r 1 IO 10 IO 9 9 9 3 5
36 '4 <3 13 "13 12 12 1 1 11 1 i 10 10 9 9 36
3' 15 14 H 13 13 12 1 2 12 11 11 IO IO 10 37
3* l6 «5 14 14 >4 13 13 12 12 11 11 II IO 38
39 l6 l6 15 15 14 14 13 13 12 12 12 11 11 39
40 17 17 16 16 I q 14 14 13 13 13 12 ta I I 40
4> l8 171 17 16 l6 15 15 h 14 13 13 12 1 2 4>
44 19 ?8 j8 17 17 j6 r* 15 14 14 13 13 12 42
43 20 19 19 18 17 17 16 l6 15 15 m h 13 43 ‘
44 21 20 19 19 18 17 17 16 l6 I5 15 14 14 44'
45 22 21 20 20 '9 18 18 17 16 .6 15 15 14 45
46 23 22 21 21 20 19 is j S 17 17' l6 15 '5 46
47 24 23 • 22 21 21 20 >9 19 18 17 17 l6 l6 47;
48 *5 24 23 22 22 21 20 19 39 18 17 17 16 48
49 26 25 24 23 22 22 21 20 20 19 18 18 17 49
5° 27 26 25 24 23 23 22 21 20 20 19 18 18 5°
5 ' 28 27 26 25 24 ' 24 23 22 21 20 20 19 18 5152 29 2* 27 26 25 24 24 23 22 21 21 20 IS 52
S3 30 29 28 27 26 25 25 24 23 22 21 21 20 5354 3i 3° 29 28 27 26 25 25 24 23 22 21 2 I 54
55 33 3 ' 30 29 '28 27 26 25 25 24 23 22 21 55'
56 34 33 3i 30 29 28 27 26 26 25 24 23 22 56
57 35 34 33 3' 30 29 28 27 26 26 25 24 23 57!
58 35 34 33, 3' 30 29 28 27 26 26 25 24 58 .
59 3» 36 35 34 33 31 30 29 28 27 26 25 25 596c 39 37 36 35 34 33 31 3° 29 28 27 26 2 5 60 i
61 40 39 37 36 35 34 32 3 i 30I 29 28 27 26 6l |
62 4 i 40 39 37 36 3 5 34 32 3 il 30 29 28 2“ 62,

~~M| 39° 40V 41“ 4 2® 1 43® 44s 45® 4&®1 47 01 4 »° 49°l 5° ° l5 i® Mj





; 0 H  M D H  M D H  M D H  .M D H  M D H  M

; m M  S | (vl M  S M M  S M M  S M M  S M M  S

i i 0 .  4 6 l 4 - 4 1 2 1 8 . 4 1 8 1 1 2 .  4 2 4 1 1 6 .  4 3 ° i 2 0 . 4
2 0 . 8 6 2 4 . 8 ! 2 2 8 . 8 1 8 2 1 2 .  8 2 4 2 1 6 .  8 3 0 2 2 0 . 8

3 0 . 1 2 63 4 . 1 2 12 3 8 . 1 2 1 8 3 1 2 . 1 2 243 1 6 . 1 2 3 0 3 2 0 .1 2

4 0 . 1 6 <>4 4 . 1 6 1 2 4 8 . 1 6 1 8 4 1 2 . 1 6 2 4 4 1 6 . 1 6 3 0 4 2 0 .1 6

5 0 .2 0 6 5 4 - 2 0 1 2 5 8 .2 0 18 5 1 2 .2 0 2 45 1 6 .2 0 3 ° 5 2 0 .2 0
6 0 .2 4 66 4 . 2 4 1 2 6 8 .2 4 1 8 b 1 2 .2 4 2 4 6 1 6 .2 4 3 0 6 2 0 .2 4

7 0 .2 8 6 7 4 .2 8 1 2 7 8 .2 8 1 8 7 1 2 .2 8 247 l 6 . 2 8 3 ° 7 2 0 ,2 8
8 0 .3 2 6 8 4 -3 2 12 8 8 .3 2 18 8 1 2 .3 2 2 4 8 1 6 .3 2 3 0 8 2 O .3 2

9 0 .3 6 6 9 4 .3 6 I 2 9 1 8 .3 6 1 S q 1 2 - 3 6 2 49 1 6 .3 6 3 0 9 2 0 .3 6
10 0 .4 0 •70 4 .4 0 13 0 8 .4 0 I9 C 1 2 .4 0 2 5 0 1 6 .4 0 3 1 0 2 O .4 0

1 1 0 .4 4 7 1 4 -4 4 1 1 8 .4 4 1 9 1 1 2 .4 4 2 5 1 1 6 .4 4 3 1 1 2 0 .4 4
1 2 * 0 .4 8 7 2 4 .4 8 1 3 2 8 .4 8 1 9 2 1 2 .4 8 2 5 2 1 6 .4 8 3 1 2 2 0 .4 8
1 3 0 . 5 2 7 3 4 .5 2 135 8 .5 2 193 1 2 .5 2 2 53 1 6 .5 2 3 13 2 O .5 2

>4 0 .5 6 7 4 4 .5 6 1 3 4 8 .5 6 194 1 2 .5 6 2 5 4 1 6 .5 6 3 1 4 2 0 .5 6
1 . 0 7 5 5 . 0 1 3 5 9 .  0 195 1 3 .  0 2 55 1 7 .  0 3 '5 2 1 .  0

1 6 1 . 4 7 6 5 - 4 1 3 6 9 . 4 19 6 1 3 - 4 2 5 6 1 7 .  4 3 1 6 2 1 .  4
17 r .  8 7 “ 5 . 8 1 3 7 9 . 8 197 1 3 . 8 2 5 7 1 7 .  8 3 i 7 2 1 .  8
i S x . i a 78 5 . 1 2 13 8 9 . 1 2 19 8 1 3 . 1 2 2 5 8 1 7 . 1 2 3 i * 2 1 . 1 2

19 1 . 1 6 7 9 5 . 1 6 13 9 9 . 1 6 I 9O 1 3 . 1 6 2 5 9 1 7 . 1 6 3 1 9 2 1 . 1 6
2 0 1 .2 0 80 5 .2 0 140 9 .2 0 20 0 1 3 .2 0 2 6 0 1 7 .2 0 3 2 0 2 1 . 2 0  .

2 1 1 . 2 4 8 1 5 .2 4 1 4 1 9 .2 4 2 0 1 1 3 2 4 2 6 1 1 7 .2 4 321 2 1 . 2 4
2 2 1 .2 8 82 5 .2 8 1 4 2 9 .2 8 20 2 1 3 . 2 8 2 6 2 1 7 .2 8 3 2 2 2 1 .2 8  .

73 1 -3 2 83 5 . 3 2 14 3 9 3 2 20 3 1 3 -3 2 2 6 3 1 7 -3 2 3 2 3 2 1 . 3 2

3 4 1 .3 6 8 4 5 -3 6 1 4 4 9 - 3 6 2 0 4 I 3 -3 6 2 6 4 I 7 -3 6 3 2 4 2 1 .3 6

35 1 .4 0 85 5 .4 0 *45 9 .4 0 2 0 5 1 3 .4 0 2 6 5 1 7 .4 0 3 2 5 2 1 .4 0
2 6 1 .4 4 86 5 -4 4 1 4 6 9 -4 4 2 0 6 ‘ 3 -4 4 2 6 6  . ■ 7 -4 4 3 2 6 2 1 .4 4

2 7 1 .4 8 8 7 5 .4 8 147 9 .4 8 2 0 7 1 3 .4 8 2 6 7 1 7 .4 8 3 2 7 1 2 1 .4 8
28 1 - 5 2 88 5 -5 2 14 8 9 .5 2 20 8 1 3-52 26 8 1 7 .5 2 3 2 8 2 I . C 2
2 9 1 . 5 6 89 5 .5 6 >49 9 .5 6 2 0 9 1 3 - 5 6 2 6 9 ¿ 7 - 5 6 3 2 9 2 1 .5 6
3 0 2 . <? 9 0 6 . 0 1 5 0 1 0 . 0 2 IO 1 4 .  0 2 7 0 1 8 . 0 3 3 0 2 2 . 0

3 1 2- 4 9 ' 6 .  4 1 5 1 jo. 4 2 1  I 1 4 . 4 2 7 1 1 8 . 4 3 3 i 2 2 . 4

3 2 2 . 8 92 6 . 8 1 5 2 1 0 . 8 2 1 2 1 4 . 8 2 7 2 1 8 . 8 3 3 2 2 2 . 8

33 2 . I 2 93 6 . 1 2 •5 3 1 0 . 1 2 2 1 3 1 4 . 1 2 2 7 3 1 8 . 1 2 333 2 2 . 1 2

3 4 2 . 1 6 94 6 . 1 6 1 54 1 0 .1 6 2 1 4 1 4 . 1 6 2 7 4 1 8 . 1 6 3 3 4 2 2 .1 6

35 2 .2 0 95 6 .2 0 155 1 0 .2 0 . 2 1 5 1 4 .2 0 2 7 5 1 8 .2 0 335 2 2 .2 0

36 2 . 2 4 96 6 .2 4 1 5 b 1 0 .2 4 2 1 6 1 4 .2 4 2 - 6 1 8 . 2 4 3 3 6 2 2 .2 4

37 2 .2 8 97 6 .2 8 157 1 0 .2 8 2 1 7 1 4 .2 8 2 7 7 1 8 .2 8 337 2 2 .2 8

' 38 2 . 3 2 98 6 .3 3 15 8 1 0 .3 2 2 1 8 1 4 .3 2 2 7 8 1 8 . 3 2 3 3 8 2 2 .3 2

39 2 .3 6 99 6 .3 6 ■ 59 1 0 .3 6 2 1 9 14. .6 279 1 8 .3 6 3 3 9 2 2 .3 6
4 0 2 .4 O 10 0 6 .4 0 1 6 0 1 0 - 4 0 2 2 0 1 4 .4 0 2 8 0 1 8 .4 0 3 4 0 2 2 .4 0

4 1 2 . 4 4 IQ 1 b 4 4 l6 l 1 0 .4 4 2 2 1 1 4 .4 4 2 8 1 1 8 .4 4 341 2 2 .4 4

4 2 2 .4 8 10 2 6 .4 8 1 6 2 1 0 .4 8 2 2 2 1 4 .4 8 2 8 2 1 8 .4 8 3 4 2 2 2 .4 8

43 2 . 5 2 I03- 6 .5 2 16 3 I O .5 2 223 1 4 . 5 2 2 8 3 1 8 . 5 2 3 43 2 2 .5 2

4 4 2 . 5 6 1 0 4 6 .5 6 i<H 1 0 .5 6 2 2 4 1 4 .5 6 2 8 4 1 S .5 6 3 4 4 2 2 .5 6

45 3 . 0 10 5 7 .  0 1 6 5 I I .  0 2 2 ? 1 5 .  0 2 8 5 1 9 . 0 3 4 5 2 3 . 0
4 6 3 - 4 10 6 7 - 4 16 6 u .  4 2 2 6 1 5 .  4 2 8 6 1 9 . 4 3 4 6 2 3 - 4
47 3- 8 10 7 7 .  8 1 6 7 n .  8 2 2 7 1 5 .  8 2 8 7 1 9 . 8 3 47 2 3 . 8
4 8 3 . 1 2 10 8 7.12 16 8 I I .  12 22 8 1 5 . 1 2 2 8 8 1 9 . 1 ^ 3 4 8 2 3 .1 2

4 9 3 . 1 6 IO 9 7 . 1 6 1 6 9 1 1 . 1 6 2 2 9 1 5 . 1 6 2 8 9 1 9 .1 6 3 4 9 2 3 .1 6

5° 3 .2 0 I 10 7-20 1 7 0 11.20 2 30 1 5 .2 0 2 9 0 1 9 .2 0 3 5 ° 2 3 .2 0
5 1 3 -2 4 I I I 7 . 2 4 1 7 1 n . 2 4 231 1 5 . 2 4 2 9 1 1 9 .2 4 3 5 i 2 3 .2 4

5 2 3 .2 8 1 12 7 .2 8 1 7 2 n . 2 8 2 3 2 1 5 .2 8 2 9 2 1 9 .2 8 3 5 2 2 3 .2 8

53 3 -3 2 1 1 3 7 -3 2 173 11*32 233 1 5 .3 2 293 1 9 .3 2 3 53 2 3 .3 2 .

5 4 3 -3 6 1 1 4 7 -3 6 174 n . 3 6 2 5 4 1 5 - 3 6 2 9 4 1 9 .3 6 3 5 4 2 3 - 3 6
55 3 -4 ° I i  5 7 .4 0 175 I I .4 O 235 1 5 .4 0 2 9 5 1 9 .4 0 3 55 2 3 .4 0

5 6 3 -4 4 1 16 7 -4 4 1 7 b n . 4 4 2 3 6 « 5 -4 4 2 9 6 1 9 .4 4 3 5 6 2 3 -4 4
57 3 4 8 117 7 .4 8 177 n . 4 8 1.37 1 5 .4 8 2 9 7 1 9 .4 8 3 57 2 3 .4 8

5 « 3 . 5 2 n 8 7 . 5 2 1 7 8 1 1 . 5 2 2 3 8 1 5 . 5 2 298 1 9 .5 2 358 23-52
,5 9 3 . 5 6 1 1 9 7 .5 6 179 1 1 . 5 6 2 3 9 1 5 . 5 6 299 1 9 .5 6 3 5 9 23« 6̂

6 0 4 .  0 120 8 . 0 180 I 12. O 2401 1 6 .  0 3 0 0 2 0 . 0 3 6 0 2 4 . 0



0 H O  U  R . — " - — —

Log-i-el* L o g .M u Logarith Log-Jela l.og.Vlu I.ogarith
T im e . T im e . R iling. 'i  im c. ! T im e . R ilin g .

0 o 10 0 1.3 6 0 32 3 .94071 *•978 54'
10 3 1 3 8 3 3 2 .16 2 7 0 8.42230 10 ‘ ■ 3 5 3 * 5  3  9 4 7 g t 1.QQ28Q
20 2-83730 *■ 46373 9.02436 20 1.3460 9 3 -9 5 4 9 4 2.CO701 j

3 ° 1 .6 6 12 1 2.63 9 S 2 9 3 7 6 5 4 30 *•3 3 9 * 5  3-96*88 2.02091
40 2.53627 2 .76 4 76 q .62642 4 0 1.3 32 31 3 .9 6 8 72 2.03458

5° 2.43936 2 .8 6 )6 7 9.82024 5 ° 1.3 2558  3 .9 75 4 5 2.04805

1 o 2.36018 2.94083 9 .9 78 6 0 1 i O 1 .3 18 9 6  3 .98207 2 .0 6 13 1’
10 2.29324 3.0 0 779 0 . 1 12 5 c 10 1 .3 1 2 4 3 '3 .9 8 8 6c 2.0 74 57
2 0 2.23525 3.06578 0.22848 3 0 1.30600 3.995O3 2.08723

3 ° 2.18409 3 .1 1 6 9 4 0 .330 79 30 1.2 9 9 6 7 4 .0 0 13 6 2.09QQI

4 ° 2.13 8 34 3 .16 2 6 9 0.4 2 23 0 4 0 1 .2 9 3 4 2 4 .0 0 7 6 1 2. I I 24O
SO 2.09695 3.20408 0.50509 50 1.28 727 14 .0 13 76 2. 1 2 4 7 2

% o 2 .0 59 16 3 .24 18 7 0.58066 12 0 1.28 120 14 .0 19 8 3 2.136X 7
10 2.0 24 4 c 3.27663 0 .6 5 0 19 10 1 .2 7  5 2 2 '4 -0 2 s 8  1 2.14 8 8 5
20 1.9 9 221 ¡.30882 0 -7 * 4 5 5 20 1.26 4 3 1 4 .0 3 *7 2 2.16066
3 0 1.96225 3.33878 0 .774 4 8 30 1.26349 + 0 3 7 5 4 2 .17 2 3 2
40 1.9 3 42 ? 3.36681 0 .8 3054 40 * -* 5 7 7 4 + 0 4 3 2 9 2.18 3 8 2
5 0 1.9 0 79 c >•3 9 3 * 3 0 .8 8 3 19 5° 1:25207 4.04896 2. • 9  5 * 7

3 o 1.88307 3 .4 17 9 6 0.93284 ' 3 O *.24647 4.0 54 56 2.2G638
10 1.8 5959 3 -4 4 ' 4 -i 0 .97980 IO 1.24095 4.0600 Si 2 .2 17 4 4
20 1.8 373 2 3 .4 6 3 7 1 1.02435 20 1.23549 4 .0 6 5 54 2.22836
3 0 1.8 16 13 3.48490 1.06673 30 1.23010 4.07093 *•*.>9 * 5
4 ° ' • 7 9 5 9 3 3 . 5 0 5 *o M O 7 J 4 40 1.22478 4.07625 2.249X0
5 ° 1.776 6 3 3.52440 * •* 4 5 7 5 50 1.2 19 52 4.08 I 5! 2.26033

4 O 1 .7 5 8 1 4 3 .54289 1.18 2 71. ' 4 O 1 .2 14 3 2 4 .0 8 6 71 2 .2 ;0 7 ;
lO 1.74 0 4 2 3.560 61 1 .2 1 8 1 7 JO i .2 0 q iq 4 .0 0  184 2.2 8 10 0
20 *•7 * 3 3 9 3 .5 7 7 6 4 1.25 224 20 1.20 4 12 4 .o q 6 q i 2 .2 9 1 1 6
30 r.70 70 0 3 -5 9 4 0 3 1.2850 2 30 1. JQQIG 4 .1 0 1 9 3 2.50 120
40 [.6 9 1 2 1 3.60982 1 .3 16 6 0 40 * • * 9 4 1 5 4.1068 8 2.3 I 1 1 2
50 1.6 75 9 7 3.62506 1.34708 50 1.18 9 2 5 4 . 1 1 178 2.32093

S O 1.6 6 12 5 3.63978 '•3 7 6 5 3 *5 O ■ .1844c 4 .1 16 6 3 2.33063
IO 1.6 4 701 3.65402 I.4 0 5 0 I IO 1.1 7 9 6 1 4 .1 2 1 4 ? 2.34023
20 1.6 3322 3 .6 6 78 1 1.43258 20 *.17 4 8 7 4 .1 2 6 1 6 *-3 4 9 7*
30 1.6 19 8 6 3 -6 8 117 *•4 5 9 3 * 30 1 .1 7 0 1 8 4 - 1.3 0 8 ) 2 .3 5 9 10
40 [.60690 3 -6 9 4 > 3 1.4 8 524 4 0 r .1 6 5 5 4 4 - 1 3 5 4 *. 2.36839
50 ' • 5 9 4 3 ' 3 .706 72 I.5 IO 4 I 50 I.16O 96 4 . 1400* 1-3 7 7 5 * .

6 0 1.5820 8 3 .718 9 5 1.53488 l6 O 4 .14 46 1 2.38667
10 1 .57 0 18 3 .7 3 0 8 5 1.55868 10 1 .1 5 1 9 2 4. 1 4 9  I! 2.39567
20 1.558 6 1 3 -7 4 * 4 * 1 .58 18 4 20 1.14 7 4 8 4 * 5 3 5 5 2.40457
3 ° '• 5 4 7 3 3 3 -7 5 3 7 0 1.60440 30 1-14307 4 - * 5 7 9 f 2.4.1339
40 '•5 3 6 3 4 3 .76469 1.6 26 39 40 r .138 72 4 .16 2 3 1 2.4221 I
50 1 .52 56 1 3 -7 7 5 4 * 1.6478 4 50 1.134 4 0 4.1666.: M 3 ° 7 5

7 0 >•5 * 5 '5 3 .78 )8 8 1.66877 ' 7  ' 0 1 .1 3 0 1 3 4 . 1 7 0 0 C 2.43930
10 1.50 494 3.79600 1.68920 10 1.12 5 9 0 4 .1 7 5 * 3 * • 4 4 7 7 7
20 1.49496 3.80607 1 .7 0 9 1 7 20 I.«12171 4 - ' 7 9 3 * 2.456 l6
30 [.48 520 3-8*583 1.72869 30 ' • " 7 5 7 4 .18 3 4 6 2.46447
40 [.4 75 6 6 3-82537 1.74 778 40 1 .1 13 4 6 4 - ' 8 7 5 7 2.47270
5 ° 1.46632 3.8347* 1 .76 6 4 6 5° 1 . 10939 4 .1 9 1 6 4 2.48085

8 0 1.4 57 18 3.84385 1.78 4 74 i S O *■  10536 4 .19 5 6 7 2.4X803
10 1.44823 3.85280 1.80265 IO 1.1013(1 4 .19967 2.49693
20 1.43946 3 .8 6 15 7 1.8 2019 20 1.0 9 74 c 4.20363 2.50486
3 ° 1.43086 3 .8 70 17 1 -8 3 7 3 9 30 1.09348 4.20 755 2.5.X 2*r I
40 1.42243 3.87860 1.85426 40 i.0896C 4 .2 114 3 2.52O5O
50 1 .4 14 1 7 3.88686 1.87080 50 1.08574 4 .2 15 2 9 2.52 8 2 1

9 0 1.40605 3.89498 1.88703 * 9 0 1.08 193 4 .2 J9 IO 2.5358 6
10 1.39809 3 .90294 1 .9 0 2 9 7 IO 1.0 78 14 4.2228 9 *• S4 3 4 4
20 1.39027 3 .9 10 76 1.9 18 6 2 20 1.0 74 3 9 4 .22 6 6 4 2.55096
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3 -7 7 8 5 8

7 O
IO

2 0

3 0
4 0
$0

0 .5 4 0 3 1

0 .5 3 9 2 6
0 .5 3 8 2 2
0 .5 3 7 1 8
0 .5 3 6 1 4

0 .5 3 5 1 0

4 .7 6 0 7 2

4 - 7 6 1 7 7
4 .7 6 2 8 1  

+ 7 6 3 S  5 
4 .7 6 4 8 9

4 -7 6 5 9 3

3 .6 2 7 6 6
3 .6 2 9 8 0

5 - 6 3 1 9 4
3 .6 3 4 0 7

3 .6 3 6 2 0

3 .6 3 8 3 2

1 7 0
1 0

2 0

3 0
4 0

50

0 .4 8 1 8 9
0 .4 8 0 9 9

0 .4 8 0 0 9
0 .4 7 9 1 9

0 .4 7 8 2 9

0 .4 7 7 4 0

4 .8 1 9 1 4  

4 .8 2 0 0 4  
4 .8 2 0 9 4  
4 .8 2 1 8 4  
4  8 2 2 7 4

4 -8 2 3 6 3

8 0
1 0

2 0

3 0
4 0

SO

0 .5 3 4 0 6

0 .5 3 3 0 3
0 .5 3 2 0 0
0 .5 3 0 9 8

0 .5 2 9 9 5
0 .5 2 8 9 3

4 .7 6 6 9 7
4 .7 6 8 0 0

4 .7 6 9 0 3

4 . 7 7 0 P 5
4 .7 7 1 0 8
4 .7 7 2 1 0

3 .6 4 0 4 3

3 -6 4 2 5 4
3 .6 4 4 6 5

3 -6 4 6 7 5
3 .6 4 8 8 5
3 .6 5 0 9 4

l 8 0
1 0

2 0

3 0
4 0  

$0 

0  
1 0  
2 0  

‘ 3 0

• 4 0  
5°

0 .4 7 6 5 0
0 .4 7 5 6 1

0 -4 7 4 7 3
0 .4 7 3 8 4
0 .4 7 2 9 5

0 .4 7 2 0 7

4 .8 2 4 5 3
4 .8 2 5 4 2

4 .8 2 6 3 0

4 - 8 2 7 1 9
4 .8 2 S 0 8

4 .8 2 8 9 6

9 0  
1 0  
2 0  

3 0  

• .4 0  
5 0

0 .5 2 7 9 1
0 .5 2 6 9 0

D .5 2 5 8 9
0 5 2 4 8 7
O r j i 3 «5
0 .5 2 2 8 6

4 -7 7 3 1 2
4 .7 7 4 1 3
4 -7 7 5 1 4
4 .7 7 6 1 6

777-16
4 . - 8 1 7

3 .6 5 3 0 2

3 .6 5 5 1 0

3 - 6 5 7 1 7
3 .6 5 9 2 4
3 1 6 6 1 3 1

3 -6 6 3 3 7

>9 0 .4 7 1 1 9

0 .4 7 0 3 1
0 .4 6 9 4 4

0 .4 6 8 5 6
0 .4 6 7 6 9
0 .4 6 6 8 2

4 .8 2 9 8 4

4 8 3 0 7 2

4 - 8 3 1 5 9
4 - 8 3 2 4 7
4 .8 3 3 3 4
4 .8 3 4 2 1



J i  H O U R .

Logada LogMid Loganth fcngielaXog Mi'c I.ûgaïich
Time. _ Time. Riling. Time. [ Time. Riling.-•

2 0 O 0 .4 6 5 9 5 4 .8 3 5 0 8 3 -7 * 0 3 7 3 0 O 0 .4 1 7 1 6 ,4 .8 5 3 8 7 3 .8 8 1 5 0

20 0 .4 6 5 0 8 4 .8 3 5 9 5 3 .7 8 2 1 6 IO 0 .4 1 6 4 0 4 .8 8 4 6 3 3 .8 8 3 0 9 ’

20 0 .4 6 4 2 2 4 .8 3 6 8 1 3 -7 * 3 9 5 2 0 0 .4 1 5 6 4  4 " * * S 39 3 .8 8 4 6 7

3 ° 0 .4 6 3 3 s 4 .8 3 7 6 8 3 -7 * 5 7 3 3 0 O .4 I 4 8 8 ¡4 .8 5 6 1  5 3 .8 8 6 2 5

4 0 0 .4 6 2 4 4 4 .8 3 8 5 4 3 . 7 * 7 5 0 4 0 0 .4 1 4 1 2 4 .8 8 6 q i 3 .8 8 7 8 3

50 0 .4 6 1 6 3 4 .8 3 9 4 0 3 .7 8 9 2 8 5 0 0 -4 * 3 3 7 4>88~6( 3 .8 8 9 4 0

21 O 0 .4 6 0 7 8 4 .8 4 0 2 5 3 .7 9  >05 3 J 0 0 .4 1 2 6 1 4 .8 8 8 4 2 3 .8 9 0 9 7

1 0 0 .4 5 9 9 2 4 .8 4 1 1 1 3 .7 9 2 8 2 IO Ò .4 1 1 8 6 4 .8 8 9 1 7 3 .8 9 2 5 4
20 0 .4 5 9 0 7 4 .8 4 1 9 6 3 -7 9 4 5 * 2 0 O b l i l i 4 .8 8 9 9 2 3 .8 9 4 1 1

3 0 0 .4 5 8 2 2 4 .8 4 2 8 1 3 -7 9 6 3 4 3 0 0 .4 1 0 3 6 4 .8 9 0 6 7 3 .8 9 5 6 7

4 ° 0 -4 5 7 3 7 4 .8 4 3 6 6 3 .7 9 8 0 9 4 0 0 .4 0 9 6 1 4 .8 9 1 4 2 3 - * 9 7 2 3
5 0 0 I 4 5 6 5 2 4 .8 4 4 5 1 3 -7 99 *5 5 0 0 .4 0 8 8 7 4 .8 9 2 1 6 1-* 9 * 7 9

%% O 0 .4 5 5 6 7 4 .8 4 5 3 6 3 .8 0 1 5 9 3 2 0 O .4 O 8 12 4 .8 9 2 9 1 3 .9 0 0 3 4

1 0 0 .4 5 4 8 3 4 .8 4 6 2 0 3 .8 0 3 3 4 IO 0 .4 0 7 3 8 4 .8 9 3 6 5 3 .9 O 1 8 9

2 0 0 .4 5 3 9 9 4 .8 4 7 0 4 3 .8 0 5 0 8 2 0 0 .4 0 6 6 4 4 -8 9 4 3 9 3 9 0 3 4 4

3 0 0 4 5 3  >5 4 .8 4 7 8 8 3 .8 0 6 8 2 3 0 O .4 O 5 9 O 4 .8 9 5 1 3 3 .9 0 4 9 8

4 0 O .4 5 2 3  i 4 .8 4 8 7 2 3 .8 0 8 5 5 4 0 0 .4 0 5 1 6 4 .8 9 5 8 7 3 .9 0 6 5 3

5° O .4 5 1 4 7 4 .8 4 9 5 6 3 .8 1 0 2 8 50 O .4 O 4 4 2 4 .8 9 6 6  I 3 .9 0 8 0 7

*3 O O .4 5 O 6 4 4 .8 5 0 3 9 3 .8 1 2 0 1 33 O 0 .4 0 3 6 8 4 - 8 9 7 3 5 3 .9 0 g 6 0

1 0 0 .4 4 9 8 1 4 .8 5 1 2 2 3 -*  >373 IO 0 .4 0 2 9 5 4 .8 9 8 0 8 3 -9 * * * 4
2 0 O .4 4 8 9 8 4 .8 5 2 0 5 3 .8 1 5 4 5 2 0 O. 4 O 2 2 2 4 .8 9 8 8  1 3 .9 1 2 6 7

3 0 0 .4 4 8 1 5 4 .8 3 2 8 8 3 .8 1 7 1 7 3 0 0 .4 0 1 4 9 4 .8 9 9 5 4 3 .9 1 4 2 0

4 0 0 .4 4 7 3 2 4 .8 5 3 7 I 3 .8 1 8 S 8 4 0 0 .4 0 0 7 6 4 .9 O O 27 3 -9 1 5 ?  2

5 ° 0 .4 4 6 4 9 4 .8 5 4 5 4 3 .8 2 0 5 9 50 O.4OOO3 4 .9 O IO O 3 .9 1 7 2 4

24 O 0 .4 4 5 6 ; 4 .8 5 5 3 6 3 .8 2 2 3 0 3 4 O 0 .3 9 9 3 0 4 .9 0 1 7 3 3 .9 1 8 7 6

IO 0 -4 4 4 8 5 4 .8 5 6 1 8 3 .8 2 4 0 0 IO 0 .3 9 8 5 7 4 .9 0 2 4 6 3 .9 2 0 2 8

2 0 0 .4 4 4 0 3 4 .8 5 7 0 0 3 .8 2 5 7 0 2 0 0 -3 9 7 * 5 4 .9 0 3 1 8 3 .9 2 1 7 9

3 ° 0 .4 4 3 2 1 4 .8 5 7 8 2 3 -* 4 7 3 9 3 0 0 -3 9 7 * 3 4 .9 0 3 9 0 3 -9 2 3 3 *

4 0 0 .4 4 2 3 9 4 .8 5 8 6 4 3 .S 1 9 0 8 4 0 0 .3 9 6 4 1 4 .9 0 4 6 2 3 .9 2 4 8 2

5 0 0 .4 4 1 5 8 4 .8 5 9 4 5 3 .8 3 0 7 7 5 0 0 .3 9 5 6 9 4 .9 0 5 3 4 3 .9 2 6 3 2

2 S 0 0 .4 4 0 7 7 4 .8 6 0 2 6 3 .8 3 2 4 6 3 5 . 0 0 .3 9 4 9 7 4 .9 0 6 0 6 3 .9 2 7 8 2

1 0 0 -4 3 9 9 5 4 .8 6 1 0 8 3 .8 3 4 1 4 1 0 0 .3 9 4 2 5 4 .9 0 6 7 8 3 9 2 93  3
2 0 ° - 4 3 9 * 5 4 .8 6 1 8 8 3 .8 3 5 8 2 2 0 0 -3 9 3 5 4 4 .9 0 7 4 9 3 .9 3 0 8 2

3 0 0 .4 3 8 3 4 4 .8 6 2 6 9 3 -* 3 7 4 9 3 0 0 .3 9 2 8 2 4 9 0 8 2 1 3 .9 3 2 3 2

. 4 0 0 .4 3 7 5 3 4 .8 6 3 5 0 3 « 3 9 i  7 4 0 O .3 9 2 I I 4 .9 0 8 9 2 3 -9 3 3 * *

5 ° 0 .4 3 6 7 3 4 .8 6 4 3 0 3 .8 4 0 8 3 ' 5 0 O .3 9 I 4 O 4 .9 0 9 6 3 sL  9 3 5 3 0

2.6 0 O .4 3 5 9 2 4 .8 6 5 1 1 3 -8 4 7 5 0 3 6 0 0 .3 9 0 6 9 4 .9 1 0 3 4 3 - 9 3 6 7 9 ,
IO n -4 3 5 ‘ 2 4 .8 6 5 9 1 3 .8 4 4 1 6 1 0 O .3 8 9 9 8 4 .9 1 1 0 5 3 .9 3 8 2 7

2 0 0 .4 3 4 3 2 4 .8 6 6 7 1 3 .8 4 5 8 2 2 0 0 .3 8 9 2 7 4 . 9 1 1 7 6 3 .9 3 9 7 5
3 0 0 .4 3 3 5 3 4 .8 6 7 5 0 3 .8 4 7 4 8 3 0 0 .3 8 8 5 6 4 .9 1 2 4 7 3 -9 4 > 2 3
4  0 0 .4 3 2 7 3 4 .8 6 8 3 0 3 .8 4 9 1 3 4 0 0 .3 8 7 8 6 4 -9 * 3  *7 3 -9 4 2 7 *

SO 0 .4 3 1 9 4 4 .8 6 9 O 9 3 .8 5 0 7 8 5° 0 .3 8 7 1 6 4 9 1 3 8 7 3 -9 4 4 ' *

*7 0 0 4 3 1 H 4 .8 6 9 8 9 3 .8 5 2 4 2 37 O O .3 8 6 4 6 4 -9 * 4 5 7 3 .9 4 5 6 6

IO 0 .4 3 0 3 5 4 .8 7 0 6 8 3 .8 5 4 0 6 1 0 0 .3 8 5 7 5 4 .9 1 5 2 8 3 .9 4 7 1 2

2 0 0 .4 2 9 5 6 4 .8 7 1 4 7 3 .8 5 5 7 0 2 0 0 .3 8 5 0 6 4 -9 * 5 9 7 3 .9 4 8 5 9
3 0 0 .4 2 8 7 8 4 .8 7 2 2 5 3 .* 5 7 3 4 3 0 0 .3 8 4 3 6 4 .9 1 6 6 7 3 .9 5 0 0 5

4 0 0 .4 2 7 9 9 4 .8 7 3 0 4 3 .8 5 8 9 7 4 0 0 .3 8 3 6 6 4 -9 * 7 3 7 3 .9 5 1 5 2

5° O .4 2 7 2 I 4 .8 7 3 8 2 3 .8 6 0 6 0 .5° 0 .3 8 2 9 7 4 .9 1 8 0 6 3 -9 S2 97
28 . 0 0 .4 2 6 4 2 4 .8 7 4 6 1 3 .8 6 2 2 3 3 * 0 0 .3 8 2 2 7 4 .9 1 8 7 6 3 -9 5 4 4 3 .

IO 0 .4 2 5 6 4 4 .8 7 5 3 9 3 .8 6 3 8 5 IO 0 .3 S 1 5 8 4 -9 * 9 4 5 3 .9 5 5 8 8

2 0 0 .4 2 4 8 6 4 .8 7 6 1 7 3 .8 6 5 4 7 2 0 0 .3 8 0 8 9 4 .9 2 0 2 4 3 .9 5 7 3 3
3 0 O .424O O 4 .8 7 6 9 4 3 .8 6 7 0 9 3 0 0 .3 8 0 2 0 4 .9 2 0 8 3 3 .9 5 8 7 8

4 0 0 .4 2 3 3 1 4 .8 7 7 7 2 3 .8 6 8 7 0 4 0 0 .3 7 9 5  * 4 -9 2 I 5 2 3 .9 6 0 2 3

S ° O .4 2 2 5 4 4 .8 7 8 4 9 3 -8 7 0 3 1 5° 0 .3 7 8 8 2 4 .9 2 2 2 1 3 .9 6 * 6 7

2 9 O 0 .4 2 1 7 6 4 .8 7 9 2 7 3 .8 7 1 9 2 39 0 0 .3 7 8 1 4 4 .9 2 2 8 9 3 .9 6 3 1 1

IO Û.4 2 0 QQ 4 .8 8 0 0 4 3 -8 7 3 5 2 1 0 0 .3 7 7 4 5 4 .9 2 3 5 8 3 .9 6 4 5 5

2 0 0 .4 2 0 2 2 4 .8 8 0 8 1 3 -8 7  5 1 3 2 0 0 .3 7 6 7 7 4 .9 2 4 2 6 3 . 9 6 599
30 0 .4 1 9 4 5 4 .8 8 1 5 8 3 .8 7 6 7 2 3 0 0 .3 7 6 0 9 4 .9 2 4 9 4 3 .9 6 7 4 2

4 0 0 . 4 1 8 6 q 4 .8 8 2 3 4 3 .8 7 8 3 & 1 4 0 0 -3 7 5 4 * 4 .9 2 5 6 2 3 .9 6 8 8 5

L_S° 3 .4 1 7 9 2 4 .8 8 3 1 1 3 .8 7 9 9 1 5 0 0 -3 7 4 7 3 4 .9 2 6 3 0 1 3 .9 7 0 2 s



I H O  U R . —

M . S . L o g je la Log Mid Logarith Logúela 1 Log M*d Legar ith
1  ime. T im e . R ifi’ig . l im e . T im e . R ifing.

4 9 O 0.37405 4.92698 3 -9 7 * 7 0 s » O 0 -3 3 5 59 4 -9 6 54 4 4.05304
1 0 0 -3 7 3 3 « 4.92765 3 -9 7 3 * 3 I O 0 -3 3 4 9 9 M - 9 6 6 0 4 4-054332 0 O .37270 4.92833 3 -9 7 4 5 5 2 0 0 -3 3 4 3 8 ¡4 -9 6 6 6 5 4 .0 5 56 1
3 0 0.37203 4 .Q2 Q0 0 3 -9 7 5 9 7 30 o -3 3 3 7 8 ;4 -9 6 7 2 5 4.05690
40 0 -3 7 1 3 5 4.92968 3 -9 7 7 3 8 40 0 -3 33 *8 4 -96 78 5 4 .0 5 8 18
S» 0.37068 4-93035 3.97880 50 0 .33257 4.96846 4.05946

4 * 0 O.37OOI 4 .9 3 10 2 3.98021 5* O 0 -3 3 * 9 7 4.96906 4.0 6 0 741 0 0 .36934 4 .9 3 16 9 3 9 8 1 6 2 10 0 -3 3 * 3 7 4-q6q66 4.06202
20 0.36867 4-93*36 3 9 8 3 0 2 2 0 0.33078 4.97025 4.0 6 3 3 0
30 0.36801 4.93302 3 -9 8 4 4 3 30 0.3 3 0 1S 4.97085 4 .0 6 4 5 7
40 0 - 3 6 7 3 4 4.93369 3-98583 40 0.32958 4 -9 7 * 4 5 4.0 6 584
50 0.36668 4 -9 3 4 3 5 3-987*3 50 0.32899 4.97204 4 .0 6 7 1 1

4 * 0 0.36602 4.93501 3,98862 5 * 0 0.32839 4 .9 72 64 4.06838
10 0 -3 6 5 3 5 4 9 3 5 6 8 ^ . Q Q 0 0 2 10 0 .3 2 7 8 0 4 .9 73 2 3 4.06965
20 0.36469 4 -9 3 6 3 4 3 -9 9 *4 1 , 20 0.32720I4.97383 4..0 7 0 Q t
30 0.36403 4 -9 3 / 0 0 3.99280 30 0.32661 4 .9 74 4 2 4 .0 7 2 17
40 0-3633« 4 -9 3 7 6 i 3 -9 9 4 * 9 40 0.3260214,-97501 4 - 0 7 3 4 3
50 0 .36272 4-9383* 3 -9 9 5 5 7 50 0 -3 * 5 4 3 '4 -9 7 5 6 o 4.0746 9

4 3 0 0.36206 4-93897 3.99696 53 0 0.32485 4 .9 76 1S 4-07595
10 0 .3 6 14 1 4.93962 3 -9 9 * 3 4 10 0 .3 2 4 2 6 4 .9 7 6 7 7 4 .0 7 7 * 0
2 0 0.36076 4-94027 3 -9 9 9 7 * 20 0 .3 2 3 6 7 4 .9 7 7 3 6 4.0784 5
30 0 .36 011 4.94092 4.OOIO9 30 0 -3 *3 0 9 4 .9 7 7 9 4 4 .0 7 9 7 0
40 0.35946 4 -9 4 * 5 7 4.OO247 40 0 -3 * * 5 0 ;4 -9 7 8 s 3 4 .o 8 o q 5
50 0.35881 4 .9 4 2*2 4.00384 50 0 .3 219 2 4 -9 7 9 ** 4.08220

4 4 0 0 .3 5 8 16 4 -9 4 * 8 7 4-00521 5 4 0 o -3 2 * 3 4 4 .9 79 6 9 4 .08 344
10 0 -3 5 7 5 1 ,4 -9 4 3 5 * 4.00 657 1 0 0 .3 20 76 4.98027 4.08468
20 0.35687 4.94416 4.00794 20 0.320 18 4.98085 4.0 8 592
30 0.35622 4 9 4 4 8 1 4  00930 30 0 .3 19 6 0 4 .9 8 14 3 4 .0 8 716
40 0 -3 5 5 5 « 4 -9 4 5 4 5 4.01066 40 O .31902 4  Q82OI 4.08840
50 0.35494 4-94609 4,0120 2 50 0 .3 18 4 4 4 9 8 2 5 9 4.08964

4 5 O 0.35429 4 -9 4 6 7 4 4 - ° * 3 3 7 5 5 O 0 .3 178 7 4 .98 3*6 4.O9O87
1 0 0-35365 4 -9 4 7 3 « 4 -0 * 4 7 3 10 0 .3 172 9 4 .98 374 4 .0 9 * 10
20 0.35302 4.94801 4,01608 20 0 .3 16 72 4.98431 4 0 9 3 3 3
30 0.35238 4.94865 4 -0 * 7 4 3 30 0 .3 1 6 14 4.98489 4 .09456
40 0 -3 5 * 7 4 4 9 4 9 * 9 4 .0 18 77 4 0 0 -3 * 5 5 7 4.98546 4 .0 9 578
50 0 -3 5 * 11 4.94992 4.Q 2012 50 0 .3 150 0 4.98603 4 0 9 7 O I

4 6 0 0.35047 4.95056 4.0 2 14 6 56 O 0.3 i4 4 3 !4-9866o 4.09823
10 0.34984 4 -9 5 * *9 4.02280 10 0 -3 *3 8 6 4 .9 8 7 i 7 4.09945
20 0.34921 4 -9 5 *8 * 4 .0 2 414 20 0 -3 * 3 2 9 4 .9 8 774 4.IO 067
30 0.34858 4 -9 5 * 4 5 4.02547 30 O .3 1272 4 .9 8 8 3 . 4 .10 18 8
40 0 -3 4 7 9 5 4.95308 4.02681 40 0 .3 1 2 1 6 4.98887 4 .IO 3 1O
SO 0 -3 4 7 3  * 4 -9 5 3 7 * 4.0 2 814 50 0 -3 *159 4.98944 4 -1 0 4 3 1

4 7 0 0.3466g 4 - 9 5 4 3 4 4.02947 5 7  " p O .3 110 3 4 .QQOOO 4 .1 0 5 5 2
1 0 0 34607 4 .95496 4.03080 10 0 .3 10 4 6 4.99057 4 .IO 6 73
20 0.34544 4 9 5 5 5 9 4 -0 * 2 1 2 20 o-3 ° 9 9 0 ¡4 -9 9 * *3 4 .1 0 7 9 4
30 0.34482 4 .9 56 21 4-03344 30 0 .3 0 9 3 4 4 .9 9 16 9 4 .10 9 *5
40 0.34420 4 9 5 6 8 3 4 -0 3 4 7 7 40 O.3O878 4 .99225 4 - '* ° 3 5
50 0 -3 4 3 5 7 4 -5 5 7 4 6 4,03608 50 0.30822 4 9 9 2 8 * 4 .M 1 5 5

48 0 0 -3 4 * 9 5 4.95808 4.03740 5 » " O 0.30766 4 -9 9 3 3 7 4 * I 2 7 5
10 0 -3 4 * 3 3 4.95870 4 .0 3 8 71 10 0 .3 0 7 10 4 -9 9 3 9 3 4 - '* 3 9 5
20 0 .3 4 172 4 -9 5 9 3 * 4.O4OO3 20 0.30655 4.99448 4 .1 1 5 1 5
30 0.341 IO 4 -9 5 9 9 3 4 -0 4 * 3 4 30 0.30599 4.99504 4 -* * ° 3 4
40 0.34048 4.9605 s 4.04265 40 0 .3 0 54 4 4 -9 9 5 5 9 4 -* * 7 5 4
S» 0 -3 3 9 « 7 4 .9 6 116 4 -0 4 3 9 5 50 0.70488 4 .9 9 6 15 4 * * 8 7 3

4 9 O 0 -3 3 9 * 5 4 .9 6 178 4.04526 5 9 O 0-30433 4.99670 4 - * ' 9 9 *
I O 0.33864 4.96239 4.04656 10 0 -3 0 3 7 8 ,4 - 9 9 7 2 5 4 . 1 i l l  l
20 0-33803 4.96300 4.04786 20 0.30323 4 .99780 4 .12 2 2 9
30 0 -3 3 7 4 * 4 .9 6 3 6 1 4 .0 4 0 * 6 30 0.30268 4.99835 4 .123 4 8
40 0.33681 4.96422 4 -0 5 0 4 5 I 40 0 .30213U .998 9C 4 .124 6 6

• •
SO 0.33620 4.96483 4 - ° 5 '7 5 50 0 .3 0 15 8 4 .9 9 9 4 5 4 * * 5 8 4



H  O

LogieUlLojj MidiLugaritl! 
Tiiuc | Time. Riling. 

0 .3 0 1 0 3 ) 5 .0 0 0 0 0 )4 .1 2 7 0 2  

O .5 3 O 4 8  5.O O O J5 4 .1 2 8 2 c . 
0 .2 9 9 9 4 ) 5 .0 0 1 0 9  .4 .12 9 3 ^  

o.i9939'S-0 :,l6 4 4 '3055 
0 .2 9 8 8 5 1 5 .0 0 2 1 8  4 . 1 3 1 7 :  

0 .2 9 8 5 1 1 5 .0 0 2 7 :  4 .1 3 2 8 9

0 .2 9 7 7 6 1 5 .0 0 3 2 ;  4 .1 3 4 0 ft  

0 .2 9 7 2 2 1 5 .0 0 3 8 1  4 .1 3 5 2 3  
0 .2 9 6 6 8 ) 5 .0 0 4 3 5  4 .1 3 6 4 c  
0 .2 9 6 1 4 ) 5 .0 0 4 8 9  4 .1 3 7 5 f t  
0 .2 9 5 6 1 ) 5 .0 0 5 4 2  4 .1 3 S 7 2  

0 .2 9 5 0 7 ) 5 .0 0 5 9 6  4 . 1 3 9 85'

- 9 4 > 3 ; S .0 0 6 5 0  4 .1 4 1 O 4  
0 .2 9 4 0 0 1 5 .0 0 7 0 3  4 .1 4 2 2 c  

0 .2 9 3 4 6 1 5 .0 0 7 5 7  4 .1 4 3 3 ft  
0 .2 9 2 9 3 ) 5 .0 0 8 1 0  4 .1 4 4 5 1  
0 .2 9 2 3 9 )5 .0 0 8 6 4  4 . 1 4 5 6 7  

0 .2 9 1 8 6 1 5 .0 0 9 1 7  4 .1 4 6 8 2

0 . 2 9 1 3 3 5 . 0 0 9 7 0 4 . 1 4 7 9 -  
0 .2 9 0 8 0 1 5 .0 1 0 2 3  4 .1 4 9 1 1  

0 .2 9 0 2 7 ) 5 .0 1 0 7 6  4 .1 5 0 2 6  
0 .2 8 9 7 4 ) 5 .0 1 1 2 9  4 . 1 5 1 4 c  
0 .2 8 9 2 1 ) 5 .0 1 1 8 2  4 .1 5 2 5 5  

o .  2 8 8 6 9) 5- ° 1 * 34  4 -15 1 6 9 )

0 .2 8 8 1 6 : 5 .0 1 2 8 7  4 .1 5 4 8 3  

0 .2 8 7 6 4 ! 5 .0 1 3 3 9  4 .1 5 5 9  
0 .2 8 7 1 1 1 5 .0 1 3 9 2  4 . 1 5 7 1 c  
0 .2 8 6 5 9 ) 5 .0 1 4 4 4  4 .1 5 8 2 4  
0 .2 8 6 0 7 ) 5 .0 1 4 9 6  4  1 5 9 3  

0 .2 8 5 5 4  5 -Q i 5 4 5  4 .1 6 0  50; 

0 .2 8 5 0 2 ) 5 .0 1 6 0 1  4 .1 6 1 6 3  

0 .2 8 4 5 0 ) 5 .0 1 6 5 3  4 .1 6  
0 .2 8 3 9 8 '5 .0 i7 0 5  4 .1 6 3 8 9  
0 .7 8 3 4 6 ) 5 .0 1 7 5 7  4 .1 6 5 0 1  

0 .2 8 2 9 5  5 .0 1 8 0 8  4 .1 6 6 1 4  

0 .2 8 2 4 3  5 .0 1 8 6 0  4 .1 6 7 2 6

5.01912 4.16838 
5.01963 4.1695c) 
5.02014 4.17063 
5.02066 4.17173! 
5-021 17 4.17285 
5-02168 4.17396

O .2 8 1 9 I  
0.28140 
O .2 8 0 8 9  
O .2 8 0 3 7  

O .2 7 9 8 6

° - 27 935 ____________
0 .2 7 8 8 4 - 5 .0 2 2 1 9  4 .1 7 5 0 7  

0 .2 7 8 3 3 ) 5 .0 2 2 7 0  4  1 7 6 1 8  
0 .2 7 7 8 2 5 .0 2 3 2 1  4 ,1 7 7 2 9  

O .2 7 7 3 1  5 .0 2 3 7 2  4 . 1 7 8 4 c  . 

0 .2 7 6 8 0 5 .0 2 4 2 3  4 .1 7 9 5 0  j 

0 .2 7 6 3 0  5 .0 2 4 7 3  4 .1 8 0 6 c

30
40
J»

0-27579 s.02524 4.1817? 
0.27529 5.02574 4.18281II 
0.27478 5.02625 .
0.27428 5.02675 .
0.27378 5.02725 .
0.27327 5.02776 .
0 .2 7 2 7 7  5 .0 2 8 2 6  
O .2 7 2 2 7  5 .0 2 8 7 6  

0 . 2 7 1 7 7  5 .0 2 9 2 6  
0 .2 7 1 2 7  5 .0 2 9 7 6  
0 .2 7 0 7 8  5 .0 3 0 2 5  

3 .2 7 0 2 8  5 .0 3 0 7 5

4 .1839 1)1
4 .18 5 0 0 )1
4 .1 8 6 1 0 :)
4 - 1 8 7 1 9 !)

4 .1 8 8 2 9
4 .1 8 9 3 S

4 .1 9 0 4 7
4 . 1 9 1 5 6

4.19265
4-19373

0 .2 0 0 9 9 )3 .0 4 0 0 4  4 .2 1 4 0 9  

0 .2 6 0 5 1 1 5 .0 4 0 5 2  4 . 2 1 5 1 4  

0 .2 6 0 0 3 ) 5 .0 4 1 0 0  4 .2 1 6 2 0  

>-*5955iS-°4'4R 4-217*5
¡0 .2 5 9 0 7 1 5 .0 4 1 9 6  4 .2 1 8 3 1  

0 2 5 8 5 9 ) 5 .0 4 2 4 4  4 ^ 9 3 6  

0 . 2 5 8 1 1J 5 .0 4 2 9 2  4 .2 2 0 4 1  
o  2 5 7 6 3 - 5 .0 4 3 4 0  4 .2 2 1 4 6  

0 .2 5 7 1 6 ) 5 0 4 3 8 7  

0 .2 5 6 6 8 :3 0 4 4 3 5  

0 .2 5 6 2 1 1 5 .0 4 4 8 2  

0-2 SS73'3°4530
0 .2 5 5 2 6

0 .2 5 4 7 9
O .2 5 4 3 2

2 53*>5:
0 .2 5 3 3 8
0 .2 5 2 9 1

0 .2 5 2 4 4  
0 .2 5 1 9 7  
0 .2 5 1  j o  
0 .2 5 1 0 4  
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3 0 0 .0 8 2 0 7 5 .2 1 8 9 6 4 .6 4 2 4 6 3 0 0 .0 6 9 8 2 5 .2 3 1 2 1 4 .6 7 7 2 8
4 0 < 3 .0 8 1 8 5 < .2 1 4 1 8 4 .6 4 3 0 6 4 0 0 .0 6 9 6 2 > 1 3 1 4 1 4 .6 7 7 8 5
5 ° 0 .0 S 1 6 4 5 .2 1 9 3 9 4 .6 4 3 6 5 5 ° 0 .0 6 9 4 3 5 .2 3 1 6 0 4 .6 7 8 4 1

4 4 O 0 . 0 8  1 4 ! 5 .2 1 9 6 0 4 .6 4 4 2 5 J 4 O 0 .0 6 9 2 5 5 .2 3 1 8 0 4 .6 7 8 9 7
IO O .0 8 1  21 < • 2 1 q S  2 4 .6 4 4 8 4 IO O .0 6 9 O 4 5 .2 3 1 9 9 4 . 6 7 9 5 4
2 0 003d 5 .2 2 0 0 3 4 .6 4 5 4 4 2 0 0 .0 6 8 8 5 < .2 3 2 1 8 4 . 6 8 0 1 0
3 0 0 .0 8 0 7 9 2 2 0 2 4 4 ..6 4 6 0 2 3 0 0 .0 6 8 6 6 > •1 3 1 3 7 4 .6 8 0 6 6
4 0 0 .0 8 0 5 8 5 .2 2 0 4 5 4 ,6 4 6 6 2 4 0 0 .0 6 S 4 6 > -•13 1 57 4 .6 8 1 2 3
5 ° 0 .0 8 0 3 6 5 .2 2 0 6 7 4 .6 4 ^ 2 1 5 0 0 .0 6 8 2 - 5 .2 3 2 - 6 4 .6 8 1 7 9

4 5 O 0 .0 8 0 1 5 5 .2 2 0 8 8 4 . 6 4 7 8 0 55 0 0 .0 6 8 0 8 5 .2 3 2 9 5 4 .6 8 2 3 5
IO 0 .0 7 QQ4- 5 . 2 2 IOQ 4 .6 4 8 3 9 IO 0 . 0 6 - 8 ; > -•23 5 14 4 .6 8 2 9 1
2 0 0 .0 7 9 7 3 5 .2 3 1 3 0 4 .6 4 8 9 8 2 0 0 .0 6 7 7 c v 2 3 3 3 S 4 .6 8 3 4 7
3 0 0 .0 7 Q %2 5 .2 2 1 5 1 4 .6 4 9 5 7 3 0 0 .0 6 7 5 1 v 2 3 3  5~4 .6 8 4 0 3

, 4 0 0 .0 7 9 3 1 5 .2 2 1 7 2 4 . 6 5 0 1 6 4 0 0 .0 6 7 3 1 > .2 3 3 7 2 4 . 6 8 4 5 9
5 ° 0 . 0 7 9 1 0 5 .Z 2 1 9 3 4 .6 5 0 7 5 5 ° 0 .0 6 7 1 2 > .2 3 3 9 1 4 .6 8 $  1 ^

4 6 O 0 . 0 7 8 8 9 5 .2 2 2 1 4 4 6 5 1 3 4 5 6 O O .O 6 6 9 3 5 .2 3 4 1 c 4 . 0 8 5 7 1
1 0 0 . 0 7 8 6 8 5 .2 2 2 3 5 4 - 6 5 1 9 3 1 0 0 .0 6 6 7 4 5 .2 5 4 2 9 4 .6 8 6 2 7
2 0 0 .0 7 S 4 8 5 .2 2 2 5 5 4 .6 5 2 5 1 2 0 0 .0 6 6 5 6 > -•23 4 47 4 .6 8 6 8 2
3 0 0 .0 7 8 2 7 5 .2 2 2 7 6 4 .6 5 3 1 0 3 0 0 .0 6 6 3 ^ 5 .2 3 4 6 6 4 . 6 8 7 3 8
4 0 0 . 0 7 8 0 6 5 .2 2 2 9 7 4 .6 5 3 6 9 4 0 0.06618 5.23485 4.68794
5o- 0 .0 7 7 8 5 5 .2 2 3 1 8 4.65427 5° 0 .0 6 5 9 5 5-23  5 °4 4 . 6 8 8 4 9

4 7 0 0 .0 7 7 6 5 5 .2 2 3 3 8 4.65486 5 7 0 0.0658c > •2 3 5 2 3 4.68905
10 0 .0 7 7 4 4  > -2 2 3 5 9 4-65544 10 0 .0 6 5 6 * > • 2 3 5 4 2 4.68960
2 0 0 . 0 7 ^ 2 3 5 .2 2 3 8 0 4.65603 2 0 0 .0 6  5 4 : ; . 2 3 <6o 4.69016
3° O O 7 7 O 3 5 .2 2 4 O O 4.65661 3 0 O .0 6 5 2 4 ¡ •2 3 5 7 9 4 ,6 9 0 7 1
4 0 0 .0 7 G 8 2 5.2242I 4.65719 4 0 o.o6<o< ¡ •2 3  5 9 s 4,69127
5° .  . 0 .0 7 6 6 1 5.22442 4 - 6 5 7 7 7 5° 0 .0 6 4 8 7 5 .2 3 6 1 6 4.69182

48 O 0 .0 7 6 4 1 5 .2 2 4 6 2 4.65836 5» O 0 .0 6 4 6 * * > -•23 0 35 4.69237
1 0 0 .0 7 6 2 0 5 .2 2 4 S 3 4.65894 IO 0 .0 6 4 4 c 5 -2 3 6 5 4 4.69292
20 0 .0 7 6 0 0 5.22503 4 - 6 5 9 5 2 2 0 0 . 0 6 4 3 : 5 - 2 3 6 7 2 4.69348
3 3 0 .0 7 5 7 9 5.22524 4.66010 3 0 0 .0 6 4 1 2 < .2 3 6 q I 4.69403
43 0 . 0 7 5 5 9 5.22544 4 .6 6 0 6 8 40 0  0 6 3 9 4 5 .2 3 7 0 9 4.69458
JO 0 - 0 7 5 3 9 5.22564 4.66126 50 0 .0 6 3 7 . . 5 .2 3 7 2 8 4.69513

+ 9 0 0 . 0 7 5 1 8 5.22585 4.66184 59 O 0 .0 6 3 5 7 5 .2 3 7 4 6
IO 0 . 0 7 4 9 8 5 .2 2 6 0 5 4 . 6 6 2 4 2 IO 0 .0 6 3 3 8 >•23765 4 .6 9 6 2 3
20 0 .0 7 4 7 8 } 5 .2 2 6 2 5 4 .6 6 2 9 9 2 0 0.0632c >•23783 4 .6 9 6 7 s
33 3 .0 7 4 5 8 ! 5 .2 2 6 4 5 4 .6 6 3 5 7 3 0 0 .0 6 3 0 2 5 .2 3 8 0 1 469733 -
4 0  1 0 .0 7 4 3 7 5 . 2 2 6 6 6 ^ . 6 6 4 1  5 j 4 0 0 . 0 6 2 8 ; < .2 i S 2C 4 .6 9 7 8 8
J O  ;O .0 7 4 I 7 !5 .2 2 6 8 6 1 4 .6 6 4 7 2  11 5 c  1 0 .0 6 2 6 5 5 .2 3 8 3 8 1 4 .6 9 8 4 2
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0 o
i o
2 0
3 0
4 0SO

0 .0 6 2 4 7  
0 .0 6 2 2 9  
0 .0 6  2 I 
O .0 6 1 9 2  
0 .0 6 1 7 .
0 .0 6  I ?<

5 .2 3 8 5 6
5 .2 3 8 7 4
5 .2 3 8 9 2
5-2 3 9 1
5 .2 3 9 2 5
5 -2 3 9 4 7

4 . 6 9 8 9 7  
w - 6 9 9 5 2  

4 .7 0 0 0 6  
4 .7 0 0 6 1  
4 .7 0 1 1 5  
4 .7 0  I ’ O

1 0 0
1 0
2 0
30
4 0
5 0

0 .0 5 2 0 7  
0 . 0 5 1 9  
0 .0 5 1 7 3  
0 .0 5 1 5 8  
0 .0 5 1 4 2  
0 . 0  $ 1 2 $

5 .2 4 8 9 0 1 4 .7 3 0 9 9  
5 .2 4 9 1 2 4 . 7 3 1 5 1  
5 .2 4 9 2 9 4 . 7 3 2 0 3  
5 .2 4 9 4 5  u . 7 3 2 5 4  
5 . 2 4 9 6 1 4 . 7 3 3 0 6  

■ 5 .2 4 9 2 8 I4 .7 3 3 ? *
I o

1 0
2 0
3 0
4 0
5 0

O .O 6 1 3 8
0 .0 6 1 2 0
0 . 0 6 1 0 2
0 .0 6 0 8 2
O .O 6 0 6 6
O .O 6 0 4 8

5 -2 3 9 6 5
5 .2 3 9 8 3
5 .2 4 0 0 1
5 .2 4 0 1 9
5 .2 4 0 3 7
5 .2 4 0 5 5

4 .7 * 0 2 2 4
4 .7 0 2 7 9
4 - 7 0 3 3 3
+ 7 0 3 8 7
4 . 7 0 4 4 2
4 . - 0 4 9 6

1 O
I O

2 0
30
4 0
SO

0 .0 5 1 0 9  
0 .0 5 0 9 ;  
0 .0 5 0 7 7  
0 .0 5 0 6 0  
0 .0 5 0 4 1  
0 .0 5 0 2 'i

5 .2 4 9 9 .
5 .2 5 0 1 c
5 .2 5 0 2 6
5 .2 5 0 4 3
5 - 2 5 0 5 9
5 .2 5 0 7 5

4 . 7 3 4 1 °
4 .7 3 4 6 2
+ 7 3 5 1 4
+ 7 3 5 6 5
+ 7 3 6 1 7
4 .7 5 6 6 8

2 0
1 0
2 0
3 0
4 0
SO

O .O 6 0 3 O
0 . 0 6 0 1 2
O .IO 5995
O .O 5 9 7 7
O .O 5 9 5 9
O .O 5 9 4 I

5 .2 4 0 7 3
5 .2 4 0 9 1
5 .2 4 1 0 8
5 .2 4 1 2 6
5 .2 4 1 4 4
5 .2 4 1 6 2

4 .7 0 5 5 0
4 . 7 0 6 0 4
4 .7 0 6 5 8
4 .7 0 7 1 2
4 .7 0 7 6 6
4 .7 0 8 2 0

1 2 O
1 0
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30
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s o

0 .0 5 0 1 2  
0 .0 4 9 9 6  
0 .0 4 9 8 0  
0 .0 4 9 6 5  
0 .0 4 9 4 8  
0 . 0 4 9 5 2

5 .2 5 0 9 1
5 .2 5 1 0 7
5 - 2 5 1 2 3
5 - 2 5 1 3 9
5 - 2 5 1 5 5
5 .2 5 1 7 1

+ 7 3 7 2 0
+ 7 3 7 7 2
+ 7 3 8 2 3
+ 7 3 8 7 4
+ 7 3 9 2 6  1
4 - 7 3 9 7 7  ;

3 0
1 0
2 0
3 0
4 0
so

O .O 5 9 2 4
O .O 5 9 0 6
O .O 5 8 8 8
O .O 5 8 7 1
O .O 5 S 5 3
O .O 5 8 3 6

S -2 4 ‘ 7 9
5 - 2 4 1 9 7
5 .2 4 2 1 5
5 .2 4 1 3 2
5 .2 4 2 5 0
5 .2 4 2 6 7

4 .7 0 8 7 4
4 .7 0 9 2 8
4 . 7 0 9 8 2
4 . 7 1 0 3 6
4 . 7 1 0 8 9
+ 7 1 1 4 ?
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1 0
2 0
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4 0
SO

0 .0 4 9 1 0  
0 .0 4 9 0 c  
0 .0 4 8 8 4  
0 .0 4 8 6 8  
0 . 0 4 8 5 2  
0 .0 4 8 3 7

5 .2 5 1 8 - 1 4 . 7 4 0 2 8  i 
5 . 2 5 2 0 5 4 . 7 4 0 8 0  | 
5 . 2 5 2 1 9 4 . 7 4 1 3 1  j 
5 - 2 5 2 3 5 + 7 4 1 8 2  ,
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s o
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2 030
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0 .0 4 8 2 1
0 .0 4 8 0 5
0 . 0 4 7 8 9
0 . 0 4 7 7 4
0 . 0 4 7 5 8
0 .0 4 7 4 3

5 .2 5 2 8 2  
5 .2 5 2 9 8  
5 2 5 3 '4
> • 2 5 3 2 9
5 -2 5 3 4 5
5 .2 5 3 6 0

+ 7 4 3 3 5  
4 .7 4 3 8 6  
+ 7 4 4 3 7  
+  " 4 4 8 8  
+ 7 4 5 3 9  
4 - 7 4 1 9 0

5 0
1 0
2 0
3 °
4 0
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0 .0 5 7 1 4
0 . 0 5 6 9 6
0 . 0 5 6 7 9
2 .0 5 6 6 2
0 .0 5 6 4 5
0 .0 1 : 6 2 -

5 .2 4 5 8 9
5 . 2 4 4 0 7
5 .2 4 4 2 4
5 .2 4 4 4 1
5 .2 4 4 5 8
5 .2 4 4 7 6

4 . 7 1 5 1 8
+ 7 ' 5 7 i
4 .7 1 6 2 4
4 .7 1 6 7 8
+ 7 1 7 3 1
4 .7 1 7 8 4

1 5 0
1 0
2 0
3 0
4 0
SO

0 .0 4 7 2 7  
0 .0 4 7  I 1
O .O 4 6 9 6
O .O 4 6 8 O
O .O 4 6 6 5
O .O 4 6 4 9

>■ 25376
5 - 2 5 3 9 2
5 - 2 5 4 0 7
5 .2 5 4 2 3
5 - 2 5 4 3 8
5 .2 5 4 5 4

4 - " 4 6 4 *  
4 + 4 6 9 2  
+ 7 4 7 4 2  
+ 7 4 7 9 3  
+ 7 4 8 4 4  
4 .7 4 8 4 4

6 0
1 0
2 0
3 °
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5 0

3 .0 5 6 1 0
° - ° S S 93
3 .0 5 5 7 6
J ' ° 5  5 5 9  
3 .0 5 5 4 2  
o .o * * 2 c

5 -2 4 4 9 3
5 .2 4 5 1 0
5 - 2 4 5 2 7
5 .2 4 5 4 4
5 . 2 4 5 6 '
5 .2 4 5 7 8

4 . 7 1 8 3 -  
4 .7 1 S 9 O  
4 -7 1 9 4 3  
4 .7 1 9 9 6  
4 .7 2 0 4 5  
4 .7 2 1 0 2

16 0
1 0
2 0
3 0
4 0so

0 . 0 4 6 3 4  
0 . 0 4 6 1 9  
0 ,0 4 6 0 ?  
0 . 0 4 5 8 8  
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5 .2 5 5 0 0  
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5 .2 5 5 3 0  
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+ 7 4 9 9 5  
4 .7 5 0 4 6  
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+ 7 5 '4 7
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s o
2 0
3 0
4 0
KO
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0 .0 5 4 9 1
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5 .2 4 6 2 9
5 .2 4 6 4 6
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SO
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0 .0 4 5 1 2  
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4 .7 2 6 8 1 !  
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l 8 010
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sO
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0 . 0 4 4 3 6  
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4  7 5 6 4 9  
+ 7 5 6 9 9
+ 7 5 7 4 8
4 ~ ? 7 9 8

9 0
1 0
2 0
30
4 0
5°

0 0 5 3 0 6  
0 .0 5 2 9 0  
0 .0 5 2 7 3  
0 .0 5 2 5 7  
0 .0  5 2 4 0  
0 . 0 5 2 2 4

5 -2 4 7 9 7
5 -2 4 8 1 .3
5 .2 4 8 3 0
5 .2 4 8 4 6
5 .2 4 8 6
5 .2 4 8 7 9

+  7 2 7 8 5
4 .7 2 8 3 8  
4 . 7 2 S 9 0  
4 .7 2 9 4 2  
+  7 2 9 9 4 | 
+  7 3 0 4 6 1

*9 0
I O

2 0
3 0
4 0
5°

0 .0 4 3 6 1
0 . 0 4 3 4 6
0 .0 4 3 3 2
0 .0 4 3 1 7
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H O U R S.
LogA eia ^OgMld ^ogarith Loggia Log Mid Logarith
Time. Time, Riling. Time. Time. Rifing.

26 0 0.04272 5.25831 4.76146 '30 O 0.03438 5.26665 4.79051
10 0.04-258 s.25845 4.76196 10 0.03425 5.26678 4.79098
20 O.O4243 5.25860 4.76245 20 :>.0 2 4 I2 5.26691 4-79*45
3° 0.04228 5-^5875 4.76295 30 O.03399 5.26704 4.79*92
40 0.04214 5.25889 4-76344 4 0 0.03386 5.26717 4.79240
5° O.O4TQ0 5.25904 4.76394 50 0.03373 5.2673c 4.79287

■ 21 O O.O4185 5.25918 4-76443 3 * O 0.03360 5.26743 4-79334
IO O.O4I7O >•25933 4.76492 IO 003348 5.26755 4.79381
20 O.O4156 5-25947 4.76542 20 0-03335 5.26768 4.79428
30 0.04141 5.25962 4.76591 30 0.03322 5.26781 4-7 9 4 7 S
40 0.04127 5.25976 4.7664c 40 0.03309 5.26794 4.79522
<0 O.O4I TÏ 5.25991 4.76689 5° 0.03296 5.26807 4.79568

%% 0 O.O4O98 5.26005 4.76738 32 0 0.03283 5.2082C 4.79615
10 O.O4083 5.26020 4.76787 zo O.O3271 5.26832 4.79662
20 O.O4069 5.26034 4.76836 20 0.03258 5.26845 4.79709
30 O.O4O55 5.26048 4.76885 30 O.03245 5.2685b 4-79756
40 O.O4O4O 5.26063 4.76934 40 O.03233 5.2687c 4.79802
50 O.O4O26 5.26077 4.76983 JO O.O322O 5.26882 4.79849

*3 0 O.O4O 1 2 5.26091 4.77032 33 0 O.O32O7 5.26896 4.79896
10 0.03998 5.26105 4.77081 10 0.03195 5.26908 4.79942
20 0.03983 5.26120 4 -7 7 I3C 20 0.03182 j.26921 4.79989
3° O.O3969 5.26134 4-77179 30 0.03170 5-26933 4.80035
40 0.03955 5.26148 4-77227 40 0.03157 5.26946 480082
>0 0.03941 5.26162 4-71276 so O.O3145 5.26,58 4.80128
O 0.05927 5.26176 4 -7 7 3 2 J 34 0 0.03*32 5.26971 4-80175

1 10 0.03913 5.26190 4-77373 IO O.O3 120 5.26983 4.80221
Í 20 O.O3899Í5.262O4 4.77422 20 0.03107 5.26996 4.80267
I 3° O.O3885 5.20218 4-77470 30 0.03095 5.2700S 4.80314
( 40 0.03871 5.26232 4 -775*9 40 0.03085 5.27020 480360
Í 10 0.03831 ç.20240 4.7756" 50 O.O307O 5-27033 4.80406

25 0 0.03843 5.26200 4.77616 35 O 0.03058 >-27045 4.. 804.5 2
Ï0 0.03829 5.26274 4.77664 IO 0.03046 5-27057 480498
20 0.03S15 5.26288 4-777*3 20 0.03034 5.27069 480545
30 0.03802 5.26301 4.77761 30 0.03021 5.270S2 480591
40 0.03 7 88 s.26315 4.778O9 40 O.OîOOQ >•27094 4.80637
Ç0 0.03774 4-71857 50 0.02947 5.27106 4.80683

26 O' 0.03760 >••26343 4.77906 3 b O 0.O2 qS<; 5.2711b 480729
10 o.Oj-47 5.26356 4-77954 IO 0.02973' 5.2713c 4-80775
20 0-03733 5.26370 4.78002 20 0.02961 5.27142 480820
30 0.03719 5.26384 4.78050 30 0 .O2Q4-Q5.27154 4.80866
40 0.03706 5.26397 4.78098 40 0 .O2Q37 5.27166 4.80912

0.03692 5.26411 4.78146 ____ _ 5° O.O2923 5.27178 4.809 c 8
27 0 0.03678 5.26425 4.78194 37 O 0.0 2<m 5.2719c 4.81004

10 0.03665 5.26438 4.78242 IO 0.02901 ç.27202 481049
20 0.03651 5.26452 4.7829c 20 0.02889 5.27214 4» 8 1OQ 5
30 0.03638 5.26465 4-78338 30 0.02877 5.27226 481141
40 0.03624 5.26479 4-78385 40 0.02865 52723s 4.81186
50 0.03611 5.26492 4.78433 50 0.02853 >.27250 481232

28 0 0.03597 5.26506 4.78481 38 0 0.02841 5.2726- 481277
10 0.03584 5.26519 4.78529 IO 0.02829 5-27274 481323
20 0.03571 >•26532 4.78576 20 0.0281b 5.27285 4.81368
30 0.03557 5.26546 4.78624 30 0.02806 5.27297 481414
40 0.03544 >•26559 4-78671 40 0 .0 2 7 Q4 5.27309 481459SO 0.03531 5.26572 4 .7S7 ! Q 50 0.02783 5.2732C 481505

29 0 ¡0.03517 5.26586 4-7 8 7 0 ; 39 0 O.O277 l 5.27332 4.81550
10 0.03504 5.26599 4.78S14 IO O.O2759 >•27344 4-8*595
20 ,0.0349 ‘ 5.26612 i 20 0.02748 5-27355 481641
30 0.03478 5.26625 4.78909 30 0.02756 5-2736" 481686

i 4 ° O.O34ÓÍ 5.26638 4.78956 40 XO2724 5-2 7 37Ç 4-8 *7 3 *
1 5 ° I0.05452 5.26651 4.19004 ---- __50 O.O2715 !5 -2 7 3 9 c M * 7 7 6 _



1 . 4 H O U R S.

TLT 5 Logúela LogtVIid Logartth M Logúela Log Mid Logarith
! Time. Time. Rifing. Time. Time. Rifing.

40 0 0.02701 5.27402 4.8 1821 50 0 0.02058 5.28045 4.84466
10 0.02690 S-2 7 4 '3 4.81866 10 0.02048 5.28055 4.84509
20 0.02678 5.27425 4.81911 to 0.02038 5.28065 4 « 4 5  52
30 0.02667 5-27436 4.81956 30 0.02028 4.28075 4.84595
40 0.02656 5.27447 4.82001 40 0.02018 5.28085 4.84638
5° 0.02644 5-27459 4.82046 50 0.02009 5.28094 4.84681

4 ‘ Û 0.02633 5.27470 4.82091 51 0 O.OJQQO 5.28104 4.84724
10 0.02622 5.2748! 4.82136 10 o.o iq 8q 4.28114 4.84767
20 0.02610 5-27493 4.82181 20 0 .0 1 Q7Q 5.28124 4.84810
30 O.O2599 5.27504 4.82226 30 0.01969 Ï-2 8 I34 4.84852
40 0.02588 5-27 5 15 4.82271 40 0.01960 5-28143 4.84895
5° O.O2577 5.27526 4.82315 50 0.0 950 5-28153 4.84938

4 » 0 0.02565 5-27538 4.82360 5 ^ 0 0.01940 5.28163 4.84981
to 0.02554 5-27549 4.82405 10 0.01931 5.28172 4.85023
20 0.02543 5.27560 4.82449 20 0.01021 5.28182 4.85066
30 0 .0 3 {3'2 5-27571 4.82494 30 0.01912 5.28191 4.85108
40 0.02521 5.27582 4.82538 40 0.01902 5.28201 4 -*5 ' 5 I
50 0.02510 S-27593 482583 5° 0.01892 ,-.28211 4.85194

43 0 0.02499 5.27604 4.82628 53 O 0.01883 5.28220 4.85236
10 0.02488 5.27615 4.82672 10 0.01873 5.2823c 4.85278
20 0.02477 5.27626 4.82716 20 0.01864 5.28239 4.85321
30 0.02466 5-27637 4.82761 50 0.01854 5.28249 4-85363
40 0.02455 5.27648 4.82805 40 0.0:845 5.28258 4.85406
5° 0.02444 5.27659 4.82850 50 0.01836 5.28267 4 85448

4 4 0 0.02433 5.27670 4.82894 54 0 0.01826 5.28277 4.85490
10 0.02422 5.276S1 4.82938 10 0.01817 5.28286 485533
Î0 0.02411 5.27692 4.82982 20 0.01808 5.28295 4-85575
30 0.02400 5-2 7 7 0 - 4.83026 30 0.01798 5.28305 4.85617
40 O.O239O 5-2 7 7 i j 4.83071 40 0.01789 5-28314 485659
5° 0.02379 5.27724 4.83115 5° 0.01780 528323 4.85701

45 0 0.02368 5-27735 4 -8 3 I59 55 0 0.01771 5-28332 4 -85744
10 0.02357 5.27746 4.83203 10 0.01761 5.28342 4.85786
20 0.02347 5-27756£ 8 3 2 4 7 20 0.01752 5-2S3 5 I 4.85828
30 0.02336 5.27767 48329' 30 0.01743 5.2836c 4 85870
40 0.02326 5-27777 4-83335 40 0.01754 5.28369 4.85912
5° 0.02315 5.27.788 4-83379 50 0.01725 5-28328 4.85954

: 46 0 0.02304 5.27799 4.83423 56 0 0.01716 5.28387 4.85996
10 O.O2294 5.27809¿83467 10 0.01707 5.28396 4.86038
20 0.02283 5.27820 4.83510 20 0.01698 5.28405 4.86079
30 0.02273 5.27830 4-83554 30 0^01689 5.28414 4.86121
40 0.02262 5.27841 4.83598 40 0.01680 5.28423 4.R6163
5° 0.02252 5.2185. 4.83642 50 0.01671 5.28432 4.86205

47 O O.O224I 5.27862 4.83685 57 O 0.01662 5.28441 4.86247
10 0.02231 5.27872 4.83729 10 0.016 Î 3 5.28450 4.86288
20 0.02221 5.27882 4-83773 20 0.01644 5.28459 4.86330
30 0.02210 5.27893 4.83816 30 0.01635 5.28468 4.86372
40 0.02200 5-27905 4.83860 40 0.01627 5.28416 4.86413
S® O.C2Ï9O 5-2 7 9 ’ 5 483903 50 0.0161S 5.28484 4.86455

48 O 0 .0 2 1 79 5-27924 ¿8394/ 58 O 0.01609 >•28494 4/86496
TO 0.02169 5-27934 4-83990 I O 0.0160c 5.28503 4.86538
20 0.02! 59 5-27944 4.84034 20 0.01 5QI 5.28512 4.86579
30 O.O2I49 5-27954 4.84077 30 0.01585 4.2852c 4.86621
40 0.02139 5.27964 4.84120 40 0.01574 5.28529 4.86662
SO 0.02128 5-27975 4.84164 50 0.01565 5.2853V 4.S6704

49 O 0.021 18 5.27985 4.84207 59 O 0.01557 5.28546 4.86745
I O 0.02108 S-27995 4.84250 TO 0.01548 >••28555 4.S6786
20 O.O2O98 5.28005 4.84293 20 0.01540 5.28563 4.86828
30 0.02088 5.28015 4-84337 30 0.01531 5.28572 4.86869
40 O.O2O78. 3.28024 .4.84380 40 0.0! <¡21 5.2858c 4.86910
5° 0.02068 5-28035 4.84423 50 0-01514, 5.28589 4.86951



j 5 H O U R S.

i  M . s. Log^ ei.
T im e .

L o gM ia
T im e .

cogarieh
R ifin g . M .

! s '

Logúela
T im e .

L ogM ic
T im e .

Logarkh
R iiin g .

o 0
10
20
3 0
40
<o

3.0150É
0.01497
0.01489
0.0 148 c
0.0 1472
0 .0 14 6 .

> 28 597
5.28606
5.28614
5.2862;
5.28631
5.28639

4.86992 

4 -8 7P 3 4  
4.8 7075 
4 .8 7 1 16  

4 -* 7 > 5 7  
4 .8 719 8

10 O
IO
20

3 0
4 0
Ç0

0 .0 10 42
0.0 10 35
O.O1O2Í
0.0 10 21
0.0 10 14
0.0 10 07

5.29061
5.29068
s.29 0 75
5.29082
5.29085
5.29096

4 .8 9 4 07
4.8 9 4 47
4.89486
4 .8 9 52 5
4 .8 9 56 4
4.8 9604

2 0
10
20
3 0
4 0
5 0

0 .0 1 4 5 5
0 .0 1 4 4 7
O.OI439
O.OI43O
0.0 14 2 2
O .O r4r4

5.28041
5.28656
5.28664

5-28673
5.28681
5.28689

+  8 7 2 3 9  
4.87280

4 -8 73 2 '
4.8 7362 
4 87402 
4.87443

I I 0
xo
20
3 0
4 0
5 °

O.OIOOO
0.00993
0.00987
◦.0 0 9 80
0.00973
0.00966

5 .29103 
5 .2 9 1 10  
5 .2 9 1 16  
s .2 9 12 3  
5 .2 9 1 30 

>-29 I 3 7

4.8 9643
4 .8 9 6 8 1
4 .8 9 7 2 1
4 .8 9 76 0
4 .8 9 79 9
4.89838

2 0
i o
20
3 0
4 0
ço

0.01406
0.01398
0.01390
0.0 138 1
0 .0 13 73
0.0 1365

5.28697
5.28705
5 .28 713
5.28722
5 .28 73 c
3.28738

4.87484

4-87525
4.87566
4.87606

4-87647
4.8--688

12 0
10
20

30
40

5°

0.00960
0.00953
0.00946
0.0 094c
0.00933
0.00926

5-29 ‘ 4 3  
5 .2 9 150  

5 -29 i 5 7  
5.29 16 3 
5 .2 9 170  

>-29 i 7 7

4 .8 9 877
4 .8 9 9 16
4 .8 9 9 55
4 .8 9 9 9 4
4.90033
4 .9 0 0 72

3 o
10
20
3 0
40
<;o

0 .0 1 3 5 7
0 .0 13 4 9
0 0 1 3 4 1
0-01333
0.0 13 25
0.013

5.28746

5. 2 8 7 S4
5.28 762
5.28 770
5.28778
3.28786

4 .8 7728
4 .8 776 9
4.87809
4.87850
4.87890
4 .8 79 3 1

*3 0
10
20
30
40

5°

0.00920
0.00913
0.00907
0.00900
0,00894
0.00887

5.29 183
5 .2 9 19 0
5 .29 19 6
5.29203
).29 20 9
5.2 9 2 16

4 -9 0 11 1
4 .9 0 15 0
4 .9 018 8
4.9 0 2 27
4.90266

4 - 9 3 3 0 5
4 o

10
20
30
40
Ç0

0.013 IO 
0 .0 1302 
0 .0 12 9 4  
0.0 12 86  
0 .0 12 78  
0 .0 12 71

5 - i « 7 9 3
5.28801
5.28809
5.28 8 17
5.28825
5.28832

4 -8 7 9 7 *
4.8 80 12
4.88052
4.88093
4.88133
4.8 8 173

* 4 0
10
20
30
40
5 0

0.00881
0.00874
0.00868
0.00862
0.00855
0.00849

5.29222
5 .29 129

S-2 9 2 3 5
5.29241
5.29248

5-29254

490343
4 .9038 2
4 .9 0 4 2 1

4 -9 * 4 5 9
4.90498
4 .9 0 5 36

5 o
xo
20
3 0
4O

Ç9

0.0 12 6 3 
0 .0 12 55  
0 .0 12 4 7  
0 .0 1 240 
0 .0 12 32  
0 .0 12 2 4

5.28840
5.28848
5.2S856
5.28863
5.28871
5.2887c;

4.88213
4 8 8 2 5 4
4.88294
+•88334

4 -8 8 3 7 4
4 .S 8 4 14

• 5 0
10
20
30
40
W

0.00843 
0.00836 
0.00830 
O.OOS24 
0.008 lS  
0.00811

5.29260
5.29267

>■ 29273
5.29 279
5.29285
5.29292

4 -9 0 5 7 Ï
4 .9 0 6 13
4 .9 0 6 5 2
4.90690
4.90728

4 -9 0 7 6 7
0 0

10
20

4 0

50

0 Í0 1217 
0 .0 1209 
0 .0 12 0 2 
0 .0 1 1 94 
0 .0 118 7  
0 .0 117 9

5.288S&
5.28894
5.28901
5.I890 9
3.28916
5. 7.8 q 2 4

4.88454 
4-88494 
+ 8 8 5 3 4  
4 88574 
.4.88614 
4 8 8 6 5 4

i b 0
IO
20
3 0
4 0
<0

0.00805
0.00799
0.00795
0.007S7
0.00781

->■ 00775

5.29298 
5 .29304 
5 .2 9 3 10  
5.293 16 
>■ 29322 
5-29328

4.90805
4-90843
4 .9 0 8 8 2  
4. 9O92O 
4.90958

4-90996

7 0
10
20

3 °
40

<;o

0.0 r 172 
0 .0 116 4  
0 .0 11 5 7  
0 .0 1 1 5 c  
0 .0 114 2
0 .0  T I35

5.28931
5.28939
5.28946

5-2 * 9 5 3
J.2S96 J
5.2S06S

4.88694 
4.88734 
4.88774 
4.888 14 
4.88853 
4.88893

17 0
IO
20
3 0
4 0

- 5—

0.00769
0.00763
0.00757
0.00751

0.00745
3 -0 0 7 3 9

5 -2 9 3 3 4
>•29340
5.29346
5.29352
5.29358
5.29364

4 .9 10 3 4  
4 9 1 0 7 3  
4 .9 1 1 1 1  

4 9 1 149
4 .9 1 18 7
4 -9122 5

s 0
10
20
30
40
Ç0

0.01 128 
0.01 120 
0.01 r 13 
0.0 u  06 
0.01099 
0 .0 10 9 1

S.28975
5 .2 8 9 8 5
) .2 8 q Q0

5.2^997
5.29004
5.29012

4.88935

4-88973
4.89012
4.89052
4.89091
4 .8 9 13 1

l b O
10
20

30
4 0

0.00733
0.00728
0.00722
0.0 0716
0 .0 0710
0.00704

5 .2 9 3 7 0 4 .9 12 6 3  

5 -2 9 3 7 5  4 -9 * 3 0 1  
5.29381 4 .9 1 3 3 9  
5 .29 3 8 714 .9 13 77

5 -2 9 3 9 3 4 -9 I 4 Í4
5.2 9 3 9 9 4 .9 14 .5 2

9

—

0
10
20

3 °
4 0 ,
5 0

3.01084
0.0 10 77
0 .0 1 0 7 0
0.01063
0.0 10 56
3.01049

5.29019 
5.29026 
5.29033 
5.29040 
5.29047 
5.29054

4 .8 9 17 1
4 .8 9 2 1c
4.89250
4.89289
4.89328
4.89368

19 0
IO
20

3 °
40

5 °

3 x 0 6 9 9
3.00693
3.0068 ;
0.00682
3.006761
0.00670]

5 .2 9 4 0 4 4 .9 14 9 0
5 .2 9 4 1 0 4 .9 15 2 8
5 .2 9 4 1 6 4 .9 1 5 6 6
5-2 9 4 2 i|4 .9 i 6 0 3
5-2 9 4 2 7 ,4 -9 i 6 4 *

5-2 9 4 3 3 |+-9 > 6 7 9



1 5 H O U R s .
L o g  i d a 1 L o g  M id L o g a r ith L o g ú e la L o g M id L o g a r it h

T im e . I T i m e , R i lin g . T im e . T im e . R i f in g .

2 0 0 o .o o 6 6 ^ < ; .2 4 4 3 8 4 .9 1 7 * 6 3 ° 0 0 .0 0 3 7 3 5 .2 9 7 3 0 4 .9 3 9 2 6

1 0 O.OOÔÇQ1 Ç.2 Q4 4 4 4 -9 * 7 5 4 1 0 0 .0 0 3 6 9 5 - 2 9 7 3 4 4 .9 3 9 6 2

2 0 0 .0 0 6 3  4 ,5 .2 9 4 4 5 4 .9 * 7 9 2 2 0 0 .0 0 3 6 5 5 .2 9 7 3 8 4 .9 3 9 9 8

3 0 0 .0 0 6 4 8 , 5 .2 9 4 5 5 4 .9 1 8 2 9 3 ° 0 .0 0 3 6 1 5 .2 9 7 4 2 4 - 9 4 0 3 4
4 0 O .O O 6 4 J 1 5 .2 9 4 6 c 4 .Q 1 8 6 7 4 0 0 .0 0 3 5 7 5 .2 9 7 4 6 4 .9 4 0 6 9

S ° 0 .0 0 6 3 7 'Ç .2 9 4 6 6 4 -9 * 9 0 4 5 0 0 .0 0 3 5 5 5 .2 9 7 5 0 4 .9 4 1 0 5

%\ O 0 . 0 0 6 3 2 ( 5 . 2 0 4 7 1 4 -9 * 9 4 2 3 * O 0 .0 0 3 4 1 5 - 2 9 7 5 4 4 -9 4 * 4 1
1 0 0 .0 0 6 2 6  Ï . 2 Q4 7 7 4 -9 * 9 7 9 1 0 0 .C 0 1 4 5 .2 9 7 5 8 4 -9 4 * 7 7
2 0 0 .0 0 6 2 1 ( 3 .2 9 4 8 2 4 . 9 2 0 1 7 2 0 O .O O 3 4 5 .2 9 7 6 2 4 .9 4 2 1 3

3 ° O .O 0 6 1 6 : 3 .2 4 4 8 ' 4 .9 2 0 5 4 3 0 0 .0 0 3  y 5 .2 9 7 6 6 4 .9 4 2 4 9

4 0 0 .0 0 6 1 0 !  3 .2 4 4 9 1 4 .9 2 0 9 2 4 0 0 .0 0 3 3 . 5 .2 9 7 7 0 4 .9 4 2 8 4

5 0 0 .0 0 6 0 5 * 5 .2 9 4 9 ? 4 .9 2 1 2 9 5 ° O.O O 32C 5 - 2 9 7 7 4 4 .9 4 7 2 0

2 2 O 0 .0 0 6 0 c 5 -2 9 S ° j 4 .9 2 1 6 6 3 2 0 0 .0 0  32 5 .2 9 7 7 8 4 . 9 4 3 5 6
1 0 0 .0 0 3 9 3 S - 2 9  5 ° 9 4 .9 2 2 0 3 1 0 0 .0 0 3 2 5 .2 9 7 8 2 4 .9 4 3 9 2

2 0 0 .0 0 5 8 c S -2 9 5 * 4 4 .9 2 2 4 1 2 0 0 .0 0 3 1 7 5 .2 9 7 8 6 4 .9 4 4 2 7

3 0 0 .0 0 3 8 4 S-2 9 S *9 4 .9 ^ 2 7 8 3 0 0 . 0 0 3  1.1 5 .2 9 7 9 0 4 .9 4 4 6 3

4 0 0 . 0 0  Ç 7 Q Ç -2 Q Ç 2 4 4 -9 2 3 *S 4 0 0 .0 0 3  IC 5 .2 9 7 9 3 4 .9 4 4 9 8

50 0 .0 0 5 7 4 1 5 .2 9 3 2 9 4  9 2 3 5 2 5 ° 0 .0 0 3 0 5 .2 9 7 9 7 4 - 9 4 5 3 4
* 3 O 0 .0 0 5 6 8 I 5 .2 9 5 3 5 4 .9 2 3 9 0 3 3 O 0 .0 0 3 0 2 5 .2 9 8 0 1 4 .9 4 5 7 0

lO 0 .0 0  36  2 '3 .2 0 3 4 c 4 .9 2 4 2 7 1 0 0 .0 0 2 9 8 5 .2 9 8 0 5 4 .9 4 6 0 5

2 0 0 .0 0 5 5 8 (5 .2 9 5 4 5 4 .9 2 4 6 4 2 0 O .O O 2 9 5 5 .2 9 8 0 8 4 .9 4 6 4 1

3 0 0 -0 0 5 5 3 ' 5 '2 9 5 5 0 4 .9 2 5 0 1 3 0 0 .0 0 2 9 1 5 .2 9 8 1 2 4 .9 4 6 7 6

4 0 0 .0 0 5 4 8 S -2 9 5  5 5 4 .9 2 5 3 8 4 0 0 .0 0 2 S 7 5 .2 9 8 1 6 4 .9 4 7 1 2

S ° 0 .0 0 3 4 3 5 .2 9 5 6 0 4 9 2 5 7 5 5 ° 0 .0 0 2 8 . 5 .2 9 8  i q 4 - 9 4 1 4 7
2 4 O 0 .0 0 5 3 8 5 .2 9 5 6 5 4 .9 2 6 1 2 3 4 0 0 .0 0 2 8 0 5 .2 9 8 2 3 4 .9 4 7 8 2

1 0 ° - ° ° S 3 3 5 .2 9 5 7 0 4 .9 2 6 4 9 1 0 0 .0 0 2 7 6 5 .2 9 8 2 7 4 .9 4 8 1 8

2 0 0 .0 0 5 2 Í 5 -2 9 5 7 5 4 .9 2 6 8 6 2 0 0 .0 0 2 7 3 5 .2 9 8 3 0 4 .9 4 8 5 3

3 0 0 .0 0 5 2 3 5 .1 9 5 8 0 4 .9 2 7 2 3 3 ° 0 .0 0 2 6 9 5 .2 9 8 3 4 4 .9 4 8 8 8

4 0 0 .0 0 5 1 8 i - 2 9 5 * 5 4 .9 2 7 6 0 4 0 0 .0 0 2 6 6 5 .2 9 8 3 7 4 .9 4 9 2 4

SO 0 .0 0 5 1 3 3 .2 9 5 9 0 4 .9 2 7 9 6 5 0 0 .0 0 2 6 2 Ç .2 9 8 4 1 4 .9 4 9 5 9

* S O 0 .0 0 5 0 ; 5 - 2 9 5 9 5 4 -9 2 8 3 3 3 5 0 0 .0 0 2 ^ 9 5 .2 9 8 4 4 4 .9 4 9 9 4

1 0 0 .0 0 5 0 4 5 .2 9 5 9 9 4 .0 2 8 7 0 1 0 0 .0 0 2 5 5 5 .2 9 8 4 8 4 .9 5 0 2 9

2 0 0 . 0 0 4  QQ 5 .2 9 6 0 4 4 .9 2 9 0 7 2 0 0 .0 0 2 5 2 5 .2 9 8 5 1 4 .9 5 0 6 5

3 0 O.OO4Q4 5 .2 9 6 0 9 4 .9 2 9 4 4 3 0 0 .0 0 2 4 a 5 .2 9 8 5 4 4 .9 5 I O O

4 0 0 .0 0 4 8 9 5 .2 9 6 1 4 4 .Q 2 Q8 0 4 0 0 .0 0 2 4 5 5 .2 9 8 5 8 4 -9 5 * 3 5
S ° 0 .0 0 4 8 4 5 .2 9 6 1 9 4 .9 3 0 1 7 5 0 0 .0 0 2 4 2 5 .2 9 8 6 1 4 .9 5 1 7 0

2 0 0 O.OO48O 5 . 2 Q6 2 3 4 .9 3 0 5 4 3 6 O 0 .0 0 2 3 9 5 . 2 9 K6 4 4 .9 5 2 0 5

1 0 0 .0 0 4 7 5 5 .2 9 6 2 8 4 .9 3 0 9 0 1 0 0 .0 0 2 3 5 5 .2 9 K 6 8 4 .9 5 2 4 0

2 0 O .O O 47O 5 .2 9 6 3 3 4 -9 3 * 2 7 2 0 0 .0 0 2 3 2 5 .2 9 8 7 1 4 -9 S 2 7 5
3 0 0 .0 0 4 6 6 5 .2 9 6 3 7 4 .9 3 1 6 4 3 0 0 .0 0 2 2 9 5 .2 9 8 7 4 4 .9 5 3 1 0

4 0 0 ,0 0 4 6  I 5 .2 9 6 4 2 4 .9 3 2 0 0 4 0 0 .0 0 2 2 5 5 .2 9 8 7 S 4 - 9 5 3 4 5
5 ° 0. o o j .5 6 5 .2 9 6 4 7 4 .9 3 2 3 7 5 ° 0 .0 0 2 2 2 5 .2 9 8 8  i 4 .Q 5 2 8 0

2 7 0 0 .0 0 4 5 2 5 . 2 9 b 5.l| 4 . 9 3 2 7 3 3 7 0 0 .0 0 2 X 9 5 .2 9 8 8 4 ( 4 .9 5 4 * 5
1 0 0 .0 0 4 4 7 5 .2 9 6 5 6 4 . 9 3 3 1 0 JO 0 . 0 0 2 1 6 5 .2 9 8 8 7  4 .9 5 4 5 0

2 0 0 .0 0 4 4 3 5 .2 9 6 6 0 4 - 9 3 3 4 6 2 0 O .O O 2 1 3 5 - 2 9 8 9 0 1 4 .9 5 4 8 5
3 0 0 .0 0 4 3 8 5 .2 9 6 6 5 4 - 9 3 3 8 2 3 ° 0 .0 0 2 IC 5 . 2 9 8 9 3 4 . 9 5 5 2 0
4 ° 0 .0 0 4 1 4 5 .2 9 6 6 9 4 -9 3 4 * 9 4 0 O.OO2O7 5 . 2 9 8 9 6 4 - 9 5 5 5 5
5 0 0 .0 0 4 2 9 5 .2 9 6 7 4 3 - 9 3 4 5 5 5° O.O O 203 < 2 9 q o o l4 -Q 5 c 8 q

28 0 0 .0 0 4 2 5 5 .2 9 6 7 8 3  9 3 4 9 2 3 8 0 0 .0 0 2 0 0 5 .2 9 9 0 3 1 4 .9 5 6 2 4

1 0 0 .0 0 4 2 0 5 .2 9 6 8 3 3 .9 3 5 2 8 1 0 0 .0 0 1 9 7 5 .2 9 9 0 6 4 .9 5 6 5 9

2 0 0 .0 0 4 1 6 5 .2 9 6 8 7 3 - 9 3 5 6 4 2 0 0 .0 0 1 9 4 5 .2 9 9 0 9 1 4 .9 5 6 9 4
3 ° 3 .0 0 4 1 2 5 .2 9 6 9 1 3 .9 3 6 0 0 3O 0 .0 0 1 9 1 5 .2 9 9 1 2 4 .9 5 7 2 8

4 0 ¡>.00407 5 .2 9 6 9 6 3 -9 3 6 3 7 4 0 d .o o i 8 ? 5 .2 9 9 1 5 4 .9 5 7 6 3

5 ° 5.OO403 Ç. 2 9 ^ 0 0  -1 0 3 6 7 3 5 ° 5 .0 0 1 8 5 '.2 9 9 1 8 ( 4 .9 5 7 9 8

0  c>.003991 .2 9 7 0 4 3 .9 3 7 0 9 3 9 O 7 .0 0 1 8 3 .2 9 9 2 0 ) 4 .9 5 8 3 2

1 0  c> .0 0 3 9 4 ^ 5 .2 9 7 0 9 3 9 3 7 4 5 1 0  C3 .0 0 1 8 c ■ •2 9 92 314 .9 5 8 6 7

2 0  C . 0 0 3 9 0 . • 2 9 7 * 3 ‘ • 9 5 7 8 1 , 2 0 3 .0 0 1 7 7 .2 9 9 2 6 ,4 .9 5 9 0 2

3 0  C .0 0 3 8 6 1 5 .2 9 7 17 H • 9 3 8 1 7 3 0 3 .0 0 1 7 4 •2 9 9 2 9 |4 - 9 5 9 3 6  1
4 0  0 .0 0 18 2 ! ., .2 9 7 2 1  4 .9 3 8 5 4 4 0 3 .0 0 1 7 1 •2 9 9 3 2 )4 -9 5 9 7 * 1

-  .......... j o  I 0 .0 0 3 7 7 I 5 .2 9 7 2 6 I 4  9 3 8 9 0 ) _ S ° _ .0 0 1 6 8 •2 9 9 3 í | 4 - 9 6 0 0 5  1



9 H O U R S.

M. S. Loggia
Time.

LogMid
Time.

Uogaiit!'
Riling. M. S. Logúela

Time.
LogMic 
. Time.

Logamh 1
Riling.

4° O 0.00166 $•-9937 4.96040 5® O O.OOO4] 5.30062 4.98063
IO 0.00163 5.29940 4.96074 IO O.OOO4O 5.30063 4.98096
20 0.0016c 5 *9943 4.96109 20 0.00039 5.30064 4.98129

3° 3. OOI £7 5.29946 4.96143 30 0.00037 5.30066 4.98162
40 a o o i £5 5.29948 4.96177 40 0.00036 5.30067 4.98195

? ° . 0.001 $2 5.29951 4.96212 50 0.0003 Ç5.30068 +98228

41 0 0.00149 5-29954 4.Q6246 5 « O 0.00033 5.30070 4.98261
10 0.0014; 5.299S6 4.96280 IO 0.00032 5.30071 4.98293
20 0.00144 5.29959 4.96315 20 0.00031 5.30072 +98326

33 0.00142 5.29961 4-9^349 30 0.00030 5.30073 4.98359
40 0.00 r ¿9 5.29964 4.96383 40 0.00029 5.30074 4.98392
SO 0.001 n 5.29966 4.96417 $0 0.00028 5-30075 4.98425

O 0.001 ¿4 5.2qq6q 4.96451 5* 0 0.00026 5-30077 4-98457
IO 0.00132 5.29971 4.96486 10 0.00025 5.30078 4.98490
20 0.00129 S-*9974 4.96520 20 0.0002.4 5.30079 4.98523
30 0.0012“ 5.29976 4.9655+ 3° 0.00023 5.30080 +.98555
40 0.00 J 24 5.299-9.4.96588 4° 0.00022 5.30081 4.98588
5° 0.00122 5.29981 4.96612 $0 0.00021 5.30082 4.98620

43 O 0.001 2C 5.29983 4.96656 53 0 0.00020 5.30083 4.98653
IO 0.00117 5.2QQS6 4.q66qo IO 0.00019 5.30084 4.98686
20 0.00115 5-2qq8S 4.96724 20 0.00018 5.30085 4.98718
30 a  ©01 13 5.29990 4.96758 3° 0.000 ! 7 5.30086 4.98751
40 0.00 n o 5.29993 4.96792 40 0.00017 5.30086 4.98783
SO 0.00 I 08 $•*9995 4.96826 50 3.00016 >■ 30087 4.9SS16

44 O 0.00106 5.29997 4.96860 54 O O.OOOI5 5.30088 4.98848
IO 0.00104 5.29999 4.96S94 10 O.OCOI/j 5.30089 498880
20 0.00102 3.30001 4.96927 20 O.OOOI3 $.30090 4.98913
30 O.OOOQQ 5.30004 4.96961 30 0.00013 $.30090 4.98945
40 0.00097 5.30006 4.96995 40 0.00012 5.30091 4.98977
So 0.0009$ 5.30008 4.97029 >0 O.ODOI I $.30092 4,990 JO

”  45 0 0.00093 5.3001c 4.97062 55 0 0.00010 5.30093 4.99042
10 0.0009! 5.30012 4.97096 10 0 OOOIC 5-30093 4.99074
20 0.00089 5.30014 4.97130 20 0.00009 5.30094 4.99107
30 0.00087 5.30016 4.97163 30 0.00008 5.30095 4.99139
40 0.00085 5.30018 +•97*97 40 0.00008 5.30095 4-99*7 *
S® 0.00083 5.3002c +•97*3* 5° 0.00007 5.30096 4.99203

46 O 0.00031 5.30022 4.97264 56 O 0.00007 5.30096 4.99235
IO 0.00079 s.30024 4.97298 IO 0.00006 5.30097 4.99267
20 0.00077 5.30026 +•9733* 20 0.00006 5.30097 4.99300
30 0.00075 5.30028 4-9736> 30 0.00005 5.30098 4-9933*
40 0.00074 5.30029 + 97398 40 0.0000 5 5.30098 499364
SO 0.00072 5.30031 +•9743- $0 0.00004 5.30099 4.99396

— 47 0 0.00070 5-30033 +•97465 57 0 0.00004 5.30099 4.99428
IO 3.00068 >•30035 +•97499 IO 0.00003 s.30100 4.99460
20 3.00066 >•30037 + 9753* 20 0.00003 $.30100 4-99+9*
30, 3.00065 5.30038 +-9?565 30 0.00003 $.30100 4.99524
40 0.00063 >.30040 +•97599 40 0.00002 5.30IQI 4.99556
SO 3.0306 I 5.30042 4.97632 50 0.00002 5.30101 499587

4S 0 0.00060 5.30043 4.97665 0 0.00002 5.30101 4.99619
10 0.00058 >.30045 +.97699 58 IO 0.00001 i jo io a 4.99651
20 3.00056 5.3004- +■ 9773* 20 0.0000 J 5.30102 +.99683
30 3.00055 >.30048 + 97765, 30 0.00001 $.30102 4997*5
40 0.00053 5.3005c +•97798 40 0.0000 J Î J 0 I02 499747
SO 3.00032 >.30051 +97*3* <0 lO.OOODl 1730102 4-99778

49 O 0.00050 5 .30053 4.97865 59 O 0.00000 >'•30103 4.99810
JO 3.00049 > .30054 +.97898 10 0.00000 >•30103 +99842
20 0.00047 5 .30056 +•9793 *J 20 0.00000 5.30103 +.99873
30 0.00046 >.30057 +•97964 30 0.00000 5.30103 +.99905
4 ° 3.00044 $.30050 4-97997! 40 0.00000 5.30103 4 9 9 9 3 7
SO 0.0004315.30060 4.98030! S® 0 .0 0 00 c 5.30103 499968



6 H  O U R S .

M . S.
LogarltF
Riling*

! M . s.
Logorici
Riling. J M . s.

Logarit
Riling. M. s.

iLoganth 
I Riling.

0 0
10
20
30
40
5°

5.0000a
5.00032
5.00063
5.00095
5.00126
5.00158

10 O
10
20
30
40
ÇO

s.01854
5.01884
501915
5.01945
5-01975
5.02005

20 0
10
20
3 0
40
ÇO

5.0362 
5.0365! 
5.03687 
5.037 it 
5-03745 
5-03774

30 0
10
20
30
40
ÇO

505328
>05356
>053*3
5.05411
505439
5.05466

I 0
10
20
30
43
*0

5.00189
5.00221
5.00252
5.00283
5.00315
5.00346

XI O
xo
20
30
4°
Ç°

5.02035
5.02065
5.02095
5.02125
5.02155
5.02185

21 0
10
20
30
40
ÇO

5.03802
503831
5.03860
5.03S81
5.03918
5.03946

31 O
IO
20
3 040
ÇO

5.05494
5.05521
5.05549
5-05577
5.05604
5.05632

2 0
10
20
3 0
40
<0

$.00377
$.00409
$.00440
$.00471
$.00502
Î-OOÇ34

12 O
10
20
3 0
4 0
ço

5.02215
5-02245
5.02275
5.02305
502335
5.02365

22 0
10
20
30
40
ÇO

5-03975 
5 0400. 
S.04032 
5.04061 
5.04090 
5.04118

3* 0
10
20
30
40
ÇO

5.05659
5.05686
>•05714
5-05741
5.05769
5.05796

3 0
10
20
30
40
Ç°

5.00565
5.00596
5.00627
5.00658
5.00689
5.00720

13 0
10
20
30
40
$0

5.02395
5.02425
5.02455
5.02484
s.02514
5.02544

»3 0
10
20
30
40
ÇQ

5.04147
5 - 0 4 1 7 5
5.04204
5.04232
5.04261
5.04289

3 3 0
10
20
30
40
50

5105823 
5.05851 
5.05878 
>•05905 
5.05933 
;.015960 
>•05987 
5.06014 
5.06041 
5.06069 
5.06096 
5.06123 
5.06150 
5.06177 
5.06204 
5.06231 
5.06258 
5.06285

4 0
10
20
3 0
40
ço

5.00751
5.00782
5.00813
5.00844
5.00875
3.00906

14 0
10
20
30
40
50

5.02574
5.02603
5.02633
5.02663
5.02692
5.02722

24 0
10
20
30
40
ÇO

5.04318
5.04346
S °4375
5.04403
>•04431
5.04460
5.04488
5.04516
>•04545
5-04573
S.04601
5.04629

34
10
20
30
40
5°

S 0
10
20
30
40
ÇO

5.00937
5.00968
5.00999
5.01030
5.01061
j.01091

«5 0
10
20
30
40
Ç01

5.02751 
5.02781 
5.02811 
5.02840 
5.02870 
5.02899

*5
10
20
30
40
ÇO

3  s
3 0
20
3040
5°

6 0
10
20
3 040

5.OI 122
5.OU53
5.OH84
5.0 I2 I4
5.01245
5.O1276

x6 0
10
20
30
40
ÇO

5.02928
5.02958
5.02987
5-03017;
5.03046
5.03075

20 0
10
20
30
40
50

5.04657
5.04686
5.04714
5.04742
5-0477°
5.04798

36 0
zo
20
3040
50

5.06312
5.06339
5.06366
5.06393
5.06420
5.06447

7 0
10
40
30
40
ÇO

5.01306,'
5-01337
5.01368
5.01398
5.01429:
5.01459'

— 17 0
10
20
30
40
5°

5.03105
5-03134
5.03163!
>•03193
Î.O3222
Ç-o.Çaçi

*7 0
1 0
2 0
3 0
4 0
ÇO

5.04826
5.04854
5.04882
5 . 0 4 9 1 0
$ . 0 4 9 3 8
5.04966

37 0
1 0
2 0
3 0
4 0
ÇO

5.06474
5.06500
5.06527
5.06554
5.06581
5.06608

g 0
1 0
2 0
3 0
4 0
Ç°
O

IO
20
3 0
4 0
5°

5,01490
¡.01520
5.01551
5.01581
;.0 i f f Î 2

18
10
20
3 0
40
ÇO

5 . 0 3 3 1 0

> 0 3 3 3 9
5 . 0 3 3 6 8

> 0 3 3 9 7
ç.03426

1 0

2 0

30
40
5 °

5.04994
5.05022
5.05050
5.05078
5.05106
? o ? i 3 4

3 °
1 0

2 0

3 0

4 0

5 °

;.o666i
[.06688
5.06714
5.06741
5.06768

9 5.01672
5.01703
5-01733
5.01763
'.01794
-.O18241

— 1 9
0

1 0

2 0

3 0
4 0
5°

>-°34S5
•.03484

• ° 3 5 , 3
5.03542
•-03J71
.03600

29 O
IO
2 0

3 0
4 0
ÇO

5.05162 
5.051 S9 
-.05217 
■05*45 
.05273 
.05300

3 9

,

0 
10 
20 
30 
40 
ÇO 1

5.06794
5.06821
[.06848
[.06874
[.06901
5.06927

( I J  T a » .



6 H  0  U R  s 7 H O U R S . !

M . S. b o g a n tli
R if in g .

M . S -
^ogartth

M .

0

S.

0
10
20

SO40
$o_

0
IO
20
3Cr
40

J L
0

10
20
3°
40
50

L u g a rith
R if in g .

5.09996
;. 10021 
5.10045 
5.10069 
5.10093
5-10117 
5.10141 
5.10166 
5.10190 
5.10214 
5-10238 
5.10262

M . 1 s .
L o g a rith
R i f in g .

5.11418
S-1I44 I
5.11464
5.11487
5.1IJIO
y 11533
5-11557
;. 11580
5.11603
5.11626
5.11649
5.11672

40 O
IO
20
30
40
SO

5.06954
5.06980
5.07007
5-07033
5.07060
5.07086

SO 0
IO
20
So
40
SO

5.08509
5.08534
5.08560
5.08585
5.08610
5.08636

10 0 
10 
20 
SO 
40 
50

4 * 0
IO
20
SO
40

0
10
20
30
40
50

5.07112
5-07139
5.07165
5.07192
5.0721s
5.07244
5.07270
5.07297
5-07323
5-07349
5-07375
5.07401

S» 0
10
20
30
40
5°

5.0S661
5.08686
5.08711
5.08736
5.08762
5.08787

I 11 0
10
20
30
40
5°

4 * 5 * 0
10
10
3 0
40
5°

5.08812
5.08837
5.08862
5.08887
5.08912
5 - 0 8 9 3 '

2 5.10286
5.10310
5-10334
5.10358
5-10382
3.10406

12 0
10
20
30
40

5°

5.11695
3 - 1 1 7 1 75-II740 
5.11763 
5.11786 1 
5.11809 j

43 0 5.07428 S 3 0 5.08962 3 0 5-10430 13 0 5.11832 ]
1 0 5-07454 10 4.08087 1 0 5.10454 10 5.11855 !
20 5.07480 20 Ç.0Q0I2 20 5-10477 20 5.1187S 1
30 5.07506 3 0 5.09037 3 0 Ç.IOÎOI 3 0 3.II9OO j
40 5-07532 40 5.09062 4 0 5.10525 4 0 5-11923 f

5° 5.07558 50 5.09087 50 5-10549 5 0 5.11946 j

44 0 5.07584 54 0 5.09112 4 0 »•10573 14 0 5.11969
IO 5.07610 10 5.09137 IO 5.10597 10 5-11991
20 5.07636 20 5.09162 20 5.10620 20 5.I 20I4
3° 5.07662 30 «.00187 30 5.10644 30 5.12037
40 5.07688 40 Ç.0Q2II 40 5.10668 40 5.12059
5° 5-07714 50 5.09236 50 5.10691 50 5.12082 ¡

45 O 5.07740 SS 0 5.09261 5 0 5.10715 *5 0 S.X2 I0J j
IO 5.07766 10 4.00286 IO 5-10739 10 $.12127 j
20 5.07792 20 5-09311 20 5.10763 20 5.12150
30 5.07818 30 5-09335 30 5.10786 30 5-12173
40 5.07844 40 «.09160 40 5.10810 40 5.12195
5° 5.07869 50 5.09385 S® »10833 50 5.12218

46 O 5.07895 S 6 0 5-09409 6 0 5.10857 16 0 5.1224O
IO 5-07921 10 S-09434 10 5.10881 10 5.12263
20 5.07947 20 5.09459 20 5.10904 20 5.12285
30 5.07973 30 5.09483 30 5-IOQ2S 30 5.12308
40 5.07998 4° 4.OQ408 40 5.10951 40 5.12330
5° 5.08024 50 509533 50 5.10975 5° 5-12353

47 O 5.08050 57 0 5-09557 7 0 5.10998 17 0 5-12375
IO 5.08075 10 5.09582 IO $.11022 10 5-12397
20 5.08101 20 5.09606 20 5-11045 20 $.12420
30 5.08127 30 5.09631 30 5.11069 30 5.12442
40 5.08152 40 5.09655 40 Ç-II0Q2 40 5.1246s
5® 5.08178 50 5.09680 50 5.U 115 SO 5.12487

~ 4 « ~ 0 5.08204 S » 0 5.09704 8 0 5-” 139 18 0 5.12509
10 5.08229 10 5.09729 IO 5.11162 10 5.12532
20 5.08255 10 5-09753 20 5.11185 20 5 '* 5 5 4
30 5.08280 30 5-09777 30 Ç.II20Q 30 5.12576
40 5.08306 40 5.09802 40 5.11232 40 5.12598
5° 5-08331 ! 5° 5.09826 50 5.11255 50 5.12621

4 9 0 5.08357 59 O 5.09851 9 O 5.11279 19 0 5.12643
IO 5.08382 10 5.09875 IO 5 -113 0 2 IO 5.12665
20 5.08408 20 5.09899 20 5.113*5 20 5.12687
30 S-08433 30 5.09924 30 5.11348 30 5.12709
40 «.08448 40 5.09948 40 5.1137* 40 5 -1 * 7 3 *
5°_ 5,08484 50 5.09972 50 5-H 395 50 15 .1 * 7 5 4  \



I — - — —
7 H 6  tJ R S

M. S. Logarith
Riling. M. s . Logarith

Riling. M. S. Logarith
Riling. M S. Logarith

Riling.

20 O 5.1*776, 30 0 5.14072 40 O 5-15309 50 O 5.16487
10 5.12798 10 5.14093 IO 5 ' 53*9 IO 5.16506
20 5.12820 20 5.14114 20 515349 20 5.16526
3 0 5.12842 30 5.14136 30 5.15369 3° 5.16545
40 5.12864 40 5-14157 40 5.15389 40 5.16564

SO 5.12886 50 5.14178 SO 3.15409 50 316583

21 O 5.12908 31 O 5-14199 41 O 5.15429 5 » O 5.16602
IO 5.12930 IO <.14220 IO 5-15449 IO 5.16621
20 5.12952 20 5.14241 20 5.15469 20 5.16640
30 S-*i974 30 5.14262 30 S-15489 30 5.16659
40 5.12996 4° 5.14281 40 5.15509 40 5.16678

50 5.13018 50 5-14303 50 5155*9 50 5.16697

22 O 5.1304c 3* O 5-143*4 42 O S-»5 549 5* O 5.16716
10 5.13062 IO > '4 3 4 5 10 5-'5569, IO 516735
20 5.13084 20 5.14366 20 5.15589 20 5.16754

30 5.13 106 30 5- i4387j 30 5.15609 30 5-16773 ■
40 5.13128 40 4.14408 40 5.15629 40 5.16792 j

50 5- i3>49 50 5.144*9 5° 5.15649 SO 5.16811 j
*3 0 5->3 *7 1 33 O 514449 43 O 5.15668 53 O 5.16830 !

)0 5*3  *93 10 5.14470 10 5.15688 10 5.16849 )
20 5.131*5 20 5.14491 20 5.15708 20 5.16867

30 > 13*37 30 5.14512 30 5.15728 3° 5.16886
40 5.13258 40 514533 40 5.15748 40 5.16905

so 5.13280 50 514553 50 5.'5767 50 S-16924

24 O 5-13302 34 0 >•‘4574 44 0 >•15787 54 O 5.16943
10 5-133*3 10 5 '4 5 9 5 IO 5.15807 IO 5.16961
20 5-13345 20 5-14615 20 5.15827 20 5.16980

30 S-13367 30 5.14636 30 5.15846 30 5.16999
40 5.13388 40 5.146571 40 5.15866 40 5.17018

S® 5.13410 5° 5.14677I 5° 5.15886 5° 5.17036

*5 0 5-1343* 35 0 5.14698) 45 0 5.15905 SS O >••17055
10 5-13453 10 5.14719, 10 5.15925 5-17074
20 S-13475 20 5-14739' 20 5-15944 20 5-17093
30 5.13496 30 5.14760 30 5.15964 30 5 1 7 1 1 1
40 5.13518 40 5. ' 4780: 40 5.15984 40 5.17130
50 5-13539 5° 5.148011 50 5.16003 50 v ‘ 7/48

26 0 5.13561 36 0 4.14821 46 0 5.16023 S6 0 5.17167
10 5-1358* 10 5.1484* 10 5.16042 10 5.17186
20 5.13604 20 5.14862' 20 5.16062 20 5.17204
30 5.13625 30 5.14883' 30 5.16081 30 5- ‘ 7**3
40 5.13647 40 5.14903, 40 5.16101 40 5.17241

S® 5.13668 50 5.14924; 50 5.16120 50 5.17260

O 5.13690 37 0 5-14944], 47 0 5.16140 57 0 5.17278
10 5.13711 IO 5-14964 10 5.16159 10 5.17297
20 5-1373* 20 5.14985 20 5.16179 20 S-173‘ 5
30 5-13754 30 5.15005 30 5.16198 30 5-17334
40 5-13775 40 5.15026 40 5.16217 40 5-1735*
S ° 5-13797 50 5.15046 50 5.16237 50 5-17371

28 O 5.13818 3« 0 5.15066 48 O 5.16256 S8 O 5.17389
10 5-13839 xo 5.15087 10 5.16276 10 5.17408
20 5.1 28601 20 5.15107 20 5.16295 20 5.17426

30 5.128821 30 5.151*7 30 5.16314 30 5.17444
40 5. i 3903 40 5-151471 40 5.16333 40 5.17463

5° 5-139*4 5° 5.15168 5° S-'6353 5° 5-17481

0 5-13945 39 0 5.15188 49 0 5.16372 59 0 5.17499
10 5- i3967j' 10 5.15208 IO 5.16391 IO 5.17518
20 5.13988 20 5.15228 20 5.1641c 20 >•17536
30 <»i400q| 30 5.15248 30 5.16430 30 5-17554
40 5.14030 40 5.15269 40 5.16449 40 >-*7573
SO 5-140511 50 5.15289 50 5.16468 5° 5-17591



8 H O U R S.

1 M . S. 1 Loganth 1 M . s 1 Logaritlt Logantu
Kliing. Kliing. 1 Riíing.

1 0 0 5.17609 JO 0 5.18676 20 O q. U)68q
10 5- ' 7^17 JO 5.18693 JO 5.19705
20 5.17646 20 5.18710 20 5.19722
3 0 5.17664 30 5.18728 30 5-19738
40 5-17682 40 5.18745 40 5-197545° 5- 17700 5° 5.18762 50 5-1977 *

I G 5.17718 J I 0 5.18780 2 1 O 5.19787
10 s  1 7 7 3 6 10 5.18797 IO 5.19804
20 5 - 1 7 7 5 5 20 5.18814 20 5.19820
3 ° 5 - ' 7 7 7 3 30 5.18831 30 5.19836
40 5-I7791 40 5.18848 40 5.198525° 5.17809 5° 5.18866 5° 5.19869

2 o 5.17827 12 O ¿'18883 22 O FÍ9SS510 5-I7Í 45 10 5.18900 IO 5.19901
20 5 - 1 7 8 6 3 20 5.18917 20 5.199183° 5.17881 30 5.18934 30 5-199344° 5.17899 40 5 . 1 8 9 5 1 4 0 5.19950
5 ° 5 - 1 7 9 1 7 5 ° 5 . 1 8 9 6 8 5 ° 5.19966

3 o 5-17935 1 3 0 5 . 1 8 9 8 5 0 5.19982
5-17953 10 Ç .I Q 0 0 2 IO 5.19999
5-17971 2 0 5.19019 2 0 $ . 2 0 0 1 5

3 ° 5.17989 3 0 5.19036 3 ° 5.20031
40 5.18007 40 5-19053 4 0 5.20047
5 ° 5.18024 50 5 . 1 9 0 7 0 SO 5 .2 0 0 6 3

4 0 5.18042 14 0 5 .1 1 5 0 8 7 *4 O 5.20079
1 0 5.18060 1 0 5.19104 IO 5.20095
2 0 5.18078 2 0 5.19121 2 0 ¿ 2 0 1 H
3 0 5.18096 3 0 5.19138 30 5.20127
40 5.18114 40 5-19155 40 5.20143
SO 5.18132

5 0 5 - 1 9 1 7 2 S ° 5.20159
5 O 5.18149 i s 0 5.19189 25 O 5.20175

1 0 5.18167 XQ 5 . 1 9 2 0 6 IO 5.20191
2 0 5.18185 2 0 5.19223 2 0 5.20207
3 ° 5.18203 30 5.19240 3 ° 5.20223
4° 5.18220 4 0 5.19256 40 5.20239
So 5.18238 5° 5-19273 5° 5.20255

6 0 5.1S256 16 Q 5.19290 26 O 5.20271
10 5.18273 10 5-19307 10 5.20287
20 5.18291 20 5.19324 20 5.20303
30 5.18309 30 5.19340 30 5.20319
40 5.18326 40 519357 40 5-20335

r SQ 5.18344 50 5-19374 5° 5-20351
7 0 518362 37 0 5.19390 4 * 7 O 5.20366JO 5-i 8379 10 5.19407 IO 5.20382

20 5-18397 20 5.19424 20 5.20398
30 5.18414 30 5-19441 3° 5.20414
40 5.18432 40 5-19457 40 5.20430
50 5.18449 50 5.19474 50 5.20445

' ¡S 0 5-18467 "  I8 0 5.19490 " *8 '  0 5.20461
JO 5.18484 10 5.19507 IO 5.20477
20 5.18502 20 5.19524 20 5.20493
30 5,18519 30 5.19540 30 5.20508
40 S-18537 40 5-19557 40 5.20524
SO 5.18554 5° 5-19573 5° 5.20540

‘ 9~ 0 5.18572 »9 0 ' 5.19590 ' 23 0 5-2055510 5.18589 10 5.19606 JO 5.20571
20 5.18606 20 5.19623 20 5.20587
30 5.18624 30 5.19639 30 5.20602
4° 5.18641 I 40 5.19656 40 5.20618
50 5.18659 1 50 5.19672 s ° 5.20634 1



8 H O U R S.
Logarilh 1 £L Logarith j M. s .M. Riling. | Rifing. 1 Riling.

3° 0 <.20649 j 40 0 5 2 '558 50 ' 0 5.22417
10 5.20665 ] 10 5- l 'S 73 10 5.22431
20 5.20680 20 5.21588 | 20 5.22445
30 <.20696 30 5.21602 1 30 5.22458
4O 5.2071 I j 40 5.21617 [ 40 5.22472

5° 5.20727 50 5.21632 SO 5.22486

0 5.20/42 4 1 0 5.2 I646 j 5 ‘ 0 5.22500
10 5.20758 10 5.21661 10 5-22S*4 •
20 5.20773 20 5.21676 20 5.22528
30 5.20789 30 5.*1690 50 5.22541
40 5.20804 40 5.21705 40 5-22SSS
S° 5.20820 5° 5.21719 50 5.22569

3* 0 5-10835 41 0 5-21734 5* 0 j . 22583
10 5.20850 10 5.21748 10 5.22596 ■,
20 5.20866 20 5.21763 20 5.22610

3° 5.20881 30 5-2177 7 30 5.22624
4O 5.20897 40 5.2 1792 40 5.22657 ,

5° 5.2O9 1 2 5° 5.21806 50 5.22651

33 O 5.20927 43 0 5.21821 53 0 5.22665
10 5.20943 30 5.21835 10 S.22678
20 5.20958 20 5.21850 20 5.22692

3° 5.20973 30 5.21864 3° 5.22706
40 5.20988 40 5.21879 40 5.22719

50 5.2IOO4 50 5.21893 5° 5 -2 2 7 3 3 :

34 O <;.2101Q 44 0 5.21908 54 0 5-2274& |
10 5H 034 10 5.21922 10 5.22760 t
20 5.21049 20 5.21956 20 5-22773
30 5.21065 30 5.21951 30 5.22787
40 5.21080 40 5.21965 40 5.22801 j

50 5- i '°95 5° <.21979 50 5.22814 j

35 0 5.21110 45 0 5.21994 55 0 5.22828 |
10 5.21125 10 5.22008 10 5.22841
20 5.21140 20 5.22022 20 5.22854 ,

30 5.21155 30 5.22037 30 5.22S6S
40 5.21170 40 5.22051 40 5.22881 :

5° 5.21186 5° 5.22065 5° 5.22S95

36 O 5.21201 46 0 5.22079 '56 O 5.22908
10 5.21216 10 5.22094 10 5.22922
20 5.21231 20 5.22108 20 5.22935 ;
30 5.21246 3° 5.22122 30 5.22948 t
40 5.21261 40 5.22136 40 5.22962 ;
5° 5.21276 5 0 . 5.22150 50 5-22975

37 O {.2I2Q1 4 ? 0 5.22164 57 O 5.22988
10 5.21706 10 5.22179 10 5.23002 ;
20 5.21321 20 5.22193 20 5.23015
30 5.21336 30 5.22207 30 5.23028
40 5.21351 40 5.22221 40 5.23042
50 5.21366 5° 5.22235 50 5-230SS
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3 4 3 5 '3 0 93626 36758 9 2 9 9 9 38376 92343 39982 9166c 4 * 5 7 5 90948 26
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4 Z 3 1 q o 6 c ( 4 3 S 8 C 8 9 8 5 4 8 9 0 7 4 4 6 9 9 5 8 8 2 6 7 4 8 5 3 2 8 7 4 3 4  5 8
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5O 4 3 5 7 5 9 0 0 0 7 4 5 1 4 0 8 9 2 3 2 4 6 6 9 0 8 8 4 3 1 4 8 2 2 6 8 7 6 0 3 4 9 7 4 8 8 6 7 4 8

5 1 4 3 6 0 2 8 9 9 9 4 4 5 1 6 6 8 9 2 1 9 4 6 7 1 6 8 8 4 1 7 4 8 2 5 2 8 7 5 8 9 4 9 7 7 3 8 6 7 3 3 9
<f 2 4 3 6 2 8 8 9 9 8 1 4 5 1 9 2 8 9 2 0 6 4 6 7 4 2 8 8 4 0 4 4 8 2 7 7 8 7 5 7 5 4 9 7 9 8 8 6 7 1 9

53 4 3 6 5 4 8 9 9 6 8 4 5 2 1 8 8 9 1 9 3 4 6 7 6 7 8 8 3 9 0 4 8 3 0 3 8 7 5 6 1 4 9 8 2 4 8 6 7 0 4 7
54 4 3 6 8 0 8 9 9 5 6 4 5 2 4 3 8 9 1 8 0 4 6 7 9 3 8 8 3 7 7 4 8 3 2 8 8 7 5 4 6 4 9 8 4 9 8 6 6 9 O 6

55 4 3 7 0 6 8 9 9 4 3 4 5 2 6 9 8 9 1 6 7 4 6 8 1 9 8 8 3 6 3 4 8 3 5 4 8 7 5 3 2 1 4 9 8 7 4 8 6 6 7 5 5

5 6 4 3 7 3 3 8 9 9 3 0 4 5 2 9 5 8 9 * 5 3 4 6 8 4 4 8 3 3 4 9 4 8 3 7 9 8 7 5 1 8 1 4 9 8 9 9 8 6 6 6 1 4

57 4 3 7 5 9 8 9 9 1 8 4 5 3 2 1 8 9 1 4 0 4 6 8 7 0 8 8 3 3 6 4 8 4 0 5 8 7 5 0 4 1 4 9 9 2 4 8 6 6 4 6 3

58 4 3 7 8 5 8 9 9 0 5 4 5 3 4 7 8 9 1 2 7 4 6 8 9 6 8 8 3 2 2 4 8 4 3 0 8 7 4 9 0 1 4 9 9 5 0 8 6 6 3 2 2

5 9 4 3 8 1 1 8 9 8 9 2 4 5 3 7 3 8 9 1 1 4 4 6 9 2 1 8 8 3 0 8 4 8 4 5 6 8 7 4 7 6 ,1 4 9 9 7 5 )

6 0 4 3 8 3 7 8 9 8 7 9 4 5 3 9 9 8 9 1 0 1 4 6 9 4 7 8 8 2 9 5 4 8 4 8 1 8 7 4 6 2 ) 5 0 0 0 0 8 6 6 0 3
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Il 3 0 ° 31" 1 3 2 ° 3 3 ° ! 3 4 *
f/M N, íine.jN. coi N. ime N. cof |N. (ine N. col N. firn N. co’ N. ii’ie.fN. cof

c 5OOOC 86605 51504 85717 ! 52992 8480 54464 8386: 55919 ; 829O4 60
I 50025 86588 51529 85702 53017 8478s 5448 b 83851 55943 82887 59

5005. 86575 5155- 85687 5304 84774 545*3 83835 55968 82871 58
5007e 86559 51579 85671 53066 84755 54537 83819 5 5 9 9 * 82855 57.
5010 86544 51604 8565; 53091 84743 54561 83804 56016 82839 56
50126 86530 51628 8564: 53115 84728 54586 83788 5604c 82822 55
5015 864 i ; 51653 8562- 53140 84712 54610 83772 56064 82806 54
50176 SftjOl 51678 I8561:- 53164 84697 54635 83756 56088 82790 53
50201 86486 51703 8559' 531S9 84681 54659 83740 56112 82773 53
50227 86471 51728 85582 53214 84666 54683 83724 56136 *2757 51

IC 50252 86457 51753 8556; 53238 84650 54708 83708 56160 82741 50
1 ] 50277 86442 51778 85551 53263 84635 54732 83692 56184 82724 493 2 50302 86427 51803 85536 53288I 84619 547 56 83676 56208 82701 48
I j 50327 86413 51828 85521 53312 84604 54781 8366c 56232 820(J2 47
l A 50352 86398 51852 85506 53337 84588 54805 83645 56256 82675 46

; !5 50377 86384 51877 85491 53361 84573 54829 83625 5628c 82659 45i 16 50405 86369 5 1902 85476 53386 84557 54854 83613 563°5 82643 44
i 50428 8 6 35 4 51927 85461 53411 84542 54878 83597 J6329 82626 43

i£ 50453 86340 51952 85446 53435 84526 $4002 83,81 563*3 826 IG42
19 50478 86325 51977 S5431 53460 84511 54927 83565 56377 182593 4 12C 50503 86310 52002 85416 53484 84495 54951 83549 56401 82577 40
21 50528 86295 52026 85401 53509 844S0 54975 83533 56425 82561 3922 50553 86281 52051 85385 S3534 84464 54999 83517 56449 82544 38
23 50578 86266 52076 8537c 53558 84448 55024 83501 56473 82528 37
24 50605 86251 5 2 IOI 85355 53583 84433 55048 83485 56407 82511 36
25 5062* S6237 52126 8534c 53607 1_8 4 4 i 7 55072 83465 56521 82495
26 50654 86222 -52151 8532} 53632 84402 55 °9 7 83453 56545 82478 3427 50679 86207 52175 8531c 53656 84386 55*21 83437 56569 82462 3328 5070+ 86192 52200 85294 53681 18437° 5 5 '4 5 8342' 56593 82446 33
29 50729 86178 52225 85279 53705 *4355 55169 83405 56617 82429 3130 50754 86163 5225c 85264 53730 84339 5 5 '9 4 83389 56641 82413 30
31 50779 86148 52275 85249 5 3 ’ 54 8 4 32 4 55218 83373 56665 82396 39
32 50804 86133 52299 85234 53779 84308 55242 83356 56680 82380 28
33 50829 86119 52324 8521$ 53804 84292 55266 8334c 56713 82363 *7
34 50854 86104 Í 2349 85203 53828 84277 55291 83324 56736 82347 26
35 50879 86O89 52374 85188 53853 84261 55515 8330b 5676c 82330 35
36 50904 S6074 52399 85173 53877 84245 55339 83292 56784 82314 M
37 50929 86059 52423 85157 53902 84230 55363 83270 56808 82297 33
3S 50954 8 6045 52448 85142 53926 84214 55388 83260 56832 82281 22
39 50979 86030 52473 85127 5 3 9 5 ' 84x98 55412 83244 46846 82264 ¿I
40 5IOO4 86OI 5 52498 85112 53975 84182 5 5 436 83228 5688c 82248 to
4 ' 51029 86000 52522 85096 54OOO 84167 55460 83212 56904 82231 19
42 5 1054 85985 5r 547 85081 54024 84151 55484 83*95 56928 82214 ' l l
43 51079 85970 S2572 85066 54049 84135 55509 83179 56952 82198 1744 5! 104 85956 52597 85051 54073 84120 55533 83*63 56976 82181 16
45 51129 85941 52621 85035 54097 84104 5 5 J57 83147 57OOO 82165 15
46 51154 85926 52646 8502c 54I22 8408 8 55581 83131 57024 8214S ' 447 51179 85911 52671 8500 5 54146 ■ 84072 55605 831*5 57.047 82132 13
l i S1204 85896 52696 84989 54*71 84057 55630 83098 57071 82115 Í2
49 51229I 85)181 5272c 84974 54195 84041 55654 83082 57095 82098 I I
50 51254 85866 52745 84959 54220 84025 55678 83066 57119 82082 IO
5 1 51279 85851 52770 84943 54244 84009 55702 83050 57143 82065 952 51304 85836 52794 84928 54269 83994 55726 83034 57167 82048 8
53 5 '3 2 9 85821 52819 84913 54293 83978 55750 83017 57191 82032 754 J '3 5 4 85806 52844 84897 54317 83962 55775 83001 57215 82015 6

' '5 5 51379 85792 52869 84882 54342 83946 55799 82985 57238 81999 5
5 6 5*404 8 J777 52893 84866 54366 83930 55823 82969 57262 81982 457 51429 85762 52gt8 84851 54391 839*5 55847 82953 57286 81964 35 * 5*454 85747 52943 84836 54415 83899 5 5 8 7 » 82936 5731c 81949 z
l 9 5 * 47 9 85732 52967 84820 54440 838S3 55895 82920 57334 81932 i
60 51504 85717 52992 84805 54464 83867 55919 82904 57358 81915 0

|!4 . cof. N. fine. V. cof. V. fine. 4. col. 4 . fine. M. cof. N/fineJN. col; fine. M I
1 5 9 ° 1 58° 57 ° 5 6 a 1 5 5 ® 1



3  5 ° 3 6 » 3 * ° 3 9 °
M N . 11*11* N. coi N. fine N. col N. line j N. coi.IN, line N. col N. fine N. coi. u
c 573 5* 81915 58775 80902 60182! 7qS6.iI 6 ic 66 7880 62932 7771 5;6o

5738 8 i8ijc 58802 80885 60203 79841 61589 7878 j 62955 77696 59
574°; 81881 58826 80S67 60228 79825 6l6l2 78765 62977 77678 S*
S7425 8 1 8 6 j 58849 80850 60251 79811 6163 7*747 6300c 77660 57
57453 8184X 58873 80833 60274 79793 61658 78725 63022 7764' 56
57477 81832 58896 So8if 60298 79776 61681 78711 63045 77625 55

f 57501 81815 58920 80799 60321 79758 617O4 78694 6306X 77605 54
57524 81798 58943 80782 60344 79741 61726 78676 63090 77586 53
57548 81782 58967 80765 60367 79725 61749 78658 63113 77568 5*

9 57572 81765 58990 80748 6039c 79706 61772 78640 63«35 77550 j i
57596 81748 59014 80730 60414 79688 61795 78622 63158 77531 50
57619 8 -7 3 ' 59037 80713 60437 79671 61818 78604 6318c 77513 49
57643 81714 59061 80696 60460 79653 61841 78586 63203 77494 4 #

13 57667 81698 59084 80679 60483 79635 61864 78568 63225 77476 47
*4 57691 81681 59108 80662 60506 79618 61887 78550 6324S 7 7 4 )8 46

5 7 7 15 81664 59131 80644 60320 79600 61909 78532 63271 77439 45
57738 81647 5 9 '5 4 80627 60553 79583 61932 78514 64295 7 7 4 * ' 44

■ 7 57762 81631 59178 80610 60576 79565 61955 78496 63316 77402 43
18 57786 81614 59201 8059? 60599 79547 61978 78478 63338 77384 42

•9 57810 81597 59225 80576 60622 79530 62001 78460 63361 77566 4*
20 57833 81580 59248 80558 60645 79512 62024 78442 63383 77347 40
21 57857 81563 5 9 272 80541 60668 79494 62046 78424 63406 773*9 39
22 S7 8 8 i 81546 59295 80524 60691 79477 62069 78405 63428 7 7 310 38
*3 57904 81530 59318 80507 60714 79459 62092 7*3*7 6 3 4 5 ‘ 77292 37

^ 4 57928 8 *5*3 J 9342 80489 6073 s 79441 62115 78369 63473 77*73 36

*5 57952 81496 59365 »0472 60761 79424 62138 78351 63496 77255 35
26 57976 81479 59389 80455 60784 79406 62160 .78333 63518 77236 34
27 57999 81462 59412 80438 60S07 79388 62183 783*5 63540 77218 33
28 58023 81445 59436 80420 6083c 7 9 3 7 ' 62206 78297 6 3 5 6 3 7 7 199 3 *
29 58047 81428 59459 80403 60853 79353 62229 78279 63585 77181 3*
30 58070 81412 59482 80386 60876 79335 62251 78261 63608 77162 30

3 « 58094 8*395 59506 80368 60899 7931s 62274 78243 6363c 77144 *9
3 * 58118 81378 59529 80351 60922 79300 62297 78225 63653 77125 28
33 58141 81361 59552 80334 60945 79282 62320 78206 63675 77107 *7
34 58165 81344 59576 80316 60968 79264 62342 78188 63698 77088 26
35 58189 81327 59599 80299 6 oqq  ì 79247 62365 78170 63720 7707O *5
36 58212 81310 59622 80282 61015 79229 62588 7 *.52 63742 77051 * 4
37 58236 81293 59646 80264 61038 79211 62411 78134 63765 77033 *3
3« 58260 81276 59669 80247 61061 7 9 '9 3 62433 78116 63787 77014 22
39 58283 81259 59693 80230 6 10S4 79176 62456 78098 63810 76996 21
40 58307 81242 59716 80212 61107 79158 62479 78070 63832 76977 20
4 1 58330 81225 59739 80195 6113c 7914c 62502 78061 63854 76959 '9
42 58354 81208 59763 80178 61153 79122 62524 78043 63877 76940 IS

43 58378 81191 59786 80160 61176 7 9 , 0 5 62547 78025 63899 76921 17
4 4 58401 81174 59809 80143 6l 1Q0 79087 62570 78007 63922 76903 16
45 58425 81157 59832 80125 61222 79069 62592 77988 .6 3 9 4 4 76884 ‘ 5
46 58449 81140 59856 80108 61245 79051 62615 77970 63966 76866
47 58472 81123 59879 80091 61268 79033 62638 77952 63989 76847 *3
48 58496 81106 59902 80073 61291 79016 62660 7 7 934 64011 76828 12

49 58519 81089 59926 80056 61314 78998 626S3I 77916 .64033 76810 11
5° 58543 81072 59949 80038 61337 78980 62706 77897 64056 76791 IO
5 * 58567 81055 5 9 972 80021 61360 78962 62728 77879 64078 76772 9
5* 58590 81038 59995 80003 61383 7 8 944 62751 77861 641OO 7 6 75 4 8

S3 58614 81021 60019 7 9 986 61406 78926 62774 77843 64123 7 6 735 7 -
54 58637 81004 60042 79968 61429 78908 62796 77824 64145 76717 6

55 58661 80987 60065 7 9 9 5 * 61451 78891 62819 77806 64167 76698 S
56 58684 80970 60089 7 9 934 61474 78873 62842 77788 64190 76679 4
57 58708 80953 60112 79916 61497 78855 62864 77769 64212 76661 3
Sit 5 8 7 3 < 80936 60135 79899 6152O 78837 62887 7 7 7 5 ' 6 4 234 76642 2

59 58755 80919 60158 79881 61543 78819 Ó2Q0Q 77733 64256 76623 1

60 58779 80902 60182 79864 61566 78801 62932 77715 6 4 *79 76604 O

14 . col. M. line. N. col. N. fine. N. cof. N. fine. >i. col. N. fine. N. col. N. fine. M
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r 4 0 J i 4 *° 4 z“ 1 4 3 ° 1 4 4 ° 1
l[>. [N. fine •1. cof. :V. fine. Ni. cof.JN. fine » N\ coi* N. fine N. cof.|N. fine.|N. col1 c[6427* 76604 65606 7 5 4 7 * 66913 743*4 6820c 73 13 516946* 71934(60I 1 6430 76586 65628 7 5 4 S2 66935 ! 74295 6822 73 i i t i  6948- 71914.59

r 2 6 4 3 i 3 76567 65650 75433 66gj6 74276 68242 7309Ì 6950Ì 71894158I 36434É 76548 65672 754*4 66978 74256 68264 7307Ì 6952c 7*873(57
f 64368 76530 65694 75395 66999 74257 68285 7305« 69545 71853:56
1 6439c 76511 65716 75375 67021 74217 68306 7303« 6957c 71833:55!6 1 644'- 76492 65738 7 535® 67043 7419* 68327 7301 6959 7 *8*3154

7I 64435 76473 65759 75337 67064 7417* 68349 72QQÉ 69612 71792 53
s 6445: 76455 657S1 ’753*8 67086 74*59 68370 72976 69633 7*772 52
9 f 64479 76436 65803 75299 67107 74*39 68391 72957 69654 71752 5 *

io ' 645OJ 764*7; 65825 75280 67129 74120 68412 72937 69675 7 *7 3 = 50
, It 64524 76395 65847 75261 67151 741OO 68434 72917 69696 7 *7 *i 49
,12f 64546 76380 65869 7 5 2 4 ' 67172 74080 68455 72897 69717 7*691 48

: *3 i 6456!- '76361 65891 75222 67194 74061 68476 72877 69737 71671 47
14 I 64.59c 76342 65913 75203 67215 74041 68497 72857 69758 71650 46
1 ^ 6461: 76323 65935 75184 67227 74022 68518 72837 69779 7*630 45

116 64635 76304 65956 7 5 * 6 5 67258 74002 68539 72817 69800 71610 44
I7 6465: 76286 I 65978 75146 67280 73983 6S561 72797 6982I 71590 43

, 18 6467 a -6267! 66000 75*26 673OI 73963 68582 72777 69842 71569 42

•9 04701 .7024S 1 66012 7 5 ,0 7 67323 73944 68603 72757 Ó9S62 7*549 4 *
20 64725 •76229 j 66044 7 jo88 6 7 3 4 4 73924 68624 72737 698S3 71529 40
21 64746 .76210 1 66066 75069 67366 73904 68645 72717 6QQO4 71508 .39
22 64768 76192 66088 75050 67387 73885 68666 72697 69925 71488 38
*3 6479c 76173 .661 oe .7503° 67409 73865 68688 72677 69946 71468 37
14 64S12 76154 1 66131 75011 67430 73846 687O9 72Ó57 69966 7*447 36

64854 76135 60153 74992 •6 7 45 * 73826 68730 72637 69987 71427 35
26 64856 76116 66175 74973 67473 73806 68751 72617 7000S 7*407 34
2*? 64.87̂ 76097 66157 74953 67495 73787 68772 72597 70029 7*386 33
28 64901 7607& 66218 74934 67516 73767 68793 72577 7OO49 72366 32
29 64923 76Ó59 66240 749*5 67538 73747 68814 72557 70070 7*345 3 *
3=> 64945 76041 66262 74896 675 59 73728 68835 72537 70091 71325 30
3 > 64967 76022 66284 74876 67580 7370S 68857 72517 70112 71305 29
3 * - 64989 76005 66306 74857 67602 73688 68878 72497 701*2 71284 28

65011 7.5984 66*27 74838 67623 73669 68899 72477 70*53 71264 27
34 65033 75965 6634.Q 74818 67645 73649 68920 72457 70174 71243 26
35 65055 75946 66371 74799 67666 73629 68941 72437 70195 7 1 2 2 * 25
>6 65077 7 591 7 66393 74780 67688 73610 68962 72417 70215 71203 24
37 6 c 103 75908 66414 74760 67709 73590 68983 72397 70236 71182 23
38 65122 75889 66436 7 4 7 4 * 67730 73570 69004 72377 70257 71162 22
39 65144 75870 .66458 74722 67752 7 3 5 5 * 69025 72357 70277 7 **4 * 21
40 65166 7 5 8 5 1 66480 74705 67773 7 3 5 3 * 69046 72337 70298 71 121 20
4 ' 65188 75852 66501 74683 6 7 7 9 S 7 3 5 ** 69067 72317 703*9 7 J IOO *9
4 - 65210 7 5 8 '3 06523 74664 67816 7 3 4 9 * 69O88 72297 70339 71080 18

45 65232 75794I 66545 74644 67837 7 3 47 2 69109 72277 70360 7*059 *7
44 65254 75775 66566 74625 67859 7 3 45 2 69130 72257 70381 71039 l6

65276 7 5 7J6 6658S 74606 67880 73432 69151 72236 7O4OI 7 IOI9 *5
46 65298 75738 66610 74586 679OI 734*3 69172 72216 70422 70998 *4
47 6532c 757*9 66632 74567 67923 73393 69193 7H96 70443 70978 *3
48 6534= 75700 66653 74548 67944 73373 69214 72176 70463 70957

49 65364 75680 66675 74528 67965 7^353 69235 72156 70484 70937 I I
5° 65386 75661 66697 74509 67987 73333 69256 72136 70505 70916 10
5 * 65408 75642 66718 74489 68008 7 3 3*4 69277 72Il6 70525 70896 9
52 65430 75623 66740 74470 68029 73294 6929S 72O95 70546 70875 8
33 6 5 4 5 2 75604 66762 7 4 4 5 * 6805 1 7 3 274 69319 72075 70567 70855 7 .
54Ì 65474 75585 667S3 7 4 4 3 * 68072 73254 69340 72055 70 5 87 70834 6

55 65490 75566 66805 744*2 68093 73 234 69361 72035 7060s 70813 5
S6 655*8 75547 66827 74392 6S1I5 732*5 69382 72015 70628 70793 4
57 6554c 7 5 5 28 66848 74373 68136 73*95 6<>403 7*995 70649 70772 3
58 65562 75509 6687O 74353 68157 73*75 69424 7*974 70670 70752 2 ‘
>9 65584 75 49° 66891 7 4 3 3 4 6 8 179 ! 73*55 69445 7*954 7069c 7073* I
60 6)606 7 5 4 7 * 66913 7 4 3*4 68200) 73*35 69466 7*934 70711 70711 O

1>i. CO*!. >1. line. 4. c o i. V .  fin e. c o f . j f t .  finejN . c o l .I N . fine. 'i. c o l. V . fine. M
1 | 4 9 ° I 4 8 ° I 4 7 ° I 4 6 ° I 4 5 " I
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0® 0 ’ o °  r 0®. 2 ' 0® 3 ' 0® 4 ’ 0 °  5 ’ 0 °  6 ’ 0® 7 ’ 0® 8 '
s j

o 2 .2 5 5 3 1 -9 5 4 2 1 .7 7 8 2 1 .6 5 3 2 1 .5 5 6 3 1 .4 7 7 1 I .4 I 0 2 1 .3 5 2 2 ~oj
X 4 0 3 3 4 2 .2 4 8 1 1 .9 5 0 6 1 .7 7 5 7 1 .6 5 1 4 1-5549 «•4759 I .4O 9 I « •3 5 1 3 1:
2 3-7324 2 .2 4 1 0 1 .9 4 7 1 1 .7 7 3 4 1 .6 4 9 6 1 -5 53 4 1-4747 1 .4 0 8 1 1 .3 5 0 4 2 '
3 3 -55 6 3 2 .2 3 4 1 1 .9 4 3 5 1 . 7 7 1 c 1 .6 4 7 0  1 .5 5 2 0 1-4735 1 .4 0 7 1 ?!
4 3 -4 31 4 2 .2 2 7 2 1 .9 4 0 0 1 .7 6 8 6 1.6 4 6 O 1 1 .5 5 0 6 . 1 .4 7 2 3 1 .4 0 6 1 1 -3 4 8 6 4 j

s 3-3345 2 .2 2 0 5 1 .9 3 6 5 1 .7 6 6 3 1 . 6 4 4 3 , 1 . 5 4 9 1 1 .4 7 1 1 1 .4 0 5 0 1-3477
6 3-2553 2 .2 1 3 9 1 .9 3 3 1 1 .7 6 3 9 1 .6 4 2 5 1-5477 1 .4 6 9 9 I.4 O 4 O 1-3 4 6 8 6!
7 3 .1 8 8 3 2 .2 0 7 3 1 .9 2 9 6 1 .7 6 1 6 1 . 6 4 0 7 , 1 . 5 4 6 3 1 .4 6 8 8 1 .4 0 3 0 '• 3 4 5 9
8 3 -13 0 3 2 .2 0 0 9 1 .9 2 6 2 1-7593 1 .6 4 9 0 1 .5 4 4 9 1 .4 6 7 6 I.4 O 2 0 1 .3 4 5 0 X*
9 3 .0 7 9 2 2 .1 9 4 6 1 .9 2 2 8 1 .7 5 7 0 1 . 6 3 7 2 1 1 . 5 4 3 5 1 .4 6 6 4 1 .4 0 1 0 1 .3 4 4 1 9

1 0 3 -0 3 3 4 2 .1 8 8 3 1 - 9 1 9 5 • • 7 ?4 7 1 .6 3 5 5 1 .5 4 2 1 1 .4 6 5 2 1 .4 0 0 0 1-3 43 2 10
I I 2 .9 9 2 0 2 .1 8 2 2 1 .9 1 6 2 1 .7 5 2 4 1 .6 3 3 8 1 .5 4 0 7 I.464-O 1 .3 9 8 9 * -3 4 23 1 1
1 2 2 -9 5 4 2 2 . 1 7 6 1 1 .9 1 2 8 i - 7 5 0 i 1 -6 5 2 0  1 .5 3 9 3 1 .4 6 2 9 '• 3 9 7 9 i - 34« 5 12
'3 2 .9 1 9 5 2 . 1 7 0 1 1 .9 0 9 6 1-7479 I .6 3 O 3 1-5 37 9 1 .4 6 1 7 1 .3 9 6 9 1 .3 4 0 6 «3
' 4 2 .8 8 7 3 2 . 1 6 4 2 1 .9 0 6 3 1 .7 4 5 6 I .6 2 8 6  I .5 3 6 5 1 .4 6 0 6 '• 3 9 5 9 1-3397 <4
' S 2 .8 5 7 3 2 .1 5 8 4 1 .9 0 3 1 1-7 43 4 1 .6 2 6 9 1-5351 1-4 59 4 ‘ •39 49 1 .J 3 8 8 15
1 6 2 .8 2 9 3 2 .1 5 2 6 1 .8 9 9 9 1 .7 4 1 2 1 .6 2 5 2 , 1 .5 3 3 7 1 .4 5 8 2 «■ 3939 « •3379 2 6  ,
«7 2 .8 0 3 0 2 .1 4 6 9 1 .8 9 6 7 1 .7 3 9 0 1 6 2 3 5 1  1 .5 3 2 4 1-4 5 7 ' 1 .3 9 2 9 «•3571 «7
1 8 2 .7 7 8 2 2 1 4 1 3 1 .8 9 3 5 1 .7 3 6 8 1 .6 2 1 8 1 .5 3 1 0 '• 4 5 5 9 1 .3 9 1 9 1 .3 3 6 2 18
>9 2 -7 54 7 2 .1 3 5 8 1.890^ 1 .7 3 4 6 1 .6 2 0 1 ]  1 .5 2 9 6 1 .4 5 4 8 I . 3 9 1 0 '• 3 3 5 3 *9
2 0 2 .7 3 2 4 2 .I 3 O 3 1 .8 8 7 3 1 .7 3 2 4 1 .6 1 8 5 1 .5 2 8 3 1-4536 1 .3 9 0 0 1-3345 20
2 1 2-7  J 12 2 .1 2 4 9 1 .8 8 4 2 1 .7 3 0 2 1 .6 1 6 8 1 .5 2 6 9 1 .4 5 2 5 1 .3 8 9 0 1-3 33 6 21
2 2 2 .6 9 1 0 2 . 1 1 9 6 1 .8 8 1 1 1 .7 2 8 1 1 .6 1 5 1 1 .5 2 5 6 1 .4 5 1 4 1 .3 8 8 0 1 - 3 3 2 7 ! * *23 2 . 6 7 1 7 2 . 1 1 4 3 1 .8 7 8 1 1 .7 2 5 9 1 .6 1 3 5 1 .5 2 4 2 1 .4 5 0 2 1 .3 8 7 0 1 .3 3 1 9 1 2 3
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3 3 5 1 8 5 5 1 0 6 5 0 2 8 4 9 5 2 4 * 7 7 4 8 0 4 4 7 3 2 4 6 6 0 4 5 9 ° 4 5 2 2 4 4 5 4 4 3 * 7 3 3
3 4 , - i S ; 5 * 0 5 4 9  > I 4 S 7 6 4 8 0 3 4 7 3 ° 4 6 5 9 4 5 * 9 4 5 2 0 4 4 5 5 4 3 * 6 3 4
3 5 5 1 8 2 J 1©.; 4 0 2 0 4 9 5 0 4 * 7 5 4 8 0 1 4 7 2 9 4 6 5 8 4 5 * 8 4 5 * 9 4 4 5 2 4 3 * 5 3 5
3 6 5 1 8 1 > 1 0 2 502 5 4 9 4 9 4 * 7 4 4 8 0 0 4 7 2 8 4 6 5 7 4 5 * 7 4 5 * 8 4 4 5 ° 4 3 * 4 3 6
3 7 5 * 7 9 5 1 0 1 5 0 2 3 4 * 7 3 4 7 9 9 4 7 2 7 4 6 5 6 4 5 * 6 4 5 * 7 4 4 4 9 4 3 * 3 3 7
3 « 5 ' 7 i; 5 0 9 9 $ 0 2 2 4 9 4 6 4 * 7 * 4 7 9 * 4 7  2 6 4 6 5 5 4 5 * 5 4 5 * 6 4 4 4 8 4 3 8 1 3 *
3 9 5 . 7 - 5 0 9 8 5 0 2 1 4 9 4 * 4 * 7 0 4 7 9 7 4 7  24 4 6 3 3 4 3 * 4 4 5 * 5 4 4 4 7 4 3 * ° 39

. 4 - 5 * 7 5 5 0 9 1 5 0 « d 4 9 4 3 4 8 6 9 4 7 9 5 4 7  2 3 4 6 5 2 4 5 * 2 4 5 * 4 4 4 4 6 4 3 7 9 .4 0
4 ' 5 * 7 4 5 0 9 5 5 0 1 8 4 9 4 2 4 8 6 8 4 7 9 4 4 7 2 2 4 6 5 1 4 5 * 1 4 5 * 2 4 4 4 5 4 3 7 * 4 *
4 2 5 * 7 3 5 0 9 4 5 0 1 7 4 9 4 * 4 8 5 6 4 7 9 3 4 7 2 J 4 6 5 0 4 5 S 0 4 5 1 * 4 4 4 4 4 3 7 7 4 *
4 3 5 * 7 2 5 0 9 3 5 0 1 6 4 9 4 c 4 7 9 2 4 7  2 ° 4 6 4 9 4 5 7 9 4 5 1 0 4 4 4 3 4 3 7 6 4 3
4 4 5 * 7 0 5 0 9 2 5 0 1 4 4 9 3 * 4 8 6 4 4 7 9 * 4 7 1 8 4 6 4 8 4 3 7 * 4 5 ° 9 4 4 4 * 4 3 7 5 4 4
4 5 5 * 6 9 5 0 9 0 5 0 1 5 4 9 3 7 4 8 6 3 4 7 * 9 4 7 * 7 4 6 4 6 4 5 7 7 4 5 0 8 4 4 4 ° 4 3 7 4 4 5
4 6 5 1 6 8 5 0 8 9 ¿0  12 4 9 3 (* 4 8 6 1 4 7 8 8 4 7 * 6 4 6 4 5 4 5 7 5 4 5 ° 7 4 4 3 9 ) 4 3 7 3 4 6
4 7 4 1 6 6 5 0 8 8 s o n 4 9 3 5 4 8 6 0 4 7 * 7 4 7 * 5 4 6 4 4 4 5 7 4 4 5 0 6 4 4 3 * 4 3 7 2 4 7
4 8 5 1 6 5 5 0 8 6 5 0 0 9 4 9 3 3 4 * 5 9 4 7 * 6 4 7 * 4 4 6 4 3 4 5 7 3 4 5 ° 5 4 4 3 7 4 3 7 ° 4 *
4 9 S '6 4 5 0 8 4 4 0 0 8 4 9 J 2 4 * 5 * 4 7 * 5 4 7 1 2 4 6 4 2 4 ,- 7 2 4 5 ° 3 4 4 3 6 4 3 6 9 4 9
5 0 5 1 6 2 5 0 8 4 5 0 0 7 4 9 3 * 4 8 5 6 4 7 * 3 4 7 '* 4 6 4 0 4 5 7 * 4 5 ° 2 4 4 3 5 4 3 6 8 5 °
5 ' 5 1 6 1 5 0 8 .2 5 0 0 5 4 9 3 0 4 * 5 5 4 7 * 2 4 7 1 0 4 6 3 9 4 5 7 0 4 5 0 1 4 4 3 4 4 3 6 7 5 *
5 1 5 1 6 0 5 0 8 1 5 0 0 4 4 9  2 * 4 * 5 4 4 7 * ' 4 7 0 9 4 6 3 * 4 5 6 9 4 5 ° ° 4 4 3 3 4 3 6 6 5 2
53 5 1 5 8 5 0 8 0 5 ° ° 3 4 9 2 7 4 * 5 3 4 7 8 0 4 7 ° * 4 6 3 7 4 5 6 7 4 4 9 9 4 4 3 * 4 3 6 5 . 53
54 5 * 5 7 4 0 7 9 5 0 0 2 4 9  26 4 8 5 2 4 7 7 * 4 7 ° 7 4 6 3 6 4 5 6 6 4 4 9 * 4 4 3 ° 4 3 6 4 54
55 5 * 5 6 5 0 7 7 5OOÓ 4 9 2 5 4 * 5 ° 4 7 7 7 4 7 ° 5 4-6 j  5 4 5 6 5 4 4 9 7 4 4 2 9 4 3 6 3 55
5 «> 5 * 5 4 4 0 7 6 4 9 9 9 4 9  2 3 4 * 4 9 4 7 7 6 4 7 0 4 4 6 3 3 4 5 6 4 4 4 9 5 4 4 2 * 4 3 6 2 5 6
57 5 * 5 3 5 ° 7 5 4 9 9 8 4 9  2 2 4 * 4 * 4 7 7 5 4 7 ° 3 4 6 3 2 4 5 6 3 4 4 9 4 4 4 2 7 4 j 6 i S7
5 » 5 x 5 2 50 7 3 4 9 9 7 4 9  21 4 * 4 7 4 7 7 4 4 7 0 2 4 6 3 * 4 5 6 2 1 4 4 9 3 4 4 2 6 4 3 5 9 5*
59 5 * 5 0 5 0 7 2 4 9 9 5 4 9 2 O 4 * 4 5 4 7 7 8 , 4 7 °  * 4 6 3 0 4 5 6 0 4 4 9 2 4 2 2 ? 4 3 5 * 59  t

S. 0 8  5 4 ’ 3 0  5 5 ’ 3 °  5 6 ' ? * _ 5 7 l 0 «  5 8 ' 2 °  5 9 j I o *■ I® X • "  3 1 1“  4 ' 1 »  j ’
i l l
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t Q 6 ,0 7 1 ,0  8 I* 9 1*10 i« n *°*3 *9 *4 *9' 5 i° i6 | le *7 r  i

c 429 422 416. 4*0 404c 397 39“ 386c 3*02 3745! 3*'**. 0 ;
435 429 422 71 4 *6- 4*0ij 403c 397 39 *c 3* 5C 3*0 * 3744! 368- I {

429c 4226] 416' 4100I 403 397 391S 385S 380e 3743Í 3686 % ;
435 428 422. 416 409c 403 397< 39*5 3*57 3799 374 3685 3
435 428 422. 416c 409! 403 « 397 39*6 385Í 379* 374 36S4 4 1

435 2 428; 422: 4*55 409- 4033 3 9 7 - 39*5 3S5É 379 ’ 3 ’ 4: 3683 5
435 428j 422 4158 409Í 4034 397. 391. 3* 5s 3796 373« 3682 6
435« 4284 422C 4*57 409 4032 397* 39*3 3*54 3795 373Ì 36* 7 !

: 434« 4283 4215 4156 409; 4032 397 3912 3*53 379- 373 368c * 1
« 43471 42*2 4218 4*55 4092 403 397C 39* 3* 5* 37Q, 3-256' 36-5 9 1

1C 434É 42S1 4217 4 '54 409 4° 3C 396c 391c 3*5 3792 3735 367* 10
n 4345 428c 42IÍ 4*53 409c 402g 39fr> 39°9 3* 5C 3792 3735H 3677 ri !
12 4344 4279 4215 4152 4085 4028 3y6" 3908 379 ' 373." 3677 12

•3 4343 4278 4214 4 *5 1 408? 4027 396e 3907 384S 3790 373J 367C >3
14 4342 4277 4213 4 * Sc 4087 4026 396 3906 3*4" 37*5 373 3675 *4 j

>5 434 ' 4276 42I2 4*49 4086 402 s 396-5 3905 3*46 37** 373c 3674 *5 i
16 4340 4275 42II 4*47 4085 4O24 3963 3904 3*45 37*7 372Ç 3673 16 :
17 4339 4274 42IC 4146 40 8; 4023 3962 3903 3*44 37*6 372f 3672 *7
is 433« 4273 4209 4*45 4083 4O22 396' 39°2 3*43 37*5 3727 3671 *8 ;
*9 4336 4271 42O7 4*44 4082 4021 396c 39Ö1 3*42 37*4 3 7 2- 361a 19 j
20 4335 427O 4206 4*43 4081 4O2C 3959 3900 3*4 * 37*3 3726 ?66u 20 !
2 r 4334 4269 4205 4142 408e 4OI9 395^ 3*99 384c 37*2 3725 3668 ¿1 1
22 4553 4268 4204 4 *4 * 4079 4018 3957 3*9* 3*39 37** 3724 3667 22 !
z 3 4332 4267 4203 4140 4078 40*7 39S6 3*97 3*3* 37*o 3723 3666 23 1
24I 4331 4Z66 42O2 4*39 4O7- 4016 3955 3896 3*3" 3779 3722 3665 24 j
2 5 4350 4265 42OI 4138 4070 4015 3954 3*95 3*36 377* 3721 3664 25
26 4329 4264 42OO 4*37 4075 40*4 3953 3*94 3*35 3 7 7 7 3720 3663 26
27 4328 4263 4199 4136 4074 4013 3952 3*93 3*34 3776 37*9 .3665 27
28 4327 4262 4198 4*35 4073 4OI2 395* 3*92 3*33 3775 371* 3662 28 1
29 4326 4261 4 '9 7 4*34 4072 4OI J 3950 3*9 * 3S32

m i 3717 3661 29
30 4325 4260 4196 4 '33 407 j 4OIC 3949 3890 3*3 ' 377 3 37*6 3660 30
3 1 4323 4259 4195 4*32 4070 4OO9 394* 3**9 3*3° 3772 37*5 3659 3 * j
32 4322 4258 4194 4 *3 * 4069 4008 3947 3*88 3*29 377 ' 37*4 3658 32 J
53 4321 4256 4193 4130 4068 4OO7 3946 3887 3828 3770 37*3 3657 33 I
34 4320 42>5 4192 4129 4067 4006 3945 3**6 3*27 376q 37*2 3656 34
35 4319 4254 4191 4128 4066 4005 3944 388c 3*26 3768 37 " 3655 *5 !56 43*8 4253 4189 4127 4065 4OO4 3943 3**4 3*25 376* 3 7 *c 3654 36 1
37 4 3 '7 4252 4188 4126 4064 4003 3942 3**3 3*24 3767 3709 3653 37
38 4316 42Ç1 4187 4125 4063 4OO2 394* 3882 3*2.5 3766 3709 3652 3*
39 4515 4240 4186 4124 4O62 4OOI 3940 3*8 * SS** j-6 5 3708 365* 39
40 4314 4249 4183 4I22 4061 4OOO 3935 3*80 3821 3764 37O’ 3650 40

4 *4 ' 4313 4248 4184 412] 4060 3999 393* 3*79 3*20 3765 37*6 3649
42 43 " 4247 4 *8.3 4120 4059 3998 393" 387* 3820 3762 370J 3649 42
43 4310 4246 4182 4119 4058 3997 3936 3*77 3*19 3761 3704 364* 4344 4309 4245 4181 4118 4056 3996 3 935 3*76 3818 376c 370.} 364; 44
45 4308 4244 4180 4**7 405 s 3995 3934 3*75 3817 3759 3702 3646 45
46 43°"’ 4243I 4 '7 9 4116 4054 399 3 3 9 3 3 3*74 3816 375* 3701 3645 46
47 4306; 4241 4178 4**5 4053 3992 3932 3*73 3**5 3757 3700 3644 47
48 4305I 4240 4  *77 4114 405z 3991 393* 3S72 3**4 3756 3699 3643 +*49 43° 4| 4239 4176 4**3 4031 3990 3930 3*7 i 3**3 3755 3698 3642 49
5° 4305 4238 4*75 41 12 4050 3989 3929 3*70 3812 3754 3697 3641 5°

j i5 ' 4302 4237 4*74 4III 4049 3988 392* 3S69 3* " 3753 3696 364c
52 4301 4236 4*73 4110 4048 3987 3927 3*68 3810 3752 3695 3639 -2
53 4300 4235 4172 4 *o9 4047 3986 3926 3867 3809 375 ' 3694 3638

1 54 4298 4234 4171 4108 4046 3985 3925 3*66 3808 37ÇO 3693 3637 54
! 55 4297 4233 4169 4107 4045 39*4 3924 3*65 3807 3749 3693 3636 ÏÎ
i s6 4296 4232 4168 4106 4044 39*3 3923 3*64 3*06 374* 3692 3635 >657 4295 423' 4167 4105 4043 39*2 3922 3*63 3*05 3747 3691 3635 ’7 I

5« 4294 4230 4166 4*04 4042 39*i 392* 3*62 3*04 3746 3690 3634 *
59 4293 4229 4 *6 ; 4*03 4041 3980 3920 3*6 1 3*03 3746 3689 3633(59 i
s. 0 6'j 9 7' 0 S ' 9 9* « *0' 9 * *' *V I2' U ,3. 9 24' u *5' v 16’ * >7* S. 1
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i "  18 1 "  ' 9 ’ 1°  IO* '• ■ i r 2 2 ’ l " 2 3 ’ * °  2 4 ' * °  2 5 ' I ° 2 6 ' I # 27* * • 2 8 ' I ° 2 9 r

o 3 6 3 Ì 3 5 7 6 3522 3468 3 4 * 5 3362 3 3 * 0 3 *5 9 3*08 3 * 5 8 3108 3059 0
I 3 6 3 * 3 5 7 6 3521 3467 3 4 * 4 3361 3 3 0 9 3258 3207 3 * 5 7 3*07 3058 I
2j 3630 3 5 7 5 3 ) 2 0 3466 3 4 * 3 3 3 6 0 3 3 o 8 3 *5 7 3 *0 6 3 1 5 6 3 10 6 3057 X
3 3 6 2 9 3 5 7 4 3 5 ' 9 34 65 3 4 * 2 3 3 5 9 3 3 0 7 3 * 5 6 3 2 0 } 3 * 5 5 3 *0 5 3056 3

j t 3628 3  573 3  5 i 8 34 64 3 4 " 3 3 5 8 3 3 0 6 3 *5 5 3 20 4 3 * 5 4 3 *0 5 3056 4

5 3627 3 5 7 2 3 5 * 7 3463 3 4 * 0 3 3 5 8 3 3 0 6 3 2 54 3 204 3 * 5 3 3 *04 3055 5
6 3 6 2 6 3 5 7 « 3 5 * 6 3463 3 4 0 9 3 3 5 7 3 3 0 5 3253 3203 3 * 5 3 3 10 3 3 0 54 ò
7 36 25 3 5 7 ° 3 5 '5 3462 3 4 0 8 3 3 5 6 3 3 0 4 3 253 3 20 2 3 *5 * 3 10 2 3053 7
» 3 *>H 3 56 9 3 5 * 5 346» 3408 3 3 5 5 3 3 0 3 3 *5 2 3201 3 * 5 * 3 10 1 3052 8

_ 9 3 6 2 3 3 5 6 8 3 5 ' 4 3460 3 4 0 7 3 3 5 4 3302 3 * 5 ' 3200 3 * 5° 3 10 1 3052 9
IO 3623 356 7 3 5 * 3 3459 3 4 0 6 3 3 5 3 3 3 0 1 3250 3 * 9 9 3 * 4 9 3 *o o 305* IO

ì l i 3 6 2 2 35® 6 3 $ * 2 3458 3 4 0 5 3 3 5 * 3 3 0 0 3 * 4 9 3 * 9 8 3 * 4 8 3099 3 0 S0 IX
• 1 1 3 6 2 1 356-5 3 5 1 ' 3 4 5 7 3404 3 3 5 ' 3 3 0 0 3248 3 *9 8 3 *4 8 3098 3049 I I

13 3620 356 5 3 5 '0 3 4 ) 6 3 + 0 3 3 3 5 ' 3 * 9 9 3 * 4 7 3 1 9 7 3 * 4 7 3097 3048 *3
3 ° T9 j 3 5 6 4 3509 3 4 5 5 3402 3 3 5 0 3298 3 * 4 7 3 19 6 3 * 4 6 3096 3047 * 4

*5 3618 ! 3 56 3 3508 3 4 5 4 3 4 0 1 3 3 4 9 3 * 9 7 3 * 4 6 Ü 9 5 3 * 4 5 3096 3047 *5
16 3 6 17 ! 3 56 2 3 5 0 7 3 4 5 4 3400 3 3 4 8 3296 3 * 4 5 3 * 9 4 3 * 4 4 3095 3046 lt>
17 3 6 16 ! 3 36 1 3506 3 4 5 3 3400 3 3 4 7 3 * 9 5 3 * 4 4 3 * 9 3 3 * 4 3 3  094 3045 *7
18 3 & »5 3 S“ ° 3 5 0 6 3 4 S* 3 3 9 9 3 3 4 6 329 4 3 * 4 3 3 * 9 3 3 * 4 3 3 0 9 3 3 044 1 8

J ì 3 6 1 4 3 5 5 9 3505 3 4 5 * 3 3 9 8 3 3 4 5 3 * 9 4 3 * 4 * 3 *9 * 3 *4 2 3092 3043 * 9
20 36-13! 3 5 5 8 3 S° 4 3 4 S° 3 3 9 7 3 3 4 5 3293 3 * 4 * 3 * 9 * 3 *4 * 3091 3043 20
Z i J O I2 3 5 5 7 3 5 0 3 3 4 4 9 3 5 9 6 3 3 4 4 3 * 9 * 3 * 4 ' 3 * 9 0 3 * 4 0 3091 3042 21
2 2 3 6 1 1 3 5 5 6 3502 3 4 4 8 3 3 9 5 3 3 4 3 3 * 9 * 3 14 0 3 *8 9 3 1 3 9 3090 3041 22
23 3 6 10 3 5 5 5 3501 3 4 4 7 3 3 9 4 3 3 4 * 3 290 3 * 3 9 3*88 3 * 5 8 3089 3040 23
*4 3 6 10 3 5 5 5 3 5 0 0 3 4 4 6 3 3 9 3 3 3 4 ' 3289 3 * 3 8 3 18 8 3 * 3 8 3088 3039 24

- 5 j6 0 g 3 5 5 4 3 4 9 9 3 4 4 6 3 3 9 3 3 3 4 ° 3288 3 * 3 7 3 * 8 7 3 * 3 7 3087 3039 25
,26 3  60S 3 5 5 3 3498 3 4 4 5 3 3 9 * 3 3 3 9 3288 3236 3 *8 6 3 * 3 6 3087 3038 26
*7 3 S0 7 3 > > 2 3 4 9 7 3 4 4 4 3 3 9 * 3 3 3 8 3287 3236 3 * 8 } 3 * 3 5 3086 3 0 3 7 27

,28 3606 3 5 5 ' 3 4 9 7 3 4 4 3 3 3 9 0 3 3  3 8 3 28 6 3 * 3 5 3 * 8 4 3 * 3 4 3085 3036 28
* 9 360? 3 5 5 0 3 4 9 6 3 4 4 2 3389 3 3 3 7 3285 3 * 3 4 3 * 8 3 3 * 3 3 3084 30 3 5 29
30 3 604 3 5 4 9 3 4 9 5 3 4 4 ' 3 5 8 8 3 3 3 6 3 * 8 4 3 * 3 3 3 *8 3 3 * 3 3 3083 3 0 3 4 30
3 i 3603 3 5 4 8 3 4 9 4 3 4 4 0 3 3 8 7 3 3 3 5 3*83 3 232 3 * 8 a 3 * 3 2 3082 3 0 3 4 3 *
3 1 3 6 0 * 3 5 4 7 3 4 9 3 3 4 3 9 3 3 8 6 3 3 3 4 3 *8 2 3 * 3 ' 3 * 8 . 3 *3 * 3082 3 0 3 3 3 *
3 3 3601 3 5 4 6 3 4 9 2 3 4 3 8 3 3 8 6 3 3 3 3 328 2 3 * 3 ' 3 18 0 3 * 3 0 3081 3 0 3 2 3 3
3 4 3(100 3 5 4 5 3 4 9 ' 3 4 3 8 338? 3 3 3 2 3281 3230 3 * 7 9 3 * 2 9 3080 3 0 3 * 3 4
3 5 3 5 9 9 3 5 4 5 3 4 9 0 3 4 3 7 3384 3 3 3 * 3280 3 * * 9 3 * 7 8 3 * 2 9 3 0 7 9 3 0 3 0 3 5
3 ® 3 5 9 « 3 5 4 4 3 4 8 9 3 4 3 6 3 3 8 3 3 3 3 * 3 * 7 9 4228 3 * 7 8 3 12 8 3078 .10 30 3 6
3 7 , 3 5 9 8 3 5 4 3 3 4 8 8 3 4 3 5 3 3 8 2 3 3 3 0 3278 3 * * 7 3 * 7 7 3 * * 7 3078 3029 3 7
3 * 3 5 9 7 3 5 4 2 3 4 8 t 3 4 3 4 3 3 * ' 3 3 * 9 3 * 7 7 3226 3 * 7 6 3 * * 6 3 0 7 7 3028 3 8
5 9 3 5 9 6 3 5 4 ' 3 4 8 - 3 4 3 3 3 3 8 0 3 3 * 8 3276 3 * * 5 3 * 7 5 3 * * 5 3076 3027 3 9
40 3 5 9 5 3 5 4 ° 3486 3 4 3 2 3 3 7 9 3 3 * 7 3276 3 * * 5 3 * 7 4 3 * * 4 3 0 7 5 3026 4 0
4 1 3 5 9 4 * 3 » 9 3485 3 4 3 ' 3 3 7 9 3 3 * 6 3 * 7 5 3 * 2 4 3 * 7 3 3 * * 4 3 0 7 4 3026 4 *
4 - 3 5 9 3 3 5 3 8 3484 3 4 3 ' 3 3 7 8 3 3 * 5 3 2 7 4 3 * * 3 3 * 7 3 3 *2 3 3 0 7 3 3 0 2} 4.2
43 3 5 9 2 3 5 3 7 3 4 8 3 3 4 3 0 3 3 7 7 3 3 * 5 3 * 7 3 3 * 2 2 3 *7 * 3 12 2 3 0 7 3 3 024 4 3
44 3 5 9 ' 3 5 3 6 3 4 8 2 3 4 2 9 3 3 7 6 3 3 * 4 3 * 7 2 3 1 2 1 3 *7 * 3X21 3072 3023 44
4 5 3 5 9 0 3 5 3 5 3481 3 4 2 8 3 3 7 5 3 3 * 3 3 * 7 * 3220 3 * 7 0 3 *20 3 0 7 * 3022 4 5
4 6 3 5 * 9 3 5 3 5 3480 3 4 2 7 3 3 7 4 3 3  * 2 3 270 3220 3 *6 9 3 * * 9 3070 3.022 46
4 7 3 5 8 8 3 5 3 4 3 4 8 o 3 4 * 6 3 3 7 3 3 3 * 1 3 * 7 0 3 * 1 9 3 16 8 3 * * 9 3069 3021 4 7
48 358 7 3 5 3 3 3 4 7 9 3 4 * 5 3 3 7 * 3 3 2 0 3 26 9 3 2*8 3 *6 8 3 * * 8 3069 5020 4 8
49 3 5 8 7 3 5 3 2 3 + 7 8 3 4 * 4 3 3 7 2 3 3 * 9 3 *6 8 3 2 1 7 3 16 7 3 * * 7 3068 3 0 19 4 9
5 ° 3 5 * 6 3 5 3 ' 3 4 7 7 3 4 * 3 3 3 7 * 3 3 * 9 3 26 7 3 2 1 6 3 16 6 3 * * 6 3067 3 0 18 5 0
5 1 3585 3 5 3 0 3 4 7 6 3 4 * 3 3 3 7 0 3 3 1 8 3 *6 6 3 2 15 3 * 6 j 3 * * 5 3066 3018 5 *
>2 3584 3 52 9 3 4 7 5 3 4 * 2 3 3 6 9 3 3 1 7 3 *6 5 3 2*4 3 * 6 4 3 * * 4 3065 3 0 17 5 *
5 3 3 5 8 3 3528 3 4 7 4 3 4 * ' 3 3 6 8 3 3 * 6 3 *6 5 3 2 14 3 * 6 3 3 " 4 3065 3 0 *6 5 3
5 4 3582 3 5 2 7 3 4 7 3 3 4 2 C 3 3 6 7 3 3 * 5 3 * 6 4 3 * * 3 3 * 6  3 3 * * 3 3064 3 ° * S 5 4
>> 3 5 8 1 3 526 3 4 7 2 3 4 '9 3366 3 3 * 4 3263 3 2 1 2 3 *6 * 3 1 1 2 3063 3 0 14 55
5 * ¿580 3 5 2 5 3 4 7 ' 3 4 '8 3 3 6 5 3 3 * 3 3 26 2 3 * " 3 16 1 3 " * 3062, 3 0 1 4 156
>7! 3 5 7 9 3 5 2 5 3 4 7 ' 3 4 '7 3 ) 6 5 3 3 * 3 3 2 6 : 3 2 1 0 3 16 0 3 * * 0 3061 3°*3 57
5 *  3S7> 3 5 2 4 3 4 7 0 3 4 * 6 3364 3 3 * 2 3260 3209 3 * 5 9 3 * * 0 3060 3 0 12 5«
59 3523 3 4 6 9 3 4 '5 3363 3 3 " 3 *0 9 3*5*9 3 * 0 9 3060 3 0 11 59
S. "  iS ' r°  *9 ' 1 ° 2 0 ' z“ 2 i-| 1 °  2 1 *“ * 3’ l ” 2 4 ' l ° 2 6 '| I - 2 7 ' i ^ S 1 1 °  2 9 * s..
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» l s t °  30 * 1° 3I 't® 3 2 1*33 • '* 3 4 1 * 3 3 1° 36 ü ’ .« 3 8 |0 39 l ' 9 40 4 * ’
5 3 0 t 0 2q6 l  2Q1 286 282 *77 *7 3e 2683 264c 259É *553 23 10 0

1 ?00 296 2 29K 286 2821 *77 *7*5 268, 264c 2 5» ( 2352 2509 s
t  ÎOO 2q6 * 9 *j 286( 282c * 7 7 i *7*5 268. 2039 *595 *55« 2308 2

3 0 0 296.) 29I2 286( 281c * 7 7 : 2728 268; 2638 *59<l * 5 5 ' 2507 3
A 3 0 0 29 j< 2912 286 2818 2772 272*1 2682 2638 2 5 9 : * 5 5 ° 2  5O7 4

300 *95 29 u 286., 28 2772 2726 2 08] 2 0 3 ; *593 *549 25 06 5
3OO *95' 291c 286 2817 2771 *7*5 2681 2636 *59* 2348 2303 6
300 *957 2qOq 2865 2 8 1 Í 277c *7*5 z68c *635 2591 2548 2504

j 3004 2956 2QQQ 2862 2813 2769 2724 2679 2635 2591 *547 2304 8
3003 *955 2908 286 2815 2769 2723 267S 2634 2590 2346 *5 °3 _9

IO 3002 *954 2907 286c 2814 2768 2722 2678 2633 2389 *545 25O2 10
II 3OOI *954 2906 283» 2813 2767 2722 *677 2632 2 5 8Ï *545 2302
12 3 0 0 1 *953 *905 2833 2812 2766 2721 2676 2632 2588 *544 25OI
1 { 3OOO *95* *905 2838 2811 2 7 6 É 2720 2673 2631 2587 *543 25OO «3
«4 2999 *95 « 2904 2 8 3 , 28 IJ 2765 2 7 iq 267Ç 263c 2386 *543 2499 H
M 2998 29 50 2903 2856 281c 2764 2719 2674 2629 2385 2542 *499 «5
i6 »997 * 9 5 ° 2902 2833 280g 2763 27x8 2673 2629 2583 2341 1 4 9 Ï l6
17 2997 *949 2 90I *833 2808 2763 2 7 1 7 2672 26 zi' 25X4 *540 2497 «7
¡% 29 96 294.Î 2901 2854 2808 2762 2716 2672 2627 2383 2540 2497 1#

*9 2995 *947 2900 2833 2807 27 6I 2716 2671 2626 2583 *539 2496 '9
20 2994 2946 *899 2832 2806 276O 27 1 5 2 6 7c 2626 2382 2538 *495 20
21 2993 1946 2 8 9 t 2832 2805 276O 2714 2669 2625 2581 2538 *494 21
22 2993 *945 2898 2831 2805 *759 2713 2669 2624 2380 *537 2494 22
2 1 2992 *944 2897 2850 2804 2738 *7«3 2668 2624 2580 2536 2493 *3
24 2991 *943 2896 2849 2803 27Ç7 2 7 I2 2667 2623 *579 *535 24 92
*5 29 90 2942 2895 2848 2802 2 756 271 I 2Û66 2622 *578 *535 2492 *5
26 2989 2942 2894 2848 2801 2756 27IO 2666 2621 *577 *5 34 2491 2 6
27 2989 2941 2894 2847 2801 *755 27IO 2665 2621 *577 *533 2 4 90 27
2g 2988 29 40 2893 2846 2800 * 7 54 2709 2664 26 20 25 76 *533 2489 i t

29 2987 *939 28 92 2845 *799 *753 1708 2663 2 6 (9 2375 25 32 2489
JO 2986 *939 2891 2845 27981 *753 2707 2663 2618 *5 74 *531 2488 SO
3 ' 2985 2938 2891 2 8 4 4 2798 *75* *7 °7 2662 zftiS * 5 74 * 5 3 ° 2487 3«
32 2985 *937 2890 2843 *797 4 7 5 ' 2706 2661 2617 *573 *530 2487 3*
33 2984 *936 2889 2842 2796 2750 2705 2660 2616 *S7* 2529 2486 33
34 2983 *935 2888 2842 *75« 27O4 2660 2613 2572 2528 2485 34
3 S 2982 *935 2887 2841 *795 *749 2704 2659 2613 2571 *5*7 2485I35
3& 2 9 8 1 *934 2887 2840 *7 94 *748 2703 2658 2614 2570 *5*7 2484 36
37 2 9 S 1 *933 2886 2839 *793 *747 27O2 2637 2613 2569 2526 2483 37
3» 2980 2QJ2 2885 2838 *79* *747 27OI 2637 2612 2569 2525 2482 38
39 2979 * 9 3 i 2884 2838 27 92 2746 2701 2656 2612 2368 2325 2482 39
40 2978 * 9 3 ' 2883 2837 * 7 9 1 *745 27OO 2655 2611 2567 *5*4 2481140
4 ' 2U7? 29 3c 2 8 ^ 3 2836 2790 *7 44 2699 2 6 s  5 2610 2566 *5*3 2480, 4*
42 29 y 7 *9*9 2SS2 2835 2 -8 9 *744 2698 2 6 54 2610 2366 1522 24 8c 4*
43 2976 2928 28SI *835 2788 *743 2698 *653 2609 2565 2522 2 4 7 4 45
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2381 2 ? 4 1 2300 2259 2218 2 178

2382 2340 2299 2258 2218 2 178

2381 2339 2298 225S 2 2 1 7 2 17 7

2380 2339 2298 2 2 57 22 16 2 176

238c 2338 2 2 9 7 2256 22 16 2 17 6

2 3 7 9 2 3 3 7 2296 2256 22 15 2 175

2378 2 3 3 7 2296 * * 5 5 22 14 2 17 4
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2 3 7 5 2 3 3 4 2293 2252 22 12 2 1 7 2

2 3 7 5 2 3 3 3 2292 2251 2 2 1) 2 171

2 3 7 4 2 3 3 3 2291 * * 5 > 22 10 2 170
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2368 2 3 2 7 2286 2245 2205 216 5
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2344 2 3 0 2 2262 2221 218 1 2 14 1

2343 2302 2261 2220 218 0

2342 2301 22 6c 2220 218 3 214 0

2342 2300 2260 2215 * ' 7 9 I j j i ?
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o 1 9 8 4 « 9 4 < 1 9 0 ! 1 8 7 1 • * 3 4 « 7 9 7 1 7 6 1 1 7 2 5 ■ 689 IÓ 5 4 Ì  l 6 f 9 O
I 1 9 8 3 » 9 4 1 9 0 S 1 8 7 0 « * 3 3 « 7 9 7 1 7 6 0 * 7 2 4 1 6 8 9 1 6 5 7 I  1 6 18 I
2 1 9 8 2 « 944 1 9 0 7 1 8 7 0 « * 3 3 « 7 9 6 1 7 6 0 1 7 2 4 1 6 8 8 1 6 5 2 1 6 1 7 2
3 1 9 8 2 «944 1 9 0 6 1 8 6 9 1 8 3 2 « 7 9 5 '7 5 9 1 7 2 3 1 6 8 7 16  J 2 1 6 1 7 .34 1 9 8 1 »94 3 1 9 0 6 1 8 6 8 18  ;  i 1 7 9 5 « 7 5 9 r  7 2 2 1 6 8 7 1 6 3 1 1 6 1 Ó 4
5 1 9 8 1 «9 4 3 >9 °  5 1 8 Ò 6 1 8 3 1 « 7 9 4 « 7 5 8 17 22 1 6 8 6 1 6 5 1 l 6 l 6 ; 5
6 1 9 8 0 « 9 4 2 1 9 0 4 1 8 6 7 1 8 3 0 « 7 9 4 « 7 5 7 1 7 2 1 1 6 8 6 1 6 5 O l 6  i $ Ó
7 « 9 7 9 1 9 4 1 * 9 ° 4 1 8 6 7 1 8 3 0 « 7 9 3 « 7 5 7 1 7 2 1 1 6 8 3 1 65 O 1 6 1 4 7
8 « 9 7 9 « 9 4 « 1 9 0 3 1 8 6 6 1 8 2 9 « 7 9 2 « 7 5 6 1 7 2 0 1 6 8 4 I 6 4 9 I 6 I 4 8
9 1 9 7 8 1 9 4 0 1 9 0 3 1 8 6 3 1 8 2 8 1 7 9 2 « 7 5 5 . «7 >9 1 6 8 4 1 6 4 8 1 6 1 3 9

I O « 9 7 7 > 9 3 9 1 9 0 2 1 8 6 5 1 8 2 8 1 7 9 « «7 5 5 « 7 * 9 1 6 8 3 1 6 4 8 1 6 1 3 • io
1 1 « 9 7 7 « 9 3 9 I 9 0 i 1 8 6 4 1 8 2 7 1 7 9 1 1 75  4 1 7 1 8 1 6 8 3 1 6 4 7 1 6 1 2 r 1 *
1 2 1 9 7 6 1 9 3 8 1 9 0 1 1 8 6 3 1 8 2 7 1 7 9 0 « 7 5 4 1 7 1 8 1 6 8 2 1 6 4 7 1 6 1 2 ■ ^
1 3 « 9 7 5 « 9 3 8 I9 O O 1 8 6 3 1 8 2 6 « 7 * 9 « 7 5 3 «7  » 7- 168.1 1 6 4 6 1 6  I i ■ 1 3

. * 4 « 9 7  5 «9 3 » 1 8 9 9 1 8 6 2 1 8 2 5 1 7 8 9 1 7 5 2 i 7 « 7 1 6 8 1 1 6 4 5 l 6 l O 1 4
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1 6 « 9 7 4 1 9 3 6 1 8 9 8 1 8 6 1 1 8 2 4 1 7 8 8 « 7 5 « * 7 1 5 • 1 6 8 0 « 6 4 4 1 6 0 9 ri-6
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«9 1 9 7 2 « 9 3 4 1 8 9 6 « * 5 9 1 8 2 2 1 7 8 6 « 7 4 9 « 7 « 4 .167-8 • 1 6 4 3 1 6 0 7 «9
2 0 « 9 7 1 « 9 3 3 1 8 9 6 « * 5 9 1 8 2 2 1 7 8 5 > 7 4 9 * 7 * 3 1 6 7 7 '• 1 6 4 2 • , i b o f "4 °
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3 « 1 9 6 4 1 9 2 6 1 8 8 9 1 8 5 2 1 8 1 5 « 7 7 * 1 7 4 2 1 7 0 6 1 6 7 1 1 63 ,5 ■ lóoò 3 «
3 2 >9*>3 1 9 2 6 1 8 8 8 1 8 5 1 1 8 1 4 1 7 7 8 1 7 4 2 1 7 0 6 1 6 7 0 '6 3 5 :doo 32
3 3 « 9 6 3 1 9 2 5 1 8 8 8 1 8 5 0 1 8 1 4 ■ 777 1 7 4 1 1 7 0 5 1 6 7 0 « 6 3 4 > 59 9 3 3
3 4 1 9 6 2 1 9 2 4 1 8 8 7 1 8 3 0 1 8 1 ; « 7 7 7 1 7 4 0 1 7 0 5 1 6 6 9 « 6 3 4 « 5 9 9 3 4
3 5 1 9 6 2 1 9 2 4 1 8 8 6 « * 4 9 1 8 1 2 1 7 7 6 1 7 4 0 1 7 0 4 1 6 6 8 « 6 3 3 >5 9 * 3 i
36 1 9 6 1 « 9 2 3 1 8 8 6 i * 4 9 1 8 1 2 ■ 775 « 7 3 9 1 7 0 3 1 6 6 8 1 6 3 3 « 5 9 * .3  6
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* °  5 ' 2« 6 ’ 2° 2° 8 ' 2°  9 ’ 2 0 t o ' 2°  t i ' 2°  T 2 2 ° * 3 ’ |2 ° f 4 2° * 5 ’

O * 5 * 4 » 5 4 9 ‘ 5 * 5 1481 ■ 447 *4*3 1380 *347 * 3 * 4 .128 2 1245 : 01 »5 * 3 * 5 4 *, 1 5 1 4 14S0 1446 *4 * 3 * 3 7 9 *3 4 « »3 * 4 1281 1249 1Z 1582 * 5 4 » * 5 * 4 * 4 7 9 *4 4 « 1 4 1 2 * 3 7 9 *3 4 « * 3 * 3 1281 1248 2
5 1582 * 5 4 7 * 5 * 3 * 4 7 9 * 4 4 5 I 4 I 2 *3 7 * * 3 4 5 >3 * 3 12 8 c 1248 3^ 4 __ 1581 * 5 4 7 IÇ T 2 1478 14 4  y i ¿ r  i ‘ 3 7 * *3 4 i ! 3 f 2 1280 1247 4
j 1 5 * 1 * 5 4 « »5 ** *4 7 » * 4 4 4 *4 ** » 3 7 7 * 3 4 4 *3 * ' 1279 1247 5
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8

t j8 o * 5 4 5 I 5 I I *477 * 4 4 3 1409 * 3 7 « * 3 4 3 I3 IO 1278 1246 7
* 5 7 9 * 5 4 4 1^ 10 14 76 *4 4 * 1409 * 3 7 6 ' 3 4 3 I3IO 1277 1245 89 ' 5 4 4 IJ fO 1476 1442 1408 * 3 7 5 * 3 4 * 1309 1 2 7 7 1245 9

10 1578 * 5 4 3 * 5 ° 9 * 4 7 5 *4 4 * 1408 » 3 7 4 1342 * 3 ° 9 12 76 124 4 10
* 5 7 7 * 5 4 3 1508 * 4 7 4 I4 4 I 1407 * 3 7 4 * 3 4 * 1308 1276 * * 4 3 1 1
* 5 7 7 154 2 1508 * 4 7 4 * 4 4 0 »407 * 3 7 3 *3 4 ° 1308 1275 1 * 4 3 12
1 5 7 6 * 5 4 * * 5 ° 7 * 4 7 3 1440 1406 * 3 7 3 1340 1307 * * 7 5 I24 2 13* 5 7 6 1541 * 5 0 7 *4 7 3 * 4 3 9 1406 * 3 7 2 * 3 3 9 * 3 ° 7 * 2 7 4 124 2 *4
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>6

* 5 7 5 1540 i jo 6 1472 14 3* 1405 »3 7 * » 3 3 9 1306 i * 7 4 I2 4 I 15
* 5 7 4 * 5 4 ° 1506 *4 7 * *4 3 * 1404 *3 7 * *3 3 * 1 5 0 6 *273 I2 4 I i6* 7

l8
* 5 7 4 * 5 3 9 1505 *4 7 * * 4 3 7 1404 * 3 7 i 1338 1305 * * 7 3 1240 *7* 5 7 3 * 5 3 9 *5 ° 4 I47O * 4 3 7 *4 ° 3 * 3 7 ° * 3 3 7 * 3 ° 4 I2 7 2 I240 18? 9 ' 5 7 3 * 5 3 * »5 0 4 1470 * 4 3 « HO.; * 3 7 0 * 3 3 7 1304 12 71 * * 3 9 * 9

20 » 5 7 2 * 5 3 * »503 1469 *4 3 « J4O2 136 9 »3 3 « *3 ° 3 I2 7 I 1239 20
* 5 7 * * 5 3 7 * 5 0 3 1469 * 4 3 5 I4O2 1368 » 3 3 5 *3 ° 3 I27O 1238 2 1
* 5 7 * * 5 3 « I 5O2 1468 * 4 3 5 1401 136S » 3 3 5 I3O2 I27O 1238 22

* 3 1570 * 5 3 « 1 $ 0 7 1468 * 4 3 4 I4O I 13671 * 3 3 4 1302 1269 1 * 3 7 * 32 4
m ; q * 5 3 5 I5OI 1467 * 4 3 3 I4OO * 3 « 7 * 3 3 4 I3O I 1269 1237 * 4

* 5 * s 69 * 5 3 5 I5OO 14 67 * 4 3 3 * 3 9 9 136 6 * 3 3 3 1301 1268 12 3 6 25
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156 8 * 5 3 4 * 4 9 9 *4 « 3 *4 3 * 139» * 3 « 5 »3 3 * I3OO 126 7 * * 3 5 2 7
156 7 * 5 3 3 * 4 9 9 1465 *4 3 * 1398 *3 « 5 * 3 3 * 1299 1267 * 2 3 4 28

* 9 * 5 0 7 * 5 3 * 1498 1464 *4 3 * * 3 9 7 1364 *3 3 i 1298 1266 *234 * 9
30 156 6 * 5 3 * *4 9 » 1464 »4 3 ° * 3 9 7 *3 « 3 *3 3 * 1298 1266 1233 3 °3 ' 1566 * 5 3 » 1497 *46.3 1429 *3 9 « *3 « 3 * 3 3 ° 1297 1265 1233 3*3 * 1 5 6 ; * 5 3 * 1496 *4 « ' 1429 *3 9 « 1 3 «^ 1329 1297 1264 1232 323 3 1565 >5 3 ° *4 9 « 1462 1428 * 3 9 5 I3 6 2 * 3 * 9 1296 1264 I23 2 333 4 1564 * 5 3 0 * 4 9 5 1461 1428 * 3 9 4 1361 13.2* I 2 9 6 1263 I 2 3 I 3 4
3 5 1563 * 5 * 9 * 4 9 5 14 61 1427 ‘ 3 9 4 136 1 13*8 1295 1263 123 1 35
3 6 * 5 6 3 1528 * 4 9 4 14 60 *4 * 7 * 3 9 3 1360. *3 * 7 1295 1262 1230 3«3 7 1562 1528 * 4 9 4 1460 1426 » 3 9 3 *360 132 7 1294 . 1262 1230 37
3 * J 5 6 2 * 5*7 * 4 9 3 * 4 5 9 1426 *3 9 * * 3 5 9 1526 1294 126 1 I 2 2 9 3*
3 9  „ 1 561 I 5 2 7 * 4 9 3 * 4 5 9 *4 * 5 ‘ 3 9 * * 3 5 9 1326 1293 1 2 6 1 I 2 2 9 39
40 156 1 1526 *4 9 * *4 5 * 14 24 * 3 9 * 1358 * 3 * 5 I 2 9 2 1260 1228 40
4 I 1560 1526 *4 9 * *4 5 » *4 * 4 *3 9 » * 3 5 7 * 3 * 5 I 2 9 2 1260 I 2 2 7 4 *
4 * * 5 5 9 * 5 * 5 *4 9 * * 4 5 7 *4 * 3 *3 9 ° * 3 5 7 * 3 * 4 I 2 9 I * * 5 9 I 2 2 7 4 *
4 3 * 5 5 5 * 5 * 4 1490 *4 5 « *4 * 3 * 3 * 9 *3 5 « * 3 * 3 1 2 ÇI * * 5 9 1226 4 3
4 -* . * 55 .» * 5 * 4 1490 *4 5 « I4 22 *3 * 9 * 3 5 «! »3 * 3 I29O 1258 1226 4 4
45 * 5 5 * * 5 * 3 *4 * 9 * 4 5 5 I4-22 1388 * 3 5 5 I3 2 2 I29O 12 57 I225 4 5
4 6 * 5 5 7 * 5 * ' 1489 * 4 5 5 14 21 *3 * * * 3 5 5 132 2 1289 * * 5 7 I2 2 5 46
4 7 * 5 5 « I J 2 2 1488 * 4 5 5 I4 2 I * 3 * 7 * 3 5 4 I3 2 I 1289 1256 I2 2 4 4 7
48 * 5 5 « I J Ï 2 1487 *4 5 - I42O * 3 * 7 > 3 5 4 I J Z ! 1288 1236 I2 2 4 48
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7 . O 2 7 I 0 2 4 5 0 2 2 0 0 J 9 4 0 1 6 9 0 * 4 4 O I I 9 0 0 9 5 0 0 7 0 0 0 4 6 0 0 2 1 7
8 O 2 7 C 0 2 4 5 0 2 I (y 0 1 9 4 0 1 6 9 0 1 4 4 O I I 9 0 0 9 4 0 0 7 0 0 0 4 5 0 0 2 1 8  ,
9 O 2 7 0 I 0 * 4 4 - 0 2  I(# -0 , 9 4 - 0 1 6 9 0 *  4 3 O I  I 9 0 0 9 4 0 0 6 9 0 0 4 5 0 0 2 1 9

1 0  . O 2 7 O 0 2 4 4 0 2  Mi 0 1 9 3 C i  0 8 0 1 4 3 0 1 1 8 0 0 9 3 0 0 6 9 0 0 4 4 0 0 2 0 1 0
1 1 0 2 6 9 0 * 4 4 .0 2  l i 0 1 9 3 C 1 6 8 0 * 4 3 0 1 1 8 0 0 9 3 0 0 6 8 0 0 4 4 0 0 2 0 I I
1 2 0 2 6 9 0 2 4 3 0 2 1 8 O I 9 2 0 1 6 7 0 1 4 2 O I I 7 0 0 9 3 0 0 6 8 O O 4 4 O O I9 1 2
»3 0 2 6 S 0 2 4 3 0 2 1 7 O I 9 2 0 1 6 7 0 1 4 2 0 * * 7 OOQ 2 0 0 6 8 O O 43 0 0 1 9 * 3
>4 0 2 6 8 -O 2 4 2 - 0 2 17; - 0 » 9 2 ■ cibfr O I 4 I O I I 7 0 0 9 2 0 0 6 7 0 0 4 3 OOTQ > 4
>5 0 2 6 7 _ 0 2 4 2 0 2 1 6 O I 9 I O 1 6 6 d 4 I 0 * * 6 0 0 9 1 0 0 6 7 0 0 4 2 0 0 * 8 *5
1 6 0 2 6 7 O 2 4 I 0 2 1 6 0  1 Q I 0 1 6 6 O .I4 I 0 1 1 6 0 0 9  [ 0 0 6 6 0 0 4 2 0 0 1 8 1 6
»7 0 2 6 7 C J24I 0 2 1 6 O I9 O ' 0 1 6 5 O I 4 0 0 1  l £ j 0 0 9 1 0 0 6 6 0 0 4 2 0 0 1 7 1 7  •
iS 0 2 6 6 O 2 4 I 0 2 1 5 O I 9 O 0 1 6 5 O I 4 O 0 1 1 $ 0 0 9 0 0 0 6 6 0 0 4 1 0 0 1 7 1 8  •
_>9 0 2 6 6 O 2 4 O 0 2 1  5 • 0 1 8 9 -0 1 6 4 0 1 3 9 0 1 1 4 0 0 9 0 0 0 6 5 0 0 4 1 0 0 1 - * 9
2 0 0 2 Ù  > O 2 4O 0 2 1 4 3 1 8 9 0 1 6 4 0 1 3 9 0 1 1 4 0 0 8 9 0 0 6  j 0 0 4 0 0 0 1 6 2 0
2 1 O 2 6 5 O 2 3 9 0 2 1 4 0 1 8 9 1 O 1 6 3 o *39 0 1 1 4 0 0 8 9 0 0 6 4 0 0 4 0 0 0 1 6 2 1
2 2 . 0 2 6 4 O 2 3 9 0 2 1 3 0 1 8 8 0 1 6 3 0 * 3 8 0 1 1 3 0 0 8 9 0 0 6 4 0 0 4 0 0 0 1 $ 2 2
* 3 O 2 6 4 O 2 3 8 0 2 1 3 0 1 8 8 0 1 6 3 0 1 3 8 1 0 1 1 3 0 0 8 8 0 0 & 4 0 0 3 9 0 0 1 $ * 3
2 4 ■ O264 O 2 3 8 0 2 1  3 - 0 1 8 7 0 1 6 2 O I 3 7 0 1 1 2 0 0 8 8 0 0 6 3 0 0 3 9 0 0 1  $ 2 4
2 S, O 2 6 ; O 2 3 8 0 2 1 2 0 1 8 7 0 1 6 2 0 * 3 7 O I 1 2 0 0 8 7 0 0 6 3 0 0 3 8 0 0 1 4 2 5
2 6 . O 2 6 3 O 2 3 7 0 2 1 2 0 1 8 7 0 1 6 1 0 ! j 6 0 1 1 2 0 0 S 7 0 0 6 ? 0 0 3 8 C 0 I 4 26
2 7 . O 2 6 2 O 2 3 7 O l i i 0 1 S 6 0 1 6 1 O I 3 6 O I  1 1 0 0 8 7 0 0 6 2 0 0 3 8 0 0 1 3 2 7
2 8 O 2 6 2 0 2 3 6 0 2 1 1 0 1 S 6 0 1 6 1 O I 3 6 O l i  1 O O S 6 0 0 6 2 0 0 3 7 0 0 1 3 2 8
2 9 O 2 6 1 O 2 3 6 0 2 1  1 0 1 8 5 0 1 6 0 0 1 3 $ O I  1 0 0 0 8 6 0 0 6 1 C O 3 7 0 0 1 2 2 9

 ̂ 3 0 . O 2 6 1 o * 3 5 0 2 1 0 0 1 8 5 o i b o 0 1 3 5 O l i o 0 0 8 5 o o b i 0 0 3  b 0 0  J  2 3 0
3 ». O 2 6 1 0 * 3 5 0 2 1 0 0 1 8 4 0 1 5 9 0 * 3 4 0 1  IO 0 0 8 5 0 0 6 0 0 0 3 6 0 0 1  2 3 *
3 * O 2 6 0 0 2 3 5 0 2 0 9 0 1 8 4 0 1 5 9 0 1 3 4 C 1 0 9 0 0 8 4 0 0 6 0 0 0 3  b 0 0 1 1 3  2
3 3 O 2 6 O 0 2 3 4 0 2 0 g 0 1 8 4 0 1 5 8 o * 3 4 0 1 0 9 0 0 8 4 o c b o C O 3 5 0 0 1 1 3 3
3 4 0 * 5 9 O 2 3 4 0 2 0 8 0 1 8 5 0 1 5 8 0 * 3 3 0 1 0 8 0 0 8 4 0 0 5 9 0 0 3 5 0 0 1 0 3 4

o * 5 9 0 2 3 3 0 2 0 8 0 1 S 3 0 1 5 8 0 * 3 3 0 * 0 8 0 0 8 3 C 0 5 9 0 0 3 4 0 0 1 0 3 5
3 6 C 2 j S 0 2 3 3 0 2 0 8 0 1 S 2 0 1 5 7 0 1 3 2 0 1 0 7 0 0 8 3 0 0 5 8 0 0 3 4 0 0 1 0 3 6
3 7 0 2 5 8 0 2 ^ 5 0 2 0 7 0 1 8 2 0 1 5 7 0 1 3 2 C 1 0 7 0 0 S 2 0 0 5 8 0 0 3 4 0 0 0 9 3 7
3 * 0 2 5 8 0 * 3 2 0 2 0 7 0 1 8 1 0 1 5 6 0 1 3 1 * 0 1 C 7 0 0 8 2 0 0 5 7 C C 3 3 0 0 0 9 3 »
3 9 0 2 * 7 O 2 3 2 - o 2 v t 0 1 S 1 0 1  5 6 O I 3 I 0 1 0 6 0 0 8 2 0 0 5 7 • o c *  3 0 0 0 8 3 9
4 0 0 2 5 7 0 2 * 1 0 2 0 6 0 1 8 1 0 1 5 6 0 1 3 1 o * c 6 0 0 8 1 0 0 5 7 0 0 3 2 0 0 0 8 4 0
4 * C 2 5 6 0 2 3 1 0 2 0 $ 0 1 8 c 0 1 5 5 O I 3 O O IO 5 0 0 8  ! 0 0 5 6 0 0 3 2 0 0 0 8 4 *
4 * 0 2 5 6 C 23 C 0 2 0 $ 0 1 8 0 0 1 5 5 0 1 3 0 O IO 5 0 0 8 0 0 0 5 6 0 0 3 1 0 0 0 7 4 2
4 3 0 2 5 ; O 2 3C 0 2 0 $ C 1 7 9 O J 5 4 O I 2 9 O JO 5 0 0 8 0 0 0 5 5 0 0 3 1 0 0 0 7 4 3
4 4 ° * < 5 ■ O23C 0 2 0 4 C t 7 C) 0 . 5 4 0  2 9 O IO 4 c © 8 o 0 0 5 5 0 0 3 1 o o c f c 4 4
4 5 0 2 5 5 0 2 2 t j 0 2 0 4 O 1 7 9 0 1 5 3 0 1 2 9 O IO 4 0 0 7 9 0 0 5 5 0 0 3 0 o c c b 4 5
4 6 0 2 5 4 C 2 2 9 0 2 0 3 0 1 7 8 0 1 5 3 0 1 2 8 O IO 3 0 0 7 9 ° ° 5 4 0 0 3 0 O C 0 6 4 6
4 7 0 2 5 .4 0 2 2 8 0 2 0 3 0 1 7 8 0 1 5 3 0 1 2 8 O IO 3 0 0 7 S 0 0 5 4 0 0 2 9 0 0 0 5 4 7
4 8 0 2 5  j 0 2 2 8 0 2 0 2 0 1 77 O I 5 2 0 1 2 7 O IO 3 0 0 7 8 0 0 5 3 0 0 2 9 0 0 0 $ 4 8
4 9 .0 ? $ $ 0 2 ? ." 0 2 0 2 0 1 " ? 0 1 5 2 0 1  2* 0 1 0 2 C 0 7 7 0 0 5 3 0 0 2 9 G 0 0 4 4 9
SO 0 2 5 4 0 2 2 * 0 2 0 2 0 1 7 6 O l $ 1 0 1 2 6 0 1 0 2 0 0 7 7 C O 53 0 0 2 s 0 C 0 4 5 0
¿ I • 0 2  $ 1 O 2 2 5 0 2 0 1 0 1 7 6 O Ì 5 I 0 1 2 6 0 1 0 1 0 0 7 7 OO52 C 0 2 S 0 0 0 4 5 *
5 2 ; 0 2 5 2 0 Z 2 ( 0 2 0 0 1 / 6 G i f O l i ó O J O l 0 0 7 6 0 0 5 a 0 0 2 7 0 0 0 ; 5 2
S 3 0 2 5 0 2 2  ( 0 2 0 C O I 7 5 O I5C 0 1 2 $ 0 1 0 0 0 0 7 6 O O 5 I 0 0 2 7 0 0 0 3 53
5 4 - 0 2 $ 0 2 2 0 2 CC 0 T7 S 0 1 5 c 0 » 2 $ 0 1 0 0 0 0 ?  5 o c  5 0 0 2 7 0 0 0 2 J i .
5 5 0 2 CC Ó 2 2 3 0 2 0 C 0 1 7 4 O I4 C 0 1 2 4 C IO O C0 7 5 ÓÚ51 ó ó * 6 0 0 0 2 55
5 6 0 2 5 c O 2 2 4 0 1 9 5 0 1 7 4 O I4 C c i  2 4 o o q q 0 0 7 5 0 0 5 c 0 0 2 6 0 0 0 2 5 6
5 7 ’ 0 2 $C O 2 2 4 0 1 9 9 0 1 7 4 0 1 4 8 0 1 2 4 0 0 9 9 C0 7 4 0 0 5 c 0 0 2 5 OOO 57
5 8 0 2 4 5 0224 ] 0 1 9 S 0 1 7 3 0 1 4 8 O I 2 3 0 0 9 8 0 0 7 4 0 0 4 » 0 0 2 ^ OOO 5 »
59 0 2 4 5 0 * 2 3 0 1 9 8 0 1 7 3 0 1 4 8 O 1 2 3 0 0 9 8 0 0 7 3 0 0 4 c 0 0 2 u

59
S ■ *“  4 9 * ¿ ¡y,zv 51 * V 5 * * °  53 1*“  5 4 2 u 5 ; ' | 2 ‘' 5 6 2 °  57 '  2 ” 5 8 '¡ 2 °  5c S.



O f  L o g a r ith m ic  S in e s , T a n g e n t s ,  an d  S e c a n ts , t o  e v e r y  P o in t  a n d  

Q u a r t e r  P o in t  o f  th e  C o m p a fs .

l 'o in t s . S in e , j C o - f in c .  f r a n g e n t . C o - t a n g . S e c a n t. C o - fe c a m

O I10 .0 0 0 0 0 I n f in it e . 10.00000 I n im ité . 8

o  k 8 .6 9 0 S 0 9 .9 9 9 4 8 8 .6 9 1 3 2 1 1 .3 0 8 6 8 1 0 .0 0 0 5 2 :1 1 .3 0 9 2 c 7 i

o k 8 .9 9 13 0 ] 9 .9 9 7 9 0 8 .9 9 3 4 0 1 1 .0 0 6 6 0 1 0 .0 0 2 1 0  I 1 .0 0 8 7 0 7 i

O 4 9 .1 6 6 5 2 9 .9 9 5 2 7 9 - 1 7 12 5 1 0 .8 2 8 7 5 0 b 0 4- -»■
si 1 0 .8 3 3 4 8 7 j _

I q .2 q o 2 4 9 -9 9 15 7 9 .2 9 8 6 6 1 0 .7 0 1 3 4 1 0 .0 0 8 4 3 1 0 .7 0 9 7  6 7
J i 9 -3 S 5 5 7 9 .9 8 6 7 9 9 .3 9 8 7 9 1 0 .6 0 1 2 1 1 0 .0 1 3 2 1 I 1 0 .0 1 4 4 3 6  |

* î - 9 .4 6 2 8 2 9 .9 8 0 8 8 9 .4 8 1 9 4 1 0 .5 1 8 0 6 1 0 .0 1 9 1 2 ( 1 0 .5 3 7 1 8 6  T

i  {■ 9 .5 2 7 4 9 9 - 9 7 3 8 4 9 -5 5 3 ^ 5 1 0 .4 4 6 3 5 1 0 .0 2 6 1 6 1 1 0 .4 7 2 5 1 6  à

2 q . 58284 q .q 6 ç Ô 2 9 .6 1 7 2 2 1 0 .3 8 2 7 8 1 0 .0 3 4 3 8 1 0 .4 1 7 1 6 6

2 i 9 .6 3 0 9 9 9 .9 5 6 1 6 9 .6 7 4 8 3 1 0 .3 2 5 1 7 1 0 .0 4 3 8 4 1 0 .3 6 9 0 1 5  i

2  i - 9 - 6 7 5 3 9 9 - 9 4 5 4 3 9 .7 2 7 9 6 1 0 .2 7 2 0 4 1 0 .0 5 4 5 7 1 0 .3 2 6 6 1 5  1
2 1 9 . 7 1 1 0 5 9 - 9 3 3 3 5 9 . 7 7 7 7 0 1 0 .2 2 2 3 0 r o . 0 6 6 6 5 1 0 .2 8 8 9 5 5 i

3 9 .7 4 4 7 4 9 .9 1 9 8 5 9.8 2 4 8 9 1 0 .1 7 5 1 1 1 0 .0 8 0 1 5 1 0 .2 5 5 2 6 5
3  I 9 .7 7 5 0 3 9 .9 0 4 8 3 q . 8 7 0 2 0 1 0 . 1 2 9 S0 IO .O 95I7 1 0 .2 2 4 9 7 4  i
3 i q . 8 0 2  36 9 .8 8 8 1 9 9 . 9 1 4 1 7 10 .0 8 5 8 3 1 0 . 1 1 1 S 1 1 0 .1 9 7 6 4 4  i

3  i 9 .8 2 7 0 8 q . 8 6 9 7 9 0 .9 5 7 2 9 1 0 .0 4 2 7 1 r o . 13 0 2 1 10 .17 2 9 2 4 j _

4 ¡9 .8 4 9 4 9 9 .8 4 9 4 9 IO.OOOOO IO.OOOOO 10 .1 5 0 5 1 IO .I5O 5I 4
|C o -f in e S in e . C o - t a n g . 1 a n g e n t. C o - fe c a m S e c a n t.  |Points

L o g a r it h m s  o f  N u m b e r s .

¡ 4 ° .  , ____ , 0 0 _ ________ L o g .  0 .0 0 0 0 0 ------- 2 .0 0 0 0 0 .

ÎN. L o g . N. Lug. N. Log. Log. N. Leg.

1 0.00000 21 1.32222 41 1.61278 6l 1.78533 L ? 1 1.90849
2 0 .2 0 1 01 22 1.34242 42 1.62325 62 1.79*39 82 1.91381

3 O.47712 *3 J.36173 43 1-63347 63 1-79934 «3 1.91908

4 0.60206 24 1.38021 44 1.64345 64 1.80618 84 1.92428

5 0.69897 *5 1-39794 45 1.65321 65 1.81291 85 1.92942

6 0.77815 26 1.41497 46 1.66276 66 1.81954 86 1.93450
7 0.84510 *7 1.43136 47 1.67210 67 1.82607 87 1-9395*
8 0.90309 28 1.44716 48 1.68124 68 1.83251 88 1.94448

9 0 .9 5 4 * 4 29 1.46240 49 I.69O2O 69 1.83885 89 1.94939
i<P I.OOOOO 30 1.47712 ?°

1.69897 7 0 1.84510 9° i-9 S4*4
11 1.04159 3 1 1.49136 S‘ 1.70757 7 1 1.85126 y i 1.95904
12 1.07918 3* 1-50515 5* 1.71600 72 1.85733 92 1.96379

13 I - H 3 9 4 33 1.51851 53 1.72428 73 1.86332 93 1.96848

14 1.14613 34 1.53148 54 1-7 3 * 3 9 74 1.86923 94 1-97J 13
15 1.17609 1-54407 55 1.74036 . 75 1.87506 95 1-9777*

1Ô 1.20412 36 1-55630 S6 1.74819 76 1.88081 96 1.98227

17 1.2304; 37 1.56820 57 I -7 5 5 8 7 77 t.88649 97 1.98677
18 1.25527 38 1-57978 S» 1.76343 78 1.S9209 98 1.99123

19 1.27875 39 1.59106 59 1.77085 79 1.89763 99 1.99564
20 1.30103 4 ° 1.60206 60 1.77815 So 1.90309 100 2 .0 0 0 0 0



N° lOD------— 1600 Lof. OOOOO-------- 20417, I
N* O 1 2 3 1 4 5 tl. . 7 8 9

i IOO 
IOt 
lo z
103
104

ooooc
00432
00860
01284
01703

00043
00475
00903
01326
01745

00087
00518
00945
01368
01787

OO130I 
OO56 1 
OO98B 
OI4.IO 
Oï823

00173
00604
01030
01452
01870

OO2I7
OO647
01072
OI494
OI9I2

00260 
00689 
0 11 15 
01536 
01953 
02366 
02776 
03181 
03583 
03981

OO3O3
OO732
OUST
Or$78
OI995

00346
OO775
0119g
01620
02036

00389
00817
01242
01662
O2O78

105
IÖ6
107
108
109

02119
02531
02938
03342
03743

02160
02572
02979
03383
03782

02202
02612
O3OI9
03423
03822

02243
02653
0306a
03463
03862

02284
02694
03100
03503
03902

02325
02735
03141
03543
03941

02407 
02816 
03222 
03623 
04021

02449
02857
03262
03663
04060

02490
02898
03302
03703
04100]

1 IO
111
112

” 4

04139
04532
04922
05308
05690

04179
04571
04961
05346
05729

O421"
O4ÖIO
O4999
O5385
O5767

0425«
04650
0503S
0S423
05 80 5

04297
04689
05077
05461
05843

04336
04727
05115
05500
05881

04376 
04766 
05 '54  
05538 
05918

04415
04805
05192
05576
05956

04454
04844
O5231
05614
O5994

04493]
04883)
05*69;
05652;
06032;

" 5
I (6
117
Iii> 
I T9

06070
06446
06819
07188
07555

06108
06483
06856
07225
07591

06145
06521
06893
O7262
O7628

06183 
00558 
06930 
07298 
07664

06221
06595
06967
07335
07700

06258
06633
07004
0737*
07737

06296
06670
07041
07408
07773

06333
06707
07078
07445
07809

06371
06744
O7115
07482
67846

06408;
06781]
07151]
07518;
C7882

I 20 
1 21 
122 
m
124

07918
08279
08636
08991
09342

0/954
08315
08673
O9O26
09377

O799O
08350
08707
09061
O9412

08027
08386
08743
09096
09447

08063
08422
08778
09132
09482

0S099 
0845 i 
08814 
09167 
09517

08135
08493
08849
09202
09.55 2

08171
08529
08884
09237
09587

08207
08565
08920
09272
09621

08243
08600;
08955;
09307]
09656'

>. 145
I 2Ô
L27
I28
Tig

09691 
10037 
1038c 
10721 
1 1OÇ9

09726
10072
'0415
10755
"O93

O976O
IOIO6
IO449
IO789
III26

09795
10140 
10483 
10823 
1 1 160

09830 
10175
10517
10857
"  193

09864
IC20Ç
IO55 1
IO89C
1 1227

09899
10243
10585
10924
11261

09934
10278
10619
1095s
” *94

O996S
IO312
10653
IO992
II327

10Ò03]
10346;
10687;
11025]
11361!

I3O
>3 '
132
133
134-

11394
11727
I20$7
12385
12710

1142! 
11760 
12090 
12418 
12743

I 1461
II793
12I23
12450
12775

"4 9 4
11826
12156
12483
1280S

11528
11860
12189
12516
12840

II561 
11893 
! 2222 
12548 
12872

1.1594
1 1926 
12254 
12581 
12905

11628
11959
12287
12613
12937

11661 
11992 
12320 
1 2646 
12969

I I694' 
I2O24; 
122 ça' 
12678 
I300I1

»3 5 
136
»37
13S
'39

'3033
'3354
13672
>398*
14301

13066
13386
13704
I4O I9
I4333

13098
13418
13735
14051
14364

13130
13450
13767
14082
14395

13162
13481
13709
14114
14426

' 3'94
13513
13830
14145
14457

-13226
13545
1386^
Ï417É
1448c

13258
13577
13893
14208
14520

13*90
13609
139*5
14239
>455 '

13322]
13640]
*3956.
14270
14582

140
*4 '
142
'43
144

14613
14922
15229
'5534
15836

14644
'4953
• 5*59
15564
15866

14675
14983
15290
15594
15897

14706
15014
15320
15625
15927

14737
15045
*535*
*5655
15957

14768
15076
15381
15685
15987

14799
15106
154-12
157*5
16017

14829
*5*37
1544Í
15746
16047

14860
15168
15473
15776
16077

14891:
151981
15503-'
1580fr
16107

145
145
147
148
149

16137
16435
16732 
17026 
'73  49

16167
16465
16761
17056
17348

16197
16495
16791
17085
173-77

16227
16524
16820
17114
17406

16256
16554
16850
' 7 H 3
>7435

16286
165S4
16871
17173
17464

16316
16613
16909
17202
'7493

16346
16643
16938
17*3 '
17522

16376 
16673 
16967 
17260 
'755  '

16406'
16702'
16997
17289,
17580

rSo
' 5 '
>•5*
>53
J >4

i 7609 
1789s 
1R184 
18469 
18752

17638
17926
1-8213
I8498
18780

17667
1 7 9 5 5
18241 
18526 
18808

17696
7 7 9 8 4
18270
18554
18837

177*5
18013
18298
18583
18865

17754
18041 
18327 
¡8611 
18893

17782
18070
18355
18639
18921

17811
18099
1S384
18667
18949
19229
19507
19783
20058
20330

17840
18127
18412
18696
18977

I7S69 
ISI56 
1844 t 
18724 
1900$

'>5
1-56-
»57
iS*
1 59_ 
N °"

'9033
19312
19590
19866
20140

19061
• 19340

19618
19893
20167

19089
1.9368
19645
I992I
20194

19117
19396
19673
19948
20222

19'45
19424
19700
1997620249

19173
1945 '
19728
2OOO3
Z027Í

19201
'9479
'9756
2OO3O
2O3O3

19257 
1953S 
19811 
20085 
20358

19285 
19562 
19838 
20112 
2 0 3  i  s

0 1 2 3 4 S 6 7 8 9 '



! T a c  i. e  X X I V .  L o g a r it h m s  o f  N u m b e r s .

I N° 1600----—  2200. Log. 204 1 2——— 34242. 1

No. 0 t 1 2 1 3 4 5 6 7 8 9
160 2O41: 20439 2O46Ô 20493 20520 20548 20575 20602 20649 20656
I6I 20683 20710; 2073- ZO7Ó3 2079O 20817 20844 20871 20898 *09*5
162 20952 20978 2ioo<; 21032 21O59 21085 21112 21139 21165 21192
16} 2(2X9 21245 21272 2 1299 21325 21352 21378 2I4O5 21431 21458
164 21484 21511 21537 21564 2159O 21617 21643 21669 2 1 696 2I722

165 21748 21775 21801 21827 21854 21880 219O6 21932 2195t * ‘ 9*S
166 2 201 I 220)7 22063 22089 22II5 22141 22167 22I94 22220 2224b
167 22272 22298 22324 22350 22376 22401 22427 22453 22479 225O5
168 22531 22557 22583 22608 22634 2266c 22686 227I2 2273- 22763
I69 22789 22814 22840] 22S66 22^9 1 22917 22943 22968 22994 25OI9

i j o 23045 23070 25OQ0 23121 23*47 23172 23198 23223 23249 25274
. 7 * 23300 23325 23350 23376 23401 23426 23452 23477 23502 23528
172 13553 2357* 23603 23629 23654 23679 23704 23729

2398c
23754, 23779

*73 27805 23830 23855 23880 23905 33930 23955 24005 24030

*74 *40$5 24080 24*05 24130 24155 24180 24204 24229 24254 24279

*73 24304 24329 34353 24378 24403 24428 24452 24477 24502 24527
I76 24551 24576 24601 24625 24650 24674 24699 24724 2474S 24773

*77 24797 24822 24846 24871 24895 24920 24944 24969 24993 25018

*7» 2 Ç042 25066 25091 25115 25139 25164 25188 25212 25231 25261

I *79 25285 25.3*0 25334 25358 253*2 25406 2543* 25455 2 5479 25503

j 180 25527 2555 ' 25575 25600 25624 25648 2567z 25696 25720 25744
I8I 25768 25792 25816 25840 25864 25888 2£9I2 2J935 25959 25983

1 182 26007 26031 26055 26079 26102 26126 26150 26174 26198 26221

: *83 26245 26269 26293 26316 26340 26364 26387 26411 26435 26458
184 26482 26305 26529 26553 26376 26600 26623 26647 2667c 26694

' 185 26717 20741 26764 20788 26811 20834 20858 26881 26905 26928
; 186 26951 26975 26098 27O21 2704; 27068 27O9I 27114 27138 27161

187 27184 272O7 27231 27254 27277 27100 27323 27346 27370 27393
18S 27416 27439 27462 27485 27508 27531 27554 27577 27600 27623
189 21646 27669 27692 27715 27738 27761 27784 21807 27830 27852

103 27875 27ÍÍQÍÍ 279ZI 27944 27967 279*9 28012 28035 28058 28081

191 28103 28126 28149 28171 2S194 28217 28240 28262! 28285 28307
192 28330 28353 28375 28398 28421 28443 28466 28488 28511 28533
193 28556 28578 28601 28623 28646 28668 2869I 28713 28735 28758

*94 28780 28803 28825 28847 28870 288'g2 28914 28937 28959 28981

*95 2000? 29026 21)04.8 29070 29O92 29115 29137 29159 29181 29203
lo *3 29226 29228 2927O 29292 29314 29336 29358 2938c 29403 29425
197 29447 29469 29491 29515 29535 29557 29579 29601 29623 29645
198 29667 296S8 2971O 29732 29754 29776 29798 2982c 29842 29863
199 29885 29907 2QQ29 29951 29973 29994 30016 3003S 3006c 30081

230 30103 30125 30146 30168 3OI9O SOZI 1 30233 30255 30276 3029S 1
201 30320 3034* 30363 30384 30406 30428 30449 3=4 7 ' 30492 30S '4
202 30535 30557 30578 3060c 30621 30643 30664 30685 30707 30728

2O3 3° 7s° 30771 30792 30814 30835 30856 30878 30899 30920 30942
204 30963 309*4 31006 3 1027 3 r048 3 io6q 3IO9I 31112 31.133 3.1.134
205 3 *>7 S 3**97 31218 3*239 31260 31281 31302 31323 31345 31366
206 31387 31408 3*439 31450 31471 3*492 31513 31534 31555 31576
207 3*597 31618 31639 3166c 31681 31702 3*723 3 '74 4 3*765 3 *7*5
208 31806 31827 31*48 31869 31*90 31911 31931 31952 3 '973 31994
2O9 32015 72035 32O56 32077 32098 32118 32139 3216c 3.2 * 81 32«  i 1

C T '210 32222 32243 32263 322S4 32305 3232$ 32346 32366 3*3*7
2 1 X 32428 32449 32469 32490 32510 32531 32552 32572 32593 32613 [

212 32634 32654 32675 32695 32715 32736 32756 32777
32980

32797 32818
213 32838 32858 32*79 32899 32919 32940 32960 33001 3302T
214 33041 33062 330X2 33102 37*43 33163 31 '*3 33*03 33224

33264 33284 33304 33325 33345 33365 33385 33405 334*5
216 3 344< 3346 5 33486 33506 33526 33546 33566 335*6 33606 33626
217 33646 33666 33686 33706 33726 33746 33766 33786 33806 33826
218 33*46 33866 338X3 33905 33925 33945 33965 339*5 34005 34025
219 34044 34064 34084 34104 34124 34 > 43 34163 34183 34*03 34W3
ÑcT O

. . . . .
2 3 4 5 6 7 8

= i = ! l
( Y )  T a b .



I'i . - N o .  2 2 0 0 --------------- 2 8 0 0 . L o g . 3 4 2 4 2 ------------ “ 4 4 7 1 6 .
»-----------  ■  • — —  ~  : î  » o

¡S o . 0 2 3 4 5 6 7 8 1

' 220 34242 34262 342S2 34301 34321 34341 34361 34380 3440c 34420
, 221 34439 34459 34479 34498 34518 34537 3455" 34577 34596 34616

222 34635 34655 34674 34694 34713 34733 34753 34772 34792 34811
i »23 34S30 3485c 34869 34889 34908 34928 34947 34967 34986 35005
! 224 3,-025 35044 35064 35083 35102 35122 35*41 35160 35180 35'99
■ 35218 35257 35276 35295 35315 35334 35353 35372 35392
■ 226 354H 35430 35449 35468 35488 35507 35526 35545 35564 35583

i 227 35605 35612 3564' 35660 35679 35698 35717 35736 35755 35774
1 228 35793 35813 35832 35851 35870 35889 35908 35927 35946 35965
1 229 359^4 36003 36021 36040 36059 36O78 36097 36116 36135 36154

23O 36173 36192 36211 36229 36248 36267 36286 36305 36324 36342
; 231 36361 5638c 36399 36418 36436 36455 36474 36493 36511 36530
; 232 36549 3656! 36586 36605 36624 36642 3666I 36680 36698 36717

i 233 36736 36754 36773 3679' 36810 36829 3Ó847 36866 3688^ 36903

! *34 36922 3694c 36959 36977 ‘ 36996 37014 37033 3705' 37070 37088

37107 37125 37144 37162 37181 37199 37218 37236 37254 372/3
i 236 37291 37310 37328 37346 37365 37383 37401 37420 37438 37457
I 237 374’ 5 37493 3753° 37548 37566 37585 37603 37621 37639
1 238 37658 37676 37694 37712 37731 37749 37767 37785 37803 37822
; 239 37840 37858 37876 37894 379 '2 37931 37949 37967 37985 38003

¡ ZAO 38021 38039 38057 38075 38093 38112 38130 38148 38166 38184

' 24 1 38202 38220 3823S 38256 38274 38292 38310 38328 38346 38364
242 38382 38399 38417 38435 38453 38471 38489 38507 38525 3*543

i a43 38561 38578 38596 38614 58632 38650 58668 3S6S6 38703 38721
1. 244 38739 38757 38775 38792 38810 38828 38846; 3SS63 38881 3S899

; 245 38917 38954 38952 3897c 389S7 39005 39023 39041 39058 2ÿ076
246 39°94 3 9 m 39I39 39146 39164 39182 39199: 3921; 39235 39252
24*7 39270 39287 39305 39:322 39340 39358 39375 39393 39410 39428

! 248 39445 3946j 39480 3949S 39515 395 33 3955°; 3 9 5 6 8 39585 39602

! 249 39620 3963' 39655 39672 39690 39707 39724’ 39742 39759 ‘ 39777
! 250 39794 39811 39829 39846 39863 39881 39898 39915 39933 3995°

2 5 i 39967 39985 4OOO2 4 0 0 1 Q 40037 40054 4OO7 i 4008S 40106 40123

252 4OI4O 40157 401?; 40192 4O2OQ 40226 40243 40261 4027$ 40295
! 253 40312 40329 40346 40364 40381 40398 40415; 40432 40449 40466

: 2J4 40483 40^00 40518 40535 40552 40569 40586Í 40605 40620 40637

; ■ 25> 40654 40671 40688 40705 4O722 40739 40756 40773 40790 40807
! 256 40824 40841 408 ?s 40875 40892 40909 409 26 40943 40960 4O976
: 257 40993 4IOIC 4102;- 41044 41061 4107S 41095 41111, 4 1 1 z8 4 ' i 45
: =5* 41162 41179 4 1 106 4I2I2 41229 41246 41263 41280 41296 4 ' 3 i3
i 259 41330 4 '347 41365 41380 41397 41414 41430 41447 41464 41481

1 26c 4 '497 41514 4 ' 53i 4154- 41564 41581 41597 41614 41631 41647
261 41664 41681 41697 41714 4173' 41747 41764 41780 41797 41814
262 41830 41847 41863 41880 41896 4 i 9 '3 41929 41946 4 ' 963 41979
263 41996 42012 42029 42045 42062 42078 42095 42111 42127 42144
264 42160 42177 42193 422IO 42226 42243 42259 42275 42292 42308

265 42325 4234 ' 42357 42374 42390 42406 42423 42439 42455 42472
266 42488 42504 42521 42537 42553 42570 42586 42602 42619 42633
267 42651 42667 42684 42700 42716 42732 42749 42765 42781 42797
268 42S13 42850 42846 42^62 42878 42894 4 2 9 I I 42927 42943 42959
269 429" 5 42991 43008 43024 43040 43056 43072 43088 43104 43120

27O 43136 43152 43169 43185 43201 43217 43233 43249 43265 43281
271 43297 43313 43329 ,43345 43361 43377 43393 43499 43425I 43441
272 43457 43473 43489 43505 43521 43537 43553 43569 43584 43600
273 43616 43632 43648 43664 43680 43696 43712 43727 43743 43759
274 43775 43791 43802 43823 43838 43854 43870 43886 43902 43917

275 43933 43949 43965 43981 43996 44012! 44028 44044 44059 44075
276 44091 44107 4 4 I2 2 44138 44154 44170; 44185 44201 44217 44232
277 44248 44264 44*79 44295 44311 44326 44342 44358 44373 44389
278 44404 4 4 42 0 44436 444 S' 44467 44483 44498 44514 44529 44545
279 4 4 560 44576 44592 44607 44623 44638! 44654 44669! 44685 44700
No. O I 2 3 4 5 6 7 8 9



|| No. 280O------— 3400. I'Og. 44716— 5 3 ' 4 8 ’. .
N« 1 0 1 1 3 ’ 4 ‘ ' 5 ! 6

?
1 x ! 9-

2X0 44716 4 4 7 3 ' 44747 44762 4 4 7 7 8 ,! 4 4 7 9 3 44809 44X24 44840 44855
281 44871 44886 44902 44917 4 4 9 5 2 4 4 9 4 8 44963 4 4 9 7 9 4 4 9 9 * 45010
282 45045 45040 45056 45071 45O86 45102 45*17 4513.3 45148 4 5  >6 3
283 4 5 '7 9 4 5 '9 4 45209 45225 45240! 4 5 2 5 5 45271 45286 45301 4 5 3 *7 .
284 45334 4 5 3 4 7 43362 45378 4 5  3931 4 5 4 ° 8 45423 4 5 4 .3 9 4 5 4 5 4 4 5 4 6 9

285 455OO 45315 4553° 4 5 5 4 S 45561 45576 4 5 5 9 ' 45ÒOÓ 45622
286 45 6 .37 43652 45667 45682 45697 45712 45728 4 5 7 4 3 4 5 7 5 8 4 5 7 7 3 :
287 45788 45803 45818 45834 45849 45864 458-9 45894 45909 4 5 9 ? 4  !
288 4 5 9 3 9 4 5 9 5 4 45969 45984 46000! 46015 46030 46045 46060 46075

4609c 46105 46120 46135 461 50I 46165 461X0 46195 46210 46225

290 46240 46255 46270 46285 4630c 46315 46330 4 6 3 4 5 4 6 3 5 9 4 6 3 7 4
29I 46389 46404 46419 46434 464491 46464 46479 46494 465C9 46523 1
2 9  ¿ 4 6S3 X 46553 46^68 46583 465981 46613 46627 46642 46657 46672
293 46687 46702 46716146731 46746 46761 46776 46790 46805 46820
2C)4 46X5^ 46850 468641 46879 46894 46909 46923 46938 4 6 9  53 46967
295 4 ÔQ02 46997 47012 4702b 47041 47056 47070 47085 47 100 471 ' 4
296 47129 47144 47159 47173 471SS 47202 47217 4 7 2 3 2 47246 47261
297 47276 47290 47305 47319 4 7 3 3 4 4 7 .3 4 9 47363 4 7 3 7 8 •47392 47407, J
298 47444 4 7 4 3 6 47451 47465 47480 4 7 4 9 4 47509 4 7 5 2 4 47538 4 7 5 5 3
299 47567 47582 47596 47611 47625 47640 47654 47669 4:683 47698
SCO 47714 4 7 7 2 7 47-41 47756 47770 47784 47799 47813 47 8 2$ 47842
301 47857 4-871 47S85 47900 47914 4 7 9 2 9 47943 4 7 9 5 s 47972 4 7 9 8 6 .
3 0 2 48001 48015 48020 48044 48058 48073 48087 48101 48116 48150
303 48144 48159 48173,48187 48202 48216 48230 48244 48259 48273
304 48287 48302I 48316 48530 4 8 3 4 4 48359 48373 48387 4S401 48416

305 48430 48444! 48458! 48473 4S487 48501 48515 48530 48544 48558
306 48574 48586 48601 48615 4S629 48643 48657 4867 I 4S6SÓ 48700
307 48714 48728 48742 48756 48770 48785 48799 48813 48827 48841
308 48855 4-S86q 48883 48897 48911 48926 48940 4 8 9 5 4 48968 48982
309 4SQ96 49010 49024 49038 49052 49O66 49080 49094 49108 49 122
3 ‘ ° 49136 49150 49164,49178 49192 49206 49220 4 9 2 3 4 49248 49262
311 49276 49290 49304 49318 4 9 3 3 2 4 9 3 4 6 49360 4 9 3 7 4 4938S 49402
3 * 2 49415 49429 49443; 49457 49471 4 9 4 8 5 49499 49513 49527 49541
3 ' 3 49554 49568 49582 49596 4 9 0 ÏO 49624 49638 49651 49665 49679
3 ' 4 49695 4910- 4 0 7 2 1 49734 49148 49762 49776 49190 49803 49817
3 ‘ 5 49851 49845 49859;49872 49886 49900 49914 4 9 9 2 7 4 9 9 4 ' 49955
3 ' 6 49969 499S2 4 9 9 9 Ô 5OOIO 5OO24 50037 50051 30065 5007 9 50092.
3 ' 7 50106 50120 50133; 50147 50161 50174 50188 5O2O2 50215 50229
3 50243 50256 5 0 2 7 0 ; 50284. 50297 50311 50325 50338 50352 50365
3 ' 9 50379 50393 50406! 50420 50433 50447 50461 50474 50488 50501
32O 50515 50529 50542! 50556 50569 50583 50596 50610 50623 50637
3 4 1 50651 50664 506781 506qi 50705 50718 50732 50745 50759 50772
3 2 2 50786 50799 50813 50826 50840 50853 50866 5088c 50895 50907
3 2 3 Ç0Q20 50934 50947 5 0 9 6 1 50974 50987 5 IO O I 5 I 0 ‘ 4 51028 5 * 0 4 1

! 3 4 4 51055 51068 5 1 0 8 1 5 1 0 9 5 51108 ? r i 2 ! 51135 51148 51162 51175
3 - 5 51188 5 1202 51215 5.228 51242 51255 51268 51282 >1295 51308
326 5 1 3 4 2 51335 51348 5 1 3 6 2 51375 5 1 3 8 8 51402 51415 51428 5 ' 4 4 * .
347 51455 51468 51481 51495 51 S °8 51521 51534 51548 51561 51574328 51587 5 1 6 0 ] 51614; 51627 51640 51654 51667 51680 51693 51706 j

5 *7 2 r 51133 51746; 51759 51772 517S6 5 1 7 9 9 51812 5 1825 3 1 8 3 8  !

330 51851 51865 5 ‘ 878 5 1 8 9 1 51904 51917 51930 51943 51957 51970 j
331 s'983 5 1 9 9 6 Ç2009I Ç2022 52035 5204S 5 2 0 6 1 52075 5208S 52101 i
334 5 2 1 1 4 52127 5 2 I 4 O 1 52153 52166 5 2 1 7 9 52192 52205 5221S 52231 1
333 5 2 2 4 5 5225- 52270 ! 5 2 2 S 4 52297 52310 52323 5 2 3 4 9 53362
3 3 4 54375 52388 52401 ! 5 2 4 1 4 52427 52440 3 2 4 5 3 52466 52479 52492

1 3 3 5 52504 5 2 5 1 7 52530,52543 5 2 5 5 6 52569 52582 52595 52608 52621
i 3 3 6 54634 52647 52660: 52675 52686 52699 5 2 7 1 1 52724 5 2 7 3 - 52750 ;
: 3 3 7 52763 52776 52789} 52802 5 2 8 1 5 52827 5284c 52853 52866 52879
■ 3 3 8 52892 52905 52917 S293C 5 2 9 4 3 52956 52969 <[2q 82 5 2 9 9 4 53007
i 3 3 9 5302O 55033 53046 I 53058 5.3071 53084 53097 53110 531 22 5 3 '3 5  ;
1 N«-* 0 1 2 1 3 4 j 6 7- 8



N °  3400---------^4000-__________________________________ L og. 5 3 148-----------60206.
No. 0 1 1 2 | 8 4 I 5 f 6 I__7 9
34° 53148 5316 53 ¡73 | 53»8i 53199j 53212I 53224I 53237 53350 53263341 53275' 5328S 53301 533 '- 533261 jj339| 5335; , 53364 53377 5339°34» 5 34° 3 55413 53428 5344» 53453 53466 53479; 5349 535°4 53517343 53529 53542 53555 53567 53580 53595 53605! 536 ii 55631 53643

| 344 53° 56 53668 53681 53694 53706, 53719 5373=! 53743 53757 53769
! 345 53782 53794 53807 5382c 53832: 53845 53857 5387c 53882 5389s
1 34f> 539°« 53920 53933 53945 5395«1 53970 55983 53995 54008. 54020
I 347 S4°33 54°45 54058 54070 54083 • 54095 54108 54120 54133 54HS348 54158 54170 54183 54'95 54208 54220 54233 54*45 54258 54*70349 54283 54295 54307 54320 54332 54345 54357 54370 54382 54394

35° 544°7 544 '9 54432 54444 54456 54469 54481 54494 54506 545183 5 1 5453 2: 54543 54555 54568 54580 54593 54605 54617 54630: 5464235- 54654 54667 54679 54691 54704 54716 547*8 54741 54753 5476s353 54777' 5479° 54802 54814 54827 54839 54851 54864 54876; 5488S
354 549° °  54913 5492 5 54937 54949 S4962 54974 54986 54998 55011
355 55°23 55035 55047 55060 55072 55084 55096 55108 55121 55133356 55145 55 ¡57 55169 55182 5 5 '94 55206 55218 55*30 55242 55*55357 55267 55279 5529 ' 55303 55315 55328 5534° 5535* 55364: 55376358 553*8 5 5400 55413 55425 55437 55449 55461 55473 55485 554973>'9 555^9 S5522 55 534 55546 55558 5557° 55582 55594 55606 55618
360 5563° 55642 55654 55666 55678! 55691 55703 55715 55727! 55739
361 5575» 55763 5 S775 55787 55799 55*i« 55823 55835 55847 55859
362 5587» 55885 55895 55907 559'9 5593 ' 55943 55955 55967 55979363 5599» 5.6005 56°>5 5.602- 56038 56050 56062 56074 56086 56098
564 56110 5.6122 >6134 '56146 56158 56170 56182 56194 56205 56*17
365 56**9 56241 56253 56265 56277 56289 56301 56312 ' 56324! 56336
366 56348 5656c 56572 56384 56396 56407 56419 56431 56443 56455367 56467 5f'47S 56490 56502 56514 56526 56538 56549 56564 56573
368 56585 >6597 5660S 56620 56632 56644 56656 56667 56679; 56691
369 56703 56714 5672.6 56738 56730 56761 56773 56785 567971 56808
370 56820 56832 56844 >6855 56867 56879 56891 56902 56914) s6qz6
37» 56937 56949 56961 J6972| 56984 56996 570c8 57019 57° 3 i| 57043372 57054 57066 57078 57089 57101 57H 3 57 i *4 57136 57148! 57159373 57*7 » 57>8.3 57'94 57206 57217 57229 57241 57*5* 57*64! 57276
374 5 ̂  2 87 57299 573 '° 57322 57334 57345 57357 57368 5758o! 57392
375 574^3 ' 574>5 57426 57438 57449 5746 i| 57473 57484 57496, 57507
37b 5 ’ 5»9: 5753° 57542 57553 57565 57576 575*8 57 6cc 576i i | 57623
377 57654 57646 57657 57669 57680 57692 57703 S77 '5 577*6, 57738
5.73 5774-9 5776i 57772 57/84 57795 57807 57818 57830 57841 57852
3-9 57864' 57875 >7887 57898 «¡7910 579* ' 57933 57944 57955 57967
380 579/8 57990 58001 58015 58024 580351 58047 (80\S 58070, 58081
381 58092 58104 58»I5 58127 58138 58l4q| 58161 58172 58184 58195
382 552C6I 552IS 58229 J8240 7S252 58263! 58274 58286 58297 58309
383 5S32O 5S35> 58.543 58354 78365 58377 58388 58399 <8410; 58422 !
384 58433, 58444 58456 58467 58478 58490 58501 58512 585241 58535
3* 5 , 58546 58557 58569 58580 58551 58602! 58614. 58625 58636! 58647
386 58659; 5867O 58681 58692 58704 58715 58726 58737 <8749! 58760
387 5S771; 58782 58794 58805 58816 58827 58838 58850 58861] 58872
388 58883' 58844 58906 5S917 58928 58939 58950 8̂q6i 58973' 58984
389 ?8995 59006 59017 59028 59040 59051 59062 59073 59084' 59095
39° 5*9106 5 9 n s 59129 59140 59I5 1 59162 59173 59184 59195 59*07
39 » 59218 59229 59240 S9*5[j 59262 59*73 59284 59295 59306; 59318 |
392 59329 59340 5935* 59362 59373 S9384 59395 59406 59417 59428
393 59439 59450 J946J 59472 59483 59494 59506 595 »7 595*8 , 59539
394 5955° 99561 59572 59583 59594 59605 59616 5962« 5963* 59649
395 59660 59671 59682 59693 59704 597 '5 597*6 59737 59748; 59759
396 59770 5978c 5979» 59802 59813 59824 59835 59846 59857. 59868
397 59879 5989c 59901 59912 599*3 59934 59945 59956 59966 59.977 ,
398 59988 59999 60010 63021 $0032 60043 6OO54 60065 60076. 60086
399 60097 60108 60119 60130 60141 60152 60163 60173 6OI84’ 60195
N o .  i 0 ' % 3 4 5 1 6 7 8 '



X " 4000 ------4600. Log. 60206 66276.
N "„

i ' 0
! 2 3 ! 4 ! 5 6 7 8 9

4OO j 60206 60217 60228 60239! 60249 j 60260 60271 60282 l 60293 60304
4OI ! 60714 60325 60336 60347 603 5 81 60369 60379 60390 60401 60412
4O2 60423 60433, 60444 60455 60466, 60477 60487 60498 60509 60520
4*3 60531 60541 60552 60 <6 3 60( 74.1 60(84 60595 60606 60617 60627

: 404 60638 60649 60660 606701 60681 60692 60703 60713 60724 60735

405 60746 60756: 60767 60778 60788! 60799 60810 60821 60831 60842
406 60853 60863 60874 60885 60895 60906 60917 60927 60938, 60949
407 60959 60970 609 Hi 60991 61002 61013 61023 61034 6 ic4 ( ! 6 i o ( (
408 61066 61O77; 61087 61098 61109 61119 61130 61140 61I5I 61162
409 61172 61183 61194 61204 61215 61225 61236 61,247 61257 61268

41O 61278 61289 61300 61310 61321 61331 61342 6135* 61563 61374
411 61384 61395 61405 61416 61426 61437 6144S 61458 61469 61479
412 61490 61500 61511 61521 61532 6154* 61553 61563 61574 61584
4 '3 61595 61606 61616 61627 61657 61648 61658 61669] 61679 61690
414 61700 61711 61721 61731 61742 ,61752 61763 61773 61784 61794

4*5 61805 61815 6182Ó 61836 61847! 61857 61868 61878 61888 61899
416 61909 61920 61930 61941 61951 61962 61972 6x9821 61993 62003
417 62014 62024' 62034 62045 620(5 62066 62076 62086 62097 62107
418 62118 62128 62138 62149 621(9 62170 6218c 62190 62201 62211
4I9 62221 62232 62242 62252 62263 62273 62284 62294 62304 62315
42O 6 *3*5 62335 62346 6*356 62366 62377 62387 62397 62408 62418
42I 62428 62439 62449 6*459 62469 62480 62490 625CO 62511 62521
422 6253 i 62542 62552 62562 6 *57* 62583 62593 62603 62613 62624
423 62634 62644 62655 62665 6*675 62685 626^6 62706 62716 62726
414 62737 62747. 62757 62767 62778 62788 62798 62808 62818 62829

4*5 62839 62849 62859 62870 62880 62890 62900 62010 62921 62931
426 62941 62951 62961 62972 62982 62992 63002; 63012 63022 63033
4*7 63043 63053 63063 63073 63083 63094 63104 63114 631*4 63154
4*8 63144 63155 63165 63175 63185 63195 63205 63215 63**5 63236
429 63246 63256; 63266 63276 63286 63296 63306 63317 63327 63337
430 63347 63357 63367 63377 63387 63397 63407 63417 63428 63438
4 SI 63448 63458 63468 63478 63488 63498 63508 63518 63528 6353843* 63548 6355á 63568 63579 63589 63599 63609 6 3 6 1 o 63629 63639
433 63649 63659 63669 63679 63689 63699 63709 63719 6 (72Q 65739434 63749 63759 63769 63779 63789 63799 63809 63819 63X29 63839
43 5 63849 65859, 63869 63879 63889 63899 63909 63919! 63929 63939436 63949 63959 63969 63979 6J988 63998 64008 64018 64028 64038
437 64048 64058 64068 64078 64088 64098 64108 64118 64128 64137
43S 64147 64157 64167 64177 64187 64197 64207 64217 64227 64237
439 64246 64256 64266 64276 64286 64296 64306 64316 643 26 6433 5
440 64345 643 55 64365 64375 64385 64395 64404 64414 64424 64434
44 ' 64444 64454 64464 64473 64483 64493 64503 64513 645*» 6453*
44* 64542 64552 64562 64572 64582 64391 64601 64611 64621 62631
443 64640 64650 64660 64670 64680 64689 64699 64709 647I9 64729
444 647 3 * 64748 647s8 64768 64777 64787 64797 64807 64816 64826

445 64836 64846 64856 64865 64875 64885 64895 64904 64914 64924
446 64933 64943 64953 64963 64972 •64982 64992 65002 65OI1 65021
447 65031 OÇ040 65050 65060 65070 65079 65089 65099 65108 65118 !
448 65128 65137 65147 65157 65167 65176 65186 65196 65ZO5 6(215 !
449 65*25 65234 65244 65254 65263 6 >273 65283 65292 653O2 6 c 417, ¡
450 65321 65331 65341 65350 65360 65369 65379 65389 6539s 6540s
451 6(418 65427 65437 65447 65456 65466 65475 65485 65495 65504
45* 65514 65523 65533 65543 6555* 65562 65571 6558. 65591 65600
453 65610 65619 65629 65639 6(648 65658 65667 65677 65686 65696
454 65706 65715 65725 65734 65744 65753 63763 65772 65782 65792

455 65801 65811 65820 65830 65839 65849 6(8(8 65868 65877 65887
456 65896 65906 6591 ó 6592s 65935 65944 6 S954 65963 65973 65982
457 65992 66001 66011 66020 66030 66059 66049 66058 66068 66077
458 66087 66O96 661O6 66115 66124 6 6 15 4.1 66147 66153 6£l62 66172
459 66181 66191 66200 6621c 66219 66229 66238 66247 66257 66266 !
N tf O 1 1 2 3 4 5 6 7 8 9 1



No. 4600—— 5100. Log. 66276------71600.
, '  N o. 0 1 2 3 4 5 6 7 8 9

4ÖO 6 6276 66-285 66295 66304! 6 6 3 14 66323 66332 6 6342 66 3 51 66 3 61
4 6 1 66370 66380 6 6 } 8 q 6639S 66408 6 6 4 17 66427 66436 66445 66455

: 46 2 66464. 662721 66483 6 6 492 66502 6 6 5 11 6 6521 6 6530 66 539 6 6 54 9  ;
4 &Î 66538 6 6567 6 6 57 7 60386 66 596 66605 6 6 6 14 66624 66633 6 6 642 ;
4 6 4 666 52 66661 6 6 6 71 66680 66689 66699 66708 6 6 7 1 7 6 6 727 6 6 73 6

! 465 6 0 7 4 ; 6 6 755 6 6 7 6 4 6 6 773 66783 6 6 79 2 66801 6 6 8 11 66820 66829 ;
; ! 4 66 60839 66848 6 68 57 66867 6 6 8 76 66885 66894 66904 6 6 9 13 6 6 9 22 !
; 4 67 66932I 66941 6 6950 66 9 60 6 6 q 6 q 66978 66987 6 6 q q 7 67006 6 70 15

4 6 4 670 2 5 67034] 6 70 4 3 6 70 5 2 67062 6 70 7 1 67080 67089 67099 6 710 8
; 469 6 7 U - 671271 6 7136 1 6 7 1 4 5 ! 6 7 1 5 4 6 7 1 6 4 6 7 1 7 3 6 7 18 2 6 7 1 9 1 6 720 1

4 70 6 7 2 1 0 6 7 2 1 9 67228 6 72 3 7; 6 72 4 7 6 72 5 6 67265 6 72 7 4 6 728 4 6 719 3
4 7 1 67302 6 7 3 1 1 6 73 2 1 67330I 6 73 39 67348 6 7 3 5 7 6 73 6 7 6 73 76 6 73 8 5
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1 656 81690 81697 81704 81710 81717 817*3 81739 8i/37 81743 81750

1 6>7 * '757 81763 81770 81776 81783 81790 8179.6 81803 81809 81816
658 81823 81829 81836 81842 81849 81856 81862 81869 81875 81882
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661 82020 82027 82033 82040 82046 8 * P 55 82060 82066 82073 82079
662 S2086 82092 82099 82105 82112 &2119 82125 82x32 8213S S2145
663 82151 82158 82164 82171 82178 82184 82I9I 82197 82204 82210
664 82217 82223 82230 82236 82247 82249 82256 82263 S2269 82276

66ç 82282 822S9 82295 82302 82308 8*3 15 82321 S2328 8*334 82341
666 82347 8 2 3 5 4 82360 82367 82373 82380 82387 8 * 3 9 3 82400 82406
667 82413 82419 82426 82432 182439 8 * 4 4 5 8 * 4 5 * 82438 82 46 5' 82471
668 82478 82484 82491 82497 82504 82510 82517 82523 182.530 S2536
669 82343 82549 82556 82i;62 82^69 82575 82582 82588 82395 82601

67O 82607 82614 82620 82627 82633 82040 82046 82653 826̂ ,1} 82660
671 82672 82679 82685 82692 82698 82705 82711 827 18 82724 8275?
672 82737 82743 82750 82756 82763 82769 82776 82782 82789 82-95
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6 9 6 R42Ô I 8426; 84273 842S0 84286 84292 8 4 2 0 8 8 4 3O 5 8 4 5 1 1 S 4 3 1 7  i
697 8 4 3 2 3 8 4 3 3 0 84336 8434'- 84348 84354 84161 S 4 3 6 7 8 4 3 7 5 8 4 5 7 0  1
698 84386 84392 *4398 8440+ 84410 84417 844*3 84429 844.35 84442 i
S99 8 4 4 4 8 84454 84460 84466 8 4 4 7 3 8 + 4 79 S44XÇ 8 4 4 9 I S 4 4 0 - 8 2 5 0 4  1
N... 0  (. i 2 1 3 1 4 6 7 8 1 9

(Z >  T a b .



N.° 0 , 2 3 4 S 6 7 8 9
7OO 845 10 84516 84422 84528 84535 84541 84547 84553 84559 84566
7OI S4572 84378 ' 84584 84590 84597 84603 84609 84615 84621 84628
70Ì 84634 84640! 84646 84652 84658 84665 84671 84677 84683 84689
703 ¡¿4600 84702! S4708 84714 84720 84726 84733 84739 84745 84751
704 84757, 84763; 84770 8,4776; 84782 84788 84794 84800 84807 84813

705 S48 I 9 84825 84831 84837 S4S44 84850 84856 84862 84868 84874
706 84880 84887 84893 84899 84905 84911 84917 84924 84930 84936
707 84942 S4948 84954 84960 84967 84973 84979 84985 84991 84997
708 85003 8 5009 85016 S5022 85028 85034 85040 85046 85052 85058
7 0 q 85063 S5071 85077 85083 85089 85095 85101 85107 85114 85120
710 85126 85132 85138 85144 85150 85156 85163 85I69 85175 85181
7 *1 851S7 85193 85199 85205 85211 85217 85224 85230 85236 85242
712 S5248 85254 85260 85266 85272 85278 85285 85291 85297 85303
713 85309 85315 S5321 85327 85333 85339 85345 85352 85358 85364
7 ' + 85370- 85376 85382 85388 85394 85400 85406 85412 85418 85425

715 85431 85437 8 5443 85449 85455 85461 85467 85473 85479 85485
716 85491 85497 85503 85509 85516 85522 85528 85534 85540 85546
717 85552 85558 85564 85570 85576 85582 85588 85594 8 5 600 85606
718 85612 85618 85625 85631 85637 85643 85649 85655 85661 85667
VIP 83673 85679 85685 85691 85697 85703 85709 8 Ç7 I5 85721 85727

720 85735 85739 85745 85751 85757 85763 85769 85775 8578. 85788
721 85794 85800 85806 85812 85818 85824 8583c 85836 85842 85848
7 « 85854 85S60 85866 85872 85878 85884 85890 85896 85902 85908
7*3 85914 85920 

. 8598,0
85926 85932 85938 85944 85950 85956 83962 85968

• 724 85974 85986 83992 85998 86004 S601C 86016 86022 86028

725 86034 86040 86046 86052 86058 86064 8607c
86130

86076 86082 86088
726 860QJ. 86100 86106 86112 861 i f 86124 S6136 86141 86147
7 2 ’ 86153 86159 S6165 86171 86177 86183 861S9 86195 86201 86207
728 86213 862I9 86225 S623 ■ 8623- 86243 86249 86255 K626l $6267
729 86273 86279 86285 8629t 8629- 86303 86308 8631^ 8632c 86326

730 86332 86338 86344 86350 86356 S6362 S6368 86374 86380 86586
731 863921 86208 86404 86410 86415 86421 86427 86433 86439 86445
IS ! S64.51 i 86457 86463 86469 86475 86481 86487 86493 86499 86504
73  i 8641c ! 86316 86522 86528 86534 86540 86546 86552 86558 86564
7 34 86570I S6576 

S6629! 86635

S6581 86587 86593 S6599 86605 86611 86617 86623

86641 S6646 86652 86658 86664 8667O 86676 86682
736 866881 86694 

86747  86753
86700 86705! S6711 86717 86721 86729 86735 86741

7 3 7 86759 86764! 8677c S6776 86782 86788 86794 86800

73S 86S06 86812 868 ir 86823 86829 86835 86841 86847 S6853 S6859

739 S6S64 86870 86876 86882 86888 86894 86900 86906 869I 1 86917

740 86923 86929 86935 86941 8694/ 86953 86958 86964 8697O 86976

7 4 > 86982 86988 86994 86999 87005 87011 87017 87023 87029 87035
742 8¿04C 87046 87052

87111
87058 S7064 87070 87075 87081 87087 »7393

743 87091 S7105 87116
87175

87122 87128 87134 8714c 87146 87151

7 4 4 8715- ST163 87 169 87181 87186 87192 87198 87205 87210

74 i 872IÍ 87221 87227 87233 87239 87245 87251 87250 87262 8726S
746 S727- 8728c 87286 87291 87297 87303 87309 87315 87320 S7326

747 8733 87338 8*344 87349 87355 87361 87367 87373 87379 873S4
74S 8739c 87396

87454
87402 87408 S7413 87419 87425 87431 87437 87442

7 29 »7 44 S746Q 87466 8 7 4 7 > 87477 87483 87489 8749s 87500

750 87406! $7412 S75 '8 87523 1 87529! S7535 8754 87547 8 7 552 S7558
876167 5 1 87564, 8757c 87576 87581 87587 1 8 /5 9 3 ! 87599 87604 87610

752 8 7 62 2Ì 8762S 87633 87639 8764c 87651 1 87656 87662 S766S 87674

753 87679 8768, 87691 1 87697 8 /7° 3! 87708 87714 87720 87726 »773 1
754 8773 •i 87743 87749 1 87754 S7760 j 87766 87772 8777- 81783 87789

8779 518780c 87806 87812 S 7 S11 8782? 87829 87835
87892

87841 | 8 7846
756 8785 ?' 87848 87863 S7S6Ç S7S7 7 87881 87887 87S9S 87904

S7910I S7qi 8792 87927 S793: 87938 87944 87950 87955 87961

7,-8 8796 7Í 8-97. 8797? 87983 8799c 87996 88001! 88007 88013 8S01S
88O24I 8803c 8S03f 8804 8804- 88O53' 88O58 88064 88070 88076

M“ O 1  . 1 2 r 3 . 4 s i 6 7 8 9
T



N® 7 6 0 0 ------------8 2 0 0 .
Log

N o. 0 I 2 3 4
700 88081 88087 88093 88096 8 8 104
761 88138 88144 88150 88156 88161
762 88105 88201 88207 88213 88218
763 88252 88258 88264 8 8 270 88275
764 88309 88315 88321 88326 8 8 332

S8366 88374 88377 88383 88389
766 88423 88429 88434 S8440 88446
767 88480 88485 88491 88497 88502
768 88536 88542 88547 88553 S8559
769 88593 88 98 8 8 604 88610 S S 6 15
770 8S649 88655 88 60  c 88666 8ÜÍJ72
7 7 1 SS705 88711 88717 88722 8S72S
7 7 2 88762 88767 88773 88779 8ÍÍ784
773 S8818 8 8 824 88829 88835 88840
7 74 88814 88880 88885 88891 8889*7
775 8 8 93 c 88936 88941 88947 88953
776 88986 88992 88997 89003 89009
777 89042 89048 890 53 89059 89064
778 89098 89104 89109 89115 89120
779 89154 89159 89165 8 9 1 -0 89176
7 8 0 #9209 89215 89221 89226 S9232
781 811265 89471 89276 89282 89287
782 89321 89326 89334 89337 89343!
783 89376 89382 89387 89393 89398!
7 84 89432 89437 89443 80448 89454!
185 89487 89492 89498 8 9 504 89509!
786 89542 89548 89553 89559 89564;
787 89597 £9603 89609 89614 896201
78S 89653 89658 89664 896Û9 89675!
789 89708 89713 89719 S9744 S97301

89763 89768 89774 89779 89785
89818 89823 8 q S 2 q 89834 89840

792 89873 89878 S9883 S9S89 89894
793 89927 89933 8993S 89944 89949
794 89982 89988 89993 89998 9 0 00 4
7y S 9 0 03 " 90042 90048 90053 9 0 059
796 9OO9] 9 00  9 7 9OIO2 90108 90113
797 QOI4.6 90151 90157 90162
798 90200 90206 9O2I l 90217
799 90455 9 0 260 9O266 90271 90216
800 90309 90314 Q O .Î20 90345 9033*
801 90363 90369 90374 90380 90385
802 90417 90423 90428 90434 90439
803 90472 9=477 90482 90488 90493
804 90526 9=531 90536 9 0 542 90547
805 9058c 90585 9059e 93596 9OÔOI
806 q o 6 ? j 90639 90644 90650 90655
807 90687 90693 90698 90703 90709

1 8 0 s 90 74 90747 90752 90757 90763
809 9079 9080c goSot 90S 11 9 0 816
810 9 0 8 4 ' 90855 9085 9086 9 0 87 0
8 n 9000 9090- 9O91 909 iS 9 0 924
81a 909 s q o q 6 9096 9 0 97 : 90977
813 9100 9101 . 91 02 ^ 9 I O 2 9 1 030
814 9106 9106 9107 3 <9 *07 9 1 084
815 9111 91 12 91 126¡ 9113 9 * *37
816 9 116 9117 4 9118 c 9118 91190
817 9122 2 9122 8 9*433 9*43 91243
818 9>47 5, 9*48 i 912861 9129 91297
819 91348I 9 1334| 9*339! 9*3+ 4 9 * 35 c
No. 0 1 5 t 2 1 3 ' 4

5 ó

8 8 110 8 8 1 16
8 8 16 7 8 8 173
88224 88230

88281 88287
88338 8 8 3 4 3
88395 S8400
8 8451 8 S457
88508 8 8513
8 S564 88570
88621 8S627

88677 8S683
8 8734 8 8739
887Q0I 88795
88846 88852
8 Rq02 8S908

88958 S8964
8 9 0 14 89020
89070 89076
8 9 12 6 8 9 13 1
8 9 18 2 8 9 18 7

8 9 2 3 7 8 9 4 4 3
89493 89298
89348 8 9 3 5 4
89404 89409
84454 89465

8 9 515 89520
8 9 570 8 9 5 7 5
89625 89631
89680 S9686

s 9 7 3 5 8 9 14 *

89790 89796
89845 89851
8990c 8l}90^

8 9 9 5  5 89960
9 0 0 0 9 9001$

90064 9OO69
QGI IQ 9 0 12 4
9 0 173 9 0 17 9
90227 90433
90282 90287

90336 90342
9 0 3 9 c 90396
90445 90450
90499 90504

90553 90558

9O6O7 9OO 1 2
9O66O 9O666
9 0 714 9 3720
9076k 90 773
908 21 90827

90875 g o s s  i
9092$ 90934
90981 9O9SS

9 *036 9 10 4 1
9108c 9 10 9 4

1 9 * * 4 9 1 14 8

1 9 * * 9 9 12 0 1

; 9 ' 2 4 9 *4 5 4
i 9« 30 9 13 0 7

9 * 3 5 r 9 13 6 0

1 5 6

8 8 0 8 1 - l i — 9 1

7 8 I

8 8 1 2 1 8 8 1 2 7 I

8 8 1 7 8 8 8 1 8 4

8 8 2 3 5 8 8 2 4 1

8 8 2 9 2 8 8 2 9 8

8 S 3 4 9 8 8 3 5 5

8 8 4 0 6 8 8 4 1 2

8 8 4 6 3 8 8 4 6 8

8 8 5 1 9 8 8 5 2 5

8 8 5 7 6 8 8 5 8 1

8 8 6 3 2 8 8 6 3 8

8 8 6 8 9 8 8 6 9 4

8 8 7 4 5 8 8 7 5 0

8 8 8 0 1 8 8 8 0 -

8 8 8 5 7 8 8 8 6 3

8 8 9 1 3 8 8 9 I 9

8 8 9 6 9 8 8 9 7 5

8 9 0 2 5 8 9 0 5 1

8 9 0 8 1 8 9 0 8 7

8 9 1 3 - » 9 * 4 3
8 9 1 9 5 S 9 1 9 8

8 9 2 4 8 8 9 2 5 4

8 9 3 0 4 8 9 3 1 0

8 9 3 6 0 8 9 3 6 5

8 9 4 * 5 8 9 4 2 1

8 9 4 7 0 8 t)47 6
8 9 5 2 6 8 9 5 3 *

8 9 5 8 1 8 9 5 8 6

8 9 6 3 6 8 9 6 4 2

8 9 6 9 1 8 9697
8 9 7 4 6 8 9 7 5 2

8 9 8 0 1 S9 S 0 V

8 9 8 5 6 8 9 8 6 2

8 9 9 1 1 8 9 9 1 6

8 9 9 6 6 8 9 9 7 1

9OO2O 9 0 0 2 6

9 0 0 7 5 9 0 0 8 c

9 O I 2 9 SO135
4 0 1 8 4 9 0 1 8 9

9 0 2 3 8 9 0 2 4 4

9 O 29 3 Q O 298

9 0 5 4 7 9 0 3 5 2

9O4O I 9 0 4 0 7

9 0 4 5 5 9 0 4 6 1

Q O < O C 9 = 5*5
9 0 * 6 3 9 0 5 6 9

9 0 6 1 7 9 0 6 2 3

9 0 6 7 1 9 0 6 7 7

9 0 7 2 5 9 0 7 3 0

9 0 7 7 9 9 0 7 8 4

9 0 8 3 2 9 - 8 3 8

9 0 8 8 6 9 0 8 9 1

9 0 9 4 c 9 0 9 4 5

9 0 9 9 3 9 0 g g 8

9 10 4 6 9 1 0 5 2

l-l 9 1 9 í i o *

1 9 " 5 9 1 1 5 8

1 9 * 4 0 9 1 2 1 2

! 9 * 4 S 9 1 2 6 5

7 9 * 3 * 9 * 3 *8
3 9 * 3 6 5; 9 1 3 ’ *

1 7 1  »

8 8 1 9 0

8 8 2 4 7
8 8 3 0 4  
8 8 3 6 0  

8 8 4 1 7  
8 8 4 - 4  

8 8 5 3 0  
8 8 5 8 7  

S 8 6 4 3  

8 8 7 0 0  
8 8 7 5 6  
8 8 8 1 2  

88868 
^ 9 1 5  

K 8 9 S  1

« 9 0 3 7
8 9 0 9 2
8 9 1 4 8

8 9 2 0 4

8 9 2 6 0

3 9 3 '5
S 9 3 7 1  

8 9 4 2 6  

8 9 4 8 1

* 9 5 3 7  
8 9 5 9 2  

8 9 6 4 7  I8g732 :
8975*
8 9 8 1 2  

8 9 8 6 7  
8 9 9 2 2  

89977 
9 0 0 3 1

9 0 0 8 6
9 0 1 4 0

9 0 1 9 5

9 0 2 4 9

9 0 3 0 4  

9 0 3 5 8  
9 0 4 1 2  
9 0 4 6 6  

9 0 5 2 0

9 0 5 7 4

9 0 6 2 8

9 0 6 8 2

9 0 7 3 6
9 0 7 8 9

9 0 8 4 3

9 0 8 9 7

9 0 9 5 0

91004
9 1 0 5 7
9 1 1 1 0

9 1 1 6 4
9 I 2 !7
9 1 2 7 0

9 ’ 3 2 3
9 1 3 7 6



f "  N «  8 2QÖ— — — -8 '8 o o .  ________________________  L o g ,  9 1 3 8 1 ----------- 9 4 4 4 8 -  I
N « O 1 2 3 4 s 6 7 8 9
8 2 0 9 1 3 b ! 9 1 3 8 7 9 ' 3 9 ¿ 9 1 3 9 7 9 1 4 0 3 9 1 4 0 8 I  9 1 4 1 3 9 1 4 1 8 9 1 4 2 4 9 1 4 2 9
8 i i 9 '4 3 4 9  ' 4 4 - 9 1 4 4 5  9 1 4 s 0 9 1 4 5 5 9 I 4 6 I 9 x 4 6 6 9 1 4 7 1 9 1 4 7 7 9 1 4 8 2
8 2 2 9 1 4 8 7 9 1 4 9 2 9 1 4 9 8 9 1 5 0 3 9 1 5 0 8 9 1 5 1 4 9 1 5 1 9 9 1 5 2 4 9 1 5 2 9 9 I J 35
8 2 3 9 1 5 4 0 9 I 5 4 5 9 15 S 1 9 1 5 5 6 9 1 5 6 1 9 I 5 6 6 9 1 5 7 2 9 1 5 7 7 9 1 5 8 2 9 1 5 8 7
8 2 4 9 '5 9 3 9 1 5 9 8 9 1 6 0 3 9 1 6 0 0 9 1 6 1 4 9 1 6 1 9 9 1 6 2 4 9 1 6 3 0 9 1 6 3 5 9 ) 6 4 0
8 2 5 9 * 6 4 5 9 1 6 5 1 9 i o , - e ¡  9 1 6 6 1 9 -1 6 6 6 9 1 6 7 2 9 1 6 7 7 9 l b 8 2 9 1 6 8 7 9 1 6 9 3
8 2 0 Q lÓ q b 9 1 7 0 3 9 1 7 0 9  9 1 7 1 4 9 17 1 9 9 1 7 2 4 9 ‘ 7 3 ° 9 1 7 3 5 9 1 7 4 0 9 1 7 4 5
8 : 7 9 1 7 5  l 9 1 7 5 6 9 1 7 6 1 9 1 7 6 b 9 1 7 7 2 9 1 7 7 7 9 1 7 8 2 9 1 7 8 7 9 * 7 9 3 9 1 7 9 8
S 2 8 9 1 8 0 3 9 1 8 0 8 9 1 8 1 4 q l 8 l q 9 1 8 2 4 9 1 8 2 9 9 '8 3 4 9 1 8 4 0 9 1 8 4 5 9 1 8 5 0
8 2 i j 9 1 8 5 5 9 1 8 6 1 9 1 8 6 6 !  9 1 8 7 1 9 1 8 7 6 9 1 8 8 2 9 1 8 8 7 9 1 8 9 2 9 1 8 9 7 9 1 9 0 3
S 3 0 9  I9C & 9 1 9 5 3 9 1 9 1 8 9 ‘ 9 : 4 9 1 9 2 9 9 1 9 3 4 9 * 9 3 9 9 '9 4 4 9 1 9 5 0 9 1 9 5 s
8 3 1 q i q 6 o 9 1 9 6 5 9 1 9 7 1 9 1 9 7 6 9 1 9 8 1 9 I 9 8 6 9 1 9 9 1 9 1 9 9 7 9 2 O O 2 9 2 0 0 7
8 3 2 9 ¿ O I 2 9 2 0 1 8 Q 2 0 2 Í 9 2 0 2 8 9 : 0 3 3 9 2 0 3 8 9 2 0 4 4 9 2 O 4 Q 9 2 0 5 4 9 2 0 5 9
8 3 3 9 2 0 6 5 9 2 O 7 O 9 2 0 7 5 9 2 0 8 0 9  2 0  & 5 9 2 0 9 1 9 2 0 9 6 9 2 I O 4 9 2 1 0 6 9 2 1 1 1
8  34 9 2 1 J 7 gai z i 9 2 1 2 " 9 2 1 3 2 9 2 1 3 7 9 2 1 4 3 9 2 1 4 8 9 2 1 5 3 9 2 I 5 8 9 2 1 6 3

9 2 1 6 9 9 : 1 7 4 9 2 1 7 9 9 2 1 8 4 9 2 1 8 9 9 : i 95 9 2 2 G  0 9 2 2 0 5 9 2 2 1 0 9 2 2 1 5
8 3 6 9 2 2 2 1 9 2 2 2 6 9 : 2 3 1 9 2 2 3 6 9 2 2 4 1 9 2 2 4 7 9 2 2 5 2 9 2 2 5 7 9 2 2 6 2 9 2 2 6 7
8 3 7 9 2 2 7 3 ' 9 2 2 7 8 9 2 2 S 3 9 2 2 8 8 9 2 2 9 3 9 2 2 9 8 9 : 3 0 4 9 2 3 0 9 9 : 3 * 4 9 2 3 1 9
8 3 8 9 1 3 : 4 9 : 3 3 0 9 : 3 3 5 9 : 3 4 0 9 : 3 4 5 9 : 3 5 0 9 : 3 5 5 9 2 3 6 1 9 2 3 6 6 9 : 3 7 1
8 3 4 9 2 3 - 6 9 2 3 8 1 9 2 3 8 - 9 : 3 9 : 9 : 3 9 7 9 2 4 O 2 9 2 4 0 7 9241-2 9 2 4 1 8 9 : 4 : 3
8 4 0 9 2 4 2 » !  9 2 4 .3 3 9 : 4 3 8 9 : 4 4 3 9 : 4 4 g 9 2 4 5 4 9 : 4 5 9 9 2 4 (1 4 9 2 4 6 9 9 : 4 7 4
8 4 1 9 2 4 8 0  9 2 4 S 3 9 2 4 9 c 9 M 95 9 2 5 0 c 9 : 5 0 5 9 2 5 1 1 9 2 5 1 6 9 2 5 2 I 9 2 5 2 6
8 4 2 9 2 5 3 1 9 : 5 3 6 9 J 5 4 2 9 : 5 4 7 9 : 5 5 1 9 : 5 5 7 9 2 5 6 2 9 2 5 6 7 9 2 5 7 : 9 : 5 7 8
8 4 3 9 2 5 8 3 9 : 5 8 s 9 : 5 9 3 9 2 5 9 8 9 : 6 0 3 9 2 Ö 0 Q 9 2 6 1 4 Q 2 6 IQ 9 2 6 2 4 9 2 6 2 9
8 4 4 9 2 6 3 4 1 9 2 6 3 9 9 : 6 4 5 9 2 6 5 0 9:655 9 2 6 6 0 9 2 6 6 5 9 2 6 7 0 9 2 6 7 5 9 2 6 8 1

8 4 5 yZOoO 9 2 6 g  1 9 2 6 9  t 9 2 7 0 1 9 2 7 0 6 9 2 7 1 1 9 2 7  16 9 2 7 2 2 9 2 7 2 7 9 : 7 3 :
8 4 6 9 : 7 3 7 9 2 7 4 : 9 : 7 4 7 9 2 7 5 : 9 2 7 5 8 9 : 7 6 3 9 2 7 6 8 9 : 7 7 3 9 : 7 7 8 9 2 7 8 3
8 4 7 9 1 7 8 s 9 V 9 S 9 : 7 9 9 9 2 8 0 4 9 2 8 0 0 9 : 8 1 4 9 2 8 1 9 9 2 8 2 4 9 2 8 2 9 9 : 8 3 4
8 4 8 9 2 8 4 0 9 2 8 4 5 9 2 8 5 0 9 2 8 5 5 9 2 8 6 0 9 2 8 6 5 9 2 8 7 0 9 2 8 7 5 9 2 S S 1 9 : 8 8 6
8 4 9 9 2 8 9 1 9 2 8 9 6 9 2 9 0 1 9 2 9 0 b 9 2 9  h 9 2 9 1 6 9 2 9 2 1 9 2 9 2 7 9 2 9 3 2 9 : 9 3 7
8 3 0 9 2 9 4 2 9 2 9 4 : 9 : 9 5 - 9 : 9 5 7 9  2 y 0 2 9 2 9 6 7 9 : 9 7 3 9 : 9 7 8 9 : 9 8 3 9 2 9 8 8
8 5 1 9 : 9 9 3 9 : 9 9 8 9 3 0 0 3 9 3 0 0 8 9 3 0 1 3 9 5 0 1 8 9 3 0 2 4 9 3 O 2 9 9 3 ° 3 4 9 3 0 3 9
8 5 2 9 3 0 4 4 9 3 0 4 3 9 3 0 5 4 9 3 0 5 9 9 3 0 6 4 9 3 0 6 9 9 3 0 7 5 9 3 0 S 0 9 3 0 8 5 9 3 0 9 0
8 5 3 9 3 0 9 5 0 Î  t o o 9 3 1 0 5 9 3 1 1 C 9 3 1 1 5 9 3 1 2 0 ;  9 3 1 2 5 9 3 ' 3 ' 9 3 1 3 6 9 3 1 4 1
8  34 9 5 1 4 6 9 3 ' 5 ' 9 .» 1 9 3 1 6 1 9 3  16 b 9 3 1 7 1 1  9 3 1 7 6 9 3 1 8 1 9 3  1 8 6 9 3 » 9 *

9 3 1 9 -7 9 3 2 0 2 9 3 : 0 7 9 3 2 1 2 9 3 2 1 7 9 3 *  2 2 9 3 2 : 7 9 3 : 3  : 9 3 : 3 7 9 3 : 4 :
8 5 6 9 3 : 4 7 9 3 2 5 2 9 3 : 5 8 9 3 : 6 3 9 3 : 6 8 9 3 : 7 3 9 3 : 7 8 9 3 : 8 3 9 3 : 8 8 9 3 : 9 3
8 3 7 9 3 : 9 8 9 3 3 0 3 9 3 3 0 8 9 3 3 '3 9 3 3 1 8 9 3 3 : 3 9 3 3 : 8 9 3 3 3 4 9 3 3 3 9 9 3 3 4 4
8 5 8 9 3 3 4 9 9 3 3 5 4 9 3 3 5 5 9 3 3 6 4 9 3 3 6 9 9 3 3 7 4 9 3 3 7 9 9 3 3 8 4 9 3 3 8 9 9 3 3 9 4
íU q 9 5 5 9 9 1 9 5 4 0 4 O Í 4 0 g 9 3 4 1 4 9 3 4 : 0 9 3 4 : 5 9 3 4 3 0 9 3 4 3 5 9 3 4 4 0 9 3 4 4 5
8 6 4 9 3 4 SO 9 3 4 5 5 9 3 4 6 - 9 3 4 6 5 9 3 4 7 0 9 3 4 7 5 9 3 4 8 0 9 3 4 8 5 9 3 4 9 c 9 3 4 9 5
8 6 1 9 3 5 O O 9 3 5 0 5 9 3  i  10 9 3 5 1 5 9 3 5 : 0 9 3 S : 6 9 3 5 3 1 9 3 5 3 6 9 3 5 4 * 9 3 5 4 6
8 6 2 9 3  5 5 ' 9 3  556 9 3 5 6 1 9 3 5 6 b 9 3 5 7 1 9 3 5 7 6 9 3 5 8 1 9 3 5 8 6 9 3 5 9 ' 9 3 5 9 6
8 6 3 9 3 6 0 1 9 3 6 0 6 9 3 6 1 1 9 3 6 16 9 3 6 : 1 9 3 6 2 6 9 3 5 3 1 9 3 6 3 6 9 3 6 4 1 9 3 6 4 6
8 6 4 9 5 6 5 1 9 3 6 5 6 9  ! 9 3 6 6 6 9 3 6 7 1 9 3 6 7 6 9 3 6 8 2 9 3 -6 8 7 9 3 6 9 2 9 3 6 9 7
« 6 5 9 5  73.2 9 3 7 0 , 9 3 7  i * 9 3 7 1 7 9 3 7 : 2 9 3 7 : 7 9 3 7 3 : 9 3 7 3 7 9 3 7 4 : 9 3 7 4 7
8 6 6 9 3 7 5 1 9 3 7 5 7 9 3 7 6 2 9 3 7 6 : 9 3 7 7 : 9 3 7 7 7 9 3 7 8 2 9 3 7 8 7 9 3 7 9 : 9 3 7 9 7
8 6 7 9 3 S 0 2 9 3 8 0 2 9 3 8 1 2 9 3 8 1 7 9 3 8 2 2 9 3 8 : 7 9 3 8 3 2 9 3 8 3 7 9 3 8 4 2 9 3 8 4 7
3 6 8 9 3 S 5 2 9 3 8 5 7 9 3 8 6 2 9 3 8 6 - 9 3 8 7 - 9 3 8 7 7 9 3 8 8 2 9 3 8 8 7 9 3 8 9 2 9 3 8 9 7
8 6 4 9 3 9 0 2 9 3 9 0 - Q í g i  ? 9 3 9 1 7 9 3 9 2 2 9 3 9 **» 9 3 9 3 : 9 3 9 3 7 0 3 9 4 2 9 3 9 4 7
8 7 a 9 3 9 5 -: 9 3 9 5 - 9 3 9 0 2 9 3 9 6 7 9 3 9 7 : 9 3 9 7 7 9 3 9 8 : 9 3 9 8 7 9 3 9 9 : 9 3 9 9 7
8 7 t 9 4 O O 2 9 4 0 0 7 9 4 0 1 2 9 4 0 1 7 9 4 0 2 2 9 4 0 : 7 9 4 0 3 2 9 4 O 3 7 9 4 0 4 2 9 4 0 4 7
8 7 2 9 4 0 5 2 9 4 0 5 7 9 4 0 6 2 9 4 0 6 7 9 + 0 7 : 9 4 0 7 7 9 4 0 8 2 9 4 0 8 6 9 4 0 9 1 9 4 0 9 6
8 7 ? 9 4 1 0 1 9 4 1 0 6 9 4 1 1 1 9 4 1 1 6 9 4 1 : 1 9 4 ,1 2 6 9 4 ' 3 ‘ 9 4 1 3 6 9 4 ' 4 ' 9 4 1 4 6
8 - 4 9 4 1 5 1 9 4 1 5 6 9 4 .1 6 1 9 4 1 6 6 9 4 1 7 1 9 4 1 7 6 9 4 1 8 1 9 4 1 8 6 9 4 1 9 1 9 4 1 9 6
8 7 5 9 4 2 0 1 9 4 2 0 g 9 4 : 1 1 9 4 : 1 6 9 4 : 2 1 9 4 2 2 6 9 4 : 3 1 9 4 2 3 6 9 4 2 4 c 9 4 : 4 5
8 7 6 9 4 2 5 0 9 4 2  55 9 4 2 6 0 9 4 : 6 5 9 4 : 7 0 9 4 : 7 5 9 4 2 8 c 9 4 : 8 5 9 4 2 9 c 9 4 2 9 5
8 / 7 ' 9 4 3 0 0 9 4 3 0 5 9 4 3 1 0 9 4 3 1 5 9 4 3 : o 9 4 3 2 5 9 4 3 3 0 9 4 3 3 5 9 4 3 4 c 9 4 3 4 5
8 7 8 9 4 3 4 9 9 4 3  54 9 4 3  59 9 4 3 6 4 9 4 3 6 9 9 4 3 7 4 9 4 3 7 9 9 4 3 8 4 9 4 3 8 9 9 4 3 9 4
8 - 9 9 4 3 9 9 9 4 4 0 4 9 4 4 0 9 9 4 4 1 4 9 4 4 '9 9 4 4 : 4 9 4 4 : 9 9 4 4 3 3 9 4 4 3  ^ 9 4 4 4 3
M 0 - 1 2 3 4  ' .  5 6 7 8 9



No. 8800-------- 9400- _____ _ ______________ Log. 94448 9 7 3 *3i

N o .

~ 8 8 o ~

8 8 1

8 8 2

8 8 3

8 8 4

Í 1 3 4 5 1 6  ! 7 8  1 9
9 4 4 4 6

9 4 4 9 8

9 4 5 4 :
9 4 5 9 6

9 4 8 4 5

9 4 4 5 3
9 4 5 ° J

9 4 5 5 *
9 4 6 0 1  

9 4 6  s o

9 4 4 5 8

9 4 5 ° 7  
9 4 5  57 
9 4 6 0 6  

9 4 6 5 5

9 4 4 6 3
9 4 5 1 2  

9 4 5 6 2  

9 4 6 1 J 

9 4 6 6 0

9 4 4 6 8
9 4 5 * 7
9 4 5 6 7
9 4 6 1 6

9 4 6 6 5

9 4 4 7 3
9 4 5 2 2

9 4 5 7 1
9 4 0 2 1

9 4 6 7 0

9 4 4 7 8

9 4 5 * 7
9 4 5 7 6
9 4 6 2 6

9 4 6 7 5

9 4 4 8 3

9 4 5 3 2

. 9 4 5 8 *
9 4 6 3 c

9 4 6 8 c

9 4 4 8 6

9 4 5 3 7
9 4 5 8 6

9 4 6 3 5
9 4 6 8 5

9 4 4 9 3
9 4 5 4 *

9 4 5 9 1
9 4 6 4 0

9 4 6 8 9

8 8 $

8 8 6

8 8 7

8 8 8  

8 8 9

9 4 6 9 4

9 4 7 4 3

9 4 7 9 *
9 4 8 4 1

9 4 8 9 O

9 4 6 9 9

9 4 7 4 s

9 4 7 9 7
9 4 8 4 6

9 4 8 9 5

9 4 7 0 4

9 4 7 5 3
9 4 8 0 2

9 4 8 5 1

9 4 9 0 0

9 4 7 C 9

9 4 7 5 8
9 4 8 0 7

9 4 8 5 6

9 4 H 0 5

9 4 7 1 4

9 4 7 6 3
9 4 8 1 2

9 4 8 6 1

9 4 9 * 0

9 4 7 1 9
9 4 7 6 8

9 4 8 1 7
9 4 8 6 6

9 4 9 1 5

9 4 7 * 4
9 4 7 7 3
9 4 8 2 2

9 4 8 7 1

9 4 9 1 9

9 4 9 6  s  

9 5 0 1 7  

9 5 0 6 6  

9 5 1 1 4  

9 5 1 6 3

9 4 7 2 9

9 4 7 7 8
9 4 8 2 7

9 4 8 7 6

9 4 9 * 4

9 4 7 3 4

9 4 7 8 5

9 4 8 3 2
9 4 8 8 0

9 4 9 * 9

9 4 7 3 8
9 4 7 8 7
9 4 8 3 0
9 4 8 8 5

9 4 9 3 4

8 9 0

8 9 1

8 9 2

8 9 3

8 9 4

8 9 5

8 9 6

8 9 7

8 9 8

8 9 9
9 0 0

9 0 1

9 0 2  

9 ° 5

9 0 $

9 0 6

9 0 7

9 0 8

9 0 9

9 1 0

9 1 1
9 1 2

9 1 3 
9 ' 4
9 1 5
9 1 6  

9 * 7  
9 1 8  

9 * 9

9 4 9 3 9
9 4 9 8 8

9 5 0 3 6

9 5 0 8 5

9 5 * 3 4

9 4 9 4 4
9 4 9 9 3
9 5 0 4 1

9 5 0 9 0

9 5 * 3 9

9 4 9 4 9
9 4 9 9 8

9 5 0 4 6

9 5 0 9 5

9 5 1 4 3

9 4 9 5 4
9 5 0 0 2

9 5 0 5 1

9 5 1 0 0

9 5 1 4 8

9 4 9 5 9  
9 5 0 0 7  

9 5 0 5 b  

9 5 1 0 5  

9 5 '5 3

9 4 9 6 3

9 5 0 1 2

9 5 0 6 1

9 5 1 0 9

9 5 1 5 8

9 4 9 7 3
9 5 0 2 2

9 5 0 7 1

9 5 1 1 9

9 5 1 6 S

9 4 9 7 8

9 5 0 2 7

9 5 ° 7 5
9 5 1 2 4

9 5 * 7 3

9 4 9 8 3
9 5 0 3 2

9 5 0 8 0

9 5 1 2 9

9 5 1 7 7

9 5 1 8 2

9 5 * 3 *

9 5 * 7 9
9 5 3 * 8
9 5 3 7 ft

9 5 4 * 4
9 5 4 7 *
9 5 5 2 1

9 5 5 f t 9
9 5 6 1 7

9 5 * 8 7
9 5 2 3 6
9 5 2 8 4

9 5 3 3 *

9 5 3 8 1

9 5 4 * 9
9 5 4 7 7
9 5 5 * 5
9 5 5 7 4
9 5 6 2 2

9 5 1 9 2
9 5 2 4 0

9 5 2 S 9

9 5 3 3 7
9 5 3 8 6

9 5 4 3 4
9 5 4 8 2
9 5 5 3 0

9 5 5 7 8
9 5 6 2 6

9 5 1 9 7

9 5 2 4 5

9 S * 9 4
9 5 3 4 2
9 5 3 9 °

9 5 2 0 *

9 5 2 5 0

9 5 2 9 9

9 5 3 4 7
9 5 3 9 5

9 5 2 0 -

9 5 * 5 5
9 5 3 0 5

9 5 3 5 *
9 5 4 0 0

9 5 2 1 1

9 5 2 6 0

9 5 3 0 8

9 5 3 5 7
9 5 4 0 5

9 5 2 1 6

9 5 2 6 5

9 5 3 * 3
9 5 3 6 1
9 5 4 * 0

9 5 * * ‘
9 5 2 7 0

9 5 3 1 8

9 5 3 6 6
9 5 4 1 5

9 5 2 2 6

9 5 * 7 4
9 5 5 * 3
9 5 3 7 *

9 5 4 1 9

9 5 4 3 9
9 5 4 8 7
9 5 5 3 5
9 5 5 8 3
9 5 6 3 *

9 5 4 4 4
9 5 4 9 *

9 5 5 4 °
9 5 5 8 8

9 5 6 3 6

9 5 4 4 8
9 5 4 9 7
9 5 5 4 5
9 5 5 9 3
9 5 6 4 1

9 5 4 5 3
9 5 5 0 1

9 5 5 5 °

9 5 5 9 8
9 5 6 4 6

9 5 4 5 8
9 5 5 0 6

9  5 5 5 4
9 5 6 0 1

9 5 6 5 0

9 5 4 6 3
9 5 5 * 1
9 5 5 5 9
9 5 6 0 7

9 5 6 5 5

9 5 4 6 8

9 5 5 1 6

9 >5 ft4
9  j b l  2  : 

9 5 6 6 0  !

9 5 6 6 5

9 5 7 * 3
9 5 7 6 1

9 5 8 0 9

9 5 8 5 6

9 5 6 7 0

9 5 7 * 8
9 5 7 6 6

9 5 8 1 3

9 5 8 6 1

9 5 6 7 4
9 5 7 2 2

9 5 7 7 °
9 5 8 1 8

9 5 8 6 6

9 5 6 7 9
9 -5 7 * 7
9 5 7 7 5
9 5 8 2 3

9 5 8 7 1

9 5 6 8 4

9 5 7 3 *
9 5 7 8 0

9 5 8 2 8

9 5 8 7 5

9 5 6 8 9

9 5 7 3 7
9 S 7 « 5
9 5 8 3 2
9 5 8 8 0

9 5 6 9 4

9 5 7 4 *

9 5 7 8 9
9 5 * 3 7
9 5 8 8 5

9 5 6 9 8

9 5 7 4 6

9 5 7 9 4
9 5 8 4 2

9 5 8 9 0

9 5 7 0 3 I  9 5 7 0 8  

9 5 7 5 * ! 9 5 7 5 6  
9 5 7 9 9 1  9 5 8 0 4  

9 5 8 4 7 I  9 5 8 5 *  * 

9 5 8 9 s 1 9 5 8 9 9  !

9 5 9 0 4

9 5 9 5 *

9 5 9 9 9
9 6 0 4 7

9 6 0 9 5

9 6 1 4 2

9 6 1 9 0

9 6 2 3 7

9 6 2 8 4

9 6 3 3 2

9 5 9 0 9

9 5 9 5 7
9 6 0 0 4

9 6 0 5 2

9 6 0 9 g

9 6 1 4 7

9 6 1 9 4

9 6 2 4 2

9 6 2 8 9

9 6 3 3 6

9 5 9 * 4
9 5 9 6 1

9 Ò O O 9

9 6 0 5 7

9 6  IO .}

9 5 9 1 8  
9 5 9 6 6  

y 6 0 i 4  

9 6 0 6 1  

9 6 1 0 9

9 5 9 * 3  
9 S 9 7 1 
9 6 0 1 9  

9 6 0 6 6  

9 6 1 1 4

9 5 9 * 8  
9 5 9 7 6  
9 6 0 2 3  

9 6 0 7  1 

9 6 1 1 8

9 5 9 3 3
9 5 9 8 0

9 6 O 2 8

9 6 O 7 6

9 6 » * 3
9 6 1 7 1

9 6 2 1 8

9 6 2 6 5

9 6 3 1 3
9 6 3 6 0

9 5 9 3 8

9 5 * 9 8 5

9 6 0 3 3
9 6 0 8 0  

9 6  ■  2 8

9 5 9 4 * 1  9 S 9 4 7  | 

9 5 9 9 °  9 5 9 9 5  i 
9 6 0 3 8 1  9 6 0 4 2  { 

9 6 0 8 5 !  9 6 0 9 O  < 

9 6 1 3 3 ]  9 6 '3 7  !

9 0 1 5 2

9 6 1 9 9

9 6 2 4 6

9 6 2 9 4

9 6 3 4 1

9 6  I 5 6  
9 6 2 O 4  

9 6 2 5  1 

9 6 2 9 8  

9 6 3 4 6

9 6 1 6 1

9 6 2 0 9

9 6 2 5 0

9 6 3 0 3

9 6 3 5 0

9 6 1 6 6

9 6 2 1 3

9 6 2 6 I

9 6 3 O 8

9 6 3 5 5

9 6 1 7 ,

9 6 2 2 5

9 6 2 7 0

9 6 3 1 7

9 6 3 6 5

9 6 1 8 0 )  9 6 1 8 5  1 

9 6 2 2 7 !  9 6 2 3 2  j 
9 6 2 7 5 1  9 6 2 8 0  

9 6 3 2 2  9 6 3 2 7  1 

9 6 3 6 9 !  9 6 3 7 4  1

9 2 0

9 2 1

9 2 2

9 2 3  
9 * 4
9 2 5

9 2 6

9 2 7

9 2 8

9 2 9

9 6 3 7 9
9 6 4 2 6

9 6 4 7 3
9 6 5 2 0

9 6 5 6 7

9 6 3 6 4

9 6 4 3 1

9 6 4 7 S

9 6 5 2 5

9 6 5 7 2

9 6 3 6 8

9 6 4 3 5

9 6 4 8 3
9 6 5 3 0

9 6 5 7 -

9 6 3 9 3
9 6 4 4 O

9 b 4 8 7
9 6 5 3 4
9 6 5 8 1

9 6 3 9 »

9 6 4 4 5

9 6 4 9 2

9 6 5 3 9
9 6 5 8 6

9 6 4 0 2

9 6 4 5 0

9 6 4 9 7

9 6 5 4 4
9 6 5 9 1

9 6 4 0 7

9 6 4 5 4
9 6 5 0 1

9 6 5 4 8

9 6 5 0 5

9 6 4 * 2

9 6 4 5 9
9 6 5 0 6

9 6 5 S 3
9 6 6 0 0

9 6 4 1 7
9 6 4 6 4

9 6 5 1 1

9 6 5 5 8

9 6 6 O 5

9 6 4 * 1
9 6 4 6 8

9 6 5 1 $

9 6 5 6 2

9 6 6 0 9

9 6 6 1 9

9 6 6 6 1

9 6 7 0 8

9 6 7 5 5
9 6 8 0 2

9 Ö 6 1 9

9 6 6 6 6

9 6 7 1 3

9 6 7 5 9
9 6 8 0 6

9 6 0 2 4

9 6 6 7 0

9 6 7 1 7
9 6 7 6 4  

9 6 8 1 1

9 6 6 2 8

9 6 6 7 5

9 6 7 2 2

9 6 7 6 9

9 6 8 1 6

9 6 ö 3 3
9 6 6 8 0

9 6 7 2 7

9 6 7 7 4
9 6 8 2 O

9 6 6 3 s

9 6 6 8 5

9 6 7 3 '
9 6 7 7 8

9 6 8 2 5

9 6 6 4 2

9 6 6 8 9

9 6 7 3 6

9 6 7 S 3

9 6 8 3 0

9 6 6 4 7

9 6 6 9 4

9 6 7 4 1
9 6 7 8 8

9 6 8 3 4

9 6 6 5 2

9 6 6 9 9

9 6 7 4 5
9 6 7 9 2

9 f t s 39

9 6 6 5 6

9 6 7 0 3

9 6 7 5 0

9 6 7 9 7
9 6 K 4 4

9 3 0

9 3 1
9 3 2

9 3 3
9 3 4
9 3 5
9 3 6
9 3 7
9 3 8

_ 2 .3 L
N o .

9 6 8 4 b

9 6 8 9 5

9 6 9 4 2

9 6 9 8 8

9 7 0 3 5

9 7 0 8 1  

9 7 1 2 8  

9 7 * 7 4  
9 7 2 2 c  

9 7 2 6 -

9 6 8 5 3

9 6 9 0 c

9 6 9 4 6

9 6 9 9 3
9 7 0 3 5

9 7 0 8 1

9 7 1 3 2

9 7 * 7 5
9 7 2 2 1  
9 7 * i  ■

9 6 8 5 k

9 6 9 0 4

9 6 9 5 1

9 6 9 9 7

9 7 0 4 4

9 7 0 9 c

9 7 1 3 7

9 7 1 8 5

9 7 2 3 0
9 7 2 7 6

9 6 b 6 2

9 6 9 O 9

9 6 9 5 6

9 7 O O 2

9 7 O 4 O

9 7 0 9 3
9 7 1 4 2

9 7 1 8 8

9 7 * 3 4
9 7 * 8 q

9 6 8 0 7

9 6 9 1 4
9 6 9 6 0

9 7 0 0 7

9 7 0 5 3

9 7  1 0 0  

9 7 1 4 6

9 7 1 9 *

9 7 * 3 9
9 7 2 8 5

9 O 8 7 2  

9 6 9 1 8  

Ü 6 9 6 5  

9 ? 0 I 1 
9 7 0 5 8  

9 7 1 0 4  

9 7 1 5 1  

.9 7 * 9 7  
9 7 * 4 3  
9 7 2 9 0

9 6 3 7 6

9 6 9 2 3

9 6 9 7 0

9 7 0 1 6

9 7 c 6 j

9 7 * 0 9
9 7 * 5 5
9 7 2 0 2

9 7 2 4 8

9 7 2 9 4

9 6 3 3 1  

9 6 9 2 8

9 6 9 7 4
9 7 0 2 1

9 - 0 6 1

9 7 1 1 4
9 7 16 0  

9 7 2 0 6  

9 7 * 5 5  
9 ~ * 9 9  

7

9  0 8 6 o

9 6 9 3 *
9 6 9 7 9

9 7 0 2 5

9 - 0 7 2

9 7 * ' »

9 7 * 6 3
9 7 2 I  I

9 7 2 5 7
9 7 3 O 4

9 6 8 9 O

9 6 9 3 7
9 6 9 8 4

9 7 0 5 0

9 1 0 7 7

9 7 * * 3
9 7 1 6 9

9 1 2 1 6

9 7 2 6 2

9 7 3 0 8

O 1 2 3  1 4  1 5 0 , 8 1 9



| |  N o . 9 400*— —  I OOOO., l . o K 9 7 3 * 3 -----------9 99 96 .

N o ;
1 °

I ' 2' 3 4 ' 5 6 7 8 9
9 4 0

9 4 1 

9 4 ?
943
9 4 4

9 7 3 1 3

9 7 3 5 9

9 7 4 0 5

9 7 4 5 '
9 7 4 9 7

9 7 3 1 7
9 7 3 6 4
9 7 4 *P
9 7 4 5 6
9 7 5 0 2

9 7 3 * *
9 7 3 6 8

9 7 4 * 4
9 7 4 6 0
9 7 5 0 6

9 7 3 2 7
9 7 3 7 3

9 7 4 * 9

9 7 4 6 5
9 7 5 "

9 7 3 3 *

9 7 3 7 7
9 7 4 * 4
9 7 4 7 0
9 7 5 1 6

9 7 3 3 6
9 7 3 8 2

9 7 4 2 8

9 7 4 7 4
9 7 5 2 0

9 7 3 4 0
9 7 3 * 7
9 7 4 3 3
9 7 4 7 9
9 75 *5

9 7 3 4 5
9 7 3 9 *
9 7 4 3 7
9 7 4 * 3
9 7 5 * 9

9 7 3 5 °
9 7 3 9 6

9 7 4 4 *
9 7 4 8 8

9 7 5 3 4

9 7 3 5 4
9 7 4 0 0
9 74 47
9 74 93
9 7 5 3 9

9 4  S
9 4 6

9 47
9 4 8

9 4 9

9 7 5 4 3  
9 7 5 * 9  
9 7 &3 5 
9 7 6 8 1  

9 7 7 * "

9 7 5 4 *
9 7 5 S 4
9 7 6 4 0
9 7 6 8 5

9 7 7 3 '

9 7 5 5 *
9 7 5 9 s

9 7 6 4 ^
9 7 6 9 O

9 7 7 3 6

9 7 5 5 7
9 7 6 0 3
9 7 6 4 9
9 /6 9 5
9 7 7 4 °

9 7 5 6 2
9 7 6 0 7

9 7 6 5 3
9 7 6 9 9
9 7 7 4 3

9 7 5 6 6
9 7 6 1 2
9 7 6 5 8

9 7 7 0 4

9 7 7 4 9

9 7 5 7 *
9 7 6 x 7
9 7 6 6 5
9 7 7 0 8

9 7 7 5 4

9 7 5 7 5
9 7 6 2 1

9 7 6 6 7

9 7 7 * 3
9 7 7 5 9

9 7 5 * o
9 7 6 2 6

9 7 6 7 2

9 7 7 * 7
9 7 7 6 3

9 75*5
9 7 6 3 0
9 7 6 7 6

9 7 7 2 2
9 7 7 6 8

9 5 0
9 5 1 
9 5 *
9 53
9 5 4

9 7 7 7 *
9 7 $ r S

9 7 8 6 4  
9 79 .0 9  

9 7 9 5  5

9 7 7 7 7  
9 7 * * 3  
9 7 8 6 ;. 

9 7 9 '4  
9 7 9 5 9

9 7 7 S 2
9 7 8 2 7
9 7 S 73
9 7 9 * 8
9 7 9 6 4

9 7 7 8 6

9 7 8 3 2

9 7 S 77
9 7 9 * 3
9 7 9 6 8

9 7 7 9 *
9 7 * 3 6
9 7 S 8 2
9 7 9 2 8

9 7 9 7 3

9 7 7 9  5 
9 7 8 4 1  
9 7 8 S 6  

9 7 9 3 * 
9 7 9 7 *

9 7 8 0 0

9 7 * 4 5
9 7 8 9 1

9 7 9 3 7
9 7 9 8 2

9 7 8 0 4
9 7 8 5 c
9 7 8 9 6

9 79 41
9 7 9 * 7

9 7 * 0 9
9 7 * 5 5
9 7 9 0 0
9 7 9 4 6

9 7 9 9 *

9 7 * * 3
9 7 * 5 9 !
9 7 9 0 5
9 7 9 5 ° '
9 7 9 9 6 :

9 55
9 5 6
9 5 7
9 5 8

9 5 9

9 8 0 9 0  

9 8 0 4 6

9 8 0 9 1

9 8 * 3 7
9 8 1 8 2

9 8 0 0 5
9 8 0 5 0

9 8 0 9 6
9 8 1 4 1
9 8 1 8 6

9 8 0 0 9

9 8 0 5 5
9 8 1 0 0

9 8 1 4 6
9 8 1 9 1

9 S 0 1 4

9 * 0 5 9
9 8 1 0 5

9 8 1 5 0
9 8 1 9 5

9 8 0 1 9  

9 8 0 6 4  
9 8  10 9  

9 * * 5 5  
9 8 2 0 0

9 8 0 2 3

9 S 0 6 S

9 8 1 1 4

9 * * 5 9
9 8 2 0 4

9 8 0 2 8
9 8 0 7 3
9 8 1 1 8
9 8 1 6 4

9 8 2 0 9

9 8 0 3 2
9 8 0 7 8

9 8 1 2 3
9 8 1 6 8
9 8 2 1 4

9 *0 37
9 8 0 8 2

9 8 1 2 7
9 8 1 7 3
9 8 2 1 8

9 8 0 4 1 !

9 * o * 7 i
9 8 1 3 2 ;
9 8 1 7 7 :
9 * 2 2 3 :

9 6 0
9 6 1
9 6 2
9 6 3
9 6 4

. 9 8 * * 7  
9 8 2 7 2  
9 8 3  18

9 8 3 6 5
0 8 4 0 8

9 8 2 3 *
9 8 2 7 7

9 8 3 2 2
9 8 3 6 7
9 8 4 1 2

9 8 2 3 6

9 8 2 8 1

9 * 3*7
9 * 5 7 2
9 8 4 1 7

9 8 2 4 1

9 8 2 8 6

9 S 3 3 1

9 * 3 7 6
9 8 4 2 1

9 * * 4 5
9 8 2 9 0
9 8 3 3 6

9 * 3 * '
9 8 4 2 6

9 8 2 5 0
9 8 2 9 5
9 8 3 4 0

9 8 3 8 5
9 8 4 3 0

9 8 2 5 4

9 8 2 9 9

9 * 3 4 5
9 8 3 9 0

9 * 4 3 5

9 8 2 5 9

.9 8 3 0 4

9 * 3 4 9
9 * 3 9 4
9 8 4 3 9

9 8 2 6 3

9 8 3 O 8

9 * 3 5 4
9 * 3 9 9
9 * 4 4 4

9 8 2 6 8 .

9 * 3 1 3

9 * 3 5 *
9 * 4 0 3
9 8 4 4 8

9 6 5
9 6 6
9 6 7

9 6 8
9 6 9

9 * 4 5 5
9 8 4 9 8

9 8 5 4 3
9 8 5 8 8

,9 8 6 3 2

9 84 57
9 8 5 0 2

9 8 5 4 7
9 8 5 9 2
9 8 6 3 7

9 8 4 6 2

9 8 5 0 7

9 S 5 5 2

9 * 5 9 7
9 8 6 4 1

9 8 4 6 6

9 * 5 "
9 * 5 5 6
9?.6G 1

q  8 6 * 6

9 8 4 7 1
,9 8 5 1 6
9 8 5 6 1

9 8 6 0 5
9 S 6 5 0

9 * 4 7 5
9 8 5 2 0

9 8 5 6 5
9 8 6 1 c

9 * 6 5 5

9 8 4 S 0

9 * 5*5
9 * 5 7 0
9 8 6 1 4
9 8 6 5 9

9 * 4 * 4
9 8 5 2 9

9 * > 7 4
9 8 6 1 9
9 8 6 6 4

9 8 4 ^ 9

9 * 5 3 4
9 * 5 7 9
9 8 6 2 3
9 8 6 6 8

9 8 4 9 3

9 * 5 3 *
9 8 5 8 3 :
9 8 6 2 8

9 * 6 7 3 !

9 7 0

9 7 1  

9 7 *

973
9 7 4

9 S 6 7 7  

9 8 7 2 2  

9 8 7 6 7  
9 S 8  i  i 
9 8 8 5 6

9 S 6 8 2

9 8 7 2 6

9 8 7 7 1
9 8 8 1 6
9 8 8 6 0

9 8 6 S 6

9 8 7 3 1
9 8 7 7 6

9 8 8 2 0
9 8 8 6 5

9 8 6 9 1

9 8 7 3 5
9.8780
9 8 8 2 5

9 8 8 6 9

9 8 6 9 5

9 * 7 4 0
9 8 7 8 4
9 8 8 2 9

9 8 8 7 4

9 8 7 0 9

9 * 7 4 4
9 * 7*9
9 8 8 3 4

9 8.878

9 8 7 0 4
9 8 7 4 9

9 * 7 9 3
9 S S 3 *
9 8 8 8 3

9 8 7 0 9

9 * 7 5 3
9 8 7 9 8

9 * * 4 3
9 8 8 8 7

9 * 7*3
9 8 7 5 8
9 8 8 0 2

9 * * 4 7
9 8 8 9 2

9 8 7 1 7  
9 8 7 6 2 ' 

9 8 8 0 7  

9 * * 5  >! 
9 8 8 9 6 !

97  5
9 7 6

9 77
9 7 8

9 7 9

9 8 9 0 0

9 * 9 4 5
9 8 9 S 9

9 9 0 3 4
9 9 0 7 8

9 8 9 0 5

9 8 9 4 9
9 8 9 9 4
9 9 0 3 8
q q o S i

9 8 9 0 9

9 * 9 5 4
9 8 9 9 8

9 9 0 4 3

9 9 0 8 ;

9 8 9 1 4
9 8 9 5 8

9.9003

9 9 0 4 7
9 0 OQ2

9 8 9 1 8
9 & y 63
9 9 C07
9 9 0 5 2
9O O 96

9 * 9 * 3  9 * 9 * 7- 

9 * 9 6 7 j 9 * 9 7 * 
9 9 O I 2| 9 9 O 1 6  

9 9 0 5 6  9 9 0 6 1  
9 9 I 0 GJ 9 9 1 0 5

9 * 9 3 *
9 8 9 7 6
9 9 0 2 1

9 9 0 6 5

9 9 * 0 9

9 8 9 3 6

9 8 9 8 1
9 9 0 2 5
9 9 0 6 9

9 9 * * 4

9 * 9 4 ‘ i

9 * 9*59 9 0 2 9
9 9 0 7 4
9 9 1 1 8

9 8 0

9 8 1
9 8 2
9 8 3

9 8 4

9 9 1 * 3
9 9 1 6 ;  

9 9 * '  1 

9 9* 55  
9 9 3 0 0

9 9 1 2 7

9 9 * 7 *
9 9 2 1 6

9 9 2 6 0

9 9 3 0 4

9 9 * 3 *
9 9 1 7 6

9 9 2 2 c

9 9 2 6 4

9 9 3 0 8

9 9 * 3 6  
9 9 1 8 0  
9 9 2 2 4  

9 9 2 6 9  

9 95  '“3

9 9 1 4 0  
9 9 1 8 5  

9 9 * * 9  
S 9*7 3  
9 9 3 ' “

9 9 * 4 5
9 9 * * 9
9 9 * 3 3
9 9 * 7 7
9.932  2

9 9 * 4 9
9 9 * 9 3
9 9 * 3 *
9 9 2 8 2

9 9 3 * 6

9 9 * 5 4
9 9 1 9 8
9 9 2 4 2

9 9 2 8 6

9 9 3 3 0

9 9 1 5 8
9 9 2 0 2

9 9 2 4 7
9 9 2 9 1

9 9 3 3 5

9 9 1 6 2

9 9 2 0 7
9 9 2 5 1

9 9 2 9 5
0 9 3 3 9

9 8 5

9 8 6
9 8 7

9 8 8  

9 * 9
9 9 0

9 9 1  

9 9 *

993
9 9 4

9 9 3 4 4
9 9 3 8 8
9 9 4 3 2
9 9 4 7 6
9 9 5 2 0
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3 b 39 12 20  48 6 5 670 99955 65715 34285 OOO4; 3 4 33 c 24
37 39  4 2 0  56 65947 99955 65993 34007 OOC45 34053 23
3» 38 56 21 4 66223 9 9 9 5 4 6 6 269 3 3 7 3 ' 0 0 04 6 33777 22
39 3$  48 21 12 66497 9 9 9 5 4 66543 33457 0 0 0 4 6 33503 21
4 0 l i  3*  4 ° O 21 20 8.66769 9-99953 8 .6 6 8 1 6 1 1 .3 3 1 8 4 IO.OOO47 11 .3 3 23 1 20
4< 3* 32 21 28 67039 99952 67087 32913 0 0 048 32961 19
42 3« 24 s i  36 67308 99952 67356 32644 0 0 048 32602 ¡8
43 38 16 21 44 67575 99951 6 7 624 32376 OOO49 32425 17
44 38 « 21 Ç2 67841 9 9 9 5 ' 6789O 3 2 110 O O O 32159 16
45 1 1 3 8  0 0  22 C 8.68104 9 .9 9 9 50 8 .6 8 1 5 4 1 1 .3 1 8 4 6 IO.OOO5C 1 1 .3 1 8 9 6 ‘ 5
4& 37 52 2 2  8 6S367 99949 68417 31583 OOO51 31633 ‘4
47 37 44 2 2  16 6 8 627 99949 68678 3 1 322 OOO5I 31373 •348 37  3 b 23  24 6 8 886 9 9 948 68938 3 1 062 OOO52 31114 12
49 37 28 2 2  32 6 9 1 4 4 99948 69196 3 0 80 4 OOOJÎ 3 0 856 11
5 ° 11 37 20 0  22  40 8.6q .i o o 9-99947 8 .6 9 4 5 3 1 1 .3 0 54 7 IO.OOO53 1 1 .3 0 600 10
$' 37  12 22 48 6 9 654 99946 6 9 708 30292 OOO54 30346 9
J2 37 4 22 56 69907 99946 69962 30038 OOO54 30093 8
S3 36 56 23 4 7 0 159 99945 7 0 214 29786 OOO55 29841 7
S4 36 48 23 12 70409 9 9 944 70465 29535 0 0 05 6 29591 6
55 11 3 6 4 ° 0  23 20 3.70658 3-99944 8 .7 0 7  14 I I . 2 9 286 1 0 .0 0 05 6 1 1 .2 9 3 4 2 5
56 36 32 23 28 70905 99943 70962 29038 OOO57 2 9°95 4
57 36 24 23 36 71151 99942 71208 2 8 792 00058 28849 3
5« 36  16 23 44 71395 99942 71453! 28547 00058 28605 2
59 36 8 23 52 7 1 63 s 99941 71697 283031 OOO59 28362 1
60 36  0 24  0 71880 99940 7194O 28060I 0 0 060 2 8 120 O
M iourP.M. *iourAM. Jo-line. Sine. Co-tang. !Tangent. iCo-fecant. Secant. » t



l M
Hour A. M HourK .M Sine. Co-iine. Tangent. Co-tang. Secant. Co-fecant. *  f

c 11 36 0 0 24 O 8.71S80 9.99940 8.71940 11.28060 10.00060 n.28120 60 :
J 35 52 24 8 72120 99940 72181 27819 00060 27880 59 :
2 35 44 24 16 72359 99939 72420 27580 00061 27641 5* '
3 35 36 24 24 72597 99938 72659 27341 00062 2740^5*T
4 35 28 24 32 72834 99938 72896 27104 00062 27166 >6
5 11 35 20 0 24 40 8.73060 9-99937 8-73 '32 11.26868 10.00063 n.26931 55
6 35 12 24 48 73303 99936 73366 26634 00064 26697 54
7 35 4 24 56 73535 99936 73600 26400 00064 26465 53
8 34 56 25 4 75767 99935 73832 26168 00065 26233
9 34 4 * 25 12 73997 99934 74063 25937 00066 26003 5«

10 11 34 4C 0 25 2C 8.74226 9-99934 S.74292 n.25708 to .00066 u.25774 >0
2 1 34 32 25 28 74454 99933 74521 25479 00067 25546 49
12 34 24 *5 36 74680 99932 74748 25252 OC068 2532c 48
i ; 34 16 25 44 74906 99932 74974 25026 00068 25094 47;
*4 34 * 25 52 7 5 'JO 9993 ' 7 5 ' 9.9 24801 00069 248-0 46!
1 5 11 34  0 0 26 0 8.75353 9.99930 8.75423 11.24577 10.00070 n.24647 45 '
16 33 52 2 b 8 75575 99929 75645 24355 00071 24425 44
17 33 44 26 l6 75795 99929 75867 24133 00071 24205 43
is 33 3t> 26 24 76015 qqqaS 76087 239x3 00072 25985 42
19 33 28 26 32 76234 99927 765O6 23694 00073 23766 4 i
¿0 ir 33 20 0 26 40 8.76451 9.99926 8.76525 H -23475 10.00074 i i . 23549 4°
21 33 *2 26 48 76667 99926 76742 23258 00074 23333 39
22 33 4 26 56 76883 99925 76958 23042 00075 23117 38
*3 32 56 27 4 77097 99924 77173 22827 00076 22903 37
=4 32 48 27 12 77310 99923 77387 22613 00077 22690 36

*5 11 U  40 0 27 Z O 3.77522 9.99923 8.77600 1 1.22400 10.00077 n.22478 35
26 32 32 27 28 77733 Q9q22 77811 22189 00078 22267 34
27 32 24 27 36 77943 99921 78022 21978 00079 22057 33
*8 ;2 16 27 44 78152 99920 78232 21768 00080 21848 32
29 32 S 27 >2 78360 99920 78441 2 '559 0008c 21640 31
30 i i 32 0 0 28 c 8.7X568 9.99919 8.78649 i i . 21351 10.00081 11.21432 30.
31 3 1 52 28 8 78774 99918 78855 -21145 00082 21226 29
32 3 1 44 28 16 78979 99917 79061 20933 00083 21021 28
33 3 1 3& 28 24 79183 99917 79266 20734 00083 20817 27
34 31 28 28 32 79386 99916 79470 20530 00084 20614 26

35 11 31 zc 0 28 40 8.79588 9.99915 8.79673 11.20327 10.00085 II.2O4I2I25
36 3 i 22 28 4s 79789 999 '4 79875 20125 00086 202 11 24 ,
37 3 i 4 28 36 79990 999 '3 8OO76 19924 00087 2001C 2.;'
3* 30 56 29 4 80189 99913 80277 19723 0008- 19811 22 •
39 30 48 29 T 2 80388 99912 80476 19524 00088 19612 21 •

40 [ 1 30 40 0 29 20 X. X05X 5 9.99911 8.80674 11.19326 10.00089 u . 19415 zoj
4 1 3°  32 29 28 80782 99910 80872 19128 OOO9O 1921s '9
42 30 24 29 I 6 80978 99909 81068 1S932 OOO9 1 19022 18
43 30 16 29 44 ■ 81173 99909 81264 18736 OOO9! 18827 17
44 30 8 29 52 81367 99908 81459 18541 00092 18633 r6

45 11 30 0 0 30 C 8.81560 9.99907 8.81653 11.18347 10.00093 11.18440 '5  !
46 29 52 30 8 81752 q q q o 6 81846 18154 OOO94 18248 ' 4 '
47 29 44 30 i fc 81944 99905 82038 1796.2 0009 5 18056 1 3_j
48 29 36 30 24 82134 99904 82230 17770 00096 17866 I 2 j
49 29 28 30 32 82324 99904 82420 17580 00096 17676 I 1 f

S ° 11 29 20 0 30 4C 8.82513 9.99903 8.82610 11.17390 C\0000 11.17487 I O J
5 * 29 Z 2 30 48 82701 .  99902 82799 17201 00098 17299 9 !
52 29 4 30 56 82888 99901 82987 17013 00099 1*7112 8:

S3 28 jfc 31 4 83075 99900 83175 16825 00100 16925 7 1
44 28 48 3 1 12 83261 99899 83361 16639 00101 , 16739 6;

55 1 1 28 4c 0 3 1 22 8.83446 9.99898 8.8354- 11.16453 10-00102 n.16554 5
* 5& 28 22 3 t 28 83630 99898 83732 16268 00102 16370 4 ;
| S ' 28 24 31 36 83813 99897 83916 16084 00103 16187 3 i
i s * 28 16 3 i 4 4 83996 99896 84100 15900 OOIO4 16004 2
! 59 28 8 31 52 84177 99*95 84282 15718 O O l O J 15823
i 60 28 c 32 O 84358 99894 84464 15536 00106 15642 _ 2 :
1 M Hour P.i\. Hour A. M Co-lint;. Sine. Co-tang. Tangent. Co-iecani Secant. M



^M'HourA.M HourP. M Sine. Co-fine. Tangent. Co-tang. Secali!. Co-lecant. M 1
: 0 11 28 0 0 3 2 0 8.84358 9.99894 8. 84464 11.15536 IO. 00106 11.15642 óo
; I 27 52 32 8 »4539 99*93 84646 25354 00107 15461 39
! 2 *7 44 32 16 84718 99892 8482O >5174 00(08 15282 5«
: 3 27 36 32 24 84897 99891 8 JO06 14994 00109 J5 '°3 57

4 27 28 32 32 85075 99891 S) l 3 ) 14*75 00109 14925 56
5 ■ 1 27 20 0 32 40 8.85252 9.99890 8.85363 11.14637 IO.COI10 l i . 1474* 55
6 27 12 32 48 85429 9988y 85540 14460 0011 I '4571 54

■■ r 27 4 32 56 85605 99888 * 57 '7 14283 001 I£ ■ 4395 53
! * 26 56 33 4 85780 99887 * 5*93 14107 00113 Ì4220 5
i 9 26 48 33 12 *5955 99886 86069 13931 00114 __ 14045 ) I

10 11 26 4c 0 33 25 8.8612S 9.99885 8.86243 u -  '3757 (0.00115 1 1 . 13872 50
1 1 26 32 33 2* 86301 99884 86417 135*3 00116 23699 49

' I z 26 24 33 36 85474 99**3 86591 2 3409 00117 23526 4 *
1*3 26 16 33 44 86645 99882 86763 132237 00118 »3335 47
.H 26 £ 33 52 86816 Q988 1 8693s 13065 00119 23184 46
j*5 11 z6 c 0 34 0 S.S69S7 u. oq88o 887106 11.12894 10.00120 11-1 30<3 45
I16 2 J J2 34 8 87156 99879 87277 12723 00 I 2 I 12844 44
I'17 25 44 34 16 87325 99*79 *7447 *2553 00121 12675 43
¡18 25 36 34 24 8/494 99*7* 87616 12384 00122 12506 42
i »9 25 28 34 3 2 87661 99*77 87785 I22I5 00123 12339 4 i
20 II 25 2C 0 34 40 8.X782Q 9.99876 8-87555 I l . I 2047 10.00124 I I. I2I7I 4°
21 2J ,2 34  48 *7995 99*75 88120 11S80 00125 12005 39
22 -5  4 34  56 8S161 99*74 88287 2 I7 U 00126 11839 3*
2 i 24 56 35 4 88326 99*73 8*453 2 1547 00127 11674 37 •
24 24 4s ¿5  >2 88490 99872 88618 11382 00128 I15IC 36

* j n  24 40 0 33 20 8.88654 9.99871 8.88783 I I . I 1217 10.00129 i l . 11346 3S
26 24 32 35 28 88817 99870 8894^ I 10J2 00130 11183 34
17 24 24 35 36 88980 99869 89111 10889 00131 1 1020 33
28 2 4 16 35 44 89142 99868 89274 10726 00132 10858 32
29 24 £ 35 52 89304 09867 *9437 10563 00133 10696 .»1

30 t l  24 c 0 36 0 8.89464 9. 99866 8.89598 11 . IO4O2 10.00134 11.10536 30
3 ‘ 23 52 36 8 89625 99865 89760 IO24O 00135 10375 29
3 * 23 44 36 16 89784 99864 89920 10080 00136 10216 28
33 23 36 36 24 *9943 99*63 90080 09920 00137 IOO57 27
34 23 28 36 32 90102 99862 90240 09760 00138 0989s 26

3 5 II 23 20 O O 8.90260 u. qq861 8.90599 11.09601 io .00139 u . 0974c -5
S b 23 12 36 48 90417 09860 90557 0944.1 00140 09583 24
37 23 4 36 56 90574 99859 90715 09285 OOJ4I 09426 23
38 22 56 37 4 90730 99* 5* 90872 09128 00142 09270 22
89 22 48 37 >2 90885 99*57 91029 08971 00143 09115 21

40 U 22 4C 0 37 20 & • Q 104-0 9.99856 8.91185 1 1.08S15 10.00144 1 1.0896c 20
4 ' 22 32 37 28 91195 99*55 91340 08660 00145 08X05 [9
48 22 24 37 36 91349 99854 9 '4 9  5 08505 00146 08651 l8

i 43 22 16 37 44 91502 99*53 91650 08350 00147 08498 17
' 44 22 8 37 52 91655 99852 91803 08197 00148 08345 l6

1 45 1 1 22 0 0 38 0 8.91807 9.99851 *-9 , 957 11.08043 10.00149 11.08193 ‘5
Ì 4° 21 52 38 8 9 '959 99850 92110 07890 00150 08041 14

47 21 44 38 16 92 IIO 99848 92262 0773*' 00152 07890 '3
! 4S 21 36 38 24 9226 1 99*47 92414 07586 00153 07739 I z

i 49 21 2S 38 32 92AI I 99846 92565 07435 00154 07589 1 1

P50 II 21 20 0 38 40 8.92561 9.99845 8.92716 11.07284 10.00155 11-07439 IO
51 21 12 927 ro 99844 92866 07134 00156 O729O 9
52 21 4 3S 56 92859 99*43 93016 06984 00157 0714' 8

53 20 56 39 4 93007 99842 93165 06835 00158 06993 7
54 20 48 39 12 93154 99*41 9331.? 06687 00159 06846 6

S5 II 20 40 O IQ 2C * .9 3 3 0 * 9.99840 8.93462 11.06538 10.00160 1 1.06699 5
56 20 32 39 28 9344* 99*39 93609 06391 00161 06552 4
57 20 24 39 36 9 3 594 99838 93756 06244 00162 06406 3
5» 20 16 39 44 9 3 740 99*37 93903 06097 00163 06260 -
59 20 8 39 52 93**5 99836 94049 05951 00164 06:15 1

; 60 20 0 40 0 94030 99*34 94 '95 05805 00166 05970 0

M HourP.M HourA.M Cu-fine. bine. Co-tang. Tangent. Co-!'ecanr.* Secant. M  |i



|M Hour AM. Hour PM: Sine. Co-fine. ( Tangent. Co-tang. Secant. Co-fecant M |

! 0 (1 20 0 0 40 0 8.44030 9-99834 8.94195 11.05805 10.00166 i 1.05970 60 ■
i 19 52 40 8 94174 99833 94340 05660 00167 05826 59
2 19 44 40 16 94317 99832 94485 05515 00168 • 05683 5* !
3 19 36 40 24 94461 99831 94630 ■ 05370 00169 05539 57
4 19 28 4°  32 94603 99830 94773 05227 00170 05397 5<>
? II 19 20 0 40 40 8.94746 9.99829 8.94917 11.05083 10.00171 12«0 <2 C4 55
6 19 12 40 48 94887 99S2S 95060 04940 00172 05113 547 19 4 40 56 95029 99827 £5202 04798 00173 04971 53
8 18 56 41 4 95170 99825 95344 04656 00175 04830 5i
9 18 48 41 12 95310 99824 95486 04514 00176 04690 5i

10 II 18 40 0 41 20 8-95450 9.99823 8.95627 H.04373 IO.OOI77 11.04550 5°
I ! )8 32 41 28 95589 99822 95767 04233 00178 04411 49
12 j8 24 41 36 95728 99821 95908 04092 OOI79 O4272 48
•3 18 16 4 1 4 4 95867 99820 96047 03953 00180 04133 47'4 18 8 41 52 96005 99819 96187 03813 00181 03995 46

M 11 18 0 0 42 c 8.96143 9.99817 8.96325 11.03675 10.00183 11.03857 45
l6 17 52 42 8 96280 99816 96464 03536 00184 037*0 4417 17 44 42 16 96417 99815 96602 03398 00185 03583 43
18 17 36 42 24 96553 99814 96739 03261 00186 03447 42
■ 9 17 28 4 1 37 96689 99813 96877 03123 00187 03311 41
20 11 17 20 0 42 4c 8.Q6825 9.99812 8.97013 11.02987 10.00188 II. 0-517; 40
21 17 12 42 48 96960 9981c 97150 02850 00190 O3O4O 39
22 17 4 42 56 97095 99809 97285 02715 OOI9I 0290Ç38
n 16 56 43 4 97229 99808 97421 02579 00192 02771 37?4 16 48 43 '7 9736.3 99807 97556 02444 00193 02637 36
25 11 16 40 0 43 20 8.97496 9.99806 8.97691 11.023OQ 10.00194 I i . 02 0̂4-35
26 16 32 43 28 97629 99804 97825 02175 00196 02371 34
2? 16 24 43 36 97762 99805 97959 02041 00197 02238 33
2 8 16 16 43 44 97894 99802 98092 01908 00198 02106 32
29 16 8 43 52 98026 99801 98225 01775 OOI99 01974 3 i
30 i i  16 0 0 44 c 8.98157 q.gqSoc 8.98358 11.01642 IO.OPÎOO 11.01843 3°
31 15 52 44 * 9828S 99798 98490 01510 CO 202 01712 29
32 15 44 4 4 1 6 9S419 99797 98622 01378 00203 01581 28
33 15 36 44 24 98549 99790 98753 01247 00204 01451 *7
34 15 28 44 32 98679 99795 . 9S884 01116 OO2O5 01321 26

35 II 15 20 0 44 4c 8.98808 9-99793 8.94015 11.00985 10.00207 II.OI192 Z S
l-56 15 12 44 48 9*937 99792 99145 00855 00208 01063 24
¡37 >5 4 44  56 99066 99791 99275 0072j OO209 00934 23

14 56 4 > 4 991941 99794 99405 00595 00210 00806 22
¡39 14 43 45 12 99322 99788 99534 00466 00212 00678 21

•40 11 14 40 0 45 2C 8.99450 9.99787 8.99662 i i . 00338 10.00213 lI.CO5.5O 20
|4 ‘ U  32 45 28 99577 99786 99791 00209 00214 OO423 19
I42

14 24 45 36 99704 99785 99919 00081 OO215 00296 18
!43 14 16 45 44 99830 99783 9.00046 10.99954 00217 OOI7O 17144 14 8 45 52 99956! 99782 OO174 99826 00218 OOO44 16

45 11 14 c 0 46 c 9.00082 9.99781 Q.0030 ! 10.99699 10.00219 io . 4qqi8 15
46 13 52 46 8 OO2O7 99780 OO427 99573 00220 99793 14¡47 ‘ 3 44 46 16 OO332 99778 00553 99447 00222 99668 ■ 3
I48 J3 36 46 24 00456 99777 00679 99321 00223 99544 12
¡49 13 28 46 32 oo;8i 99776 00805 99195 00224 99419 I 1
50 II 13 20 0 46 40 9.00704! 9-99775 9.00930 10.99070 10.00225 10. QQ2Q6 10
5 ' 13 12 46 48 00828 99773 01055 98945 00227 99172 9
5* J3 A 46 56 00951 99772 01179 98821 00228 99049 8
53 12 56 47 4 01074 99771 o n o ; 98697 00229 98926 754 |2 48 47 12 01196 99769 01427 98573 00231 98804 6

55 11 12 40 0 47 20 9.01318 9.99768 9.01550 10.98450 10.00232 10.98682 556 12 32 47 28 OI44O 99767 01673 98327 00233 98560 4
S7 12 24 47 36 01561 99765 01796 98204 00235 98439 3
S« 12 16 47 44 01682 99764 01918 98082 00236 98318 2
59 12 8 47 52 01803 99763 02040 97q6o OO237 98197 1 »60 12 0 48 0 01923 9976i 02162 97838 00239 98077

0 1MIHourPM. Hour AM. Cu-iine. Sine. Co-tang. Tangent. Co-fecant Secant. M II



r HourAM. HourPM. Sine. Co-tine. Tangent. Co-Cang. Secant. ?Co-fecanr M-

0 II 12 0 0 48 0 9.01923 9.99761 9.02162 10.97S38 10.00239 ¡ 0 .  9807; 60
i 1 1 52 48 8 0204s 99760 02283 y77'7 OO24C 97957 59;
2 11 44 48 16 02165 99759 O24G4 97596 00241 97837 58:
3 11 36 48 24 02283 99757 02525 97475 00243 97717 57:
4 II 28 48 32 02402 9975b 0264; 97355 00244I 97598 5b.
5 IX IX 20 0 48 40 9.02520 9-99755 9.02766 10.97234 10.0024; 10.97486 55:
6 I X 12 48 48 02639 99753 02885 97115 00247 97361 54'
7 »1 4 48 56 0275- 99752 0300* 96995 0024S 97243 S3 ,
8 10 56 49 4 02874 99751 03124 96876 OO249 97126 52
9 10 48 49 12 02992 99749 03242 96758 002 ç 1 97008 5»!

10 11 10 40 0 49 20 9.03109 9 -997*8 9.03361 10.96639 10.00252 10.96891 SOI
IJ 10 32 49 28 03226 99747 03479 q6 ;2 i 00253 . 96774 49 -
12 10 24 49  3b ° 3342 99745 03597 96403 00255 96658 4«
«3 10 16 49 44 ° 3458 99744 03714 96286 00256 96542 47
*4 10 8 49 52 03574 99742 03832 96168 00258 96426 46
15 II 10 0 0 50 0 9.03690 9.99741 9.03948 10.96052 10.00259 10.96310 45
l6 9 52 50 8 0380 s 99740 04065 95935 00260 96195 44
17 9 44 50 16 0392c 9973s 04181 95819 00262 96080 43
l8 9 36 50 24 04034 99737 04297 95703 00263 95966 42
‘9 9 28 50 32 04149 9973b 04413 95587 00264 95851 4 «!
20 11 9 20 0 50 40 9.04262 9-99734 9.04528 10.95472 10.00266 10.95738 40I
21 9 22 50 48 0437 b 99733 04643 95357 00267 95624 39
22 9 4 SO 56 04490 9973* 04758 95Z42 CO269 95510 38
23 8 56 5 1 4 04603 99730 0 4 8 7 3 95127 00270 95397 37
14 8 48 51 12 04715 99728 O4987 95013 00272 95285 36)

15 11 8 40 0 5 I 20 9.04S28 9-99727 q .  0* ior 10.94899 10.00273 10.95172 35!
26 8 32 C l 28 04940 99726 05214 94786 OO274 95060 34127 8 24 51 36 05052 99724 05328 94672 00276 94948 33|
28 8 16 5 1 44 05164 99723 0 5 4 4 1 94559 OO277 94836 3*i,29 8 8 5 1 Î 2 05275 99721 0 5 5 5 3 94447 OO279 9472 5 3 ‘ !

!jo 1 1 8 0 O 5 2 O Q.0*386 9.99720 q.Ck 666 10.94334 10.00280 10. <14614 30
!j 1 7 52 52 8 05497 99718 05778 94222 00282 945°3
'32 7 44 S2 16 05607 99717 05890 94110 00283 94393 28]
I33 7 3& 5 2 24 05717 99716 06002 93998 00284 94283 27]
¡ 3 4 7 28 52 32 05827 99714 06113 938S7 00286 94173 26

3> II 7 20 0 $ Z  40 9-05937 9-99713 9.06224 10.93776 IO.OO287 10. 94063 25{
|3b 7 12 52 4 « 06046 99711 06335 93665 00289 93954 24]
'37 7 4 52 56 06155 99710 06445 93555 OO29O 93845 23|
3* 6 56 53 4 06264 9970S 06556 93444 OO292 9373,6 221
39 6 48 53 i 2 06372 99707 06666 93334 00293 93628 2ll

'.4 ° 11 6 4c 0 53 20 9.06481 9.99705 9-C6775 10. Q122* 10.0029* 10.93519 20
¡4 * 6 32 5 3 1« 06589 99704 06885 93115 00296 93411 »91
■4 2 6 24 53 3b 06696 99702 06994 93006 00298 93304 18j
43 6 16 53 44 06804 99701 07103 92897 OO29Q 93196 17
44 6  8 53 52 06911 99699 0721 J 92789 OO3OI 93089 16

i45 11 6 0 0 54  0 Q.070l8 9.99698 9.07320 10.92680 IO.OO302 10.92982 >5
4*> S 52 54  * 07124 qq6q6 07428 9257a OO3O4 92876 14
47 5 44 54 16 07231 99695 07536 92464 00305 92769 13
4« 5 36 54 24 07337 99693 07643 92357 00307 92663 12
49 5 28 54 32 07442 99692 07751 92249 00308 92S58 1 li

So II 5 20 0 S4 4° 9.O7548 9.99690 9.07858 10.92142 10.003lc 10.92452 10
5* 5 12 54 4 8 07653 q q68 q 07964 92036 OO31 1 92347 9
5i 5 4 54 Sb O7758 99687 08071 91929 OO313 92242 8
53 4  56 55 4 O7863 996S6 08177 91823 OO314 92137 7
54 4  48 55 >2 O7968 99684 08283 91717 00316 . 92032 6

55 i X 4 40 0 ss 20 9.O8O72 9.99683 9.08389 10.91611 IO.OO317 10.qiq2l 5
5<> 4  32 55 28 08l76 99681 <08495 91505 00319 91824 4 :
57 4  24 55 36 08280 99680 08600 91400 OO32O 9Î72O 3
5^ 4 16 55 44 O8383 99678 08705 91295 00322 91617 2
59 4  ^ 5 S--52 O8486 9 9 6 7 7 08810 91190 00323 9  * s 1

60 4  0 56 0 O8589 99675 08914 91086 OO325 91411 0

, M Hour PM. HourAM. Co-tins- Sine. Co-tang. | langent. Co-fecant 1 Secant. M)



Hour AMlHoarP.Mç Sine. 1 Co-line. Tang. ! Co-tang Secant. Co fecant. m |

‘ C i i  4 c 0 56 c 9.08589 9.99675 q.0Sqi4 10.91086 10.00325 10.91411 60
. I 3 5« 5 b 08692 99674 o q o i  q qcqSi 00326 91308 59
I 2 3 4 56 16 08795 99672 09123 90877 003 28 91205 S»
i : 3 3« 56 24 08897 99670 09227 9°773 00330 9 1103 57

4 3 2S 56 32 oSqqij 99669 09330 90670 00331 91001 56
1 5 l l  3 2C 0 56 40 Q.OQIOI 9.99667 9.09434 10.90566 10.00333 10.90399 55
:: 6 3 «2 56 4 8 09202 99666 09537 90463 00334 90798 54
ii 7 3 4 56 56 09304 99664 09640 9O360 00336 90696 53
! ! x

2 J6 37 4 09405 99663 ° 974 2 QO258 00337 90595 5»

i ! 9
2 48 57 «2 09506 99661 09845 90155 00339 90494 51

EJ io ri :  40 0 57 20 q.09606 9.99659 9-09947 10.90053 IO.OO34I 10.90394 5°
:j 11 2 32 57 28 O97O7 99658 IOO49 89951 -00342 90293 49
,1 12 2 24 57 3<> 09807 99656 lOijO 89850 00344 90193 48
' l 3 2 l6 57 44 0QQ07 99855 10252 ■ 89748 00345 90093 47
'i '4 2 8 57 52 10306 99653 10353 89647 00347 89994 46

J * 5 II 2 0 0 58 c 9.10106 9.99651 9.10454 10.89546 IO.OO349 10.89894 45
;! lb i  52 58 8 10205 99650 10555 89445 00X50 89795 44

17 i  44 58 16 10304 99648 10656 89344 00353 89696 43
: iS i  36 5.8 24 10402 99847 10756 89244 00353 89598 42

19 r 28 58 32 10501 99645 10856 89144 00355 89499 41
20 II I 20 0 58 40 9.10599 9-99645 9.IC956 10.89044 IO.OO357 10.89401 40

;; 2-i I 12 *8 48 10697 99642 1 1056 88944 00358 S9303 39
\ : Z 2 « 4 58 56 10795 99640 11155 88845 00360 89205 3«
, z î 0 56 59 4 10893 99638 1 1 254 88746 00362 89107 37
M 0 4 s 59 «2 10990 99637 " 3 S3 88647 00363 89010 36
i i II 0 40 0 59 « 9.11087 99963  5 9.1 1452 10.88548 10.00365 10.88913 3S

1 26 0 32 59 1 1184 99633 IM S« 88449 00367 88816 34
:■ S7 0 24 59 36 11281 99632 11649 8835« 00368 88719 33
. 0 16 59 44 11377 99630 »1747 88253 C0370 88623 32

I29 0 8 59 5 i 11474 99629 11845 S8155 00371 88526 3 M

,J0 u  0 0 l O O 9.11570 9.99627 9.11943 10.88057 IO.OO373 10.88430 30'

P ' 10 5 9.5 2 0 8 X 1666 99625 12040 87960 00375 88334 29
: . s ' 59 44 0 16 11761 99624 12128 87862 00376 88239 28:
.¡33 59 36 O 24 11857 99622 122X5 S7765 00378 88143 2 ' \
: 3 4 59 28 O 32 11952 99620 I2332 S7668 00380 88048 26

35j IO ¿9 20 Î O 40 Q. I 2O4.7 9.99618 9.12428 10.87572 10.00382 10.87953 2>!
iJul 59 I* 0 48 X2I42 99617 12525 87475 00383 87858 24l
r 59 4 0 56 12236 99615 12621 87379 00385 87764 23i
3.« 58 56 « 4 12331 99613 12 7^ 87283 00387 S7669 22
•39 58 48 I 1 ?■ 12425 99612 13813 87187 00388 *7575 -1!
4O1IO \& 4.0 I I 2 0 9 «25 '9 Q.QQÔ 10 q.I2QOQ 10.87091 10.0039c 10.87481 201

|.4 >! $8 32! I 28 12612 99608 13004 £6996 00392 87388 «9|
4̂ ; 58 24! I 36 12706 996O7 13099 86901 00393 8 7^ 4 18

■ 431 jS  16 « 44 12799 99605 13194 86806 00395 87201 •7 '
44 58 8 I 52 12892 99603 13289 86711 00397 87108 16!

to j8 0 1 2 O 9.12985 9.99601 913384 10.86616 I0.003QQ 20.87015 ‘ si
46 S T  54 2 8 13078 99600 13478 86522 OO4OO 86922 »4 ;
47 57 44 2 16 »3 >7 i 99598 13573 86427 OO4O2 86829 '3
4» 57 36 2 24 13263 99596 15667 86333 OO4O4 86737
49 57 28 2  32 13355 99595 13761 S6239 OO405 86645 11 !

5° to 57 20 t 2 40 9-«3447 9-99593 9-13854 10.86146 IO.OO407 10.86553 ioj
5« 57  1* 2 48 13539 99591 13948 S6052 00409 86461 9
52 57 4 2  56 13630 99589 1 4O 4 1 85959 O O 4II 86370 8

53 5 6 5 6 3 4 13722 99588 14134 S5866 OO412 86278 7

54 56 48 3 12 I 3 8 « 3 99586 T422? 8 5 7 7 3 O O4I4 86187 6

' 5 5 10 56 4o| 3 20 9.13904 9 - 9 9 5 8 4 9.14320 10.85680 i o .o o4 i 6 10.86096 5

5 bj 56 32' 3 28 13994 99582 14 4 1 2 85588 0 0 4 18 86006 4
5 ' 56 24 3  3 6 14085 9 9 5 8 ‘ 14504 85496 OO419 85915
5 *1 j6  16 3 44 1 4 1 7 5 99579 14597 S 5 4 ° 3 OO421 85825 2 -

59 5 6  8 3 51 14266 99577 14688 85312! 00423 8 5 7 3 4 Z
60! 56 0 4  0 1 4 3 5 ® 99575 1478 0 85220 OO425 85644 0

MiHour PM|Hour AM Co-line. Sine. Co-tang. Tangent. Co-lecanr. Secant.



1 ¡M HourAM HourP.M Sine. Co-line. ’rangent. Co-tang. Secant. Co-fec. M ’

0 10 56 c I 4 O 9 .14 35 Û 9 - 9 9 5 7 5 9 .1 4 7 8 0 10.S5220 10 .O C 425 10 .8 56 4 4 6 o :
s s  52 4 8 > 4 4 4 5 9 9 5 7 4 14872 8 5128 00426 8 5 5 5 3 59  '
5 5  4 4 4 16 > 4 5 3 5 9 9 572 »4963 8 50 3 - 00428 85465 58
5 5  3 * 4  24 1462̂ 99 570 150 54 84946 0 0 4 3 c 8 53 76 5 7 ,

4 55 18 4  3 2 >4 7 '4 99568 1 5 1 4 5 84855 004 32 - 852S6 56

5 !0  3 5 20 i  4  40 9 .1 4 8 0 3 9 .9 9 5 6 6 9 .1 5 2 3 6 10 .8 4 7 6 4 IO .0 0 4 34 1 0 .8 5 1 9 7 55
6 5 5  12 4  48 14891 9 9 5 6 j 15 3 2 7 84673 00435 8 4109 5 4
7 5 5  4 4  5 6 14 98 c 9 9 5 6 3 1 5 4 1 7 84583 00437 85020 5 3 :;
s 5 4  Î 6 5  4 i JO61) 9 9 5 6 1 15508 84 49 2 00439 s 4 9 3 i 5 a
9 5 4  4 8 5 12 1 5 > 57 9 9 5 5 9 15398 84402 00441 84843 51

10 to  54  40 I 5 3 0 9 - >5245 9 - 9 9 5 5 7 9 .1 5 6 8 8 1 0 .8 4 3 1 2 1 0 .0 0 4 4 3 1 0 .8 4 7 5 5 5°
II 5 4  3 2 J 2S > 5 3 3 3 9 9 5 5 6 1 5 7 7 7 84223 OO444 84667 4 9
12 5 4  2 4 5 36 > 5 4 2 1 9 9 5 5 4 158 6 7 8 4 13 3 OO446 8 4 5 7 9 48,
' 3 5 4  16 5  4 4 15508 9 9 5 5 2 159 5 6 84044 00448 84492 4 7
>4 5 4  « 5 52 155 9 6 99550 16046 8 39 54 00450 84404 46

'5 10 54  0 1 6 0 g . i  568-,' 9 .9 9 5 4 8 9 1 6 1 3 5 10 .8 3 8 6 5 i 0 .0 0 4 5 2 1 0 .8 4 3 1 7 4 5 -
l6 5 3  5 2 6 8 1 5 7 7 c 99546 16 224 8 3 7 76 00454 84220 4 4
17 5 3  4 4 6 16 > 5 8 5 7 9 9 5 4 5 1 6 3 1 2 83688 00455 8 4 14 3 4 3
18 5 3  3 <> 6  24 » 5 9 4 4 9 9 5 4 3 16 40 1 8 359 9 00457 84O56 42

4 1  !19 5 3  28 6  32 16 0 3 c 9 9541 16489 8 3 5 1 1 00459 8 39 70

20 10 U  20 t 6 40 9 .1 6 1 1 6 9 - 9 9 5 3 9 9 .1 6 5 7 7 1 0 .8 3 4 2 3 10 .0 0 46 1 1 0 .8 3 8 8 4 v \
21 5 3 1 2 6  48 16203 9 9 5 3 - 16665 83335 00463 8 3 7 9 7 39
22 53 4 6 j 6 16289 16 7 5 3 8 32 47 00465 8 3 7 1 1 38
2 3 5 2  56 7  4 16 374 9 9 5 3 3 16 8 4 1 8 3 15 9 00467 S3 6 2 6 3 7
1 4 5 2 48 7 12 16460 9 9 5 3 2 16928 830 72 0046 8 8 3540 3 6 -

i j 10 52 40 I 7  2 0 9 .1 6 5 4 5 9 .9 9 5 3 0 9 .1 7 0 1 6 1 0 .8 2 9 8 4 1 0 .0 0 4 7 c 10 .8 3 4 5 5 3 5
26 52  32 7 28 I6 6 3  I 99528 1 7 10 3 82S97 OO472 83369 3 4
17 5 2  24 7  36 16 7 16 9 9526 17190 8 2 8 :0 00474 8 3284 3 3
28 5 2 1 6 7  4 + 16801 9 9 5 2 4 1 7 2 7 7 8 2723 00 4 76 83199 32
29 52 8 7  52 16886 99 52 2 1 73 6 3 82637 00478 8 3 1 1 4 J i

JO 10 5 2  c 1 8 0 Q. IÔQ7 0 9 .9 9 5 2 0 9 .1 7 4 5 0 1 0 .8 2 5 5 0 1 0 .0 0 4 8 0 10 .8 30 30 30

3 « 5 1 52 8 8 I7O55 9 9 5 18 17 5 3 6 82464 00482 82945 29

5 « 4 4 8 16 I 7 I 3 9 9 9 5 * 7 17 6 2 2 82378 00483 82861 28 '

33 5 '  3 6 8 24 I72 2 3 99515 1770 8 8 2292 00485 8 2 777 27
3 4 51 28 S 32 I73O7 99513 1779 4 82206 00487 82693 26 '

35 10 51 20 I 8 40 9 . 1 7 3 9 1 9 .9 9 5 1 1 9 .1 7 8 8 0 10.S2120 10 .0 0 48 9 10.82609. 25 ;
36 51 12 8 48 > 7 4 7 4 99509 179 6 5 82035 OO49I 82526 24
3 7 5 » 4 8 56 1755S 99507 18051 81949 CO493 8 24 4 2 23
3 8 50 56 9  4 176 4 1 99505 18136 81864 00495 8 23 59 22

5 9 50 48 9 12 '7 7 2 4 99503 , 18221 81779 OO497 8 2 2 76 21

4 ° 10 50 40 I 9 20 9 .1 7 8 0 7 9 .9 9 5 0 1 9 .1 8 3 0 6 10.81694 I0 . 0 0 4 qq t o . 82193 20 ■

4 ' 50 32 9 28 17890 99499 18391 81609 00501 8 2 1 1 c 19
■ fi 50 24 9  3 6 > 7 9 7 3 9 9 4 9 7 18475 81525 O0Ç03 82027 18

4 3 50 16 9  4 4 18055 9 9 4 9 5 18560 81440 00505 8 19 4 5 17
4 4 JO 8 9  >2 I8 13 7 9 9 4 9 4 18644 81356 00500 8 18 6 3 x6

45 10 50 c I 10 0 9 .1 8 2 2 0 9 .9 9 4 9 2 9 .1 8 7 2 8 1 0 .8 1 2 7 2 10 .0 0 50 S 1 0 .8 17 8 0 15

|6 4 9  S 2 10  8 18302 99490 1 8 8 1 1 8 118 8 0 0 5 IC X 1 69ft 14
47 4 9  4 4 10  16 1X383 99488 i X896 8 110 4 0 0 5 12 8 1 6 1 7 '3

.48 4 9  36 10  24 18465 QQd.86 18979 810 21 0 0 5 14 8 15 3 5 12

49 4 9  28 t o  32 1 * 5 4 7 9 9 4 8 4 19063 80937 0 0 5 16 8 14 5 3 1 1
>0 10 49 20 K 10  40 9 .1 8 6 2 8 9 .9 9 4 8 2 q .I Q I 4 6 10 .8 0 8 5 4 IQ . 00 518 1 0 .8 1 3 7 2 10 !
51 4 9 1 2 10  48 18709 99480 19229 8 0 771 00 5 20 8 12 9 1 9

49 4 10 56 18790 99478 1 9 3 1 2 80688 00522 8 1 2 1 0 8
48 56 h  4 ¡ 8 8 7 1 9 9476 19 3 9 5 80605 0 0524 8 1 1 2 9 7

34 48  48 I I  12 18952 9 9 4 14 19 478 80522 0 0 5 2 b 8 1048 6

55 10  48 40 1 1 1 20 9 1 9 0 3 3 9 .9 9 4 7 2 9 .1 9 5 6 1 1 0 .8 0 4 3 9 I0.0052R 10 .8 0 9 6 7 5
s » 48 3 2 11  28 19113 99 4 70 19643 80357 00530 80887 4

48 24 h  36 19193 QQ4-68 19725 80275 00532 80807 3
s« 48 16 11 44 19 273 99466 19807 8 0193 00534 8 0727 2
>9 48 8 h  5 2 > 9 3 5 3 99464 19889 8 0 1 11 0 0 5 3 6 80647 1
60 48 c Î 2  O 19433 99462 19971 80029 0 0 5 3 Ï 8o$6? c

Mi'HourP.M. HourAM,lCu-iinc. 1 Sine. Cu-tang. Tangent. Co-fec. Secant.



V m
HourAM. HourP.M. Sine. Co-fine. Tangent. Co-tang. Secant. Co-iecant M

1 0 iO 4i> 0 1 1 2  0 9-19433 9.99462 9.19971 10.80029 10.00538 10.80567 60
I * 47 52 12 8 19513 99460 20053 79947 00 Ç 4.0 80487 59
Ì 2 47 44 12 16 19592 99458 20134 79866 00542 80408 5*1 3 47 36 12 24 IQÔ72 994S6 20216 79784 00544 80328 57
i 4 47 28 12 32 I975< 99454 20297 79703 00546 80249 56

.5 IO 47 20 1 12 40 9 .I983O 9 -99452 9.20378 10.79622 10.00548 10.80170 55
6 47 12 12 48 >99°9 99450 20459 79541 005,50 80091 54
7 47 4 12 <6 19988 99448 20540 79460 O05J¡2 80012 53
$ 46 56 '3  4 20067 99446 20621 79379 00554 79933 52
9 46 48 1S 12 20145 99444 20701 79299 00556 79*55 S*

1C 10 46 40 1 15 20 q .20223 9.99442 9.20782 10.79218 10.00558 10.79777 5°
11 46 32 13 z8 20302 99440 20862 79138 00560 79698 49
12 46 24 13 36 203 So 99438 20942 79058 00562 79620 48

1*3 46 16 13 44 20458 99436 21022 78978 00564 79542 47
l »4 46 £ 13 ÇÎ 20*3$ 99434 21 102 78898 00566 79465 46
: »5 IO 46 0 I  14 c 9.20613 9.99432 9.21182 10.7S81Í 10.00568 10.79387 45
Î l6 43 52 14 8 20691 99429 21261 78739 00571 79309 44
; 17 45 44 14 16 20768 99427 21341 78659 00573 79232 43
; iS 45 36 14 24 20845 99425 2I420 78580 00575 79155 42, '9 45 28 14 3a 20922 99423 21499 7850T 00577 79078 41

10 4 ; 20 i 14 40 q.20qqo 9.99421 9.21578 10.78422 IO.OCK7Q 10.79001 40
i21 45 «2 14 48 21076 99419 21657 78343 00581 78924 39
I22* 45  4 «4 S6 21153 99417 21736 78264 00583 78847 3*
i 23 44 56 «5 4 21229 99415 21814 78186 00585 7*771 37
24 44  48 i< 12 21306 99413 21893 78107 00587 7869^ 36
25 10 44 40 1 15 20 9.21382 9 -994" 9.21971 10.78029 10.00589 10.78618 35
26 44  32 1J 28 21458 99409 22049 77951 00591 78542 34
2? 44 24 15 36 21534 99407 22127 77873 00593 78466 33
28 44  16 15 44 2161c . 99404 22205 77795 00596 78390 32
39 44  8 '5  52 21685 99402 22285 77717 00598 7*315 31
30 10 44 0 X 16 0 9.21761 9.99400 9.22361 IC.77639 10.00600 10.78239 30
31 43 52 16 8 21836 9939* 22438 77562 00602 78164 29
32 43 44 16 16 21912 99396 22516 77484 00604 78088 28
33 43 36 16 24 21987 99394 22593 77407 00606 78013 2734 43 28 16 32 22062 99392 22670 77330 00608 7793* 26

10 43 20 i 16 40 9.22137 9.99390 9 -22747 10.77253 10.00610 10.77863 25
36 4 3 1 2 16 48 22211 99388 22824 77176 OO612 777*9 2437 43 4 16 56 22286 99385 229OI 77099 00615 77714 23
3S 42 j6 '7  4 22361 99383 22977 77023 00617 77639 22
39 42 48 17 12 22435 99381 23054 76946 00619 77565 21

4C 10 42 40 I 17 20 Q.22Ç0Q 9-99379 9.23130 10.76870 10.00621 ‘ ° - 77491 20
|4 ‘ 42 32 17 28 22585 S9377 23206 76794 00623 774'7 19
!4 2 42 24 17 36 22657 99375 23283 76717 OO625 77343 18
|43 42 16 17 44 22731 99572 23359 76641 00628 77269 17
144 42 8 >7 52 22805 99370 2343 5 76565 00630 77195 16

I4 '
10 42 0 i 18 0 q. 22878 9.99368 9.23510 10.76490 10.00632 IO.77122 •5

I46 41 52 18 8 22g_52 99366 23586 76414 00634 77048 '4¡47 4 * 44 18 16 23025 99364 23661 76339 00636 76975 '3
4» 4 > 36 18 24 25 0 q8 99362 23737 76263 00638 76902 12

¡49 41 28 18 32 23171 99359 23812 76I8S 00641 76829 I I

i S °
10 41 20 I  18 40 9-23244 9-99357 9.23887 10.76113 to.00643 10.76756 IO

,5 ' 41 12 18 48 233 ‘7 99355 23962 76038 00645 76683 9
|52 41 4 18 56 23390 99353 24037 75963 00647 76610 8
¡S3 40 56 19 4 23462 99351 24I 12 75888 00649 7653* 7
¡54 40 48 19 12 23535 99348 24186 75814 00652 76465 6

Í55 10 40 40 I 19 20 q. 25607 9.99346 9.24261 *0-75739 10.00654 10.76393 5
5* 40 32 19 28 23679 . 99344 24335 75665 00656 76321 4
5 ' 40 24 19 36 23752 99342 24410 75590 00658 76248 3_j

,58 40 i6 19 44 23823 99340 24484 75516 00660 76177 2*

[59 40 8 19 52 23895 99337 24558 75442 00663 76105 i
j6o O : 

O

20 0 2396- 9933 5 24632 75368 00665 76033 0
1M HourP.M, HourAM. Co-tine. Sinf. Co-tang. Tangent. Co-fecant. Secant, M



||a Hour A Ml Hr. f  A1 Sine. Co-fine Tangen Co-tang. 1 Secant. CO-fclMf M

y IO 40 0  I 20 9.2396 9-9933 9.2465 io.75368Jio. 0066 10. 7603 J ÓO

39 52 20 > 24031 9933 2470 75294 006C 7596 59
39 4 \ 2 0  I 241 u 9933 2477 75*2 1 OO66 7589c2 58
39 3 > 20 2 2418 9932Í 2485 75147 0067 75SU 57
39 * 20 3 2425. 9932Í 24926I 7 S°74| OO674! 7574 56

IO 39 2<, I 20 4c 9.2452.1 9.99325 9.2500©) IO.7 500C 10.0067t 10. 7567t Sì
5 39 1 20 4S 2439) 99322 25073 749* OO67Í 75605 54

39 20 j C 24466 99319 25146 7485, 0068 75534 53
3* S l i t  4 24556 99317 25214 1 7478 00683 7546« S *

c 38 4* 21 12 24607 99315 25292 7470t 0o583 75393 5 '

IC 10 38 4c i 21 2C 9.24677 9-99313 9.25365 10.74635 10. 00687 10. 75323 50
11 3« 32 21 28 24748 99310 *5437 74563 00690 75252 49
12 38 24 21 36 24818 95308 25510 74490 006y2 75182 48

! 3 3» 16 21 44 24888 99306 25582 74418 OO694: 75112 47
«4 38 8 21 52 24958 99305 25655 74345 00696 75042 46 ,

10 38 0 ( 2 2  O 9.25028 9.99301 9.25727 10.74275 10. 00699 10. 74972 45 '
l6 37 5* 22 8 25098 99299 2;799 74201 007ÛI 74902 44
*7 37 44 22 16 25168 99297 25871 74129 00703 74832 43 1
18 37 36 22 24 25237 99294 25943 74057 00706 74763 4* 1
19 37 28 22 32 25307 99292 26015 73985 00708 74693 i l !
20 10 37 1 C I 22 4Û 9.25376 9.99290 9.26086 10.73914 10.00710 10. 74624 4 0 ,
2 1 37 12 22 48 25445 99288 26158 73842 007 Í 2 74555 3 9 !
2 2 37 4 22 56 255 '4 99285 26229 7377 ' 00715 74486 38 1
*3 36 56 23 4 25583 99283 16301 73699 00717 74417 37 !
24 36 48 23 12 25652 99181 26372 73628 00719 7434s 36 !

*s 10 36 40 1 23 20 9.25721 999278 9.26443 10.73557 10.00722 10. 74279 35 Í
26 36 32 2Î 28 25790 Q9276 265I4 73486 00724 74210 34
27 36 24 23 36 25858 99274 26585 73415 00726 74142 33
28 36 16 23 44 25927 99271 26655 73345 00729 74073 3*
29 36 8 23 5 2 25995 99269 26726 73*74 00731 74005 31

30 10 36 0 1 24 0 q.26o6? 9.99267 9.26797 10.73203 10. 00733 io. 73937 30
3 > 35 52 24 8 26151 99264 26867 73133 00736 73869 *9
32 35 44 24 16 26199 99262 26937 73063 C0738 73801 28

33 33 36 24 24 26267 99260 2700S 72992 00740 73733 *7
34 35 28 24 32 26335 99237 27078 72922 00743 73665 26

35 10 3s 20 1 24 40 9.26403 9.9925s 9.27148 10.72852 xo. 00745 to. 73597 *5
36 35 12 24 48 26470 99252 27218 72782 OO748 73530 *4
37 35 4 24 S 6 26538 99250 27288 7X7IX OO75O 73462 *3
38 34 56 25 4 26605 99248 *7357 72643 OO752 73395 22

39 34 48 15 12 26672 99245 27427 7*573 OO755 7332S 21 ;

40 10 34 40 I 25 20 9.26739 9.99243 9-*7496. 10.72504 ro.oo757|io. 73161 20,

41 34 32 25 i S 26806 99241 27566 72434 00759 73:94 19
42 34 24 25 36 26873 99238 27635 7*365 00762 73127 18 ^

43 3 4 1 6 25 44 26940 99236 27704 72296 00764, 73060 17 1

44 34 8 25 52 47007 99233 27773 7 2 2 2 1 007671 72993 :6

4 <¡ 10 34 0 i 26 0 9.27073 9.99231 9.27842 t o .  72158 10. 00769 IO. 729*7 15 :

4¿ 33 52 2 6  8 2714O 99229 27911 72089 00771 72860 r4 :

47 33 44 25 16 27206 99226 27980 72O2O 00774 72794 '3  :
48 33 36 26 24 2727? 99224 28049 71951 00776 7272- 1 2  :

49 33 28 26 32 27339 99221 28117 71883 00779 72661 : i

5° IO U  2C 26 40 9.27405 9-99219 9.28186110.71814 10.00781 io. 72595 IO

33 >2 26 48 27471 99217 a»Ä54| 71746 007 S3 7*5*9 9
33 4 26 56 27537 99214 28323 71677 00786 72463 8 ,

32 56 27 4 27602 992(2 28391, 71609 00788 72398 7,

34 32 48 27 12 27668 99209 28459I 7 iS4 ‘ OO79I 72332 6 .

IO X2 40 l 27 20 9-27734 9.99207 9.28527, 10.71473 10.00793 io. 72266 5
?2 32 27 28 27799 QQ204 28595 71405 00796 722OI 4

57 32 24 27 36 27864 99202 28662 7133S 00798 72136 3
58 32 16 *7 44 27930 99200 28730 7I27O 00800 72O7O 2  :

32 8 27 52 27995 99197 28798 7I2O2 00803 72005 I ¡

60 32 0 28 0 28060 99I9S 28865 7 i ‘ 35 00805 7 TÇ40 0

M Hour PM Hr. AM Co-fine. Sine. Co-tang. Tangent. Co*fecant Secant. VX j»



I,M "taurA.ivT lour 1\M bine. Co-line. i'angenr. iCo-iang. Secani. 3o-fecanO 1

! 0
0 3 2 0 1 2 8  0 9.2S060 9.99195 9.28865 10.71135 10.00805 10.719406 0

1 3 * S1 28 8 28125 99192 28933 71067 00808 71*75 9
2 31 44 28 16 2819c. 99190 29000 71000 00810 7'i8io 8
3 31 39 28 24 28254 99187 29067 70933 00S13 71746 '7*
4 31 28 28 32 2S319 99185 29134 70866 00815 71681 56
5 0 31 20 1 28 40 9.28384 9-99*82. 9.29201! 10.70799 10.00818 10.71616 55
6 SI 12 28 48 28448 99180 29268 70732 00820 71552 54;
7 3 i 4 2S 56 2S512 99177 29335 70665 00823 71488 53|
8 30 36 29 4 28577 99175 29402 70598 00825 “ 1423
9 30 48 29 12 28641 99172 29468 70532 008 28 71359 5*!

1C 0 30 40 I 29 20 9.28705 q.t)QI70 9-29535 10.7046 c 10.00830 10.71295 50
1 30 32 29 2S 28769 99167 29601 70399 00833 71231 49

12 30 24 29 36 28833 99165 29668 70332 00835 71167 4*
1 7 30 16 29 44 28896 99162 29734 70266 00838 71104 47■ 4 30 8 29 s2 28960 99160 29800 70200 00840 71040 46
15 IO 30 O I 30 O 9.29024 9-99*57 9.29S66 10.70134 10.00843 10.7OQ76 45

j 16 29 52 30 £ 29087 99*55 29932 70068 00845 70913 44
; 17 29 44 . 2915c 99152 29998 70002 00848 70850 43
! IS 29 36 30 24 29214 99150 30064 69936 00850 70786 42
19 29 28 30 32 29277 99!47 30130 69S70 00853 70723 4 *
20 to 29 20 1 30 4° 9.29340 9.99145 9-30195 10.69805 10.00855 10.70660 40
21 29 12 30 48 29403 . 99*42 30261 69739 00858 7059; 39
22 29 4 3°  5® 29466 99140 30326 69674 00S60 70534 3*
23 28 56 >1 4 29529 99137 30391 69609 00863 70471 37z4 28 48 3 1 12 29591 99135 30457 69543 00865 70409 36
25 10 28 40 X 31 20 9.29654 9.99132 9.30522 10.69478 10.00868 10.70346 35
26 =8 32 31 28 29716 99*30 30587 69413 00870 70284 34
2“ 28 24 3 I 36 29779 9912- 30652 6934s 00873 70221 33
2S 28 16 3 i 44 29841 99124 307*7 69283 00S76 70159 32
29 2S 8 3 i 52 29903 99122 30782 69218 00878 7009? .31
30 10 28 0 1 31 c 9.29960 9-99*19 9.30846 10.69154 10.00881 IO.7OO34
3 1 27 52 32 8 3002s 99117 30911 690S9 00883 69972 29
.32 27 44 32 16 30090 99114 30975 69025 00886 69910 18

' 33 27 3» 32 24 3OI5 1 99112 31040 68960 00S88 69849 27
34 27 28 32 32 30213 99100 31104 68896 00891 69781 z6

35 10 27 20 J 32 4O 9.30275 q.qq 106 Q. 3 I 168 10.68832 10.00894 10.69725
36 2 7 1 2 32 4S 30336 99104 31233 68767 00896 69664 241
37 27 4 32 J® 30398 99101 31297 68703 00899 69602 2 M
3« 26 56 33 4 30459 99099 31361 68639 00901 69541 22]
39 26 48 33 12 30521 99096 3142c 6S575 0090^ 69479 z  r
40 10 26 40 1 33 20 9.30582 9.99093 9.31489 10.68511 10.00907 10.69418 20
41 26 32 33 28 30643 9909' 31552 68448 OOqOQ 69357 ‘9
42 26 24 33 3® 30704 9908£ 31616 68384 OO912 69296 18
43 a6 16 3 3  4 - 30765 99O86 31679 68321 OO914 69*35 17
44 26 8 33 52 30826 99083 31743 68257 OO917 69174 16

45 10 26 0 1 34 c 9.50887 9.99080 9.31806 10.68194 10.00950 10.6911 15
46 25 52 34 30947 qqO?8 31870 6813c 00922 69055 14
47 25 44 34 *® 31008 99075 31933 68067 OO925 68992 13
48 25 3® 34 24 3106S 99072 3199® 68009 0092? 68932 12
49 2 ; 28 34 32 31129 99070 32059 67941 OO93O 68871 l l

>0 to 25 20 1 34 4c 9-31*89 9.99067 9.32122 10.6787! 10.00933 10.68811 to
>> 25 12 34 4* 3125c 99064 32185 67815 00936 6875c 9
>2 2 5 4 34 5® 3131c 99062 32248 67752 00938 6869C 8
S3 24 56 3 S 31370 99059 3*311 67689 OO941 6863c 7
54 24 48 35 is 3143c 990*6 32373 67621 00944 6857c 6

55 10 24 4c 1 35 2C 9.3149c 9.99054 9-3243® 10.67569 10.00946 10.6851c 5
5* 2 4  $2 35 2S 3*545 99OJ 32498 67502 00949 68451 4
57 24 24 35 3® 3160c 99048 32561 67439 00952 68391 3
■ Si 24 t ( 3 5 4 - 3166c 99046 3*623 6737? 00954 68331 2!
59 24 35 S ' 3*725 9904 32685 673!: 00957 68272 l!

160 24 C 36 c 3178? 9904c 3274" 67253 OO96C 68212
° i

M H onrP.M HourA.iv Co-fine. bine. i Co-tang.j 1 angent. Co-lecant Secant. [M)



i M|Huur.-\M HouiP.-M Sine. Co-fine. Tangent Co-tang. Secant, i Co-lecanrlM!

0 10 24 0 I 36 0 9.317881 9.99040 9-327+7 10.67253 10.00960,10.68212 60
23 5? 36 i 31847 99038 32810 6719c OO962 68153:59

23 44 36 16 31907 99035 32872 67I28 0096 ; 6S095 5*
23 36 36 24 31966 99052 32933 67O&7 OO968 6&054S7

4 23 28 36 32 3202; 99030 32995 67005 OC970 •>7975 1°
10 23 20 1 36 40 9.32084 9-99027 9-33057 10.66943 10.00973 io. 67916|55|

23 12 36 48 32143 0QO24 33119 66881 OO976 6/857:54
23 4 36 56 322O2 99022 5318c 6682c OO978 6779ft >->
22 56 37 4 32261 99019 332+2 66738 00981 67739 S2
22 48 37 «2 32319 99016 33303 66697 00984 676SI

s.1
IC 10 22 AO 1 J? 20 9-32378 9.99013 9-33565 10.6663 5 10.00987 io .67Ó22|so

1 1 22 32 37 28 32437 99011 33426 66574 OO989 67563;49
12 22 24 37 36 32495 99008 33487 66513 OC992 675° 5j4S
l * 22 l b 37 44 32553 99005 33548 66452 OO99 5 67447147
■ 4 22 8 37 5 2 326 i 2 99OO2 35609 66391 00998 Ö73SS +6

I ^ 10 2 2  O 1 3 8 0 9.32670 9.99000 9-33670 10.66330 10.01000 10.67330 45
1 J 6 2 1  52 38 8 32728 08997 33731 6Ó269 01003 67272 44

'7 2 1  44 38 16 32786 98994 33792 66208 01006 67214 43
■ 18 2 1  36 38 24 32S44 98991 33855 66147 01009 67156 42

19 21 28 , 38 32 32902 9S9S9 35915 66087 OlOl 1 67098

‘ 20 10 21 20 I 38 40 q. 32q6Ì> 9.98986 9-33974 10.66026 10.01014 10.67040 40
21 21 12 38 48 33018 98983 34034 65966 01017 66982 39
22 21 4 38 56 33075 98980 34095 65905 01020 66925 3«

1 23 20 56 39 4 33 '33 98978 34155 65845 01022 66867 37
24 20 4$ 39 ' 2 3319O 98975 34215 65785 010:5 66810 36
i S 10 20 40 I ¿9 20 9.3324S 9-98972 9-34276 10.65724 10.01028 10.66752(35
26 20 32 39 28 333O3 98969 34336 65664 OlOj I 66693I34

27 2 0  24 39 36 33302 98967 34596 65604 01033 66638)33
2« 2 0  l b 39 44 33420 98964 3+456 65544 01036 6658O 32

2 9 20 8 39 S2 33+77 98961 34516 65484 OIO39 66523(31

, 30 IO 20 0 I 40 0 9-33534 9-98958 9 -34 S76 10.65424 10.01042 10.66466130
t g  52 40 8 3359* 98955 34635 65505 01045 66409I29

■ 32 l 9 44 40 t b 53647 9S953 34695 65305 01047 66353 28

33 19 36 40 24 33704 98950 34755 65245 OIO5O 66296 27
34 19 28 40 32 33761 98947 34814 65186 01053 66239 26

35 1 0  19 zo 1 40  4O 9.35S18 9.98944 9.34874 10.65126 10.0 1056 10.66182 2 5
'■ 3 6 19 12 40 48 33874 98941 34933 65067 01039 66!26,24

37 19 4 40 56 339-1 98938 34992 65008 0 : 0 6 2 66069 23

38 iS  j6 41 4 33987 98936 3505' 6+949 01064 66013 22

39 18 48 41 12 34043 98933 35 " 1 64889 01067 65957 21

40 to 18 40 1 41 20 9 .3 4 ÌOO 9.98930 9.35170 10.64830 10.01070 10.65900 2 0

4I 18 32 41 28 34156 98927 35229 64771 01073 65844 29
i8 24 41 36 34212 98924 35288 64712 01076 65788 18

43 18 16 4 « 44 34268 98921 35347 64653 01079 65732 I/
44 18 8 41 J2 34524 98919 35405 64595 01081 65676 16

45 10 18 0 I 42 0 9.34380 9.98916 9-35464 10.64536 10.01084 10.65620 iS
46 17 52 42 8 34436 98913 35525 64477 01087 65564 14
47 1 7  44 42 l b 3449 ' 48910 35581 64419 01090 65509 13
48 17 36 42 24 34547 98907 35640 64360 01093 6 5453 12

49 17 28 42 32 34602 9S904 35698 64302 01096 65398 1 1

5° 10 17 20 l  4 2  40 9.34658 q . q S q o i 9-35757 10.64243 10.0IO99 10.65342 10
17 i 2 42 48 34713 98898 35815 64185 or 102 63287 9

)2 «7 4 42 56 34769 98896 35S75 64127 01104 65232 8

53 16 56 43 4 34824 98893 3593 ' 64069 01107 65176 7

34 16 48 43 «2 34879 98890 35989 64011 O H I O 65121 6

53 1 0  1 6  40 I 43 20 9-34934 9.98887 9- 36047 10.63953 10.01115 10.65096 5
56 16 32 43 28 34989 98884 36105 6389S 01 116 65011 4

16 24 43 36 35044 98881 36163 63837 01119 6+956 3
58 16 16 43 44 35099 98878 362211 63779 0 1 ( 2 2 64901 2

59 16 8 43 52 53154 98875 36279 63721 O II 2 5 64846 i
.60 16 0 44 0 35209 98872 363361 63664 01128 64791 0

M^IourP.M. 4 o u rA M . Co-fiae. Sine. Co-tang. j Tangent. 2o-fecanrJ Secant, |M-
/



;■ M[HotirA¿Vi.1H.uur{,.iW , bine. 1 Co-line. langent. j Co-tang. Secan*. Co-IecantjM

. C1 to 16 O'. J 44 c 9-35209 9.9S872 9-3633« 10.63664 10.01 I2Ì 10.64791)60
11 15 52 44  « 352.63 98869 3639- 63606 OI13I 64737 59
1 15 4*1 44 16 35338 98867 36453 63548 OII33 64682 58

• 31 I 3 3É 44  24 35373 98864 36505 63491 0113t 64627 57
! 15 28! 44 32 35427 9X861 3656e 63435 0*135 64573 Ì Ì .

1 ; tito I? 20! I 44  4° 93548 9.9885S 9.36624 *0.63376 10.0114: 10.64519 55
! It 12 44 4s 35536 98855 3668 6331s o * i4 i 6446. 54
; 7 15 4 44  56 35590 98852 36738 63262 01148 6441c 53
! 8 14 56! 45 4 35644 98849 36795 63205 01151 64356 5?

9 14 48 45 12 3 5698 98846 36852 63*48 OI 1 54 64302 5¿
IC IO 14 4° i 45 20 935752 9.98843 9.36909 10.63091 10.01157 10.6424S 5°
1 1 14 32. 45 28 35S06 98840 36966 63034 0116c 64194 49
12 I4 24 45 36 35SS0 98837 37023 62977 0116; 64140 4*
13 14 16 45 44 35914 98834 37080 6292c 01166 64086 47
14 14 8 45 52 35968 98831 37137 62863 01169 64032 46

15 10 14 c 1 46 0 9.36022 0.Q8828 9 -37*93 10.62807 10.01172 10.63978 45
l 6 13 52 46 8 36075 ' 98825 37250 62750 0 ,1 75 63925 44
*7 13 44 46 16 36129 98822 37306 62694 01178 63871 43
18 13 36 46 24 36182 98819 37363 62637 o i iè i 63818 42
19 13 28 46 32 36236 98816 374*9 62581 0 118¿ 63764 4 *

20 10 13 20 I 46 40 9.36289 9.98813 9-37476 10.62524 10.01187 10.63711 40
21 13 12 46 48 36342 98810 37532 62468 OII9O 63658 39
22 13 4 46 56 3639S 98807 37588 62412 0*193 63605 38

*3 12 56 47  4 36449 98804 37644 62356 01196 6355* 37
24 12 48 47 12 36502 98801 37700 62300 01199 63498 36

25 10 12 40 1 47 20 936555 q.o87o8 9-37756 10.62244 10.01202 10.63445 35 !
16 12 3 j 47 2« 36608 98795 37812 62188 OI2O5 63392 34 1
27 12 24 47 36 36660 98792 37868 62132 01208 63340 33 ;
28 12 16 47 44 36713 98789 37924 62076 0121! 63287 32
29 12 8 47 52 36766 98786 37980 62020 01214 63234 31

30 10 12 0 1 48 c 9.36X19 9.98783 9-38035 10.61965 10.01217 10.63181 30 !
3 ' h  52 48 8 36871 98780 38091 61909 01220 63129 29 ;

32 i l  44 48 16 36924 9S777 38147 61853 01223 63076 28 !

33 i l  3 6 48 24 36976 9*774 38202 61798 01226 63024 27
34 I l  28 48 32 37028 9S771 38257 61743 O1229 62972 26

35 IO 11 20 1 43 4O 9.37081 9.98768 9.383*3 10.61687 IO.O1232 ■ 0.62919 25
36 11 12 48 48 37133 98765 38368 61632 p ‘ 235 62867 24.
37 h  4 37185 98762 38423 61577 01238 62815 23 :
3» IQ 56 49  4 37237 98759 38479 61521 OI24I 62763 22

39 10 48 49 12 37289 98756 38534 61466 01244 62711

40 10 10 40 X 49 20 9-3734* 998753 9.38589 10.6141 * 10.01247 10.62659 20

4 ' 15 32 49 28 37393 98750 3S644 61356 01250 62607 19
4 2 10 24 49 3& 37445 98746 38699 61301 OI254 62555 i S

43 IÓ 16 49 44 37497 98743 38754 61246 01257 62503 17 ;
44 10 8 49 S2 37 549 9874Ô 38808 61192 01260 62451 16

45 10 10 0 1 5O O4.37606 9-9*737 9.38863 10.61137 10.01263 10.62400 *5
46 9 52 50 8 37652 98734 38918 61082 01266 62348 1 4

47 9 44 50 16 37703 9 8 7 3 1 38972 61028 01269 62297 *3
4 » 9 36 50 24 37755 ¿8728 39027 6 0 9 7 3 OI272 62245

49 9 28 50 32 37806 9S725 390S2 60918 01275 62194

S ° 10 9 20 1  5O 4O 9 - 3 7 8 5 8 9.98722 9.39*36 10.60864 10.01278 10.62142 1° j

5 1 9 12 S O  48 3 7 9 0 9 9 8 7 1 9 39 *9° 60810 01281 62091 9 !

S 1 9 4 50 56 379$° 98715 39245 6 0 7 5 5 01285 62040

53 S 56 S i 4 38011 98712 39299 60701 01288 61989 7
1 î4

8 48 51 12 38062 98709 39353 60647 01291

! 55 10 8 40 X 51 20 9 - 3 8 1 1 3 9.98706 9-39407 10.60593 10.01294 10.61887 5
5h 8 32 51 z8 38154 98703 3946> 6 0 5 3 9 01297 6 1 8 3 6 4
5 7 8 24 5 1  36 38215 98700 395*5 6 0 4 8 5 01300 6 1 7 8 5 3

Is» 8 16 5 '  44 38266 98697 3 9 S 6 9 6 0 4 3 1 01303 6 1 7 3 4 %

! 59 8  8 5 1  5 2 3 8 3 1 7 98694 39623 6 0 3 7 7 01306 6 1 6 8 3 1
1 bo 8  0 52 0 3 8 3 6 S 98690 3 9 6 7 7 6 0 3 2 3 013*0 6 1 6 3 2 0
¡ M 4 ourP.M. HourAM. Co-fine. Sine. Co-tang. Tangent. Co-fecant Secant. II



f t HourAM. HourP.M Sine. Co-line. Tangent. Cu-tang. Secant. Co-fecant M

i e
1 0 a  0 1  J 2  0 9 . 3 8 3 6 8 9 . 9 S Ô 9 0 9 . 3 9 6 7 7 1 0 . 6 0 3 2 3 : 1 0 . 0 1 3 1 0 1 0 . 6 1 6 3 2 6 0

I 7  5 1 5 2  8 3 8 4 1 8 9 8 6 8 7 3 9 7 3 ' 6 O 2 6 9 0 1 3 1 3 6 1 5 8 2 5 9
3 7  4 4 J 2  1 6 3 8 4 6 9 9 8 6 8 ^ 3 9 7 8 5 6 0 2 1 5 0 1 3 1 6 6 1 5 3 1 5*1

7  3 6 5 2  2 4 3 8 5 1 9 9 8 6 8 1 3 9 8 3 8 6 0 1 6 2 0 1 3 1 9 6 1 4 8 1 5 7
4 7  2 8 5 2  3 2 3 8 5 7 0 9 8 6 7 8 3 9 8 9 2 6 0 1 0 8 0 1 3 2 2 6 1 4 3 0

"6
1 0 7  2 0 1 5 2  4 0 9 . 3 8 6 2 c 9 . 9 8 6 7 5 9 - 3 9 9 4 5 1 0 . 6 0 0 5 5 J O . 0 1 3 2 5 1 0 . 6 1 3 8 0 5 5 !

6 7  1 2 5 2  4 8 3 8 6 7 0 9 8 6 7 1 3 9 9 9 9 6 0 0 0 1 0 1 3 2 9 6 1 3 3 0 5 4 j

7 7  4 5 2  5 6 3 8 7 2 1 9 8 6 6 8 4 0 0 5 2 5 9 9 4 8 0 1 3 3 2 6 1 2 7 9 53
i 6  5 6 5 3  4 3 8 7 7 ' 9 8 6 6 5 4 0 1 0 6 5 9 8 0 4 0 1 3 3 5 6 1 2 2 9 5 2

9 6  4 8 5 3  1 2 3 8 8 2 1 9 8 6 6 2 4 0 1 5 9 5 9 8 4 1 0 1 3 3 8 6 1 1 7 9 S '

IO 1 0 6  4 0 1 5 3  2 0 9 . 3 8 8 7 1 9 . 9 8 6 5 9 9 . 4 0 2 1 2 1 0 . 5 9 7 X 8 1 0 . 0 1 3 4 1 1 0 . 6 1 1 2 9 5 0

1 ] 6  3 2 5 3  2 8 3 8 9 2 1 9 8 6 5 6 4 0 2 6 6 5 9 7 3 4 0 1 3 4 4 61079 4 9
12 6  2 4 5 3  3 6 38971 q 8 6 ; 2 4 0 3 1 9 5 9 6 8 1 0 1 3 4 8 61029 48
«3 6  1 6 5 3  4 4 3 9 0 2 1 9 8 6 4 9 4 0 3 7 2 59628 0 1 3 5 1 60979 4 7
* 4 6 8 5 3  5 2 39071 9 8 6 4 6 4 0 4 2 5 5 9 5 7 5 0 1 3 5 4 !  6 0 9 2 9 4 6

r«5 1 0 6  0 « 5 4  0 9-39121 9-98643 9 . 4 0 4 7 8 1 0 . Ç Q { 2 2 J O . 0 1 3 5 7 10.60879 4 5
l6 5  5 * 5 4  8 3917c 9 8 6 4 c 4 0 5 3 1 59469 0 1 3 6 0 60830 4 4

«7 5  4 4 5 4  > 6 3 9 2 2 0 9 8 6 3 6 4 0 5 8 4 59416 0 1 3 6 4 60780 4 3
18 5 3 6 5 4  * 4 3927c 9 8 6 3 3 4 0 6 3 6 5 9 3 6 4 0 1 3 6 7 60730 4 2

»9 5 * 8 5 4  3 2 39319 9 8 6 3 0 4 0 6 8 9 5 9 3 ' i 0 1 3 7 9 60681 4 '
20 10 5  2 0 1  5 4  4 c 9.39369 9 . 9 8 6 2 7 9 . 4 0 7 4 2 1 0 . 5 9 2 5 8 1 0 . 0 1 3 7 3 10.60631 4 0

21 5 1 * 5 4  4 8 39418 Q 8 6 2 7 4 0 7 9 5 59205 0 1 3 7 7 60582 3 9
¡22 5  4 5 4  5 6 39467 9 8 6 2 0 40847 5 9 * 5 3 0 1 3 8 0 60533 38
23 4  5 6 5 5  4 3 9 5 * 7 9 8 6 1 7 4 0 9 0 0 5 9 1 0 0 0 1 3 8 3 6 0 4 8 3 3 7
2 4 4  4 8 5 5  2 2 3 9 5 6 6 9 8 6 1 4 4 0 9 5 2 5 9 0 4 8 0 1 3 8 6 6 0 4 3 4 3 6
2 5 1 0 4  4 ° 1  5 j  2 0 9 . 3 9 6 1 5 9 . 9 8 6 1 0 Q . 4 I 0 0 Ç 1 0 . 5 8 9 9 5 1 0 . 0 1 3 5 0 1 0 . 6 0 3 8 5 35
1 6 4  3 2 5 5  2 8 3 9 6 6 4 9 8 6 0 7 4 1 0 5 7 5 8 9 4 3 0 1 3 9 3 6 0 3 3 6 3 4

I2 ? 4  * 4 5 5  3 6 3 9 7 1 3 9 8 6 0 4 4 I 1 0 9 5 8 8 9 1 0 1 3 9 6 6 0 2 8 7 3 3
¡2 8 4  1 6 5 5  4 4 3 9 7 6 2 9 8 6 0 1 4 1 1 6 1 5 8 8 3 9 0 1 3 9 9 6 0 2 3 8 3 2
:^9 4  8 5 5  5 2 3 9 8 1 1 9 * 5 9 7 4 1 2 1 4 5 8 7 8 6 0 1 4 0 3 6 0 1 8 9 3 '

¡ 3 0 1 0 4  0 1  5 6  c 9 . 3 9 8 6 c 9 . 9 8 5 9 4 9 . 4 1 2 6 6 1 0 . 5 8 7 3 4 1 0 . 0 1 4 0 6 1 0 . 6 0 1 4 c 3 °

¡3  * 3  S 2 5 6  8 3 9 9 0 9 9 8 5 9 1 4 1 3 1 8 5 8 6 8 2 0 1 4 0 9 6 0 0 9 1 2 9

a * 3  4 4 5 6  1 6 3 9 9 5 8 9 8 5 8 8 4 1 3 7 0 5 8 6 3 0 0 1 4 1 2 6 0 0 4 2 x%

'3 3 3  3 6 5 6  2 4 4 0 0 0 6 9 8 5 8 4 4 1 4 2 2 5 8 5 7 8 0 1 4 1 6 5 9 9 9 4 2 7

¡34 3  2 8 5 6  3 2 4 0 0 5 5 9 S 5 8 1 4 H 7 4 5 8 5 2 6 0 1 4 1 9 5 9 9 4 5 2 6

'¡35 10 3  2 0 1  5 6  4 0 Q . 4 0 I 0 * 9 . 9 8 5 7 8 9 . 4 1 5 2 6 1 0 . 5 8 4 7 4 1 0 . 0 1 4 2 2 1 0 . 5 9 8 9 7 2 5

'3 6 3  «2 5 6  4 8 4 0 1 5 2 9 8 5 7 4 4 1 5 7 8 5 8 4 2 2 0 1 4 2 6 5 9 8 4 8 2 4

.3 7 3  4 5 6  5 6 4 0 2 0 0 9 8 5 7 1 4 1 6 2 9 5 8 3 7 ' 0 1 4 2 9 5 9 8 0 0 2 3

¡3 « 2  5 6 5 7  4 4 0 2 4 9 9 8 5 6 8 4 1 6 8 1 5 S 3 1 9 0 1 4 3 2 5 9 7 5 1 22

3 9 2  4 8 5 7  12 4 0 2 9 7 9 8 5 6 5 4 1 7 3 3 5 8 2 6 7 0 1 4 3 5 5 9 7 0 3 2 1

4 0 1 0 2  4 0 1  5 7  2 0 9 . 4 0 3 4 6 Q . 4 8 5 6 1 9 . 4 1 7 8 4 1 0 . 5 8 2 1 6 1 0 . 0 1 4 3 9 1 0 . 5 9 6 5 4 2 0

■4 1 2  3 2 5 7  2 8 4 0 3 9 4 9 8 5 5 8 4 1 8 2 6 5 8 1 6 4 0 1 4 4 2 5 9 6 0  ft ‘ 9
(4 2 2  2 4 5 7  3 6 4 0 4 4 2 9 8 5 5 5 4 1 8 S 7 5 8 1 1 3 0 1 4 4 5 5 9 5 5 * 1 8

4 3 2  1 6 5 7  4 4 4 0 4 9 C 9 8 5 5 1 4 1 9 3 9 5 8 0 6 1 0 1 4 4 9 5 9 5 1 0 17

¡4 4 2  8 5 7  5 2 4 0 5 3 8 9 8 5 4 8 4 1 9 9 0 5 S 0 1 0 0 1 4 5 2 5 9 4 6 2 ■ 6

]4 5 1 0 2  0 1 5 8  0 9 . 4 0 5 8 6 9 - 9 8 5 4 5 9 . 4 2 0 4 « 1 0 . 5 7 9 5 9 i o . o i 4 ^<; 1 0 . 5 9 4 1 4 ' 5
4 « » S 2 5 8  8 4 0 6 3 4 9 8 5 4 1 4 2 0 9 3 5 7 9 ° 7 0 1 4 5 9 5 9 3 6 6 M

4 7 i  4 4 5 8  1 6 4 0 6 8 2 9 8 5 3 8 4 2 1 4 4 5 7 8 5 6 0 1 4 6 2 5 9 3 1 8 '3
4 8 i  3 6 5 8  2 4 4 0 7 3 0 9 8 5 3 5 4 2 1 9 5 5 7 8 0 5 0 1 4 6 5 5 9 2 7 0 I 2
4 9 I  2 8 5 8  3 2 4 0 7 7 8 9 8 5 3 1 4 2 2 4 6 5 7 7 5 4 0 1 4 6 9 5 9 2 2 : I 1

5 ° 10 1 2 0 1 5 8  4 0 9 . 4 0 8 2 5 9 , 9 8 5 2 8 9 . 4 2 2 9 7 1 0 . 5 7 7 0 3 1 0 . 0 1 4 7 2 1 0 . 5 9 1 7 5 1C

i > 1 12 5 8  4 8 4 0 8 7 3 9 8 5 2 5 4 2 3 4 8 5 7 6 5 2 0 1 4 7 5 5 9 1 2 7 9

i 2 i  4 5 8  5 6 4 O 9 2 1 9 8 5 2 1 4 2 3 9 9 5 7 6 0 1 0 1 4 7 9 5 9 0 7 9 X

5 3 0  $ 6 5 9  4 4 0 9 6 8 9 8 5 1 8 4 2 4 5 0 5 7 5 5 0 0 1 4 8 2 5 9 0 3 2 7

54 0  4 8 5 9  » 2 4 1 0 1 6 9 8 5 1 5 4 2 5 0 1 5 7 4 9 9 0 1 4 8 5 5 8 9 X 4 6

5 5 1 0 O  4 0 1  5 9  2 0 4 . 4 1 0 6 2 9 . 9 8 5 1 1 9 . 4 2 5 5 2 1 0 . 5 7 4 4 8 1 0 . 0 1 4 8 9 1 0 . 5 8 9 3 7 5
5 6 O  3 2 5 9  2 8 4 1 1 * * 9 8 5 0 8 4 2 6 0 3 5 7 3 9 7 0 1 4 9 2 « 8 3 8 9 4
57 O  2 4 5 9  3 6 4 1 1 5 8 9 8 5 0 5 4 2 6 5 3 5 7 3 4 7 0 1 4 9 5 5 8 8 4 ? 3 ]

58 0 16 5 9  4 4 4 1 2 0 5 9 8 5 0 1 4 2 7 0 4 J 5 7 2 9 6 0 1 4 9 9 5 8 7 9 5

59 0 8 5 9  5 2 4 1 2 5 2 98498 4 2 7 5 5 5 7 2 4 5 0 1 5 0 2 5 8 7 4 8

« 0 O  O 2 0  0 4 1 3 0 O 9 8 4 9 4 4 2 8 0 5 5 7 1 9 5 0 1 5 0 6 5 8 7 0 0 ci
.{MfHuurPM. dour A. M Co~fine. Sine. Co-tang. Tangent. (Co-iciant. Secant. M|

J04 Digs. 75 Dtgs,



*Vj Hour A M Hour PM Sine. Co-line. Tangent Co-tang Secant. Co-fecant|M j
c 10 0  0 2 O 0 q. 4 HO0 9. 9S494 9. 42805 10.57195 10.01506 10.5870060!

9  S9  S2 - O 8 41347 9S491 42856 5 7 * 4 4 Ol{0Q 58653 59';
! 2 S9  4 4 0 16 4 * 3 9 4 9848S 42906 5 7 0 9 4 01512 58606 58!

3 S9  3 6 0 24 41441 98484 4 2 9 5 7 5*70+ 3 01516 5 8 5 5 « 57 ;
4 5 9  *8 0  32 41488 98481 4 3 0 0 7 5 6 9 9 3 01519 585*2 56
4 9  5 9  10 2 0 40 9 -4 * 5 3 5 9.98477 9 - 4 3 0 5 7 10. 56943 10. 01523 10. 58465 55
6 5 9  «* 0  48 41582 98474 4 3 *o8 568q2 01526 58418 54
7 5 9  4 0 <6 41628 98471 43158 56842 01 (20 58372 53
8 S8 ¡ 6 i  4 41675 98467 43208 5 6 7 9 2 01533 58325 52

' 9 58 48 1 12 4 * 7 2 2 98464 43258 56742 01536 58278 ?*
jlO Q < 8- 40 2 1 20 9.41768 9. 9846O 9 - 4 3 3 0 8 10. 56692 IO.OI54O 10. 58232 50
r i 5* ¡ i 1 28 4 *8 * 5 ¿ 8 4 5 7 4 3 3 5 8 56642 01543 58185 49
12 58 24 1 36 41861 9 8 4 5 3 43408 5 6 5 9 2 01547 58139 48
.13 1 48 16 1 44 41908 98450 4 3 4 5 8 56542 01550 58092 47
? 4 58 8 * 52 41954 98447 43508 56492 0*553 58046 46
•M 9 S» 0 2 2 0 9. 42001 9 - 9 8 4 4 3 9 - 4 3 5 S8 10. 56442 10.01557 !0 . 57999 45
l6 5 7  5 * 2 8 42047 98440 43607 56393 01560 5 7 9 5 3 44
17 : 57 44 2 16 42093 98436 4 3 6 5 7 56343 01564 5 7 9 0 7 43;
IS 57 36 2 24 42140 9 8 4 3 3 4 3 7 0 7 56293 01567 57860 42
>9 5 7  2$ 2 32 42186 98429 4 3 7 5 6 56244 01571 57814 4 *|
20 9  5 7  » 0 2 2 4O 9- 42232 Q. q8 4 2 6 9.43806 10. 56194 10.01574 1 0 . 5 7 7 6 8 4 0 ,
21 5 7  1* 2 48 42278 98422 4 3 8 5 5 56145 01578 5 7 7 2 2 3 9
22 5 7  4 2 56 42324] 9 8 4 * 9 4 3 9 0 5 56095 01581 57676 3 8 !
*3 j6  56 3  4 42370 98415 4 3 9 5 4 56046 01585 57630 3 7 |

' 56 48 3 12 42416 98412 44OO4 55996 01588 5 7 5 8 4 361

»5 9 56 40 Z 3 20 9 - 4246 * 9. 98409 9 - 4 4 0 5 3 10.55947 10.01591 10. 57539 3 5
56 32 3 28 42507 9 8 4 ° 5 4 4 1 0 2 55898 01595 5 7 4 9 3 3 4

*7 56 24 3 36 4 2 5 5 3 98402 44151 55849 01598 5 7 4 4 7 3 3
28 56 :6 3 44 4 2 5 9 9 98398 44201 5 5 7 9 9 01602 57401 82
* 9 56 8 3 52 42644 9 8 3 9 5 44250 5 5 7 5 0 01605 5 7 3 5 6 3 *
:jo 9 56 0 z 4 0 4. 42640 9. 98391 9.44299 IO. ÇÇ70I 10.01609 10. 57310 3°|
.31 5 5  5 - 4  8 4 2 7 3 5 983*8 4 4 3 4 8 55652 01612 57265 2 9

S i  4 4 4  16 427S1 98384 4 4 3 9 7 55803 01616 57219 28
3 3 5 5  3 « 4  24 42826 98381 44446 5 5 5 5 4 01619 5 7 * 7 4 27
3 4 55 28 4  3 2 42872 9 8 3 7 7 4 4 4 9  S 5 5 5 0 5 01623 5 7 1 2 8 26
3 5 9  5 5  20 z 4  40 9. 42917 9 - 9 8 3 7 3 9. 44544 •o. 55456, 10.01627 10. 57083 251
3 6 55 12 4  48 42962 98370 4 4 5 9 2 55408 01630 57038 241
3 - 5 5  4 4  56 43008 98366 44641 5 5 3 5 9 01634 56992 231
3 « 5 4  5 6 5  4 4 3 0 5 3 98363 44640 5 5 3 * 0 01637 5 6 9 4 7 22 1
3 9 5 4  48 5 Î2 43098 9 8 3 5 9 4 4 7 3 8 55262 01641 56902 21 !
4 0 ) 9  5 4  4 ° % 5 20 9 - 4 3 * 4 3 9.98356 9. 44787 10.55213 io. 01644 io . 56S57 20
4 * 5 4  3 2 5 28 43188 98352 44836 55164 01648 56812 *9

5 4  2 4 5 3 6 4 3 2 3 3 98349 44884 55116 01651 56767 18
4 3 5 4  16 5  4 4 4 3 2 7 8 9 8 3 4 5 4 4 9 3 3 55067 01655 56722 17
4 4 5 4  8 5 52 4 3 3 2 3 98342 44981 55019 01658 56677 I Ô
+3 9  5 4  0 2 6 0 9 - 4 3 3 6 7 9.98338 9.45029 10. 5 4 9 7 * 10.01662 10.56633 *5
46 5 3  5 2 6 8 4 3 4 * 2 9 8 3 3 4 45078 5 4 9 2 2 01666 56588 * 4
4 7 5 3  4 4 6 16 4 3 4 5 7 98331 45126 5 4 8 7 4 01669 5 6 5 4 3 *3
48 5 3  3 6 6  24 4 3 5 0 2 98327 4 5 * 7 4 54826 01673 56498 12
4 9 53 28 6 32 4 3 5 4 6 98324 45222 5 4 7 7 8 01676 5 6 4 5 4 Hi
5° 9  5 3  2° 2 6 40 9 -4 3 5 9 * 9.98320 9.45271 10.54729 10.01680 10. 56409 IO
5 » 5 3  22 6 48 43635 983*7 4 5 3 * 9 546 S i 0 :683 56365 9
S- 5 3  4 6 56 43680 9 *3 * 3 4 5 3 6 7 54633 01687 56320 8
S3 5 2  56 7  4 4 3 7 2 4 98309 4 5 4 * 5 5 4 5 8 5 01691 56276 7
5 4 52 48 7  12 43769 98306 4 5 4 6 3 5 4 5 3 7 01694 56231 6
s s 9 52 40 2 7 20 9 - 43813 9. 98302 9.45511 10.54489 10.01698 10. 56187 5 ‘
>6 5 2  32 7 28 4 3 8 5 7 98299 4 5 5 5 9 5 4 4 4 * 01701 5 6 * 4 3 4 ]
S7 52 24 7  3 6 4390* 98295 45606 54394 0 1 7 0 5 56099 3 !
5» 52 16 7  4 4 4 3 9 4 6 98291 4 5 6 5 4 54346 OI7O9 56054 2!
S9 52 8 7 5 2 4 3 9 9 0 98288 45702 54298 01712 56010 l |
6O 52 O 8 0 4 4 0 3 4 98284 4 5 7 5 0 54250 01716 55966 o|
VI Hour PM(Hour AMI Co-line..' Sine. Co-tang. Tangent. Co-fecant Secant. “ i f



M ciour A M Hour PM Sine. Co-fine. Tangent. Co-tang. Secant. Co-fccant. « i l
0 9 s i  0 2 8 0 9 - 4 4 0 3 4 9.98284 9 .4575O 0. 54250 10.01716 10. ÇÇq66 60
1 5 1 5 * 8 8 44078 98281 4 5 7 9 7 5 4 2 0 3 01719 55922 5 9 :2 s* 44 S 26 44122 98277 45845 S4 1 5 5 017*3 55878 5*i
3 5 1 3 6 8 24 44166 98273 45892 54108 0172'- 55*34 57
4 5 1 2 8 8 32 4 4 2 1 0 98270 4 5 9 4 ° 54060 0173c 55790 561
5 Q ÇI 2 0 2 S 40 9 - 4 4 * 5 3 9.98266 9.45987 10. 54013 10. 01734 10. J Î 7 4 7 ss6 51 12 8 48 4 4 2 9 7 98262 46035 53965 01738 5 5 7 0 3 5 4 1
7 5 1  4 8 56 4 4 3 4 1 98259 46082 53918 01741 ÎS659
s 50 56 9  4 4 4 3 «S 98255 46130 53870 C I7 4 5 55615
9 5°  4 8 9  12 44428 98251 4 6 1 7 7 53823 01749 5 5 5 7 * 5 i f ;

10 9  5°  4 ° z 9 ao 9. 44472 9.98248 9. 46224 10. 53776 10. 01752 10. 55528 co ;
11 5 ° , 3 2 9 28 4 4 5 1 8 98244 46271 53729 01756 5 5 4 * 4 4 912 50 24 9 38 4 4 5 5 9 98240 46319 53681 0176a 5 5 4 4 1 4*
>3 50 16 9 44 44602 98237 46366 53634 01763 5 5 3 9 * 47
‘ 4 50 8 9 52 44646 98233 46413 53587 01767 5 5 3 5 4 46!
"5 9 50 0 z  10 0 9.44689 9.98229 9. 46460 10. 53540 10 01771 10. 55311 4 Ç.
16 4 9  52 10 8 4 4 7 3 3 98226 46507 5 3 4 9 3 01774 55267 44 i
17 4 9  4 4 jo 16 4 4 7 7 6 98222 4 6 5 5 4 5 3 4 4 6 01778 5 5 * * 4 4 3 ,iS 4 9  3 6 10 24 44819 98218 ■ 46601 5 3 3 9 9 01782 55181 42;
r 9 4 9  28 xo 32 44862 98215 46648 5 3 3 5 2 01785 5 5 1 3 * 41!
20 9  4 9  20 2  10 40 9.44905 9.98211 9. 46694 10. 53306 10. 01789 10. 55095 40;' ■
2! 4 9  «2 JO 48 44948 98207 46741 5 3 2 5 9 01793 55052 3 9 122 4 9  4 10 36 44992 98204 46788 5 3 2 1 2 01796 5_50o8 3 *'
23 48 58 II  4 4 5 0 3 5 9820c 46835 53165 01800 54965 3 7 |24 48 48 II 12 4 5 0 7 7 98196 46881 S3 I 19 01804 5 4 9 * 3 3«:
23 9 48 40 Z JI 2 0 9.45120 9.98192 9. 46928 10. u 072 10. 01808 10. 54880 3 Sj’26 48 32 11 28 45163 98189 4 6 9 7 5 53025 0 1 8 1J 5 4 * 3 7 3 4 i
27 48 2 4 11 38 45206 98185 47021 52979 01815 5 4 7 9 428 48 16 11 44 4 5 2 4 9 98181 47068 52932 01819 5 4 7  5 1 3 *!

3 ' i29 48 & I l 51 45292 98177 4 7 1 1 4 52886 01823 54708
30 9 48 0 z  i z  0 9 - 4 5 3 3 4 9. 98174 9. 47160 10. 52840 10.01826 10. 54666 ;o* ,
3 > 4 7  52 12 S 4 5 3 7 7 98170 47207 5 * 7 9 3 01830 54623 29'
32 4 7  4 4 12 16 4 5 4 1 9 98166 4 7 2 5 3 5 * 7 4 7 01834 54581 i* i

4 7  3 8 12 24 4 5 4 6 2 98162 4 7 2 9 9 52701 01838 5 4 5 3 * 17!
>4 47 28 12 32 4 5 5 0 4 98159 4 7 3 4 6 52654 01841 5 4 4 9 6 26 c
35 9  4 7  20 Z 1 2  40 9 - 4 5 S4 7 9.98155 9 - 4 7 3 9 2 10. 52608 10. 01845 1 0 . 5 4 4 5 3
36 47 12 12 48 4 5 5 * 9 98151 4 7 4 3 8 52562 01849 5 4 4 1  1
3 7 4 7  4 12 56 45632 98147 47484 52516 01853 5436S
38 46 56 13 4 4 5 6 7 4 98144 4 7 5 3 0 52470 01856 54326
39 46 48 13  12 45716 98140 4 7 5 7 6 52424 01860 54284 21'
4 s 9 46 40 2 13 20 9 -4 S7 5 8 9.98136 9. 47622 10. 52378)10.01864 1 0 . 5 4 2 4 2
41 48 3 2 13 28 45801 98132 47668 5 2 3 3 2 1  01868
t 2 48 24 13 36 4 5 8 4 3 98129 4 7 7 H 52286 01871 S4 l S7 is i

! 43 46 16 13 4 4 4 5 8 8 5 98125 4776o ' 5 2 2 4 0 01875 5.41*5
4 -i 48 »! >3 S2 4 5 9 2 7 98121 47806 52194 01879 54073 i6j
45 9 46 c 2 1 4 C 9.45969 9.98117 9. 47852 10. 52148 10. 01883 lo. 5403 I
46 4 5  S2 14 8 4601 98113 47897 52103 01887 5 3 9 * 9
4 ' 4 5  ¥ 9  1 4  16 46053 98110 4 7 9 4 3 52057 0189c 5 3 9 4 7 I V
4 8 4 5  38 14 24 46095 98106 47989 52011 01894 5 3 9 0 5
4 9 45 28 1 4  32 46136 98102 48035 51965 01898 53864 12,
5C 9  4 S 2C 2 14 4C 9. 46178 9.98098 9.48080 10. 51920 20. 01902 to. 53822 xo;
S' 4 5  i" 14 4Î 4622c 9809. 48126 51874 01906 5378c
5 2 4 5 1 4  5 « 46262 9809c 48171 5182Ç 0191c 5 3 7 3 * s,
53 4 4  5 8 | 1 5 46303 98087 48217 51783 01913 53697
S'i 4 4  4 8 . 1 5  i ' 4634. 98085 48262 5173Î 0191- 53655 6 -
5 9  4 4  4 °[ 2 15 2C 9. 4638« 9 .9807c 9 - 4 8 3 0 7 10. 5169; 10.0192 10. 53612 j!
S< 4 4  32 >5 2! 4642Î 9807 4 8 3 5 . 5164- 0192 5 3 5 7
5 4 4  2 Ü i S  3 46461 9807 4 8 3 9 s 5160' 0192 )i S3 S3 3'
5 44 161 15 4 4651 9806 4 *4 4 j 5155* 01933 5348c z\
5 4 4  *> » 5  5 4 6 5 5 9806 48481 . 5151 0 1 9 3 7  Î 3 4 4 » I

Î6 *  4 4 3| l6 4659. 9806c 4853- 51466 0194c 5 J 4 °< 0
fMjHour PM'Hour A \  
; ■ ------------------  . . .

Co-iinc Sine. Co-tang. Tangent Co-fecantJ Secant. M |



l| M Hour A

i o 9  4 4
1 4 3  i
2 4 3  4
3 4 3  3
4  4 3  *

Hour PA 
9 S Yô 

l6  
l6  I 
l6  1 

! 16 3

4_ Sine. Co-line. ( Tangent.) Co-tang Secant. Co-fecant M
0 9.4659 
8 4663 
> 4667 

4671
4675

\ 9. 9806< 
9805 
9805 
9804 

1 9S04

0 : 9 - 4 8 j 3 4 j I°- 5*46
6 48579I 5  H 2
2 486241 3137 
8 48669t 5133 
4 48714} 5128

6 10. OI94 
1 0194 
> O194 

0195 
0195

0 10. 53406 60 
4 5 3 3 6 a 59 

5 3 3 S4  5« 
53s83 57 
5 3 S4 S 56

5 9  4 3  «
6 4 J i .
7 4 3
8 4 * j (
9  4 * 4 ?

3 2 16 4 
16 4
16 5<
17
1 7  1

9. 468CX 
4684 
4688 
4692 

t 4696.

9. 9804 
9803 
9803 
9802 
9802

3 9 - 4 * 7 5  
4880 
4S84 
4S89 
4893

9 10.5124 
4 5 ” 9 
9 5 1 1 5  

5 1 1 0  
j io 6

10.0196 
0196
0196
0197 
0197

10. 53200 55 
5 3 1 5 9 5 4
5311853
5 3 0 7 7  52 
5 3 0 3 6  5 J

iO 9 4 Z 4C 
u  41 i i
12 . 4 2  2,
13 4 * 1 

i*4  4 1  8

1 172c 
17 2 
17 3 « 
17  45 
17  5 =

9.4700.
4 7 0 4
4 7 0 8 f
4 7  is? 
4716S

9. 9802 
9801- 
9801. 
98005 
9800.

9. 4898^
4 9 0 2
4 9 0 7

4 9 11 
4916

. 10. 5101t 
5 0 9 7  
50927 
50881 
50837

10. 0197t 
0198. 
01987 
0199 
° * 9 9 i

10. 52995 50 
5 S9 5 5  49  
5291448 
5S873 47 
5283246

! 1 5 9  4 1  0  
16 41 52 

M7 4 1  4 4  
ji8  41 36 
<19 41 28

2 i 3  c 
18
l8  lé 
18 24 
IS 32 

1 18 40 
18 48
18 56
19 4 
19 12

9.47205 
4 7 S49  
4729c
4733c
4 7 3 7 1

9. 98001 
9 7 9 9 7  
9 7 9 9 3  
9 7 9 8 9  
9 7 9 8 6

9.4920- 
49255 
4929t
4934
49385

10. 50793 
50748 
50704 
50659 
50615

10.01999 
0200, 
02007 
02011 
0201^

10. 52791 45 
5 * 7 5 1  4 4  
5271043 
52670 42 
52629 41

¡20 9 41 10 
¡21 4 1  12
!** 41 4
23 4 °  56
24 40 48

9.47411 
4 7 4 5  2 
4 7 4 9  2 
4 7 5 3 3  
4 7 5 7 3

9.97982
9 7 9 7 8
9 7 9 7 4
9 7 9 7 0
97966

9 - 4 9 4 3 C 
4 9 4 7 4  
4 9 5 '9  
4 9 5 6 3  
49607

10. JO570 
50526 
50481 
5 0 4 3 7  
5 0 3 9 3

10. 02018 
02022 
02026 
02030 
O2O38;

10. 52589 40 
52548 39 
52508 38 
5 2 4 6 7  37 
51427 36

15 9 40 43
20 40  32 
27 40 14
zS 40 16 
29 40 8

2 19 20 
19 28 
1 9  3 6  
19 4 4
19 ç 2

9. 47613 
47654 
4 7 6 9 4  
4 7 7 3 4  
4 7 7 7 4

9. 97962 
9 7 9 5 » 
9 7 9 5 4  
9 7 9 5 ° 
97946

9.49651
49696
49740
49784
49828

10. 50348 
50304 
50260 
50216 
50172

10.02038 
O2O42 
02046 
O2O5O 
02054

10.5238735 
5*346 34 
5*306 33 
52266 32 
52226 31

30 9  4 °  0
31 3 9  S2
3 2  3 9  4 4
3 3  3 9  3 & 
¡34 3 9  28

2 20 0 
20 8 
20 l6  
*0 24 
20 32

9.47814
4 7 Sj4
47894
4 7 9 3 4
4 7 9 7 4

9. 97942 
9 7 9 3 8  
9 7 9 3 4  
9 7 9 3 ° 
97926

9. 49872 
49916 
49960 
5OOO4 
50048

10. 50128 
50084 
50040 
49996 
4 9 9  S*

10.02058 
02062 
02066 
02070 
02074

10. 52186 30 
52146 29 
52106 28 
52066 27 
52026 26

35  9  3 9  so 
¡36 3 9  is  
¡3 7  3 9  4  
[38  3 8  56 
¡3 9  3 8  48

2! 20 40 
20 48
20 j6
21 4 
21 12

9. 48014 
480,-4 
48094 
4 8 1 3 3  
4 8 1 7 3

9. 97922 
9 7 9 1 8  
9 7 9 * 4  
97910 
97906

9. 50092 
50136 
50180 
50223 
50267

10. 49908 
49864 
49S20 
4 9 7 7 7  
4 9 7 3 3

10.02078 
02082 
02086 
02090 
0209 4

10. 5198625 
51946 24 
51906 23 
51867 22 
51827 21

(40 9 38 40 
¡4 ' 3 8  3 2 
[42 38 24 
4 3  3 « 16 
¡44 38 8

2 21 20 
21 18 
21 36 
21 44
21 J2

9. 48213 
48252 
48292 
4 8 3 3  2 
48371

y. 97902 
97898 
9 7 8 9 4  
97890 
97886

9. 50311 
5 0 3 5 5
50398
50442
50485

10 . 4968Ç 
49645 
49602 
4 9 5  S ̂  
4 9 5 M

10.0209S 
02102 
02106 
02110 
02114

10. 51787 20 
51748 19 
51708 18 
51668 17 
51629 16

¡4 5  9 3 8  0 
¡46 3 7  S2 
¡4 7  37 4 4  
¡48 3 7  3 6  
¡4 9  3 7  s8

2 22  0  
22 S
22 l6  
22 24 
2 2 3*

9. 48411 
48450 
48490 
48529 
48568

9. 97882 
97878 
9 7 8 7 4  
97870 
97866

9. 50529 
50572 
50616 
50659 
50703

10. 49471 
49428 
49384 
4 9 3 4 ' 
49297

10.02118 
02122 
02126 
0213Î 
02134

10. 51589 15 
51550 14 
51510 13 
5 ' 4 7 '  is  
5 H 3 S 11

J co 9 3 7  2° 
¡51 37 is  
|52 3 7  4  
¡J 3 3 5  56 
:$4 35 48

2 22 40! 
22 48
22 56
2 3  4  
23 12

9. 48607 
48647 
48686 
48725 
48764

9. 97861 
9 7 8 5 7  
9 7 8 5 3  
9 7 8 4 9  
9 7 8 4 5

9. 50746 
50789 
5 0 8 3 3  
J0876 
50919

10.49254
49211
49167
4 9 'S 4
49081

0.02139
02143
02147
02151
02155

0. 51393 10 
5 * 3 5 3  9  
5 * 3  * 4  8 
5 IS7 5  7 
51236 6

155 9  3 6  4 0  
¡56 36 32
57 36 24
58 36 16

j 59  3 6 8 
.60 36 0

2 23 20 
23 2S
*3 36 
*3 44
23 52
24 O

9. 48803 
48842 
48881 
48920 
48959 
48998

9.97841
9 7 8 3 7
9 7 * 3 3
97829
97825
97821

9. 50962 
51005 
51048
51092
5 i >35
51178

0. 49038
48995
48952
48908
48865
48S22

0.02159
02163
02167
02171
02175
02179

o . 5 ” 9 7  5 
51158 4 
51119 3 
51080 2 
51041 r 
51002 0

:M Hour PM Flour AM Co-fine. Sine, j Co-tang. Tangent, C.o-fecant. Secant. M 1

T^Jliegs. 72 DcSs>



m iH o u r  A M j H o u r  P ty S in e . 1 C o - íín e . T a n g e n t C o - ta n fl . S e c a n t. C o - fe e a n * M

c>' 4* 1 6  <}' 2  2 4  C 9 .4 8 9 9  b 9 . 9 7 8 2 9 . 5 1 1 7 8 1 0 .4 8 8 2 2 1 0 .0 2 1 7 9 1 O . 5 10 0 ÒQ

35  5 2  * 4 4 9 0 3 ; 9 7 8 1 7 5 I 2 2 4 8 7 7 1 0 2 1 8 3 5 0 9 6 3 59

35  4 2 4  i 4 9 0 7 t 9 7 8 1 2 5 1 2 6 4 4 8 7 3 6 0 2 1 8 8 5 0 9 2 58

35  3 2 4  2*, 4 9 ; ' j 9 7 8 0 8 5 1 3 0 t 4 8 6 9 4 0 2 1 9 2 5 0 8 8 5 5 7
i 35  2 2 4  3a 4 9 * 5 3 9 - 8 0 4 5 >345 4 8 6 5 0 2 1 9 6 5 C S 4 / >6

9  35  2 ' ? 2  24. 4C 9 . 4 9 1 9 2 9 . 9 7 8 0 c 9 . 5 1 3 9 2 1 0 .4 8 0 0 b 1 0 .O 2 2 0 0 1 0 . 5 0 S 0 55

35  « 2 4  48 4 9 2 3 1 9 7 7 9 6 5 '4 3 2 4 8 5 6 2 0 2 2 0 4 5 0 7 6 9 >4
3 » 2 4  56 4 Q 2 6 g 9 7 - 9 2 5 1 4 7 8 4 8 5 2 2 0 2 2 0 8 5 0 7 3 i 53
3 4  5 < 2 J  4 4 9 3 0 8 9 7 7 8 8 5 1 5 2 c 4 8 4 8 c 0 2 2 1 2 5 0 6 9 2 i *
3 4 .4 8 2 5  12 4 9 3 4 : 9 7 7 S 4 5 > 563 4 8 4 3 7 0 2 2 1 6 5 0 6 5 3 5 '

1C 9  3 4  4 C 2 2 5  20 9 - 4 9 3 8 5 9 - 9 7 7 7 9 9 . 5 1 6 0 6 1 0 .4 8 3 9 4 1 0 .0 2 2 2 1 1 0 . Ç06 í <; 5 0
1 1 3 4  3 - 2 5  28 4 9 4 2 } 9 7 7 7 5 5 1 6 4 8 4 8 3 5 2 0 2 2 2 5 5 0 5 7 6 49
12 3 4  24 ^5  3 6 4 9 4 6 2 9 77 71 5 1 6 9 1 4 8 3 0 9 O 2 2 2 9 5 0 5 3 8 4X

1- 3 4  1(* 2 5  45 4 9 5 0 0 9 7 7 6 7 5 * 7 3 4 4 8 2 6 t 0 : 2 3 3 5 0 5O C 47
>4 3 4  8 2 5  52 4 9 5 3 9 9 7 7 6 3 5 1 776 4 8 2 2 4 0 2 : 3 7 5 0 4 6 1 4 6

5 9 3 4  0 2 2 6  0 9 - 4 9 5 7 7 9 - 9 7 7 5 9 9 . 5 * 8 1 9 1 0 .4 8 1 8 1 1 0 .0 2 2 4 1 1 0 . <1042 3 45
lO 33  5 2 2 6  8 4 9 6 1 5 9 7 7 5 4 5 1 8 6 1 4 S 1 3 9 0 2 : 4 6 5 0 3 8 5 4 4
17 33  4 4 2 6  16 4 9 6 5 4 9 7 7 5 ° 5 1 9 0 3 4 8 0 9 7 0 2 2 5 0 5 0 5 4 6 « j

8 33  36 2 6  2 4 4 9 6 9 2 9 7 7 4 6 5 1 9 4 6 4 S 0 5 4 0 2 2 5 4 5 0 3 0 8 4 *!

19 3 S - S 2 6  3 2 4 9 7 3 c 9 7 7 4 2 5 1 9 8 8 4 8 0 1 2 0 2 2 5 8 5 O 2 7 C 4 ' i

20 9 3 3  20 2 2 6  4 c 9. 4 9 7 6 8 9 - 9 7 7 3 « 9 . 5 2 0 3 1 i 0 . 4 7 o 6 q 1 0 .0 2 2 6 2 1 0 .< 0 2 3 2 40;
2 1 3 3  1 2 2 6  48 4 9 8 0 6 9 7 7 3 4 5 2 0 7 3 4 7 0 2 7 0 2 2 6 6 5 ° *  94 3 ?
22 3 3  4 2 6  36 4 9 8 4 4 9 7 7 2 9 Ç2 I I í 4 7 8 8 5 0 2 2 7 1 5 0 1 5 6 5 ^
25 3 2  5 6 2 7  4 4 9 8 8 2 9 77 25 5 2 1 5 7 4 7 8 4 3 0 2 2 £ i 5 0 1 1 8 3 7

-4 3 2  4 8 2 7  1 2 4 9 9 2 0 9 7 7 2 1 522O O 4 7 8 0 c 0 2 2 7 9 5 0 0 8 0 3 6

-5 9  3 2  4 0 2 2 7  20 9 . 4 9 9 5 8 9. 9 7 7 1 7 9 .5 2 2 4 2 I O .4 7 7 5 8 1 0 .0 2 2 8 3 1 0 . s 0 0 4 3 5
.6 3 2  3 2 2 7  28 4 9 9 9 6 9 7 7 1 3 5 2 2 8 4 4 - 7 1 6 0 2 2 8 7 5 0 0 0 4 3 4

•7 3 2  2 4 2 7  36 5 ° 0 3 4 9 7 7 0 8 5 2 3 2 6 4 7 6 7 4 O 2 2 9 2 4 q q 6 6  33
18 2 2 l 6 2 7  4 4 5 0 0 7 2 9 7 7 0 4 5 2 3 6 8 4 7 6 3 2 O 2 2 9 6 4 9 9 2 3 2,

19 3 2  8 2 7  5 2 5 0 1  10 9 7 7 CC 5 2 4 1 0 4 7 5 9 c O 23OO 4 9 8 9 c 3 '

0 9 3 2 0 2 2 8  0 9 . 5 0 1 4 8 9 .9 7 6 9 6 9 - 5 2 4 5 2 1 0 .4 7 5 4 8 1 O .O 2 3 0 4 lO . 4 Q S Ç 2 j
3 '  52 28  8 5 0 18 5 0 7 6 9 1 5 2 4 9 4 4 7 5 0 6 0 2 Ï0Q 4 9 8 1 5 2 9

■2 3 1 4 4 28  16 5 0 2 2 3 9 7 6 8 7 5 2 5 3 6 4 7 4 6 4 497771*8
"3 3 1  3 6 28 2 4 5 0 2 6 1 9 7 6 8 3 5 2 5 7 * 4 7 4 2 2 0 2 3 1 ; 497 39 1* 7
4 3 1  28 28 32 5 0 2 9 8 9 7 6 7 9 5 2 6 2 0 4 7 3 8 0 0 2 3 2 1 4 9 7 0 2 } 2 6

9 j l  2C 2 28 4 0 9 - S 0 3 3 ‘> 9 . 9 7 6 7 4 i). 5 2 6 6 I I O .4 7 3 3 9 1 0 .0 2 3 2 6 l O .4 Q0 <>4 ¡*5
6 3 1  12 2 8  48 5 ° 3 7 4 9 7 6 7 0 5 2 7 0 3 4 7 2 9 7 0 2 3 3 0 4 9 6 2 6 ' 2 4

7 3 1  4 28  5 6 í ° 4 11 9 7 6 6 6 5 2 7 4 5 4 - 2 5 5 ° * 3 3 4 4 9 5 8 9 ' *3
8 3 0  5 6 2 9  4 5C 4 4 9 9 7 6 6 2 5 2 7 8 7 4 - 2 I 3 0 2 3 3 8 4 9 5 5 '! 22

y 3 0  48 2 9  12 5 0 4 X 6 9 7 6 5 7 5 2 S 2 9 4 7 1 7 * 0 2 3 4 3 4 9 5  *1 ■ V
0 9 3 0  4 o 2 29  20 9 . 5 0 5 2 3 9 . 9 7 0 5 3 Q- 5 25 70 I O .4 7 Î 3 O I 0 . 0 2 Í 47 1 0 .4 9 4 7 7 : 2 0
Ì 3 0  3 2 2 9  28 5 0 5 6  1 9 7 6 4 9 5 2 9 1 2 4 7 0 S 8 0 2 3 5 1 4 9 4 3 9 ' '9

3 0  24 2 9  3 6 5 0 5 9 8 9 7 6 4 5 5 2 9 5 3 4 7 0 4 7 0 2 3 7 5 4 9 4 0 2 8

3 3 0  16 2 9  44 5 0 6 3 5 9 - 6 4 0 5 2 9 9 5 4 7 C O 5 0 2 3 6 0 4 9 3 6 5 - 7

4 3 0  8 2 9  5 : 5 0 6 7 3 9 7 6 3 6 5 3 0 3 7 4 6 9 6 3 0 2 3 6 4 4 9 3 * 7 . 6

$; y  3 0  <2 2 3 0  0 9* 5 0 7  i c 9 . 9 - 6 3 2 9- 5 3 0 7 8 1 0 .4 6 9 2 2 1 0 .0 2 3 0 » 1 0 .4 9 2 9 0 1 »
6; 2 9  5 2 3 0  S 5 0 - 4 7 9 7 6 2 8 5 3 1 2 c 4 6 8 8 0 0 2 3 7 2 4 9 * 53 ! 4
/1 2 9  4 4 3 0  16 5 0 7 8 4 9 7 6 2 3 5 3 1 6 1 4 6 8 3 9 0 2 3 7 7 ¿ 9 2 1 6 ,1 3 '
3 ! 2 9  3 ú 3O 24 5 0 8 2 1 9 - 6 1 9 5 320 2 4 6 7 9 8 0 2 3 8 1 4 0 1 7 0 1 1 2 ’
9 Î 0  32 5 0 8 5 8 < r/6 i^ 5 3 2 4 4 4 6 7 5 6 0 2 3 S 5 4 9 1 4 * r;

0 9 2 9  20 2 3 0  4C 9 .5 0 8 9 6 9 . 9 ; 0 1 0 9 - S 3 2 8 5 1 0 .4 6 7  1 5 t O .O 2 3 9 O 1 0 .4 9 1 0 4 1 1 0 -
i 2 9  j 3 o  48 5 ° 9 3 3 9 - 6 0 6 533  27 4 6 6 - 3 0 2 3 9 4 ¿ q o 6 - (V2 2 9  4 3 0  5 6 5 0 9 7 c 9 - 6 0 2 5 3 3 6 S 4 6 6 3  2 0 2 3 9 8 4 9 0 5 c *
3 2 S  5 t 3 1 4 5 IO O 7 9 73 97 5 3 4 0 9 4 6 5 9 1 0 2 4 0 3 4 8 9 9 3
4 3 r 12 5 >043 9 7 593 5 3 4 5 c 4 6 5 5 0 O 24O* 4 S 9 5 - 3
5 9 28  4 c 2  3 I 2C 9. 5 10 8 0 9 . 9 7 5 S 9 9 - 5 5492 1 0 .4 6 5 0 8 I O . 02  J. 1 1 0 .4 8 9 2 c 51
6 . 2 8  32 5 1  2 5 ï 1 1 7 9 7 5 8 4 5 35 35 4 6 4 6 “ 0 2 2 1 6 4 8  8 85 4 !
/ 2 8  24 3 1  36 5 " 5 4 9 7 5 * 0 53  574 4 6 4 2 6 0 2 42 c. 4 8 8 4 0 3I
S' 2 8  !() 3 1  44 5 1 1 9 1 9 75-2 6 5 3 6 1 5 4 6 3 8 5 0 2 4 2 4 4 8 8 0 9 *1
9 3 1 5 ’ 5 * 2 3 - 9 - 5 - 1 5 3 6 5 6 4 6 3 4 5 0 2 4 2 9 4 8 7 7 5 'I

_c
28  c 3 2  c 5 ' 2 f ij 97  5 6 ;' 53697 4 6 ^ 0 ; 024.3 j 4 8 : 3 6 a i
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liM Hour AM Hour PM Sine. 1 Co-fine. | Tangent. |Co-tang. Secant. |Co-fecant;M;
c
1
2

4

9 28 0 
27 52 
27 44 
2 7  3 6  
27 28

2 32 c 
32 8 
32 16 
32 24
32 32

9.51264, 
5 13° 1 
5 * 3 3 8  
5 * 3 7 4  
51411

9 -9 7 5 6 7
9 7 5 6 3
9 7 5 5 s
9 7 5 5 4
9 7 5 5 °

9-5369711
53738
53779
53820
53861

0.46305
46262
46221
46180
46*39

10.0243310.48736:60! 
02437 48699I59 
024421 48662158 
02446] 48626I57I 
02450] 48589(56]

5
6
7

9

9  2 7  20 
27 12 
2 7  4 
26 56 
26 48

2 32 40 
32 4 s
32 56
3 3  4 
3 3  12

9 -5 *4 4 "
5*484
5 * 5 2 0
5 * 5 5 7
5 * 5 9 3

9 - 9 7 5 4 5
9 7 5 4 *
9 7 5 3 6
9 7 5 3 2
97528

9.53902
53943
53984
54025
54065

0.46098
46057
4601&
45975
4 S9 3 5

10.02455
02459
02464
02468
02472

0.48553
48516
48480
48443
48407

5 j
4
3
2
1

10 9 26 40 2 33 2C 9.51629 9 - 9 7 5 2 3 9.54106 0.45894 10.02477 10.48371 °111 26 32 3 3  2 s 51666 9 7 5 * 9 5 4 * 4 7 4 5 8 > 3 02481 4S334-i9 ;l 2 26 24 3 3  3 <j 5 1 7 0 2 . 9 7 5 * 5 54*87 45813 02485 48298 58;
*3 26 16 3 3  4 4 5 *7 3 8 975IC 54228 4 5 7 7 2 02490 4S2Ô2 471

26 8 3 3  52 5 * 7 7 4 Q7 ^06 54269 4 5 7 3 * 02494 48226 4&j
l i5 9 26 0 2 3 4  c 9 .5 (S i 1 9.97501 9 - 5 4 3 0 9 10.45691 iG.024.QQ 10.48189 55125 52 3 4  8 51847 9 7 4 9 " 5 4 3 5 0 45650 02503 4S I 53 5 4 ]

* 5  44 3 4  ‘ 6 5*883 9 7 4 9 2 5 4 3 9 0 45610 02508 4811- 43 !
1 $ 25 36 3 4  24 5 *9 * 9 97488 5 4 4 3 * 4 5 5 6 9 O2512 48081 42:
_l 9 3 4  3 2 5 * 9 5 5 9 7 4 8 4 5 4 4 7 * 4 5 5 2 9 02516 48045 4 *!'
20 9 25 20 2 3 4  4 ° 9 -5 *9 9 * 9 - 9 7 4 7 9 9.54512 10.45488 10.02521 10.48009 4°]21 25 12 3 4  4 s 52O2; 9 7 4 7 5 5 4 5 5 2 4 5 4 4 8 02525 4 7 9 7 3 5 9 !
22 =5 4 3 4  5 6 52063 9 7 4 7 0 5 4 S9 3 4 5 4 0 7 02530 4 7 9 3 / 381

24 56 3 5  4 52099 9 7 4 6 6 5 4 6 3 3 4 5 3 6 7 02534 4 7  9 ° * 37
24 48 3 5  >2 5 2 * 3 5 97461 5 4 6 7 3 4 5 3 2 7 02539 47865 ;b

2 5 9 24 40 2 35 20 9-5217* 9 - 9 7 4 5 7 9 -5 4 7 * 4 10.45286 10.025.13 10.47829 35
3 424 32 3 5 28 5220: 9 7 4 5 3 5 4 7 5 4 45246 02547 4 7 7 9 324 24 3 5 3 i> 52242 9-448 5 4 7 9 4 45206 02552 S324 16 3 5  4 4 52278 9 7 4 4 4 5 4 8 3 5 45165 02556 ¿*>722 524

2q 24 8 3 5  52 523*4 9 7 4 3 9 548/5 4 5 1 2 5 02561 47686 3 *
3 0 9 24 0 2 36 c 9 - 5 2 3 5 0 9 - 9 7 4 3 5 9 -5 4 9 * 5 10.45085 10.02565 10.47650 3°
3 1 23 52 36 8 9 7 4 3 0 5 4 9 5 5 4 5 0 4 5 02570 47615 *9
3 - * 3  4 4 36 *6 52421 9 7 4 2 6 5 4 9 9 5 45005 025-4 4 7 5 7 9 1 * 8
33 * 3  3 <> 36 24 52456 97421 5 5 0 3 5 4 4 9 6 5 02579 4 7 5 4 4 27
3 4 36 32 52492 9 7 4 * 7 5 5 0 7  5 4 4 9 2  5 02583 47508
35 9 23 20 2 36 4c 9-52522 9.97412 9 -5 5 * *5 10.44885 10.02581* 10.47473
3 6 23 12 36 4} 52563 9 7 4 0 8 5 5 * 5 5 4 4 8 4 5 02592 4 7 4 3 7
37 2 3 4 3 6  5 <- 52598 9 7 4 0 3 5 5 * 9 5 44805 02597 47402
j S 22 5b 3 7  4 52634 9 7 3 9 9 5 5 2 3 5 4 4 7 6 5 02601 4 7 3 6 6
3 9 22 48 3 7  '2 52669 9 " 3 9 4 5 5 2 7  5 4 4 7 2  5 02606 4 7 3 3 *

.40 9 22 4o 2 37 20 9.52705 9.97390 9 -5 5 3 * 5 10.44685 10.02610 10.47295
¡ 4 * 22 31 37 28 52740 97385 5 5 3 5 5 44643 0261 ; 47260
! 4 2 3 7  36 52775 9738* 5 5 3 9 5 44603 02619 47225
143 3 7  44 5281 97376 5 5 4 3 4 44566 02624 47189
14 4 3 7  5 * 52846 97372 5 5 4 7 4 4 4 5 2 6 02628 4 7 * 5 4 l6
45
46

9 22 0 2 3 8  c 9.52881 9-97367 9 -5 5 5 * 4 io.44n8( 10.026^> IO.47H9 15
21 52 3 8 ^ 52916 97365 5 5 5 5 4 4 4 4 4 * 0263- 470S4 *4

! 4 s
21 44 52951 9-358 5 5 5 9 3 4 4 4 ° O2642 47049 *321 30 38 2. 51986 97355 5 5 6 3 3 4 4 3 6 02647 4 /0 * 7 12

;4 S 3 s 3 5 3 0 1 9 - 3 4 ' 5 5 6 7 3 4 4 3  2 0265 46979 I I
5= 9  2 1  2 C 2 38 4< 9 -5 3 0 5 ( 9 -9 7 3 4 - 9 -5 5 7 * 2 10.442SSI 10.0265 10.46949 10

¡ 5 '
« 1  i  . 38 4 5 3 0 9 9 7 3 4 * 5 5 7 5 2 4 4 2 4 0266c 4690S

3 « S6I 5 3 1 2 9 7 3 3 5 5 7 9 4420 0266 4 6 8 7 9 8
3 9  4 | 5316 9 " 3 3 5 5 8 3 4416 02661 4683c

4680J
7

3 9  12 j « 1 9 9 7 3 2 5587c 4 4 * 3 3 0267^ 6
,5 9 20 4c 2 3 9  20 9-5323 9 - 9 7 3 2 9.5591c 10.44090] 10.0267} 10.46761 5

3 9  2 5326 9 7 3 * 5 5 9 4 * 440511 0268 4673. 4

20 1 3 9  3 5330 9 7 3 ’ 55981 4401 i 0268 1 4669 3
3 9  4 4 5333 9 7 3 0 5602 4 3 9 7 2 0269 l  4666 2

5
6
Â

3 9  5 2 5337 9 7 3 0 ‘ 5606 4 3 9 3 V  02ÔQ * 4663 } I
0 5340 9 7 2 9 5610 43893! 0 2 7 0 4659

~ Hour P \ irlpur AM| Co-line. Sine. 1 Co- ang. Tangent. -Co-fccant Secant. ¡VI



\ } M HourAM. HourP.M Sine. Co-fine. Tangent. Co-tang. | Secant. Co'-lecant.; M  |
0 9 20 0 2 4 0  0 9 -5 3 4 °5 9 .9 7 2 9 9 9 .5 6 1 0 7 10.43893] 10.02701 i o . 4 6 < o <!6 o

19 ¡ i 4 0  8 5344C 97294 56146 4 3 85 4 0 2 706 4 6 < 6 o ! 5 9
2 19 44 4 0  16 53475 97289 56185 43815 02711 4 6 5 2 5 5 8
3 14 ?6 4 0  29 53509 97285 56224 4 3 776 02715 46-19';57

, 4 19 28 4 0  32 53544 9728c 56264 43736 0 2 720 46456I56
5 9  IQ 20 a 40  40 9 -5 3 5 7 8 9 .9 7 2 7 6 9 -5 6 3 0 3 10 .4 3 69 7 f 0 .0 2 7 2 4 1 0 .4 6 42 2  55
6 19 12 4 0  48 53613 97271 56342 43658 0 2 72 9 461*7; 54
7 19 4 4 0  56 5 3 64 ’ 97266 56381 4 3 619 0 2 734 46353 538 18 56 41 4 53682 97262 5 6 42c 4 3 5 8 0 0273X 4 6 318 52
9 18 48 4 1 1 2 5 3 7 '6 9 7 2 5 - 56459 4 3 5 4 ' 0 2 743 4 6 28 4 $ 1

10 9 18 40 a  41 ao 9 -5 3 7 5 1 9 .9 7 2 5 2 9 .5 6 4 9 8 1 0 .4 3 5 0 2 10 .0 2 74 8 1 0 .4 6 24 9 5°
I I 18 32 4 1 2 8 53785 97248 56537 434»3 0 2 752 46215 49
1 3 18 24 4 1 3 6 53819 9 "243 56576 43424 02757 4 6 1 8 6 4 8
'3 18 16 4 ‘ 44 53834 97238 56615 43385 0 2 762 46146)47
M 18 8 41 32 53888 97234 56654 4 3 346 02766 4 6 1 1 ¿ 4 6
*5 9 18 0 2 4 2  0 9 .5 3 9 2 2 9 .9 7 2 2 9 9 .5 6 6 9 3 ‘ 0.43307 10.02771 10.46078I45
16 n  s 2 4 2  8 53957 97224 56732 4 3 268 0 2 77 6 46043)44
i ; «7 44 4 2  16 5 3 9 9 ' 97220 56771 4^2 2 0 0 2 780 46009143

»7 36 4 2  24 54025 97215 56810 4 3 1 9 c 02785 4 5 9 7 5 4 2i 9 17 28 4 2  .32 54°5C 9 7 210 56S49 4 3 1 5 ' 02** 9C 4 3 9 4 * |4 '
20 9  17 20 2  4 2  4O 9 - 54°9 3 9 .9 7 2 0 6 9 ■ 56887 10.43113 1 0 .02794 IO.459O7 4 °21 17 12 4 2  48 5 4 '2 ? 9720  1 56926 43074 02799 45873 3 92 - 17 4 4 2  56 54161 97196 56965 43035 0 2 804 45839 3823 16 56 43 4 54195 97192 57004 42996 02808 45805 i?24 16 48 43 '2 54229 97187 57042 42958 02813 4 5 7 7 i |3 6
25 9 16 40 2 43 20 9 - 5 4 2 6 3 q . 97182 9.57081 1 0 .4 2 QIQ 10.02818 ■ 0 -4 5 7 3 7 I3 526 1 6  32 43 28 54297 97178 57120 4 2 88 0 0 2 822 45703 342 7 16 24 43 36 5 4 3 3 1 97173 57158 42842 02S27 456691332 S 16 16 43 44 5 4 3 6 5 97168 5719: 42803 02832 45635 >2• 29 16 8 43 S2 54399 9 - ‘ 6 ; 57235 42765 02837 45601 3 '
3 0 9 1 f» 0 2 4 4  0 9-5 4 43 3 ] 9-97  15 9 9-57274 1 0 .4 2 72 6 10.02841 1 0 .4 5 5 6 - 3 0
3 1 * 5  5 2 4 4  » 54466 97154 57312 42688 0 2 84 6 45534 29
32 '5  44 4 4  16 5450c 9 7 1 4 5 573 5 ' 4 2 64 9 02851 4 5 5 0 c 28

15 36 4 4  24 54534 97M -. 5 7 3 8 9 41611 02855 43466 27
34 13 28 4 4  32 5 456- 9 7 1 4 C 57428 4 2 572 0 2 86 0 45433 26
35 9 '5  20 2 4 4  4 ° 9 .5 4 6 01 9-9 7  >35 9 -5 7 4 6 6 •10.42534 IO.O2865 1 0 .45399 25
36 15 12 4 4  48 5 4 6 3 ; 9 7 ' 3 C 5750-1 42496 O287O 45365 24
37 >5 4 4 4  56 5466S 97126 57543 42457 O2S74 45332 2 3
38 14 56 45 4 54702 9 712! 5 7 5 8 i 42419 0 2 879 43298 22
39 H  4 s 43 12 5473 5 97116 57615 42381 0 2 88 4 45 265 21
4c 9 14 4 0 2 45  20 9 -5 4 76 9 9 .97111 9 .5 7 6 5 8 1 0 .4 2 34 2 IO.O2889 10.45231 7°4 ' 14 32 45 28 54802 97*07 57696 4 2 304 02893 45198 '94 2 14 24 45  36 54836 97102 4 2 266 0289S 4 5 16 4 18
43 14 16 45  44 54869 97097 57772 4 2 228 02903 4 5 '3 ' >744 *4 * 45 S2 54903 9 7 0 9 . 5781c 42190 02908 45097 16
45 9 14 0 2 46  0 9 .5 4 9 3 6 9 .9 7 0 8 7 9 .5 7 8 4 9 10.42151 10 .0 2 91 3 t o .4 5 064 *546 13 5 2 46  8 54969 97083 5 788- 4 2 " 3 0 2 9 1 ; 45031 *447 *3 44 46  16 5 5 0 0 3 97078 57925 4 207 ? 0 2 92 2 44997 ■ 348 13 36 4 6  24 55036 97073 57963 4 2 0 3 - 02Q27 4 4 96 4 (2
49 13 28 4 6  32 55069 97068 58001 4 1 99 9 O2932 4 4 9 3 ' 11
5° 9  13 20 2 4 6  40 9 .5 5 1 0 2 9 -9 7 0 6 •9 .5 8 0 3 9 10.41961 10 .0 2 93 7 10 .4 4 89 8 10
5 1 13 12 46  48 55136 97059 58077 41923 02<j4I 44864 9>2 J 3 4 4 6  56 55169 97054 581,15 41885 02946 4 4 8 3 ' 8

12 56 47 2 15202 97049 58153 41847 02951 44798 7
id 47 12 55235 97044 58191 41809 0 2 956 44765 6

55 9 12 40 2 47  2C 9 .5 5 2 6 8 9 -97039 9 .5 8 2 2 5 10 .4 1 77 1 10.02961 1 0 .4 4 7 3 2 5>6 12 32 47  28 55301 97033 58267 4*733 02965 4 4 69 9 4>7 12 24 47 3 6 55332 9703c 5 8304 4 '6 q f O297C 4 4 666 3 ■58 47 44 55367 97025 58342 41658 02975 4 4 6 5 3 a
55 47 52 55400 9702c 5838c 41620 02980 446QQ 1

1 2  0 48  c 55433 9701; 58418 41582 02985 44567 0
.VI .HourP.M IIourA.M Co-fine. Sine. Co-fang. Tangent. Co-fecant Secant. M!l



||M HoiuAM. HourPM. Sine. Co-line. Tangent. Co-tang. Secant. Co-iecam| M
o 9 1 2  G 2 48 0 9 * 5 5 4 3 3 9.97015 9.5841s 10.41382 IO.0 2 qS< 10.44567 60
X 11 52 48 8 55466 9701c 5*455 41545 02990 592 11 44 48 16 55499 970=5 5 * 4 9 3 41507 02995 4 4 5 °>i 5*
3 11 36 48 24 55532 97CO1 5 * 5 3 1 41469 02999 44168 >7

j t I T 28 48 32 55564 96996 58569 41431 03004 4 4 4 3 6 56'
5 9 II 2D 2 48 4c 9 - 5 5 5 9 7 9.96991 9. 58606 i o - 41394 I O . Q Î O O Q 10.44403
0 II 12 48 48 5 5 6 3 0 96986 58644 4*356 O3OI4 4 4 3 7 0 5 4
7 n  4 4 S 56 55663 96981 58681 41319 03019 4 4 3 3 7
8 JO 56 4 9  4 5 5 6 9 5 96976 58719 41281 03024 4 4 3 0 5 52
9 10 48 4 9  12 5 5 7 ^ 8 96971 5 * 7 5 7 41243 03029 44272 4*

10 9 10 40 2 49 20 9 - 5 5 7 6 1 9.96966 9. 58794 10.41206 10.03034 10.44239 5°! u io  32 4 9  2S 5 5 7 9 3 96962 58832 41168 03038 44207 4 912 10 24 4 9  3 6 55826 96957 58869 41131 03043 4 4 1 7 4 48
¡ • 3 10 16 4 9  4 4 55S5« 96952 58907 41093 03048 44142 4 7
SI 4 l

10 8 4 9  5 2 55891 96947 58944 41056 03053 44109 46
¡ ' 5 9 10 0 2 50 0 9 ' 5 5 9 2 3 9.96942 9. 58981 10.41019 10.03058 10.44077 4 5IÜ 9 52 50 8 5 5 9 5 6 96937 59019 40981 03063 4 4 0 4 4 44
¡17 9  4 4 50 16 55988 96932 59056 40944 0306s 44012 4 3j . 8 9 36 50 24 56021 96927 5 9 0 9 4 40906 03073 4 3 9 7 9 4 2
; J9 9  28 50 32 56053 96922 5 9 ' 3 ‘ 40869 03078 4 3 9 4 7 4 i
¡20* 9  9 20 2 50 40 9. 56085 9.96917 q . > q i 6 8 10.40832 10.03083 1 0 .4 3 0 1 5 40
¡21 9 12 5°  48 56118 9Ô912 59205 40795 03088 43882 39¡22 9 4 50 56 56150 96907 59243 40-57 03093 43850 3 *
23 S 56 5 * 4 56182 96903 59280 40720 03097 43 8 3 7
24I 8 48 51 12 56215 96898 >9317 40683 03102 43785 36;

> 5 9 8 40 2 51 20 9. 5614- 9.96893 9 - 5 9 3 5 4 10.40646 IO.O3IO7 10.43753 35!
■ ib 8 S 2 51 28 56279 968S8 5 9 3 9 1 40609 O5II2 43721 3 4

8 24 51 36 56311 96883 5 9 4 2 9 40571 03117 436S9 3 3
■28 8 16 5 1 4 4 5 6 3 4 3 96878 59466 40534 03122 43657 32

! .2 9 8 8 5 * 5 2 Ç63 7 5 96873 5 9 5 0 3 40497 OJ 127 43625 31

3C 9 8 0 2 52 c 9. 56408 9. 9686S 9. 59540 10.4046c 10.03132 10.43592 10
3 * 7  5 2 52 8 5 6 4 4 0 96863 5 9 5 7 7 40423 03137 43560 29
|3 2 7 4 4 52 16 5 6 4 7 2 96858 30614 403*6 03142 43528 28
¡33 7  3 6 52 24 56504 96ÎU5 59651 40349 03147 43496 27
3 4 ] 7 28 5 2 3 2 56536 96848 59688 40312 03152 43464 26

p s 9  7 20 2 52 40 9. 56568 9.96843 9 - 5 9 7 2 5 i O . 40275 10.0315- 10.43432 25
¡3 6 7 H 52 48 5 ° 5S9 96838 59762 4023 X 03162 43401 24
;37 7 4 52 56 56631 96833 5 9 7 9 9 40201 03167 43369 23
!3 * 6 56 5 3  4 56663 96828 5 9 * 3 5 40165 O3172 43337 22
¡3 9 6 48 53 12 56695 96825 5 9 * 7 2 40128 03177 43305 21
{40 u 6 40 2 S3 20 9. 56727 9. 96818 9.59909 10.40091 10.03182 ‘ 0.432-3 20
l4 ‘ 6 3 2 S3 28 5 6 7 5 9 96813 5 9 9 4 6 40054 03187 43241 19

6 24 5 3  3 6 56790 90808 5 9 9 * 3 40017 03192 43210 18
'4 3 6 16 5 3  4 4 56822 96803 60019 39981 03197 43178 17
¡4 4 6 $ S3 5 2 56854 96798 60056 3 9 9 4 4 O32O2 43146 l6

9 & 0 2 5 4  0 q .  ^6SS6 9 - 9 6 7 9 3 9. 60093 10.39907 xo.03207 10.43114 15
|4 <> 5  5 2 5 4  8 56917 967S8 60130 3 9 * 7 0 03212 4 3 0 * 3 14
'4 7 5  4 4 5 4  16 56949 96783 60166 3 9 * 3 4 032 \ 7 43051 13
4 « 5  3 6 5 4  2 4 56980 96778 60203 3 9 7 9 7 03222 43O2O 12
4 9 5 28 5 4  3 - 5-012 96772 6C240 39760 03228 42988 I i

Î5C 9  5 2 ° 2 5 4  4 C 9- 57044 9. 96767 9.60276 10.39724 10.03233 10.429^6 10
; 5 > î  22 5 4  4 8 5 7 0 7 5 96762 60313 39687 0323s 42925 9
S2 5  4 5 4  56 57107 9 6 7 5 7 60349 39651 03243 42893 8
53 4 sf. 5 5  4 5 7 1 3 8 96752 60386 39614 03248 42862 7
54 4  4 ? 5 5  12 57169 96742 60422 3 9 5 1 * 03253 42S31 0

*55 9  4  4 ° 2 55 20 9.57201 9. 96742 9.60459 10.39541 10.03258,10.42799 5
56 4  3 2 5 5 57232 9 6 7 3 7 60495 3 9 5 0 5 03263 42768 4

1 5 7 4  2 4 55 56 57264 96732 60532 39468 03268 42736 3

¡ 5 * 4  16 55 44 5 7 2 9 5 96727 60568 3 9 4 3 2 03273 42705 2
59 4 8 5 5  5 2 5 7 3 2 6 9 ^ 2 2 60605 3 9 3 9 5 03278 42674 1

¡60 4  ° 56 O 5 7 3 5 8 96717 6064I 3 9 3 5 9 03283 42642 0

!w Hoar PM. Hour A M. Co-fine. Sine. Co-tang.( Tangent. Co-fccant Secant. m I;
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1M MoitrAM.lHour PM. Sine. Co-fine. Tangent. Co-tang. S e c a n t. Co-kcant, M

0 9 4 0 2 56 0 9' 57358 9.96717 Ç}. 6064I 10. 39359 10.03283 10.42642 60
1 3 s* 5ft 8 573»9 967 * < 60677 39323 .  032S9 42611 592 3 44 56 16 3742c 96706 60714 39286 05294 42580 5S
3 3 36 56 24 . 5745 ‘ 96701 60750 39250 05299 42549 37
<1 3 28 56 3% 57482 96696 60786 39214 03304 425 18 5**j

5 9 3 20 2 ¡ 6  40 9- 575 '4 9.96691 9. 60823 10. 39177 10.03309 10.42486
6 56 48 57555 9668(1 60859 39 ' 4 ‘ 03314 42455 54
7 3 4 56 56 57576 96681 60895 39105 03319 42424 S3
8 2 56 57 4 57607 96676 60931 39069 03324 42393 )2
9 2 48 57 12 57638 96670 60967 39033 O l i l e 42362 52

10 9 2 40 2 57 20 9. 37669 9.96665 9. 6 1OO4 10. 38996 10.03335 10. 42331 5°t
XI 2 32 57 28 577OO 96660 61O4C 38960 0334c 4230c 49
12 2 2̂ 57 36 5773 ' 96655 61076 38924 O5345 42265 48»
>3 2 16 57 44 57762 96650 61112 38888 03350 42258 47
*4 2 s 57 52 57795 9664? 61148 38852 03355 42207 46
I ) 9 2 O 1 5¡) 9.57824 q. 96640 q. 6 1185 10.38816 10.03560 10.42176 45
It) i 52 38 8 57853 96634 6122c 38780 0336.6 42145 44
17 i 44 38 16 57SS5 96629 61256 38744 035-' 4211) 43
iS I 3Ö 38 24 57916 96624 61292 38708 03376 42084 42
■ 9 I 7.8 58 3 2 5 7 947 96619 61328 38672 03381 42055 4 '
20 .9 I 20 2 5 b 4O 9. 57978 9. 96614 q. 6 1369 10. 38636 io.- 053S6 IO. 4 2022 40
21 I 12 58 48 5800S 96608 6 14OC 38600 03392 41992 59
22 i 4 38 56 58339 96603 61436 38564 03397 41961 3»
23 0 56 59 4 58070 96598 61472 3S528 O34O2 41930 37
24 0 43 59 12 9 S 101 96593 6150S 38492 03407 41899 3Ö
25 9 0 40 ¿ 59 ¿0 9. 58131 9 - CjbjSíi 9. 61544 10. 38456 10.0341? 10. 41869 35
2b 0 32 59 28 58162 96582 61579 38421 03418 41838 34
27 0 24 59 3 6 58192 96577 61615 3*38» 03423 41808 33
28 0 16 59 44 58223 96572 61651 38349 05428 41777 32
29 0 8 59 52 58253 96567 61687 38313 03433 41747 31

30 9 O O 3 0 0 9. 58284 9. 96562 9. 61722 10. 38278:10.03438 10. 41716 30
3 * 8 59 52 0 a 58314 96556 61758 38242 03444 41686 29
32 59 44 0 j6 58345 96551 61794 38206 °3449 41655 2u
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4 5 5 28 4 32 5 9 3 ° ’ 96381 62926 3 7 ° 7 4 0 3 6 19 40693:56

< 8 5 5 20 3 4 40 9 -5 9 3 3 f> 9 .9 6 3 7 6 9 .6 2 9 6 1 10 .3 7 0 3 9 10 .0 3 6 2 4 10 .4 0 6 6 4 I5Î
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3» 4 2  56 1 7  4 6 IO 94 9 58 5 6 6 6 13 8 3 38 62 0 4 1 4 4 38006 22
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5 8 31 2 3 28 4c 9 .6 4 3 1 . 9 -9 S33 9.6 8 9 7b 10 .3 10 2 3 10 .0 4 6 6 5 1 0 .3 5 6 8 ; 5 5
6 3 1  I 28 4Î 64331 95321 6901c 3099c 04 6 7 3566 5 4
7 3 1 28 56 6436 9 ?3 2 . 6904 3095? 0467* 3 5 6 3 5 3
8 3 0  5 29 4 6439 9 3 3 1" 69071 30926 04 6 8 j 3560c 52
9  3 °  4 * 29 12 6 4 4 1- 9 3 3  ic 6910c 30894 0469c 3 i i 8 j 51

10 8 30 4c 3 29 2 C 9 .6 4 4 4 2 9 .9 5 3 0 4 9 .6 9 1 3 b 10 .3 0 8 6 2 10 .04696 1 0 .3 5 5 5 b S °
111 30 32 1 9  28 6446b 95298 6 9 17c 3083c 0 4 7 0 3 5 5 3 4 9
12 30 M 29 36 6449, 95292 6920s 30798 0470S 35506 48
13 30 16 29 44 6 4 515 95286 69234 30766 04714 3 5 4 8 4 7
14 30 8 29 52 6 4541 9 5 2 7 9 69266 3 0 7 3 4 0 4 72 3 5 4 5 5 4 6

15 8 30 0 3 30 e 9 .6 4 5 7 1 9 -9 5 2 7 3 9 . 6 q 2 ij8 |IO. 3 0 7 0 2 1 0 .0 4 7 2 7 10 .3 5 4 2 9 4 5
16 29 52 30 8 64596 93267 6 9 320 30671 0 4 7 3 3 3 5 4 0 5 4 4
‘ 7 29 4 4 30 16 64622 9 5261 6036 30639 0 4 7 3 3 5 3 7 8 4 3
IS 29 36 30 24 64647 9 5 2 5 4 69393 30607 04746 3 5 3 5 3 4 2  1
19 29 18 3 °  32 6 4673 95248 69425; 30 575 04 752 3 5 3 2 7 4 1  1
20 8 29 20 3  3 0  40 9 .6 4 6 9 8 9.95242 9 .6 9 4 5 7  10 .3 0 5 4 3 10 .0 4 75 8 10 .3 5 3 0 2 4 0
11 2$ I i 30 48 6 4724 9 52 36 69488 3 0 512 04764 3 5276 3 9  !
22 29 4 30 56 64749 95229 69520 30480 0 4 7 7 1 3 5 2 5 1 3 8 !
23 28 3 i  4 6 4 7 7 5 9 5223 69 552 30448 0 4 7 7 7 3 522 5 3 7 !
24 28 48 3 '  12 64800 9 5 2 1 7 69584 3 0 4 16 0478 3 3 5 2 CO .36 !

IS  8 28 40 3  3 1 20 9 .6 4 S 2 6 9 -9 5 2 H 9 .6 9 6 1 5 10 .3 0 3 8 5 1 0 .0 4 7 8 9 1 0 .3 5 1 7 4 3 5  !
26 28 32 3 1 28 64851 95204 69647 3 0 3 5 3 0 4 7 9 6 • 3 5 H 9 3 4 !
27 28 24 3 1 3 6 6 4 877 9 519 8 6 q 6 7 9 3 0 3 2 1 04802 3 5 12 3 3 3
28 28 16 3 1  4 4 64902 9 5 19 2 6 9 7 1 0 30290 04808 35098 3 2
29 28 8 3 1 52 6 4 9 21 9 5 18 5 6 9 74 2 30258 0 4 8 15 3 5073 3 1
jo  8 28 0 3  3 * 0 9 .6 4 9 5 3  9 .9 5 17 9 9 .6 9 7 7 4 10 .3 0 2 2 6 10 .0 4 8 2 1 10 .3 5 0 4 7 30
31 27 r - 3 2  8 64978 9 5  [ 73 6 q8 oc 3 0 19 5 04827 ¿ 5 0 2 2 29 1

¡32 27 44 3 2  16 65003 9 5 1 6 7 698 3 ' 30163 04833 3 4 9 9 7 28 I
33  2 7  36 32 24 65029 9 516 0 69868 3 0 13 2 04840 3 4 9 7 ' 27 !»!3 4  2 7  28 3 2  32 650 54 9  5 1 54- 69900 30100 04846 3 4 9 4 6 26 ¡J

¡35 8 27 20 3  3 -  4 -- 9 .6 5 0 7 9  9 .9 5 14 8 9 .6 9 9 3 2 10 .3 0 0 6 8 10 .0 4 8 5 2 1 O .3 4 9 2 1
36 2 7  12 3 2  48 6 5 10 4 9 5 i 4 f 69963 30037 04859 34896 24 I
3 7  27 4 3 2  56 6 5 13 0 9 5 1 3 3 69995 3 0 0 0 Ç 04865 3 4 s 7 0 2.3 1
38 26 56 3 3  4 6 5 1 5 5 9 512 9 70026 2 9 9 7 4 04X71 3 4 8 4 5 22 |
39 26 48 3 3  ' 2 6 5 18 0 9 5 1 2 2 70058 29942 04878 34820 21

40 8 26 40 3  3 3  20 9 .6 5 2 0 5 9 .9 5 11 6 <3.70089 1 0 .2 9 9 12 10 .0 4 8 8 4 i o - 3 4 7 9 5 20
41 26 32 3 3  28 652 30 9 5 1 1 0 7 0 1 2 1 29 8 79 04890 3 4 770 1 9
42 26 24 3 3  3 & 6 52 55 9 510 3 7 0 15 2 29848 o a S q t 3 4 7 4 5 18
43 26 16 3 3  4 4 652 81 950 97 70 18 4 29 8 16 04903 3 4 7 1 9 17
44 26 8 3 3  5 2 65306 95090 7 0 2 1 5 29 78 5 0 4 9 10 3 4 6 9 4 16

45 8 26 0 3 3 4  0 9 - 6 5 3 3 1 9.95084 9 .7 0 2 4 7 1 0 .2 9 7 5 3 1 0 .0 4 9 1 6 1 0 .3 4 6 6 9 1 5
46 25 51 3 4  8 6 53 5 6 9 50 78 70278 2 9 7 2 2 0 4922 3 4 6 4 4 ' 4
4 7  25 4 4 3 4  '« 6 53 8 1 9 5 0 7 1 70309 29691 0 4 Q2 Q 3 4 6 1 9 13
48 25 36 3 4  2 4 65406 950 65 70341 29659 0 4 9 3 5 3 4 5 9 4 12
49 25 28 3 4  3 2 63431 9 5 0 5 9 70 3 72 29628 04941 3 4 5 6 9 11
50 8 2J 20 3  3 4  4 0 9 .6 5 4 5 6 3.95052 9 .7 0 4 0 4 1 0 .2 9 5 9 6 1 0 . 0 4 0 4 -8 10 .3 4 5 4 4 10
$1 2 ;  12 3 4  48 6548 ! 95046 7 0 4 3 5 29565 O 4954 3 4 5 '9 0
52 25 4 3 4  S6 65506 9 5 0 3 9 70466 2 9 5 3 4 O4961 3 4 4 9 4 8
>3 24 56 3 5  4 6 >5 3 ' 9 5 0 3 3 70498 29502 O4967 34469 7
5 4  24  4X 3 5  »2 6 55 5 6 95027 70 529 29 4 71 0 4 9 7 3 3 4 4 4 4 6

J5  8 24 40 3 35 20 9 .6 5 5 8 0 ).Q {020 9 .7 0 3 6 0 1 0 . 2 9 4 4 0 O .O 4980 to . 34 42 0 5
5 & * 4  3 2 3 5  2 * 656O5 9 5 O I 4 70 59 2 29408 04986 3 4 3 9 5 4 ,
57  2 4  24 3 5  3 6 6563O 950 07 70623 2 9 3 7 7 O4993 3 4 3 7 ° 3
58 2 4  16 3 5  4 4 6 56 5 5 £ $ OO I 70654 29346 O4999 3 4 3 4 5 2
59 24  S 3 5  52 65680 9 4 9 9 5 70685 2 9 3 15 OCOOC 34320 I
60 24 0 36  0 65705 94988 7 0 7 17 29283 O 5OI2 3 4 2 9 5 O |,
M ¡HourPiVI. -four A M . C o-fine. Sine. C o -tan g. 1 T angent. fo-fecan t. Secant. M l }



M tîo u rA .M IH o u r  T*M S in e . C o -fin e, i lan g e n t. C o*tang.| Secant. C o-fecant.jM  »

0 8 2 4  oj 3 6  0 9 .6 5 7 0 5 9 . 949881 9. 7 0 7 1 7  10 . 2Q 2 S; 0 .0 5 0 1 2  10. 3 +2 Q5 6 o\
I 23  52 3 6  8 6 57 2 9 94982) 70748 2Q 2s2 0 5 0 1 Ï 3 4 2 7 1 5 92 2 3  4 4 3 6  16 6 5 7 5 4 9 4 9 7 5 1 70 779 29 22 1 O Ç 02; 34246 58
3 23 36 3 6  24 6 5 7 7 9 9 4969 70 8 10 29490 O5O3 I 34 221 7
4 23 28 36 32 6 58 04 9 4 9 6 2 708 4 1 2 9 1 5 9 05038 3 4 19 6 6

5 8 23  20 3  3 6  4 ° 9 .6 5 8 2 8 9 .9 4 9 5 6 9. 70S73 0 .2 9 1 2 7 (0 . CKO44 0 .3 4 1 7 2 7 ]
0 23 12 3 6  48 6 58 5 3 9 4 9 4 9 7090 4 2q oq 6 05 0 5 1 3 4 1 4 7 4
7 2 3  4 36  c6 6 58 78 9 + 9 4 3 7 0 9 3 5 29065 0 5 0 5 7 3 4 12 2 3
8 2 2  56 3 7  4 65902 94 9 36 70 9 6 6 29034 0 50 6 4 34098 2

9 2 2  48 3 7  1 2 6 59 2 7 94930 70 9 9 7 2 9 0 0 3 050 70 3 4 0 7 3 i

10 8 22  4= 3  3 7  20 9 .6 5 9 5 2 9. 9 4 9 23 9. 7 10 2 8 1 0 .2 8 9 7 2 1 0 .0 5 0 7 7 10. 34048
n 2 2  32 3 7  28 6 5 9 7 6 9 4 9 1 7 7 1 0 5 9 28941 05083 3 4 0 2 4 19
12 22  24 3 7  36 66001 9 4 9 11 7IO 9C 2 8 9 1 c 05089 3 3 9 9 9 4 «

22 l6 ■ 3 7  4 4 66025 9 4 9 0 4 7 * 1 2 1 28 8 79 05096 3 3 9 7 5 47
2 2  S 3 7  5 1 ■ 66050 9489S 7 1 1 5 3 28847 0 5 10 2 3 3 9 5 0 +6

8 2 2  0 3  3 8  0 9 .6 6 0 7 5 9 .9 4 8 9 1 9 .7 1 1 8 4 1 0 .2 8 8 1 6 1 0 . O UOQ 10. 3 39 2 5 +5
2 1  52 3 8  8 66099 9 4 8 8 .5 7 1 2 1 5 28 78 5 0 5 1 1 5 3 3 9 0 1 4 4
2 1  4 4 3» 16 6 6 1 2 4 9 4 878 7 1 2 4 6 28 75 4 0 5 12 2 3 3 8 7 6
2 1  36 38 24 6 6 14 8 9 4 8 7 1 7 1 2 7 7 28 723 0 5 12 9 3 38 52 +2
2 1  281 3 8  32 6 6 1 7 3 9 4865 713 0 8 28 692 0 5 13 5 33827 4 '

8 2 1  20 3 38 40 9. 6 6 1 9 7 9. 94858 9 - 7 * 3 3 9 10 . 28661 1 0 .0 5 1 4 2 10. 33803 +0
2 1  12 38 48 6 6 2 2 1 9 4 8 5 2 7 1 3 7 0 2S63C 0 5 14 8 3 3 7 7 9
2 1  4 3 8  56 6 6 24 6 9 4 8 4 5 7 1 4 0 1 2S59Q 0 5 1 5 5 3 3 7 5 4 38
2 0  56 3 9  4 6 6 2 7 0 9 4 8 3 9 7 1 4 3 1 28 569 0 5 16 1 3 3 7 3 0
2 0  48 3 9  12 6 6 2 9 5 94832 7 1 4 6 2 28538 0 5 16 8 3 3 7 0 5

8 20 40 3  3 9  20 9. 6 6 3 19 9. 9482 6 9 .7 1 4 9 3 10 .2 8 5 0 7 10. 0 5 1 7 4 10. 33681 35
26 20 32 3 9  28 6 6 3 4 3 9 4 8 19 7 1 5 2 4 28476 0 5 18 1 3 3 6 5 7 3 4
27 20 24 3 9  3 f 66368 9 4 8 13 7 1 5 5 5 28445 0 5 18 7 3 36 32 33
28 20 16 3 9  4 4 66392 94806 7 1 5 8 6 28414 0 5 1 9 4 33608 32
29 20 8 3 9  52 6 6 4 16 9 4 7 9 9 7 1 6 1 7 28 3 8. 0 5 20 1 3 3 5 8 4 3 '

3 a 8 20  0 3  4 0  c 9. 6 6441 9 - 9 4 7 9 3 9. 7 1 6 4 8 1 0 .2835s 1 0 .0 5 2 0 7 io - 3 3 5 5 9 3 0
3 1 1 9  5 1 4 0  8 66465 9 4 78 6 7 1 6 7 9 28 3 2 0 5 2 1 4 3 3 5 3 5 29
32 1 9  4 4 4 0  16 66489 <34780 7  i?OQ 2829 0 5 2 2 c 3 3 5 “
3 3 19  36 4 0  24 6 6 5 1 3 9 4 7 7 3 7 1 7 4 0 2826c 0 5 2 2 7 3 3 4 8 7 27
3 4 19  28 4 0  3 2 6 6 5 3 7 9 4 7 6 7 7 1 7 7 1 2822c 05233 3 3 4 6 3 26

3 5 8 1 9  20 3 4 0  40 9. 66562 9. 94 76 0 9 .7 1 8 0 2 1 0 .2 8 1 9 10. 05240 10. 33438 2 d

3 <> 1 9  12 4 0  48 66586 9 4 7 5 3 7 18 3 3 28 16 - 0 5 2 4 7 3 3 4 ‘ 4 2+i
37 *9  t 4 0  56 6 6 6 1c 9 4 7 4 7 718 6 3 28 13 05 25 3 3 3 3 9 0 33 |
3 8 18  56 4 1  4 66634 94740 718 9 4 2 8 10 05260 3 3 3 6 6 22l

3 9 18  48 4 1  12 66658 9 4 7 3 4 7 1 9 2 5 2807 05266 3 3 3 4 2 2 'i

4 C 8 18  4c 3  4 1  2 C 9 .6 6 6 8 2 9 - 9 4 7 2 7 9 - 7 1 9 5 3 10 . 2S04 10. 0 5273 10. 333 18 2C-;

4 * 18  32 4 1  28 66706 9 4720 719 8 6 2 8 0 : 0 528 c 3 3 2 9 - 19;
4 ’ 18  25 4 1  j£ 6 6 73 9 4 7 M 7 2 0 1* 2798 05286 3 3 2 6 y I 8;

4 3 18  16 4 » 4-1 6 6 7 5 . 9 4 7 0 7 720411 279 5 05293 3 3 2 4 5 ' 7 !
4 4 18 . 4 i 52 6 6 77c 9 4 70 c 720 2 s 2 79 2 0530 c 33221 ) 6

4 5 8 18  c 3  4 2 Q. 668O 9 .9 4 6 9 4 9 . 7 2 1 0 c 1 0 .2 7 8 9 10. 05306 1 0 . 3 5 1 Q7 ■ 5!
46 *7  5 J 4 2 6 6 8 2- 94 6 87 7 2 1 4 c 2786 0 5 315 3 3 '7 3 ■ 4
43 » 7  4 4 4 2  i f 6685 94 6 8c 7 2 1 7 c 27S 3 7 O532C 3 3 '4 9 '3
4 ' 1 7  3 * 4 2 6 6 8 7 9 4 6 7 4 72 2 0 2 7 7 9 05326 3 312 5 ‘ 2

45 1 7  28 4 2  31 6689C 9 4 6 6 - 72 2 3 2 77 6 ° S 3 3 j 3 3 IOI 1 1

s'C 8 1 7  - t 3  4 2  4c> Q. 6 ÔQ2 ' 9. 9 4 6 6 c 9 . 72 2 6 s t o . 2 773 1 0 .0 5 3 4 c 10 .3 3 0 78 10

5 1 7  IS 4 2  4 i 66946 94654 72 2 9 - 277 0 05346 3 3 0 5 4 9
5 " * 7 4 2  s i 6697c 9 4 6 4 7 7 2 3 2 . 2 76 7 05355 3 3 ° 3 C 8

5 . 1 6  ; t 4 3 6 6 9 9 . 9 4 6 4 c 723 5J 2 7 6 4 0 5 3 6 - 33006 7
5- 1 6  4 ' 4 3  i 6 70 1 9 4 6 3 4 72 3 8 , 2 76 1 0 5 36 c 32982 6

i> 8  1 6  401 3 4 3  2C Q. 6 70 4 9 .9 4 6 2 7 9 - 7 2 4 i . 10. 2758 10. 0 5 3 7 j 10. 32958 5
!s«j 1 6  y 4 3  2! 670 6 9462c 7 2 4 4 275 5 0338c 3293-1
i s 1 6  2. 4 3  3 6709c 9 4 6 14 724 71 2752 + 05386 3 2 9 1c i\
¡ 5 * 1 6  l< 4 3  4 ' 6 7 1 1 , 94607 72506 274 9 05395 32887 2;

1 6 4 3  5 6 7 1 3 9460c 7 2 5 3 2 74 6 0540c 32S63 r
16 4 4 6 7 1 6 9459.1 72 5 6 2743 0 54 0 - 32S39 °!

iw H o u rP M H our A  A' C o-iine. Sin e , 1 C o -tan g j Tangent . C o-fecant Secant. C4 Ù



|M H o u r A M H our P M ft int*. C o-fine. Tangent. C o -ta n g . S ecant. C o-fecant M l
0 8 l b  0 3 4 4  0 9 .6 7 1 6 1 9 - 9 4 5 9 5 9. 72567 1 0 .2 7 4 3 3 10. 0 5 407 1 0 .3 2 8 3 9 60
1 1$ 52 4 4  * 67185 9 4 5  8 7 72598 27402 0 5 41 3 32815 5 9 ,
2 *5  4 4 4 4  16 6 7 20 8 9 4 5 8 0 72628 27372 O542O 3 2 79 2 5 H1
3 «5  3 6 4 4  2 4 6 7 23 2 9 4 5 7 3 7 2 659 2 7 3 4 * 0 5 42 7 32768157;
4 15 28 4 4  3 * 6 7 2 5 6 O4567 7 2 689 27311 0 5 43 3 32744156:
5 8  i j  20 3  4 4  4 ° 9 .6 7 2 8 0 9. 9 4 5 6 0 9- 7272O 10. 2 7 28 0 10. 0 5 4 4 0 10. 3-*720 |5s |
b i j  12 4 4  4 « 6 7 303 9 4 5 5 3 7 2 7 5 0 2 7 25 0 0 5 44 7 3269 7 )5 4
7 iS  4 4 4  S6 6 7 327 9 4 5 4 6 7 2 7 8 0 2722O ° 5 4 5 4 3 2 673 :53!
8 14 56 4 5  4 6 7 350 9 4 54 0 72811 2 7 189 0 5 4 6 0 32650152
9 ' 4  4 8 4 5  i 2 6 7 3 7 4 9 4 5 3 3 72841 2 7 159 0 5 4 6 7 3 2 626 S*

10 8 14 40 3 45 20 9 . 6739S 9. 9 4 52 6 9. 7 2 872 10. 27128 1 0 .0 5 4 7 4 10. 3 2 60 2 SO
1 I 14 31 4 5  a* 67421 9 4 5 * 9 7 2 90 2 2 7 098 0 5 481 3 2 5 7 9 4 9
12 14 24 4 5  36 67445 9 4 5 * 3 7 2 9 3 2 27068 0 5 487 3 * 5 5 5  4 8
'3 14 ib 4 5  44 6 7 468 9 4 506 72965 27037 0 5 4 9 4 3 *5 3 2 ;4 7
14 14 8 4 5  5 2 6 7 492 9 4 4 9 9 7 2 9 9 3 27007 05501 3 2 50 8  46
" ¡ 8 14 0 3 4 6  0 9 .6 7 5 1 5 9. 9 4 49 2 9. 73023 10. 26977 1 0 .0 5 5 0 8 1 0 .3 2 4 8 5 4 5
ib 13 S2 4 6  8 6 7 5 3 9 944S 5 7 3 0 5 4 2 6 94 6 0 5 51 5 32461 4 4
«7 13 4 4 4 6  16 6 7 56 2 9 4 4 7 9 7 3 08 4 2 6 916 0 5 521 3 2 43 8 4 3
18 13 3 6 4 6  24 6 7 5 8 6 9 4 4 7 2 7 3 * * 4 268S6 0 5 5 2 8 3 2 4 1 4 4 2
*9 13 28 4 6  32 6 7 6 0 9 9 4 4 6 5 7 3 * 4 4 26S56 0 5 53 5 3239* 4 *
20 8 13 20 3  4 6  4 c 9 - <>7635 9. 9 4 45 8 9 - 7 3 * 7 5 10. 26825 10. OÇÇ42 10. 3 2 367 4 0
2! 13 12 4 6  48 6 7 65 6 9 4 4 5 * 7 3 205 2 6 795 0 5 5 4 9 3 2 3 4 4 3 9
22 13 4 4 6  56 6 7 6 8 0 9 4 4 4 5 7 3 2 3 5 2 6 765 0 5 5 5 5 3 2 3 2 0 38
2} 12 5b 4 7  4 6 7 703 9 4 4 3 8 7 3 26 5 2 6 735 0 5 5 6 2 3 2 29 7 37
* 4 12 48 4 7  12 6 7 7 2 6 9 4 4 3 * 7 3 29 5 2 6 70 5 0 5 5 6 9 3 2 2 7 4 36
*5 8  12 4 0 3 47  2C 9. 6 7 7 5 0 9 .9 4 4 2 4 9 .7 3 3 2 6 10. 2 6 6 7 4 ¡ 0 . 0.5576 10. 3 2 2 5 0 35
26 12  32 4 7  2* 6 7 7 7 3 9 4 4 * 7 7 3 3 S6 2 6 6 4 4 0 5 5 8 3 3 2 22 7 3 4
2 7 12  24 4 7  >6 6 7 7 9 6 9 4 4 1 0 7 3 3 8 6 2 6 6 1 4 0 5 5 9 0 3 2 2 0 4 33
28 12  lb 4 7  4 4 6 7 8 2 0 9 4 4 0 4 ¡. 7 3 4 * 6 2 6 5 8 4 0 5 5 9 6 3 2 1 8 0 3 2
29 12 8 4 7  5 2 6 7 84 3 9 4 3 9 7 » 7 3 4 4 6 2 6 5 5 4 0 5 6 0 3 3 2 15 7 3 I
30 8 1 2  0 3 4 8  0 9. 6 7 86 6 9 .9 4 3 9 0 9 - 7 3 4 7 6 10. 2 6 52 4 10. 0 5 6 1 0 1 0 .3 2 1 3 4 30
3 « i r 52 4 8  8 6 7 8 9 0 9 4 3  »3 7 3 50 7 2 6 49 3 0 5 6 1 7 3 2 1 1 0 29
3 * 1 1 4 4 4 8  16 67913 9 4 3 7 6 7 3 5 3 7 2 6 463 0 5 6 2 4 3 2 08 7 28

1 I 3 Ó 48 24 6 7 9 3 6 9 4 3 6 9 7 3 5 6 7 2 6 433 0 5 631 3 2 0 6 4 27
3 4 1 1 28 48  32 6 7 9 5 9 9 4 362 7 3 5 9 7 2 6 403 0 5 6 3 8 32041 26
¡3 5 8 i l  20 3  4 » 4 9 9. 6 7 98 2 9 -9 4 3 5 5 9. 7 3 627 1 0 .2 6 3 7 3 1 0 .0 5 6 4 5 10. 3 2 018 *5
56 I I  12 4 8  48 6 8 00 6 9 4 3 4 9 7 3 657 2 6 343 0 5 651 • 3 * 9 9 4 *4
37 t i  4 48  56 6 8 02 9 9 4 3 4 2 7 3 687 2 6 31 3 0 5 6 5 8 3 1 9 7 1  23
3 « 10 5b 4 9  4 € 8 0 5 2 9 4 3 3 5 7 3 7 * 7 2 6 283 0 5 6 6 5 3 1 9 4 8 221
39 10 48 4 9  ** 6 8 075 9 4 328 7 3 7 4 7 2 6 253 0 5 6 7 2 3 *9 * 5 2 ,

40 8 10 4 0 3 4 9  20 9. 68098 9. 94321 9 -7 3 7 7 7 IO. 26223 10. 0 5 6 7 9 1 0 .3 1 9 0 2 20
Ul 10 32 4 9  28 68121 9 4 3 * 4 7 3 8 0 7 2 6 193 0 5 6 8 6 3 1 8 7 9 *9
u 10 24 4 9  36 6 8 1 4 4 9 4 307 7 3 8 3 7 2 6 163 0 5 6 9 3 3 * 8 5 6 l8
43 10 16 4 9  4 4 6 8 167 9 4 3 0 0 7 3 86 7 26133 0 5 7 0 0 3 * 833 *7
4 4 10 8 4 9  5 2 6 8 1 9 0 9 4 2 9 3 7 3 8 9 7 2 6 10 3 0 5 7 0 7 3 1 8 1 0 l 6 .
4 3 8 10  0 3 5 0  ° 9 . 6 8 213 Q. 9 4 2 8 6 9 - 7 3 9 2 7 10. 2 6 073 1 0 .0 5 7 1 4 io .  3 1 78 7 *5!
Ì4 6 9  5 2 5 0  8 6 8 23 7 9 4 2 7 9 7 3 9 5 7 2 6 043 0 5 72 1 3 1 76 3 * 4 !

¡47 9  4 4 5 0  16 6 8 2 6 0 9 4 2 7 3 7 3 9 8 7 2 6 013 0 5 7 2 7 3 1 7 4 0 *3 |
48 9  3 6 j o  24 6 8 28 3 9 4 2 6 6 7 4 0 1 7 2 5 983 0 5 7 3 4 3 *7 * 7 12
49 9  28 50  32 6 8 30 5 9 4 2 5 9 7 4 0 4 7 2 5 953 0 5 74 1 3 * 69 5 1 1 :

5° 8  9  20 3 50 4 0 9. 6 8 32 8 9. 9 4 2 5 2 9. 7 4 07 7 10. 25923 1 0 .0 5 7 4 8 10. 3 1 6 7 2 10
SI O 121 CO 48 6 8 351 9 4 2 4 5 7 4 * 0 7 25893 0 5 75 5 3 1 6 4 9 9

9  4 5°  5 6 6 8 3 7 4 9 4 2 3 8 7 4 * 3 7 2 5 863 0 5 7 6 2 3 1 62 6 8
53 8 5b 5 « 4 6 8 39 7 9 4 2 3 * 7 4 1 6 6 2 5 8 3 4 0 5 7 6 9 3 1 603 7

• 34 8  4 8 5 « 12 6 8 4 2 0 9 4 2 2 4 7 4 * 9 6 2 5 8 0 4 0 5 7 7 6 3 y  80 6
8 8 4 0 3 51 20 9. 6 8 443 9. 9 4 2 I7 9 . 7 4 22 6 1 0 .2 5 7 7 4 1 0 .0 5 7 8 3 *0 - 3 * 5 5 7 s

8 32 51 28 6 8 4 6 6 9 4 2IO 7 4 2 5 6 »S 7 4 4 0 5 7 9 0 3 * 5 3 4 4
8  24 51 36 6 8 4 8 9 942O3 7 4 2 8 6 2 5 71 4 0 5 79 7 3 *5*1 3
8 16 5 « 44 6 8 51 2 9 4 I9 6 7 4 3 * 6 2 5 684 05804 3 1 4S 8 2
8 8 S i  52 68534 9 4 18 9 7 4 3 4 5 25655 05811 3 1 46 6 X

16C 8 0 5 2 0 68557 9 4 I8 2 7 4 3 7 5 2 5 625 0 5 8 1 8 3 * 4 4 3 0
Im H our P M Hour AW C o-fine. 1 Sine. C o -tang , T an g en t. C o-fecant S ecan t. ¡M



¡M Hour A \J(H o u rP . W .l Sine. C o -lin e . r a n g e s . ^o-tang. Secant. L'o-fecant ¡1
o 8 8  o : 3 5 2  0 9 .6 8 5 5 7 9 .9 4 1 8 2 9 - 7 4 3 7 5 0 .2 5 6 2 5 0 .0 5 8 18 1 0 .3 14 4 5 « 0
I 7  5 1 52  8 68580 9 4 > 7 5 7 4 4 0 5 25595 05825 3 142c 9
2 7 44 52  16 68603 9 4 ' 6 X 7 4 4 3 5 25565 05832 313 9 7 8
3 7 36 52 2 4 68625 9 4IO I 7 4 4 6 5 25535 05839 3 13 75 7
4 7 28 52 3 2 68648 9 4 '5 4 7 4 4 9 4 25506 05846 3 13 5 2 -6

8 7  20 3 5 2  4 ° 9 .6 8 6 7  I 9 -9 4 '4 7 9 - 7 4 5 2 4 1 0 .2 5 4 7 6 10 .0 58 53 1 0 .3 13 2 9 55
6 7 1 2 52  48 68694 9 4 14 0 7 4 5 5 4 25446 O jS 6 o 3 1306 54
7 7 4 5 2  5 6 6 8 7 16 9 4 '3 3 7 4 5 8 3 2 5 4 17 05867 31284 S3
8 6 56 S 3  4 6 8 739 9 4 12 6 7 4 6 1 3 25387 05874 312 6 1 52
9 6 48 53  »2 6 8 762 9 4 11 9 7 4 6 4 3 M 3 5 7 05881 3 1 238 51

10 8 6 40 3  S 3  20 9 .6 8 7 8 4 0 . Q4-1 12 9 - 7 4 6 7 3 1 0 .2 5 3 2 7 1O.O5SS8 1 0 .3 1 2 1 6 5°
i n 6 32 53 28 68807 9410 5 74 70 2 25298 05895 3 11 9 3 49
12 6 24 5 3  3 6 688?.9 94098 7 4 7 3 2 25268 05902 3 1 1 7 1 48
13 6 16 S 3  4 4 68852 94090 74 76 2 25238 0 5 9 10 3 11 4 8 47
14 6 8 5 3  52 68875 94083 7 4 7 9 1 25200 0 5 9 17 3 11 2 5 46

M 8 6 0 3  5 4  0 9 .6 X 8 9 7 9 .9 4 0 7 6 9 .7 4 8 2 1 1 0 . 2 U 7 Q lO.O^Q24 1 0 .3 1 1 0 3 4 5
16 5 52 5 4  8 68920 q4 0 6 q 74 8 51 2 5 14 9 059 31 3 10 8 c 4 4
1 7 5 4 4 5 4  16 68942 94062 74880 2512O 05938 310 58 43
18 s  36 5 4  24 68965 94055 74 9 1 0 2t;0q0 ° 5 9 4 5 310 35 42
•S 5 28 5 4  32 68987 94048 7 4 9 3 9 25061 0 5 9 5 2 3 10 13 41

20 8 5 * ° 3  5 4  4 ° 9 .6 9 0 1 0 9 .9 4 0 4 1 9 .7 4 9 6 9 1 0 . 2 \0 3 I 10 .0 5 9 5 9 1 0 .3099c 40
21 s  »1 5 4  4 8 6 9 032 94034 74998 25OO2 O5466 30968 39
22 S  4 5 4  5 6 69055 94027 75028 2 4 9 72 0 5 9 7 3 30945 38
»3 4  5 6 5 5  4 6 9 0 77 94020 75058 24942 059S0 30923 37
1 4 4  48 5 5  12 6 9 10 0 9 4 0 12 75087 2 4 9 13 05988 30900 ?6

15 8 4  4 « 3 55  20 9 .6 9 1 2 2 9 .9 4 0 0 5 9 -7 S ” 7 10 .248 8 3 10 .0 5 9 9 5 1 0 .3 0 8 7 s 3 5
zb 4  3 » 5 5  e8 6 9 14 4 93998 7 5 14 6 24854 06002 30856 3 4
17 4  2 4 5 5  3 6 6 9 16 7 9 3 9 9 f 7 5 1 7 6 24824 06009 30833 33
28 4  16 SS  4 4 6 9 I8 9 9 3 9 * 7 5 2 0 5 24795 0 6016 3 08 11 3 1
19 4  8 5 5  52 6 9 2 12 9 3 9 7 7 7 5 2 3 5 24 76  c 06023 30788 31

3 0 8 4  0 3 56 0 9. 69234 9 .9 3 9 7 0 9 .7 5 2 6 4 1 0 .2 4 7 3 6 10 .0 6 0 30 10 .3 0 76 6 3 °
3 1 3  52 5 6  8 69256 9 3 9 6 3 7 5 2 9 4 24706 06037 30744 29
3 1 3  4 4 56 16 6927c 9 3 9 5 5 7 5 3 2 3 24677 06045 30721 28
33 3  3<2 56 24 69301 93948 7 5 3 5 3 24647 06052 30699 27
34 3  28 s 6  32 69323 9 3 9 4 ' 7538 2 2 4 6 1 8 06059 30677 26

35 8 3 20 3  56  4 0 9 '6 9 3 4 5 9 - 9 3 9 3 4 9 -7 5 4 ' i 10 .2 4 5 8 9 10*06066 10 .3 0 6 5 5
3 i> 3 ' * 56 48 6936S 9 3 9 2 7 7 5 4 4 i 2 4 5  S9 06073 30632 24
37 3  4 56 56 69390 Q3 Q2 0 7 5 4 7 0 2 4 5 3 0 06080 30610 *3
3 * 2  56 5 7  4 6 9 4 12 9 3 9 ' i 7550 0 24500 06088 30588 22
39 2  48 5 7  12 69 4 34 93905 7 5 5 2 9 2 4 4 7 1 06095 30566 2!

4 C 8 2 40 3  5 7  20 9 .6 9 4 5 6 9 .9 3 8 9 8 9 - 7 5 5 5 8 1 0 .2 4 4 4 2 10 .0 6 10 2 10 ,3 0 5 4 4 20
4 ' 2  32 5 7  28 6 9 4 7 9 93891 7558 8 24 4 12 G6109 30521 '9
42 2 24] 5 7  36 6950 1 93884 7 5 6 17 24383 0 6 1 1 6 30499 18
43 2 16 5 7  4 - 69523 93876 7 5 6 4 7 2 4 3 5 3 0 6 124 30477 17
44 2 8 57 52 6 9 5 4 5 93869 75676 24325 0 6 13 1 30455 16

45 s 2 0 3  5 8  0 9 .6 9 5 6 7 9 .9 3 8 6 2 9 - 7 5 7 0 5 10 .24 2 95 1 0 .0 6 1 3 s 10 .3 0 4 3 3 15
4 « 1 52 5 s  8 69589 93855 7 5 7 3 5 2426^ 06143 3041
47 1 44 58 16 6961 93847 7 57 64 24236 0 6 153 30389 13
48 1 3 6 58  2 i 69633 9384c 7 5 7 9 3 24207 0 6 16 c 30367 1 2
4 9 I 28 58 32 69655 93833 75822 24178 0 6 16 7 30345 11

Sc 8 I 20 3  5 8 4 <= 9 .6 9 6 7 7 9 .9 3 8 2 6 9 -7 5 8 5 2 1 0 .2 4 14 8 1 0 .0 6 1 7 4 '0 .3 0 3 2 3 IO
5 1 I 12 58 48 69699 93819 75 8 8 1 2 4 119 0 6 18 1 30301
52 * 4 58  56 6 9 721 9 3 8 11 7 5 9 1c 2409C 06189 30279
53 0  56 5 9  4 6 9 7 4 3 93804 7 5 9 3 9 24061 06196 30257
54 0 48 59 12 69765 9 3797 75969 24031 06203 30235

55 8 O 40 3  5 9  i c 9 .6 9 7 8 7 9 -9 3 78 9 9 .7 5 9 9 8 10.240 02 1 0 .0 6 2 11 1 0 .3 0 2 1 3
56 O 32 5 9  28 69809 93782 76027 2 3 9 7 3 06218 3 0 19 1
57 0  24 5 9  36 6 9 S31 9 3 775 76056 2 3 9 4 4 06225 30169
58 0  16 5 9  4 4 69851 93768 76086 2 3 9 M 06232 3 0 147
55 0  8 5 9  52 69875 93760 7 6 1 1 5 23885 06240 30125
6c 0 0 4  0 C 69897 9 3 7 5 3 76 14 4 23856 06247 30103 0
M H o u rP .M Hour A M C o -fin e . Sine. G o -tan g . T angent. Co-fecant Secant. M /



| Ml Hour AMjHour IJ M Sine. Co-line. Tangent. Co-tang. , Secant. ,Co-icc«iiit M l "

0 8 0 0 4 0 0 9.69897 9-93753 9.76144 10.23S56 10.0&247 10.30105 6=
7 59 52 0 8 69919 93746 76173 23827 06254 30081 59

2 59 44 0 1 6 69941 93738 76202 23798 06262 30055 »s
3 59 36 O 2J\ 69963 9373 ' 76231 23769 06269 30037 57
4 59 28 0  32 699X4 93224 762b 1 23739 06276 30016 56

7 59 20 4 0 40 9.70006 9'93717 O. 702qO 10.237 JO 10.06283 n II

6 59 »7 0 48 70028 93709 76319 23681 06291 29972 54
7 59 4 0 5b 70050 93702 76348 23652 06298 2995c 53
8 S» 56 * 4 70072 93695 76377 23623 06305 2992b S2
9 5» 48 1 T 2 70093 9368- 76406 23594 06513 29907 5 '

(C 7 58 4° 4 1 2C 9- 701 *5 9.93680 9- 76435 10.23565 10.06320 10.29885 >0
1 1 58 32 1 28 7013- 9>673 76464 23536 06327 29863 49
12 58 24 I 36 70159 93665 76495 23507 00335 20841 48
■ 3 38 16 I 44 70180 93658 76)22 23478 06341 29820 47r4 58 8 I 52 70202 9365c 7635' 23449 0635c 29798146

>5 7 58 0 4 a c 9.70224 9-93645 9. 76580 10 .2342G 10.06357 10-29776145
l6 57 52 2 2 70245 93636 7660y 23391 06364 2975544
17 57 44 2 1 6 70267 93628 76639 23361 06372 29733 43
18 57 36 2 24 70288 93621 7666X 23332 06379 29712 42■ 9 57 7S 2 32 70310 93614 76697 23303 06386 29690 41
2C 7 57 20 4 2 40 9.70332 9. 93606 9.76725 10.23275 10.06394 10.29668 40
21 57 >2 2 48 70353 9359V 76754 23246 06401 2964- 59
22 57 4 2 5(. 70375 9359 ' 76783 23217 06409 2q62C 3»73 36 56 3 4 70396 93584 76812 23188 06416 29604 37
74 . 56 48 3 1 2 70418 93577 76841 23 159 06425 29582 56
75 7 56 4° 4 3 ao 9. 704 3 y 9-93569 Q. 76870 10.2313c 10-06431 .0.29561 35
26 56 32 3 28 70461 93562 768QQ 23 >C1 06.138 29539 34
77 56 24 3 36 70482 93554 76928 25072 06446 29 c 18 3328 56 i6 3 44 70504 93547 76957 23045 06453 204.96 52
29 56 8 3 52 70525 93535 769S6 23014 O646 1 29475 3 i
30 7 56 0 7 4 0 9.70547 9-93532 9- 77015 10. 22985IIO.00466 IO.29453 303 1 55 52 4 8 70568 93525 77044 22936 06475 29432 29
37 55 44 4 16 70590 935‘7 77073 22927 06483 29410 2833 55 36 4 24 70611 935 io 77101 22899 06490 29389 2734 55 28 4  32 70633 93502 77130 22870 C649X 29367 16
35 7 55 2C 4 4  40 9.70654 9-93495 9 -77 i 5y 10.22X41 jO.CO w 10. 21H40 ¿536 55 12 4  48 70675 93487 77188 228 I 2 06513 29325 2437 55 4 4  56 70697 9348c 77217 22783 06520 29303 2338 54 56 5 4 70718 93472 77246 22754 06528 29282 22139 54 48 5 '2 70739 93465 77274 22726 06535 2926 1 21
¡4° 7 54 4C 4 5 20 9.70761 9-93457 9-77303 10.' 22697.10.06545 10.29259 20
■4 1 54 32 5 28 70782 93450 77332 22C68 06550 29218 19¡47 54 24 5 36 70803 93442 7736 i 22639 06558 29197 l843 54 5 44 70824 93435 77390 22610 06565 29 iv 6 1 7
44 54 8 5 32 70846 93427 77418 22582 06575 20154 16
45 7 54 & 4 6 C|9- 70867 9.9342c 9-77447 10.22553 10.06580 10.29. .,3 ■ 5
46 . 53 S2 6 8 70888 93412 77476 22524 06588 29W2
47 53 44 6 16 7O9O9 93405 77505 224*5 06595 29O9 i '348 53 36 6 24 70931 93397 77533 22467 06603 29009 ( 249 53 28 6 32 70952 93390 77562 22438 c6 6 10 29C4 X ' !
5° 7 53 2C 4 6 40 9 70973 9.93382 9 -7759 ' 10 .224O9 10.06618 10» ¿9C-/ 10
S ' 53 ‘ 2 6 48 70994 93375 77619 22381 06625 29006 957 53 4 6 56 71015 9336- 77648 22352 06653 28985
¡53 32 36 7 4 71036 9336c, 77677 22323 06640 25964 7 -,54 52 48 7 12 71058 933 52 77706 22294 C6648 *2894-.’
:J5 7 52 4° 4 7 2C 9-7 ‘ C79 9-93344 9-77734 10. 22206; 10.06656 10.2- ::
56 52 32 7 28 71 IOC 93337 77763 22237 06665

'5' 52 24 7 36 7112] 93329 7779 ' 22209 0667 1 2 *' r ** 7 *

58 52 16 7 44 71142 93322 77820 22l8o 06618 . > . ■ , 1
■ 59 52 8 7 52 72*63 933'4 77849 22 1 Cl C6686 I, j
60 52 c 8 0 71184 93307 77877 22,25 06693 •288.6 =■ 1
M H m r F  M lH o r A  IV, Co- line. S u e . Co-t^ng. 'i ailgril . e r r “ ".

jz o D e g s . ' •



MR-lourA.M 1iourP.Mj Sine. Co-line. Tangent. <Jo-tang. Secant. Jo-fecant. 1n.
O ' 7 52. O 4 8 C19.711S4 9.93307 9-77877 0.22123 0.06693 0.28816 t 0

51. 52 8 8 7I20J 93299 , 77906 22094 06701 28795 9.
z 51 44 8 16 71226 93291 77935 22065 06709 28774 •8

51 36 8 24 71247: 93284 77963 22037 06716 28753 57
4 5 1 2*r 8 32 7126b 93276 77992 22008 06724 28732 5b

S 7 a  20 4 8 40 1.7128q 9.93269 9.78020 10.21980 10.06731 10.28711 55
6 <1 12 8 48 71310 93261 78049 219JI 0673,9 28690 54
7 S ' 4 8 j6 7 *33* 932>3 78077 21923 06747 28669 S3
8 SO 56 9  4 7 *3SZ 93246 78106 21894 06754 28648 5*
9 J  O 48 9 12 71373 93238 78135 21865 06762 28627 51

10 7 S ° '4°l 4 9 20 )• 7*393 9.93230 9.78163 10.21837 10.06770 10.28607 50
SI jo  32 9 28 71414 93223 78192 21808 06777 28586 49
12 jo  24 9 36 71435 93215 78220 21780 06785 28565 48
11 50 16 9 44 7 145Ö 93207 78249 21751 06793 28544 47
14 50 8 9 51 71477 93200 78277 21723 06830 28523 46
15 7 jo  0 4 10 0 9.71498 9.93192 9.78306 10.21694 10.06808 10.28502 45
l6 49 5* 10 8 715*9 93184 78334 21666 06816 28481 44
IJ 49- 44 10 16 71539 93177 78363 21637 06823 28461 43
*tS 49  36 10 24 7ic6o 93169 78391 21609 06831 28440 42
F9 49 28 so 32 7 *58i 9 3 i 6 i 78419 21581 06839 28419 41

z o 7 4 9  « 4 10 40 9.71602 9 - 93*54 9.78448 10 .2 l{{2 10.06846 10.28398 40
21 49 « 10 48 71622 93146 78476 21524 06854 28378 39
22’ 49 4 10 j6 71643 93*33 78505 21495 06862 28357 38
23 48 5« 11 4 71664 93 *3 * 78533 21467 O6869 28336 37
24 48 48 i r 12 7.68 ; 93123 7S562 21438 06877 283*5 36

7 48 40 4 11 20|9.71705 9 -93 i *5 9.78590 10.21410 10.06885 10.28295 35
16 48 31 h  28 71726 93108 78618 21382 06892 28274 34
17 48 14 II  36 7*747 93100 78647 21353 O6900 28253, 33
.28 ; 48 16 i i  44 71767 93092 78675 21325 06908 28233 32

»9 : 48 » II  52 71788 93084 78704 21296 06916 28212 3*

|3P ‘ 7 48 0 4 12 O 9.71809 9.93077 ■ 9.78732 10.21268 10.06923 10.28191 30
i j i : 47 52 12 8 71829 93069 78760 2124O 06931 28171 *9
|'3i ■ 47 44 12 l6 71850 93061 78789 2121 I 06939 28150 28

:3-3 47 12 24 7187a 93053 78817 21183 06947 28130 27
34 . 47 28 12 32 7189t 93046 78845 21155 06954 . 28109 2 6

7 4T  i s 4 12 4.0 9-7*9 ** 9.93038 9.78874 10.21126 10.06962 10.28089 25
13-6 47 11 12 4 s 71932 93030 78902 21098 C6970 2806S *4 |

: 47 4 12  56 7 '952 <£J022 78930 21070 06978 2804S 23
¡38 ; 46 s 6 '3  4 7'973 93014 78959 2I04I 06986 28027 z z

39 . 46 48 ‘ 13 is 7 ’994 93007 78987 21013 06993 28006 21

,+3 ' 7 4s ' 40 4 13 20 q. 72014 9.92999 9.79015 10. 20985 10.07001 10.27986 20
+1 • 4 fi‘ 3 i 13 28 72034 92991 79043 20957 O7OO9 27966 >9

46 14 13 36 72055 92983 79072 2O9 2$ 07017 27945 iS
;43 4& 16 13 44 72075 92976 791OC 2O9OC O7024 27925 17
‘44 4ti 5 13 Ç2 72096 92968 79128 20872 07032 2790-Î l6

i +5 7 46 0 4 14 c Q.721 l 6 Q.Q2QÔ0 9.79156 10.20844 10.0704c 10.27884 15
+t 4 S 53 14 8 72137 92952 79185 20815 07048 27863 *4
+7 45 44 '4  i* 72157 92944 79213 20787 07056 27843 13

,4" 4 S 3« 14 24 72177 92936 79241 20759 07064 27823 i z

;4<! 45 i* 14 35 72198 92929 7926g 2073 07071 27802 11

Sc ' 7 45 2: 4 14 4c 9 .722IÏ Q. Q2Q21 9-79297 10.20703 10.07075 10.27782 10
5 ■ 4 j  i . 14 4Ï . 7223S 92913 7932t 20674 07087 27762 9

: s* 4 S 14 si ' 7225c 92905 79354 2064t 07095 2774' 8
5. ' 44 Jf *5 4 72275 92897 79382 2061 07103 2772 7

:5- 44 4* I J  I  * 7220C 92889 7941c 2059c O7II 2770 6

S 7 44  4C 4 IC 2< 9- 7232c Q . 9 2 8 8 1 9 -7943* 10.20562tUo.071 IÇ 10.2768c 5
5< 1 44  3 IJ 2i , 7234: 92879 7946t 20534 0712t 2766c 4

; s . 44  i-5 «5 3< 7236c 9286É 7949. 2050, 0713-1 2764c a
‘5 44  1 »5 4*h  7258 92858 7952. 2047; 07142 2761c 2
ÇÎ 44 : »5 5 1 7240 9285C 7955 2044c 0715c *759 *

,6 ; 44 Ï& <) 7 242 9284' 7957C 2042 0715! 2757c 0

rH ourf.V Hour A.IV Co-tine. 1 Sine. Co-tang. Tangent. ¡Co-lecant.1 Secant. M11



■ Im HourA.M HourP.M| Sine. 1 Co-fine. Tangent. Co-tang. Secant. Go-lecantjMf

0 7 44  0 4 1 6 0 J.724211 9.92842 •79579 10.20421 10.07158 10.2717Q¡6°
I 43 52 16 8 724411 92834 79607 *0393 07166 * 7 5 5 9 se
2 43 44 16 16 72461, .92826 7963S 20365 07174 27539|5«.!i

43 36 16 24 72482 92818 79663 20337 07182 *751« 57
4 43 î8 16 32 72502 92810 79691 2O3O9 O7I9O 2749«jS*f

5 7 43 20 4 16 40 t).72522 q .92803 9.79719 10.20281 IO.O7 I97. 10.27478155!
6 43 12 16 48 72542 92795 79747 20253 07205 27458 54-!
7 43 4 16 56 72562 92787 79776 2C224 07*13 27438 53 :
8 42  56 17 4 72582 92779 79804 20196 O72H 27418] 5* 1
9 42 48 17 12 72602 92771 79832 20168 07229 27398I 5* J

20 7 42 4° 4 J7 20 9.72622 9.92763 g .79860 IO.2OI4O IO.O7237 10.2737XI50 ;
X I 4 * 32 17 28 72643 92755 7988? 201 12 07245 27357 49 !
X % 42 24 17 36 72663 92747 79916 20084 07*53 27337 4« i

»3 42 16 17 44 72683 92739 79944 20056 07261 *7317 47 ‘
14 42 8 »7 S» 72703 92731 7997* 20028 07269 27*97 46

15 7 4a 0 4 1 8  0 9.72723 9.92723 9.80000 10. 20000 IO.O7277 10.27277*4$ i

16 41 52 18 8 72.743 92715 8002S 19972 07285 2725-! 44 i
n 41 44 18 16 72763 92707 80056 19944 07293 27237 43';
i» 41 36 18 24 72783 Q2ÓQQ 80084 19916 07301 27217 4*4
*9 41 28 18 32 72803 92691 80112 19888 O73OO 2719- 41
20 7 41 20 4 18 40 9.72823 9.92683 9.80140 10 .19K60 IO.O73I7 10.27.77 40 ?
2! 41 12 18 48 72843 92675 80168 19832 07325 27157 39 1
22 41 4 18 j6 72863 92667 80195 19805 07333 27137 3«

40 56 19 4 72883 92659 80223 »9777 07341 27117 37. !
14 40 48 19 12 7^902 92651 80251 *9749 07349 27098 3 6 ;

*5 7 40 40 4 19 20 Q.72Q22 9.92643 9.80279 IO. I972! 10.07357 10.27078 35 i
26 40 32 19 28 72942 92635 80307 19693 07365 27058 34 i
27 40 24 19 36 72962 92627 80335 19665 ° 73‘,3 27038 33
28 40 16 *9 44 72982 92619 80363 19637 07381 27018 32
29 40 8 19 52 73002 92611 80391 I96O9 07389 26998 31

30 7 40 0 4 20 0 9.73O22 9.92603 9.80419 10.19581 10.07397 IO.2697H ■3°
31 39 52 20 8 73041 9*595 80447 *9553 07405 26959 *9
32 39 44 20 l6 73061 92587 80474 19526 07413 26939 20 ;
33 39 36 20 24 73081 9*579 80502 19498 07421 26919 27 !

54 39 28 20 32 73 101 92571 80530 19470 074*9 26899 2$ i

35 7 39 20 4 20 40 9-73121 9.92563 9.80558 IC. IQ442 10.07437 10.26879. *5:j
36 39 12 20 48 73 *4° 9*555 80586 19414 07445 26860 24 139 4 20 56 73160 9*546 80614 19386 07454 26840 2 3^
3*> "8 56 21 4 73180 92538 80642 *9.75^ 07462 26820 ** '%

39 38 48 21 12 732OO 9*530 80669 *933 1 0747c 2680c *‘13
40 7 3« 40 4 2: 20 9.73219 9.92522 9.80697 io. 19303 10.07478 IC. 26781 *°;i
4! 38 32 2 1 2 8 73239 92514 80725 IQ2?< 07486 26761 ‘9 !’
42 38 24 2 1 3 6 73259 92506 80753 19247 07494 26741 18JÏ
43 38 16 2 1 4 4 73278 92498 80781 19219 07502 2672: ' 7 !
44 38 8 2 1 52 73298 9*490 80808 I9I92 0 7 Í 1C 26^02 16 ¡3
45 7 38 c 4 22 0 9.73318 9.92482 9.80836 10.19164 10.0751^ (0.260X2 "■ 1
+6 37 52 22 8 73337 9*473 80864 19136 07527 26663 ,+ 147 37 44 22 16 7335“ 92465 80892 19108 ° 753% 2-6645j 13 'I
48 37 36 22 2̂ 73377 9*457 80919 19081 07543 26623

■ 49 37 28 22 32 73396 9*449 80947 19053 075? 1 26604 11 ;»

5° 7 Î 7 20 4 22 40 9.73416 9.92441 9.80975 10.19025 10.07559 10.26584 'lOji
f l 37 22 22 48 73435 9*433 81003 18997 0756- 26565 9  ¡4
S2 37 4 22 56 73455 9 *4*5 81030 18970 0757 s 26545 8'
53 36 56 23 4 73474 92416 81058 18942 07584 26526 l \54 36 48 23 12 73494 92408 81086 18914 07 591 26506 6 ;

55 I 7 30 40 4 2-3 20 9 -735*3 9.924OO 0- 8 U i 10.18887 10.07600 10.26^X7 ' 5I
56 36 32 23 28 73533 9*39* 81141 18859 07608 26467 4'
57 36 24 23 3* 73552 92384 81169 18831 0761C 26448
5« 36 l6 23 42 73572 92376 81196 18804 07624 164 26 21
59 36 8 23 52 7359 ' 9*367 81224 18776 07633 16409 ft

* be 36 c 24 0 73611 9*3 59 81252 18748 07641 26389 Oj
ÍMiHourP.M Hour A.MlCo-fW. Sine. Co-tang. Tangent. Co-lecant Secant. ■ VI [|



IV Hour A M  Hour P A Sine. | I 'o - lin e . | Tangent C o -ta n g ,[ Secant. |C o-fecant M

c 7 36. ) 4  24  c 9-7361 9-9235* 9-81252 10 .18 7 4 8 110 .0 7 6 4 1 10.2658 960
3 3  s= 24 7363c 9 2 5 s 8 12 79 18 7 2 07649 26370159
3 5  4 i 24  i< 7365c 92343 81307 18693 1 0 ’ 6> 7 26350158
3 5  3 < 24 23 73665 92332 * * 3 3 5 18665 07665 2 6 3 3 1 '57

1 3 5 2 4  33 7368s 9232e 8 1362 1865k | 0 7674 2631 5 6

7 3 5  « 4  2 4  4 t 9 .737011 9 .9 23 1k 9 .8 13 9 c 1 0 .1 8 6 1 c 10.07682 10 . 2 6 ZQ2j s 5
3 5  '  = 24 4S 7 3 7 2 : 923 IC 8 14 18 18582 07690 26273 54
3 5  ‘ 24  56 73 74 7 92302 8 14 4 5 * * 5 5 5 07698 2 6 2 i„ 153

£ 3 4  5 « . 25 4 7376 6 92293 8 * 4 7 3 18527 0770 7 2 6 2 3 4 5 2
3 4  48 2Ç 12 73785 92285 81500 1850c 0 7 7 1 5 2Ô 2I5I5I

IC 7 3 4  40 4  25 20 9.73805 9-92277 9 .8 1528 10 .184 72 1 0 .077 -2  3 1 0 . 2 6 l 9 5 j 50
n 3 4  3 2 2J 28 73824 92269 8 15 5 6 18444 0 77 3 1 26176*49
12 3 4  2 4 2 5  3 6 73843 92260 8 *583 18 4 17 0 7740 2 6 1 5 7 U *

3 4  16 25 44 73865 92252 8 1 6 1 1 18389 07748 2 6 1 3 7 4 1
• 4 3 4  8 25 5 ’- 73882 92244 8 16 3 8 18362 0 77 56 26 118 ¡46

I1 5 7  3 4  0 4  26 c 9.73901 9 9 2235 9 .8 (6 6 6 10.18334 10.07765 IO.26099 4 5
'6 3 3  52 26 ï' 739 21 92227 8 16 9 3 18307 0 77 73 26079 4 4

• '7 3 3  4 4 26 16 73 9 4 c 9 2 2 19 8 17 2 * *8279 0 77 8 1 26060 4 3
; i8 3 3  36 26 24 73 9 59 9 2 2 11 8 *748 18252 07789 26041 4 2
( '9 33 28 26 3 : 73978 9220 2 8 17 7 6 182 2a 0 7798 26022 4 *
20 7 3 3  2 3 4  26 40 9 -7 3 9 9 7 9 .9 2 19 4 9.81803 to . 18197 10.07806 10.26003 40
2  J 3 3  12 26 48 7 4 0 1 7 9 2 :8 6 8 18 3 1 18 16 9 0 78 14 25983 59
22 3 3  4 26 56 7 4 0 3 6 9 2 1 7 7 8 1858 18 14 2 07823 25964 3 *

,23 3 2  56 2 7  4 7 4 0 5  5 9 2 16 9 81886 1 8 1 1^ 078 3 1 * 5 9 4 5 37
2A 32 4.̂ } 2 7  12 7 4 0 7 4 9 2 16 1 8 19 1 3 18087 07839 25926 36
2 5 7 32 4oj 4  27 20 9.74093 9 .9 2 1 5 2 9 .8 19 4 1 10 .18 0 59 10.0784k 1 0 .2 5 9 0 7 3 5
26 3 2  32 27 2» 7 4 ' I 3 9 2 14 4 81068 18032 0 78 56 25887 3 4

,17 3 2  24 27 36 7 4 '3 2 9 2 13 6 8 19 9 6 18004 078 64 25868 33
;2$ 3 2  16 2 7  4 4 7 4 ' 5 ' Q2I 27 82023 * 7 9 7 7 078 73 25849 3 2 '
i 2 9 72  8 2 7 7 4 1 7 0 9 21 19 82051 *7 g4 9 07881 25830 3 *

¡3 ° 7 32  0 4 28 c 9 .74 18 9 9 . 9 2 m 9.8 2078 10 .179 2 2 10.0788e 10-258 11 30
1 3 ' 3 '  52 28 8 74208 9 210 2 82106 17894 07898 2579 2 29
' V 3 '  4 4 28 16 74 22 7 92094 8 2133 118 6 7 07906 2 5 7 7 3 28
¡33 3 1  36 28 24 74 246 92086 8 2 16 1 * 7 * 3 5 07914 2 5 7 5 4 27
¡3 4 3 '  28 28 3 2 74 2 6 5 920^** 82188 1 7 8 12 07923 2 > 7 3 5 26

I35 7 31 20 4  28 40 9 .74 2 84 Q.Q20ÔQ 0 S 2 2 1  Ç 10 .1778 5 10.07931 10 .2 5 716 25

36 3 '  12 28 48 74303 92O6O 82243 * 7 7 5 7 0 79 4  c 2 5 6 9 - 24
¡3 - 3 '  4 28 56 74.3 22 92052 82270 * 7 7 3 0 07948 25678 23
;3 * 30 56 29 4 7 4 3 4 ' 92044 82298 1/70 2 0 79 5 6 25659 22
¡3 9 TO 48 29 IT 74360 9  i o 3 5 *2 32 3 *7 6 15 07965 256401 2*

¡4 ° 7  3 3  4 0 •4 29 20 9  7 4 3 7 9 9.920 27 9 .S 2 3 52 10 .176 4 8 10 .0 7 0 ? ; 10.25621 20
30 32 29 2» 7 4 ? 9 8 920 I8 82380 176 20 0798 2 25602 *9

|4 > 3 = 24 2 9  3 fi 7 4 4 > 7 920 10 82401 * 7 5 9 3 0 79 9 c 2  5 5 * 3 18
30 16 29 4 4 7 4 4 3 6 92002 82435 *756 5 07998 25564 17

¡4 4 30 8 29 32 7 4 4 5  5 9 '9 9 3 82462 *7  5 3 * 08001 25 54 5 16

{45 7 30 0 4 30 0 9 -7 4 4 7 4 9-9*985 9.82489 IO .I7 5 I  1 10.08015 10.25526 *5
•4 6 29 52 30 8 7 4 4 9 3 9 1 9 7 6 8 2 5 17 17483 08024 2550 7 ' 4
i 4 " 29 44 3 3  16 7 4 S i2 q i q 6 8 82544 174 56 0S052 25488 *3
4 » 29 36 30 24 7 4 5 3 ' 9 '9 5 9 8 2571 174 29 0S041 25469 12

¡4 9 29 28 30 3 : 7 4 5 4 9 9 19 5 1 82599 I74.OI 0S049 2 5 4 5 * 1 1 ,
■ ;>o 7 29 20 4  3 °  4 ° 9 -7 4 5 bSj 9 .9 19 4 2 9.8 2626 10 .173 74 10.08058 10 .254 32 1 0 ;

* 9  12 3 0  4 !’ 7 4 5 8 7 9 '9 3 4 82653 * 7 3 4 7 08066 25 4 13 9 -
! 5 * 29  4 3 °  5 6 74606 9 I9 2 S 82681 * 7 3 '9 0 8 6 75 2 5 3 9 4 8
i 3 28 56 3 i  4 74625 9 *9 * 7 82708 1 7 2 9 2 08083 2 5 3 7 5 7 1

¡<-1 28 48 3 '  12 7 4 6 4 4 9 19 0 8 8 2 -3 5 1726 5 08092 6

S i 7 28 40 4  3 '  20 9 .74662 9 .9 1 9 0 0 9 .8 2 76 2 10 .1723 8 10.08100 *0 .25338 i
! 56 • 2 %  32 3 1  28 74 6 8 1 9 18 9 1 8 2 79 c 1 7 2 1 0 08109 2 5 3 19 4 ;

r 28 24 3 '  36 7470 0 91883 8 28 17 17 18 3 0 8 1 1 - a  $300 3
¡ 5 * 28 16 3 i  4 4 7 4 7 * 9 9 1 8 7 4 82844 1 7 1 5 6 0 8 12 6 25281 2

¡4 9 28 8 3 i  >2 7 4 7 3 7 9 18 6 6 8 2R -I 1 7 1 2 9 08134 25263 I
|6c 28 0 3 2  0 7 4 7 5 6 9 *8 5 1 82899 i 7 i o r 08 143 25244 0 r

¡:v! (Hour P  ,\i lo u r  A M 1 C o-fine. Sine. C o -ta n g . T  angent. Co-fecam Secant, M|



I F HjurP.M| bine. Co-finc Tangent. Co. tang Seca.nt. Co-lecant.jM

c! 7 1Ü (3 4 32 c 9-7475 9-9185 q. 82899 IO. 1710 10.0814 10. 2524/ 60
27 5 32 7477 9184 8292 5 1707 0815 2522 59
27 4. 32 I 7479* 9184c 8295 1704 0816c 2520t 5»
27 3 32 2, 7481 9183 8298 1702c 0S16Î 25181 57
27 2 32 31 .7483 .9182 83OO .1699. 08177 2516c

J ï

7 27 21) 4 32 4c 9. 7483c 9.9181, 9- 8303 10.1696 10.08185 10 .2515c 55
27 » 32 4! 7486Î 9(806 8306 1693! 08191 2513: 54
27 <; 32 56 7488- 9 ‘ 798 8308 1691 08202 25113 53
26 j( 33 4 74901 9 17 Sy 8311 ? i6S8, 08211 25094 5*

t 26 4; 33 74924 9 '7 8 .83  "41 1685t 08219 25076 51
rc 7 26 4c 4 33 2C 9- 74943 9. 91772 9. S3 17 10.16825 10.08228 10.25057 50
( i 26 35 33 28 74961 91763 8319s 16S02 08237 25039 49
( 2 26 24 33 36 7498c 91755 S3225 16775 08245 2502c 48!
'3 2 6 16 33 44 74999 91746 83252 1674s 08251 25001 47
'4 26 . 33 52 75017 91738 8328c _ .1672e 08262 24983 46

1 J 7 26 u 4 34 0 9.75036 9. 91729 9. 83307 10. 1 G6çij 10. 08271 1O1 24564 45
l6 25 52 34 * 75°54 9 I720 8333-1 16666 08280 24946 4417 25 44 34 ‘ 6 75073 9 ' 7 i 2 83361 16639 08288 24927 * 3
18 2j 36 34 24 75091 91703 83388 j 6612 08297 24909 4*
■ 9 S? 2S 34 3 2 75110 .91695 834!5 1658; 08305 24890 41
20 7 25 20 4  34 4-7 9. 75128 9. 91086 9. 83442 10.16558 10. 0H3 14 10. 24872 40
21 2j 12 34 4 * 75 H 7 91677 83470 16530 08313 24853 39
22 23 4 34 56 75 i6 5 91669 83497 16503 08331 24835 3*
23 24 56 35 4 75184 91660 83524 16476 08340 24816 37
24 24 48 35 12 75202 Q1651 8.355 ' 16449 08349 24798 36
*5 7 24 40 4 3 ; 20 9. 75221 9. 91643 9- 83578 10. 16432 10.08357 10. 24779 35
26 24 32 35 28 75239 91634 83605 16395 08366 24761 34¿7 24 24 35 36 7525s 91625 83652 16368 08375 24742 33
28 24 16 35 44 75276 91617 83659 16341 08383 24724 3*
29 24 8 3 5 32 75294 91608 83686 16314 08392 24706 31
3° 7 24 0 4 36 0 9- 75313 9. 91599 9. 83713 10.16287 10.08401 10. 24687 3°
3 ' 23 52 36 » 75331 91591 83740 16260 08409 24669 29
32 23 44 36 16 7535° 91582 83768 16232 08418 24650 28
33 23 3f> 36 24 75368 92573 83795 16205 0S427 24632 *734 2? 28 36 32 75386 91565 83822 1617s 0*435 24614 i6>

35 7 23 20 4  36 40 9- 75405 9. 91556 9. 83849 10.16151 10.08444 10.44595 *536 23 12 36 48 75423 91547 83876 26124 08453 *4577 *437 23 4 36 56 7544 ' 91538 83903 16097 08462 *4559 *33S 22 56 37 4 75459 9 I 53° 83930 16070 0S470 *4 S4 i 22
34 22 48 37 >2 75478 9152 ' 8.3957 16043 08479 24522 2!
47 7 22 40 4 37 20 9. 75496 9-91512 9- 83984 10.16016 10.08488 IO. 24504 20
4 ' 22 32 37 28 75514 9 '504 84011 15989 08496 24486 1947 22 24 37 36 75533 91495 84038 15962 08505 *446* 18
43 22 ib 37 44 75551 91486 84065 15935 08514 24449 1744 22 8 37 52 75569 91477 84092 15908 08523 24431 16

45 7 22 0 4 38 0 9- 7558;’ 9- 9 '469 9. 84119 10 .1588t 10. 08531 10. 244-13 15
46 21 52 38 8 75605 91460 84146 15854 08540 *4395 1447 2 r 44 38 16 75624 9 ' 45 i 84173 15827 08549 *4376 1 i4? 21 36 38 24 75642 91442 84200 15800 08558 *435* 12 f
49 2r 28 38 32 75660 91473 84227 15773 08567 24340 ri [
SO 7 21 20 4 38 40 9- 75678 9- 9 i 4 25 9- 84254 10.15746 10. 08575 10. 24322 10 î
Î 1 21 12 38 48 75696 91416 84280 15720 0S584 *4304 9 ■ ■
>2 21 4 38 JÛ 7 S7 M 91407 84307 15693 08593 24286 8
53 20 36 39 4 75733 91398 84334 15666 08602 24267 7
54 20 48 39 '2 75751 91389 84361 15639 08611 24*49 6
5S 7 20 40 4  39 20 9- 75769 9.91381 9. 84388 10.15612 10.08619 LO. 2423 I 556 20 32 39 28 75787 91372 84415 15585 08628 24213 457 20. 24 39 36 75805 9 '363 84442 15558 08637 24195 3
58 2 0 16 39 44 75823 91354 84469 15531 08646 24177 2

l 9
20 8 39 52 75841 91345 84496 15504 08655 24159 I

¡60 20 0 40 0 75859 91336 84523 15477 08664 24141 0
!.V1 ■ iourP.M -JourA.M Cü-fmc. Sine. Co-tang. 1 Tangent. Jo-fccant. Secant. |Mt|



j MlHourA.M HoarP.M Sine. j Co-iine. . Tangent. Co-tang. | Secant. Co-fecant. Ml

o\ 7 20 c 4 40 c 9.75859 9.91336' 9-84523 IO.I 5477 10.03664:10.24141 f’tj ■
19 5 : 40 7 5 8 7 7 913281 84550 15450 O8672 24:25 5 9 !
19 4-4 40 it 7 j 8 9 3 91319! 84576 1 ) 4 2 4 O868I» Z4 1 0 5 5*
19 ,t 40 24 7 S9 I3 913io| 84603 1 5 3 9 7 08690! 24087 57

1 19 2Î 40 32 7 5 9 3 91301! 84630 1537c 08699) 24069 5 6
7  * 9  K 4 40 40 9 - 7 5 9 4 9 9.91292 9-84657 IO.15543 10.08708 10.24051 S5

J9 12 4 °  4! 7 5 9 6 7 Q128l 8468. 1 5 3 1 6 08717 24033 54
19 4 40 56 7 5 9 8 5 91274 84711 IJ289 0S726 24015 53

: iS 56 41 4 76003 91266 84 " 3 i 15261 0873- 2399; 52
4 18 4s 4t 12 76021 91257 84764 15236 08743 2 3 9 7 5 511

1C 7 18 40 4 41 20 9.76039 Q.QI2 4-8 I 9.84791 to .15209 IO.O8752UO. 2396 5°!
li IS 32 41 28 76057 91239 84S18 15182 O8761 2 3 9 + 4 9
12 18 24 41 36 76075 9123c 84845 IS>55 0877a 23925 4*
lj »8 16 4 r 4 4 76093 91221 84872 15128 08779 2390; 4 7 |
»4 18 8 41 y 2 76111 91212 84899 15101 0878X 23889 4-6*1
15 7 18 0 4 42 0 9.76129 9.91203 9-84925 10.15075 10.08797 10.23871 4 5 1
l6 » 7  S2 42 8 76146 91194 84952 15048 08806 2 3 * 5 4 1 4 4 '
17 1 7  4 4 42 16 76164 91185 84979 15021 08815 2 3 *3 6 ,4 3 !
18 17 36 4 2 76lS2 91176 85006 14991 0882.1 23818
19 17 28 42 32 76200 01167 85033 14967 08833 2380? ¡411
20 7 17 20 4 42 40 9.76218 9.91158 1 9 -85059 (0. 14941110.08842 10.2378; ¡4 0 '
21 17 12 42 48 76236 91149 [ 85086 24915 O885I 23764 3 9
22 « 7  4 42 56 76253 91141 ! 8 5 1 1 5 14887 08859 2 3 7 4 - 3*
2 3 16 56 4 3  4 76271 91132! 85140 14860 08868 2372C 3 7
2 4 16 4S 43 12 76289 9 "  ¿5 8 ç 66 14834! 08877 2 5 7  I J13«!
25 7 16 40 4 4 3  2oi9'7630',’ 9-91114 9.85193 10.14807 10.08886 10.23693 .3 5 !
2$ 16 32 4 3  28 76324 91105 85220 14780 08895 23676)34
2* 16 24 4 3  3 6 7 6 3 4 2 9:096 85247 14753 08904 2365833!
28 16 16 4 3  4 4 76360 91087 85273 1+727 08913 23640 3 2 ;
29 16 8 4 3  S2 76378 91078 8 5 3 0 0 14700 08922 23622 8'!
JO 7 IÙ 0 4  4 4  0 9 -7 6 3 9 5 9.91069 9-85327 10.14673 10.08931 10.23605 30'
31 IS 5 2 4 4  8 76415 91060 * 5 3 5 4 14646 08940 2 3 5 * 7 29
3 2 IS 4 4 4 4  16 76431 91051 85380 14620 08949 2 3 5 6 9 28.
S3 IS 3 6 4 4  24 76448 91042 85407 14593 08958 2 3 5 5 2 *7\
34 15 2S 4 4  3 2 76466 91033 8 5 4 3 4 14566 08967 2 3 5 3 4 l6
3S i  15 20 4 44 40 9.76484 9.91023 9.85450 10.14540 10.08977 10.23516 »S ;
3 6 IS 12 4 4  48 76501 91014 85487 14513 08986 23499 24
3 7 IS 4 4 4  56 76519 91005 S5514 14486 08995 2348, 23 , i
3 ® 14 56 4 5  4 7 6 5 3 7 90996 8 5 5 4 0 14460 09004 23463 22
39 . 14 4S 4 S ' 2 7 6 5 5 4 (*.■ 98? 85567 1443? 0 9 0 1 3 23446 2I} •
40 7 H  4 ° 4 4$ 20 7-76572 9.90978 9.85594 10.14406 10.09022 10.23428 20
4 ' 14 32 45 28 76590 90969 85620 14380 0902I 23410 19:
4 2 14 24 76607 q o o â o 85647 14353 O9O4O 2 3 3 9 3 l8.
4 3 14 16 4 5  4 4 7 6 6 2 5 90951 85674 14326 0 9 0 4 9 2 3 3  7 5 i 7 .
4 4 14 X 4 5  5 2 76642 90942 85700 14300 09058 23358 |6

4 5 7 14 0 4 46 019-76660 9.90933 9.85727 10.14273 IO.09067 10.23340 ' 5
46 13 S2 46 8l 76677 90924 8 > 7 5 4 14246 0 9 C7 6 23323 i+‘
4 7 13 4 4 46 16 76695 90915 85780 24220 09085 23305 ■ 3
48 1 3  36 46 24 76712 QOOO6 85807 14193 09094 23288 I 2
4 9 13 28 46 3-2 76730 90896 858341 14166 0 9 1 0 4 2 3 2 7 0 1 1 ;

j o 7  * 9 4  46 40 3 - 7 6 7 4 7 9.90887 9.85860 10.1414° 1 0 . 0 9 1 1 3 10.23253 l o !
Si 13 12 46 48 76765 90878 85SS7 14113 0 9 1 2 2 23235 9!
¡■ 2 13 4 46 56 76282 90869 8-5913 14087 O9131 23218 8j
7 J 12 yfi 4 7  4 76800 90860 85940 14060 0 9 T 4 0 23 200 7 i
J4 i 2 48 4 7  1 i 76817 90851 85967 »4033 09149 2 3 1 * 3 6

S3 7 12 40 4  4 7  20 3.76835 9.90842 9.85993 10.14007 10.09158 10.23165 s !
56 11 52 4 7  28 76852 90832 86020 13980 09168 23148 4
Ç 7 12 24 4 7  36 76870 QO827 86046 13954 09177 23130 3,
5 * 12 16 4 7  4 4 76887 90814 86073 13927 09186 23 U3 2
S9 12 8 4 7  5 2 76904) 90805 86100 23900* 09t9J 23096 I
6c 12 O 48 0 76922I 90796 86126 13874, O9204 23078 0

M* iourPM.tHourA.M'Co-finc. j Sine. Co-tang.! Tangent. iu-fecanti] Secant.

'i* jD egs\ 54 DeSs-



tJM HourA.M Hour PM| Sine. Co-li.c. Tangent. Co*tang, Secant. Co-fccant ¡M

0 7 12 0 4 48 0I9.700Z2! 9.90796 9.86126 10.13874 10.09204 10.23078160
1 11 52 48 S *76939 90787 86153 13847 09213 59

11 -U 48 16 76957 90777 86179 13821 09223 25045,58
1 ( 36 48 24 78974 907 68 86206 13794 09232 25026157

4 11 28 48 32 76U9 1 90759 86232 13768 09241 23009I56

5 7 11 20 4 48 40 9.77009 9.90750 9.86259 10.13741 IO.O925O lG .22QQl|tC
6 11 12 48 48 77026 90741 86285 13715 09259 22974|54
7 11 4 48 56 77043 90731 86312 13688 09269 22957153
8 10 <6 49 4 77061 90722 86338 13662 09278 22S39|52
9 JO 48 49 11 77078 90713 86365 13635 O9287 229 2z| 5 I

10 7 10 40 4 49 2*!a• 77° 9S 9-90704 9.86392 10.13608 10.09296 10. 22905'50
12 10 32 49 28 77112 90694 86418 13582 09306 22888:49
12 Id 24 49 36 77130 90685 86445 '3555 09315 22870148
I ? 10 1Ö 49 44 7/147 9O676 86471 13529 09324 22853 47

14 10 8 49  51 77164 90667 86498 *3502 09333 22836 46

is 7 10 0 4 jo  0 9.71181 9.90657 9.86524 jo. 13476 10.09343 i0.228ig'4t
l6 9 S2 50 8 77199 90648 86551 *3449 09352 22801L44
17 9 44 50 16 7" 2 ib 90639 80577 13423 09361 2278443
iS 9 30 50 24 77233 90630 86603 *339? 09370 22767142
19 9 28 50 32 77250 90620 86630 13370 09380 22750 41
20 7 9 20 4  J° 4 °!9 -77 ibS 9.90611 9.£6656 10.13344 10.09389 IO.227324.O
21 9 12 50 48 7728s 90&O2 86683 13317 09398 I2 7 >5:39
22 9 4 SO 56 77302 90592 86709 13291 09408 22698:38
23 8 j6 51 4 773*9 90583 86736 13264 09417 22681:37
1+ 8 48 51 12 773.36 90574 86762 13238 O9426 2266436

l> 7 8 4c 4  J i 1^ 9-77353 9.90565 9.86789 10 .132 11 10.09435 10.22647135
i6 8 32 51 28 7737° 90555 86815 13185 09445 22630:34
*7 8 24 i  * 36 77387 9054b 86842 13*58 09454 226 i 3;33
2H 8 16 51 44 774°5 «OSS/ 13132 09463 22595I32
29 8 8 Si J2 77422 90527 86894 13106 09473 22578:31

<0 7 8 0 4 5 2 019-77439 9.90518 9.86921 10.13079 10.09482 10. 22t61! 20
31 7 51 S i 8 77456 90509 86947 13053 09491 22544(29
31 7 44 52 16 77473 90499 86974 13026 O95OI 22527 28
33 7 36 S i  24 77490 9O49O 87000 13000 09510 225IO|27
34 7 18 S i 3 i 77507 90480 87027 12975 09; 20 22493. 26

35 7 7 20 4  5 i  40 9-77524 9.90471 9.87053 10.12947 IO.O9529 10. 22476j25
36 7 12 52 48 7754 ' 90462 87079 12921 09538 2 2459124
37 7 4 52 56 77558 90452 87106 12894 09548 2244223
3 8 6 56 S3 4 77575 90443 87132 12868 09557 22425122
39 6 48 53 i i 7759* 9 0 4 3 4 87158 12842 09566 22408 21
40 7 6 40 4.53 20 9.77609 9.90424 9.87185 IQ.1281t I0 .0 CK76 IO.2 2 ^ 9 1 20
4 ' 6 32 S3 28 77626 90415 8 7 m 12789 O9585 22374 19

6 24 53 36 77643 90405 87238 12762 09595 22357 iS
43 6 16 53 44 “ 7660 90396 87264 12736 O9604 22340 17
4 4 6 8 53 52 7 7 6 7 7 90386 87290 IX7I0 O9614 22323 l 6

7 6 O 4  54 0 9.77694I 9-90377 9.87317 10.12683 IO.OQ623 10.22306! 15
46 s 51 54 » 7 7 7 1 1 9 0 3 Dfc 87345 12657 09632 22289I14
4 7 j  44 54  ib 7772S 90358 87369 12631 O9642 22272 -3
48 5 3b 54 24 77744 9 0 3 4 9 87396 12604 O9651 22256 12
49 5 i» 54 32 77761 90339 87422 1 2 5 7 8 O966 1 2223911 r

5° 7 5 20 4  54 4° 9-77778 9.90330 9.87448 10. I2$_52 IO.O967O 10.22222 1C
5* J IS 54 48 77795 90320 87475 12525 O9680 22205 9
51 J 4 54 56 77812 90311 87501 12499 O9689 22188 8
S3 4 Jb 55 4 77829 90301 87527 12475 0q6qq 22171
54 4  48 55 12 77846 90292 87554 12446 09708 22154: 6

55 7 4  40 4 55 20 9 .7/862 9.90282 9.87580 10.12420 ¡0.09718 10.22138 5
JO 4  3* 55 28 77879 9O273 87606 12394 09727 22121 4

u ? 4  14 55 3b 77896 90263 87633 12367 09737 22104 3
15» 4 lb 55 44 77913 90254 87659 12341 09746 22087 2
[59 4  8 55 52 77930 90244 87685 12315 0975b 22070 f
bo 4  0 56 0 77946 9023 5 8 7 7 " 12289 09765 22054 O

¡ m Hour PMjHourA.'M Co-line. Sine. Co-tang. Tangent. Co-fecant Secant. M



J M H ou rA M .| Hour P .M ] Sine. C o-line. Tangent.] C o-tan g 1 Secant, ;C o-iecant; M

‘ c 7 4  ol 4  56 9 -7 7 9 4 9 -9 0 2 3 9 .8 7 7 1  illO . 1228c to . 0 9 7 Ô5 10. 2 2 0 5 4 60
1 3  5 t] 56 7 79 6 9022 8 773 il 12263 0 9 7 7 . 2203; 593 3  4 - 56 i< 7 7 9 8 t 9021 8 776 . 4223 t 0 9 7 8 i 2202C 5«
: 3  3 < 56 25 7 7 9 9 9020 8779c: 12 2 1c 0 9 7 9 J\ 2200., 57

3  2 5 <> 32 7801 9 0 19 S 7S1 12183 O98O, 21987
j 6 i

7 3 2CJ 4  56  4c 9-78034 9 .9 018 9.8 78 4 IO. 12 15 7 10. o g S i j io .  219 7c 5 Si
3  1 5 6  45 7 8 0 4 7 9 0 17Î 8786c 1 2 13 1 09823 21953 5 4
3  f 56 56 78063 9OI6S 8789 1 2 1 0 , 09833 21937 5 3 '
a  5É 5 7  4 7808c 90151 8 7 9 2 3 I2O78 0984 2 19 2c 52:
*  45 5 7  12 78097 9014c 8 7 9 4 * 12053 0985 219O; 5 *

7 x  4c 4  5 7  2C 9 -78113 9 .9013c 9.87974 IO. 12026 10. 0986 1 0 .2 1 8 8 7 5 °
2  32 5 7  28 7 8 13 c QOI*C 8800c 1200C 0987c 2 18 7c 4 9
a  2-1 5 7  36 78 147 9 0 I 2 C 8802- »1973 0988c 218 53 4 8
a  16 5 7  4 4 78 163 9 0 11 8805j 1 1947 09885 218 37 4 7
2 S 5 7  5 2 78 18 c 9 010 8807c 119 2 1 09895 2 18 2 c 46

I J 7 2 C 4  58 0 9 .78 19 7 9.9OO9 9.8 8 10 IO. 118 9 5 10. O99OÇ 10 .2 18 0 3 4 5
1 6 i  52 58 8 78 2 13 90083 8813 1 1869 09918 2 178 7 4 4
17 i  4 < 5 8  16 78230 9OO72 SS 15S 118 4 2 091928 2 17 7 0 4 3
iff i  36 S 8 24 78246 90063 88184 1 1 8 1 6 09937 2 175 4 4 2
19 I  2 8 5 *  32 78 26 ; 90053 8 8 2 1c 1 1790 09947 2 1 7 3 7 4 '
20 7  1 20 4  58 4 ° 9 .78 28 c 9.90043 9.88236 1 0 .1 1 7 6 4 r o . 09957 1 0 .2 1 7 2 c 4 °
2? i  12 58 48 78296 90034 88262 « 1 7 3 * O9966 2170^ 39
22 » 4 58 56 78 3 13 9002* 88289 I I 7 I I 09976 2168 7 38
23 0 56 5 9  4 78329 9OOI4 8 8315 116 8 5 09986 2 1 6 7 1 37
24 0 48 5 9  12 78346 9000^ 88341 116 5 9 09995 21655 36

25 7 0 40 4  59 20 9.78362 9.89995 9.8 S367 10. 116 3 3 10 .10 0 0 5 10. 2 16 3 s 35
26 0 32 59 28 7 8 3 7 9 89985 88393 116 0 7 10015 216 21 34
*7 0 2̂ 5 9  36 7 8 3 9 5 89976 88420 115 8 0 10024 21605 33
z8 0  16 5 9  4 4 78 4 12 89966 88446 1 1 5 5 4 10034 2158 8 32
29 0  8 5 9  52 78428 89956 88472 1 15 2 8 1004^ 2 1 5 7 2 31
30 7 0 0 5 0  0 9 7 8 4 4 5 9.8 9947 4.88498 JO, 1 1502 1 0 .10 0 5 3 1 0 .2 1 5 5 5 30
31 6 J 9  52 0  8 78461 89937 88524 1 1 4 7 6 10063 2 1 5 3 9 29
32 5 9  4 4 Q »6 78478 8 992- 88550 1 1 4 * 0 10073 2 1 * 2 2 28
33 5 9  36 0 24 7 8 4 9 4 89918 8 8577 114 2 3 10082 2150 6 27
34 5 9  a8 0  32 7 8 5 1 0 89908 88603 1 13 9 7 10092 214 9 0 26

35 6 J9  ao 5 0 40 9-78527 q.8q8qS Q.8862Q 1 0 .1 1 3 7 1 1 0 . IO I0 2 10. 214 73 25
36 5 9  72 0  48 7S543 89888 8 8 6 3 ; i  * 3 4 5 1 0 1 1 2 2 14 5 7 24
37 5 9  4 0  56 7S 56 0 89879 88681 1 1 3 1 9 1 0 I 2 I 214 4 0 23
3« 58 56 7 4 78 57 6 S9S69 88707 1 12 9 3 IO I3 I 2 14 2 4 22
39 58 48 I 1 2 78 59 2 89859 8 8 7 3 3 112 6 7 IO I4 I 21408 21

40 6 58 40 5 i  20 9.78600 9.8984.9 ’ 9.887Ç 9U 0. 1 12 4 1 10. IOI 51 10. 2 13 9 1 20
4 > 58  32 1 2 3 78625 8984c 88786 I 1 2 1 4 10 16 0 3 13 7 5 19
42 58  » 4 I  36 78 642 89830 8 88 12 1 1 1 8 8 10 1 7 0 3 13 5 8 18
4 3 58  16 7 4 4 78658 8982c SSS38 1 1 1 6 2 10 180 2 13 4 2 17
4 4 58 8 i  52 7 8 6 74 89810 88864 1 1 1 3 6 IO 1 90 2 13 2 6 16

4 > 6 58  b Ç 2 0 9.78 691 ^ .S qSo i 9.88890 (0 . I I I I O 1 0 . IO I9 9 ;io . 213 0 9 15
46 5 7  52 a  8 78 707 8 9791 88916 110 8 4 10209 2 12 9 3 14
47 5 7  4 4 2  I6 78723 S9781 88942 110 58 10 2 19 2 1 2 7 7 13
48 5 7  3 * % 24 7 8 7 3 9 8 9 771 S896S 1 10 3 2 10229 2 1 2 6 1 12

49 5 7  *8 2  32 78 7J 6 89761 88994 1 1006 1 0 2 3 9 2 12 4 4 I I
5<7 6 J 7  20 5 2  401 9 .78 77 2 9 .8 9752 ’ 9.89020 1 0 .1 0 9 8 0 1 0 .10 2 4 8 1 0 .2 1 2 2 8 10
5 ' 5 7  12 a  48 78788 89742 89046 10 9 54 10258 2 1 2 1 2 9 '
52 5 7  4 *  5 6 78805 8 9732 89073 10927 I0a6 8 2 1 1 9 ; 8
53 56 56 3 4 78821 89722 89099 10901 10418 21179^ 7  i
5 4 56 48 3 7 1 78837 8 9 7 1a 8 9 12 5 108 75 10288 2116 31 6)

55 6 5 5  40 5 3 20^9.78853 9.89702 9 ^ 9 1 5 1 IQ.  10849 0. 10298 0. 2 1 1 4 7 5 :
5 6 5® 32 3  28 78869 89693 8 9 17 7 10823 10307 2 1 1 3 1 4 !
57 5 ?  24 3  36 788S6 89683 89203 10 79 7 1 0 3 17 2 I I I 4 3 :
58 56 16 3 44 78902 89673 89229 10 7 7 1 10327 21098 2|

59 5 6  8 3  52 78 9 18 89663 89255 10745 10337 210 8 2 l |
60 56 0 4  0 7 8 9 3 4 89653 89281 10 7 1 9 10347 210 6 6 o|

M (Hour P .M -lour A M lC o -liiie . Sine. C o-tan g. la n g e n t. ¡Co-fecant. Secant.
v , l|-

f t ?  P e g s ,  ¡ 2  D e g s ,



r * jH .’ur A  M Hour PM Sine. Co-fine, langent. Co-rang. ; Secant. tC ‘O-lfCAOt M;

!j <■ 0 56 c 5 4 O0.7S934 9.89653 9. ÜÇZlii 10. 10719:10. 10-347 10.21066 t)Q

il 55 r - 4  « 7895c 89643 89307 10693 10357 21O5O 59
1 55 44 4 16 7S96 89633 89333 10667 10367 21033 5*i
»1 55 36 4  24 78983 89624 89359 10641 10376 2 ICI J 571

1 Ç) 2̂ 4 32 78999 89614 89385 10615 10386 21001 S*»|

J! m 6 55 5 . 4 4 ° 9 .79c 15 u. 81160.1 9- 89411 10. 105S9I10. 10396 10.20985 5S!
! 6 55 i î 4 48 7903, 89594 89437 10563 10406 2096g 54:
! 7 55 4 4  S6 7904- 89584 89465 10537 ^0416 20953 53'

i l  8 54 56 S 4 79363 89574 89489 IO5 1 I 10426 2093; 54,
fl 9 54 48 5 12 79379 89564 89515 10485 10436 20921 ?Ii
i! - 6 54 4c 5 5 20 9.79093 9- 89554 9.8954* 10. 1O459I10. 10446110. 20905150!

i1 * 54 32 5 28 7 9 m 89544 89567 10433 JO456I 20iS89j49|

II12 ’ 54 »4 5 36 79128 89534 '*9593 IO4O7 10466 20»72i4ôj
i 113 54 16 5 44 79*44 89524 89619 10381 10476 20856147'

1*4 54 8 5 52 7916c 89514 89645 10355 10486 20S40I46

!*s 6 54 c 5 6 0 9.79176 9. 89504 9« 89O7I IO. 10T2Q 10. 10496 10. 20824 45 '
,*« 53 S2 6 8 79192 89495 89697 10303 ■ 10505 20808 44

', '7 53 44 6 16 79208 89480 89725 10277 10515 20792 43j
:JÏ 53 38 6 24 79224 89475 89749 10251 10525 20776 42
; i , 53 28 6 32 7924c 89465 8977s 1022S *0.535 20760 ü.!
.20 6 53 4C 5 .6 40 9.79256 9- 89455 q. 8q80l 10.10199 10.10545 10. 20744 401
ZI 53 i 2 6 48 79272 89445 89Ï27 10173 10555 20728 39:
I z Si 4 6 56 79288 '89435 89853 10147 10565 20712 i 8!

'*3 52 56 7 4 79304 89425 89879 JO I 2 1 *0575 20696 37;
*4 52 48 7 12 79319 89415 89905 10Q95 10585 20681 36

lis 6 52 4c 5 7 20 91 79333 9- 89405 9. 89931 lO. 10069 10. 10505 10. 20665 35!
¡26 52 32 7 28 7935 1 89395 89957 10043 10605 20649 341
27 52 24 7 36 79367 89385 89983 10017 10615 20633 331
28 52 16 7 44 79383 89375 QOOOQ 09991 10625 20617 32|
*9 52 S 7 52 79399 89364 9003.5 C9965 10636 20601 3 t|
30 6 5 2 0 i  8 0 9- 794*5 9- 89354 9.90061 10.09939 10. 10646 10. 20485 30|

131 5 1  52 8 8 7943* 89344 90086 09914 10656 20569 291
'3* 5 ' 44 S 16 79447 89334 90112 •09888 10666 20553 28!
33 51 36 8 24 79465 89324 90158 09862 10676 20537 27!
34l Si 28 8 32 79478 893*4 90164 09836 10686 20522 26

35 6 51 2C 5 8 40 9- 79494 9.. 89304 9. 90190 10. 09810 10. 10696 10. 20506 45 '36 51 12 8 48 795 *3 89294 90216 09784 10706 20490 2437 51 4 8 56 79526 S9284 9O242 09758 1O716 20474 23j138 50 56 9 4 79542 89274 90268 09732 10726 20458 22
I39 50 48 9 12 79558 89264 90294 09706 10736 20442 21

¡40 6 50 4c 5 9 20 9-79573 9- 89254 9.90320 10. 09680 10. 10746 10. 20427 20
41 5°  32 9 28 79589 89244 90346 09654 10756 20411 19
;4 î 50 24 9 3* 79605 89233 90371 09629 10767 20395 iS
¡43 50 16 9 44 7962: 89223 90397 09603 *0777 20379 17
;44 50 S 9  52 79636 89213 . 90423 09577 10787 20364 16

;45 6 50 0 5 10 0 9.79652 9. 89203 9.90449 10.09551 10. 10797 10. 20348 '546 49 52 10 8 79668 89*93 90475 09525 10807 20332 '4
i47 49 44 10 16 79684 89183 90501 09499 10817 20316 13
'48 49 36 JO 24 79699 89173 90527 09473 10827 20301 12
;49 49 28 10 32 797 *5 89162 90553 09447 10X38 20285 11
;«0 6 49 z c 5 10 40 9- 7973* 9.89152 9.90578 10. 09422 10. 10848 10. 20269 10
; J i 49 12 10 48 7974t 89142 90604 09396 10858 20254 9
;5* 49  4 10 56 79762 89132 90630 09570 10868 20238 8
153 48 56 11 4 79778 89122 90656 09344 10878 20222 7
54 48 48 I l  12 79793 89112 90682 093:8 1088X 20207 6

! 5 S 6 48 40 5 1 I 20 9. 79805 9. 89101 q. q0708 10. 09292 10. lOSqq 10.20191 5
48 32 zi 28 79825 89091 9°734 09266 10Q0Q 20 I7S 4¡57 48 24 I I  36 7984c 89081 90759 09241 ioq lu 20160 3

'58 4* 16 I I  44 79856 89071 90785 09215 IOq 2Q 20144 2
59 48 8 I I  52 79872 89060 90811 09189 10940 20128 I

48 0 12 0 79-887 8905c 90837 09163 10950 20! Ij 0
M Hour P M Hour AM| Co-iinc. Sine. Co-tang. T an g e n t. C o -fe c a n l Secant. M lj



1 0  I 1
J 5  
1 S

1 1

U
j  

'10 
1 r

■ 1*

14

^5 
. ifc 
,17

12
■ ro 

21 
22 
*3 
24

*5
z5
2 7
28 
^3

!I 5
3 »
3 z
33134
3 3
36
37 
3» 
39 

.40 
4 « 
{4* 
43 

'44
45
46 
¡47 
¡48 
» 9
¡JO
Ji
5»
53
54
55 
5® 
57 
S* 
59

1 60

HoiifA.M Kour PM Sine. 1 Co-lint. X «»Agent. Co-tang. aeca ut. Co- lec ant. M
60
59
58
57
56
55
54
53
5i
5*

6 iH c 
47 5* 
47 44 
47 3<> 47 28

6 47 20 
47 1 = 
47  4 
46 56 
46 4g

j  12 c 
12 8
11 16 
<2 24
12 32

9.7988*19.89050
799° j ’ s 9° 4° 
79918j $9030 
79934! 89020 
79950! 89009

9.90837
90863
90889
90914
90940

10.09163
09*37
0 9 m
09086
09060

IO.IO950
IO960
IO97C
IO98C
IO991

10.20113 
20097 
20082 
20066 
20050

5 22 40^.79965
12 48j 79981 
IX j6| 7999s
13 4 80012 
13 12! 80027

9.88999
8^989
88978
88968
88958

9.90966
90992
91018
91043
91069

10.09034
09008
08982
08957
08931

I0 .X100I
110 11 
11022 
XIO32 
HO42

10.20035
20019
20004
19988
*9973

6 46 40 
46 34 
46 24 
46 it  
46 8

5 13 20 
13 28 
13 36 
»3 4 + 
13 5*

9.S0043 
800 j8 
80074 
80089 
80105

9.88948
88937
88927
88917
88906

9.91095
91121
9**47
91172
91198

10.08905
08879
08853
08828
08802

10.11051 
11063 
11073 
11083 
11094

10.19957
19942
19926
199U
19895

5°
49
48
47
46

45
44
43
41

—4«
39
3«
37
36

35
34
33
31
3 i
30
19
28
17
26

§ 46 0 
45 5* 
45  44 
45 36 
45 2*

5 ‘4 b
24 8 
14 26 
14 24 
*4 32

9.80120
80136
So iji
80166
80182

9.88896 
8888b 
888 7 j  
88865 
88855

9.91224
91250
91276
9 *30*
91327

10.08776
08750
08724
08699
08673

10.11104 
11114 
X1125 
11x35 
11245

10.19880
19864
19849
»9834
19818

6  4 > as 
45 »2 
45 4 
44  56 
44 4» 

6  44 40 
44  32 
44 24 
44  * 6  
44 8

5  »4 4c 
14 48
14 56
»5 4 
i j  12

9.80197
80213
80228
80244
80259

9.88844
88834
88824
88813
88803

9 -9*353
9*379
91404
91430
9 *4$6

10.08647
08621
08596
08570
08544

10.11156
11106
11176
11187
11*97

10.19803 
19787 
19772 
19756
19741

S '5  20 
15 28 
23 3s 
2 5 44 
15 52

9.80274
80290
80305
80320
80336

9.88793
88782
88772
88761
88751

9.91482
91507
9*533
9*559
91585

10.08518
08492
08467
08441
08415

10.11107 
11218 
11228 
11239 
11249

10.19726
19710
19695
>9680
19664

6 44 0 
43 5* 
43 44 
43 36 
43 28

j  16 0 
16 8 
16 16 
16 24 
16 32

9.80351
80366
80382
80397
80412

9.88741
£8730
88720
88709
88699

9.91610
91636
91662
91688
91713

10.08390
08364
08338
08312
08287

10.11259 
11270 
11280
11291 
1 1301

10.19649 
19635 
19618 
19603 
19588

6  43 20 
43 »* 
43  4
42 s5 
42 48

j  16 40 
16 48 
16 56 

■ 27 4 
>, 17 12

9.80428
80443
80458
80473
80489

9.88688
SS67S
S8C68
8S657
88647

9.91739
91765
91791
91816
91842

10.08261
08235
0S209
08184
08158

10.11312
11322
1*332
*‘343
**353

10.195-2
19557
1954a
19527

__ 1951»
10.19496

19481
19466
19450
19435

15
14
13
22
21
To
,*9
18
17
16

*5
*4
‘512 
11

£ 42 40
42 3*
42 24 
42 16 
42 8

5 »7 20 
17 28 
27 3s 
27 44 
17 5:

9.80504
80519
80534
SQ5S0
80565

9.88636
88626
88615
88605
88594

9.91868
91893
91919
9*945
9 *97*

10.08132 10. H3b4 
08107I 1*375 
08081J *138! 
08055 11395 
08029! 11406

6 4» 0 
41 51 
4 i 44 
41 36 
41 28

5 1 8 0  
IS 8 
18 16 
18 24 
iS 32 

j  18 40 
18 48
18 56
19 4 
19 12

9.80580
80595
806 [0 
80625 
80641

9.88584
88573
88563
88552
88542

9.91996
92022
92048
9 2 0 7 3
9 2 0 9 9

10.08004
0 7 9 7 8
07952
07927
07901

10.11416 
11427 
1*437 
11448 
1*458

10.19420 
19405 
19390 
19375 
*9359

6 41 20 
41 12 
41 4 
40 56 
40 48

9.80656
80671
80686
80701
80716

9.88531
88521
88510
88499
£8489

9.92125
92150
92176
92202
92227

10.07S7 5'io. 11469 
07K50: 11479 
07824! i i  490 
07798I IlJOl 
07773; 1*5*1

10.19344
19329
*93*4
19299
19284

10

8

6
5
4
3
2I
it
of

6  40 40 
4°  32 
40 24 
40 16 
40 8 
40 0

5 ia  20 
19 28 
19 36 
*9 44
19 52
20 c

9.8073*
80746
80762
80777
80792
80807

9.££478 
88468
88457
8S447
88436
88425

9.92253
92279
92304
92330
92356
92381

10.07747
07721
07696
07670
07644
O76I9

10-1*522
1 *53^
1*543
1*553
11564
1*575

10.19269 
*9 a$4 
19138
> 9 113
19208
19193
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!|M flour A M 4our FM Sine. , Co-tine. langcnt. Co-Ung. Secant. <Co-fccant.(M j
* O 6 40 0 5 20 0 j . 80807 9.88425 q. o2;8 i 0.07619 0.11575 to. 19195160

1 39 5* 20 8 80822 88415 92407 07593 “ 585 191785 9 12 39 44 20 l6 80837 88404 92433 07567. 11596 19163 8 !
3 39 36 20 2 \ 80832 88394 9245s 0754* 11606 19148 7
4 39 28 20 32 80867 883*3 92484 07516 11617 *9133 6

s 6 39 20 < 20 40 J.808S2 9.88372 9.92510 10.07490 to.1162b 10.19118 5
6 39 «2 20 48 80897 88362 9*535 07465 11638 19103 '4
7 39 4 20 56 80912 88351 02561 07439 1164s 19088 53
8 3« jé 21 4 80927 S8340 92587 07413 1166c 19073 ;*
9 38 48 21 12 80942 88330 92612 07388 1167c 19058 5«

10 6 38 40 5 21 20 j . 80957 9.88319 9.9263b 10.07362 10.11681 10.19043 >0
1 l 3 8  3 2 21 28 8 0 9 7 2 8 8 3 0 « 92663 0 7 3 3 7 11692 19028 8 9  |
1 2 38 24 2 1  3 6 8 0 9 8 7 8 S 2 9 8 02689 0 7 3 " 11702 X9013 $  I
1 3 38 16 21 44 8 1 0 0 1 8 S 2 8 7 92715 0 7 2 8 5 11713 18998 4 7
' 4 38 8 2 1  $ 2 8 1 0 1 7 8 8 2 .7 6 9 * 7 4 c 0 7 2 6 0 117*4 18983 4 «

6 38 0 5  2 2  O 9 . 8 1 0 3 2 9.88266 9 .Q2766 1 0 . 0 7 2 3 4 to .11734 10.18968 + 5
t6 3 7  5 * 2 2  8 8 1 0 4 7 8 8 2 5 5 92792 0 7 2 0 8 11745 18953 4 4  ¡

■ 7 37 44 22 16 8 1 0 6 1 8 8 2 4 4 92817 0 7 1 8 3 11756 »8939 4 3  !

18 37 Jó 22 24 8 1 0 7 6 8 8 2 3 4 92843 0 7 1 5 7 11766 189*4 4 *  !

' 9 37 28 2 2  3 2 8 1 0 9 1 8 8 2 2 3 9286S 0713* 1177- 18909
41 !

2 0 6 37 20 < 2 2  4 0 9 . 8 1 1 0 6 9 . 8 8 2 1 2 9.92894 1 0 . 0 7 1 0 6 10.11788 10.18894 4 0  |

2 1 3 7  I * 2 2  4 8 8 1 1 2 1 8 8 1 0 1 9 2 9 2 0 0 7 0 8 0 11799 18S79 3 9
2 2 37 4 22 56 81136 88191 9*945 07055 1 1809 18864 38
z 3 3* $6 4 3 4 81151 88180 92971 07029 1182 c 18849 37
* 4 36 48 23 12 81166 88169 92996 O7OO4 11831 18834 36
*5 6 36 40 5 23 20 9.81180 9.88158 9.93022 10.06978 10.11842 10.18820 35
2Ó 36 3 J 23 28 81195 88148 93048 06952 11852 18805 34
»7 36 14 23 36 81210 88137 93073 06927 11863 18790 33
:8 36 16 *3 44 81225 88126 93099 06901 11874 18775 3*
*9 36 8 43 54 81240 88115 931*4 06876 11885 18760 3 «

3 0 6 3 6 0 5 4+ 0 9.81254 9.88105 9-93 *5° 10.06850 10.11895 IQ.18746 30
3 ' 35 S'- 24 8 81269 88094 93175 06825 11906 18731 *9

1 ,2 35 44 24 16 81284 88083 93201 06799 11917 18716

1 11
24 24 81299 88072 93**7 06773 1192b 187OI *7

!.U 3 5 48 24 .32 81314 88061 93*5* 06748 11939 186S6 26

35 6 33 zo 5 24 40 9.81328 9.88051 9.93278 10.06722 10 .I 1949 IO.18672 * 5
'3 6 35 14 24 48 81343 88040 93303 06697 1 196c 18657 14
.37 35 4 24 56 81358 88029 933*9 06671 11971 18642 *3
!3S 25 4 81372 88018 93354 06646 11982 18628 22
•39 34 4s 2; 12 81387 88007 93380 06620 11993 18613 21

:4= 6 34 4c 5 23 20 9.81402 9.87996 9.93406 10.06594 10.1200-1 to .18598 30
'41 34 34 25 28 81417 87985 93431 06569 1201 j 18583 19
.41 34 24 25 36 81431 *7975 934S7 06543 1202 18569 18
'4 5 34 16 25 44 81446 87964 93482 06518 1203f 185S' 17
44 34 8 25 54 8i4¿t 87953 93508 06492 12045 18539 l6

:4 ' t> 34 0 5 26 0 9.81475 9.87942 9-93533 10.06467 to. 1205Í 10.18525 > s !
:4f>! 3 3 5 - 26 8 81490 87931 93S5S 06441 1206c 1851c '4  |
.47 33 44 26 16 81505 8792c 93 585 06416 1208c 18495 '3  I
4s 33 3* 26 24 8 i{lq 87909 9361c 0639c 1200 1848 12
49 33 48 26 32 8 i >34 87898 936 >f 06361 12X0 ' 18466 11

:5C 0 13 2C 5 46 4c 9.81549 9.8788; 9.9366 10.06339 IO. I 211 _ 10.18451 10
33 12 26 48 81563 8787: 9368- 06313 m 2 18437 9

j : 33 4 26 56 8157H 8786f 937 ia 06288 »213 18422 8
32 5É 47 81591 87855 9373Í 06262 1214 18408 7

:S< 32 48 2? 15 8160" 87843 93*6_ 06237 1215* 1839: 6

6 32 4c 5 27 4: 9.81622 i 9.87834 9 9 3 7 8 c to.06211 10.12x6- 10.18378 5
!s< 34 32 2" 28 8163 8782. 9381, 061RC 1317 »8364 4
!5‘ 3: 4,1 2 7  3 c 81651 8781 9384c 0616c 1216 18345 3
I s 32 if ] 27 45 8166 8780c 9386 0613, 220c 1833 1
59' 34 27 J5 2168c 87781 1 93«9 Of) 105 2221 1832c I

,6o¡ 31 •j zS c 81694 877’ 8| 03916 06084 1 2 2 2 2 ]  i ? 3 o é O

I M llour I'M'Hoar Alv | Co-iinc ‘ Sine. ( Co-tang.| Tangent Co-fecan | Secant.
m  '!

! 3r> r > " S : 49 üeSs



Hour PM Sine. Co-fine. Tangent. Co-tang. Secant. Co-iecanr. m
C 6 3 2  c 5 28 c 9.81694 9.87778 9.93916 10.06084 10. 12222 10. 1E306 60
1 31 S2 28 81709 87767 93942 06058 122331 18291 59
1 ■ 3 * 44 28 16 81723 87756 93967 06033 I2244 18277 5»

3 i 3< 28 24 81738 87745 .93993 06007 12255, 18262 57
A 31 28 28 32 81752 87734 940Tb 05982 12266 1S248 56

6 31 2C 5 28 40 9.81767 9.87723 9.94044 10.0<Ck 6 10.12277 10.18233 55
6 31 12 28 48 81781 87712 94369 05931 I2288j 18219 54

: 7 31 4 28 56 81796 87701 94095 05905 12299] 18204 53
; » 30 56 29 4 81810 8769c 94120 05880 123101 1819c 52
! 9 3 0  48 29 12 81825 87679 94146 05854 12321 ISI75 51
.10 ! 6 30 40 5 29 20 9.81839 9.8766b 9-94* 7 * 10.05829 10. 12532,10.18161 5°
n 30 32 29 28 81854 87657 9 4 19~ 05803 12343' 18146 49
>‘12 1 30 24 29 36 81868 87646 94222 05778 12354! 28132 48
1 >I 30 16 29 44 81882 87635 94248 05752 I2365I 18118 47

|: I 4 |  30 8 29 52 8189- 87624 94273 05727 12376! 18103 46

:»> 6 30 0 3 3 0  0 Q . 8 19 1 i 9.87613 9.94299 10.05701 10.12387 10.18089 45
! 16 29 52 30 8 81926 87601 94324 05676 12399I 18074 ’4
¡7 29 44 30 16 81940 8759c 9435° 05650 12410 18060 43
18 29 36 3 0  24 S '955 87579 94375 05625 12421 18045 42
■ 9 20 28 30 3 - 8 1969 . 87562 94401 05599 1243 2' 18031 41
20! 6 29 20 S 30 4c 9.81983 9.87557 9.94426 10.05574 10.1244310.18017 40
2-1 i 29 12 30 48 81998 8/546 94452 05548 12454 1S002 39

I22 29 4 *0 56 82012 »753: 94477 05523 12465! 17988 38
23 28 56 31 4 S2026 8?524 945°3 05497 12476 17974 37

I24. 28 4s 31 12 82041 8/ ? l5 94528 05472 12487, 17959 36
6 2S 4c > 3 1  1 0 9.82055 9.87501 9-94554 10.05446 10.12499 10.1794; 35

!zo 28 32 31 28 82069 87490 94579 05421 12510' 17931 34
i 27 28 24 31 36 82084 87479 94604 05396 12521] 17916 33
¡28 28 16 3 ‘ 44 82098 8746S 9463c 05370 12532] 17902 32
*9 28 8 31 52 82112 874571 S4555 05545 12543; 17888 31
AO 6 28 c 5 S i  0 9.82126 9.87446 9.94681 1 0 . 0 ^  î IQ TO . 1255410.17874 30;
3 ’ 27 52 3 1  S 82141 87434 94706 05294 12566] 178çq 29;
32 *7 44 32 16 82155 87423 9473 2 05268 12577! 17845 28:
33 27 36 32 ^ 82169 87412 947 57 05245 12588! 17831 27,
34 27 28 32 32 82184 87401 94783 O521? !2Î9Q‘ 17816 26

!35 6 27 2C 5 32 40 9.8219s: 9.87390 9.94808 10.05192-10.1261010.17802 25
j 36 27 12 32 48 82212 8737* 94834 05166 12622- 17788 24
37 Ï 7 4 3 1  5& 82226 87367 94859 05141 12633 17774 23

¡38 26 56 33 4 82240 87356 94884 05116 12644: 17760 2 2

139 26 48 33 12 8225c 87345 Q4QIC 05090 12655, 17745 2 1

¡4° 6 26 40 5 33 20 Q.S220Q 9-87334 9-94935 l O . O . s c b c 10.12666 10. 1773 1 20
4 ‘ 26 32 33 * 8 S22S; 87322 94961 05339 12678] 17717 ■ 9

26 24 33 36 8 2 297 87311 94986 05314 12689] T77° j 18
43 26 16 33 44 82311 87300 95012 04988 12700 17689 '7
44 26 8 33 S2 82326 87288 9503- 04963 12712! 17674 (6

43 6 26 c 5 34 0 9.82340 9 -^ 7 1 7 7 9.95062 10.04938 10.12723 10.17660 >5
45 2 ;  52 34  « 87354 87266 95088 04912 12734! 17646 <4
47 7 > 44 34 82368 87255[ 95113 04S87 12745] 17632 '3
48 2> 36 34 24 823S2 87243 95139 04861 12757! 17618 1 2 :
49 2 ; 28 34 3 i 82396 87232 95164 04836 T2e6R: I76O4 tl;

5° 6  25 2 C S 34 4C 9.82410 9.87221 9.95190 10.04810 10.1 2779’ io. 17590 l ° j
51 25 12 34 48 82424 87209 05215 04785 12791, 17576 9 !
S z 25 4 34 5*> 8 2439 87I98 9524c 04760 12802] 17561 8]
S3 24 56 35 4 82453 . 87187 95266 04734 12813; 17547 7
54 24.. 48 35 12 82467 87175 9529, 12S25 17533 6

S3 6 24 40 5 35 20 9.S2481 9.87164! 9.9531- 10.04683 O 'o
' O vQ
 1

5
56 24 32 35 2 * 82495 8’ «SJ 95342 04658 12847, 17505 4
37 24 24 35 36 825OQ 87141! 95368 04632 12859 17491 3
5« 24 16 35 44, 82523 8713°f 9539.5; 0460-, 12870 17477 2

59 24 8| 35 52 82537 87119! 95418 04582 128811 17463 1
6O 24 0, 36 O 82551 87107] 9 S444 04556 12893! ’ 7449 0

M Jour PiM Hour A M ’ Co-line* 1 Sins. 1 C o - t a n g .  (Tangent. ’o-fecant.1 Secant. *M
n h i m ............ 11-nnr ĝ-—i-n«BrTmiTTirn— »0— a^— w w — — — m— a—
1 3 1  D o g s .  .  4 S  D e g s .



J|M Hour A. V HourP.iV . Sine. , Co-fine. Tangent. Co-tang. Secant. Co-fee amlM  j

c 6 24 3 s 36 < 9.8255 9.87107 9.9544c 10.04556 10.12893 10.17448 60
] *3 5 36 8256 87091 9546c 0453 12904 1743) 59
2 23 4 - 36 I< 8257? 87085 9549 04503 12915 17421 5s

23 3< 36 24 82593 87073 9552c 0448c 12927 17407 57
23 2$ 36 .33 82607 87063 9554 0445 12938 17393 56

6 23 2C 5  36 4c 9.82621 9. 8705c 9 -9557 ‘ tO.04429 10.12950 10.17375 55
2? 12 36 48 82635 87039 9559c 04404 12961 17365 54
23 4 36 j6 8264; 87028 95622 04378 12972 »7351 53
22 56 37 4 8266j 87016 95647 0435: 12984 17337 5*

9 22 48 37 >2 82677 87005 95672 04328 1299s 173*3 5J
10 6 22 4a 5 37 2a 9.82691 9.86993 9.95698 IO.O4302 to. 13007 10.17309 SO
II 2 2  3 2 37 28 82705 86982 957*: 04*77 23018 17295 49
12 2 2  24 37 36 82719 86970 9574« 04252 13030 17281 48
13 22 16 37 44 82733 86959 95774 04226 I3041 17267 47
<4 22 8 37 5» 82747 86947 95799 O42O1 »3053 . 17*53 46

•5 6 22 0 5 38 0 Q. 82761 y. 86936 9.95825 10.0417* 10.13064 10.17239 45
■ 6 21 52 38 8 8*775 8692^ 95850 O4150 13076 17225 44
<7 21 44 38 16 82788 86915 9 S875 04125 13087 I72I2 43
18 21 36 3 » 24 82802 86902 95901 04099 130q8 17198 42
'9 21 28 38 32 82816 86890 95926 04074 13110 17184 41
20 6 21 20 5 38 40 9.82830 9.86879 9.95952 10.04048 10.13121 IO.I7I7Q 4°
2 1 21 12 38 48 82844 86867 95977 O4O23 13133 17156 39
22 21 4 38 5 6 82858 86855 96002 03998 13145 17H 2 38
23 20 56 39 4 82872 86844 96028 03972 13156 17128 37
24 20 48 39 »2 82885 86832 96053 03947 13168 17115 36
*s 6 20 40 5 39 2° 9.82899 9.86821 9.96078 10.03922 10.13179 10 .I 7101 35
26 20 32 39 28 82913 86809 96104 03896 13191 17087 3427 20 24 39 36 82927 86798 96129 03871 13202 17073 33
38 20 X 6 39 44 82941 86786 96155 0384s 13*14 17059 3*
iq 20 8 39 .52 82955 86775 96180 03820 13225 17045 3 1

3° 6 20 0 S 4°  0 9.82968 9.86763 Q. U62OC 10-03795 10.13237 10.17032 30
3 1 *9 5* 40 8 82982 8675* 96231 05769 13248 17018 29
32 19 44 40 1 ft 82996 86740 96256 03744 13260 1.7004 28

19 36 4 0  24 83010 S6728 96281 03719 13272 16990 27
34 19 28 40 32 83023 86717 96307 03693 13283 16977 261

35 6 19 20 5 40 4° 9-83037 9.86705 9.96332 10.03668 10.13295 10.16965 *5
36; 19 12 40 48 83051 86694 96357 03643 13306 16949 *4
37j 19 4 40 56 83065 86682 96383 03617 13318 1693s *3
3« 18 $6 41 4 83078 86670 964O8 03592 13330 16922 22
39 18 48 41 12 83092 86659 96433 03567 13341 16908 21

4® 6 18 40 J 4 > 20 9.83106 Q. 86647 9.96459 10.03541 10.13353 10.16894 20

4 i 18 32 41 28 83120 8663; 96484 03516 13365 16880 19
42 »* *4 4 i 36 83133 83624 9651O 03490 13376 16867 18
43 18 16 4 [ 44 83147 86612 96535 03465 1338s 16853 •7
44 18 8 41 52 83161 86600 9656O 03440 13400 16S59 16

45 6 18 0 S 42 0 9.83174 9.86589 9.96586 IO.O3414 10 .134 11 10.16826 ‘5
46 «7 5* 42 8 83188 86577 96611 03389 13423 16812 '447 »7 44 42 16 83202 86565 96636 03364 , 13475 16798 >3
48 17 36 42 24 8321c 86554 96662 03338 13446 1678c 12
49 —  '7  «» 42 32 83229 8654» 96687 03313 15458 16771 1 1

S°! 6 17 20 5 4 2 4° 9. 83242 9.86530 t). q67 12 10.03288 10.13470 10.16758 10
51 17 12 42 48 83256 86518 96738 03262 13482 16.744 9
<2 j 7 4 42 56 83270 8G5O7 96763 03 23 7. 13493 16730 8|53 16 56 43 4 83283 86495 96788 03212 13505 16717 ?!
54' 16 48 43 >2 83297 86483 96814 05186 * 13**7 16703 6|

> V 6 16 40 5 43 20 9.8331c 9.86472 9.96839 10.03161 10.13528 10 .1669c 51
56 16 32 43 28 833*4 8646O 96864 03136 13540 16676. 4:57 16 24 43 36 8.3338 S64+5 9C890 03110 13552 16662]
5« 16 16 43 44 8335 ' 96915 03085 15564 3 6649 *1
59 l'6 8 43 52 83365 86425 96940 0306c 13575 16635 1
6o l6 O 44  0 83378 86415 96966 03034 13587 16622 Oi
VI |H our I*. M.1 Hour A M. Co-fine. 1 iunc. Co*-(angr T  anient. Co-fecant.l Secant. m |



j-MjHoi.vA.M. Hyur P A Sine. | wlo-line, J Tangent. C3o-rang. j Sécant. -o-fecanr. PA  j
! c 6 1 6  0 S 44 9 9- 833781 9. 86413 q .q6q66 0. 03034 0. 13587 0.16622 0

* 13 52 44 & »3392j •86401 96991 O3OO9 <3 599 16608 9
’ S 44 44 16 83405 86389 97016 02984 13611 16595. 8
15 36 44  24 83419 86377 97042 02938 13623 16581 7! j 15 2S •44 32 8343 2| 86366 97067 02933 <3634 1656S 6

' 5 6 IJ 20 5 44 40 9- 83446 9.86354 9.97092 10.02908 10. 13646 10.16554 "5
• 15 12 44  48 83459 S6342 97118 02882 13658 16541! 54

‘ ^ 15 4 44  56 83473 8633c 97'43 02857 13670 »6527553 .
H  5h 4 S 4 834S6 86318 97168 02832 I i682 16514 52

■ 9 14 48 45 »2 83SOO 86306 97 <93 02807 13694 16500 5»
'1 0 6 14 40 > 45 209- 83513 9. S6295 9- 97 219 10. 02781 10. 13705 10.16487 5°

14 32 45 28 835^-7 8-6283 97244 02756 137 <7 16473 49 ,î - H  24 45 3 6 83540 86271 97269 02731 i 3729 16460 4«
1*> H  16 '45 44 83554 86259 97295 02705 *374< 16446'47*4 14 8 45 52 83,-67 86247 97320 02680 <3753 16433146

6 14 0 5 46 0 9. 83581 9. S6235 9-97345 10.02655 10.-13765 10. 16419*145
>3 i 2 46 8 83 594 86223 97371 02629 »3777 l 6406j44.
■ 3 44 46 jC 83608 86211 97396 02604 13789 »639243

; s >3 3& 46 24 83621 8620c 9-421 C)2579 13800 16379)42
13 28 46 32 83654 86188 97447 02553 13812 1636641

f 20 6 13 20 5 46 40 y. 83648 9.86176 9. 97472 10. 02528 10. 13824 10. 16352 4°  1¿J • 1 3 1 2 46 48 83661 86164 97497- 02503 13836 »6339 39■ 3 4 46 56 S3674 86152 975-3 02477 13848 163 26 382 3 12 >6 47 4 ■ 83688 8614c 97548 02452 13860 l6 3 12 37
Ü 12 481 47 12 83701 86128 97573 02427 13872 16299536
25 <3 12 40 5 47 *o 9- 83715 9.86116 9-97598 10.02402 10. 13884 10. 1628^35

12 32 47 23 83728 S6104 97624 02376 13896 16272 34
12 24 47 S'6 83741 86092 97649 02351 13908 16259 3312 J 6 ■ 47 44 : 83755 8608c 97674 0232b 13920 1.6245 32
12 8 47 52 8376R S6c6S 97700 02300 1393 2 16232 3 i

130 6 1 2  0 5 48 c 9. 837X1 9. 86056 9- 97725 10.02275 10. 13944 10.16219 30-
'3 1 U  52 4S S 83795 86044 9775° 02250 13956 16205 29
3 * I! 44 48 16 83S08 8603: 97776 02224 1.3968 26192 28 j■ 33 II 36 48 24 S3S21 8602c 97801 , 02199 139S0 16179 27 i'34 u  28 48 32 83834 86008 97826 02174 »3992 16 i6t);26
■3 -, 6 11 20 5 4 S 4C 9- 83S48 9. 85996 9.97851 ro. 0214g110. 14004 10.16152 25
36 1 I 12 48 4S S3S61 85984 97877 02123 14016 16139 2*j

;37 n  4 4S 56 83874 85972 9790a 02098 1402S 16126 23-.
,3Î* IO 56 49 4 S38S7 8596c 979-7 02073 I4O4O 16113 22
,3yf * 10 48 49 12 83901 83948 97953 C2047 14052 16099 21
:4e 6 10 40 5 49- 2C 9. 83914 9. 85936 9. 97978 10. 02022 10.14064 10.16086 2Q4 ' 10 32 49 28 83927 85924 98003 0199: 14076 16073 <94 ’ IO 24 49 36 85940 85912 • 9S029 01971 14088 16060118
43 10 10 49 44 83934 85900 ■ 98054 01946 I4 I0G j 6046 .»744 10 S 49 S2 83967 S58SX 98079 01921 14112 '6033 l6r
43 6 jo  c ' 5 50 c 9. 83980 9, 8587b 9. 98104 10.01896 10.14124 10. 1602c <5.46 9 5 -’- 50 > 85993 85864 98130 01870 14156 1600- <4 1

■4 " 9 44 JO if 84OO6 • *585 ' 98155 01844 »4 »49 » 5994 .'3
■ +s 9 3& 50 2.j 84020 85839 9818c 01820 14161 1598c Jl |•49 •9 28 5= 3- 84033 85827 98206 0179^ ■ 4 ,7 3 15967 I I 1
5Î 6 9 22 S JO 4e 9. 84046 9. 85815 : 9. 98231 10.01769 10. 44185 io. 15954 20 |
5 ‘ 9 ‘ 2 50 4 ‘ • 84059 85803 98256 °<744 ■ »419: 15941 9 !

:S2 9 4 50 >6 : 84072 • 8579 ' 98281 01719 »4209 1592: S’ !
i >•' 8 56 5 1 4 84085 85770 98507 01693 14221 159'5 7-
: v ' S *48 51 1: 84398 85766 98332 Ol66b 1423- UQ02 s 1
SS 6 8 4 5 51 2c 9 .8 4 m ?- 85754 9- 9835' 10.01643 10. 1424» 10.15888

■ S<’ 8 32 51 2! 84125 8574.2 983S5 01617 1425; 15871 . 4 !
i >: 8 24 • 5 1 3 1 84138 85-3C 98408 01592 J42-C 15862
>5- 8 16 S < 4 84151 85718 98433 0156- 14282 1-5841 ■ 2 j
rv. 8 8 J 1 5: 84169 85706 98458 01542 14294 1 5S3<■ I '
j 6 ' 3  0 52 c 8417- 85695 98484 01 516 14307 1582.: a  !

L b
r̂îour PM [Hour A Ml Co-finc i Sine. |Co-tang, 'Tangent. ¡Co-lecant Sécant.

V
13iD ^ r  ' ~ 4 6 Dtg5.



[M tnour AM Koui l-'iYi SlIJK. Co-itiu:. Tangent Co-tang. Secant. Co-fec«rt.| Mji

■ 0 6 8 0 5 5 2 0 9. 8417/ 9.85693 9.98484 10.01516 10.1430- 0. 15*23! >0-i
: ». 7 52 52 8 84190 85681 9S509 01491 143.19! 15MGU9,1-
1 ^ 7 44 52 16 84205 8 5 6-6 q 9*534 01466 143311 ■ » 5* 1,

3 7 36 52 24 S4216 85657 98560 0144c 14345! »57*4 57 j

; 4 7 28 S2 32 84229 85645 9*5*5 01415 ' 43 5Sj__ ; 577.1 >6 ;

! s 6 7 20 5 52 4» Q. 84.24.2 9.85632 9. q86lO 10.0139C IO. 1456X 10. 15758 55 :
i 6 7 1 2 52 48 84255 85620 9*635 01365 14380 '5  H i 54
! 7j 7 4 52 56 84269 85608 98661 01339 14392 >573 ' 53 .

! 8' 6 j6 53 4 84282 8c?q6 98686 ©3314 14404 15718 52

1 9
f> 48 53 '2 84295 »55*3 98711 01289 14 4 1 r __ 15705 51 ,

i'° 6 6 40 5 53 io q. 84508 9. 85571 9.98737110.01263 IO. 14429 10. 1 5602 50
6 32 53 28 84321 *5559 98762 0123k 14441 1 5679 49;.

12 6 24 53 36 84334 *5547 9 *7*7 0121 3 144 53 1 5666 48 j
¡3 6 16 53 49 84347 85 534 98812 01188 14466 »5653 47 1
'4 6 8 53 52 84560 85522 98838 01162 1447^ 15640 46 :

;» s 6 6 0 5 54 0 9- 84573 9.85510 9. 98863 10.01137 10. J4490|i0. 15627 45 :
16 5 5 - 54 8 84385 85497 98888 01112 »4503 15015 44

¡«71 5 44 54 »6 84398 * 54*5 98913 01087; »4515 15602 4 3 ;
1.8 Î  36, 54 24 8441 1 $5473 9*939 01061 14527 155*9 42.

¿2, 5 18 54 32 84424 85460 98964 01036 14540 15576 4_U
20 6 5 10 5 54 -P 9.84437 9. 85448 9. 98989 10. o io i 1. 10. 14552 10. 15563 40,
;2I 5 12 54 48 84450 85436 99015 009X5 14564 > 555^ 39 j
22 5 4 54 56 84463 85423 99040 00960 I4577 15537 .
2 S 4  56 55 4 84476 85411 99065 00935 ' 45*9 »5524 37 j
|H 4  4^ 55 12 84489 *5399 99090 00910 14601 ' Si 11 >6

:25 6 4 4° 5 5 5 9. 84502 9. 85386 9. Q91 l 6 10.00884 IO. J4 0 I4 IO. 1 549S 35
26 4  32 55 28 84515 »5374 99141 0085s 14626 15485 34
27 4  24 55 36 84528 85361 99166 00834 14639 »5472 SS
2S 4 16 55 44 8454c *5349 9919: 00809 14651 1546c
29 4 8 55 52 84555 *5337 99215 00783 14665 »5447 3 1

.30 6 4 0 5 56 0 CJ» 84^06 9. 85324 9. 99242 10. 00758 10. 14676 ic. 15434 30
'31 3 52 56 8 '84579 85312 99267 007.33 14688 »542 1 29
'32 3 44 56 16 84592 85209 99293 00*767, 14701 1540.8 2b ,

33 3 36 56 24 84.605 85287 993 i* 00682 >47 '3 >5'395 27
¡341 3 28 50 32 846(8 *5274 99343 00657 14-26 >53*2 26

33 6 3 20 5 56 4° q. 84630 Q. S<202 9. 99368 10. 00632 10. 14738 10. 15370 25 •
36 3 n 5r> 48 84643 85250 99394 00606 14750 > 5357 24

37 3 4 56 56 8465b 8523- Ü94 IO 00581 . 14763 >5344 23
38 2 56 57 4 8466O 8ç22q 99444 00556 '4775 >533 ' 22
39 2 48 57 12 84682 85212 99469 00531 14788 >53 '.* 2

¡4° 6 2 40 5 57 20 9. 84694 9. 852OO 9. 99405 10. 00505 10. 14800 io. 15306 20

,4 » 2 32 57 28 84707 85187 QUÇ20 00480 14813 »5293 ‘ 2
42 2 24 57 36 84720 *5175 99545 00455 14825 1,5 286 18

43 2 j6 57 44 *4733 85162 99570 0043c 14S3» 15267 17
44 2 8 57 52 *4745 85150 99596 0040^ 14850 ' 5255 16

45 6 2 C 5 58 0 9. 84758 9.85137 q. qq6ai 10,00379 10. 14863 10.15242 >5
4^ i 52 58 8 *4771 8 512 5 99646 00354 »4 * 7 3 15229 >4
47 » 44 58 16 84-84 85112 99672 00328 14888 15216 !3
48! 1 36 58 24 84796 85100 99697 00303 I49OC . >5*74 (2

49I 1 28 58 32 84809 85087 99722 0027 S-| T49l 3 1519» ! 1

;o| 6 I 20 j  58 4019.84822 9. 85074 9.99747 10. 00253 10. 14926 10. 15178 IO

51 I 12 58 48) 84835 85062 99773 00227 14938 15165 9
51 » 4 58 eft! 84842 85049 9979* 00202 »4951 »5153 8

53 0 56 59 4| 84860 85037 99823 00177 14963 15140 j  1
54 0 48 59 121 *4*73 85024 99848 00152 I4976 ■ 5127 6

55! 6 O 4.O1 5 çq 2o!q. 8488. 9. 85012 9.99874 10.00126 10. 14988 10. 15115 5
561 0 32 59 28 84898 *4999 99899 O O I O I 15001 15102 4
57 0 24 59 36 84911 84986 99924 00076 I5OI4 15089 3
Si 0 16 59 44 84923 *1974 99949 1 00051 15026 15077 2

59 0 t 59 52 84936 84961 99975 00025 »5039 1 5064 1
60 0 0! 6 0 0 84949 84949 10.00000 00000 15051 15051! 0

M Hour PMjHour AMjCo-fine. Sine. Co-tang. langent. JCo-lecant. Secant. M.

i j + D c ^ s .  ' 4 5  D < iS s .



T a b l e s  X X V I .  X X V I I .

I T a ble  X X V I . For reducing the Time o f the 
¡Moon's Paflage over tile Meridian o f Greenwich to 
¡the Time o f its Paflage over any other Meridian, 

The numbers taken from this Table are to be add
led to the Time at Greenwich in Weft Longitude, 
bi$t fubtrailcd in Eaft.

D a ily  variation  o f  the  M oon’ s pafling the  M e tid ian .

tSIlif’
¡ % 40 4 2 _ ± j £ 4 «

i
■50

r ’
i i î 54

;

5£ 6 0 62 64 66
Ship’s

Q 0 0 0 O 0 0 0 0 0 0 0 0 0 0
5 J 1 1 1 1 I I I 1 I I 1 I 5

10 ) I 1 1 1 1 I 2 2 2 2 2 2 10
15 2 2 2 2 2 2 2 2 2 2 3 3 3 *5
20 2 2 2 3 3 3 3 3 3 3 3 4 4 20
25 3 3 3 3 3 3 4 4 4 4 4 4 4 i 25

J 1 3 3 4 4 4 4 4 4 5 5 5 î 5 s 30
35 4 4 — 4 4 5 5 5 5 5 6 6 6 6 6 35
4 c 4 5 5 5 •  5 6 6 6 6 6 7 7 7 7 4 0
45 5 s 6 6 è 6 7 7 7 7 8 8 8 45
5C 6 6 6 6 7 7 7 7 8 8 8 9 9 9 5 °
55 6 6 7 7 7 8 8 8 9 9 9 9 10 IO 55
6c - 7 a -7 • 7 8 8 8 9 9 9 10 10 10 11 J I 60
fi5 7 8 S 8 9 9 9 10 10 10 1 1 1 1 12 12 65
7C 8 8 9 9 9 10 10 10 11 11 12 12 12 «3 70
75 S 9 9 IC 10 10 11 XI 12 12 12 >3 •3 ‘ 4 75
8c . 9 __ 9 10 IC I ! 1 1 12 (2 12 13 <3 >4 '4 «5 80

1 »5 9 10 10 .11 1 I 12 12 '3 *3 ‘ 4 '4 ‘ 5 15 16 85
90 10 10 I 11 12 12 «3 13 '4 H «5 ■5 16 16 90
95 1 ) 11 12 12 «3 «3 *4 «4 «5 15 lb l6 17 «7 95

100 11 12 12 «3 «3 «4 >4 '5 l6 l6 >7 '7 18 18 t o o
J ° 5 12 12 «3 «3 «4 «5 15 l6 16 *7 ■7 18 «9 «9 IOJ
110 12 «3 13 «4 «5 ■5 l6 l6 «7 18 18 '9 20 20 110
” 5 «3 «3 «4 «5 «5 l6 I ** «7 18 «9 >9 20 20 21 ««5
120 «3 «4 «5 «5 l6 «7 17 «9 «9 20 21 21 22 (SC
125 '4 «5 «5 l6 «7 17 18 «9 «9 20 21 22 22 23 125
'3 0 «4 '  5 Tb 17 17 18 ' 9 «9 20 21 22 22 23 24 130

*35 «5 .16 .16 '7 18 '9 *9 20 21 22 22 23 24 *5 ■35
140 j 6 16 1- 18 «9 «9 20 21 22 23 2 3 24 *5 36 140
'4 5 l6 18 10 >9 20 21 22 23 23 24 25 26 27 145r 5c 17 «ZI 18 «9 20 21 22 22 23 24 25 26 27 27 150
«55 T *• 18- ' 9 20 21 22. 22 43 24 25 2b 27 28 28 >55
160 iS 19 2C 20 21 22 23 24 25 2Ô 27 2& 28 29 l6 0
1-65 iS «9, 2C 21 « ¡ 7 3 24 25 26 27 27 28 29 30 '6 5
170 «9 20 2 1 22 ~ 31 ̂ 4 25 25 26 27 28 29 30 3 1 170
«7$ ■9 20 21 22 *3!*4 25 26 27 28 29 30 3 ' 32 ‘ 75
18c 20 2! 2 2 23 24 2J 26 27 28 29 30 3 ' 32 3.« 180

40' 4 2 ’ 44 ’I46 ' 48 ' 5 ° ' 52 ' 54' 56l |5 8 '6 o 'l6 2 ’ 64-|6 6 '

T a b l e  X X V I I .  
C o r r e f t io n o fm o o n ’ s 

a lt it u d e  fo r  P a r a l

la x  &  R c fr a f t io n ,

halt Corr. ]>alt Corr.
Min. Deg Min. !

10 5 « 5 « 3 5  ’
11 5 2 52 3 5  1
1 2 5 2 S 3 3 4  |
« 3 52 5 4 3 3  !
« 4 J2 5 5 32 1
«5 52 5 6 3 2  1
16 52 5 7 3 « 1
« 7 >2 5 8 3 0  i
18 5 2 5 9 * 9
« 9 5 2 60 28

5 «
2 1 5 « 6 l 27
2 2 5 « 62 26
23 5 « 6 3 26
24 5 ° 64 25
2 5 5 ° 24
26 5 0 66 2 3
* 7 4 9 67 22
28 4 9 68 21
* 9 49 69 20

_3Q^ 48 70 « 9
3 1 48 7 « 18
3 2 4 7 7 * > 7
3 3 4 7 7 3 » 7
3 4 46 7 4 l6
3 5 46 7 5 « 5
3 6 4 5 7 6 1 4
3 7 4 5 7 7 » 3
3 8 4 4 7 8 12
3 9 4 4 7 9 11
40 43 80 10
41 42 81 9
4 2 42 8 2 8
4 3 4« 83 7
4 4 40 84 6
4 5 4 0 85 546 39 8 6 4
47 3 « 87 3
48 3 « 8 8 2
4 9 37 89 I

_  50 36 90 O



Time
from

Noon.

Variation of the Moon’s Declination in twelve Hours. Time J 
from i 

Noon, j0 5 0 iojo 13 0 2c|o 2? =W3oJo° 3? 0 4c
O /

°  45
* .1 O /

0 $o!o
O 1

I 0
« t

1 5
oh ;o
O 12
0 24 
0 36 
0 48

o '
0
0
0
0

o ;
0
0 
0
1

0*
0
0
I
I

0
0
I
I
I

0 
0
1
1
2

0*
0
X
1
2

O'
I
1

2

o '
1 
1
2
3

0'
I
1
2

o’
1
2  
2

0'
1
2
3
4

O '
X
2
3
4

0W '0
0 I 
0  2 
0  3
0 4

I2h'0 
12 12 
12 24 
12 36 
12 48

I 0  
I 12 
I 2+

1 3 «
1 * s  
a  0

2  J 2
2 24 
2 36
2 48
3 0

0 
0
1

I
I

I

l
I
I

X
I
I
I
1
2

I
1
2 
2 
2 
2

3
3
3
3
4

2
2
2
3
3
3

2

3
3
4 
4

2

3
3
4
4
5

3
3
4
5
5
6

3
4 
j
3
6
7

4
4
s
6
7
7

+
5
6  
7
7
8

s
5
6
7
8
9

5
6
7
8 
9

10

O 5 
O 6
0 s
0  9  
0  IO 
0  I I

13 0 
1 3 1 2  
«3 24 
13 36
13 48
14 0

2
2
2
2
2

4
4
4
s
3

s
5
i
6 
6

5
6 
6 
7 
7

0

7
8 
8 
9

7
8 
S 
9

10

s

9
10
10
11

9
10
11
12 
12

10 I ix
11  IS 
14 »3 
>3 I 14 
14 ; i j

0 12 
0 13 
0 14 
0 IS 
0 i6
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Variauon of the Moon’s Declination in twelve Hours Time
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Time j Daily Variation of the Sim’s Right Aicenfion in Time.
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Daily Variation of the Sun's Right Afcenfion in Time.
from
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T H I S  tab le  is  u fcfu l in  fin d in g  th e  fu n ’ s r ig h t  afcenfion  a t  a n y  tim e, b y  
m eans o f  the r ig h t  afcenfion g iv e n  in  th e  fecon d p a g e  o f  the N a u tic a l A l r 
jnar.ac fo r  n.oon a t G re e n w ic h . T h is  ta b le  m u d  bp en tered  a t the top  w ith  
th e  d a ily  v a r ia tio n  o f  the fu n ’ s r ig h t  afeenfipn ; and in  the le ft  hand colum n 
w i t h  the g iv e n  tim e from  noon ; o r  in  the r ig h t  han d colum n w ith  the lo n g i
tu d e  o f  the  p lace ; d ir e f t ly  under the fo rm er an d  oppofite to  the la tte r , 
ila n d s  a co rrectio n  in  m inutes and feco n d s, tp  b e  applied  to  the  fu n ’ s r ig h t  
afeenfipn a t  noon a t G re e n w ic h . T h e  co rrectio n  tak en  ou t w ith  the tim e 
fro m  n oon , is to  be added in the  a ftern o on , b u t fu b tra fte d  in  the  forenoon  ; 
a n d  the co rrectio n  tak en  o u t w ith  the lo n g itu d e  o f  the p lace , is  to  b e  added 
in  w eft, b u t fu b tra fte d  ir. eaft lo n g itu d e .

In ftead  o f  fin d in g  the co rrectio n  fep a ra te ly  fo r the  lo n g itu d e  o f  the p lace 
a n d  the tim e from  n oon , y o u  m a y  find it  a t one e n tr y , in  the fo llo w in g  m anner, 
T u r n  the  ftiip ’ s lo n g itu d e  in to  tim e (b y  T a b . X X . )  and add  i t  to  the g i v 
en  tim e w h en  in  w e ll  lo n g itu d e , b u t fu b tra ft  i t  w h en  in  eaft the  fum  o r 
d ifferen ce  w i l l  be  the tim e a t  G re e n w ic h  : find th is  tim e in  the fide c o l
u m n ,*  an d  the  d a ily  v a r ia tio n  at the to p , co rrefp o n d in g  to  w h ic h  is the 
fo u g h t  co rrectio n  ; w h ic h  is to  be added  to the  fu n ’ s r ig h t  afcenfion  fo r the 
p re ced in g  noon at G re e n w ic h .

EXAM PLE I.

Required the fun’s right afcenfiqn at noon, 
May 24, 1804, fca account, in the longitude 
o f  45° W. of Greenwich.

May 24, fca account is May 23 by N. A- 
The fun’s right afcenfion by N. A. at 
Greenwich 3h.59m.5jf.

Cotr. Tab. XXIX. for 45° long.
and daily var. 4m. liée, add 30

Right Afcea. required 4 O 25

EXAM PLE III.

Required the fun’s right afcenfion, May 24, 
1804, at 4I1. P. M. fca account, in the longi
tude of 4 j°  Vf .

jR. A . at noon in long. 450 W . by Ex. 1.4h. om.25fec.
Çorr. in Tab, XXIX. for 4b.

P. M. add 40

R.A.hfay 24,1804,at ^h.p.M. 4 r 5

EXAM PLE II.

Required the fun’ s right afcenfion at noon, 
June 24, 1804, fea account, in the longitude 
of 1200 E. of Greenwich.

June 24, fea account is June 23, by N, A. on 
which day at noon the fun’s R. A. is 

6h. 7m.2gf.
Corr. Tab.XXlX. for 1200 long, 

and daily var. 4m. g fee. fub. 1 23

Right Afeen, required 6 6 6

EXAM PLE IV .

Required the fun’ s right afcenfion, June 24, 
1804, at 9I1. A. M. fea account, in the longi
tude of 120° E.

R. A. at noon in longitude 1208 E. by Ex. 1 .
6h. 6m.6f.

Corr. in T ab.X X lX . for 12 hours 2 5
for 9 hours f 34

R. A . June 24, 1804, at gh, A.M. fi 9 45

*■------- :—  ---------------- ----------------------------- ------ -—r
*  I f  the time at Greenwich be more than I2h. you mull firft take out the correftion fj,| 

J jh. ar.d then for'the reft of the time j the fum of thefe two will be the cor reft ion.



T h e  th ird  and fo u rth  exam p les  m a y  b e  w o r k e d  b y  a  fin g le  e n try  o f  
T a b l e  X X I X .  as fo llo w s ,

EXAM PLE III.

d. h. m.
Given time by N .A , May 23 4 o 
I.ong. 45° in time add 3 o

Time at Greenwich 43 7 o

h. m- f.
Sun’s R. A. M?y 23, at noqn 3 59 55 
Corr. Tab. X X IX . tor 7h. 1 10

Sun’s R.A.May 23,1804, at 4I1.P.M.4 j 3

EX AM PLE IV .

<L h. m.
Given time by N .A. June 23 21 o 
Long, x 20“ in time 8 o

Time at Greenwich 23 13 o
h. m. f.

Sun’ s R. A. June 23, at noon 6 7 29
Corr. Tab. XXIX. for 12I1. 2 5

for i lu  19

Sun’s R. A . June 23, 21h. om. 6 9 44

I f  y o u  w iih  to  fin d  a c c u r a te ly  th e  t im e  th a t a n y  ftar com es to  th e  m e , 
r id ia n , o r  th e  tim e  o f  its  r ifm g  o r  le t t in g , y o u  m u ll firft ta k e  the  fu n ’s 
r i g h t  afeenfion  fo r  n oo n  a t  G r e e n w ic h , fro m  th e  N a u t ic a l  A lm a n a c ; then  
th e  l ia r ’ s r ig h t  afeen fion  fro m  T a b le  I X .  an d  w ith  th t fe , find th e  a p p ro x 
im a te  tim e  o f  r ifm g , f e t t in g ,  o r  c o m in g  to  th e  m e rid ia n , b y  th e  m eth o d  a l .  
f e a d y  g iv e n  in  the  p recep ts fpy u fin g  T a b le s  I X .  and X .  T h e n  ca lc u la te  
th e  fu n 's  r ig h t  afeen fion  fo r  th is  a p p ro x im a te  t im e , and rep eat the o p era tio n  
t i l l  the  afliim ed and c a lc u la te d  tim es a g re e , and y o u  w i l l  h a v e  the  tru e  tim e  
re q u ire d .

F o r  to  e x p la in  th is  m e th o d , I  {h all ufe th e  exam p les  a lre a d y  g iv e ii j  in  
e x p la in in g  the  m anner o f  c a lc u la tin g  b y  T a b le s  I X .  an d  X ,

To find the Time when a Star comes to the Meridian.

EXAM PLE I.

At what time will Aldebaran be on the me
ridian of Salem, Jan. 2, 1804, fea account ?

Jan. 4, fea ace. is Jan. 1 ,  N .A.
on which day the fun’ s R. A , I), m. f. 
at noon at Greenwich is 18 43 20

Al.debaran’s R .A . 4h. 24m.4 if.
Add 24

—— —~  28 24 4:

Pi Terence is the approximate tfine 9 41 21

Now calculating the fun’s R. A . for this time 
in the long, of Salem,j o Q$ o ' W . h. m. f. 
o f London, 1 find it to be 18 45 591

Aldebarans R. A . + 2^h. 28 24 41

True lime of coming to the mcrid, 9 38 42

EXAM PLE II.

At what time will Pollux be on the mcrid 
ian of New bury port, March 31, 1S04, fea 
account i

March 31, fea acc. is Mar_30,N.A. 
on which {lay, at noon, the ) h ,  m f, 
fun’s right afeenfion is 2 0 3 5 1 5

This,fubtrafted from R.A.of Pollux 7 33 18

Approximate time of fouthing 6 58 3
Corrcilion of the fun’s R .A . from

Tab. X X IX . for this time is J 4
And for the long.7o°46' W.of Lond. 43

The fum of thefe two correflions is 1 4y 
which fubtrafted from the approximate time 
of fouthing 6h. 58m. 3fec. leaves the due 
time 6h. y6m. i6fec.

T h e  m eth o d  ufed in  the  la il  e x a m p le , o f  a p p ly in g  the  c o rre flio n s  to  the 
¡approxim ate t im e , in ile a d  o f  a p p ly in g  them  to  th e  r ig h t  afeenfion o f  the  fu n , 
w i l l  be  foun d m ore ex p ed itio u s  than  the  o th e r  m e th o d , m ade ufe o f  in  fo lv -  
i n g  E x a m p le  I .  B u t i t  m u ll b e  n o te d , th a t th e  co rrectio n s ap p lied  to  the 
ap p ro x im a te  tim e h a v e  a co n tra ry  f ig n  to  w h a t th e y  w o u ld  h a v e  w h en  a p 
p lie d  to  the  r ig h t  afeen fion.



To find the Time of fifing or Jetting of a Star..

R u l e . E n te r  T a b le  X .  w ith  the d e clin a tio n  o f  the  lia r  a t the top, and 
t h e  la titu d e  o f  th e  p lace a t the fide ; the  correfp on d in g num ber w i l l  be the  
t im e  o f  the l ia r ’ s con tin uan ce a b o v e  th e  h o r izo n , w h en  the la titu d e  and 
d e clin a tio n  are o f  th e  fam e nam e ; b u t i f  th e y  are  o f  d ifferen t nam es, th e  
ta b u la r num ber fu b tra fle d  fro m  12 h . w i l l  b e  the  tim e o f  con tin u an ce a b o v e  
th e  h o r iz o n . A d d  th is tim e to  the l ia r ’ s r ig h t  afcen lion , w h en  y o u  w a n t to  find 
th e  tim e o f  f e t t i n g ; b u t fu b t r a i l  i t , *  i f  y o u  w a n t  the tim e o f  r i l in g . F ro m  
th is  film  o r  differen ce fu b tr a i l  the fu n ’s r ig h t  afcen lio n * c o rr e ile d  fo r  the  
lo n g itu d e  o f  the p la ce  ; the  rem ainder w i l l  be  the ap p roxim ate  tim e fo u g h t .+ 
E n te r  T a b le  X X I X .  w ith  the d illa n ce  o f  th is ap p roxim ate  tim e from  n o o p , 
a n d  the  d a ily  v a r ia tio n  o f  the fu n ’ s r ig h t  afcenlion  ; the  c o rre ilio n  c o rr e f. 
p o n d in g  is  t o  be  added to  the ap p roxim ate  tim e in  the  foren oon , b u t fu b- 
t r a i le d  in  the  a fte rn o o n , an d  y o u  w i l l  h a v e  the  c o rr e ile d  tim e o f  r ilin g  o r  
fe t t in g .

EXAM PLE I.

At what time will the ftar Aldebaran fet, 
A liy 24, 1S04, tea account, at Washington 
city ?

The flat’ s declination is j 6° 6 J ' or i 6 ° 7 'N . 
and the latitude 38° 531 N. correfponding 
to w h ich in T a b ieX .il 611.54m.

StarS tight afcenlion 4 25

Sum 11 jg
May 24, fea acc. or May 2J by N.A.

at noon fun’ s R . A. 4h. om,
Cosr. fcu long. 770 W. 1

Sum fubtrafl 4 1

Remains approximate time of fetting 7 18
Corrjn Tab.XXIX. for7h.i8m. tub. 1

Correiled time of fetting, P.' M . 7 17

EXAM PLE n.
At what time will the Dog-Star Sirius rife 

at Baltimore, jah. 2, 1804, fea account ?

The flat’ s declination is i 6 °2 7 ' S. and the 
latitude 0/ Baltimore is 3 g t,2 0 / N. correi- 
ponding to which in Tab. X . is 6h. 56m. 

Which fubtrailed from 12 o

Leaves the time of the ftars being
above the horizon 5 4

Subtract from liar’s R. A . 6 37

Remainder 2 33
Add 24

Sum
Jan. 2, fea acc. or Jan. 1, by N .A.

*s 33
at noon fun’ s R. A . iSh. 43m 

Corr. lor lung. 76° 50'' W . 0 1

Subtrafl the fum 18 44
Remains approximate time of riling 6 49
Corr. in Tab.XXIX. for 6h.49m.fub. {

Cor reft time of tifwg in the afternoon 6 48

* fncreating the number frem which the fubtraflion is to be made, by 24 hours, when 
BccttVary.

+ Rejefting 24 hours when it exceeds 24 hours. I f  the time of riling or fetting be more 
than 1 sh. it will be after midnight j  but i f  iefs than 1 ah. it will be before midnight.



A  BACK. The fituation of the fails, when their furfaces are preiTed aft againd the mall by
^  the force of the wind. '
A b a f t  or A f t . The fternmoft part of the (hip: Carry aft any thing ; that is, carry to

wards the dem. The mad rakes aft, that is, hangs towards the (fern. How cheer ye fore 
and aft ? that i', How fares all the Blip’ s company ?

A b a f t  t h e  B e a m  denotes the relative fituation of any ebjcdl with the (hip, when the ob- 
joft is placed in any part of that arch of the horizon, which is contained between a line at 
tight angles with the keel and that point of the compafs which is dircitly oppofite to the 

(hip’ s coutfe. See Bearing.
A bo Aft d. The inlide of a (hip. Aboard Main Tack ! The order to draw the lower corner 

of the mainfail down to the chedree.
A b o u t .  The fituation of a (hip as Toon as (he has tacked or changed her courfe. About 

Ship ; the order to the (hip s crew to prepare for tacking.
A b r e a s t . The fituation of two or mote (hips lying with their fides parallel, and their head* 

equally advanced ; in which cafe, they are abreafi of each other.
A d r i f t . The ftateofalhip broken from her moorings, and driving about without control.
A f l o a t . Buoyed up by the water from the ground.
A f o r e . All that part of a (hip which lies forward, or near the (lem. It alfo fignifies far* 

ther forward; as, the manger (lands afore the fore-mad ; that is nearer to the (lem.
A f  t e r .  A  p h r a f e  a p p l i e d  t o  a n y  o b j c d l  i n  t h e  h i n d e r  p a r t  o f  t h e  ( h i p ,  a s  t h e  a f t e r - h a t c h « '  

way, t h e  a f r e r - l a i l s ,  &c.
A ground. The fituation of a (hip when her bottom or any part of it reds on the ground.
A h e a d . Any thing which is ficuated on that point of the compafs to which a fliip's dem i* 

directed, is (aid to be ahead of her. See Bearing.
A hull. The fituation of a (hip, when all her fails are furled and her helm is laditd to the 

lee fide ; by which (he lies nearly with her .fide to the wind and fea, her head being fame* 
what inclined to the direction of the wind.

A - l e e . The pofition of the helm when it is pulhed down to the lee fide.
A ll  i n  t h e  W in d . The date of a (hip's fails, when they arc parallel to the direition of 

the wind, fo as to (hake or (hiver.
A l l  h a n d s  h o a y  ! The call by which all the (hip’ s company are fummoned upon deck,
A l o f  r .  Up i n  t h e  t o p s ,  a t  t h e  m a d - h e a d s ,  o r  a n y  w h e r e  a b o u t  t h e  h i g h e r  r i g g i n g .

A l g n g - S i d e . S ; d c - b y - f i d e ,  o r  j o i n e d  t o  a  I h i p ,  w h a r f ,  & c .

A l o n g - S h o r e .  A l o n g  t h e  c o a d  ;  a  c o u r f e  w h i c h  i s  i n  f i g h t  o f  t h e  ( h o r e ,  a n d  n e a r l y  p a r *  

a l l e l  t o  i t .

A l o o f ,  is didance. Keep aloof, that is, keep at a didance.
A m a i n .  The old term for yiSld, ufed by a man of war to an enemy; but it noyr fignifiea 

any thing done l'uddcnly, or at once, by a number of men.
A m i d s h i e s . The middle of a (hip, cither with regard to her length or breadth.
A n c h o r .  The indrument by which a (hip is held. The anchor is foul ; that is, the ca

ble has got about the fluke of the anchor. The anchor is a-pcek ; that is, direflly under 
the hawlb-hole of the (hip. The anchor is a cock-bill ; that is, hangs up and down the 
(hip’s fide.

A n-E ni\  The pofition of any mad, &c. when ereited perpendicularly on the deck. The 
top-mads are faiJ ro be an-end, when they are lioiiled up to thiir ufual llations.

A? e ek . Perpendicular to the anchor ; the cable having been drawn fo tight as to bring the 
tliip diredtlv over it. The anchor is then faid to be apeek.

A s h o r e .  On the (hore, as oppofed to aboard. It alfo means aground.
A s i t e r n .  Any diliance behind a Ihip, as oppofed to Ahead. See Bearing.
A r  Anchor. The fituation of a fiiip riding by her anchor.
ATirwsJT. Acrol's the line of a (hip's courfe. A thwart-Hawfe ; the fituation of a (hip 

when driven by accident acrofsthe fore-part of another, whether they touch or arc at a (mall 
oidance from each other, the tranfvcrfe pofition of the former being principally underdood. 
Athwart the Fore-Foot; whin any object erodes the line of a  (hip’s courfe, but ahead of 
her, it is (aid to be athwart her fore-foot. Athwart-Ships; reaching, or in a direition, 
acrofs the diipfrom one fide to .the other.

A t r i p . . When applied to the anchor, it means that the anchor is drawn out of the ground, 
and hangs, in a pirpcndicular direition, by the cable or buoy-rope. The topfails are faid 
•so fee atrip, when they are hoisted up to the mail-head, or ro their utmoll extent.



AVa s t . A  term ufcd for flop, or ftay ; as, avaft heaving, don’t heave any more,
A w rrca. The fame as'atrip, when applied to the anchor.
A wning. A  fflclter or fcrecn of canvas fp'read over the decks of a ihip to keep off the hetft 

of the fun. Spread the awning, extend i t  fo as to cover the deck. F uri the awning ; that is 
roll it up.

T o  B a c k  t h e  a n c h o r .  To carry out a fmall anchor ahead of the large one, in order to 
fuppott it in bad ground, and to prevent-it from lcjofening or coming home.

I ’ d  B a c k  a s t e r n ,  i n  r o w i n g ,  i s  t o  i m p e l  t h e  b o a t  w i t h  h e r  i t e m  f o r e m o i t ,  b y  m e a n s  o f  t h e  

o a r s .

To Back  t h è  s a i l s .  T o  a r r a n g e  t h e m  i n  a  f i t u a t i o n  t h a t  w i l l  o c c a f i o n  t h e  l h * p  to m o v e  

after n.
T o B a c p i p e  t h i  m i z e n .  T o lay it aback, by bringing the flicet to the mixen (hrouds.
To B a l a n c e ,  To contradi a fail into a narrower compafs, by folding up a part of it at one • 

corner. Balancing is peculiar only to the mÍ2en of a (hip, and the mainfdil of thofc vtile!5 
wherein it is extended by a boom.

B a l e . Bale the boat ; that is, to lade or throw the water out of her.
B a l l a s t , is either pigs of iron, (tones, or gravel, which laft is called (hingle ballai! ; and 

_ its ufe is to bring the ihip down to her bearings in the water, which her provisions ani 
(teres will not do. Trim the ballati; ; that is, fpread it about and lay it even. The ballai! 
(hoots. ; .that is,it ihifts, or runs over from one fide of the hoid to the oilier.

B are I\>lf 3. When a (hip has no fail fet, (he is under bare poles.
B a r g e . A  carvel-built bfiat, that rows with ten or twelve oars.
B a t t e n t .  A  thin piece of Wood, Batten down the hatches, is to Jay battens upon the tar- 

paulins, which are over the hatches in bad weather, and nail them down that they may not 
* be walked off.

B e a r  a - h a n d .  Make hárte, difpatch.
B e a r i n g  f i g n i f i e s  t h e  p o i n t  o f  t h e  c o m p a f s  w h i c h  a n y  t w o  o r  m o r e  p l a c e s  b e a r  f r o m  e a c h  

o f  h e r ,  o r  h o w  a n y  p l a c e  b e a r s  f r o m  t h e  ( h i p  b y  t h e  c o m p a f s  $ o r  i t  m a y  b e  f a i d  t o  b e a r  o n  

t h e  b e a m ,  a b a f t  t h e  b e a m *  o n  t h e  b o w ,  t h e  h e a d  o r  f i e r a ,  & c .

B e a r i n g s  of a Ship, is that line which is formed by the water upon her fides when (he is at 
anchor, with her proportion of ballafi, and (lores on board. To bear to¿ is to fail into an 
harbour, &c. Bear round up; that is, put lier right before the wind. Bring your gunf 

" to bear, is to point them to the object.
To B e a r  i n  with the Land, is when a.(hip-fails towards the (here.
T o  B e a r  o f f . T o  t h r u i l  o r  k e e p  o f f  f r o m  t h e  i h i p ’ s  f i d e ,  & c .  a n y  w e i g h t ,  w h e n  h o l d i n g .

B t A R i N G - v r ,  or B e a r x n g - a w a y . The a£t of changing the courfe of a  ihip, in order t J  
make her run before the wind, after (he had failed fome time with a fide wind, or clofe 
hauled ; it is generally performed to arrive at fome port under the lee, dr to avoid fomC im
minent danger occalioded by a violent ftorm, leak, or enemy in fight.

B e a t i n g  t o  W i n d w a r d .  T h e  m a k i n g  a  p r o g r e i s  a g a i n f t  t h e  d i r e & i o n  o f .  t h e  w i n d ,  b y  

( l e e r i n g  a l t e r n a t e l y  d o f e - h a u l c d  o n  t h e  f t a i  b o a r d  a n d  l a r b o a r d  t a c k s ' .

To B e c a l m . T o  intercept the current of the wind, in its pafl'age to a (hip, by any contigu
ous object, as a (bore above her fails, a high lea behind, &c. and thus one fail is faid to' 

kbecalm another,
. B e f o r e  t h e  B e a m ,  d e n o t e s  . a n  a r c h  o f  t h e  h o r i z o n  c o m p r e h e n d e d  b e t w e e n  t h e  l i n e  o f  the 

b e a m ,  a n d  t h a t  p o i n t  o f  t h e  c o m p a f s  o n  w h i c h  t h e  ( h i p  f i e m s .  See B e a r i n g .

B e l a y .  T o  n r a k e  f a i l  a n y  r u n n i n g  r o p e  ;  a s ,  B e l a y  t h e  m a i n  b r a c e ,  o r  m a k e  i t  f a f t .

B e n d .  T o  a p p l y  t o ,  a n d  f a l l e n  ;  a s ,  b e n d  t h e  f a i l s ,  a p p l y  t h e m  t o  t h e  y a r d s  a n d  f a l l e n  t h e m  ;  
u n b e n d  t h e  f a l l s ,  t h a t  i s ,  c a f t  t h e m  o f f  a n d  t a k e  t h e m  f r o m  t h e  y a r d s  ;  h e r  f a i l s  a r e  u n b e n t *  

( h e  h a s  n o n e  f i x e d  ;  b e n d  t h e  c a b l e ,  m a k e  i t  f a l l  t o  t h e  a n c h o r «

B e n e a p e d ,  S e e  N e a p e d .

B s t w e e n - D e c k s .  The fpace contained between any two decks of a (hip*
B i g h t  o f  a  R o p e .  A n y  p a r t  b e t w e e n  t h e  t w o  e n d s .  B i g h t ,  a  n a r r o w  i n l e t  o f  t h e  f e a .

B i l g e .  T o  b r e a k .  ' 1 ,h e  ( h i p  i s  b i l g e d  ; t h a t  i s ,  h e r  p l a n k s  a r e  b r o k e n  i n  b y  v i o l e n c e .

B i l g e - W a t e r ,  i s  t h a t  w h i c h ,  b y  r e a f o n  o f  t h e  f i a t n e f s  o f  a  ( h i p ’ s  b o t t o m ,  f i e s  o n  h e r  f l o o r ,  

a n d  c a n n o t  g o  t o  t h e  w e l l  o f  t h e  p u m p .

B i r t h . .  A p l a c e  ; a s ,  t h e  ( h i p ’ s b i r t h ,  t h e  p l a c e  w h e r e  ( h e  i s  m o o r e d  ; a n  o f f i c e r ’ s  b i r t h ,  

h i s  p l a c e  i n  t h e  f t i i p  t o  e a t  o r  d e e p  in ; b i r t h  t h e  ( h i p ’ s  c o m p a n y ,  t h a t  i ? ,  a l l o t  t h e m  t h e i r  

p l a c e s  t o  m e f s  i n  ; b i r t h  t h e  h a m m o c k s ,  p o i n t  o u t  w h e r e  e a c h  m a n  's h a m m o c k  i s  Co h a n g .

B i n n a c l e . A kind of box to contain the compaiTes in upon deck.
B i t t s .  Very large pieces of timber in the lore part of a ih;p, round which the cables are 

fafiened when the (hip is at anchor. After-Bitts, a fmaller kind of bitts upon the quarter- 
deck, for belaying the running tigging to.

To Bi t t  the Cable, is to confine the cable to the bitts, by one turn under the crofs-piece, and 
another turn round the bitt-head. In this pofition it may be either kept fixed, or it may be 
veered aw3y.

Bit t e r . The turn of the cable round the bitts. Bitter-End ; that part of the cable which 
(lays within board, round about the bitts, when the (hip is at anchor.



e x p l a n a t i o n  o p  s e a  t e r m s *

IStOCK, A  piece of wood with running (heaves or wheels in it. through Which the running 
rigging Is paiTed to add to the purchafe.

.Board. T o board a fliip is to enter it in a hoftilc rrianner.
B oard and Bo a r d , is when two (hips touch each other. To make a boaid, is making a 

ftretch upon any Uc1t When a (hip is working upon a wind. To board it up, that is to turn 
to windward. The (hip has made a item-board, that is when (he lofes ground in working 
upon a winJ.

B o l d  S h o r e . A iV’ep coaft; permitting the clofe approach of (hipping.
B o n n e t  of a fail. Is an additional piece of canvas put to the fail in moderate weather to 

hold more. wind. Lace on the bonnet, that is, fatten it to the fail; Shake off the bonnet; 
take, it off.

B oot- T o p pin g . Clbaningthe upper part o f a (hip's bottom, or that part which lies imme
diately under the furface o f the W a t e r  5 and daubing it over with tallow, or W i t h  a mixture 
o f tallow, fulphur, rofm, &c.

B o l t - rope. The rope which goes round a fail, and to which the canvas is fewed«
Both S heets A p t . T he fituation of a (hip failing right before the wind*
B o w - G r a O e .  A  frame of old rope or junk, laid out at the bows, ftems, and flies, o f  (hips* 

to prevent them from being injured by flakes of ice.
B o w - l i n e s * Lines made faft to the fides of the fails to haul them forward when upon 4 

wind, which being hauled taut, enables the fliip to come nearer to the wiud.
To Bowse. T o puli upon any body with a tackle, in order to remove it.
B o w sp r it . A  large mart or piece o f timber whichflands out from the bows of a (hip.
B o x h a u l in g . A particular method of veering a (hip. when the fwell of the lea renders 

tacking impracticable.
B oxing . An operation fomewhat fimilarto BotHAUtlNG. It is performed by laying the 

head-fails aback, to receive the greateft force of the wind in a line perpendicular t6 their fur- 
faces, in order to return the (hip's head into the line o f her com fe, after Ihe had inclined to 
windward of it.

B r a c e s . The ropes by which the yards are turned about to form the fails to the wind.
T o b r a c e  t h e  y a r d s . To move the yards, by means of the braces, to any direction re

quired. To brace about-—To brace the yards round for the contrary tick* To brace 
(harp— To brace the yards to a pofition, in which they will make the fmallelt polTible angle 
with the keel, for the (hip to have head-way. To brace-to— To eafe off the lee* braces* 
and round in the weather-braces, to aflifr the motion of the (hip’s head in tacking.

B r a i l s . A name peculiar only to certain ropes belonging to the mizen, ufed to trufs it up 
to the matt. But it is likewife applied to all the ropes which are employed in hauling up 
the bottoms* lower corners and fkirts of the other great fails. To brail up— To haul up a 
fail by means of the brails* for the more readily furling it when neeeflary.

To b r e a k  b u l k . The a£t o f  beginning to unload a (hip.
To b r e a k  s h e e r . When a (hip at anchor is forced, by the wind or current, from that po

fition in which (he keeps her anchor mod free of herfclf and moft Arm in the ground, fo as 
to endanger the tripping of her anchor, (he is (aid to break herflicer. t

B r e a m in g . Burning off the filth from a (hip*:, bottom.
B r e a s t - f a s t .  A  r o p e  e m p l o y e d  t o  c o n i i n e  a ( h i p  f i d e  w a y s  to a whaff or to f o m c  o t h e r  

f l i i p ;
To BRING BY THE LEE. See TO BROACH TO. -
To b r in g  to. To check the court« of a ihip when (he is advancing,' by arranging the faild 

in fuch a manner as that they (hall counteract each other, and prevent her from either re
treating or advancing. See to l ie  t o .

To broach  to. To incline Suddenly to windward of the (hip’ s courfe, fo as to prefent her 
fide to the wind, and endanger h*»r overfetting. The difference between broach  i ng To 
and b r in g in g  b y  t h e  tF Z  maybe thus defined : Suppofc a (hip under great faU is fleering 
fouth, having the wind at N. N. W. then weft is the weather-tide, and caft the lec-fide. 
If, by any accident, her head turnaround to the leftward, fo as that her fails are all taken 
a-back on the weather fide,-(h'c is (aid to broach  t o . if , on the contrary, her head de
clines fo far eart ward as to lay her fails aback on that fide which was the leMlidc, it is called
BRINGING BY THE LE %■

B r o a d s i d e .  A  dilcharge of ail the guns on one fide of a  (hip both above and below.
B ro ken  b a c k e d . The ftateof a (hip which is fo ltfofencd in her frame as to drop at each 

end.
B y th e  bo a rd . Over the (hip’s fide.
B y t  ft e h e a d . The ftateof a (hip when live ¡$ fo unequally loaded as to draw more water 

forward than aft*
B y  t h e w in d . The courfe of a (hip as near as poftvble to the direiSofli of the wind, whkbr 

is ge;wraUy within fix points of it.
(H K) T*»\



B u n t - l i n e s ,  I/inea that come down from the top of the m a i l  to the b e a m  of the ouifidi} 
of the fail, and by which the bunt or belly of the fail is hauled up outwards.

B u o y .  A floating conical caite, moored upon (hoals to (how where the danger is $ alfo ufed 
to anchors to (hew where they lie, in cafe of the cable breaking.

C a p - s i s  e . Overturn. The boat capfifed, th3t is, overfet. Capflfe the quoit of rope, that 
is, turn it over.

C a p s t a n .  An inftrumcnt by which the anchor is weighed out of the ground, it being * 
great mechanical power, and is ufed for fetting up the (hrouds, and other work where great 
puFchafes are required.

To c a r  i e n . To incline a (hip on one fide fo low down, by the application of a ftrong pur- 
chafe to her mails, as that her bottom on the other fide may be cleanfed by breaming.

C a s t  1 n g , The m o t i o n  o f  f a l l i n g  o f f ,  f o  a s  t o  b r i n g  t h e  d i r e c t i o n  o f  t h e  w i n d  o n  e i t h e r  l i d e  

o f  t h e  ( h i p  a f t e r  i t  h a d  b l o w n  f o m e  t i m e  r i g h t  a - h e a d .  I t  i s  p a r t i c u l a r l y  a p p l i e d  t o  a  ( h i p  

a b o u t  t o  w e i g h  a n c h o r .

C a t - h e a d s . The timbers on (hip’s bows with (heaves in them, by which the anchor 19 

purchafed from the haule, and to which it is fecured to the (hip’s fide.
To c a t  t h e  a n c h o r  i s  t o  b o o k  t h e  c a t - b l o c k  t o  t h e  r i n g  o f  t h e  a n c h o r  a n d  h a u l  i t  u p  c l o f e  

t o  t h e  c a t - h e a d .

C a t ’ s  p a w . A light air of wind perceived at a diftance in a calm, fweeping the furface of 
the iea very lightly, and dying away before it reaches the (hip.

C a u l k i n g .  Filling t h e  f e a m s  o f  a  ( h i p  w i t h  o a k u m .

C e n t r e .  This word is applied to that fquadron of a fleet, in a line of battle, which occu
pies the middle of the line ; and to that column (in the order of failing) which is between 
the weather a.id lee columns.

C h a i n s . A  place built on the Tides of the (hip projecting out, and at which the (hrouds-are 
fattened, fl»r the purpefe of giving them a greater angle than they could have if fattened to 
the (hip's fide, and of courfe giving them greater power to fecure the matt.

C h a i n - p l a t e s ,  a r e  p l a t e s  o f  i r o n  f a t t e n e d  t o  t h e ( h i p rs  f i d e s  u n d e r  t h e  c h a i n s ,  a n d  t o  t h e f e  

p l a t e s  t h e  d e a d  e y e s  a r e  f a t t e n e d  b y  o t h e r  p l a t e s .

C hap e l l in g . The aft 0f  turning a fhrp round in a light breeze of wind when (he is clofc- 
hauled, (o that (he will lie the fame way (he did before. This is ufually occafioned by 
negligence in fleering or by a fudden change of wind.

C h a s e . A  veil'd purfued by fome other. Chafe*-— The veflel purfuing.
C h e e r l y . A phrafeimplying heartily, quickly,cheerfully.
To c l a w  o f f . The aft o f turning to windward from a lee-ihore to efcape (hipwreck, &c.
C l e a r  is varioufiy applied. The weather is faid to be clear, when it is fair and open ; the 

fea-coaft is clear, when the navigation is not interrupted by rocks, &c. It is applied Co 
cordage, cables, &c. when they are difentangled, fo as to be ready for immediate fervicc. 
In all thefe fenfes it is oppofed to fo u l . To clear the anchor is to get the cable off the 
flukes, and to difencumber it of ropes ready for dropping. Clear hawfe— When the cables 
are direfted to their anchors without lying athwart the ftem. To clear the hawfe is to un- 
tw-itt the cables when they are entangled by having either a crofs, 2n elbow, or a round turn.

C l e n c h e d . Made fa A, as t h e  c a b l e  is t o  t h e  ring o f  t h e  a n c h o r .

C l  e w . T o  h a u l  u p  t h e  f a i l s  b y  t h e  c l e w  l i n e s .

C l  e w - l, i n ? s, are ropes which come down from the matt to the lower corners of the fails, 
and by which the corners or clews of the fails are hauled up.

C lose- hauled . That trim of the (hip’s fails, when (he endeavours to make a progrefsia 
the nearefl direction poflible towards that point of the compafs from which the wind blows.

To c l u b -h a u l . A method of tacking a (hip when it is expefted (he will mifs (Uy« on a 
lee-fhere.

T o c l u e  u p .  To h a u l  u p  t h e  c l u e s  of a  f a i l  t o  i t s  y a r d  b y  m e a n s  o f  t h e  c l u e - l i n e s .

C o a s t i n g .  The a f t  o f  m a k i n g  a  p r o g r e f s  a l o n g  the f e a - c o a f t  o f  a n y  c o u n t r y .

To coi l  the c a b l e . T o lay it round in a ring, one turn over another.
To come h o m e .  The anchor is faid to come home when it loofens from the ground by the 

effort of the cable, and approaches the place where the (hip floated, at the length of her 
monrings.

C o m i n g  t o  d e n o t e s  t h e  approach o f  a f l i p ' s  h e a d  t o  t h e  d h e f t i o n  o f  t h e  w i n d .

Course. The point of the compafs upon which the (hip Tills. Coutfc?, a flip’ s lower fails ; 
as the tore-faUIs the fore courfe, the main-fail, the main-coil-rfe, fez . The flip is under 
her courier, that is, has no faii fet but the main-fail, fore-fail and mizen.

C o x s w a i n .  T h e  p e r f o n  w h o  f l e e r s  t h e  b o a t .

C r a n k . The flip is crank, that is (he has not a fuflfkient cargo or ballatt to render her ca
pable of bearing fail, without being expofed to the danger of overfetting.

• C r o w - f o o t ,  is a number of fmall lines fpread from the fore parts of the tops, by means o9  
the piece of wood through which they pafs, and being hauled taut upon the flays, they pre
vent the foot o f  the topfails catching under the top rim 5 they are alfo Lieu to iufpend the



C u n . T o dire£t. To cun a (hip, is to diTeft the man at helm how to (leer.
T o  c u t  a n d  i j u N .  To c u t  t h e  c a b l e  a n d  m a k e  f a i l  i n f l a n t l y ,  w i t h o u t  w a i t i n g  t o  w e i g h  

a n c h o r .

To d e a d e n  a  s h ip ’ s w a v . To i m p e d e  h e r  p v o g r e f s  through the water.
D ead  e y e s . B l o c k s  o f  w o o d  t h r o u g h  w h i c h  t h e  l a n y a r d s  o f  t h e  ( h r o u d s  a r e  r e e v e d .

D e a d l i g h t s .  A  k i n d  o f  w i n d o w  ( h u t t e r  f o r  t h e  w i n d o w s  i n  t h e  ( l e r n  o f  a  ( h i p ,  u f e d  i n  

v e r y  b a d  w e a t h e r  o n l y .

D e a d  w a t e r .  T h e  e d d y  o f  w a t e r ,  w h i c h  a p p e a r s  l i k e  w h i r l - p o o l s ,  d o l i n g  i n  w i t h  t h e  

( h i p ’ s  f l e r n  a s  ( h e  f a i l s  o n .

D e a d - w i n d .  T h e  w i n d  r i g h t  a g a i n f t  t h e  ( h i p ,  o r  b l o w i n g  f r o m  t h e  v e r y  p o i n t  t o  w h i c h  ( h e  

w a n t s  t o  g o .

i f )  i s m  a s t  E D -  The (late of a (hip that has loll lv.-r mails.
D o g - v a n e . A  f m a l l  v a n e  w i t h  f e a t h e r s  a n d  c o r k ,  a n d  p l a c e d  o n  t h e  ( h i p ’ s q u a r t e r  f o r  t h e  

m e n  a t  c u n  a n d  h e l m ,  t o  f e e  t h e  c o u r f c  o f  t h e  w i n d  b y .

D o g - w a t c h .  T h e  w a t c h e s  f r o m  f o u r  t o  f i x ,  a n d  f r o m  f i x  t o  e i g h t  i n  t h e  e v e n i n g .

D o u b l i n g .  The a£l o f  failing round or paffing beyond a cape or point of land. Doubling 
upon— The a£l of inclofmg any part of a hotlile fleet between two fires, or of cannonading it 
on both Tides.

D o u c e . T o  l l r i k e  o r  h a u l  d o w n  ;  a s ,  d o u c e  t h e  t o p - g a l l a n t  f a i l s ,  t h a t  i s ,  l o w e r  t h e m .

D o w n - h a u l .  The rope by which any fail is hauled down ; as the Jibb down-haul.
To d o w s e . To lower fuddenly, or flacken.
T o D R A G  T H E  A n c h o r .  To trail it along the bottom, after it is loofened from the ground.
T o  D r a w .  W h e n  a  f a i l  i s  i n f l a t e d  b y  t h e  w i n d ,  f b  a s  t o  a d v a n c e  t h e  v e f l e l  i n  h e r  

c o u r f e ,  t h e  f a i l  i s  f a i d  t o  d r a w  ;  a n d  f o  to  keep  a l l  d r a w i n g  i s  t o  i n f l a t e  a l l  t h e  f a i l s .

D r i f t . The angle which the line of a  (hip’s motion makes with the neared meridian, when 
(he drives with her fide to the wind and waves, and not governed by the power of the 
helm. It alfo implies the diilance which the (hip drives on that line.

D r i v e r .  A large fail let upon the rnizen yaids in light winds. Drive.— The (hip
drives, that is, her anchor comes through the ground.

D r o p .  Ufed fometimes to denote the depth of a fail ; as the fore-top-fail d r o p s  twelve yards.
T o  d r o p  A n c h o r . Ufed fynonymoufly with to  anchor. To drop a-ftern.— The re

trograde motion of a (hip.
D u n n a g e . A quantity of loofe wood, &c. laid at the bottom of a (hip to keep the goods 

from being damaged.
To Ea s e , to  E ase  a w a y , or to E a s e  o f f . T o ilacken gradually; thus they fay, 

ea fe  the bowline, eafe  the (hect.
E a s s : t h e  S h i p . The command given by the pilot, to the (leerfman, to put the helm 

hard a-lee, when the thip is expedled to plunge her fure part deep in the water when 
clofe hauled.

To e d g e  a w a y . To decline gradually from the (hore or from the line of the courfc 
which the (hip formerly held, in order to go more large.

To e d g e  in  w it h . T o  advance gradually towards the (hore or any other objeil.
E l e o w ,  i n  t h e  H a w s e . I s w h e n  a  ( h i p  b e i n g  m o o r e d ,  h a s  g o n e  r o u n d  u p o n  t h e  ( T u f t 

i n g  o f  t h e  t i d e s ,  t w i c e  t h e  w r o n g  w a y ,  f o  a s  t o  l a y  t h e  c a b l e s  o n e  o v e r  t h e  o t h e r :  h a v i n g  

g o n e  o n c e  w r o n g ,  ( h e  m a k e s  a  c r o f s  i n  t h e  h a w f e ,  a n d  g o i n g  t h r e e  t i m e s  w r o n g  ( h e  m a k e s  a  

r o u n d  t u r n .

E n d  f o r  E n d . A term ufed when a rope runs all out of a block, and is unreeved ; or in 
coming to an anchor, if the (loppers are not well put on, and the cable runs all out, it is 
faid to have gone out end for end.

E n d  o n . W h e n  a f h i p  a d v a n c e s  t o  a  ( l i o r e ,  r o c k .  S o c .  w i t h o u t  a n  a p p a r e n t  p o f l i b i l i t y  

o f  p r e v e n t i n g  h e r ,  ( h e  i s  f a i d  t o  g o  e n d  on  f o r  t h e  ( h o r e ,  Sc c .

E n g a g e m e n t . A d l i o n o r  f i g h t .

E n s i g n . The flag worn at the (lern of  a fliip.
E n t e r i n g - P o r t .  A  large port in the fide of three deckers leading into the middle deck, 

to fave the trouble of going up the (hip’s fide to get on board.
E v e n  k e e l .  When the keel is parallel with the horizon, a  (hip i s  faid to be upon a n  

e v e n  kee l.
F a i r . A  general term for the difpofition of the wind when favorable to a (hip’s courfc.

F a i r - w a y .  T h e  c h a n n e l  o f  a  n a r r o w  b a y ,  r i v e r ,  o r  h a v e n ,  i n  w h i c h  ( h i p s  u f u a l l y  a d v a n c e  

in their p a f l a g e  up a n d  down.
F a c k ,  or F a k e . One circle of any rope or cable quoiled.
T o  f a l l  a - b o a r d  OF. Toftrike or encounter another (hip when one or both are in 

motion. To fall a-ftern.— The motion of a (hip with her (lern foremoil. To fall calm. 
— To become in a date of reft by a total cefiationof the wind. T o fall down.— To fail 
or he towed down a river nearer towards its mouth.

F a l l i n g  o f f  denotes the motion of the (hip’s head from the dircilion of the wind. It is 
ufed in oppolltion to c o m in g  to .



5 y * t i  v »t  O f f ,  «fr o t h in g  O f f .  The command of the fteetfman to keep the fhia 
near the wind.

F ath o m . A meafure of fix feet.
To f e t c h  a w a y . To be (haken or agitated from one fide to another fo as to loofen any 

thing which before was fixed.
Fin. A fquare bar of wood or iron, with fhoulders at one end ; it is ufed to fupport the 

weight of the top-maft, when erefted at the head of a lower-maft.
h o f l r  Sf l i c i k g . A  large piece of wood of a conical figure, ufed to extend the ilrands 

and layers of cables in fplicing.
To Fi l l . To hrace the fails fo as to receive the wind in them, and advance the fhip in her 

courfe, after they had been either (hivering or braced a-back.
F ish. A  large piece of wood. Filh the mall, apply a large piece of wood to it to (Irength- 

en it. '
F ish - hook. A  large hook by which the anchor is received from under the hawfer, and 

brought to, the cat-head ; and the tackle which is ufed for this purpofe is called the fiili- 
tackle.

T o f i s h  t h e  a n c h o r : To draw up the flukes of the anchor towards the top of the 
bow, in order to (low it, after having been catted. 

l a c . A  general name for colors worn and ufed by (hips of war.
F i a t -A f t . The fituation of the fails when their furfaces are prefied aft againfl the mad by 

the force of the wind.
T o  Fl a t  in . T o draw in the aftermofi lower corner or clue of a fail towards the middle 

of the (hip, to give the fail a greater power to turn the veftel. To flat in forward.— To 
draw in the fore-lbeet, jib-fheet, and fore-ftayfaiI-(heet, towards the middle of the (hip.

F l a w . A hidden breeze or gull of wind.
F l o a t in g . The (late of being buoyed up by the water from the ground.
F lood- t i d e . The (late of a tide when it flows or rifes.
F lowing s h e e t s . The pofition of the iheets of the principal fails when they are loofened 

to the wind, fo as to receive it into their cavities more nearly perpendicular than when clofe- 
hauled, but more obliquely than when the (hip fails before the wind. A  (hip going two or 
three points large has JU teing fleets.

F o r e . That part of a (hip’s frame and machinery that lies near the Item. Fore and Aft. 
Throughout the whole (hip’s length. Lengthways of the fhip.

F o r e - r f a c h . Toflioot a-head, or go pad another vcflël .
To Forge over . T o force a (hip violently over a (hoal by a great quantity of fail.
F orw ard . Towards the fore part of a (hip.
Four.. Is ufed in op pofition both to, clear and fair. As oppofed to clear, we fay foul wea-
, ther, foul bottom, foul ground, foul anchor, foul hawfe. As oppofed to fair, we fay foul 

wind.
To Fo u n d er . To fink at fea by filling with water.
T o Free. Pumping is laid to free the (hip when it difeharges more water than leaks in

to her.
T o  F r e sh e n . When a gale increafes it is faid to freflien. To Frelhen the Hawfe.— Veer-, 

logout or heaving in a little cable to let another part of it endure the ftrefs of the hawfe- 
holes. It is alio applied to the a£l of renewing the fervice round the cable at the hawfe- 
holes.

F reshen  t h e  Ba l l a s t . Divide or fcparate it.
F resh w a y . When a (hip.increafes her velocity the is faid to get freih way.
F u l l . The fituation of the fails, when they are kept diflended by the wind.
F u l l - a n d - b y . Tiie fituation of a (hip, with regard to the wind, when clofe-hawlcd ; and 

failing, fo as to fleer neither too nigh the direction not to deviate to leeward.
To Four.. To wrap or roll a fail clofe up to the yard or flay to which it belongs, and wind

ing a cord round it, to keep it fail.
C a g e  of th e  ship. Her depth of water, or what water Ihe draws.
T o G ain  th e  w in d . To arrive on the weather-lide, or to windward of, fome ihipor fleet 

in fight, when both are failing as near the wind as poflihle.
G ammon t h e  b o w s p r it . Secure it by turns of a llrong rope palled round it, and into the 

ca'-water, to prevent it from having too much motion.
C a s k e t - The rope which is pafiêd round the fail to bind it to the yard when it is furled.
T o  G a t h e r . A  fhip is faid to gather on another as (he comes nearer to her.
Ç im b l e t in g . The aftion of turning the anchor round by the flock, to that the motion 

of. the flock appears umilar to that of the handle of a gimblet, when employed to turn thé 
wire,

CiRT- The (hip is girt with her cables when (he is too tight moored.
To G ive  ch ase  t o . T o purfuea (hip or fleet.
ÇcasE.-Wi.N<j.s of  a  s a i l . The clues or lower corners of a (hip’s mainfail or forefail, wheu 

the middle part is furled or tiçd up to the yard, ■ . ■



Grappling-iron. A  thing in the nature of an anchor, with four or fix flukes to it.
G'reave. To burn off the filth fiom her bottom.
G ripe o f  a Jh ip . That thin part of her which is under the counter; and to which the

ftern-poft joins. The (hip gripes, that is, turns her head too much to the wind.
Grounding, The laying a ihip a-ihore, in order to repair her. It is alfo applied to run

ning a-ground accidentally.
Ground-tackle. Every thing belonging to a (hip’ s anchors, and which are neceflary for 

anchoring or mooring ; fuch as cables, hawfers, tow-lines, warps, buoy-ropes, &c.
Ground-tier, That is, the tier of water-caiks which is Joweft in the hold, and is among

the ihingle ballaft.
G row ing. Stretching out; applied to the direflion of the cable from the (hip towards the 

anchors: as, the cable Grows on the (larboard bow.
Grummet. A  piece of rope laid into a circular form, and ufed for large boat’s oars inftcad 

of rowlocks, and alfo for many other purpofes.
Gunnel, The large timber that runs along upon the upper part of a (hip’s fide.
Gun-room. A  divifion of the lower deck abaft, inclofed with net-work, for the ufe of the 

gunner and junior-lieutenant, and in which their cabbins ftand.
Gybing. The a& of (hifting any boom-fail from one fide of the maft to the other.
H a il. To call to another (hip.
Halyards. The ropes by which the fails are holfted, as the top-fall halyards, the jibb hal

yards, See.
H ^ra-a-w eathcr. Put the tiller quite up to windward.
H aul. Pull.
T o  Haul tbe wind. To direfi the (hip’s couife nearer to the point from which the wind 

blows.
fjawfe-bolcs. The holes in the bows of the (hip through which the cables pafs. Freflien 

hawfe, veer out more cable« Clap a fervicc in the hawfe, put fomewhat round the cable at 
the hawfe-hole to prevent its chafing. To clear hawfe, is to untwift the cables where a 
(hip is moored, and has got a foul hawfe. Athwart hawfe is to be acrofs or before another 
(hip’s head.

H a w fir. A  final 1 kind of cable.
llea d -fa ft . A rope employed to confine the head of a (hip to a wharf or to fome other (nip. 

Headmoft. The fituation of any ihip or (hips which ate the moft advanced in a fleet. Head- 
fails. All the fails which belong to the fore-maft and bowfprit.

Jlead-fea• When the waves meet the head of a (hip in her courfe, they are called a hcad- 
fea. It is likewife applied to a fingle wave coming in that direction.

H ead-to-wind. The lituation of a (hip when her head is turned to the point from which 
the wind blows, as it muft when tacking.

H ead-w ay, The motion of advancing, uled in oppofition to ftern-way.
To Heave. To^urn about a capftan, or other machine of the like kind, by means of bars* 

handlpecs, &c. To Heave a-head. To advance the ihip by heaving-in the cable or other 
rope faftened to an anchor at fome diftance before her. To Heave a-peek. To heave-in 
the cable, till the anchor is a-peek. To Heave a-(tern. To move a ihip backwards by 
an operation fimilar to that of heaving a-head. To Heave down. To careen. 'i o Heave 
in the cable. To draw the cable into the Ihip, by turning the capftan. To Heave in 
(lays. To bring a (hip’s head to the wind, by a management of the fails and rudder, in 
order to get on the otlv-r tack. To Heave out. T o  unfurl or loofe a fail; more particu
larly applied to the ftayfails: thus we fay, loofe the topfails am! heave out the ftayfails. 
To Heave (hort. To draw fo much of the cable into the (hip, as that (he will be almoft: 
perpendicularly over her anchor. To Heave tight or taut. To turn the capftan round, 
till the rope or cable becomes ftraightened. To Heave the capftan. To turn it round. 
To Heave the lead. To throw the lead overboard, in order to find the depth of water. To 
Heave the log. To throw the log overboard, in order to calculate the velocity of the ihip'* 
way. Heave the capftan. That is, turn it round with the bars. Heave handfomely. 
Heave gently or leifurely. Heave hearty. Heave ftrong and quick.

H ead o f the fea , is the power that the (well of the lira has upon a (hip in driving her out,, 
or fafter on, in her courfe, and for which allowance is made in the day’s woik.

Heel, or incline. She heels to port, that is, inclines or lays down upon her larboard or
left fide.

Helm. The inftrument by which the (hip is fteered, and includes both the wheel and the 
tiller, as one general term. Helm's-a-Jee. That is, the tilier is quite down to leeward.

H igh and diy. ’ The fituation of a (hip when fo far run a-grounU as to be feen ury upon 
the ftrand.

Hitch. To make faft.
^Hoijl. To hawl, fway, or lift up.
I b i d ,  is the fp.icc between the lower deck and the bottom of a (hip, and where her fiotes, 

tec. lie, To (low the hold, is to place the things in it.



T »  hold Us owrty is applied to the relative fituation o f two /hips when neither advanced 
upon the other $ each is then faid to hold its own. It js likewife faid of a /hip which» by 
means o f contrary winds, cannot make a progrefs towards her de/lined port, but which how
ever keeps nearly the distance /he had already run.

Home, implies the proper fituation o f any object; as, to haul home the top fail Iheets is to ex
tend the bottom of the topfail to the lower yard, by means of the iheet9. In /lowing a hold, 
a caik, &c. is faid to be home, when it lies ciofe to fome other object.

Bulk. A  /hip without mails or rigging; alfo a ve/Tel to remove mails into or out o f /hips 
by means of /beers, from whence they are called /beer hulks.

Mull of the /hip. The body of it. To Jay a hull, is to lay to, with only a fmall fail in a gale 
of wind. T o hull a veflel, is to fire a /hot into any part of her hull. Hull-downy is when 
aflnp is fo far off, that you can only fee her mails. To hull a /hip— to fire cannon-balls 
into her hull within the point-blank range. Hull-to— the fituation of a /hip when /he lies 
with all her fails furled ; as in trying.

Jn Stays. See to heave in (lays.
Jeer-blocks. The blocks through which Jeers are reeved.
Jeers. The ropes by which the lower yards are fufpended.
jib b .  The ibremafl fail o f a /hip, fet upon a boom which runs out from the bowfpnt. Jibb- 

bcom. A  fpar that runs out upon the bowfprk.
Jolly-boat. A  fmall boat.
Junk. Old cable, or old rope.
Keel-haul. To drag a perfon backwards and forwards under a/hip's keel for certain offences.
KeckleJ. Any part ol a cable, covered over with old ropes, to prevent its furface from 

rubbing againil the /hip’s bow or fore foot.
Ta Keep Away. To alter the /hip’s courfe to one rather more large, for a little time, to avoid 

fome /hip, danger, &c. Keep away is likewife faid to the fteerfman, who is apt to go to 
windward of the iliip’s courfe. To Keep Full— to keep the fails diftended by the wind. To 
Keep Hold of the land— to /leer near to or in fight of the land. To Keep Off-—to fail off or 
keep at a diltance from the fliore. To Keep the land aboard— the fame as to keep hold of the 
land. To keep the luff—to continue ciofe to the wind. To keep the wind— thz fame as ts 
keep the luff.

Knippers. A  large kind of plated rope, which being twilled round the mefienger and cable 
in weighing, bind them together.

Knot. A  divifion of the log-line, anfwciing, in the calculation o f the /hip’s velocity, to one mile.
To Labour. T o  roll or pitch heavily in a turbulent fea.
Laden in Bulk. Freighted with a cargo not packed, but lying loofe, as corn, fait, &c*
Lasd-Up. The fruation of a fhi p when moored in a harbour, for want of employ.
Laml-Fall. The fir/l land difeovered after a fea-voyage. Thus a good landfall implies the 

land expected or defued ; a bad land-fall the reverfe.
Land-Locked. The fi-uation o f  a (hip furrounded with land, fo as to exclude the profpeCt o f  

the fea, unlefs over foir.e intervening land.
Lanyards of the flirouds, are tile fmall ropes at the ends of them, by which they are hove taut, 

or tight.
Larboard. The left fide o f  a/hip, looking towards the head. Larboard- Tack— the fituation 

o f a /hip when failing with the wind blowing upon her larboard fide.
L eft. To bind.
Lancb-koy fignifies high enough, or lower.
Laying the Land. A  fiiip which increafes her di/lance from the coaft, fo as to make it appear 

lower and fmaller, is laid to lay the land.
dreading-Wind. A  fair wind for a /hip’s ccurfe.
Leak. A  chink or breach in the tides or bottom of a /hip, through which the water enters Into 

the hull.
Lee. That part o f the hemifphere to which the wind is directed, to diftinguifli it from the 

other part which is called to windward. Lee-Cage— a /hip or fleet to leeward o f another is 
laid to have the lee-gage. Lee-Lurches— the fudden and violent rolls which afhip often 
takes to leeward, in a high fea ; particularly when a large wave /trikes her on the weather 
fide. Lee-Quarter— that quarter of a fl.ip which is on the lee-fide. Lee-Shore-—that /hore 
upon which the wind blows. Lec-fdc— that half of a (hip lengthwife, which lies between a 
line drawn through the middle of her length and the fide which is farthe/l from the point 
o f  wind. To LecKvord— towards that part o f the horizon to which the wind blows. Leeward 
Slip—»a fliip that falls much to leeward o f her courfe, when failing clofe-hauled. Leeward 
Tide— a tide that fets to leeward. Lee-way— the lateral movement of a /hip to leeward of 
her courfe $ or the angle which the line of her way makes with a line in the direction of her 
keel. To lie along—-to be prefied down fideways by a w-'eight o f fail in a fre/h wind.

To Lie-to. T o  retard a fl ip in her courfe, by arranging the fails in fuch a manner as to coun
teract eachoiher with nearly an equal effort, and render the £hip almc/t immovable, with, 
rcfpeCl to her pro^rwifive motion or headway.



Lifts. The ropes which come to the ends of the yards from the mail-heads, and by which the 
yards arc totted up and down.

Lijh  Incline. The (hip has a Hit to port, that is, (he heels to the larboard.
Logy and Log-line, by which the (hip's path is meafured, ami her rate of going ascertained. 

Leg board, on which is marked the tranfaciions o f the lhip, and from thence it is copied int» 
the log-book every twenty-four hours.

A  Long Sea. An uniform motion of long waves.
Look-Out. A  watchful attention to fume imporant object or event that is expetted to arife. 

Thus perfons on-board of a (hip are occafionally Rationed to lookout ioz fignals, other ihip^ 
for land, &c.

To Loofe. T o  unfurl orcaft loofe any fail.
To Lower. T o  cafe down gradually.
L u ff ! The order to the fteeriinan to put the helm towards the lee-ftde o f the (hip, in order 

to fail nearer to the wind.
To m tke a board. T o  run a certain diftance upon one tack, in beating to windward. To make 

foul water— it* muddy the water, by running in (hallow places, fi> that the (hip’s keel dif- 
turbs the mud at bottom. Tu make fail—  to incrcafe the quantity of fail already fet, either by 
unreefing or by fetting others. To make ßcrmvuy— to retreat or move with the ftern foremoft. 
To make the land— to difeover it from afar. To make water— to leak.

'Toman the yard* See. T o  place men on the yard, in the tops, down the ladder, & c. to exe
cute any neceftary duties.

M aß . The upright timber or trees on which the yards and fails are fet.
Mafted. Having all her mails complete.
Mend theftrvice. Put on more fervicc.
Meß enger. A  fmall kind of cable, which being brought to the capttan, and the cable by 

which the (hip rides made fail to it, it pitrehafrs the anchor.
T o  middle a rope. To double it into two equal parts.
Afidjbips. See Amdfhips.
T o  mijsß jys• A  (hip is faid to tmfsßays, when her head will not fly up into the direction o f 

the wind, in order to get her on the other tack.
M iz c n - M ü ß The mail which (lands abaft, and from which its rigging and fails are named ; 

as of the fails, mizen, mizen-top-fail, &c. and fo alfo ate the other fails, & c. named from 
the other mails.

Moor, is to fecure a HiTp with two anchors. Mooring— fecuring a (hip In a particular flation by 
chains or cables, which are either fattened to an adjacent fhore or to anchors at the bottom. 
/Looting Jenice— when a (hip is moored, and rides at one cable's length, the mooring frrvice 
is that which is at the ftr.ft fplice.

M'ufe. A kind of ball or knob, wrought upon the collar o f the flays.
Mußer. To afiemble,
Narrows. A  fmall pattage between two lands.
Neap-tides. The tides in the firft and laft quarter of the moon, and are not either fo high, f© 

low, or fo rapid as fpring tides. A fliip is faid to be beueaped, when (he has not water enough 
to take her otF the ground, or over the bar, &c.

Nearer no near. An order to the fteerfman not to keep the fhip fo clofe to the wind.
Nothing-off, A  term u fed by the man at the cun to the ftceifman, directing him not tog» 

from the wind.
Nun-buoy. The kind of buoys ufed by fhips of war.
Oakum. Old rope untwitted and pulled open.
Off-and-on. When a (hip is beating to windward, fr (hat by one board flic approaches towaris 

the fhore, and by the other (lands out to fra, (lie is faid to (land off-and-on fhore.
Offing. To feaward from the land. A  fliip is in the oiling, that is, fhe is to fcaward, at a dif- 

tancc from the land. She flands for the oiling, that is, lowmb? the fra.
Offward. From the (hove j as when a fhip lies aground and leans Cow trds the fra, fire Is (aid to 

heel ffward*
Onboard. Within the fhip 5 as, he is come on board.
On the beam. Any dittance from the fhip on a line with the beams, cr at right angles with the 

keel. Stt  bearing*
On the bow. An arch of rhe horizon, comprehending about four points of the compafs on each 

fide of that point to which the (hip’ s head is directed. Th*s, they fay, the fliip in fight bear*? 
three points on the (larboard bow j that is three points,tuwaids the right-hand,from that pait 
o f the horizon which is right a-head. See Bearing.

On the quarter. An arch o f  the horizon, comprehending about four points o f the compafs on 
each fide of that point to which the (hip’s ftern is directed. Sec or. the bow.

Open. The firuation o f a place expofed to the wind and fra. it is alio expr.fl'.d of snv ri:Tw»f 
objevl to which the fight or pattage is nut intercepted.



Open Ha:vp. When the cables of a (hip at her moorings lead ftraight to their refpe&ive ¿TU 
chors, without eroding, (he is fiiid to ride with an open bawp*

Orlop. The deck on which the cables are (towed*
Qver.board* Out of the (hip ; as, he fell over-board, meaning, he fell out of, or from the 
' flap.

Qver-grown Sea is exprefled of the ocean when the furges 2nd billows rife extremely high. 
Over-haul* To clear away and difentangle any rope $ alfo to come up with the chafe ; as* 

we over-haul her, that is, we gain ground o f her.
Over-Rake* When a ihip at anchor is expofed to a head-fea, the waves of which break in upon 

her* the waves are laid to over.rake her.
Ovcr.pt. A  (hip is over-pt, when her keel turns upwards.
Out-of-trim. The llate of a (hip, when (he is not properly balanced for the purpofes o f navi* 

gation.
Parcel a rope. Is to put a quantity o f  old canvafs round it before the fervice is put on. Parcel 

afian. Is to lay a narrow piece of canvafs over it after it is caulked, before it is payed* * 
^Parliament-bed. The ficuation of a (hip when (he is made to Hoop a little to one fide, foas to 

clean the upper part o f her bottom on the other fide. See Boot-topping.
Parting* Being driven from the anchors, by the breaking of the cable.
To Pazvl tbecapftan. To fix the pawls, fo as to prevent the capftern from recoiling, during 

any paufe of heaving.
To pay* To daub or cover the furface o f  any body, with pitch, tar, Sec. in order to prevent it 

from the injuries of the weather.
To pay away or payout* To (lacken a cable or other rope, foas to let it run cut for fome par-» 

ticular purpoiV.
To Pay off* T o  move a (hip's head to leeward.
T o peek the Mlzen* To put up the mizen yard perpendicular by the mail.
Peck. To ride a Hay-peck, is when the cable and the fore-Hay form a line. To ride a ihort 

peck, is when the cable is fo much in as to deftroy the line formed by the ftay-peck. T o  
ride whh the yards a peck, is to have them topped up by contrary lifts, fo as to reprefeiit 
St. Andrew's crofs.

Pitidant. The long narrow flag worn at the maft head by all (hips of the navy. Brace per*» 
dauts are th?fe ropes which fecure the brace-blocks to the yard arms, and are always double, 
in cafe of one being (hot away, the other may fecure the yards in its proper pofition.

Pitching. The movement of a (hip, by which the plunges her head and after-part alternately 
into the hollow of the fea.

Peint-Blank* The diredtion of a gun when levelled horizontally.
Points. A  number of  plated ropes made faft to the fails for the purpofe of reefing.
Pooping. The (hock o f a high and heavy fea upon the Hern or quarter o f a ihip, when (be 

fcuos before the ’«in 1 in a temped.
Port. A  name given on fome occafior.s to the larboard fide of the (hip; as, the (hip heels to 

port, top the yards to port, See* Alfo a harbour or haven.
Ports. The holes in the (hip's fides from which the guns are fired,
P?r;thc helm ! Theordcr to pul the helm over to the larboard fide.
Port la(l. T he gunnel.
Prtfs of Sail. A ll the fail a (hip can fet or carry.
Pudding and dolphin. A  large and leil'er pad made o f ropes, and put round the mails unde? 

the lower yards.
Par chap. Any fi'rf o f mechanical power employed in raifing or removing heavy bodies. 
Quarters* The refpc&ive ftations of the officers and people in time of attion. Quartering, 

difiributing the mercin*o different places. Quarter-bill, the lift of the (hip's company, 
with their llations for a&km noticed*

Quarter-wind, is when the wind blows in abaft the main ihrouds.
Quail, is a rope or cable Laid up round* one fake over another.
To R dp. T o  elevate any diflanr objett at fea by approaching i t ; thus, to raip the land iff 

ufed in oppofition to lay the land.
T o Rake. To cannonade a ihip-at the ftern or head, fo that the balls fcour the whole length 

o f the decks.
Paog: c f  Cable- A  fufEcicnt length o f cable drawn upon deck before the anchor is caft loofis, 

n> ad*mt of its (inking to the bottom without any check. 
ratlines. The final! ropes faftened to the fhrouds, by which the men go- aloft*
Reach. Thcdiftance between any two points on the banks of a river,- wherein the current; 

flows In an uninterrupted eour&?.
Ready about! A  command of the boatfwain to the crew, and implies Chat all the hands are to 

be attentive and at their ftations for tacking.
R:.:r. The laft uivifion of a fquariron, or the laft fq'iadroil of a fleet. It is applied ltkewifis 

totlic laft (hip of a line, fqyadron, or divifion*



Reef. Part of a fail from one row of eyelet-holes to another. It Is applied likewife to a cHiifl 
o f rocks lying near the furface of the water.

Reefing. The operation of reducing a fail by taking in one or more of the reefs.
T o  Reeve. To pafs the end of a rope through any hole, as the channel of a block, the cavity 

o f  a thimble, &c.
Rendering. The giving way or yielding to the efforts of fome mechanical power. It is ufed 

in oppofition to jambing or flicking.
Ride at anchor, is when a ihip is held by her anchors, and is not driven by wind or tide. T o  

ride athwart, is to ride with the fiiip’s fide to the tide. T o ride hdwjefallen, is when the 
water breaks into the hawfe in a rough lea.

Righting. Reftoting a (hip to an upright pofition, either after Ihe hits been laid on a careen, or 
after {he has been prefTed down on her fide by the wind.

T o  Right the helm, is to bring it into midihips, after it has been pufhed either to ftarboard of 
larboard.

Rigging oat a boom. The running out a pole at the end of a yard to extend the foot o f a fa il..
T o  Rig the capfiern. To fix the bars in their refpeftive holes.
Road. A  place near the land V/here fhips may anchor, but which is not flieltered.
Rolling, The motion by which a ihip rocks from fide to fide like a cradle.
Rough-Tree. A  name applied to any matt, yard, or boom, placed in merchant’ s fhips, as a 

rail or fence above the vefiel’s fide, from the quarter-deck to the fore-cattle.
Rounding-in. The pullirtg upon any rope which pafie9 through One Or more blocks in a dlrefi- 

fion neatly horizontal ; as, round-in the wcathcr-braces.
Rounding. Old roper fattened on the cable near the anchor to keep it from chafing.
Round-turn. The fituation of the two cables of a /hip when moored, after they have been fev- 

eral limes eroded. by the fwinging o f the Ihip.
Rounding-up. Similar to rounding-in, except that it is applied to ropes and blocks which aft 

in a perpendicular direftion.
T o  Row. T o  move a boat with oars.
Rnofing. P.tiling up a cable or rope without the afiittartce o f tackles.
Rudder; The machine by which the ihip is tteered.
Rullock; The nitch in a boat's fide, in which the oars are ufed.
T o  Run otit a warp. To carry the end of a rope put from a ihip in a bo3t, and fattening it to 

fome dlttant obj.'ft, fo that by it thfe fliip may be removed by pulling on it.
T o  Sag to leeward. T o  make confiderablc lee-way.
Sailing-trim is exprefied of a fhip when in the beft ftate for failing.
She funds, or fends. When the ibip's head or ftevn falls deep in the trough of the fea.
Scanting. The variation o f the wind, by which it becomes unfavourable to a fliip’s making 

great progrefs, as it deviates fiorfi being large,' and obliges ihe Veflcl to' tteer clofe-hauled 6r 
nearly fo.

Scudd. T o  go right before the wind ; and going in this direftion without any fail fet is called 
fpooning.

Scuttling. Cutting large holes through the bottom or fides o f a fhip, either to fink her or to 
unlade her expeditioufiy when ttranded.

Sea, A lars;c wave is fo called. Thus, they fay a heavy f a .  It implies likewife the agirt- 
tion bf the ocean, as, zgreatfa. It ejiprefles the direction of the wave^ as, a headfea. A  
long f a  means a uniform and ttcady motion o f long and eitenfive Waves; a Jhortfea, on the 
contrary, is when they run irregularly, broken, and interrupted.

Sea-boat. A veils! that bears the f:a firmly, without ftraining her matts, Sic.
Sea-clothes. Jackets, trowfers, &c.
Sea-marki A point oro'bjeft on ihore confpicuouily feen at fea.
Sea-r:om. A  fufficient dittance from the coatt or any dangerous rocks, 2cc. fo that a fhip may 

perfcim all nautical operations without danger o f ihipwreck.
Seaze, T o  bind or make faft.
Serve. To wind fomethin'g about a rope to prevent it frofn chafing or fretting. The fervice 

is the thing fo Wound about the rope.
Setting. The aft of obferving the fituation o f any dittzht ohj’ft by the cOmpafs.
T o Set fail. To unfurl an.d expand the fails to the wind, in order to £iv- mdrion to the ihip.
To Set up. T o  increafe the t-nfion of the fiirouds, back-ftavs, ¿5c. by tickles, lanyards, &c.
Stifle. T o  lower j ass fettle the vpfailhalyards, lower them.
T o Settle the land. T o  lower in appearance. I t '$ fynonymous with to hy the land.
S hank-painter. The rope by which the fiianfc of the anchor h  held up to the fiilp's f i de i s  alf© 

made fatt to a piece of iron chain, in which the (hank of the anchor lodges.
T o  Shape a catrf, T o  rfireft Or appoint'!he track of a fhip in order to profecute a voyage.
Sheer. The iheer o f  the fhip is the curve that is between the head and the iluiii, up.»* he/ 

fide. Thejhip fiters about, that ts, Ihe goes in and out.
To' Sheer off, To remove to a greater dittaflee.

(Ii) T a b .



Sheers, are fpars laihed together and raifed up Tor the purpofe of getting out or in a fliaih
T o Sheet-home. To haul the flieets of a fail home to the block on the yard-arm.
T o Shift the helm. To alter Its pofition from right to left, or from left to right.
T o Ship. To take any perfon, goods, or thing, on board. It alfo implies to fix any thing is  

its proper place, as, to fiip  the oarsy to fix them in their rullocks.
Shivering. The ftate of a fail when fluttering in the wind.
Slxal. Shallow.
'to  Shoe the an.br. T o  cover the flukes with a piece of plank to give it firmer hold in fuft 

ground.
'To Shoot a-bead. T o  advance forward.
Shore. A general name for the fea-coaft of any country.
T o  Shorten fail. Ufed in opoofition to make fail.
Sinnett. A  final! plated rope, made from rope yarns.
Slack-water. The interval between the flux and reflux of the tide, when no motion is per

ceptible in the water.
Slatcby is applied to the period of a tranfitory breeze.
Toßip the cable. T o  let it run quite out when there is not time to weigh the anchor.
Toßue. T o  turn any cylindrical piece of timber about its axis without removing it. Thus* 

to jlue a maß, or boom, is to turn it in its cap or boom-iron.
%:und. T o  try the depth of water.
Sounding.line. A lin e  to found with, which is maiked in the following manner: Black, 

leather, at 2 and 3 fathoms, white at 5, red at 7, black at 10, white at 13, (fome feamen 
ufe black at 10 and 13) white at 1 ̂ .as at 5, red at 17 as at 7, two knots at 10 fathoms, and 
an additional knot at ever 10 fathoms, with a Angle knot midway between each 10 fathom» 
to mark the line at every 5 fathoms.

T o  Spell the m\%en. T o  let go the fheet and peek it up.
To f i l l .  T o  difeharge the wind out of the cavity or belly o f a fail, when it is drawn up in the 

brails, in order to furl or reefit.
Spilling-lines, are ropes contrived to keep the fails from being blown away when they are 

clewed up in blowing weather.
Sj-'lk'-. To make two ends of ropes fait together by untwifting them, and then putting the 

firands of one piece with the ftrands of the other.
Split, The ftate of a fail rent by the violence of the wind.
Spcon-driflt. A  fort of ihowery fprinkling of the fea-water, fwept from the furface o f the 

waves in a tempeft, and flying like a vapour before the wind.
The fpiinkling of a fea, driven occalionally from the top of a wave* and not continual 

as a fpoon-drjft.
T o Spring a maflJyard> See. To crack a maft, yard, Sec. by means of (training in blowing 

weather, fo that it is rendered unfiffe for ufe. To firing a leak. When a leak frrft com
mences, a (hip is faid to firing a leak. To firing the luff. A  (hip is faid to firing her luff 
when (he yields to the effort of {he helm, by failing nearer to the wind than before.

Spiing flt-ysy are rather fmaller thäft the (lays, and placed above them, and intended to anfwer 
the purpofe of the ftay i f  it ihould be (hot away, Sec.

S¡ ring.ti.lesy are the tides at new and full moon, which flow higheft and ibb loweft.
Spuriing-Line, is a line that goes round a lmall barrel, abaft the barrel of the wheel, and com

ing to the front beam of the poop deck, moves the tell-tale with the turning of the wheel* 
and keeps it always in fuch polition, as to (hew the pofition of the tiller.

Spurfioes, are large pieces of timber which come abaft the pump well.
Squall. A  fudden violent blaft of wind.
Square: T his term is applied to yards that are very long, as taunt is to high mails.
T o  (quart the yards. T o  brace the yards fo as to hang at right angles with the keel.
Tofiand on. T o  continue advancing. Toßand h .  T o  advance towards the (hore. To fiand 

off. T o  recede from the (hore.
Starboard. The tight-hand fide of the ihip> when looking forward. Starboard-tack. A  (hip 

is faid to be on the flarboard. tack when failing with the wind blowing upon her flarboard-fide. 
Starboard the helm ! An order ro pufh the helm to the ftarhoard-fide.

To flay a flhip. T o  arrange the fails and move the rudder fo as to biing the (Lip’s head to the 
direction o f the wind, in order to get her on the other tack.

Steyr. Large ropes coming from the mail heads down before the mails, to prevent them from 
(pinging when the (hip is fending deep.

Steady ! The order to the helmlman to keep the (hip in the direction (he is going at that inftant.
Steering. '1 he a t of directing the (hip's way by the movement of the heim.
Skea age-way. Su^h degree of progrefllve motion of a (hip as will give effect to the motion c f  

the. helm*
To fleet the tide.* When a (hip is failing againd the tide at fuch a rate as enables her to over

come its power, (he is faid tofltm the tide*



S t e e v e . Turning up. The bowfprit deeves too much, that is, it is too upright.
S t i k n e a s t . A  rope confining a (hip by her (tern to any other (hip or wharf.
S t e r n m o s t . The tarthed a-ftern, oppofcd to h e a d m o s t .
S t e r n w a y . The motion by which a (hip falls back with her tlern foremoft.
S t i f f . T h e condition of a (hip when ¡he will carry a great quantity of fail without hazard of 

overfetting. It is ufed in oppofition to c r a n k .
S t o p p e r s . Large kind of ropes, which being fattened to the cable in different places abaft 

the bitts, are an additional fecurity to the fhip at anchor.
T o  s t o w . To arrange and difpofc a (hip’s cargo.
T o  s t r e a m  t h e  b u o y . T o let it fail from the (hip’s fide into the water, previoufly to 

calling anchor.
S t r e t c h  o u t . A  term ufed to men in a boat when they (hould pull drong.
T o  St r i k e . T o lower or let dowui any thing. Ufed emphatically to denote the lowering of 

colours in token of futrender to a victorious enemy.
T o St r i k e  so u n d in g . T o touch ground when endeavouring to find the depth of water. 
S ued  or S e w e d . When a (hip is on Ihore and the water leaves her, (he is faid to be fued ;

if  the water leaves her two feet, (he fues, or is fued two feet.
S u r f . The fwell of  the fea that breaks upon fliore or on any rock.
T o  S u r c e  t h e  c a p s t e r n . T o (lacken the rope heaved round upon it.
ScVAY-AW'AY. I loill.
S w e l l . The fluffuating motion of the fea either during or after a dorm.
S w e e p i n g . The ail of dragging the bight or loofe part o fa  rope along the furface of the 

ground, in a hatbour or road, in order to drag up fomething loll.
S wing INC. The aft o f a (hip’ s turning round her anchor at the change o f wind or tide.
T o  t a c k . T o turn a fltip about from one tack to another, by bringing her head to the wind. 
T a x x n g- i n . The ail of furling the fails. Ufed in oppofition to s e t t i n g .
T a k i n g  a -b a c k . Sc c a -b a c k .
T a m p i n s , or T o m k i n s . The bung, or piece of  wood, by which the mouth o f  the cannon 

is filled to keep out wet.
T a r p a o l i n . A  cloth o f canvas covered with tar and faw-duft, or fome other compofition, 

fo as to make it water proof.
T a u g h t . Improperly though very generally ufed for t i g h t .
T a u n t . High or tall. Particularly applied to malls o f extraordinary length.
T e l l - t a l e . An infirument which traverfes upon an index in the front of  the poop deck, 

to fliew the pofition of  the tiller.
T e n d i n g . The turning or Twinging of a (hip round her anchor in a tide-way at the begin

ning of ebb and flood.
T h w a r t . See a - t h w a r t . T hw art  sh ip s . See a t h w a r t  sh ips .
T hus ! An order to the hclmfman to keep the (hip in her prefent lituation, when failing with 

a fcant wind.
T i d e -w a y . That part of the river in which the tide ebbs and flows ftrongly.
T id e  i t  u p . T o go with the tide againfl the wind.
T i l l e r . A  large piece of wood, or beam, put into the head of  the rudder, and by means of  

which the rudder is moved.
T i e r . A  row ; as a tier of guns, a tier of caflcs, a tier o f (hips, &c.
T o p p i n g . Pulling one of the ends o fa  yard higher than the other.
T o r t , or t a u t , fignifi.'S tight.
T o  t o w . To draw a (hip in the water b y  a rope fixed to a boat or other (hip which is rowing 

or failing on.
T r a v e r s e . T o go backwards and forwards.
T re y - s a i l . A  fm.ill fail ufed by cutters and brigs in blowing weather.
T r i c e , t r i c e  u p . T o haul up and fallen.
T r im . The ¡late or difpofirion by which a lhip is bed calculated for the purpofes of naviga

tion. T o  t r i m  t h e  hold. T o arrange the cargo regularly. T o  t r i m  t h e s a i l s . 
T o  difpofe the fails in the bed arrangement for the courfe which a (hip is deering.

T o  t r i p  t h e  a n c h o r . T o  loofen the anchor from the ground, either by defign or accident. 
T rough of t h e  s e a . The hollow between two waves.
T r u c k . A round piece of wood put upon the top o f flag-daves, with (heaves on each fide 

for the halyards of the flags to reeve in.
T r y i n g . The fituation in which a (hip, in a temped, lies-to in the trough or hollow of the 

fea, particularly when the wind blows contrary to her courfe.
T u rn in g  t o  w i n d w a r d . That operation in failing, whereby afliip endeavours to advance 

againd the wind.
T o  u n b  a l l a s t . T o difeharge the ballad out o f a (hip.
T o  u n b e n d . T o  take the fails off from their yards and flays. T o  call loofe the anchor 

from the cable. T o  untie two ropes.



fpo v k b i t * T o  remove the turns of a cable from off the bits.
U n d e r  fo ot  is expreffed o f  an anchor that is direttly under the (hip.
U nder  s a i l ,  or U nder  w a y . When a (hip *s failing ihe is faid to be u n d e r  w a y .
U n der  t h e  L ee  o f  t h e  s h o r e ,  is to be clofe under the ihorc which lies to windward of 

the (hip.
U n f u r l .  Cad loofe the ga/ket o f the fail.
T o  U n m o o r . T o  r e d u c e  a  ( h i p  t o  t h e  d a t e  o f  r i d i n g  a t  A n g l e  a n c h o r ,  a f t e r  ( h e  h a s  b e e *  

m o o r e d .

T o  U n r e e v e . T o  draw a rope from out of a block, thimble, & c.
T o  U n r ig . To deprive the ihip of her rigging.
U vrou. The piece of  wood by which the legs o f  the crow-foot are extended.
V a n . The foremoft divifion of  a fleet in one line. It is likewife applied to the foremoft 

(hip of  a divifion.
V a n e . A  fmall kind o f  a flag worn at each mad-head.

* T o  V i e r ,  or w e a r  t h e  s h i p . T o  change a (hip's courfe from one tack to the other* 
by turning her dern to windward.

V e e r . Let out, as veer away the cable.
V e e r . Shift. The wind veers, that is, it (hifts, changes.
T o  V eer  a n d  h a u l . T o pull a rope tight, by alternately drawing it in and flackening if.
V i o l , or V o y a l . A  block through which the meflenger paffes in weighing the anchor. A  

large meflenger is called a v i o l .
W a k e . The path or track ¡mpreffed on the water by the (hip’s pafling through it, leaving a 

fmoothnefs in the fea behind it. A  (hip is faid to come into the wake of another when (he 
follows her in the fame track, and is chiefly done in bringing ¿hips to, or in forming the line 
o f battle.

W a l e s , are flrong timbers that go round a (hip a little above her water-line.
W a r p . A  fmall rope employed occafionally to remove a (hip ftom one place to another.
V o  W  a  r  p . T o  remove a (hi p by means of a warp.
W a t e r l i n e . The line made by the water’s edge when a ihip has her full proportion o f  

Acres, &c. on board.
W a t e r -b o r n e . The date o f a (hip, when there is barely a fufKcient depth o f  water to 

float her off from the ground.
W a t e r -lo g g e d . The date of  a ihip* become heavy and ina&ive on the fea, from thegrea$ 

qjantity of  water leaked into her.
W a t e r - t i g h t , The date o f a (hip when not lea |cy.
W e a t h e r . To weather any thing is to get to windward of it. Synonymous with windward.
W e a t h e r - b e a t e n . Shattered by a dorm. W e a t h e r - b i t . A turn of the cable 

about the end of the windiafs. W e a t h e r - g a c e . When a ihip or fleet is to windward 
o f  another ihe is faid to have the w e a t h e r -g a g e  of her. W e a t h e r - q u a r t e r , 
That quaiter of the (hip which is on the windwaid fide. W e a t h e r -sid e . The fide 
upon which the wind blows.

T o  W eigh  A nchor . T o  heave yp an anchor from the bottom.
T o  W ind  a  ship . To change her pofition, bringing her head where her dern was.
W in d - r oad . ‘When a (hip is at anchor, and the wind being againd the tide, is fo drong as 

to overcome its power and keep the (hip to leeward o f her anchor, (he is faid to be w in d « 
r o a d .

W in d ’s- e y e . The point from which the wind blows.
<To W i n d w a r d . Towards that part o f the horizon from which the wind blows.
W i n d w a r d  T i d e . A  tide that fets to windward.

T o  W ork  a  s h i p . T o dirtit the movements o f a (hip, b y  adapting the fails and managing 
' the rudder according to the courfe the (hip has to make.

T o  W o r k  t o  w i n d w a r d . T o make a progrefs againd the direction of the wind.
I V o q l p . T o w o o l d  is to bind round with ropes, as the mad is woolded. 

a r d s . The fpars upon which the fails are fpread.
Y a w in g . The motion of a i l i ip ,  when ihe deviates from her courfe to the right or left*







E X P L A N A T IO N  o f the P L A T E  defcribing the R IG G IN G , &c. o f n 

F IR S T -R A T E  SHIP OF W A R .

1  B O W S P R IT  
3  Yard and fail
3 Gammoning
4  I lor fa
£ Bubftay 
t> Spritfail flreets 
7 Pendants
5  Braces and pendants 
9 Halyards

l o  Liffcs
1 [  C  l e w l i n e s

32  Spritfail hoffeS
13 Buntlines
34 Standing liffcs
J5 Spritfail tops
a b  F l y i n g  j i b b o o m

37 Flying jib, ftay, and fails
18 Kalyaids
J9 Sheets
20 Horfes
?• t S P R IT S  A IL  T O P M A S T
22 Shrouds
23 Yard and fail 
£4 Sheets
a ?  Liffcs
26 Braces and Pendants 
37 Cap
28 Jack-ftaff
29 Truck
30 Union jack
31 F O R E -M A S T  

# 32 Runner and tackle
^3 Shrouds
34 Lanyards
3 ;  S'ay and lanyards
36 Preventer ftay and lanyard
37 Woolding the mail
38 Yard and fail
39 Horfes
40 Top
41 Crowfoot
42 Jeers t
43 Yard-tackles
44 Lilies
4 ;  Braces and pendants
46 Sheets
47 Fore tacks
48 Bowlines and bridles
49 Fore buntlines
50 Fore leechlines
51 Fore top-rope
52 Puttock (hrouds
53 F O R E  T O P -M A S T
54 Shrouds and halyards 
53 Yard and fail
56 Stay-and fail
57 Runner
38 Backftays
39 Hilyards
60 Liffcs
61 Braces and pendants
62 Horf-s
63 Clewlines

Bowlines a-.d bridles I

6$ Reef tackles
66 Sheets
67 Buntlines v
68 Crofstrees
69 Cap
70 F O R E T O P  G a l .M a s t
71 Shrouds and lanyards 
7 3  Yards and fails
73 Backpays
74 Stay
75 L ifts
76 Clewlines

. 77 Braces and pendants
78 Bowlines and bridles
79 Flag-ftafF
80 Truck
81 FLig-iUff ftay 
8 a Byrgfe
83 M a IN -M A S T
84 Shrouds
85 Lanyards
86 Runner and tackles
87 Pendant of the gornet
88 Guy of ditto
89 Fall of ditto
90 Stay
91 Preventer ftay
92 Srny-tackle
93 Woolding the mail
94 Jeers
93 Yard tackles
96 LifFts
97 Braces and pendants
98 Horfes
99 Sheets 

r ^  Tacks
101 Bowlines and bridles
102 Crowfoot
103 'Fop-rope
104 Top
10$ Buntlines
106 Leechlines
107 Yard and fail
108 M A IN T O P -M A S T
109 Shrouds and lanyards
110 Yard and fail
111 Puttock (hrouds
112 Backftays
113 Stay
(14  Stayfail &  ftay Sc halyards 
115 Runners 
1 t6 Halyards
117 Liffts
118 Clewlines
119 Braces and pendants 
(20 Horfes 
121 Sheets
(22 Bowlines and bridles
123 Buntlines
124 Reef-tackles
125 Crofstrees
126 Caos

129 Yard and fail
130 Backftays
131 Stay
132 Stayfail and halyards 
[33 I.iffts
134 Rracecand pendants 
13 5 Bowlines and bridles
136 Clewlines
137 Flag-ftaff
138 Truck
139 Flag-ftSff ftay
140 American ftandard 
(41 M IZ E N  M A S T
142 Shrouds and lanyards
143 Pendants and buttons 
T44 Yard and fail
1 4 5  C r o w f o o t

146 Sheet
147 Pendant lines
148 Peck brails
149 Stayfail 
(50 Stay
r5 r Derrick and fpan
152 Top
153 Crofs-jack yard
154 Crofs-jack liffts
155 Crofs-jack braces 
136 Crofs-jack flings
157 M IZE N  T O P -M A S T  
138 Shrouds and lanyards
1 59 Yard and fail
160 Backftays 
(61 Stay
(62 Halyards
163 Liffts
164 Braces and pendant
16 3 Bowl ines and bridles
166 Stays
167 Clewlines
168 Stayfail 
(69 CroLtrees
170 Cap
171 Flag-ftaff
r72 Flag-ftaff (lay 
173 Truck 
(74 Union-jack 
173 Enfign (iaff 
(76 Truck
1 7 7  E n f ig n

178 Poop-ladder
179 Bower cable

H ULL_

\ Cat-head 
15 Fore channels 
C  Main channels 
D Mizen channels 
E Entering port 
F Haufe-lroles 
G Poop lanthorns 
iH C  he Acre's 

Head 
Stem

127 M A IN T O P  G.s l .M a s t K 
; a8 Shrouds and halyards iK.



Evolutions at Sea.

W O f the Ballaß and Lading.
H E N a fl>ip is loading, it ihould be confidered, that her tendency to pitch or roll 

depends not alone on her form, but even more upor the more or lefs advantageous diftribution oí" 
the heavieft parts of her cargo.

Particular attention is to be paid to moderate her pitching, as that is what moft fatigues a 
fhip and her malts; and it is moftly in one of thefe motions that mafts are feen to break, parti
cularly when the head rifes after having pitched. Although the rolling be proportionably a 
more coniiderable movement than pitching, it is feldom any accident is fecn to arife from it, as 
it is always a flow one. It is however not lefs proper to prevent it as much as poflible. This 
will in general be cafily obtained, without being any way detrimental to the (hip's (lift* carrying 
of fail, If, when the ballad is iron, you How it up to the floor heads ; becaufe it will recall the 
(hip with lefs violence after her having inclined, and it will aft on a point but little diftanc 
from the centre of gravity.

In the merchant-fervice the ftowage confifts, befides the ballad, of cafks, cafes,bales, boxes, 
&c. which are all carefully wedged off from the bottom, Tides, pump-well, &c. and great at
tention paid that the moft weighty materials are flowed neareft to the centre of gravity, or bear
ing of the ihip ; and higher or lower in the hold agreeably to the form of the veil'd. A  full 
low-built veil'd requires them to be flowed high up, that the centre of gravity may be raifed, 
to keep her from rolling away her mart, and from being too ftiff and labourfome ; as, on the 
contrary, a narrow high-built vefiel requires the moft weighty meteríais to be flowed low down, 
neareft the kelfon, that the centre of gravity may be kept low, to enable her to carry fail, and 
to prevent her overfettmg.

To anchor in fine weather in a place where you w ill ride head to windy be
ing clofe-hauled.

Being under the three topfaÜs, fore-topmaft (lay-fail, and mizen, (land on until you are 
within about two (hips' lengths of the place where you mean to drop your anchor; then puc 
the helm a-lee, and haul down the fore-topmaft flay-fail. As foon as the topfails driver clue^ 
them up briikly, before you lower ; except the mizen topfail, which is to be laid to the tnaft, 
and the mizen (beet hauled flat aft, the inftant the fhip begins to have ftern-way, by reafonof 
the wind being a-head. Then fhift the helm to windward, and let go the anchor, veering away 
the cable, to give it time to fettle in the ground, until the veflel falls off, when (he is to be 
checked, to bring her head to the wind. When that is done, right the helm, and haul up the 
mizen.

To anchor in fine weather in a place where yon w ill ride head to windy the
wind being large.

I f  you have the wind larg ,̂ whether on the beam or more aft, the operation is (1111 the fame, 
only hauling up a little fooner to keep to windward, becaufe it is in your power to drift as much 
as you think requiftte, and becaufe the (hip will be entirely flopped as foon as all her fails begin 
to catch a-back, and you will have done cluing them up when they begin to (hake. The 
mizen top-fail is next to be heaved to the mail, the helm put a-weather, and the anchor let go, 
as foon as the head-way ceafes : then after giving her a fufflciency of cable, bring the (hip up. 
I f  (he has been going large (lie will not range precifely head to wind, fince her headway ceafes 
as foon as the fails are taken a-fcack, and the effort of the wind aftson all the rigging of ihe 
(hip to impel her both a-ftern and to leeward, which is indeed augmenting the effeft of the rud
der, as the helm is a-weather to bring the veflel to the wind : but as the power of the wind 
is very great to pay the {hip's head oft*, it balances, wholly or partly, (according as the (hip 
goes a-ftern with more or lefs velocity) the effort of the rudder and that of the mizen : thus 
(he drifts, and remains as it were lying-to with all her fails a-back. This is the reafon why 
ve  keep a little to windward, and let go the anchor, to bring the (hip head to wind at the pro
per time ; which (he will do the more readily as (he is withheld forward only by the cable, 
while the wind on her fide forces her to leeward.

To anchor in fine weather in a place where you are to ride head to the fire am 
and windy the wind being large•

I f  you are obliged to ride with the head to the dream, you muft, when It comes from 
to windward, put the helm n-lee in fettlng the mizen, then clue up the fails; and when 
the (hip's head is light \n the direction of the dream, let go the anchor, provided (he haz



quite loft her head way $ for, elfe, you would get foul of the anchor (lock by running over it* • 
This muft never be neglected, unlefs you find yourfelf under the necelliey to bring up in any 
fituation in which you may happen to be, which is alraoft always the cafe when you are taken 
too ihort to have time to (top the veflel: a reafon why there is often a neceifuy of carting a 
feconcl anchor, which generally catches the ground by afiiftance of the firft, which has begun 
to diminiih the velocity of the (hip ; and as many of the fails are to be hauled down as you can, 
and as quick as poflibie*

To anchor in fine weather in a place where you w ill ride head to thefireamt 
which comes from leeward, the wind being large♦

When the current comes from to leeward, you muft keep the (hip away till her head comes 
to the fet of the ftream, and take in all the fails, to diminiih as fpcedily as poifible her head 
way, which always continues of itfelf long enough when the wind is aft or very large; and 
when the (hip is ftopped by the effort of the water, let go the anchor, without waiting for the 
veflel gathering ftern-way, i f  the current is rapid ; and, in this cafe, as well as all thole where
in there is a fea, or blowing freih, the (hip requires a great length of cable.

To come to an anchor with the wind aft•
Firft, hand the main topfail, and then lower the fore topfail down on the cap; and when you 

are within a reafonable diftance of the place where you mean to drop anchor, (which diftance is 
to be judged of from thereadinefs of the (hip to obey the helm, and from her velocity) the tiller 
may be put either one way or the other, the fore topfail and tore topmaft-ftayfail clued up and 
taken in, the mizen-topfail braced (harp up, and the mizen-flieet hauled fiat aft. When the 
(hip tanges clofs to the wind, (h'e is,as ¡r were, lying-to under the mizen and mizen-topfails, 
with the la it mentioned fail full ora-back, according as you may have occafion to ihoot a-head 
or drop a-ftern ; fo that, if you are too much to windward of the fpot where you mean to bring 
to, you drift till you arrive at i t : if  you are precifely in the proper birth, you let go the anchor 
in lowciing down the mizen-topfail, which is to be furled as foon as the vertel is brought up ; 
then the (hip will come head to wind by the power of the mizen, which muft be brailcd up as 
l'oon as it (hakes.

Scudding under a forefail, to come to an anchor•
The forefail muft be clued up when at fome diftance from your birth ; and, fome part of the 

way, run under bare poles. When near enough to iheer to the wind, you execute it by putting 
the helm hard a-lee; and, as foon as the (hip is come-to, let go the anchor, giving her a large 
fcope of cable, and obferving to check her handfomely, in order to make her tide head to wind: 
as (topping her at firft too (hort might endanger her cable or anchor. Should the firft not bring 
her up, a fecond may be let go.

To anchor with a fpring, in order to prefent the tveffeVs fide to a place or 
Jhip you wifi? to cannonade•

This is executed when you know that the wind or current will bring your head, when at an
chor, towards the object you mean to attack s for, (hould the wind or tide bring your broadfide 
to bear on the objeft you mean to cannonade, the fpring would only be a precaution to get under 
way more quickly in cafe you were obliged to retreat, or in cafe the wind or tide (hould (hift.

Get a large fnatch-block in the aftermoft port, cn the fame file you with to prefent to the 
wind or current, and on the fame fide with the anchor and cable with which you mean to 
bring up ; then, through the block, reeve a hawfer, the end of which is to be clinched to the 
Ting of the anchor you mean to let go ; the other part is brought to the capftern, with necefia- 
ry ranges of the cable and hawfer on deck. That done, and the (hip being arrived at the 
birth, you are to deaden her way according to circumftances: you let go the anchor, and veer 
away enough cable and hawfer, now a little more of the one, and then a little more of the other, 
according as you wiih to prefent more head or (torn; which you can do by heaving on the 
fpring, or, what is the fame, veering away more cable. Should you find it requifue to lhitt 
your pofition, you have only to veer out more of the hawfer.

To come to an anchor in roads that are often crowded with fiftpSy and to 
leave clear births for others.

The heft anchoring births in thefe places are moftly known by marks, and of courfe are 
occupied by the firft (hios.

In a tide or trade-wind road-ftead, the next (hip that comes (hould not anchor rght a-head 
or a-ftern of the firft (h<p and fj as to lie in the other’s hawfe, but {hould come-to on the bow 
and qjarter at a fufiicient diftance to prevent other ftips f̂rom coming between, and u  a fiai-it!-



ïbgdireâîon from the tide or wind. This might contribute to the fafefy of flaps wheorft 
blows ftrong upon a lee-tide or inftrong fea-breezes, as each fingleihip may then veer away 
what cable neceflary, and keep clear of the other {hip’s hawfe a-ftern ; or, in cafe of driving 
or calling, they have a better chance of keeping clear of each other.

To get tep an anchorj in feip* which have a main and jeer capftern.
In large ihips which have a main and jeer capftern, and the ftrain is thought too great for 

the roeflbnger alone, the viol is ufed thus : Three or four turns are taken round thejeer-cap- 
ftern with one end, fo as to leave that fide clear on which the cabie is coming in ; and pafs the 
other end through the viol block, which is lathed ro n̂d the main-mad on the lower deck. It 
is then carried forward, and palled round the rollers in the manger near the hawfe-holes ; then 
brought aft, and fplicedto the other end with a ihore fplice, and the ends marled down tight. 
That fide of the viol on which the cable is coming in is fattened to the cable by nippers ; and 
thus the continued efforts of the capftern are conveyed to the cable, until it is hove in. The 
nippers are clapt on in the manger, from one to two fathoms afunder ; and the viol is applied 
to the midlhips, or infide of the cable. Nippers are clapt on by taking three or four turns round 
the viol, four turns round the cable and viol, and then three or four turns round the cable. This 
method is an exceeding good one, and very fuicable to quick heaving ; but, when the drain 
is great, and the cable muddy, the nippers clapt on after this method will not nip fufficiently j* 
and fometimes recourfe is had to the following method : Throw fand cr aihes upon the cable, 
and take a long dry nipper ; which middle, and pafs one-half aft, racking it in and out round 
the cable and viol ; then worm its end round the viol only. After this, pafs the other half in 
the fame manner forward, but worm its end round the cable only, and let each end of the nip
per be held on. The advantages of this method are, that, as the drain of the cable lies forward 
and that of the viol aft, the nipper will be drawn fo tight as efre&ually to hold the cable till 
fomething gives way: alfo they can never jamb, for both ends are clear fortaking off. Another 
method, when the ftrain is great, is, to have nippers with an overhand-knot made at one end ; 
and wi:h that end a round turn taken round the cable and viol, leaving three or four feet of the 
end $ then, with the other end, take three or four racking turns, and expend nearly the re
mainder with turns round the cable and viol, laying the knotted end under and over each of the 
laft turns : the end is then held faff. The men who clap on the nippers are attended by boy?, 
who hold the ends of them, and follow the progreffion of the cable as it is hove in : and, as the 
nippers arrive near the main-hatchway, they are taken off’ and carried forward, where thej are 
again clapt on : and fo in fuccefiion, until the cable is hove in fufficiently to raife the anchor 
above the water. It is then ftoppered round all before the bits \ that is, round the cable and 
viol. The anchor is then catted, and afterwards fiihed. To ihift the viol for heaving in a fé
cond anchor, it mull be anfpltced, and the turns round the capftern reverfed, When the ftrain 
is ft» great as to require other puTchafes, the top tackles may be ufed thus : The double block 
is lafned to the main-mall or topfail-iheet bits, the treble block is lalhed on the cable, and the 
fall brought to the capftern. I f  the rop tackle falls are thought inefficient, any hawfer may 
be ufed that will reeve through the blocks,

To get up an anchor in Jhips which have not a jeer-capjltrn•
Sh:ps without a jeer-capftcrn have no viol, hut heave in their cables by the meltenger, which . 

has an eye fpliced in each end ; one of which ends is palled with three or four turns round the 
capftern on the upprr deck, and the other end pa (Ted forwards round the rollers, at the fore-part 
of the manger ; then brought aft to the Other end, and lalhed thus : Several turns are paflèd 
through the eyes crofting each other in the middle, then a half-hitch is taken round the parts, 
and the end Hipped with fpunyarn. The remain er of the operation is performed as by the 
viol, \vi;h this exception ; the meflenger is applied to the o'utfi'de of the cable ; and, when the 
nippers are the meftengcr may be hitched thus î The bight of the mefionger is
fattened round the cable at the manger with a roiling hitch, and the bight fwizeef round the 
cable before the hitch. This pràdlice is by no means fo good as the others.

When, getting under way in a fea-gale, the viol is betr-r than a meflenger, as the fending of 
t.ae Hup carries ail the drain to the mein-eapftern, and endangers the m m at the bars whereas, 
with a vi ft, the ftrain is taken to the viol-biock, and the men at the forejeer captain heave in 
fecuiiy.

To got up a fécond anchor.
Sopnofc, hv îh« form?! méthoJs, that the ftarhoard anchor is gotten tip, and tint the cable' 

of the lecond anchor cnrer$ rh-: larboard hawfe-hjle, the operation of getting Op life fécond an- 
ennr ii :he lame» obiVrving only that the nieflcnger trull be ihfftcd, and the turns on ihe cap*- 
ffern revet fed, to change the difpoli; ion and ftde i and the men, Who before held on the larboard 
fide in the ffrft operation, will holi on the ftarboard fi le now. The motion of the capftern i? 
performed the contrary way, and tile cable on the larboard lids is ftxtd and hove i;>.



To get up an anchor hi merchant /hips.

Moft rrcrchant iliips and fmall vefiels heave up their anchors by a winJIafs; spuni’ V/hich 
*re taken three turns of the cable, and helJ on by hand, or by a jigger: thus— the end of the 
rope which has the flieave is palled round the cable, with a round turn, clofe to the windlafs, 
the leading part of the rope coming over the iheave, « nd ftretched aft, by means of »he fall paf- 
(ing through the jigger-block ; the Handing part of the fall is made fail round a ftantion, ac 
the fore part of tne quaiter-deck, and the leading part is bowled upon, which jambs the turns 
taken round the cable, and, when the jigger arrives abrsait oi the hatchway, if is removed for 
ward, and the cable is jarr.bcd by a hanJfpecl: a: tile wimilafs, until the jiggex Is refixed.

To nveirh an anchor *ivtth the long-boat* *O o
This is done by taking the long-boat to the buoy of the anchor, and potting the hnov-ropc 

over the davit of the long-boat, and a tackle on the buoy-rope ; by which, with the aiiif- 
tance of men on the fall, the anchor is weighed out ofthe ground. This being accomphfhed, 
the cable is hove in on board ; the bony rope and tackle being fecured in the boar, they ap
proach the (hip as the cable is hove in, and the anchor catted and (lowed. Small anchors and 
grapnels are got up by the davit, hauling unon the cable or grapnel-rope by hand.

• To weigh an anchor by under-running.
This is bv placing the cable over the davit-head, and under-running it,till it is nearly a-peek, 

when it is tripped by means of tackles as befure by the buoy-rope. This method is trouble- 
fome, and is only adopted when the buoy is gone, and a (hip cannot get near her anchor fur 
want of water.

To get under fail when the Jbip is /winging head io wind', and you want to 
cajl either to Jlarboard or larboard, iu a place where there i: no current.

To cajl to Jlarboard.
Heave ihort on your anchor till it is a-peek ; then haul in quite borne the larboard braceŝ  

forward and llarboard braces abaft; loofen, (licet home, and hoill the topfails j put the helm 
a-ftarboard, and heave till the anchor is a-vveigh. The moment tlie anchor quits the ground, 
the fliip will begin to fall off to (larboard. As foon as this movement is perceived, hoift the jib 
and fore-toprraft-ftayfail, i f  necefTary, to help her; and when (lie has fufficii mly fallen off, 
her fails abaft (which are trimmed (harp for the larboard.tack) will fill. But, unlefs for 
very (uperior reafons, you had better continue lying-to till the anchor is catted, taking care to 
haul the ir.izen-incets clofe aft, if  the {hip be Inclined to fall off too much.

To cajt to larboard.
Haul in the Ifarboard-braces forward and t'ne larboard aft, and put the helm a-pore. The 

reft of the operation is the fame as the preceding, only changing (larboard for port. •

To get under fa il, when the Jhip is riding head to wind and tide;
I f  a (hip, riding head to wind and tide, wanted to get under fail, after having decided on 

Which fide it is bed to have her cafr, ic mull be performed according to one of the foregoing 
methods, except with regard to the helm, which mull be put to (larboard, either before the an
chor lool'ens, or while it does, if you with to caii to port ; becaufe the water coming from for- 
ward, ails with tire fame force on the rudder as if the (hip went with the c '/rent, impelling the 
rudder to ¡larboard and head to port. Therefore, it is evident in tills cafe, the helm ou'fiit t£ 
be put to (larboard ; which, on the contrary, would be pat to larboard, was the (hip to be calc 
to port.

I f  the (hip, after the anchor is out of the ground, goes a-!lern faster than the current runs, 
the helm muft then be ufed as if there was no current, becaufe the excels of velocity, wherel J  
the (hip exceeds that of the water, ails upon the ru tder.

I f  it blows frelh, fo that you cannot lec your topfails without reefing them, let that b; done 
before they are (hected home ; and if  it bh w lb hard as to he obliged to go only under a fore
fail, it would be then fufficient to loofen the fore-topfail, without (heeling i home, after hay
ing braced it quite clofe on the fide oypofire to that you want the (hip to c-ft, not forgetting 
however to put the helm the fame Way as you cart, as (bon as you perceive the (nip going a- 
ftcrir: and when the (hip has fallen o.Tfuukientlyr then is the time to ft 1 and ,ke far -f ( Kk)  T a*.



To get under fa'il when the /hip is /winging with her head to the Currenlj 
and with the wind a point abaft the beam.

Heave fliort on your anchor til! it is a-peek j next to this, ioofen, iheet home, and hoift the 
forcfiii and mizen-topfail, keeping the wind in, and heave vigorouily at the capftern till the 
anchor is .i-wcgh. At the fame time hoift the jib and fore-topmaft ftay-fail, or haul out the 
wizen, accoraing as circumftances may require. Whether you wiih to come to windward, or 
fail off more quickly, you muft ftill continue to heave round the capftern briikly to get the 
anchor up, till you find yourfelffufficicntly offward to bring to, in order to ftow it with eafe, or 
to Hand on under an eafy fail with the anchor hanging out to windward, if  the fituation of 
things will admit of it. You may fometimes alfo hoift up both the main and fore topfails, as 
foon as you get ready j but in certain cafes, as when obliged to make the beft of your way from 
an enemy, every /ail poftible muft be fet at once which the weather will admit o f ; efpecially 
when obliged to haul by the wind ; in which cafe, the anchor muft be got up and catted as 
well as it cans there are cafes even when, without loofing your time in weighing it, you crowd 
as many fails as you p affably can, and depart in cutting or Hipping the cable.

To get under fa il with a fpring.
If a fliip be in a place too confined to caft under her fails only, or being obliged to put to lea 

Jn a gule of wind, without holding the anchors, you muft, for greater fafety, in calling the 
right way, get a fpring out, to be clapped on the cable by which the ihip fwings, by puffing a 
hawfer or a ftream cable through the aftermoft port, on the oppofite fide to that you mean ro 
caft j and after that fpring is well hove tight at the capftern, hoift the jib and fore topmaft 
ftay-faff«, loofe and Iheet home the fore topfull ; when that is done, and if the weather permits, 
brace quite clofs the head-fails on the fame fide w lh the fpiing. When this is executed, flip 
or cut the cable, heaving briikly at the fame time on the fpring, till the /hip has paid oft* fuffi- 
ciently. Then fill the fails, by fetting the mizen-topfail and every other fail you mean to 
employ, and Hip or cut the fpring, as circumftances may require. Care muft be taken, not to 
let the ihip fall off too much before the fpring is cut; becaufe, having no way through the 
water, (he will not come to the wind fo foon as might be wiihed ; and for the fame reaion the 
fpr-ng muft not be cut, till /he has fallen off* as much as is necefiary ; becaufe, although ihe 
has no other motion but that of falling off, the vdfel might perhaps not wear enough to anfwe? 
the purpofe.

To get under fa il with a leading windy in a tide way.
I f  the ihip to be got under fall has a leading wind, and is in the rr.idft of vcficls, or in a nar* 

row channel, where it would be difficult to caft her upon the lee-tide, ihe ihould be got under 
fail before the weather-tide is done. Thus the catling of the fnip would be avoided, and Ihe 
may be ftcered through the fleet or channel with fafety.

Should it however, blow fo fre/h upon the windward-tide, as to force the /hip end-on with 
her cable, it will be impofftble to heave it in, without iheering the ihip over from fide to fide, 
and heaving in briikly as the ihip Hacks the cable 5 but as this is attended with much danger, 
by t^e /hip fuddenly bringing up upon each Zheer, it will be beft to heave a-peek upon the firfi 
fitting of the windward-tide, before the ihip fwings to bring the wind abaft.

To caft a fiip  upon the larboard tacky and bach her a-ftern of danger.
We fuppofe the fliip to lie at fingle anchor, with the wind and tide the fame way, and /hips 

or ihoals right a-ftern, in the intended courfe, and that to clear them, you muft caft upon the * 
larbuard-tack, and make a ftern-board.

Make every thing as ready as pofiible before weighing : let the three topfails be hoifted, the 
yards braced up /harp with the’larboard b’ aces, and the mizen hauled out. Thus fituated, when 
the anchor weighs, put the helm a-port. The tide, running aft, afts upon the /larboard 
fide of the rudder ; and in that direction it will caft the fliip the right way, and bring the 
wind upon the larboard-bow. The wind being on the larboard-bow and the topfails a-back, 
will foon give the ihip fternwav thiougb the water ; then the water will ail againll the larboard 
fide of the rudder, anJ powerfully prevent the mip falling too faft off fiom the wind. Thus 
Hie will diive till the anchor is got quite up, and may be fo continued till Hie has paft the ihoals 
ôwd has room to veer, and get upon her proper couife.

It is-advantageous to make a ftem-board in getting under way from a fingle anchor in the 
above finiatinn. The anchor heaves up more cafily when the {hip goes a-ftern ; and while 
h-aving up, it ferves to keep the /hip's head to the wind. A  ihip, however, cannot long be 
fterted ftern foremoft when under fail, fo as to keep the wind before the beam j but file will in 
a little time drive broadlide tinough the water, ull His gets headway, and then It is proper to 
veer, provided i\.z anchor be up.



T o  caji a Jh 'tp on the larboard tacky in a tide-way, w ith the w ind two points
on thefarboard-bow,

A  (hip riding in a tide-way, with the wind two points on the ftarboard-bow, and fo rear the 
fhore, on the larboard-fidc, that (he muft be caft upon the larboard-tark to clear the ihore, the 
three topfails muft be hoifted, and the yards (harp brafccd up, with the larboard braces forward, 
and the (larboard braces aft, with the flat board fore-top bowline well hauled, putting the helm 
hard to port at the anchor's weighing : the tide ailing upon the rudder, and the wind upon the 
fails braced in that direction, b,,:ngs the Olio about, with the wind on the larboard bow, before 
/lie gets fternway, which ihould be always ftri&ly noticed j for, in all proceedings of this kind, 
i f  a (hip gets fternway be fere (he brings the wind right a-head, fire will not come about the 
right wav. In that cafe, it is heft to veer away the cable dire&ly, and bring the (hip up again : 
and carry out a kedge or frrall anchor on the lai board-bow, hauling its cable or hawfer in tight 
on the larboard quarter, when the bower anchor is a-peek. i f  this fail, the (hip muft lie till 
Che windward tide makes, to bring the wind on the larboard-bow, when the (nip may be got un
der-way, and clear the ihore.

To caft a foip upon the larboard tack in a lee-tide, and fio o i her by the w ind
a-head o f danger.

I f  there be juft room enough to clofe by the wind to clear a danger lying to leeward, much 
depends on heaving up briiklv the anchor af.er it is out of the ground, and having proper fails 
ready to fet to the b-ft advantage. The three topfails muft be hnfted, and the yard {harp 
braced up, with the larboard braces forward, and ihe (larboard braces aft, when the anchor ;s 
-at a long pe-'k. At weighing the anchor, put the helm hard to port, then the adlion of the 
tide -upon the rudder and the wind on the fore topfail, will call the ihip oft*the right way, fo 
as to fill the after-fail«, when the fore topfail may 1ft foon braced about and filled before (he 
gets fternway. The helm will keep the ihip under command fufficiently to ftecr her by the 
wind a-head clear of danger: but if  the (hip gets fternway in calling, the helm fliould be kept 
hard a-we2ther, to prevent her falling off too much from the wind ; and when flie gets head
way again, be cautious how the weather-helm is eafed with the anchor much below the bows, 
by which the refiftance forward is increafed, and the Ihip may be brought uo in the wind, fo as 
to prevent her (hooting clear efthe danger. This muft be guarded jgamft by the weathrr-hdm 
and head-fails, as j»b, fore-topmaft, (lavlail, &c. As foon as the (hip has ilv>t far enough a- 
liead to clear the danger to leeward, and there being but little rooqi a-head, it is beft to bring 
the ftftp to and diive with the helm a-lce, with the main and ir.izen topfail a-back, and the 
fore topfail ftiivering till the anchor is up $ then tak,e proper time to veer.

1 o caf on the larboard tack, when riding with ihe wind right a-head, and 
to •veer her Jhort round before the wind tn little room•

The head-fails ihould only be Ioofe, viz. tlie fore-topfail hoifted and the fore-fail loofe : 
brace (harp up with the larboard-braces, the jib and fore-topmaft ihyfail fet. with the lar- 
board-iheets flatafr. V/hen the anchor is a-peek,1‘and a lee-tide running, at weighing the an
chor, the helm fliould be put to port fo far as to bring the wind two points on the la* board-bow, 
which ihould be kept fo by fleering the ihip till the tide ceafes to run aft. Then put the helm 
hard to (larboard, or a-lee $ and, when the ibip gets fternway, the water will ail powerfully 
on the (larboard, or lee, fide of the rudder, turning the (hip’s ftern to windward, whilft the 
wind, adting at the fame time up>n the head-fails a-back, will box her round off upon her heel, 
fo as to bring the wind nearly aft by the time fhc lofes her fternway. Then the ihip will ceafe 
tailing oft and foon get head-wav, which fliould bn attended to, and the head-fails braced 
about flat with the ftarboard-brace?, and the helm (hifeed hard to port at the fame time.

When there is no tide, but ftill water, at weighing the anchor, the helm muft be hard fo 
(larboard : and, as the (hip gets fternway, the water meets with fo much refiftance againft the 
(larboard-fide of the i udder in that dire&ion, that the rudder adls with great power to turn the 
(hip’s ftern round to port, and the head-fails being fi t and trimmed as before-mentioned, and 
the forefail let fall with the ftarboard-bowline ha>.led clofe forward, will aflift to caft the fiiip 
{ j  far round the ruht way, bv the fame time ihe lofes her fternway, as then to permit your pro
ceeding as before diredled. To enfure fucctfs, heave rhe anchor up briikly. The fame meth
ods are adopted in calling the fliip on the ftarboard-tack, only th^helm and fails are managed 
the contrary way.

To tack a f i i p  in getting to w indw ard as much as pojftble•

To execute this with propriety, care muft be taken that the fliip dees not yaw, that file is 
not too near or too far from the wind ; bccaufe both fixations are equally prej ldkiah



When this medium is obtained, haul the mizîn cut, while you put at the fame time the 
helm a-!ec, brace the fail to windward, in order that it may be as much as poffible expofed to 
the wind. When the (hip is come to the veins!, fo as to caufc the fquare-faile to (hiver, let gq 
the jib and all the dayfail-ihcets before the main-mall : at the moment when all the fails catch 
¡»-back, and particularly the mizen topfail, let it be braced (harp about the other way : hauling 
up at the fame time the weather-clue of the main-fail ; and, when the wind is right a-head, 
or even a little before.'haul the main.faÿ, and trim (harp for the other tack as fall as poffible. 
The jib and (layfail lheets are alfo to be (bitted over at the fame time, in righting the helm, 
whether the (hip has loft her way, or even (till advances a-head. Then, as foon as (he has 
puffed the oireilion of the wind about 45°, in continuing her evolution, iliift the foremad’s 
fails, which are to be trimmed with the fame celerity as in putting the helm a-lee, if you fear 
the (hip (which mull dill go a-ftern if the operation be (lowly executed) will not fall off fuffi- 
cienrly : for, if  the fail's are braced about hrilkly, (lie will never have (lernway j on the contrary, 
(be will get a great deal to windward.

, To lack a Jhip, without endeavouring to get to windward.
There are circurr.dances fometimes when It is found neceffary to tack, without caring much 

whether the (hip lofes to windward'. For example : When a (hip is found fuddenly to be clofc 
to the land, in the night, or in-foggy weather, near a danger, or fume veffel, which mud in- 
dantiy be avoided by daying the (hip, becaufe you find vourlelf to windward, and «too near the 
obj-il from which yon with to recede ; in this cafe, when it is neceffary lo deaden the (hip’s 
way, and tack at the fan e time, you mud fuddenly put the helm hard a-lee ; and, in the fame 
înrtant, let go the jib, fore, and (lay-fail (beets, without touching the bowlines ; and great 
care mud be taken that the erfeil of the mizen is preferved as much as poffible. When the 
fails begin to (hiver, the mizen is to be hauled quite to windward ; then, if the ihip takes welj 
the wind a-head, the remainder of the operation mud be executed as direileJ in the preceding 
cafe ; but, ifyou (houid mifs days, you mud proceed according to the fccond method of veer-« 
ing, called boxhauling.

To tack a Jloip in a dangerous rougTjea. when her faying is doubtful.
Let every thing be got clear an! ready ; the hards at their proper dations, the fails trimmed 

fair, and the (hip Steered juft full, and dole by the wind. Take the advantage of the fmoothed 
time Whan the (hip has the mod head-way. T  lie other neceffary precautions are, to haul down 
the jib, if let, and not to put the helm a-lee all at once,- -hut to luff the (hip up by degrees, to 
(hake the fails. When they (hake, give theie orders :— The heirc hard a-lee ; let go the lee- 
(heets forward, but not the lee-braces and fore-top bowline, as that ufual prailice backs the 
head-fails too foon, and (lops the (hip’s headway, which ought to continue to give power to the 
helm till the wind is brought a-head, or the (Kip will not day. Raife tacks and (beets and 
main-fail haul, when the wind is a-point on the weather-bow ; this fsvings the yards round 
iltarp, that the main tack may be got clofe down, whiid the head (ails becalm the fire-leech of 
the main and main-top fails j while the wind, blowing allant on the after-lee h of thefe fails, 
a£l-- join1 iy with the rudder to tTrn the (hip’s dern, fo as to bring her about the right way.—a 
W.it-ia the has fallen off live or fix points, let go and haul.

When a (hip comes about, (he is lure t6 have (lernway by the time the head-fails are hauled ; 
therefore, the helm (houid not then be (Itifted a-!ee, but (houid be kept hard a-weather, till her 
(tern-way ceafes. Tne water, ailing upon the werther-fide of the rudder prevents the (hip 
falling round off from the wind, which the helm, when h;rd a-lee, occafions, while the dern
way continues. Notice (houid he made by the compaf, that the Ihip continues coming about 
till the win« is on the other bow ; for, i f  (he dops with the wind a-head, and her headway is 
perceived to be done, the helm (houid be direilly fliiffed to the other fide ; fo that, by the dern
way, the water may ail upon the rudder and b'.irg her about, and then the helm (houid not be 
kept a-lce, but direilly (hifled and kept hard à-weather till her dernway ceafes. For the 
re.fon juft given, the head-fails may he hauled as foon as poffible ; for, the (hip will be fure 
to fall off' the farter and farther in proportion to her iterr.way ; fo that the weather braces (houid 
l e tended, to prevent the head-yards flying fore and aft, as they will do when it blows frcih ; 
a id to keep the head-fails (hivering, that the fore-tack may be got dole down eafilv, and thé 
f  fp dopt the foonerfrom falling off'. Shift the helm a-lec when the dernway ceafes, and thq 
Jïeadsiatls may be trimmed (harp as the (hip is perceived to come-to.

On turning to windward in very narrow channels.
At weighing, i f  the wind is partly acrofs the tire, it will cad the (hip with her head towards 

(■ he weathcr-ibcre, which the may be kept clear of, by'driving with the (ails a-back rill the 
anchor is up and (lowed 5 and, as the tack towards the weather-ihore is the ihorted, it is pru
dent to bark a« near the lee-fide as poffible, in order to make the fv  ft board the longer ; to get 
Che three too-faiis, jib, dJy-fail, and mizen, properly let ; and to get all ready in time for tack»



ing. Make as bold as poflible with the leather-fhore, becaufe on that fide a ihip is always 
fuieff in coming about; and, in cafe of miffing Hays, a ihip may be backed off from the weather» 
¿bore, till (he has room to fill and fet the fails, and get futficient headway to try her in Hays 
again without danger. But, whcn'fhe ihip is got about, and Handing towards the lee-ihore, it 
may be neceilary to put her in Hays in good time ; becaufe fire does not fo certainly Hay when 
going flaming with the ride as when going acrofs it.

By Haying her thus in good time, if ihe even mlfs Hays, there imy be room enough to fill 
and try her the fixond time, or to ufe fuch means as may pn vent her going on'ihore.

But, when the wind is right againft the tide, which begins to make to windward, he cautious 
not to weigh the anchor till the <h;p fwings end-on to the tide, and brings the wind fo far aft, 
that flic may be fleered right agair.il the tide till the anchor ¡s up and flowed, and the faiii, 
with which the ihip is to woik, are all ready.

Haul the wind and get ready for tacking, when you are clofe over to one fid?, to gain the 
whole breadth of the channel forgetting underway. For this purport-, let the firfltrip be made 
as ihort as poffible, till it is found how the ihip works upon both tacks ; and then make longer 
or fliorter boards accordingly, but take care not to Hand into an eddy tide on either fide, which 
bus often occafi.med thips to mifs Hays anJ go on fliorc. I f  a Ihip will not Hay, file mult be 
veered, box-hauled, or club-hauled.

To meet' a fiip  without lojivg the wind out of her fails*
To execute this evolution both the main-fail and mi.-en muff be hauled up, the helm put 

a-weaiher, and the rnizen topsail a ihiveiing, which will be kept fj till the wind be right aft, 
fupprclfing for that purpofe the effe£l of all (he flayfaiis abaft the centre of gravitv. As the 
fliip falls off, (which Hie will do very rapidly) round-in the weather-braces of the fails on the 
fore and main mail, keeping them exa&ly trimmed to the direction of the wind, and remember
ing alfo that the bowlines are not to be ftarted till the ihip begins to veer. As ihe falls off, cafe 
away the fore-flieet, raife the fore-tack, and git aft the wcathcr-flicer, as the lee one is eafed 
off; fo that, when the hip is right before the wind, the yards will be exadlly fquare. Then 
hi ft over the jib and Aayfail lheets ; and, rhe hip continuing her evolution, haul on board the 
fore and main tacks, and trim all lharp fore and aft, remcmbeii ig to haul aft the mizen and 
miz -n-flavfail (beets as (bon as they will take the right way, or when the hip’s Hern has a little 
pafied the diredlion of the wind. When the wind is on the beam, right the helm to moderate 
the great velocity with which the hip comcs-to; the fails being trimmed, (land on by the 
wind.

To f-veer a Jbsp that has loft her forc-nwfi.
Run out the end of a cable or hawfer over the lee-quartcr, and buoy it tip from the ground 

with empty calks, &c. in cart; of coming into fboal-water with little wind. This will aflifl 
the helm with fuch power as to make the hip veer and fleer at pleafure.

A  fpare yard or boom, rigged out abaft the mizen-hrouds, may guv the end of the cable or 
haw fir more or lefs on either quarter, according as the hip may h tve occnfiou to fail. It may 
be eafiiy hifted fro r» fide to fide, and guyed out to leeward i 1 proportion to the hip’s griping, 
to anfisrer tailing upon both tacks ; and, when failing before the wind, it may be fixured over 
the middle of the Asm, which will prevent the (hip’ s broachirg-to againfl the helm either way.

This would likewifc much affift deep-laded bad-fleering hips, and prevent their broad,i.ig- 
to, to which they are liable in fpiteof the befl helmfmen, often occafiowing them to lie-to, even 
with a fair wind. With a little contrivance by blocks Urtied to the rails on the quarters, to 
lead the guys fair to the fleering wheel-barrel, it may be made to fleer a hip that has luff her 
rudder.

To nicer when lying-to under a main •/ail*
Advantag: mufl be taken of Hie hip's falling off to put the helm a-weather, and cafe away 

the main-flieet roundly ; and, when rhe hip has fallen off' about 30°, let go the main bow
line, and round n  the weather-brace, taking ca»e to ke»p the fail fjM. When the hip is be
fore the wind, g t on board the main tack, and right t he helm, to moderate her coming-to.

1% in the beginning, the hip is found difficult to veer, the fore ffayfiffl rmy be hoifled, and 
the lheets hauled well aft : but It is to be luuled down as foon as the n.ip is before the wind.

A fecotid method•
Make faff a four-inch rope to the flings oftne main-yard ; and, when the (hip comcs-to, fo 

as to fiiivcr the main-fail, bring it down before the fail to the topfail-ihect birrs, and 1 t it he 
hauled tight an l belayed. Then, as foon as the rails off’, put the hc‘m a-weather, and let go 
jhe main (beet. By thefe means, the lee-part of the fail no longer has any power to keep, the 
¿hip !<> the wind, and the weather-part acting before the centre of pavity will enufe her to 
veer r’affet than by the firit method $ «though, in general, the fi;ff method will anfv.er the pur
pofe. . ’ ‘



To ‘veer under bare foies.
The fore-llayfail muft, if circumftances will allow i", be hoifted. But, i f  that cannot, 

be done, the head-yards are to be braced up as Iharp as poffible, and thofe abaft pointed to 
the wind. Then, if the (hip veers, fhe will (leer under the malts and ropes only. A  number 
of feamen, fent up and placed clufc to each other in the weather fore-lhrouds, will be found 
alfoof very great fervice.

To boxhaul a JIT;}, or the fecond method of 'veering.
In this evolution, the molt rapid execution is neceflary. Brilkly, and at the fame, inltanf, 

haul up both the mainiail and the mizen; (liiver the main and mizen topfails; put the helm 
hard a-lee; raife the fore-tack; let go the head bowlines, and brace about the head-yards 
fhaip the other way ; and let the jit  and flay fail Iheets go in the fame inltant. When the (hip 
has fallen off 90°, brace the after-yards fquarc, in order to give the (hip a little way, and to 
help her (with the rudder, the fituation of which muft be changed) ta double the point where 
all the fails ihiver ; and when the wind is aft, you will proceed as in the method of “  veering 
without loiing the wind out of the fails.”

I f  the circular motion of the (hip, after ¡he has fallen off 9O0, continues pretty rapid, the 
filling of the after-fails, to give the (hip headway, may be difp'enfed with ; beqaufe (he contin
ues to turn by the effect: of her helm, which muft not be ihifted, fince the veffcl dill continues 
her ftemway. Therefore after having veered a few degrees more, the wind will fill all her fails 
and the fl.ip canfi quently will have headway. Then change the fituation of the rudder to 
bring her before the wind.

In a cafe of abfolute danger, when it might be neceffury to go a-ftern and fall off more rapid- 
Iy, put the helm a-!ee, brace all the fails a-back, obferving not to brace the after-fails more 
than fquare, that they may not counteract the head-fails, which are braced (harp a-back to 
pay the (hip’s head off; becaufe the effeft of the after-fails, in this fituation, is to impel the 
fliip abaft in the direction of her keel ; which, with thofe forward, contribute to give her freih 
(ternwav, in order to caufe the (hip to veer with greater celerity. The jib and fore Copmait 
(tayfail (beets being hauled over to windward, wiil affift the (hip in falling off and goina a-ftern.

When a (hip is taken a-back by bad (let-rage or a ihift of wind, (he may fometimes be 
brought on the fame tack again by inftant’.y bracing iharp round the head-fails, and keeping 
tail the jib and (tavfail iheets. One muft recolleCt, a!fa, the after-fails are not to be touched 
till the (hip has fufficiently fallen off; and when that (hall be the cafe, trim the fails and (land 
on as before. The rudder is to be ufed as occafion may require, according as the (hip has head 
or (tern way.

Boxhauling is deemed the fureft and readied wry to get a (hip under command of the helm 
and (ails, with the lead lefs of ground to leeward, when a (hip refufes (lays. The mailers of 
floep-rigged vefiels, turning to windward in narrow channels, when they want but little to 
weather a certain point, run up in the wind till the headway ceafes, then they fill again upon 
the fame tack : this they call making a half-bsard. Thus a (h p, in boxhauling, may be faid 
to make two half-boards, firil running with her head, then with her (tern, up in the wind ; 
by which two motions a (hip rather gains to windward.

To clubhaul a J h if .
Clubhauling is praCtifed when it is expeCted that a lhip will refufe (lavs upon a lee-ihore._

Place the hirds to their llatiuns for putting the (hip about, and fume by the lee anchor ; then 
put fhe helm down, and if the lhip make a (land before (he brings the wind a-head, let go the 
anchor and haul the main-fail \Vhen the wind is a-bead, cut the cable, and the (hip will cad 
the way required. The after-fails being fjll, let go and haul.

Another method.

Bend a hawfer ro r'ie kedge-anchor on the lee-bow, and bring the end into one of the after- 
pnits, or over the taffurel. X.et go the anchor, brace up all iharp the contrary way, put the 
helm a-h-e, and haul in briikiy on th* hawler. As foon as (he gets head-way, cut or (lip the 
hawfer, jmd carry a piefs of fail.

To lie.to to vTisdnuard of a Jhip, fo as not to drift near her.
The main-topfuil muft be braced (harp a-back, keeping the fure and mizen topfails full ; 

becaufe the wind aits with a very fmail fine of incidence on a fail when full, in compalifon to 
what it docs when braced (harp a-back : fo that the fore-topfail, being full, draws the (hip a- 
head, and the effeft of falling off is oppoled by the main and mizen topfails. She will of courfe 
rot fail off much ; nor wiil her lee-wav be very confiderable; tor the Clip is well kept to the 
wind, by the difpofilion given to her fails.
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To lie-to under the lee of another for/.
The fore-topfail ought to he braced (harp a-back, the main and mizen topfail« kept full, 

becaufe thefe two 1 aft-mentioned fails tend to give the (hip headway, and keep her to the wind s 
they may be aflifted by the mizen, which will oppofe the falling off occasioned by the fore- 
topfail. Thus, ihould the ihip to windward fail off violently, or drift too much, you are more 
ready to veer (bort round, and avoid being boarded j becaufe the fore-topfail being braced (harp 
a-back, the impulle of the wind on it is much greater than if  it were full j and it is well dii- 
pofed to vocr fuddenly, as loon as the power of the other fails is fuppreffed.

To bring-to with the fore or main topfails a-back to the maß or filled.
Either the fore or main topfail muft be braced lharp a-back, and the lee-bowline hauled up 

a little : the other two topfails trimmed (harp ; with the mizen hauled out, and the helm a-lee.
I f  you bring-to with the fore-topfail to the mail, the head-yards may be only laid frjuare. 

Then the. wind will aft obl quely on the fail, and the ship will fall off but little, becaufe its 
efferff is in the direflion of the keel from forward aft, and the fails abaft keep the ship to. The 
main-topfail may be worked in the fame manner, if you wish not to expofe yourfelfmuch to 
the wind.

To b ring-to with the three topfails a-baek*

The jib and ftayfc'ls being hauled down, brace sharp round at once all the fails vou wish to 
Ik a-beick in hauling up the lee-bowlines, the better to expofe the fails to the action of the 
wind : haul out the mizen, and put the helm hard a-weathcr.

To filly when lying-to nvith the fore topfail to the maft.
Brail up the mizen, hoiftthejib and fore-topmaft ftayfii!, shiver the main and mizen top- 

fails, and, when the ship has fallen off 20° or 30®, fill the fore-topfail, which was a-back be
fore, and (land on.

To f i ll  nAhen lyitzg-to with the main topfail to the maß.
Brace (harp and briikly the fore topfail a-back ; (hiver the main and mizen topfait«; hold 

the jib and fore topmafi ftayfails, and brail up the mizen, all at the fame time $ and when the 
<h:p has fallen off 200 or 30°, fill the fore topfail and Hand on.

If you are obliged to keep the wind on the lame tack as that on which you are lying-to, yo« 
have only to right the helm, fill the topfail which is a-back, and trim it iharp, to continue vour 
courfc.

A fecond method•
Trim the topfail which was to the mall, in order to give the ihip way through the water, and 

fce able to tack or run large, according as may be found neceffary. But this method is very 
tedious, unlefs you mean to heave in (lays ; in which cafe it will be mod expeditious.

A third method.

Shiver the main and mizen topfails, keeping the fore topfail full, righting the helm, and 
running up the jib and fore tonmafi-fiayfail at the fame time. As foon as the (hip has fallen 
ofFenough to get headway, fill the after-fails,-and keep the (hip in the dire£ion you mean to 
follow. It iseafily feen that this method, though the moil common, is not the moft expedi
tious, when you have to veer confiderably.

To fill  when lying-to with all tht fails to the maß«

Brail op the mizen, lay the after-yards fquare, and ihift the helm a-lee. When the (hip 
has fallen cfFfufficiently to fill the after-fails, thole forward are then to be braced about and 
uimmed full alfo, in order to fiend on.

O f ly ing-to in a gale of wind♦
To lic-to when it blows hard, keep as clofe to the wind as pofiible under fomeone fail well 

tinnrned, with the helm lafhcd a-lee as much as may be requilite for the ihip j and as (hips 
commonly bring-to from the ftrefs of contrary winds, care ihould be taken to heave-to under 
ft ich f.il as will Icaft drain the ihip j becaufe mere are fome (hips which lie-to better under the 
fore fail than mainfail, others are more eafv under the maiufifiJ, fome under a n.’ucii, and many 
iciieb lie-to uefi under a main fay fail.



Lying-to under a forefail.
Tills is advantageous for veering when you are well to windward ; but it augment? the lee** 

way and is more fubjed to break the Tea on board, on account of the fliip’s continual falling off i  
becaufe in that movement ihe gathers way by yielding to the impulfe of the gale, and is after
wards recalled to the wind by the helm; fo that in fpiinging the luff ihe meets the wave which 
comes from to windward.

Lymg-to under the mainfaih
The (hip dees not in this fituation fall off fo eafilv as in the laft mentioned mode, becaufe Its 

effect paifes abaft the centre of gravity of the ihip ; but it keeps the ihip more to the wind and 
confequently occafions lefs lee-way.

Lying-to under the mizen.
Under the mizen ihips keep better to the wind than under any other fail, becaufe it is farth :̂ 

abaft the centre of gravity than any of the reft, confequently ought to keep the veflel from drift
ing more than any of the others 3 but it is inconvenient ihould you have occaiion to veer fua- 
den!y.

Lying-to under the mainfayfail.
Under the main ftayfail a ihip will not make fo much lee-way as under a forefail, becaufe its 

efforts paihs very near the centre of gravity 5 but it will however caufe her to drift more that! 
the main fail 3 fo that this mode of lying-to is a mean between the two others, and is preferaale 
whan it blows ftrong enough for that fell to fupport the rolling of the-ihip. It ought likewtfc 
to be preferred, becauie the ship will veer under that fail, the a£ion of which palles at a fmalf 
¿¡dance from the centre of gravity, and the power of which overcomes the refinance which all 
ships meer from the fluid under their lee 3 a refinance which always gives them a great incli
nation to fly up in the wind when it blows hard, or when under a heavy prefs of fall.

Lying-to under the fore,  mainy and mizen fay fails.
All the preceding mode* of lying-to have their peculiar faults ; but the preferable way is 

tinder ihe foie ftayfail, the main itayfai}, and mizen ftayfail; becaufe under thefe fails the 
ship will fleer and is in a better fituation for veering than under any other fail; for, only haul 
down the mizen ftavfail and put the helm a-weather, when the two other fails, being before the 
centre of gravity, will caufe her to fall off 3 she will then foon gather way and fleer eafily.

Should the gale continue very hard, and one of thefe ftayfails be blown away, the lofs is not 
of much conference, as the courfes, in cafe of an emergency, are ready to fet; whereas the 
courfes arc nut fo readily replaced when lofl. This mode, therefore, appears preferable in ev
ery refpett,* whether you wish to veer or keep your wind r becaufe, if the ship does not fuf- 
ficiently keep the wind, you may haul out the balanced mizen, or take in the fore-ftayfai!, or 
even the main flay fail. One of thefe ftayfails, before the centre of gravity of the ship, is fuffi- 
cient to nvdte her veer as foon as the after-ones are fuppreffed. There are, beftdes, thefe fol
lowing confulcraikms for fo doing : The ship will carry fail better 5 becaufe, as the centre of 
eft'ou of thole on her is very low, she urifts lefs, holds a better wind, and goes fafter through the 
Water ; and iht & three or four fails are fo fituated as to give the whole body of the ship play  ̂
whi .h wiH itr&n her lefs than when under one fingle fail, which cannot by itfclf work it front' 
9tt forsvard.

O f founding hi fair fiveatheri <;whether elofe-hauhd or going large• 

Clofe-bauled.

I f  c1ofe-h2ulcd, brail up the mizen and rrvzm-ftayfail, let go the main-sheet that the fell 
may shiver, p .t the helm a-lee, and back the mizen-topfaii by bracing it fqnare. The head- 
fail^ as wdl as the jib and ftay-fails, arc to be kept in their firft fituation ; recollecting to 
haul tight and b-!av the lee-braces. When the ship has nearly loft her headway, though con
tinuing iltll to come to the wind, yet catch that moment to heave the lead, and it is to be haul
ed in a âin wth all poiTible difpatch. To fill again, haul aft the main-sheet, trim the mizen- 
topfeil, and right the helm.

*  Should t b s  f i a  ru n  too high fo r  the hnoer Jlayfails to  kt epthejhipjhady , a  chfc-rcejed *><•.>•*:-

ttffaii w ill be f . u  td to anfvcrtbc farfofe admirably.



Going large.
, tir gtfrig targe, you have only to put the helm a-lee, to brail up the mizen, and to 
pelay the lee braces quite tight, to prevent the yards having too much play when the 
fails are (hivering. It is impolTible to tack in this lituation, as the jib and head fails are 
plvvays in aition; and the fquare fails loon coming to lhake, on account of their lheets 
riot being tacked, they lofe all their power, and the ihip Is loon at a Hand.

Another method preferable to the former;

Going large.
Brace the head fails fquare, haul down the jib and ftayfails, without flirring tlld 

after-fails, and put the helm a-lce. While the Ihip has ftill a little headway, heave 
the lead from the place where you haul it in ; that lead will go firlt a little a-ltern, but 
the (hip, being head to wind, will foon herfelf go a-ltern right upon the line; and as 
the helm is a-lee, the Ihip eaftly veers. But, it you wifh to keep her to longer, right 
the helm and haul the mizen out, to prevent the lliip’s falling off'.

I f  you have ftudding fails fet, they mull be hauled down, particularly the lowef 
ones ; becaufe, fhould the wind take them a-back their power on the boom might 
bring the ihip round entirely, for they adt on a lever without the Ihip, the fulcrum 
o f which is on the oiitfide of the velfel before the centre of gravity. If, however, the 
helm is continued a-lee till the ihip falls off fhe will not come abour, becaufe theri 
the velfel goes a-ltern with great velocity, and the rudder acts powerfully to make her 
veer; but the fait is, that the Ihip will go a great deal a-ltern, and will continue to  
do lb much longer.

Clofe-hauled.
If clofe-hauied, or a very little from the wind, the helm is to be put a-lee, and tha 

hiftar.t the fails are taken a-back the head fails are to be filled by brilkly bracing them 
fquare, without waiting for the wind being right a-head ; then, a little before the 
Ihip has loll her way, heave the lead from the place where you haul it in, and tiiea 
proceed as before.

On f > ’ps driving'.
When it happens that there is not fufficient room to work in a tide's way, through 

d crowd of ihips, or in a narrow channel, but that a Ihip mull drive by the help of 
the tide, it may be done provided the tide be ftrong enough in proportion to the wind. 
This art conlilts in keeping the Ihip in a fair way, by a management of the rudder 
aud the fails.

T o  d r i v e  to v i i i t d z v a r d ,  w h e n  t h e  w i n d  is  a g a i v f l  t h e  t i d e .

I f  the channel is fufficiently broad, the fliip fhould be drifted broad-fide to  the 
wind, as the tide will then have the greateft power on her; and could the (hip be 
backed a-ltern or Ihot a-head at pleafure, fhe might be kept drifting upon the fame 
tack with iafety 5 but (hips in a tide’s way cah never be backed fo far a-ltern as they 
will (boot a-head. A t the firlt o f a Item-board a fliip w ill go brilkly a-ltern, but w ill 
foon fall olF, and drift with the wind abaft the beam, forging a-head; for this reafon 
fire mult be drifted with the helm a-lee. It follows, as a Ihip w ill flioot more a-head 
than Ihe can be backed a-itern, that flie will at length arrive at the oppolite fhore, 
when flie mult be Itayed or veered, and drifted upon the other tack. If Ihe is to be 
flayed, (which is preferable, becaufe lefs drift will be loft by it) let the fails be filled 
in time to give the fliip fufficient headway to bring her about, then put the hem a-lee. 
Should flic come about, the fails and helm having now a proper polition for a (tern- 
board upon the other tack, need not be touched till her Iternway ceafes, when the 
helm mult be fliifted a-lee ; but fhould the Ihip refufe Hays, then brace fliarp round 
the head-yards, and boxhaul her, by which method flie will lofe much lefs drift than 
6y veering.

I f  the (hip, now drifting broadfide, is approaching a narrow channel, where drift
ing in this pofltion, Ihe mult be ’leered and dropped ftemming the tide Hern foremoit. 
In this cafe, that the drift may be as much as poflible, it will be neccflary to take in 
fail, and reduce the Ihip’s headway till Ihe has only fteerage-way left j thus a velfel 
way be dropped through a fleet o f Ihips at anchor without danger.

(1. 1) T a i ,



To drive, when the wind is acrofs the tide.
Should the wind be a little acrofs the tide, a (hip may be eafily drifted in the fair way, wirft 

her head towards the weather-lhore ; for thus it will be found that (he can be backed and filled 
at pleafure, and generally be drifted with the fails (hivering, in which pofition they oppofe lead 
power to prevent the drift.

It frequently happens in ferpentine rivers that the tide fets acrofs ; in this cafe the (hip muß 
be drifted with her head to the fide from which the tide fets. Thele fets are beft difcovered by 
ooferving the opening or (hutting of two obje&s in the direction of the channel.

To bend a cotirfe in fair weather.
Stretch the fail a-thwart the deck, the (larboard-fide of the fail to the ftarboard-lide, the lar

board to the larboard-fide ; then bend yard-ropes to the ear-ring cringles, and make faft the 
head ear-rings a few feet up upon the yard-ropes. The bunt-lines, leech-lines, clue-garnets* 
and all the gecr bent, make fall a rope-band to each bunt-line and leech-line leg, that the men 
may be enabled to catch the head of the fail from the yard. Now man well the yard-ropes, 
bunt-lines, leech-lines, and clue-garnets, and run the fail up to the yard. The fail aloft, 
lend the hands up to bring it to, and let them haul out the weather ear-ring (ir(t, then the lee ;  
and, i f  it is a new fail, let them ride the head-rope toftretch it. The fail being hauled fquare 
But upon the yard, make faft the rope-bands, keeping the head of the fail well upon the yard.

To bend a topfail in fa ir weather.
Overhaul the leeches of the fail, put in the ear-rings, bend the bow-line legs, lay out the 

«lues, and open them if  neceftary, and make the fail up fnug again ; then round down upon the 
leetop-fail-haliards till the weather fly-block is high enough to bring the fail up over the guard- 
iron : then rack the tie over to the weather-rigging. Now pile the fail upon (lings, with the 
lee-fide uppermoft ; hook on the topfall-haliards, and run the topfail up into the top ; then 
ftretch the fail round the fore-part of the top, bend the jeer, and make faft the head ear-rings 
a few feet up upon the reef-tackle pendants, with a rope-band or two to each bunt-line leg —■ 
The jeer being bent, man the reef-tackles, bunt-lines, and clue-lines, and haul out the fail.—  
Now let the hands lay out upon the yard, and haul out the weather ear-rings fitft; then haul 
eut to leeward, and eafe off to windward till the fail is fquare, when make fall the rope-bands, 
keeping the head of the fail well up upon the yard.

To fet a mainfail, or forefail.
Before the fail is loofed, let the double block of a tackle be made faft to the weather-clue, 

and the Angle block be hooked low down upon the chefs-tree, and the fall led aft. Then man 
well the tack and fall at the fame time ; and, when the fail is loofed, eafe away the weather 
clue-garnet, let go the bunt-lines and leech-lines, bowfe down upon the tackle, and take in 
the main-tack : the main-tack being down, haul aft the Iheet, brace up the yard, and haul the 
main-bowline.

To fet a topfail.
Let a tackle be in readinefs to clap on either (heet, as may be required. Firft, man the Iee- 

flieet ; and, the fail being loofed, eafe down the bunt-lines and lee clue-line, and haul 
home the lee-flieet ; then haul home the weather-fheet, hoift the fail, and biace up as required.

Should the wind be quartering, the lower and topfail yards ihould be braced well iuto the 
wind, before the fail is lheeced home.

To take in a courfe.
Man well the weather ctue-garnet, eafe off the tack and bowline, and run it up j then man 

the lee clue-garnet, bunt-lines, leech-lines, and weather-brace; and, being all ready, eafe 
away the iheet, haul up the clue-garnet, bunt-lines, and leech-lines, and round-in the weathers 
brace, till the yard is pointed to the wind. Then haul tight the truffes, braces, lifts, and roll
ing tackle, and let the hands furl the fail.

To take in the forefail in the time of veering.
When the (hip begins to veer, the yard being kept braced (harp up, let go the tack and bow

line, and haul up the weather clue-garnet. When the (hip is nearly before the wind, the bunt 
and leech lines, and the other clue-garner, may be hauled up ; and, if the fituation admits of 
if, and occafion requires, the (hip may be (leered with (he wind on the quarter, till the fail is 
fccured.

To take in a topfail.
There are many opinions upon the beft mode of performing this. Some approve of cluing 

up to windward firft, and others to leeward. If the weather-fide is to be clued up firft, the 
wearher-hvace muil be rounded well in, ami the yard got clofe down upon the lifts, otherwife 
the lee-rigging will be ih danger of being carried awiy by the great ptefihve ®f the lee yard



arm. I f  the weather-bvace can be rounded well in, and the yard be got clufe down, it will be 
beft to clue up to windward firft, for thus the fail may be taken in without a fluke s but, if 
the weather-brace cannot be hauled in to cafe the yard oft"the lee-rigging, recourfe muft be had 
to clueng up to leeward ftrft. In this cafe, it will be beft, if  hands can be fparcd, to man 
both the clue-lines, bunt-lines, and weather-brace, at the fame time ; thus, when the lee-flieec 
is eafed off, the weather-brace may be hauled in with eafe, and the yard laid to the wind ; and, 
when the lee clue-line is half up, eafe off the weather-iheet, and run up the weather due-line j 
then haul tight the lee-brace, bowfe tight the rolling-tackle, and furl the fail.

To take in a jib.
Man well the down-haul, let go the haliards, eafe oft" the flieet, and haul down brilkly ; and, 

when the fail is clofs down, eafe away the out-haul, and haul the fail in to the bowfprit-cap j 
then let it be flowed away in the fore-ftayfail netting.

To haul in a lower Jludding.fail.
To haul in a lower ftudding-fail, blowing frelh, lead one of the flieets clear aft, and man it 

well ; then lower away brilkly the outer haliards, to fpill the fail ; eafe off the tack, run in 
upon the iheet, and lower away the inner haliards as required;

To haul down a topmajl Jluddtng.fail.
Man well the deck-flicet and down-haul, eafe off tKe yard-fliect, and haul the yard clofe 

eut to the tack-block ; then eafe away the tack ; and haul down both upon the deck-lheet 
and down-haul.

To brail up and haul down a main-topmajlfiayfail.
Man well the lee-brail and down-haul, having a few hands to gather in the flack of the 

weather-brail ; then let go the haliards, eafe oft" the flieet, and haul down and brail up as 
brilkly as poffible. When the fail is down, let go the tack, and flop the fail over to the lee 
fore-rigging.

To brail up a mizen.
Man well the lee-brails, eafe off" the mizen-lheet, and brail up brilkly, taking in at the fame 

time the flack of the weather-brails. After the fail is hauled up, flop its foot by palling the 
galket round to leeward, which will fpill it.

To take in a topgallant.fail.
The lee-ikeet muft be ftarted firft, and clued up, and then the weathcr-lheet.

To unbend a courfe.
Firft furl the fall, then call off the rope-bands, and make them fall round the fail, clear of 

the galkets. When the rope-bands are all oft", eafe off"the Ice ear-ring, and lower down the 
fail ; and, when the people upon deck have got hold of the lee-part of the fail, eafe away the 
weather ear-ring.

To unbend a top/ail.
Firft call oft" the points of the reefs, keeping fad the ear-rings ; then furl the fail, and call 

off the rope-bands, which make fait round the fail, clear of the galkets. After this, call off 
the lec ear-rings, aud haul the lee-lide of the fail into the top ; then haul in the weather-ftdq. 
Now unbend the reef-tackle pendants, buntlines, and bowlines ; bight the fail fnugly up to
gether j and fend it down by the clew-lines to windward or leeward, as molt convenient.

On feudding or bearing away in a Jiorm.
When the waves run high, and fudden neceflity requires to bear away, it fhould be confitier

ed that the lower fails forward, which the fliip may be veered under when Die comes before the 
wind, may be becalmed by the height of the waves breaking violently againft the ftern ; and 
that therefore a clofe-rcefed main-topfail Oiould be fet to catch the wind, becaufe it is a loftier 
fail, and may always be kept drawing full above the waves. This increafes the Clip’s headway fa 
much that the waves will not ftrike herabaft with fo great a velocity as when her headway is lefs.

Hence it follows, that, when going to feud before high waves, the clofe-reefed main-topfail 
fhould be the laft fquare-fail taken-in in a labourfome (hip.

O f a Jhip o<verfet on her Jide.
A  common but not always a certain method to recover (hips from this dangerous fituatlon, is 

to cut away the m ills: however, as this expenfive method may fail, ftopwaters only, on the 
lee-quarter at fea, may caufe the (hip to veer ; or, where there is ground, an anchor or anchors 
dropped from the Ice-bow, may bring the wind a-head and take the fails a-back, fo as to call; 
the (hip on the other tack, and bring her uptight.



To rig a main top-mafl.
Tat the mail-head, get the crofs-trees over, fix the bolfters and parcel them, put over but

ton-pendants, then the lhrouds, breaft-back-ftay, proper and fpring-ftay and cap, fway up thq 
imaft and fid it, feize in the dead eyes, day the mail, fet up the lhrouds, rattle them down, 
lafii the bullock-blocks to the mall-head.

To rig a top.gallant-mrjl.
Send down the top-rope, reeve it through the Iheave-hole, and make it fall round the hound a 

pf the mall and Handing part of the rope, leaving enough end to make fall to the cap, which 
¿one, fway away, when the head is through the cap, make fail the fpare end or Handing part 
of the top-rope to the cap, cut the feizing, clap on the grommet, then the lhrouds, back-days 
and flay, fway up the mail, fid it, and fet the rigging up.

To rig a boqjjfprit.
I.aili the collar fore-fray for the bob-days and bowfprit fhrouds, then the collar for the 

fpiing.days, then the block for the top-mad-day, fix the man-rope, gammon the bowfprit, 
and fet bob-days and lhrouds up. ' ' ■

To rig a jib-boom.
Put over the traveller, hordes, guys, the top gallant day-block, and lalh on the blocks for 

tile top gallant-bowline and jib-down-haul-bloclc to the traveller.

To rig a louotr yard.
Get it athwart the gunwale, ¡afh the jeers, quarter clue-garnets, bunt-lines, leach-lines and 

flab-line blocks ; then put over tne yard-arms, the horfes brace pendants, the yard-tacklq 
pendants, then the top-fail (heet and lift-blocks, reeve the jeers, braces, lifts and yard-tackle 
falls, trufs parcels, fway the yard up, and haul all taut.

To rig a fore top-fail yard.
Reeve a hawfer for a top-rope through the bullock block and fend it down, and Having put 

over the horfes, make the top'rope fad to the middle of the yard, Hopping it to the yard-arm, 
fway it up above the top, put over the brace-pendants and lift-blocks,'reeve the lifts anp 
braces, cut the yard-arm-ftizing and crofs the yard, lalh the tye, buntline and clue-line- 
blocks, reeve the tye and halyards, fway it up above the cap, and parcel it, reeve the clue, 
lines, bunt-lines and reef-tackles.

To rig a top-gallant-yard.
. Seize the clue-line-blocks on, put the horfes over the yard-arms, fway it upon the cap and 

rig the yard arms, by putting on the brace-pendants and lifts, then crofs the yard and parcel it.

To fleer the fhip nvhen her rudder is left.
Take a large fpar, or part of a top-maft, and cut it fiat in the form of a ftern-poft, bore holes 

at proper difiances in that part which is to be the fore part of the preventer or additional ftern- 
poft, then take the thickeft plank on board, and make it as near as pofiible into the form of à 
rudder, bore holes at proper difiances in the fore part of it, and in the after-part of the preventer 
ftern-poft to corréfpond with each other; and reeve rope grammots through thofe holes in the 
rudder and after-part of the ftern-poft for the rudder to play upon.

Through the preventer ftern-poft reeve guys, and at the fore part of them fix tackles, and 
then put the machine overboard ; when it is in a proper pofition or in a line with tpe fliip’s 
ftern-poft, laih the upper part of the preventer-poft to the. upper part of the fliip’s ftern-poft, 
then hook tackles at or near the main chains and bowfe taut on the guys to confine it to the 
lower part of the preventer ftern-poft ;— having holes bored through the preventer and proper 
ftern-poft, run an iron bolt through both, taking care not to touch the rudder, which wî l 
prevent the falfe ftern-poft from rifing up or falling down.
* By the guys on the after-part of the rudder, and tackles fixed to them, the fhip may be 
fleered, taking care to bowfe taut the tackles on the preventer ftern-poft to keep it deje tc 
fke proper ftern-poft,
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Marine Infarances.

INSURANCE is a contrail by which the infurer undertakes, in confideration of a premium 
equivalent to the hazard run, to indemnify the perfon infured againft certain perils or lodes« 

‘  ̂ or againft fome particular event. All infarances, whether againft lire or on lives, fall 
within this general description ; but the fuhjell meant to be confidered here is that of MA
RINE INSURANCES. Ficm this definition it appears to be a contrail of indemnity againft 
thofe perils to which ilrips and goods are expofed in the coutfe of their voyage from one place 
to another.

A  complete fyflem of this branch of law cannot be fuddenly erelled $ but it is the boaft of 
this age, that in it the great foundations of marine jurifprudence have been laid, by cleat ly de
veloping the principles on which policies of infurance are founded, and by applying thofe prin
ciples to par'icular cafes. In the following treatife we (hall endeavour to render the law of it 
<o clear as to be a guide to the merchant, owner, freighter, and man of bufinefs. To cffelt 
this we have divided the fubjelt, and it will be difeufied in the following order.

I. The Policy 
If. The Coritrullion of the Policy.
III. Perils of the Sea.
IV . Capture and Detention of Princes.
V . Barratry of the Mailer or Mariners.
V I. Partial Loflcs and Adjuftment.
V II. General Average.
V I I I .  S a lv a g e .

IX. Abandonment
I .  T H E

X. Fraud in Policies.
X I. Sea-Worthinefs.
XU. Illegal Voyages.
X III. Re-Afiuranceand Double Infurance*
X IV. Changing the Ship.
X V. Deviation.
X V I. Non-compliance with Warranties« 
X V If. Return of Premium.
X VIII. Bottomry and Refpondentia.
P O L IC Y ,

The Policy is the inftrument by which the contrail of indemnity is cffelled between the 
infurer and infured $ and it is figned only by the infurer who is called the underwriter. O f 
policies there arc two kinds, valued  and open ; and the only difference between them is this, 
that in the former goods or properry infured are valued at prime coft, at the time of effclting 
the policy ; in the latter the value is not mentioned, but in cafe of lofs mud be proved.

Policies of aflurance when once they are underwritten, can, generally (peaking, never be 
altered by any authority whatever ; becaufe it would be an opening to fraud, and would in
troduce uncertainty into a Ipecies of contrail of which certainty and precision are the mod 
effential requifites. It mull be obferved, however, that cafes frequently exift in which a poli
cy, upon proper evidence, may be altered : and after figning policies are frequently altered by 
confent of the parties.

An inftance of the former kind of the alteration of the policy occurred before Lord Hard - 
wicke. The infurance on the (hip was five hundred pounds, and the policy dated that the 
adventure was to commence immediately from the departure of the (hip from Fort St. George 
to London. The plaintiff fuggefted that the owner had employed a Mr. Halhcad to infurc the 
(hip with the defendants, to commencefrom  her a rr iv a la t  Fort S ' . George ; that a label, agree» 
able to thofe inftru&ions, with all the particulars of the agreement, had been entered in a book 
and fubferibed by Halbead and two of the direllors of the company; that, by a m’jfoke, the 
policy was made out different from the label; that the (hip being loft in the bay of Bengal, 
after her arrival at Fort St. George, but before her departure for England, the company tefufe 
to pay ; the plaintiff therefore prayed that the miftake might be rcltined, and that the com
pany might be ordered to pay five hundred pounds with intereft.

His lordlhip was of opinion that the label was a memorandum of the agreement, in which 
the material parts of the policy were inferted ; that although the policy was ambiguous, the 
label made it clear $ and as it was only a miftake o f  the clerk it ought to be reUified according 
to the label, Motteux v .  the Governor and Company of the London Aflurance, 1 Afkyns, 54

A policy of infurance is the property of the infured 5 and if it be wrongfully withheld, ei
ther by his broker or any other perfon, he may recover it by an altion of trover. Harding v . 
Carter and another: fitting at Guildhall, Eafter vacation, 1781.

Policies of infurance are generally printed leaving blanks for the infertion of names and all 
other requifites. It is therefore frequently neceflary to infert written claufes,and thefe written 
claufes and conditions thus inferted are to be confidered as part of the real contrail ; the court 
will look to them to find out the intention of the parties, and will confequently fufter fuch con
ditions to control the printed words.

We will now proceed to confider, firft, wh2t things may be infured ; fecondly, what the 
requifites of a policy arc.

I ft. What Thing: may be infured.
The moil frequent fubjeHs of marine infurance are (hips, goods, merchandizes, the freight 

©r hire of (hips. But although in(urances upon foch property moft frequently occur, yet there 
jp t  cafes which can hardly fall within any of thofe deferiptioos,



Thus bottomry and re jp o n d en tia  are a particular fpecies of property which may be the fubjejfc 
ofinfurance. But then it muft be particularly expreffed in the policy to be re jp o n d en tia  inter
eft : for under a general infurance on goods, the party infured cannot recover money lent on 
b o t to m r y .  Such has been and is at this day the eftabliihed ufage of merchants.

This was decided in an action upon a policy of infurance, i( upon g o o d s a n d  m e r c h a n d iz e s  
loaden, or to be loaden, &c.”  The evidence appeared to be, that before the figning of the 
policy the plaintiff*had lent^Capt. Try on u p o n  th e  g o o d s  then loaden and to be loaden on board 
the faid (hip on account of the faid Capt. Tryon, the fum of feven hundred and fixty-four 
pounds at re jp c n d e r .u a ,  for which a bond was executed in the ufual form : that the (hip at the 
time of the Ivfs had goods and merchandizes on board, the property of Capt. Tryon, of greater 
value than ail the money he had borrowed: that the (hip was afterwards burnt, and all the 
goods and merchandize were totally confumed and loft. Upon thefe falls, the queftion was, 
whether the plaintiff' could recover. This cafe was twice argued at the bar, the court took 
time to confidcr it, and were unanimous in their determination.

Lord Mansfield, in delivering the judgment of the court, obferved to this effell. I  inclined 
to fnpport this infurance, being convinced that it is fair, and that the doubt has arifen by a (lip 
in omitting to fpecify (as it was intended to have been dene) that this was a re jp o n d en tia  inter- 
eft. The ground of fupporring this infurance, if  it could have been fupported, was a claufe of 
the 19 Geo. II. c. 37. § 5, which as to the purpofe of infurance, confiders the borrower as hav
ing a right to infurc only for the furplus value, over and above the money he has borrowed at 
r t jp o n d c r .tia .  Yet we are all fatisfied that this all of parliament never meant, or intended to 
make any alteration in the manner of inforances j its view was to prevent gaming or wagering 
policies, where the infurer had no intereft at a ll: and i f  the lender of money at re jp o n d en tia  were 
to be.at liberty to infure for more than his whole Intereft, it would be a gaming policy $ for it 
is obvious that if he could infure all the goods and infure his re jp o n d en tia  intereft befides, this 
would amount to an infurance beyond his whole intereft. In deferibing re jp o n d en tia  intereft, the 
all gives the lender alone the right to make infurance on the money lent: fo that the all left it 
«n the pra&ice. I have looked into the prallice, and I find that bottomry and re jp o n d e n tia  are 
2  p a r t ic u la r  [p eeks  of infurance in themfelves, and have taken a particular denomination. I  

cannot find even a d xS ium  in any writer, foreign or domeftic, that the re jp o n d en tia  creditors may 
infure upon the g o o d s , a s  g o o d s .  I find too by talking with intelligent perfons very converfant 
in the knowledge and prallice of infurances, that they always do mention re jp o n d en tia  intereft, 
whenever they mean to infure it. It might be greatly inconvenient to Introduce a practice con
t r a r y  to  g e n e r a l  tija% e, and their may be fome opening to fraud if  it be not fpecified. The 
grounds of our refolution is. “  that it is now eftabliihed as the law and prallice of merchants, 
that re jp o n d en tia  and bottomry muft be fpecified and mentioned in the policy ofinfurance.** 
Clover v .  Black, 3 Burr. 1394.

But though this cafe is certainly good law, yet it has fince been ruled, that money expended 
by the captain for the ufe of the (hip, and for which re jp o n d e n tia  intereft was charged, may 
be recovered under an infurance on g o o d s , Jpec ie , and e jfe & s ,  provided th e  tt ja g e  o f  th e  t r a d e ,  
which in matters of infurance is always of great weight, fanltions it.

Thus, in an allion upon a policy of infurance on %pods%Jpetic, and effeEls, of the plaintiff, 
who was alio the captain on board the (hip, the plaintiff claimed under that infurance, money 
expended by him in the courfe of the voyage for the ufe of the (hip, and for which he charged

refpondentia intereft.**
Lord Mansfield faid, as to whether the words ct goods, Jpecie, and ejfeels,”  extended to this 

Intereft, I (hould think not, i f  we were only to conftder the words made ufe of. But here there 
Is an exprejs ujage which muft govern our decifion. A  great many captains in the Eaft-India 
iervicc fwear that this kind of intereft is always infured in this way, and here the perfun in
fured is the captain. Gregory *u. Chriftte, K. B. Trinity Term, 24 Geo. III.

Infurances upon the wages of feamen are forbidden ; a regulation founded upon wifdoin and 
(bund policy ; for by this falutary law the failors arc intereiled in the return of the (hip: and 
they will on that account be prevented from deferting it when abroad, from leaving it unman- 
ed, and will be more anxious for its prefervation. This regulation, however, does not mean 
to prevent mariners from infuring thofe wages which they are intitled to receive abroad, or 
goods which they have purchased with thofe wages in order to bring them home 5 but in fuph 
a cafe they are to be confidered in the fame light with other men.

It has long been a queftion how far infurances upon the (Ups or goods of enemies are politic ; 
but whether fuch a contrail be founded in principles of found policy or not, it is certainly nut 
contrary to the law of England, as it is eftabliihed at this day.

i d l y .  O f  t b s  R e q u if i te s  o f  a  P o lic y .
The eflentials in a policy ofinfurance are, firft, the name of the perfon for whom the infur- 

ance is made ; fecondly, the name of the (hip and mafter 5 thirdly, whether they are (hips, 
goods, or merchandizes upon which the infurance is made 5 fourthly, the name of the place 
.where the goods are laden, and whither they are bound ; fifthly, the time when the ri(k begins 
and when it ends; fixthly, all the various perils and rifles which the infurer takes upon him*



T e lf) feventhly, the confrderation, or premium, paid for the rifle or hazard run ; Eighthly, the 
month, day, and year on which the policy is executed ; ninthly, the (lamps required by aä  of 
Congrefs.

Fir/?. O f the name o f  tbeptrfon it fu r  cd.

Erery policy of affurance ought to contain the name or the ufed (tile and firm of dealing of 
one or more of the perfons intcreded in fuch infurance i or inftcad thereof the name or firm of 
the confignor or confignee of the goods and property to be infured, or the name or fum of the 
jerfons who order or effeit fuch policy.

Secondly. O f the names o f  the p d f  and mafler.

It feems to be neceffary, by the law and ufage of merchants to infert the names of the (hip 
and mailer, in order to afeertain the bottom upon which the adventure is to be made, and the 
captain by whofe direction the (hip is to be navigated. Sometimes, however, there are infur- 
ances generally, “  upon any (hip or (hips,”  expected from a particular place ; and although jc 
is more accurate to infert the name of the captain, it is not certain that the infurance would be 
void if a different captain from that mentioned in the policy came into the (hip ; cfpccially as 
the policy always contains the words “  orwhofoever elfe (hall go for mailer in faid flrip.”

Thirdly. Whether they arc Slaps, Goods, or Merchandizes, upon which the Infurance is made.

It is ahfolutcly neceffary that there (hould be a fpecification upon which of thefe the under
writer infures. _ Eut it is another queftion, whether, in policies upon goods, it be neceffary to 
declare the particulars. The prailice is very unfettled ; in the opinion, however, of very ref- 
pedlable merchants, the particulars of goods firould be fpecified, if pofiible, bv their marks, 
numbers and packages, and not under the general denomination of merchandize. When 
goods are coming from abroad, it is better to infure under general exprelTions, on account of 
the various cafualties which may happen to obftruil the purchafe of the commodities intended 
to he font.

There are certain kinds of merchandize, which are of a perilhable nature, on account of 
which, there is inferted a memorandum at the foot of the policy, by which it is declared, 
that, in infurances upon corn, iilh, fait, fruit, flour and feed, the underwriters will not be an- 
fwerable for any partial lofs, but only for general average, except the (hip be llranded. That 
in  infurances on fugar, tobacco, hemp, flax, hides and (kins, they confider themfelves free 
from partial Ioffes, not amounting to f i v e  per cent, and that on all other goods, as well as on the 
(hip and freight, if the partial lofs be under three dollars per cent, unlefs it arife from a general 
average, or the (Iranding of the (hip, the underwriter confiders himfelf difeharged-

There are fome kinds of property, which do not fail under the general denomination of goodt 
in a policy; and for the lofs of which the underwriters are not anfwerable, unlefs they are 
fpecifically named ; fuch as goods lafhed on deck, the captain's clothes, and the flap 's  provfions. 
A  policy on goods means only fuch goods as are merchantable, and a part of the cargo ; and, 
therefore, when goods like the prefent are meant to be infured, they are always infured by 
name ; and the premium is greater, Rofs v .  Thwaite, Sitt. after Hilary, 16 Geo. III.

F.urthly. The Name o f the Place at which the Goods are laden, and to which they are bound.

This has been always held to be neceffary in policies, and mud be fo, on account of the 
evident uncertainty which would follow from a contrary prailice, as the infurer would never 
know what the rifle was which he had undertaken to infure ; and, therefore, if  a (hip be in- 
lured from London to , a blink being left by the lader of the goods to prevent a fur-
prize by an enemy, and if in her voyage Ihe happen to be cad away, though there be private 
inftruilirns for her port, yet the infured mud (it down with his lofs, by reafon of the uncer
tainty. Molloy, b. z, c. 7. f. 14.

It is alfo cudomary to date in the policy at what port or place the (hip may touch and day 
during the voyage, fo that it (hall not be confi.lercd as a deviation to go to any of thofe places.

Fifthly. The time when the R iß  commences, and when it ends.

The Engliih policies expreflly declare, that “  the adventure (hail begin upon the faid goods. 
*nd merchandize, from  the loading thereof on board th e fa ijf l ip , and fo (hall continue until the 
faid (hip, goods and merchandizes, (hall be arrived at L. and upon the faid (hip until (he hath 
moored at anchor 24 hours in good fafety ; and upon the goods till the fame be there f lfe ly  d if- 
tharged and landed." From thefe words, it is obvious, that the infurers are rot anfwerable 
for any accident which may happen to the goods in lighters or boats going a-board, previous 
to the vovage ; yet as the policy fays, the rifle drall continue till the goods are fafely  landed, it 
feems the infurer continues refponfible for the rifle to be run in carrying the goods in boats to 
the Ihore. I f  there be a lofs, however, in thefe cafes, the accident mud have happened, 
while the goods were in the boats or lighters belonging to the drip ; but in a cafe where 
the owner of the goods brings down his own lighter, receives tire goods out of the (hip, and 
before they reach Und, an accident happens, whereby the goods are damaged, the Infurer isdif- 
chargcd, although the infurance be upon goods to London, and till ehe Jam : be Jafely landed 
(tire . Sparrow v .  Carrother:, a Stra.



la  the unloading of goods there ihould be no unreafonable delay, b ut tills muft always ¿¿J 
pend upon circumftances*

The rilk on the body of a fhip is generally to commence, -c( from her beginning to load at 
and fo fhall continue and endure until the fa id jh ip  jb a ll  arrive at 

and hath there been moored at anchor 24 hours in good fafety.”  This mode of fating the 
commencement of the rifle mu!t commonly be applied to infurances on fhips outward bound \ 
for, when infurance is made on the homeward rifk, the beginning of the adventure is fomethnes 
fated to be *■  immediately from and after her arrival at the port abroad at other times,

from the departure and, in fhort, it is very variable, depending upon the inclination of 
the infured.

Sixthly. O f the various Perils and Rijk againft which the Underwriter infares.
The words now uled exprcfllve of the infurer’s rifles are very extenfive, including u  all per

ils of the fea, men of war, lire, enemies, pirates, rovers, thieves, jettifons, letters of mart and 
counter-mart, furprifals, takings at fea, arrefts, reftraints and detainments, 6 f  all kings, 
princes and people, of what nation, condition, or quality foever ; barratry of the mailer or 
mariners, and all other perils, Ioffes and misfortunes, that have or fhall come to the fart, 
detriment or damage of the faid goods and merchandizes, and fhip, or any part thereof.1* 
In addition to thefe, however, it is frequently the practice to infure her loft or not loft, in 
which, if the fhip ihould be loft, at the time of the infurance, fail the underwriter, provided 
there be no fraud, is liable. This practice is peculiar to American and Englilh policies, 
not being adopted by other nations.

Seventhly. The Conft deration or Premium f i r  tbfRi ft  or H azard run.

This is always exprefled to hive been received at the time of underwriting ; t ( we the af- 
farers»cnnfefling ourfelves paid the confideration due unto us for this afiurance bv the afTured.** 
This being fubferibed by the underwriter, it is proper to enquire whether, if the premium 
were not aftually paid at the time, he could afterwards maintain an aftion for it againfi thd 
cjjured, who might then produce his fubfeription in evidence againft himfelf. Queftions, up
on policies of afTurance, ftand mod: broadly upon the ufage of the place where the policy is ef
fected, and this qneftion would, no doubt, be determined by ufage. By the cuftom of London, 
the underwriter credits the broker, and not the allured, for the premium ; and therefore the un
derwriter cannot demand it of the allured $ but the broker as ceitainly could.

Eighthly. The Day, Month and Year, on w lic b  the Policy is executed.

This infertlon feems very neceftary, becaufe, by comparing the date of the policy with the 
date of fails which happened afterwards, or are material to be proved, it will frequently ap
pear, whether there is any reafon to fufpeft fraud or improper conduct 00 the part of the infured; 

ninthly. That it  he duly ftamted.

An Aft of Congrefs palled July 6th. 1797, has impofed the following ftamp-duties 0» 
policies of infurance. If the fhip or veflel, See. infured, is going from one diftrift to another 
in the United States, 25 cents. If going from the United States to any foreign port or place, 
when the fu:r. infured is 500 dollars, or under, 25 cents ; exceeding 500 dollars, 1 dollar.

By an Adi of Congrefs palled Feb. 28, 1790. any policy of infurance other than thofe above 
fpecified, muft be ftamped as follows, viz. when the fum infured is 500 dollars, or under, 25 
tents; exceeding 5CO dollars, 1 dollar.

II. THE CONSTRU CTION OF TH E PO LICY,
In the conftruftfon of policies two rules chiefly prevail, viz. to give effeft to the intention« 

of the parties, and to the ufige cj trade, with refpeft to the particular voyages or rilks to which 
the policy relates.

In a cafe fo early as in the time of James the Second, a policy of infurance was conftrued to 
run until the (kip had ended and was difeharged of her voyage ; for arrival at the port to which* 
fhe was bound, was not a difeharge tilljbe  w as unloaded.

But although this conftruftion is right, where the policy is general from A to B , yet i f ’t  
contains the words ufually inferted t( and till the fh ip  (halt have moored at anchor twenty-four 
hours in good ja f i t y , "  the underwriter is not liable to any lofs arifing from feizure after (he has 
been twenty-four hours in port; even i f  fuch feizure was in confequence of an aft of barratry 
o f the mafter during the voyage. Lockyer and others v .  Offley. 1 Term Rep. p. 252.

Upon an infurance from London to the Eaft-Indies, warranted to depart with convoy, the 
fafts were, that the ih'p went from London to the Downs, and from thence with convoy, and 
was loft. It was adjudged that the claufe warranted to depart with convoy,** muft be con- 
faued according to the ufage among merchants* that is, from fuch place where convoys are to be 
had, as the Down*. Lethulier’ s cafe. 2 Salk. 443.

The ihip Succefs was infured “  at andfrom Leghorn to the port o f  London, and till there moor
ed tw en ty-fu r hours in goodfnf>ty\' ’ She arrived the 8th of July at Ftem Wharf and moored,



fcut Was the fame day fcrvcd with an order to go back to the Hope to perform a fourteen days 
quarantine. The men upon this deferted her, and oft the 12th of the month the captain ap
plied to be excufed going back, which pet.tion was adjourned to the 28th, when the regency 
Ordered her back t and on the 30th ilie went back, performed the quarantine, and then »cut up 
for orders to air the goods j but before fhe returned the (hip was burnt, on the 23d of Auguft, 
and the queftion was, whether the infuter was liable.

Lord chief juftice Lee ruled, that though the (hip was fo long at her moorings, yet flic could 
Hot be faid to be there ingoodjafety, which muft mean the opportunity of unloading and dif- 
charging-— Waples v .  Lames. 2 Stra. 1243.

In an infurance upon f n i g b t ,  if an accident happens to the (hip before any goods are put on 
board, which prevents her from falling, the inlured upon the policy canhot recover the freight 
Which he Would have earned if (lie had failed.— Tongue v .  Watts, 2 Stra. 1251*

But if the policy be a valued policy, and part of the cargo be on board when fuch accident 
happens, the reft being ready to be (hipped, the infured may recover to the who.e amoun;.—■* 
Montgomery i f. Egginton. 3 Term Rep. 362.

The words (i at and from Bengal to E lgtand/* m-an the f ir f i  a rr iv a l at Bengal j and 
when fuch words are ufed in policies, jftyitfrmto/is always implied and underftood.— i Atk.584* 

When a (hip is infured at and from  a place and it arrives at that place, as long as the (h»p is 
preparing for the voyage upon w ich it it infured, the infurer is liable : but, if all thoughrs of 
the voyage be laid afide, and the ihip lie there fiv 1, fix or feven years, with the owner's privity, 
the infurer is not liable— Ch.ttyv. Selwin, zA tk, 359.

A (hip was infured at and from Jamaica to London : the had alfo been infured from London 
to Jamaica generally, and was loll in coafting the ¡Hand, after (he had touched for fome days at 
One port there, but before ihe had delivered all her outward-bound cargo at the oth,*r poits of 
theifiand. The queftiorf was, when the outward-bound rifle commenced, and ar what time 
the outwavd-bound riik determined. A fpecial jury, after an examination of merchants as to 
the cuftom, decided, that the outward rilk ended when the iliip had moored in any port of the 
ifland, and did not continue till the came to the laft port of delivery— CamJea v .  Cowley, t 
Black ft. 417*

And this has been fince confirmed by Lord Mansfield, who laid down this doftrine, that the 
outward rifle upon tbejbip  ended twenty-four hours after its arrival in the firft port of the ¡(land 
to which it was deftined ; but that the outward policy upon goo Is continued till they were land
ed—  Barrafs v .  London AiTurancc. Si tings after Hilary, 1782.

An aftion was brought upon a policy of infurance f< on goods, in a Dutch (hip, from Malaga 
to Gibraltar, and at and from thence to England and Holland, both, or either ; on goods, as 
hereunder agreed, beginning the adventure from the loading, and to continue till the Ihip and 
goods be arrived at England 0- Holland, and there fafely landed. The agreement was, “  that* 
upon the arrival of the (hip at Gibraltar, the goods might be unloaded, and reihipped in one or 
more Britiih (hip or (hips for England and Holland, and to return one percent. ifdifcharged in 
England«" It appeared in eviJence, that, when the (hip came to Gibraltar, the goods were 
unloaded, and put into a Jlorejbipy (which it was proved was always confidered as a ware 
houfe,) and that there was then no Bruilh fliip there. Twodays after the goods were put in
to the ftore-lhip, they were loft in a ftorm.

Lee, chief juftice.—-Policies, are to be conftrued largely, for the benefit of trade, and for the 
Snfuted. Now, it feems to be a ftrift conftruftion, to confine this infurance only to the un* 
loading and rdhippmg, and the accidents attending that aft. The conftruftion ftiould be ac
cording to the courfeof trade in this place > and this appears to be the ufual mode of unloading 
and relhipping in that place, viz. thar, when there is no Briiiih (hip there, then the goods are 
kept in ftore-fhips. Where there is an infurance on goods on board fuch a (hip, that infurance 
extends to the carrying the goods to ihore in a boat. So, i f  an infurance be of goods to fuch a 
city, and the goods are brought in fafety to fuch a port,, though diftant from the city, that is a 
compliance with the policy, if that be the ufual place to which the (hips come. Therefore, as 
here is a liberty given of unloading and reihipping, it muft be taken to be an infuring under 
fuch methods as are proper for unloading and rclhipping. There is no neglect on the part of 
the infured, for the goods were brought into port the 19th, and were loft the 22d, of Novem
ber. ThU manner of unloading and refttipping is to be confidered as the neceflary means of at
taining that which was intended by the policy ; and feems to be the fame as if it had happened 
Sn the aft of unihipping from one (hip into another. And as this is the known courfe of the 
trade, it feems extraordinary) if  it were not intended. This is not to be confidered as a fufpen* 
fion of the policy ; for, as the policy would extend to a lofs happening m the unloading and 
reihipping from One (hip to another, fo any means to attain that end come within the meaning 
of the policy. The plaintiff had a verdift.— Tiernay v .  Etherington. 1 B>ar, 348,

The decifions on this fubjeft, notwlthftanding the vaft variety of their circumftances, aqs 
Uniform in principle ; and the judges always make a conftant reference to the ufage of trade. 

A t the fame time, though the general tqle be refer to the ufage of the trade, yet the par-
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ties cor.trr.Tino: may, by their own agreement, prevent ftch a latitude of conflation. frior* 
der to do this, it is not neceiTary that exprvfs words of exclufiorl fltould be inferted in the poll* 
cy ; but if, from the terms ufed, the court can Collett, that fuch was the intention of the 
parties, that conftrudtion, %vhich is mofl agreeable to their intention, will prevail.—-La.vabre tv , 
Wllfon, Dotig. 27.

When an infurance is made on one fpecics of property, the damage fufiftred by loft of prop
erty, different from that named ¡n the policy, cannot be recovered. '1 hus a man,who has inur
ed a cargo of good.') cannot recover the f e i r h t  which he has paid for the carriage of that cargo 5 
nor can an owner, who infures t\itfinp merely 9 demand fatisfa&ion for the lofs of merchandize, 
laden thereon, or aik from the iniurers extraordinary wages paid to the ¡earner.) cr the value *>f 
przvifons confumcd, by reafon of the detention, of the/«bip at an) port longer than was pxpe&cd. 
— Fletcher and others v .  Poole. Sittings after La.ler, 2796.— Bailie v .  Modigliani, Hilary
Term, 25 Geo. III.

On a policy, on aJh*p9 tailors wages or provisions are never allowed in fettling the damages £ 
for, if a ihip is detained, ¡n conftqeence of any injury received in a ftorm, though the under
writer mult make good that damage, yet the infurcd cannot come uoon him for the amount of 
wages or provisions during the time ihe was Jo repairing.— Robcitfon c/. Ewer, 3 Term 
Rep. 127.

But, on a policy bn a ihip and furniture, where the proviji?r.s fo r  the crew  were burnt, it was 
determined, that provifen sfer the crew  are comprehended under furniture* and that the under
writer was of courfe anfweruble for their lots.— Brough v .  Whitmore, 4 Term. Rep. .206.

In ordi-r to entitle the infuied to recover, the lofs muft be a direct and immediate confluence 
of the peril infured, and not a remote one.

In an action on a policy of infurance on the ihip Mary, a letter of marque, the words of the 
policy were, “  at and from Liverpool to Antigua, w ith liberty to cruijcf.x weeks9 and to return 
to Ireland, or Falmouth, or Milford, with any prize or prizes.*' The ihip having been taken 
this a£H>n was brought, when a verdici was found for the plaintiffs.

The material parts of the evidence were, that the policy was made on the 9th of February, 
*779, and there was no time fixed in it for the commencement or the duration of the voyage.. 
The captain of the ihip f.vore, that he failed from Liverpool on the 28th of February $ he 
was five days before he cleared the land ; and he proceeded on his direct voyage rill the *4tty 
of March, chacing, however, at different times, from the 7th to the 14th, at which time he 
began his cruife, giving notice thereof to the crew, and ordering a minute of it to beemer^d 
into the log-book, which was done. Fro n th? 14'h of March, he continued cr tfing about the 
fame latitude till the 17th or rSth of April, when he difeontinued the cruife, of which he aifo 
gave notice, intending to go to the Burlings, off L ’fbon, in the comfc of his voyage. On the 
23d he renewed the cruife, of which he gave notice, as before, and ordered a minute, to that 
pmp »ft, to be entered in the log-book. From that time he continu-'d cruifing till the 28th of 
April, when lie was taken by an American privaleer. Many wknuTes were examined, feme 
of whom thought that the liberty of cruifing, given by the polity, meant fix fueceifive: 
weeks ; others conceived, that, if theTepatate times of cruiiing, when added together, iliould 
not exceed the ('pace of fix weeks, the terms of the infurance would be complied with j but 
none of them could prove any ulage, as none of the wkneiTes ever knew a cafe exa&ly ch- 
cumftanced like the prefent.

A mo’ ion was made for a new trial ; upon which Lord Mansfield faid, Here, the fubjeft-- 
matter, in my opinion, is decifive to fnevr, that the fix weeks meant one continued period of 
time. A cruife is a well known exprefiion for a eonne£L*d portion of time. There are fre
quently articles £>r a month’s crulfe, a fix-week’s cruife, &c. Such a liberty, as in this cafer 
to a letter of marque, isanexcufe for a deviation ; for the true meaning is, u I will excufe 
a deviation for fix weeks.”  I f  they had meant feparate days, they would have faid forty-two 
days— The court ordered a new trial.

Infurance on a (hip and cargo, from Liverpool to Oporto. The firip failed, but was driven 
back by contrary winds ; and, before fhe could fail again, an embargo was laid. The infur
ed applied to the underwriters for leave to put guns on board, and to take out a letter of marque. 
The underwriters confented to the guns, for her defence, but refufed the let eror marmiei 
Notwithstanding which* a general letter of marque was obtained, and put onboard. The 
firip failed and was taken on her voyage out. The jury thought thit the letter of marque was 
not intended ro be ufed but in the voyage home. The court however determined that this va
cated the policy.—  Dentfon v .  Modigliani, 5 Term, Rep. K. B. 580, Eafter-Term. 1794-

Thî is it appuar*r that the material rules to be adhered to, in the conftru&ion of policies, are- 
the intention of the parties entering into the contrail, and the ufage of trade.

III. PERILS OF THE SEA.
It may in genera! be faid, that every thing which happens to a (hip in the courfe of her voy* 

age,by the immediate a£t of God, without the intervention of human agency,is a peril of the lea. 
1  bus every accident happening by the violcrce of wind or wave.', by thunder or lightning, by 
«riving, agaioit rocks, by the branding, of the ihip, cr by any ether violence which human pru-̂



^Cfite could not forefeet nor human ftrength rcftft, may beconfidercd as a lofs within rha mean
ing of fuch a policy ; and the infurer mull anfwcr for all damages fuftaiiiwd in confequcnce of 
fuch accident, i Magens, 52, 76.

I f  a (hip has been milling, and no intelligence received of her within a reasonable time after 
Ihe failed, it (hall be prefumed that Che founded at La. Newby v .  Read, fir tings after iVticha- 
elma?, 3 Geo. III.

A even in a&ion on a policy, in which there was a warranty a g a v f  captures andfvizures, 
where it was infilled for the defendant, that as captures and feizures w~re cxcepttd, it lay upon 
the plaintiff to prove that the lofs happened in the particular manner flared. Lord Ch.ef J of
fice Lee faid it would be unreafonable to expcdl certain evidence of fuch a lofs, where every 
body on board is prefumed to be drowned; and ali that can be required» U the bell proof the na
ture of the cafe admits of, which the plaintiff has given. The jury found a veidicl for the 
phiintifF, Green v .  Brown, aStra. 1190.

A practice prevails among infurers that a Chip fliould bo deemed loft if  not heard of in twelve 
months after her departure, or after the time of the laft intelligence from her. 11, under this 
ufage, the infurer ChoulJ pay the money, fuppoting the ihip loll, when it really is not, he may 
as we ihall fee hereafter, recover ii back ¡nan action.

IV . C A P T U R E 'A N D  D ETEN TIO N  OF PRINCES.
A (hip is to be contidered as loft by capture, though the be never condemned at all, nor car

ried into any port or fleet of the enemy, and the infurer mud pay the value. If  after a con
demnation the owner recover or retake her, th: infurer can be in no other condition than if Che . 
had been retaken or recovered before condemnation. The infurer runs the riik of the infurer!, 
and undertakes to indemnify 5 he muft therefore bear the lofs usually  fuftarned. So that if 
afier condemnation the owner recovers the ihip in her complete condition, bothaspaidf.il- 
vage or been at any expenfe in getting her back, the infurer muft pay the lofs fo actually fuf- 
tained. No capture by the enemy can be fo total a lofs as to leave no poftzbiliry of recovery.

Where a capruie has been made, wbe'Iur it be legal or not, the infurers are liable for the 
charges of a ccmpromife made, bonafde, to prevent the Chip from being condemned ¿3 prize, 
or to avoid a greater expenfe. Bcrens v .  Rucker, 1 Blackft. 313,

In cafes of capture, the underwriter is immediately rcfpontible to the infured. But if  the 
flvp be recovered before a demand for indemnity, the infurer is only liable for the amount of 
the lofs actually fuftained at the time of the demand : or i f  the flop be reftored at any time 
fujffq'ient to the payment by the underwriter, he fhail then itand in the place of the infuted, 
and receive all the benefits and advantages refuking from fuch reftitmion. All theie regula
tions have their foundation in this great principle, that a policy of infurance is nothing more 
than a contrail of indemnity.

The underwriter is likewile anfwsrahle for all lofs or damage arifmg to the ihfured, (e ly  
the a rre ft, r e f  mints, and detainiMMs, o f a ll kings, princes, and people, o f  what nation, condithr.f 
or quality w hiitfiei’e*

The only queftion then is, what flnll be contidered as fuch detention. Lord Mansfield his 
faid, that the infured may abandon in cafe merely of an arreft or embargo by a prince, nor an 
enemy 5 and confequcntly luch an arreft is a lofs within the meaning of the word detention*
2  Burr. 696.

An embargo is an arrefl laid on ihips or mer;handize by public authority, or a prohibition 
of (late commonly iiTued to prevent foreign (hips from putting to fea in time of war. and fome- 
times alfo to exclude them from entering our pints. Ships are frequently detained to ferve a 
a prince in an expedition, and for this end have their loading taken cut, without any regard to 
the colours they boar or the princes to whofe fubjedts they belong. And this is an arreft within 
the meaning of the policy.

In cafe of a detention by a foreign pow r̂, which in time of war may have fcized a neutral 
vcflel at fo , and carried it into port to be fearched for enemy’s property, all the charges confe- 
q lent thereon muft be borne by the underwriter; and whatever coils may arife from an im
proper detention muft always fall upon them. Salcucci v .  Johnfon, Hii. 25 Geo. III.

But, though an underwriter is liable for all damage anting to the owner of the (hip or goods 
from the reftraint or detention of princes, yet that rule is not extended to cafes where the in- 
fured navigates againft the laws of thole countries in the ports of which he may chance to be 
detained, or to cafes where there (hall be a feizure for non-payment of cuftom. 2  Vern. 176.

I f  indeed any o f  thofe a£l$ were committed by the inafter of the (hip, without the knowledge 
of the infured, the underwriter would be liable, not for loft’es by detention,  but for u lofs by the 
barratty of the matter.

Since the cafe of Robertfon v .  Ewer, mentioned before, there feems to be very little doubt 
but that an underwriter is liable to pay damages arifing by the detention or feizure of fiiips by 
the government of the country to which they belong; for an embargo had b en laid by Lord 
Hood on all Chipping at Barbadoes, and it wa*. never doubted that the infuier was liable for any 
lofs which might have been fuftai.icd by fuch detention, provided the lofs had happened to any .©1 the proper'v lpe<rifi rally infured. If  the Chip be detained by the order of the foverei^n be



fore her departure for the voyage, but after the riß  commenced, the infurer by our law is liable 
for the damage occafioned by fuch detention, as the words in the policy do in themfelves im- 
Dorr no reflriftion to the reftraints and embargoes by foreign potentates only.

Ah hough the words of this part of the policy are, Ci arreßs,  reßraints,  and detainments, o f  a ll  
tings, princes  ̂ and people, o f  what nation, condition, or quality, whatßever yet the word people 
mutt be uiideriiood as applying to thofe people who are the ruling pow er o f  the country, and not to 
any aif.mblage of people who arreft the ihip in a violent and riotous manner. Neflfttt •v. Lu/h- 
Ifigton, 4 Term Rep. 7S3.

Before the inluted can recover againft the underwriter in cafes of detention, he muft firft 
abandon to the infurers his right, and whatever claims he may have to the goods infured. This 
point will be treated of under the head of abandonment.

v. ba r r a t r y  of the master  or mariners.
Barratry is committed when tbe mafter of the /hip or the mariners, cheat the owners or in- 

furers, whether i: be by running away with the /hip» finking her, deferring her, embezzling 
the cargo, or by carrying a fliip a courfe different from their orders. Poftlethwaite's Di£h x 
vcl. p. 136, 214. Thole definitions are fo very comprehenfive that they feem to take in every 
cafe of banairy known to the law of England. From a review of the decifnns on this fubj :dl, 
it uppers that any a<ft of the mailer, or of the mariners, which is of a criminal nature, or 
which '»s grofsly negligent, tending to their own benefit, to the prejudice of the owners of the 
tfu'p, without ikei*- confer.! or privity , is barratry.

It is not necefiary in order to intitle the infured to recover for bari t̂ry that the lofs {hould 
happeni« theaEl o f  barratry, that is, it is immaterial whether it take place during the fraudu
lent voyage, or after the (hip has returned to the regular courfe ; for the moment the /hip is 
cariLw from its right track with an evil intent, barratry is committed. Cowp. Rep. 155.

But the lofs in cunlequcnce of the aö of barratry mull happen during the voyage infured, and 
wiih'ii the time limited by the policy ; for if the captain be guilty of barratry by fmuggling, 
and ih. ihip afterwards arrive at the port of deftination, and he there moored at anchor twenty four- 
hours tr. goodfafety, the underwriters are not liable if after this /he /hould be feiaed for that aft 
o/imuggHng. Lockyer v. Offiey, i Term Rep. p. 252.

i f  the att of the captain be done with a view to the benefit of his owners, and not to advance 
his own private intereft, no barratry is committed« To conlVitute barratry, it muft be without 
t ie  knowledge or c rf.nt o f  tk: owners.

On a cafe ft- ted for the opinion of the court, Lord Mansfield ohferved, It is fomewhat ex- 
traerdinary that the word barratry /hould have crept into infuranees, and dill more that it 
ftioulri have continued in them fo long \ for the underwriter infures the condudl of the captain, 
whom he does not appoint and cannot difmils, to the owner, who can do either. The point to 
be considered is whether barratry, in the fenfe in which it is ufed in our policies of infurance, can 
be comnr.it'cd againft any but the owners of the (hip. It is clear, beyond contradiction, that it 
cannot$ for barratry is fomething contrary to the duty of maßet- and mariners, the very terms of 
which imply that it muft he in the relation in which they ftani to the owners o f  the fo ip . 
The words ufed are the maßet and mariners, which are very particular. A n  owner cannot com
mit barratry. He may make himfelf liable by his fraudulent conduft to the owner of the goods, 
hut not as fo r  barratry. And befides barratry cannot be committed againft the owner, wr(&‘ 
Lis confent:  for though the owner may become liable for a civil lofs by the miibehaviour of the 
captain, if  he confents, yet that is not barratry. Barratry muft partake of fomething crimi
nal, a d  muft be committed againß the owner by the maß er or mariners. In the cafe of Val
lejo and Wheeler, the court took it for grante'd̂  that barratry could only be committed againft 
the owner of the /hip.

I f  the owner be alfo mafter of the (hip, any a3, which in another mafter would be conftrued 
barratry, cannot be fo in him.

Jf the parties infert in the policy the words in any la w fu l trade, if the captain commit barra
try by fmuggling, the underwriters are anfwerable. For otherwife the word barratry /hould be 
Struck out of the policy ; and moft clearly the ftipulation in the policy refpedring the em
ployment of the ihip in a lawful trade, muft mean, as was laid by Lord Kenyon, in delivering 
the unanimous opinion of the court, the trade on which lhe is fent by the owners, Havelock 
v .  Hancil, 3 Term R ’p. 277.

A very accurate definition of one fpecl barratry has been laid down in the cafe of Rof$ 
v .  HunteT. ^

This was an infurance on goods on board the Live Oak, at and from Jamaica to New-Or- 
leans. She failed on the voyage, infured in May, 17S3, and arrived, in June following, at the 
mou'h of the river MUIifippi. When the captain had got thus far, he dropped anchor, and 
went in hi boat up the river to Nevv-Orleans; and, on his return, without carrying the ihip 
to her part of deftination, flood away for the Havannah $ after his departure whence he was 
never afterwards heard of. A  verdidt was found for the plaintiff againft the underwriter«



Mr. Juftlce Bailer faid, In one fenfe of the word, barratry Isa deviation by the captain,^  
fraudulent purpofes o f  ¿is own. Then the qucftion in this cafe is, whether the captain did de
viate w i t h  a fraudulent v i r - w .  The jury have thought that lie had a fraudulent intention, and 
therefore the verdift is right. 4 Term Rep, 35,

VI. P A R T IA L  LOSSES, AND ADJUSTM ENT.

A  total lofs does not always mean that the property infured is irrecoverably loft or gone ; 
but that, by fome of the perils mentioned in the policy, it is in fuch a condition as to be of little 
ufc or value to the infured, and fo much injured as to juftify him in abandoning to the inlurer» 
and in calling upon him to pay the whole amount of his infurance, as i f  a total lofs had actual
ly happened. But a total lofs is fo intimately blended with the dodlrine of abandonment, that 
we /hall refer what may be faid on this fubjeit till we <-ome to the head of abandonment. 
Here it will be fufiicient to remark, that in cafe of a totalled, literally fo called, the ptime 
(oft of the property infured, or the value mentioned in the policy, mull be paid by the under
writer ; at leaft as far as his proportion of the infurance extends. The ¡nfurer has nothing to 
do with the market j he has no concern in any profit or lofs which may arlT̂  to the mei chant 
from the fale of the goods. I f  they be totally iofi, he mull pay the value of the thing.» lu- in
jured at the outfit; he has no concern in any fubfequent value. So, if  pait of the cargo, capa
ble of a fcveral and diftintt valuation at the outfet, be totally loft, as, if there be one hundred 
heg/heads of fugar, and ten happen to be loft, the infurer nmft pay the prime-coftof thofe ten 
hop (heads, without any regard to the price for which the other ninety may be (old.

The word average, in policies y has two fignlfic3tions ; it means “  a  contribution to a  general 
lefs $** and it alfois «fed to fignify “  a particular partia l l e f t "  That which means *• a contri
bution to a general lojs" will be treated of in the nextdivifion.

Partial lofs (the fubjedt of our prefent .enquiry J implies a damage, which the /hip may 
have fuftained, m the courfi; of her voyage, fiom any of the perils mentioned in the policy ; 
when applied to the catgo, it means the damage which goods may have received, without any 
fault of the mafter, by (torm, capture,/handing, or ihipwreck, although the whole, or the 
greater part thereof, may arrive in port. The partial lodes fall upon the owners of the proper
ly fo damaged, who mult be indemnified by the underwriter.

The underwriters of London exprefsly declare, as appears from a memorandum at the foot 
of the policy, thr they will not anfwer for partial Ioffes, not amounting to 3 percent* This 
clau/e was intended to prevent the underwriters from being continually harrafted by trifling 
demands. But, âr the fame time that they provide againft trifling claims for partial loftcs, 
they undertake to indemnify againft lofles, however inconfiderable, that aiifefrom a general 
average.

When we fpeak of the underwriters being liable to pay, whether for total or partial lodes, it 
muft always be underftood, that they are liable only in proportion to the fums which they have 
underwritten. Thus, if  a man underwrite joo/. upon property valued at 500/. and a total 
lofs happened, he /hall be anfwerable for joo/. and no more, that being the amount of his 
fubfenprion } if only a parcial lofs, amounting to 60/. or yo/. per cent. upon the whole value, 
he /hall pay 60/. or 70/. being his proportion of the lofs.

As to the queftion of how the proportion of damage h  to be ascertained, the grand and lead
ing cafe is that of Lewis and another n>. Rucker, ?. Bur. 1167, from which, as it was fo ably 
treated by Lord Manffield, we think it ncceftary to give copious extrails.

A rule having been obtained by the plaintiffs, who were the infured, for the defendant (the 
infurer) to /hew caufe, why a verditf, obtained by him, ihouid not be fet alide, and a new 
trial had ;

The court after hearing the matter fully debated, took time toadvife, and their unanimous 
opinion was delivered, to the following effect, by

Lord Mansfield.— This was an afiion brought upon a policy, by the plaintiff’s, for Mr, 
James Bordleu, upon the goods on board a/hip, called the Vrow Martha, at and from St. 
Thomas’s lftand to Hamburgh, from the loading at St. Thomas's Iftand till the /hip ihouid ar
rive and land the goods'at Hamburgh. The goods, which confided of fugars, coffee, and in
digo, were valued 5 the clayed fugars at 30/. per. hog/head ; the Mufcovado fugars at 2o L f e r  
hog/head $ and the coffee and indigo were likewife refpc&ively valued. The fugars were 
warranted free from average, (that is partial lofs) under 5/. percent, and all other goods free 
from average under 3/.per cent, unlefs general or the il»ip be iiranded.

In the courfe of the voyage the fea-water got in; and, when the /hip arrived at Hamburgh, 
it appeared that every hog/head of fugar was damaged. The damage the fugars had fuftained 
made it neceflary to fell them immediately, and they were accordingly fold; but the difference 
between the price which they brought, on account of the damage, and that which they might 
then have been fold for at Hamburgh, if  they had been found, was as 20/. Oj. 8d. per hog/head 
is to 23/. 7*. 8d% per hog/head j (that is, if found, they would have been worth 23L 7*. 8¿ .p e r  
hog/head $ as damaged, they were only worth 20/. or. Sd. <>er hog/head.)



The defendant paid money into court, by the following rule of cftlmatif.g the damage ; 
p -iid  the ¡ike py^p'riion < f thefum, at w h ib  the fugars were valued in the frolic y, as the p.-iec o f  the 
damaged j-tgars b',re to found j 'g - r s  at Hamburgh, the port o f  delivery. And the only queftion 
v/a«s, by vvhdt meafure or rule the damage, upon all the circumilances of the cafe, ought to be 
eftimated.

The fpecial jury (amongft whom there were many fenfible merchants) fobnd the defendant’s 
rule of eftimationto be right, and gave the verdict for him.

And it is sow the duty of the court to fay, whether the jury have eftimated the damage by a 
proper meafure. This is the rule by which it was eftimated.

The defendant takes the proportion of the difference between found and damaged at the port 
o f delivery, and pays that proportion upon the value of the goods fpecihed in the policy, and 
has no regard to the price in money, which either the found or the damaged good? bore in the 
port of delivt-ry. He fays, the proportion of the difference is equally the rule, whether the 
goods come to a riftng or a falling market. For indance, fuppofe the value in the policy to b« 
JOi. the goods are damaged, but fell for 40/.— if  they had been found they would have ibid 
for 50/. The difference then between the found and damaged is a fifth, coniequently the in« 
furer muft pay a fifth of the prime coft, or value in the policy, that is 6/. eeo n verf, if  they 
come to a loftng market, and fell for 10/. being damaged, but would have fold for ib ! .  if  found, 
the difference is one-half; the infurer muft pay half the prime coft> or of the value in the 
policy, that is 1$/.

To this rule an obje&ion has been made ; that it Is going by a different meafure in the cafe 
of a partial, from that which governs in cafe of a total lofs ; for, upon a total loft, the prime 
coft, or value in the policy muft be paid. The anfwer to which objection i*, that the dif- 
tin&ion is founded in the nature of the thing. Infurance is a contrail of indemnity, againft 
the perils of the voyage, to the amount of the value in the policy $ and, therefore* if the 
thing be totally loft, the infurer muft -pay the whole value which he infured at the outfet. But 
wh.Tea part of the commodity is fpoiied, no meafure can be taken from the prime coft to aG 
certain the quantity of the damage fuftaiued. Tiie only way is, to fix whether the thing be a 
third or fourth worfe than the found commodity; and then you pay a third or fourth of the 
prime coft, or value of the good* fo damaged.

We are of opinion, that the rule by which the jury have gone is the right meafure.
Wherever there is a fpecific defeription of caiks, or goods, the rule of eilimating the aver* 

ac' i as above ftated ; bur, in a fubfrquent cafe, the property, which confifted in various 
gpods, aken from an enemy, was valued at the fum infured, and part was loft by perils o f  
tlv fea ; conf quently the tame rule could. not be adopted, on account of the nature of the 
thing infured. The only mode was to go into an account of the whole value of the goods, 
and take a proportion of that fum as the amount of the goods loft. Le Cras v .  Hughes, Eaft. 
Term, z z  Geo. III.

Some goods are in their nature perifeable; and therefore the underwriters have, by exprefe 
winds inferred in their policy, declared that they will not fccanfwerable for any partial lofs hap
pening to c o rn ,fjh , fa/tyfruit, flour and f e d ,  unlcfs it arife by way of a general average, or in 
corrfeqience of the (hip being (branded. Upon this claufe it is neceffary toobferve, thateww is 
a general term, and includes many particulars 5 peas and beans have been held to come within 
the meaning of (he word. Mafon v .  Skurray, Sir. after Hilary, 1780.

But in a late trial at Guildhall, in the court of common-pleas, Mr. Juftice Wilfon was of 
opinion, that the term fa it  did not include falt-petre,— Journu v .  Bourdieu, Sittings after Eaft,» 
Term, 27 Geo. III.

It has Ukewife been determined, (hat there cannot be a total lofs of corn, fife, fait* 
fruit, flour or feed, but by the abfohiedefruSH » of the things infured ; lor, while it 
fpecifically remains, though wholly unfit for ufe, and though the lofs of it exceeds the 
fnm to be paid for the freight of it, that this is not l'uch a lofs as is to be borne by the 
underwriters. Wtlfon v. Smith, 3 Bur. 1550* Mafon v .  Skurray, Sittings after 
Hiiary Term , 1780.

When the quantity of damage fufta’nedin the courfe of the voyage is known, and 
the amount wh'ch each underwriter of the policy is liable to pay, is fettled»it isufual 
for the underwriter to endorfe on the policy «■  adjufied this lefs at fo much per cent,”  or fome 
words to the fame cfflft. This is called an adjuftment-

After an adjuftment has been ligneri by the underwriter, if he refufe to pay, the 
owner has no occafibn to go into a proof of his lofs, or any of thecircumftances re- 
fp eS n g  i t ; but, if any fraud were ufed in obtaining the adjuftment, that would be a 
ground forfeiting it afide. Hog v ,  Gouldney, Sitt. after Trin. 1745« Beawes, Lex 
Merc- 310. Thelluflon v .  Fletcher, Doug!. 301.

I f  any infurer pay money fir a total lofs, and in f i € t  it be fo at the time of adjuftment ;  
if it  afterwards turn out to be only a partial lofs, he (hall not recover back the money fo paid 
to the infured s for fubftantia! juftice is done by putting him in place of the infured, and giv
ing him all the advantages that may siife from the felvage. DuCofia v .  Frith, 4 Burr. 1966%



V II. GENERAL AVERAGE.
VV'hatevcr the matter or a flop in tittrefs Hoes for the prciirvaticn oi'the whole. In cutting 

avvav matts or cables, or in throwing goods overboard to lighter, bis voll'cl, which is what is 
meant by jertifim or jetfon, is permitted to be brought into a general average : in which all 
who are concerned in ihip, freight, and cargo, are to bear an equal or proportionable part o f 
the Iofs of what was fo facrificed for the common welfare ; and it mutt be made good by the 
infurcrs in fuch proportion :s they have underwritten. I Maeens, 55.

In order to make the ail throwing the goods overboard legal, the ihip mutt be in dilirefs 
and the facriiicing a part mutt be necelVary to preferve die reft.

I f  the ihip fire out the liorm and arrive in lafcty at tin: port of deftiflation, the captain muft 
make regular protefts, and mutt fwear, in which fume of the crew nruft join, that the goods 
were caft overboard for no other caufe but fur the fafety of the ihip and the red: of the cargo. 
Bcawes, 143. Mo'ly, 1. 2. c. 6 f. .

There can be no contribution (which is another word ufed frequently for ¡his fpecies of 
sveragcs) without the ejecfion of fume goods, and the favlng of others : but it is not always 
neccttary for the purpofe of contribution that the Ihip ttiould ariivc at the port of dettination.

i f  the jettifon does not fave the (hip, but (he periih in the ttorm, there (ball be no contribu
tion of loch goods as may happen to be freed ; becauie the object for winch (he goods were 
thrown overboard was not attained. But if the (hip be once preferved by fuch means and 
continuing her courfe, (hould afterwards be lott, the property frved from the fecond accident 
(in 1 i contribute to the lofs fuflamed by tiiofe whofe goods were caft out upon the former occas
ion. a Aiagens, 9S.

It is hardly neceflary (o ftate with minutenefs the various accidents and charges 
that will entiile the party fu (feting to call upon the reft tor a contribution ; becaufc. 
we may refer (hem all to this principle, that all lodes fuftained and expences incurred 
voluntarily ami deliberately, with a view to prevent a total lofs o f the (hip anti cargo» 
ought to be equally borne by the (hip and her remaining lading. Such, for inftar.c«, 
is the damage fuftained in defending a Ihip againft an enemy or pirate ; fuch is the 
expcncc of curing and attendance upon the officers or mariners wounded in fuch de
fence : and fuch alio is the fum which the matter may have promifed to pay for the 
ranfnm of his (hip to any privateer or pirate, when taken. A matter who has cut his 
matt, parted with his cable, or abandoned any other part of the (hip and cargo, in a 
ttorm, in order to fave the Ihip, is well entitled to this compenfation : but i f  he 
lhould l ‘Je  them by the ftorm, the lofs falls only upon the (hip and freight; bccanfe 
the temped only was the occafion of this lofs, without the deliberation of the mailer 
and crew ; and was not done with a view to fave the (hip and lading. Upon the 
principle it is eftablilhed, that when a (hip arrives at the mouth of a harbour, and the 
matter, finding that his Ihip is too heavy laden to fail up, is obliged to put part o f the 
cargo into hoys and barges ; the owners of the (hip and of the goods that remained 
are obliged to contribute if the lighters periihed. But if the fhip fhould be loft, and 
the lighters faved, the owners of the goods fo preferved were not to contribute to the 
proprietors of the (hip and cargo loft. 2 Magens, 96. 183.

T h e difference is this, the lightening o f the (hip was an acl o f  deliberation for the 
general benefit : whereas the circumftance of the fighters being Lived, and the (i.ip 
loft, was accidental, no way proceeding from a regard for the whole. 1 Magens, 56-

It is not only the value of the goods thrown overboard that muft be confidered in a 
general average, but alfo the value of fuch as receive any damage by wet, 3cc. from (he 
jettifon of the reft. Eeawes, 148. Molloy, 1. 2, c. 6. f. 8.

If a fhip be taken by force, carried into forae port, and the crew remain on board 
to take care of and reclaim her, not only the charges of reclaiming (hall be brought 
into a general average, but the wages and expence of the (hip’s company during her 
arreft, from the time of her capture and being diftut bed in her voyage. Beawes, 150.

But failors wages and vidluals, when they are under a neceflity of performing qua
rantine, in which cafe the matter would have been obliged to maintain and pay them, 
though his veil'd had arrived only in ballad, do not coins into general average, \er 
charges, occurring by an extraordinary quarantine, fhould be breught into a general 
average.

Whether the extraordinary wages and viifuals expended during the detention by a 
foreign prince not at war, ought to be brought into a general average, fo as to charge 
the underwriter, has never been cxprefsly determined, although it feems to be the ge
neral opinion that they fhould.

Solikewifcwhere a ihip is obliged lo go into p6rt for the benefit o f the whole con
cern, the charges of loading and unloading the cargo, and taking care of fi , and the 
wages and provilions of the avorkmar. hired fo r  th : repairs, become general average. Da 
Cotta Newnham, 2 Term- Rep. 407.

Ev the antient laws o f  Rhodes, Olcrou add W isbuy, the fhip and all the remaining 
goods (hall contribute to the lols fuftained. T h e moil valuable gtods, though their



weightlhould have been incapable of putting the (hip in the leaft hazard» as diamonds 
or previous ftor.e , mud be valued at their juft price in this contribution, becaulc they 
could not have been faved to the owners but by the eje&ion of the other goods.—» 
Neither the petlons o f thofe in the (hip, nor the diip-provifions, nor the refponden- 
tia-bonds, fuffer any eftimation j nor does wearing apparel in cheds and boxes, nor dti 
fuch jewels as belong to the perfon merely ; but if the jewels are a part of the cargo, 
they mud contribute.

Thole who carry jewels by fea ought to communicate that circumdance to the maf- 
ter; becaui'e the care of them will be increafed in proportion to their worth, to pre* 
vent their being thrown overboard promif'cuoufly with other things ; and hence their 
prefervation will he a common benefit, i Magens, 63.

"< he wages offailors are not to contribute to the general lo fs; a provilion intended 
to make this defcription of men more ealily content to a jettiion as they do not then 
riik their all, being dill allured that their wages will be paid, t Magens, 71.

The way of fixing a right Cum, by which the average ought to be computed, can 
only be by examining what the whole (hip, freight and cargo, if  no jettifon had been 
made, would have produced nett, if they all had belonged to one perfon, and been 
fold for ready money. And this is ihefum whereon the contribution Ihould be made, 
all the particular goods bearing their nett proportion. 1 Magens, 69.

Gold, tilver and jewels, contribute to a general average, according to their full value, 
and in the fame manner as any other fpecies of merchandize. 1 Magens, 62, and 
Peters -.v. Milligan, Sittings at Guildhall after Michaelmas, 1787.

The contribution is in general not made till the (hip arrive at the place of delivery { 
but accidents may happen, which may cattfe a contribution before (he reach her diltin* 
ed port. Thus, when a veflel has been obliged to make a jettifon, or, by the dam
ages fufferedt loon after lailing, is obliged to relurn to her port of difeharge ; the ne- 
ceflary charges of her repairs, and the replacing the goods thrown overboard, may 
then be fettled by a general average. 1 Magens, 60.
T b e fo ib iv in g  examples o f  adjujled Averages are here fu!joined, having received the approbation o f  

feme experienced Merchants.
The Sea Horfe, eapt. Dix, laden with hemp, flax, and iron, bound from Riga to Bolton, 

ran on (hore coming through rhe Grounds at Eliineur : the captain hired a number of men and 
feveral lighters to lighten the drip and get her afloat again, which was foon done, but he was 
obliged to pay 300 dollars for their afliftance. The expence being incurred to preferve both 
fliip and cargo, the average muff confcquently be general. When the iliip arrived at Bufton, 
the captain immediately made a proteft and an average-bill; he then went to the merchant to 
whom his goods were addrefled,to have it iigned,and to know the value of each man*s preperry- 
A verage  accruing to the p i p  Sea-Horfe, from  Riga to Roji'.n, in 1798 , fo r  affifance in getting o ff the

Strand i f  Ef.neur. D. C.
To fuirdry charges paid at the Sound for lighters and affitlance in getting the fhip off 300 00 
Proteft and poftage —  —  —  —  —. 6 00

Should the drip arrive at Boflon, (he will make freight 
Wages, for all the people, 3 months and todays 620 00 7 
Victuals for ditto —  —  49O 00 J

Freight to contribute

Ship Sea Horfe valued at —>
Freight valued at — '
F. J. for value of hemp, as per invoice 
D. N. for value of dax —
T . R. for value of iron —

Dollars
I f  46000 dolls, lofs give 306 dolls, what will 100 dolls, lofs give ?

Anfwer, 1 doll. 10 cents, per cent.
The Ihip mud bear 16000 dolls, at 1 doll. 10 cents (which the infurers return) 
Freight, 1S90dolls, at idol). 10 cents per cent. —  —
F. J. pa ve the captain for 22710 dolls, at the fame rate —
D. N. pays the fame for 4000 dollars ■— —  —
T . R. pays the fame for 1400 dollars —  —  —

306 00

3COO 00

IIIO 00

5890 00

16000 00
1890 00

12710 00
4000 00
1400 00

6̂000 00

D. c .
176 00

20 79
249 81

44 00
*s 40

Dollars 306 o*



Thè Mary, captain T. partly laden with goods, failed in May, 1758, from Éoflon, bound 
ti' St. Peteriburgh. She failed the 3d of that month, and after an agreeable pa [idee arrived at 
Elfineur on the tothof June, whence (he failed the fame day with a fair wind for Sc. Petcrf- 
burgh ; the next day a heavy gilè of wind arofc contrary, infornarli that it obliged the cap* 
thin to bear away for Iilfmcur again ; but night Coming on and the gale increating, it being fo 
dark that it was unfafe to continue running in fucha dangerous place, thickly belet with many 
lands and having a tir-mg current, the captain judged it belt to biihg the Ihip to an anchor, 
which hecccordingly did, in 15 fai horns water. Before the ihip had been at anchor half an 
hour (lie began m drive; and as the itili kept driving, with both anchors a-head, and the 
wind blowing (hunger and ftronger, they found it in.collibie to purchafe their anchors ; then 
the captain and (hip's company judged it fated to cut the rabies in order to fave thc-ir own 
lives and the ihip and cargo, and take their dunce in running for the Roads ; iuckiiy they got 
fafe in ; and the weather abating, they brought up with a fm ill anchor.

The Mary then wanted cablet and anchors before (he could proceed to St. Peteriburgh ; the 
mailer, therefore, went directly on-ihore, bought them, and paid the following fains :

D. C .
Pro ted —

Two new cables and buoy.ropes 
One-third always deduQed for new

Two anchors and two buoys 
Charges in getting them on-board, the.

D. C . 
360 00
I 2 0  OO

a 50

240 00  
148 oo 

8 50

Dollars 3ÇQ 00

As thé cables were cut away tor prefervation of (hip and cargo, it mull be a general average, 
and both moil contribute to pay the damages fuiluined. The captain made the following av- 
erage-Bill, oil his arrival at St. Peteriburgh, in order to recover the damages.
A vera g e  accrued la the M ery, f i r  the lofs o f  her j i  chors ar.d Cable.

from  Bojien to S i . Pcterfiurgk, J798. 
Ship Mary valued at —  —
Freight Rafter wages and viiluals dedudled) valued at 
O. P .’s value of goods —  —
V . R .’s valucofgoods —  —
T . T . ’s value of goods —  —

in Projectition o f  1 er vy n o  e 
D. C. 

■ *- 4100 00
—  250 00
—■ 3000 oo

—  900 00
—  150 00

8400 00
I f  8400 Dolls, lofs give 309 Dolls, what will 100 Dolls, give ? --------  ■

Anftuer, 4 D. 75 C. percent.
Theihip mull bear 4100 Dolls, at 4 D. 7 ; C. per cent. —  194 79
The freight muil bear 250 Dolls, at the fame rate —  11 88
O. P. mull pay the captain, at St. Petersburgh, for 3000 Dolls, at the fame 142 50
V . R. mull pay, for 900 Dolls, at the fame —  —  42 73
T . T . mull pay, for 150 Dolls, at the fame —  —  7 1 2

Dollars 399 00

Having received 194 Dolls. 37 Cents at St. Petersburgh, the captain fends his proteft and 
average-bill to his owner, to receive of the underwriters their (hares of the lofs upon the ihip 
and freight. ■ 1 ■■■

Capr. T . of the Sea Adventure, bound from London to Virginia, in ballad, was riding at 
anchor in the Downs, with a large fleet 0/ (hips, in a gale of wind. She had not been at anchor 
long before (he began to drive ; and the captain, perceiving her to be in great danger of being 
on-(bore, or ell'e foul of the other vefiels, judged it fafeil ro cut his cables, as he muil have been 
driven on (hore if  he had not. After the gale was over, he went to Dover, bought new anchors
and cables, and drew Upon his owner for the amount of them, as follows : Dolls. Cts.
Two anchors and buoys —  —  140 0 0
Rope-makers bill for new cables, &c, —  —  150 oo
Protefl —  —  —  a 50
Charges in getting them on-board r -  —  7 50

Dollars 300 00

The captain then fent the charges of «inflating the cables and anchors cut away, and of the 
JproteA, to his owner, that he might recover of the insurers the damage fuftained.

(N n) T a b .



State o f  the Sea^Adventure's Average. boîîs. Ù : .
Two anchors and two buoys —  — I4O QO-.
Rope-maker’s bill —  — D . i 50 00
One-third always dedufted for new — 50 00

100 00.
Prated —  —  — — % 50
Charges in getting the anchors) &c. on board — — 7 5°

25O 00
Ship valued at 8(500 Dollars,

If 8000 dolls, lofs give 250 dolls, what will 100 dolls, lofs give-?
An fw er, 3 dolls. 12J cts. per cent.

Obferve, if  a fhip had been riding in a gale of wind, and the cables had parted, that lofs- 
would have fallen upon the owners, for the underwriters are not liable to pay for wear and 
tear.

This may ferve as a fimitar cafe of all fhips in ballad that have cutaway their mails, ca
bles, Sec. for prefervation.

A  loaded (hip met with fuch exceeding bad weather, that the mailer and mariners found it 
impoffible to fave her without throwing part of her cargo overboard, which they are authorized 
to do for prefervation. Being thus necefiitated, they threw fuch goods overboard as lay neareft 
at hand, and lightened the (hip of 10 cafics of hard-ware and 30 hoglheads of fugar, which they* 
judged fufficient to keep her from linking. Soon after that, the /hip arrived at her deltined 
place, and then an average bill was immediately made, in order to adjufi: the lofs, and to pay 
the proprietors of thofe goods which were thrown overboard for the good of the whole.
A vera g e  accrued to the Jh ip  ■ • f or Goods thrown overboard, fo r  prejgpvatlon o f  the fb ip j

freigh t, and charge. Dolls. Cts.
Ship valued at —  —  —
Freight (wages and victuals deducted) —  —
J. R’s value of goods x —  —  —
J. P's value of gooffs —  —  —
It. F’s value of goods —  —  •—
A . W. for 30 hogiheads of fugar —  •— —
1». L. for to calks of hard-wate —  —* -a-

Dollars

I f  50*000 dolls, lofs give 9COO dolls, what will 100 dolls. lofs give ?

Mr. A. V/'s goods, thrown overboard, were valued at 
Mr. L. L’s ditto, —  —

Dollars

The ihtp mud pay to A . W. and I.. L. for $000 dolls* at 18 dolls.per cent. 
The freight, 800 dolls, at 18 dolls, per cent. —  —
J. R. for 25000 dolls, at the fame —  —
J. P. for I200 dolls, at the fame —  —
R . F, for 6000 dolls, at the fame —  —

Dollars

8000 OO
800 00

25000 00
t  zoo 00
6000 00
3800 00
52OO 00

5OOOO 0Ö

Us. per cent»
D . r>

3800 O O

52OO 00 ,

9OOO OO

1440 00
144 00

4500 00
2)6 00

1080 90

7380 OO

A. W. and L. L. receive, of the owners of the goods faved, and of the (hip’ s owners or 
captain, 73.S0 dollars for their value of the goods thrown overboard ; which they divide thus : 

I f  9000 dolls, receive 7380 dolls, what will 3800 dolls, receive ? A r f .  31x6 00
lafurcrs pay for 3800 dolls, at 18 dolls, per cent. —  —  684 OO

Dollars 3800 00

A. W, receives of the underwriters 18 dollars percent, for the fum he infured, and of the 
owners of what was faved 31 16 dollars which is equal toahe lofs he fuftained by his property- 
being thrown overboard. D . C.
I.. I., receive?, of the owners of the (hip and goods preferved, —  4 16 4  00
And iht iol irer, foe the 5200 dcils, which he had infured, at 18 dolls, per cent* 936 00'

Value of L, L's property ' <+* — 52OO C 0



It Is ufual for the owners of goods prefervsd, and alfo for the owner of the flup, to pay their 
Average to the fufferers on receipt of rheir goods and on delivery of the ihip $ their redrefs being 
upon theinfurers, who mull return the fame.

The Mary, captain Thompfon, at Leghorn, bound to Bofton, failed with a fair wind, which 
continued for fome days, when Ihe was boarded by pirates, who forcibly took away lix large 
guns, two cables, two anchors, much cabin-furniture, and one compafs, leaving the Ihip with
out other damage. A  violent ilorm afterwards arofc, which difabled the fh:p fo much, that 
the men who labored hard at the pumps, could fcarcely keep her trom linking. This continu
ed fo long, that the men, wearied out, gave themfelves up for loft, and difeontinued their la
bor. The captain fupplied them with winej and, to animate them, promiled a gratuity of 
one hundred dollars to each man if  they brought the {hip fafe into port. This gave the men 
fuchfpirits, that though they loft all their malts, they brought the ¿hip fafe to Bolton under 
jury-malts, See.

Here was a genera/and a particular average. But although the gratuity given to the fcamen 
was to prrferve both Ihip and cargo, and was admitted into a general average, it was done fo 
only as a matter of favor, and not of right. What the pirates ftole, and other damages done 
to the ihip, mult make a particular average.

The floop Chriftians and Betfey, captain Watfon, on her parage from St. Ubes to New- 
York, met with a very heavy gale of wind, the fea breaking over her, and the veflel making 
much water j the captain determined on cutting aw ay the jib, as he could not take it in ; but 
before that could be done, a fea ftruck the veffel, and broke the bowfprit. The wreck of the 
bowfprit, jib, &c. broke the lathing of the larboard anchor, and carried it and the cable over
board ; in o:der to preferve the Ihip and cargo, he cut the whole of this wreck away. During 
the laid gale of wind, the malls having loll great part of their fupport in the lofs of the bow
fprit, lie prevailed on one of his men, fora gratuity of twenty dollars, to go aloft, and cut away 
the top-fail, top-gallant-lail, yards, malt and rigging 5 and at laft the veil'd reached her port 
df delivery.

Had the jib been cut aw ay , it would have been general average j and it was only under the 
particular circumftance of being carried away, w'hile that was in contemplation, it was allow
ed as a particular average on the (hip, as was likewife the bowfprit. The entangling with the 
anchor and cable, though a confequence of the above, yet being cut aw ayy came into general 
average, as did the topmaft, See. The gratuity to the Teaman was not allowed, on the princi
ple that a feaman is bound, by his duty and wages, to do a ll in his power for the good of the 
ihip, and he can therefore earn no more.

General Average*

Blocks for topmaft rigging —  —
Running rigging —  —
Topfail yard —• —
Topfail —  —  —
Top-gallant-fail —* —*
Cable —

One third off

•Surveyor 14 dolls, proteft 6 dolls. 
Anchor —•
Anchor Stock —
Poftages —

Dolls.
Ship —  2000
Cargo —  1400
Nett Freight —*

3710 at 5 Dolls. $o Cts. percent, is

D . c.
• JO S °

42 *5
—  6 2J

36 s o
— 22 00

92 50

210 OO
70 OO

J40 OO
20 OO
40 OO

3 SO
—  s s

Dollars 204 0 S

Dollars 204 05

No deduction is made from the value of an anflhor*N. I>.



F a i ti ular A verage an the Ship.
D e l l s ,  t o e

Block maker’s Kill —  —  5 5 Q
Rope iruker’s account for Stays, &c. —  —  48 50
Bowfpiir, Sec. — —  —  33 12
Jib —  _  _  —  4 5  3 8
C arp en ter’s and Smith's bill —  —  23 27
Toil ages —  —  —  23

156 00
One third off 52 CO

Dollars 104 CO

SI,ip 2000 Dolls, at 5 Doll?. 20 Ct$. per cent, is

N. B. The cuftom in America (in general] is, that when the lefs does not amount to five 
per cer.t. nothing is allowed by the underwi iters, but the common piailjce in the Englifh I»i- 
furance Offices, is to allow all Ioffes above threeber cent.

Coafters are not generally allowed an average unlcfs the lofs amount to ten per cent*

Dollars 104 00

V III . S A L V A G E .

Salvage is an allowance made fi r frying a fhip, or goods, or both, from the dangers of tha 
fras, fisc, pirates, or enemies. This allowance is not piecifely determined by our law 5 but 
our courts always give what is juft and reafonable under all the ctrcum'lances o f any par
ticular cafe. 'v

The wearing apparel of the mailer and feamcn is always excepted from the allowance of 
falvcge.— Lex Mercatoria, 147.

The valuation of a fhip, in order to afeertain the rate of falvage, may be determined by the 
policy of i-ffuiancc, if there is no rcafon to fufpeit {he is undervalued 3 and the fame rule may 
be obiVrved as to goods, where there are policies upon them. I f  that, however, ihould not be 
the cafe, the faivers may infill upon proof of the real value, which may be Bone by the mer
chant’ s inyoice?, and they mull be paid for accordingly.—-Lex Mercatoria, 147.

The infured may recover from the infurvr theexpenfes of falvage ; yet he cannot receive 
a double latisfo&ion for the lame lofs. Thus, if  the infurer ihould have p&id to the infured 
the expenfes ariftng from falvage, and afterwards, on account of fome particular circumttancc* 
the lofs Ihould be repaired by fame unexpe£led means, the Infurer ihail ftand in the place of 
the infured and receive the fu:n thus paid to atone for the lofs,— Randall v . Cockran, 
1 Vcz. 98.

IX . A B A N D O N  H E  N T i

The infured, before he can demand a recompence from the underwriter for a total lofs, muft 
cede Qrabattd.ttto him his right to all the property that may chance to be rtcovered from fhip- 
wre k, capture or any other peril, dated in the policy.

The right to abandon muft arife upon the object of the infured being fo far defeated, that ic 
!s-':ict w r:h  his while to purfue it: fuch a lofs as is equally inconvenient to him as if  it had 
been tofu'. For inftance, if  the voyaje be abfolutely loft or not worth purfuing 3 if  the falvage 
b wry high, fupf.ofe a h a l f ; if  far her expenfe be necefftry 5 if the infurer will not engage at 
ail tuts to bear chat expenfe, though it ihould exceed the value, or fail of fuccefs; under 
thefe and many other like dreumftances, the infured may difentangle himfelf, and abandon, 
•ttotwhlvftaoning there has been a recapture.— 2 Burr. 1209.

There may be circumftances in which it would be unjuft to fuffer the infured to abandon ; 
for a Clip might be taken, and efcape immediately, which would be no hindrance at all to the 
voyage ; or '.he might be taken and inftantly ranfomed, which would amount only to a partial 
lofs 3 in which caf s, the infured /ball not be allowed to demand a recompence for a total lofs. 
— 2, B u r r .  6 9 7 ,  1 2*13,

The right to abandon muft depend upon the nature of the cafe at the time of the adlion 
brought the time of the offer to abandon.— Burr. 1214.

The owner cannot abandon, unlcfs, at fome period or other o f the voyage, there has been a 
total lofs 5 and therefore, if  neither the thing infured nor the voyage be loft, and the damage 
fuftnined ih,II be found, upon computation, Hot to amount to a moiety of the value, the owner 
f t  all not be allowed ro abandon.— Term Rep. EafterTerm, 26 Geo. i l l .  p. 191*

Thefe principles will be confirmed by the judgments in the following cafes.
In Pringle «v. Hartly in Chancery, 1744. 3 A tk. 195. The defendant had infured the fhip 

Succ'fs from LondonVto Bermudas, and foto Carolina ; the fhip was taken by a Spanifti pri
vateer, ana afterwards retaken by an Engiifh privateer, and carried into Button, when no pci feu



gopearing Co K*ve feeurity, or to anfwer the moiety the recnpt.>rs were entvile<f to for falvage, 
iKe ;vaj condemned, and fold in the court of Admiralty J the rec.iptois had their moiety, and 
the overplus-money remained in the hands of the officers of that covirt.

It was contended for the underwriter the infured ought not to recover more on the policy 
t.han a moiety of the lofs, as the adt o* the 13. Geo. II. c. 4. f. 18. gives the thing laved to 
the owner, he Is inthled to receive it from the officers of the Admiralty ; and that the un
derwriter ought to be obliged to pay no more than the lofs actually fuftained, which cannot be 
afcertained tili after the infured (hull have received the part that might have come to him upon 
the lalvage.

The inlured was willing to relinquiih his tnterett to the underwriter in the benefit of the 
iV'vage.

Upon this Lord Chancellor Hardwick faid : I t.-.kc it when the infured is willing to relin- 
qui.'h his intereft in the falvage, he ought to recover the whole money infured. Ic would be 
tnifehievous, if  it were otherwif*, for then, upon a recapture, a man would be in a wurfefuu* 
ation tlian if  the ihip were totally loft.

Cazalet and others v . Barb-', 1 Term Rep. p. 187. This was an ailion on a policy of in- 
fuvance upon the (hip Friendship, from Wyburgh to Lynn, fubferibed by the defendant for 
to o !, at two gulne <s per cent. The defendant pleaded a tender, and paid 48L into court. The 
caufe was tried ar GuildhaU, before Air. Juftice Bullcr, when a calc was refcrvsd for the opin
ion of the co u-, dating, that the damages fuftuintd by the fliip , in the. voyage injured, did not r.v- 
ited  I. ter cent, which (Vim the defendant had paid into court upon pleading in the action. 
That, wnen the thip anived at the port of Lynn, (he was not worth repairing. The queitien 
for the opinion of ihe court was, whether tire plaintiffs had a right to abandon*

Thi s cufe came on to be argued when Lord Mansfield was abfent, and the three other judges 
were unanimous in opinion for the defendant.

Air. Juftice Buller faid, k< nothing can be better eflablifhed than that the owner of a (hip 
can only abandon in cafe of a total lots. But there is no'vflance where the owner can abandon, 
stmtjs, at jane period 0 • '■ 'her f  the vsyige, there has been a total lofs. No fuch event has hap
pen'd here ; for the jury have exprelsly f>un i, that the lofs amouafi’d only to 48I. per cent, 
Even allowing total Ufs to be a technical expreiTio.u, yet the manner in which the phtintiif’s 
counfil has flawed if, is rather too broad. It has been faid, that the inf nance muff be taken 
to be on the (hip as well as on the voyage j but the true wav of confidcring it ¡s this : iris an 
tifttrxnC'i on the fliip  f r  the voyage. I f  cither the ihip 0» the voyage be loft, that is a total lofs 5 
but heie neither h left.’*

Suppofe a neutral (hip is arretted and detained by a foreign prince by an embargo, the owner, 
immadiateiv upon hearing this accident, would have a right ro abandon, becaufe no man is 
bound to wait the event of an embargo. But if  the fame thip that brings the account o f the 
embargo, lhovld alfo infirm him, that the embargo was taken otF, tint the (hip had only been 
detained (wo or three day.?, that very fritting or no damage had arif’n, then it is impoffihle to 
fay that the merchant may abandon ; beesufe, as we have feen, it is a principle of good fenfe, 
that a man cannot make his election, whether he will abandon or nor, till he receive advice o f  
the lofs y and, if, by the fame conveyance, it appears that the peril is over, and the thing in- 
fured is in fafery, he lias loft his election entirely j bocaufe he has, and can have, no right to 
abandon when his property is fail».

It has been fettled alfo, by a folemn deciflon of the Court of King’s Bench, in Manning v ,  
Newnha Trin. 22, Geo, 1 1 1 . in what cafes a lofs ¿hould be deemed to be total, after an ac
cident by perils of the fva. A  policy waseffe&ed in London upon the (hip Grace, her u  car
go and /nighty  at an.i from Tortola ro London, warranted to depart on or before the firft of Au- 
¿¿uft, 1781. The (h‘p valued at 2470I. the freight at 2250I. and the ca^ro at 12400!. at a 
premium of 2 5 guineas percent, to return 10I. per cent, i f  (lie departed the Weft-Indies with a 
Cpnvoy for England and arrives.”  At the head of the fubfciiptions is the following declara
tion, viz. On fliip, freight, and goods, warranted fr ee  o f  particular average. T h ’S fliip, with her 
cargo, was a Dutch prize, taken by a privateer of Tortola, and was there condemned : during 
the whole ofherttay at Tortola (four or five months) fne was never unloaded. On the firtt o f  
Auguft the whole fljec o f merchantmen got under way under the convoy o f the Cyclops, &c. 
but not being able to get cleir of the ilUnds that day, th.-y catt anchor during the night, and 
the next day got clear of the iflands. About 10 o’clock on the 2*1. o f Auguft, feveral fqualls 
o f wind arofe, which occafioned the Ihip to ftrain and make water fo fatt, that the crew were 
obliged to work both pumps 5 and on the third, the captain made a fign.il of dittrefs ; in con- 
fcquence of which, flic was obliged to return to Tortola, under protection o f one of his majetty’s 
¿hips. The captain made his proteft, and a lurvey was had, by which the fliip was declared 
unable to proceed with her cargo, and that (he could not be repaired in any of the Englifli ifl- 
ands in the Weft-Indies; and that many of the fugars in the bilge and lower tier were waflied 
out, nnd feyer.il of the calks broke and in bad order. The ihip and the whole of the cargo 
were fold at Tortola accordingly. The allured claim a total lofs of »nip, cargo and freight* 
which the jury thought right, and found accordingly. Am otion was made for a new trial* 
v,hich upon full confederation was refufed.



Lord Mansfield, after ftating the evidence, and th3t his prejudices at the trial were in favd? 
ofthe underwriters, proceeded thus : But, notwithftandingthis inclination o f my opinion, upon 
fnll confideratioa we think the jury nave done right. I f  by a peril infured the voyage is loft, 
it is a total lofs ; otherwife nor. In this cafe the fhip has irreparable hurt within the policy $ 
this drives her back to Tortola, and there is no fliip to be had there which could take th© 
whole cargo on board- There were only two (hips at Tortola, and both could not take in the 
cargo. T o (hew how completely the voyage was loft, that no (hip could be got, the allured 
have not been able to fend that part of the goods which they purchafed, forward to London. 
It is admitted there was a total lofs on the freight, becaufe the ihip could not perform the 
"voyage. The fame argument applies to the ihip and cargo. It is a contra# of indemnity ; 
and the infurance is that the ihip (hall come to London. Upon turning it in every view, we are? 
o f  opinion that the voyage was totally loft, and that is the ground of our determination.

From what has been faid in the preceding part of this fubje#, it appears, that the infured 
has a right to call upon the underwriter for a total lofs, and of courfe to abandon, as foot! as be 
hears offuch a calamity having happened, his claim to an indemnity not being at allfufpend- 
ed by the chance of a future recovery of pare of the property loft : -becaufe, by the abandon
ment, that chance devolves upon the underwriter ; by which means the intention o f the con- 
trailing parties is fully anfwcred, and complete juftlce is done.

In a very modern decifion it 1ms been held, by the court of King’s Bench, that as foon as th© 
Infured receive accounts of fuch a lofs as entitles them to abandon, they mult, in the firft in
stance, make their election whether they will abandon or not 5 and, i f  they abandon, they muftr 
give the underwriters notice in a reafonable time, ^therwife they wave their right to abandon* 
and can never afterwards recover for a total lofs. Mitchell v . Edie, i Term, Rep. 608.

But if  the infured, hearing that his ihip is much diiabled and has put into port to repair, 
espreis his defre to the underwriters to abandon, and be diffuaded from it by them, and they 
order the repairs to be made 5 they are liable to the owner for all the fubfequent damages occ£- 
fioned by that refufal, though it fhould amount to the whole fum infured. Da Cofta v .  Newn- 
ham, 2 Term. Rep. 407.

X . F R A U D  IN  PO L IC IE S.

Theinfjrcrs and infured are equally bound to difclofe circumftances that are within their 
knowledge $ and therefore if  the infurer, at the time he underwrites, can be proved to have 
known that the ihip was fafe arrived, the contract will be equally void as if  the infured had 
conceal; d from him ibme accident which had befallen the ihip.

It is necctTary to consider this in threi divihons. i f .  The allegation o f  any circwnfidrtees 
*• f a i l s ,  to the underwriter, which the perfon infured knows to be fa lfe  zdly. The fupprefions o f  
At y eircur.fii'.nccs which the infured knows to exijt ; and which i f  known to the underwriter, might 
frerer.t him from  undertaking the rijk at a ll, or, i f  be did, might entitle him to demand a largerpre- 
rr: : a : and, la fly , a rnifreprefentation. Ofeachofthefe in order.

In a cafe before Lord Chief Juftice Holt, in the reign o f William and Mary, that learned 
judge held, tha*, if  the goods were infured as the goods o f an Hamburgher, who was an ally, 
and the goods were, in fad , the goods o f a Frenchman, who was an enemy, it was a fraud,and 
tfiat tns.infurance was not good— bkinner, 327.

A  fa lfe  ajfcrihn in a policy will vitiate the contra# ; even though the lofs happen in a mode 
not aifc#ed py that fallity.— 3 Burr. 14.19.

The frreond fpucies of fraud, which aifecls infarances, is the concealment of circumftances* 
known only to one ofthe parties entering into the contract. The facts, upon which the ri/k is 
to be computed, lie, for the moft part, within the knowledge o f the infured only. The under
writer rnuft therefore rely upon him for ail neceflliry Information 5 and muft truft to him, that 
he will conceal nothing, lb as to make him form a wrong eftimate. I f  a miftake happen, 
without any fraudulent intention, ftill the contra# is annulled, becaufe the riik is not the fame 
which the underwriter intended.

One, having a doubtful account of his ihip, that was at fea, namely, that a ihip, deferibed 
like his, w.is taken, inflated her, without giving any notice to the infurers of what he had heard, 
either as to the. hazard or*, he circumftances, which might induce him to believe that his ihip 
was in great danger, if  not adtuallv loft.

Lord Chancellor Macclesfield.— The infured has not dealt fairly with the infurers in this 
cafe ; he ought to have difdofed to them what intelligence he had of the Ihip's being in dan
ger, and which might induce him, at lead, to fear that it was loft, though he had no certain 
account of it. Fcr, i f  this circiimftance had been difeovered, it is impoftible to think that the 
infurers would have infured the ihip at fo fmall a premium as they have done, but eithervvould 
not have infured at all» or would have iniifted on a larger premium, fo that the concealment 
o f  this intelligence is a fraud. Whereupon the policy was decreed to be delivered up with the 
cofts, but the premium to be paid back, and allowed out ofthe cofts.— Da Cofta Scandret*
2 Peers W illi »ms, 17O.

In another cafe it appeared, that, on the 25th of Auguft, 1740, the defendant underwrote 
a policy from Carolina to HolliSf). It £ut hi evidence, that the agent for the plaintiff



Had, on the 43d of Auguft (two days before the policy was etfeilej) received a letter frn;n 
■ Cowes, dated the 21ft of Auguft, wherein it is (aid, “  On the 121I1 o f this month 1 was in- 
company with the ihip Davy, (the (hip in queftion) at twelve at night loft light of her all at 
once ; the captain fpoke to me the day before that he was leaky ; and the next day we had a 
hard gale." The fhip however continued her voyage till the 19th of Auguft, when (he was 
taken |jy the Spaniards; and there was no pretence of any knowledge of the actual lots at the 
time of the infurancc, but it was made in conference of a letter received that day from the 
plaintiff abroad, dated the 27'h of June before.

Lord Chief Juftice I.ce declared, that as tliefe arc contrails upon chance, each par
ty  ought to know all the circumftai’ ees. And he thought it not material, that the 
lofs was not luch an one as the letter imported ; for thole things are to be conliderc-d 
in  the lituation of them at the lime of the contrail. and not to  be judged o f  by fubfe- 
quent events. He therefore thought it a ftiong cafe for the defendant, 1 he ju ry  
found accordingly.— Seamen v .  Fonnerean, 2 Sira. 1183.

Rut although the rule is laid down thus generally, that one o f  the contrafting par
ties is bound to conceal nothing from the other, yet it is by no means fo general as 
not to admit of an exception. There are many matters as to which the inlured may 
he innocently lilent.

Our ideas on this topic, the argument o f  Lord Mansfield, in Carter v .  Boehm, 3 
Burr. 1905, will completely regulate T he fads o f that cafe arc not m aterial; hut w e 
lliall only give the reafoning o f  Lord Mansfield, upon the general dodrine of what is 
not necefiary to be revealed.

His lord (hip laid, infuTance is a contrail upon fiteculation. T he fp ecia lfad s, up
on which the rifle is to be computed, lie moll commonly in the knowledge o f the in - 
fured only. T he underwriter truits to his ftatemeni, and proceeds upon confidence, 
that he does not keep back any circumftancci within his knowledge, to miilead the un
derwriter into a belief that the circumftance does not exift, and *0 induce him to efti- 
m ate the rifk as if  it did not exift. T he keeping back fitch circumftances is a fraud, 
and therefore the policy is void. Although the fuppreffion lhould happen through 
m iftake, without any fraudulent intention, yet if ill the underwriter is deceived, and 
the policy is voidi becaufe the riik run is really different from the rifle undevftood and 
intended to be run at the time o f  the agreement. T h e policy would equally be void 
againft the underwriter i f  he concealed any th in g ; as, i f  he infured a (hip on her. 
voyage, which he privately knew to be arrived ; and an ailion would lie to recover 
the premium. T h e governing principle is applicable to a ll contrails and dealings. 
Cood faith forbids either party, by concealing what he privately knows, to draw the 
-other into a bargain, from his ignorance o f  that fa il, and his believing the contrary. 
B ut either party may be innocently lilent as to the grounds open to both to exercil'e 
their judgments upon. There are many matters as to which the infured may be in
nocently lilen t; he needs not mention what the underwriter knows. An underwriter 
cannot infill that the policy is void, becaufe the infured did not tell him what he ac
tually knew , w hat way loever he came to the knowledge. T h e  infured needs not 
mention what the underwriter ought to k n ow ; what he takes upon him felf the 
know ledge o f; or what he waves being informed of- T h e  underwriter needs not be 
to ld  what lefibns the rifk agreed and underftood to be run by theexprefs terms of the 
policy. He needs not be told general topics o f fpeculation ; as, for inftance, the un
derwriter is bound to know every caufe which may occafion natural pet its ; as the 
difficulty o f  the voyage; the kind o f  feafon; the probability o f lighlnittg, hurri
canes, and earthquakes. He is bound to know every caufe which may occafion po
litical perils, from the rupture o f  ftates, from war, and the various operations o f war. 
H e is bound to know the probability o f fafety, from the continuance and return o f  
peace; from the im becility o f the enemy, through the weaknefs o f their councils, or 
their want o f flrength. Ifan  underwriter inl'ure private ihips of w ar, by fea, and on 
lhore, from ports to ports, and from places to places, any where, he needs not be told 
the fecret enterprifes, upon which they are deftined; becaufe he knows feme expedi
tion muft he in view : and, from the nature o f his contrail, he waves the information, 
without being told- I f  he inlure for three years, he needs not be told any circum- 
llance to Ihew it may be over in tw o ; or, if he infure a voyage with liberty o f devi
ation, he Reeds not be told what tends to Ihew there w ill be no deviation. Men argue 
differently, from natural phenomena and political appearances; they have different 
capacities, different degrees of knowledge, and different intelligence. Rut the means 
o f information and judging are open to both : each profeff'es to a il  from his owo mill 
and fagacity, and therefore neither needs to communicate to the other. T h e rcalon 
o f the rule, which obliges the parties to difclole, is to prevent fraud, and encourage 
good faith ; it is adapted to fuch ta ils as vary the nature o f  tits contrail, which one 
privately knows, and tlte other is ignorant of, and has no reafon to fufpett. Tire 
queftion, therefore, muft always be, “  Whether there was, under a ll the circumftances,
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at the time the policy was underwritten, a fair ftatemettr, cr a concealment : fraiidil-r 
lent, if  defigned ; or, though not d e fin e d , varying materially the object o f the policy^ 
and changing the riik.undei flood to be run.”

3d. W e come now to the third divifi ,n, namely, to cafes in which policies are void 
by m\frepref «ration. Before we proceed to ftate the cafes under this head, it w ill be 
proper to diftinguiih between a warranty and a representation. A  warrauty or con
dition is that which makes a part of the wri’ ten policy, and mult be molt litteraily 
and Itridly performed; and being a part o f  the agreement, nothing tantamount w ill do . 
or nnfwer the purpofe A  reprelentati an is a (late o f theesfe. not a pait of the writ
ten inftrninent, but collateral to it, arid cntiiely independent o f it ; and it is fumelent 
that a reprefentation he fd f .in tia 'ly  performed. W arratries will be noticed hereafter. 
I fth e re b e a  niilreprefeiitatlun, it will avoid the policy, as afrJud. but not as a part of 
the agreement. F.ven written inftrutVions, if they are not infertid in the policy, are 
only to be ennfidered as reprefentations ; and in order to make them valid and bind- 
jngi as a warranty, it is ablbiurciy necetlary to make them a part of the instrument, 
bv which the Contract of indemnity is effected. It a reprclentation be faille in any 
material point, it will avnid the policy ; and i f  the point be not material; the repre
sentation can hardly ever be fraudulent. A few of the decilions will illucidate tild e  
principles.

Pavvfon «•■  W atfon, Cnwper, 785— Upon a rule to llrcw caufe why a new trial (hould 
nOf be granted in this cafe, Lord .'lamdield reported as follows,—  »'his was an action 
upon a policy of infurance. At the trial it appeared in evidence, that the fit ft under
w riter had the following intimations (hewn to h im : “  T h tcetiio tifin J  five hundred 
pounds upon the thip Jnlius Cefar, tor H alifax, to touch at hlymoui h, and au> port 
in  .America ; the «Hunts t-zoef-re^ir'S and tederty men,*' 1  hele mftructious wete not aiked 
for, nor communicated to the defendant; but the (hip was only repr.dented getscral.y 
to b in  at a f i ia  o f f jr c c :  and a thoufand pounds had been done, briore the defendant 
underwrote any thing upon her. T h e inftrudions w e e  dated ihe a d th o fju n e , 1776, 
and the Ihip failed on the 23J o f  July, 1776 ; and was taken by an Am.r.ca.i priv .teer. 
That, at the time of her being taken, (h.- had on board fix four-pounders, four Lirce-poumfers, 
three one-pounders, fix half-pounders, which are called fwivels, and twcr.ty-levui men and 
beys in ad, for her crew: but o f them, fixteen only were nun, (not 20, as the mftruitions 
mentioned) and the reft boys. But the wknefs laid, he coiifidered her as being ft rongcr with 
this force, than if (he had twelve carriage guns 2nd twenty men : he alfo laid, (which is a 
material circuniftance) that there «cere neither men nor guns on board at the tune o f  the infurance. 
That he himfelf infured at the fame premium, withouc regard or inquiry into the force of the 
/hip. Other u rdervvtirers alfo infured at the lame premium, without any oiher lopvefentation 
than that ihe was afb'-b o f f s n e .  That to every four-pounder theie ihould be rive men and a 
l oy. T.hat, in merchant (hips, boys always go under the denomination of men. I his was' 
met by evidence oil the part of the defendant, laying; that guns mean carriage-guns notf«vtvu  
(Is : an.! raen mean able wen, exclusive o f  boys. The defence was, that theie initrudh.u.s were 
to be con fid vied as a warranty, the fame as i f  they had been inferted in the policy, though they 
Were not proved to have been flrewn to any but the fir id underwriter. I f  the court fhuuid be o f  
opinion, that the i nftruitions amounted to a warranty, then a new trial is to be h»d without 
tofts ; other wife, the verdifl which Was forthe plaintiff, is to ftand.

Lord Mansfield.— There is nrj diftinition better known to thofe who are at all converfant in 
the law of infurance, than that which exifts between a -warranty or cofiditin, which makes 
a pirt of a written policy, and a reprefentation of the ftate of the cafe. Where it is a pait o f 
the written pulicy it muft be performed. As, if  there be a warranty of convoy, there muft 
be a convoy 5 for in the cafe of convoy it might be fold, the party would not have infured 
without convoy. Therefore i f  there be fraud in a reprefentation, it will avoid the policy on 
account o f  the fraud; but not on account of the non-compliance with any part of the agree-- 
rr.cnt. So that there cannot be a clearer diftin&ion than that which exids between a warran
ty, whi :h makes part o f the written policy, and a collateral reprefentation, which, if  falfe 
In a point i f  m aterially, makes the policy void : but i f  it b t not material, i: can hardly ever be 
fraudulent, f have repeatedly, at Guildhall, cautioned and recommended it to the brokers, tot 
enierall reprefentations made by them in a book. That advice has been followed in London. 
The queftion then is, whether in this policy, the perfort itifuring has warranted that the (hip 
fiouid pofitively and literally hive tioei-ve cnrrhec-gnns and Keenly rtten. That is, whether 
Ihe inftruulisns given in evidence are a part of the policy. The aniwer to this is, read your 
atVee.ne.it, read your policy. There is no fuel; thing to be found there. It is replied, yes, 
hut in fail there is, for the infrruflions upon which this policy was made contain that exprels 
ftipu'ation. The anfwer again is, there never were any inrtruftions (hewn to the defendant ; 
rior were an*- aiked for by him. Vvii.it coinur then h;s he to fay that thofe inftruffions are 
any part of bis agreement ? It is faid, he infured upon the credit of the fi'ft underwriter. A  
I piefs itation to the firft underwriter has nothing to do with that, which is the agreement, or 
rlcms c f the p-nicy. The reprefenction amounts to no more than (his: I tell you what the



folec will be» becaufc it is To much the better for you. There Is no fraud In it, bccaufe it J3 
ft repiefentarion only of what, in the then fiatc of the /hip, they thought would be the truth. 
And in real truth, the filip failed with a larger force : for fhe had nine canhge-guns and fix 
fwivels. The underwriters, therefore, had the advantage by the difference. There was no 
ftipulauon about what the weight of metal would be. A ll the witnelles fay that ihe had 
more force than i f  fhe had twelve carriage-guns, in point of ftrength, of convenience, and for 
the purpijfe of rififlance. The fupercargo, in particular, fays, *« he inf Ten the fame fliip, 
and the fame voyage, for the fame premium, without fay ng a fyliable about the force.”  Why 
then it was a matter proper for thj jury to fay, whether the reprefentation was falfe, or wheth
er it was in fydlan infurance as of a fliip without force. They have determined, and I think 
Very rightly, that it was an Infurance without force, and therefore there can be no new trial.

His Lord/hip was afterwards afked, whether it was the opinion of the court, that, to make 
written inftruftions valid and binding as a warranty, th:■ y mufl be inferred in the policy, Lord
Mansfield anfwered, that moft undoubtedly that was the opinion of the court: i f  a man war- 

• rant that a fliip Aiould depart with twelve guns, and it depart with ten only, it is contrary to 
the condition of the policy.

I f  a reprefentation be made to the underwriter of any circumftancc which was falfe, this, 
If it be in a material point, flull vacate the policy and annul the contrail, a though it happens 
by miftake, and without any Laudulent intention or improper motive on the part of the infur- 
ed. The principle o \ which, in fnch a cafe* the contrail is held to be void, is, that the in- 
furer is led into error, and computes his rifk upon1 circumftarices not/ounded in fail ; by 
which means, the rifk actually run is different from that intended to be run, at rho time the 
contrail is made. * On tills ground it is, that the contrail is as much at an end as if th:re had 
been a wilful and falfe allegation, or an undue concealment of circumftances.

Macdowall m  Frafer, Doug. 24?.— 'This was an afiion on a policy of infurance on the fliip 
<c*the Mary and Hannah, from New-York to Philadelphia.”  A t the time wheri the influ
ence was made, which was in London, on the 30th o f January, the broker reprefented the 
fituation of the fhip to the underwriter as follows: “  The Mary and Hannah, a tight veil'd, 
failed with ftveral armed fhips, and was feen fafe in the Delaware on the 1 \ * k o f Decembert 
by a (hip which arrived at New -York.”  In fail, the fliip was Soft on the g tb o f  December^ 
by running againft a c b e v a u x  d e f i i j - f  placed acrofs the river. The caufe came on to be tried 
before Lord Mansfield at Guildhall. This was helJ to be a material miireprefcntatlon as 
to the time when the fhip was feen ; and the reprefentation and the day of the lofs being prov
ed, the jury found for the defendant.

In a fwbfequent cafe* Lord Mansfield and the reft o f the court were clearly of opinion, that 
i f  the broker ut the time when the policy is effected, in reprefenting to the underwriter the 
ilate o f  the fliip, and the laft intelligence concerning her does not difelofe the whole, and what 
he conceals lhall appeal material to the jury, they ought to find for the underwriter, the‘con
trail in fuch cafe being void ; although the concealment ihould have been Innocent, the fafls 
not mentioned having appealed immaterial to the broker, and having not been communicated 
inerely on that account,— Skirley v . Wilkinfon, Doug. Rep. 293,

In order to vitiate the contract, the thing concealed muft be material, it mull be fo m e fa B , 
and not merely a fuppofition or fpeculation o f the infured ; and ihe underwriter muft take ad
vantage o f any msfreprefentation the firft opportunity, otherwhe he will not be allowed to 
claim any benefit from it at a future period. I f  therefore the infured merely renrefent that he 
expe&s a thing to be done, the contract will not be void, although the event Ihould turnout 
very different from his expectation.— Barber'll. Fletcher, Doug. 292.

Wherever there has been an allegation of a filfchood, a concealment of circumftanccs, or a 
mifrepreferltation, it is immaterial, whether fuch allegation or concealment be the ail o f the 
perfon himfelf who is intcrefted, or of his agent; for, in either cafe, the contrail is founded 
In deception, and the policy is consequently void__Fitzherbert v .  Mather, 1 Term Rep. p. 12*

If the inlured is fuppofed to be guilty of fraud, the proof of it falls upon the underwriter j 
Diredl and poiitivc proof is not neceflary 5 but circumftantial evidence is all that can be e x 
pected j and, indeed, all that is ncceffary to fubftautiate fuch a charge.

X I. S E A -W O R T H IN E S S .
Every fliip infured muft, at the time of the infurance, be able to pciform the voyage, unlcfo 

fome external accident fliould happen; and i f  flic have a latent defeat, wholly unknown to 
the parties, that will vacate the contrail; and the infurers are difeharged. This dotfrirre is 
founded upon that general principle o f infurance-law, that the infurers (hall not be refponfible 
for any lofsatilmg from the inefficient or defective quality or condition of the thing infured.

But although the infured ought to know whether the fliip was tea-worthy or not at the time 
Ihe fet out upon her voyage, yet he may not be able to know the condition file may be in after 
flie is out a twelvemonth i and, therefore, whenever it can be-made appear, that the decay 
to which the lofs is attributable, did not commence till a period fubfequent to the infurance, 
as (he was fea-worthy at the time, the underwriter would be liable. In a late cafe, Eden v .  
Farkinion, Doug. 708, the fame principle was much relied upon, I*oid Mansfield faid, “  By 
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an implied warranty every fliip infured muft be tight, {launch and flrong ; but it is fufikiert 
i f  {he be fo at the time of her failing. She may ceafe to be fo in twenty-fourhours after de
parture, and yet the underwriter wi‘i continue liable.'*. Every cafe of this kind, *t is true, 
muft depend upon its o*»n circumftances ; but, when they are once afcertaincd, the rule of 
law is clear and decifive.

XTI. IL L E G A L  V O Y A G E S.
Whenever an infurance is made on a voyage exprefsly prohibited by the common ftatutej 

or maritime law of the country, the policy is of no effect.
Even if  it be told to the underwriter that the voyage is illicit, he (hall not be bound : beca ufe 

the contradi is null and void.— Bynk, Quaeft. Jar. Pub. 1. i. c. 21.
I f  a lhip, though neutral, be infured on a voyage prohibited by an embargo, laid on in tbs 

time of war, by the prince o f the country in whole ports the fhip happens to be, fuch an infu
rance a|fo is void.

Though an infurance upon a fmoggling voyage, prohibited by the revenue laws of this 
Country, would be void under the principle above ftated ; yet the rule has never been fuppofed 
to extend to thofe cafes where fhtps have traded, or intend to trade, contrary to the revenue 
laws of forcia-n countries, becaufe no country takes notice of the revenue laws of another ; in 
fuch cales, therefore, the policy is good and valid ; and i f  a lofs happens, the underwriter will 
be anfwerable.— Planche v .  Fletcher, Doug. 253.

We may conclude the prefent fub)„*ét with this principle; that all infurinccs upon a voyage 
generally prohibited, fuch as to an enemies garrifoo, or upon a voyage diieClly contrary to an 
exprofs att of parliament, are abfolutely null and void.

X III. R E -A S S U R A N C E , A N D  DOUBLE IN SU R A N C E .
Re-afiurance may be faid to be a contrail which the firft infurer enters into, in order to re

lieve himfelf from thofe riiks which he has incautiouily undertaken, by throwing them upon 
other underwater*, who are called re-aflfurers.

The re-allurer is wholly unconncéled with the original owner o f the property infured ; and 
as there is no obligation between them originally, fo none is raifed by the fubfequent aél of the 
firft underwriter. The rides o f  the Inf-rer form the obj?él o f the re-infurance, which is a 
new independent contrail, not all concerning the infured, who confequently can exercife no 
power or authority with refpeél to it.— Pothier, tit. Afiurance, No. 96.

A  double infurance h  where the f.ime man is to receive two fums inftead of one, or the fame 
fum twice over, for the fame lofs, by reafon of bis having made two infurances upon the fame 
goods or the fame (hip. The firft diftinélion between thefe two contraéis is, that a re-afiurance 
is a contrail made by the firft under-writer, his executor, or aifiens, to fecure himfelf or his 
eftate : a double afiurance is entered into by the infured. A  re-afiurance, except in the cafes 
provided by the ftatute, is abfolutely void : a double .infurance is not void j but ftill the in- 
fured {hall recover only one faúsfaélion for his lofs. Where a man has made a double in- 
Jurance he may recover his lofs agaiaft which of the underwriters he pleafes, but he cannot re
cover for no more than the amount of his lofs. It being thus fettled, that the infurer fiiall re
cover but one fatisfa&ion, and that, in cafe of a double infurance, he may fix upon which of 
the underwriters he w ill for the payment of his lofs, it is a principle of natural juftice that the 
feveral infurers (hall all of them contribute, in their feveral proportions, to fatisfy that lofs, a- 
gainft whi^h they have all infured.

In the year 1763, it was ruled, by Lord Mansfield, chief juftice, and agreed to be the courfe 
Or praélice, that, upon a double infurance, though the infured is not intitled to two fath-faélions, 
yet upon the firft aélion he may recover the whole fum infured, and may leave the defendant 
therein to recover a rateable faíisfaélion from the other infurers.— Newby v .  Reed, Sit. in 
London in Eafter Vacat. 1263. 1 Black. Rep. 416.

Thus alfo it was determined in a fubfequent cafe at Guildhall.— Rogers v .  Davis, Sittings 
in Mich. Vac. 17 Geo. I l l ,  before'Lord Mansfield.

Although a man by making a double infurance fiiould not be allowed to recover a double 
fatisfaélion for the fame lofs, yet various perfons may infure various interefts on the fame thing, 
and each to the whole value, (as the mailer for wages, the owner for freight, one perfon for 
goods, another for bottomry,) and fuch a contrail does not fall within the idea of a double in
furance.—  1 Burr. 496.

X IV . C H A N G IN G  T H E  SHIP.
Changing the fhip, or, as it is commonly called, changing the bottom, will operate as a bar 

to the infureds recovering upon the policy of infurance againft the underwriter. Except sn 
fome fpscial cafes of infurances upon a fhip or Jhips> it Is efientially requifite to render a policy 
of infurance efteélual, that the name of the fhip-, on which the riik was to be run, ihould be 
inferted. That being done, it follows that the infured {hall neither fubftitute another ih'p tor 
that mentioned in the policy before the voyage commences, nor during the courfe of the voyage, 
remove the property Infured to another (hip, without the confent of the underwriter or without 
being impelled by a cafe o f unavoidable necejfity.



And this doftrinc, relative to changing the bottom of the (hip, was alluded to by Lord 
Mansfield, when delivering the opinion of the court in the cafe of Pel I y againft the R ojal- 
Exchange Aflurance-Company. <( One objection,'’ faid his iordfhip, “  was formed by com
paring this cafe «o that of changing the ihip or bottom, on board of which goods aie infuied, 
wbicb the injured have no right to do."

T*'is is to be tak-. n as a rule, fubjeft to the exceptions of in; vUable or urgent neeeflity 5 for, 
It has been held, that the owners of goods infured, by rheadt of (biking the goods from one 
fhip to another, do not preclude themfelves from recovering an average lofs, urtfmg from the 
capture of the fccond (hip, if  they adt from neeeflity, and for the benefit of all concerned.-» 
Phntamour v .  Staples, i Term E. 6 n ,  note (a).

X V . D E V IA T IO N .

Deviation means a voluntary departure, without neeeflity or any rcafonable caufe, from the 
regular and ufual courfe of the fpecific voyage infured. Whenever a deviation o f thi> kind 
takes place, the voyage is determined ; and the underwriters are qifeharged from any refpon- 
fibility. It is neceflary to infert, in every policy of infurance, the place of the (hip’s departure, 
and alfo of her deftinarion. Hence it is a  condition on the pa-1 of the infured, that the ihip 
/ball purfue the moft direct courfe, o f which the nature of things will admit, to arrive at the 
deftined port, i f  this be not done, i f  there be no fpccial agreement to allow the.ftrip to go to 
certain places out o f the ufual track, or i f  there be no juft caufe aifigned for f«ch a deviation, 
the underwriter is no longer bound bv his contrail. Nor is at all material, whtther the lofs be 
or be not in aftual confequence of the deviation $ for the infuiers are in no cafe anfwerabte 
for a fubfequent lofs in whatever place it happens, or to whatever caufe it may be attributed. 
Neither docs it make any difference, whether the infured was, or was not, confenting to the

viation.
The plaintiff was a (hipper of goods in a veffel bound from Dartmouth to Liverpool. The 

fhip failed from Dartmouth, and put into Loo ; a place fo e  muß o f  necejpty p<f$ iy  in the courfe 
of the infured voyage. But, as (lie had no liberty given her by the policy to go into Loo, and, 
although no accident befel her in going into or coming out of Loo, (for (he was loft after (lie 
got out to fea again,} yet Mr. Juftice Yates held that this was a deviation, and a verdifl was 
accordingly found for the underwriters.— Fox v .  Black, Exeter aflizes, 1767, before Mr. Juf
tice Yates.

It was alfo held by Lord Chief-Jufticc Lee, that, i f  the maftcr of a veflel put into a port not 
ufual, or (lay an unufual time, it is a deviation, and difeharges the infurer.

Thefe principles being once eftabliihed, it follows, as a neceflary confequence, that however 
ftort the time of deviation may be, if  only for a Angle night, or even for an hour, the under
writer is equally difeharged, as if there had been a deviation for weeks or months; for the 
condition being once, broken, no fubfequent a£t can ever make it good.

Whenever the ‘deviation arifes from neeeflity and a juft caufe, the underwriter ftiil remains 
liable, although the courie o f the voyage is altered.— ¡locus, n. 52.

The firft ground of neeeflity, which juftifies a deviation, is that of going into port to re
pair. I f  a ihip is decayed, and goes to the neareflplace to refit, it is no deviation ; becaufc it 
ic for the general interelt of all concerned, and confequently for that of the underwriters, that 
the (hip fhould be put in a proper condition, capable of performing the voyage.— Motteux and 
others v .  the London Aflurance-Company, 1 A tk. 545 \ and Gilbert v .  Read/haw, Sitt. in 
Lond. Hil. Vac. 1781.

The next excufe for leaving the dirett courfe is f t  refs f  nveather. Upon this point the 
rule is this ; that, wherever a ihip, in order to efcape a ftorm, goes out o f the diredl courfe; or 
when, in the due courfe of the voyage, (he is driven out of it by ftrefs of weather, this Is no de
viation. It has alfo been held, that, i f  a ftorm drive a drip out of the courfe of her voyage, 
and (he do the belt (he can to get to her port of deftination, (lie is not obliged to return back 
to the point from whence (he was driven.— Harrington v .  Halkeld, Sitt- in Lond. Mich. 
Vac. 1778.

I f  a (hip be driven out o f her port o f loading, by ftrefs of weather, into another, and then 
does the beft (he can to get to her port of deftination, u (hall not be deemed a deviation, though 
(he do not return to the port from whence (he was driven.— Delaney v .  Stoddart, iTerm , Rep. 
p . 22.

A  deviation may alfo be juftified, i f  done to avoid an enemy ; or feck for convoy ; becaufc 
it is in truth no deviation to go out of rhe courfe of a voyage, in order to avoid danger, or to ob
tain a protection againft it.— Bondv. Gonfales, 2 Salk. 445.— Gordon v .  Morley.— Camp
bell v .  Bardieu, zStra. 126).

In the cafe of Bond againft Nutt, in which the material queflion wa?, whether a warranty 
had or had not been complied with j the point of deviation for the purpofe of procuring con
voy alfo came under the confideration of the court. Upon that occaiion, Lord Mansfield and 
the whole court held, that, i f  a (hip go to the ufual place o f  rendezvous^ for the fake of joining 
convoy there ready, though fuch place be out of the direct courfe of the voyage, it is no devi
ation.— Cowp, Rep. 601*



And, in a more modern cafe, the only queftion was, whether there was a deviation or noPr 
Lord Mansfield there dire£led the jury to find for the plaintiffs, if  they believed that the cap
tain fairly and bona fid e  adhstf according to the btft of his judgment; that he had no other view 
or motive but to come the fafeft way home, and meet with convoy ; for, that it was no devi
ation to go out ofthe way to avoid danger.—-Endcrby and another v .  Fletcher, Situ in Lond« 
Trin. Vac. 1780.

If, by the ufage of any particular trade, it is cuftomary to flop at certain places, lying out 
o f the dire<ft couefe from A to B, it is not a deviation to flop there, becanfe it is a part of the 
voyage; bur, in order to juftify the captain of a ihip in quitting the thaight and dire& line 
from the port of leading to thatofdelivery, there muft b« a precife, clear, and eftabliihed uf* 
age upon the fubje^, not depending merely upon one or two loofe and vague inilances.

Bur, though an adlual deviation from the voyage infured is thus fatal to the contrail o f in
surance, yet a deviation, merely intended, but never carried into iftctft, is confidered as no devi
ation, and the infurer continues liable. Thus, in cafe of an infurance from Carolina to Liibon, 
and at jnd from thence to Briftol, it appeared,that the captain had taken in fait,which he was to 
deliver at Falmouth, before he went to Biidol ; but the ihip was taken in the dirc& road to 
both, and before ihr came to the point where ihe would have turned oft' to Falmouth. Lord 
Chief- Juirice Lee held, that the infurer was liai-le ; for, it is but an in t ftL n  to deviate, and 
that was held ’«ot fufti ieat to difehar^u the underwriters.—.Fofter-u, Wilmer, 2 Srra. ir.49.

In the cafe ofiCarterw. the Royal-Exchange Afi'arance Company, where the infurance was 
from Honduras to L ondon, and a configoment to Amfterdam, a lofs happened before ihe camo 
to the dividing point between the two voyages, for which the infurers were held liable to pay. 
— 2 Stra. 1249.

If, ho wever, it can he made appear, by evidence, that it never was intended, or came within 
the conic.v,pIation of the parties to (ail upon the voyage infured ; i f  ail the (hip's papers and 
documents be made out for a dirfer-nt place from that dsferibed in the policy, the infurer is 
difeharged from ail degree of Ttfponfibilhy, even though the lofs lhould happen before the di
viding point of the two voyages. This difiindFon was very properly taken by the court of 
K iug’s-bench, in Worlhiidge i \  Bey del, Dougi. 16.

In a ftill la er cafe, the fame do&rine was advanced, namely, that i f  a fliip be Infured from 
a day certain, from A to B, and bTcre the day, lail on a different voyage from that infured, 
the aflured cannot recover; e-en though the fl:ip afterwards fall into the courfe of the voyage 
infured, and be loft af:er the day on which the policy was to have a'tached.— Way v . Modig
liani, 2 Term Rep. 50. Jgfjj»?

From the proportion juft effabliftied, namely, that a mere intention to deviate, will not vacate 
the policy, it follows, as an immediate conftque.nce, that whatever damage is fuftained before 
aftual d. viafi.>n wi'j fall upon the underwriters.

T h  .s it was !uhl by Lord Chkf-Juftice Holt, whofaid, that i f  a policy of infurance be 
made to begin from the departure of the ihip, from England, until, &c. and after the departure 
a damage happens, &c. and then the (hip deviates $ though the policy is difeharged from the 
time ofthe deviation, yet for the damages fuftained before the deviation the infurer (hall make 
fatisfadljon to the infured.— Green, v . Young 2 Ld. Raym. 840. 2 Salk. 444. S. C .

Incafpsof deviation, the premium is not to be returned $ becaufe, the riik being com# 
menced, the un.lenviiter is entitled to retain it.

X V I , N O N -C O M P L IA N C E  W IT H  W A R R A N T IE S.

A  warranty in a policy of infurance is a condition or contingency, that a certain thing (hall 
he done, or happen ; and, unlefs that is performedj there is no valid contrail:. It is perfectly 
immaterial for whaf view thr warranty is introduced ; bur, being once inferred, it becomes a 
binding con Tion on the infured $ and unlefs he can (hew that he has literally fulfilled it, or 
that it was literally performed, the contract is the fame as i f  it had never exifted.— 1 Term 
Rep. p. 345.

But as a wairanty muft be f i n e l y  complied with in favor of the underwriter, and againft the 
Infured, eq >al juftice demands, that if  a ftricfc and literal compliance with the warranty, will 
fiipporr the 4enj«ind of the infured, the decifion ought to be in his favor ; efpecially when, by 
fuch a de ifion, a ll the woids in the policy w:U have their full operation.

In an action on a policy 0.1 goods, dated the 9Tb of December, 1784, left or not loft, w a r - ' 
ranted w ell this y h  Jay o f  December, 1784; it appeared, that the warranty was at the foot o f 
the policy ; that th?- policy was underwritten between the hours o f one and three in the after
noon of tbs 9th of December j that the ihip was well at fix o’clock in the morning, but was 
loft at eight o’ clock the fame morning.

XJpon a motion to fet a‘ fide a non-fuit which had been entered, Lord Kenyon, chief juftice* 
Aftlhurft, Builer, and Grofe, justices, was clearly of opinion that the warrantry was fufficient- 
ly complied with, if the fliip were well at any time that day $ that the nature of a warranty 
goes to determine the queflion ; for, as it is a matter o f indifference whether the thing 'warrant
ed be or be not matciiul, and yet xnuft be literally complied with, ft ill, i f  it be complied with*



that is enough ; that their wss good reafon for inferring thefe words, hecaufe they protefled 
the underwriter from loflcs before chat day, to which he would ochiTwifi. have been li.ible, a* 
the policy was on the goods from the lading $ and thus too, the words loft or not hjl have alfo 
their operation.— Blackhurft v . Cockell, 3 ’ ‘erm Rep. 360.

In order to make bitten tnftrudrions valid and binding as a warranty, they muff appear on 
the face of the policy itfelr: even though a written paper be wrapt up in the p'licy, when ic 
Is brought to the underwriters to fuhfcribe, and (hewn"to them at that rime ; or even 'hough 
It be w a fa ed  to the policy, at the time of fuhfcribing ; (till it is not in either cafe .1 warranty, 
or to be coufidered as part of the policy ¡rteif, but only as a 7 eprejentathn. Both *hefc inftanccs 
have occuircd before Lord Mansfield, in Paw fun tv. Barnevclt, Dough 12. and in Bize tv . 
Fletcher, Dough 12.

Jt being thus fettled, that a warranty muff appear on the face o f the inftrumenf, It has llke- 
wife been determined that a warranty written in the margin of the policy, was to be co.ifidered 
equally binding, and fubje-if to the fame ftridl rule o f conftrucUon, as i f  ir.fcrtci in the body 
o f  the policy itfelf —-Doug, toand 271.

The warranties which moft frequently occur, and upon which the greateft queftions have 
arifen, may be reduced to three clafcs : warranty as to the time o f  jailing, warranty as to co n v y , 
and warranty as to neutrality.

lib — to the time o f  'jailing. It has been held that when a (hip has been warranted to 
fail on a particular day, though the (hip be delayed for the beft and wifeft reafuns, or ever» 
though (he be detained by force, the warranty has not been complied with, and the infurer 
is ditchargcd from his contract,— Hare v .  Whitmore, Cowp. 784.

It the warrant) be to fail after a fpccific day and the (hip fail before, the policy is equally 
avoided as in the f>rnr.er cafe ; becaufi the terms of the warranty are as much departed from 
in the one cafe as in the other.— Vezian v .  Grant, before Mr. Juflice Buller, Guildhall, Eaft, 
Vac. 1779.

But when a (hip is warranted to fail on or before a particular day, if  (he fail from her port 
o f loading, w ith a ll her cargo and clearances on hoard, to the ufual place of rendezvous at another 
paitofth c fame ifland, merely for the lake of joining convoy, it is a compliance with the 
warranty, though (he be afterwards detained there by an embargo beyond the day. The 
ground is, than when a fliip leaves her port of loading, when flie has a full and complete cargo 
on board, and has no other objeft in view but the (aftft mode of failing to her port o f delivery, 
her voyage mull be find to commence from her departure from that port. If, indeed, her cargo 
was not complete, it would not have been a commencement o f  the voyage.— Bond v .  Nutt. 
Cowp. 601.

The fecond fperics o f warranty, which moft frequently occurs in infurances, is that of 
failing under the proteSIion c f  convoy. Upon this fubjedt it is material to confider what is deem
ed a convoy. It has been fettled, by the court of King’s Bench, that it is not every Jingle 
man o f  w ar, which choofes to take a merchant in ip under its protection, that will constitute 
fuch a convoy as a warranty means ; but it mu ft be a navalforce under the command o f  a  perfon 
appointed by the go vernment o f  the county to which they belong.— Hibbert it . Pigou, B. R. Eaft„ 
23 Go-. UI. 1783.

From that cafe of Hibbert and Pigou, we likewife collect this, that a convoy appointed by 
the admiral, commanding in chief upon a rtaiion abroad, is a convoy appointed by government.

Having feen what (hall be deemed a convoy, let us proceed to confider what (hall be a de
parture with convoy, within the meaning of a warranty to depart w ith co n vy. The rule on 
this point is (hort and clear, that futh a warranty implies, th.it the (hip (hall go whh convoy 
from the ufual place of rendezvous at which the (hips have been accuftomed to aficmble; at 
Spithead, or the Downs* for the port of London ; and Blucfields, for all the ports in Jamaica. 
And from the particular port to fuch ufual place of convoy, the (hip is protected by the policy, 
— Lethulier’s cafe, 2 Salk. 443, and Gorden *v. Morley, 2 Stra. 1265.

Although the words commonly ufed are “  to depart with convoy,”  or ‘ f to fail with con
voy,”  yet they extend to failing with convoy throughout the whole of the voyage, as much 
as i f  thofe words were inferred. I f  therefore the convoy is to go only a part of the way, that 
is not a compliance with the warranty; and the infurer is difeharged from his engagements. 
— Lilly v .  Ewer, Dough 72.

But, although is has been thus fettled, that a (hip moft depart with convoy for the whole 
o f the voyage, yet an unforeseen fcparauon is an accident to which the underwriter is liable,—  
Jefterey v .  Legendra, 3 Lev. 320.

Even where the (hip has by tempeftuous weather* been prevented from joining the convoy 
at all, at leaft, o f  receiving the orders of the commander of the (hips of war, if  (he do every 
thing in her power to effett it, and it (hall be deemed a failing with convoy, within the terms 
of the warranty.— V itoria  v .  Cieeve, 2 Stra. 1250.

The third fpecies o f warranty is that of neutrality; or, that the (hip or goods infured arc 
neutral property. I f  the (hip and property are neutral at the time when the rifle commences, 
this is a fuifkient compliance with a warranty o f neutral property ; becaufc it is impoilibie



for the infured to be anfwerable for the confluences of a war breaking out during the voyage, 
—  Eden and another v, Patkinlon, Dougl. 705. And this doftrine has been fince coiifirmed| 
is  the cafe of Tyfon *v. Gurney, 3 Term Rep. 477.

X V II . R E T U R N  OF PR EM IU M . *

The next objeft of our inquiry is, in what cafes, and under what circumflances, thefe fliall 
he a return c f  premium.

The principle upon which the whole o f this doftrine depends, 1$ Ample and plain. The 
ri'k or peri! is the confideration for which the premium is to be 'paid 5 it 1 he lilk be not run, 
the consideration for the premium fails; and equity i plies a condition, that the infurer fliall 
•nor receive the price of running a rifle, i f  in fa ft lie runs none.— 3 Burr. 1240.

Accordingly, in an aftion brought by the plaintiff, for 5/. received by the defendant to the 
plaintiff’s ufe, where it appeared in evidence, that one Barkdale had made a policy of infur- 
ance upon account, for 5/. premium, in the plaintiff’s name, and that he had paid the fame 
premium to the defendant, and that Barkdale had no goods then on board, and fo the policy 
was void. Lord Chief Jufticc Holr faid, the money is not only to be returned by the cuftom 
but the policy is made originally void, the party, for whofe ufe it was made, having no goods 
on board ; fo that by this difeovery, the money was received without any rcajony occafon, or 
ccrfderation, and confequently it was received o riginally 'o the plaintiff’s ufe. And lo judg
ment was given for the plaintiff.— Martin v. Sitwell, 1 Shower. 156.

Claules are frequently infuted in policies of infurance, containing conditions on the per
formance or non-pertoimance of which the premium is returnable.

By the law of England, is has been clearly fettled, that, whether the caufe of the rifle not 
being run is attributable to the fault, %mil or pleafure, of the infured, ftill the premium is to 
he returned.— Cowp. 668.

The French, in the famous ordinances o f Lewis X IV . have inferred an article, declaring 
that if the voyage is intirely broken up, before the departure of the ihip, even by the aei of the 
injured, the infurance fliall be void, and the underwriter (hall return the premium, referving 
one half percent. for his trouble Accordingly, in England, it has always been the cuftom, 
when the policy is cancelled, to return the premium, dedefting one half per cent.— Molloy, 
h  2. c. 7. i. 12.

In the Engliih law there are two general rules eftabli&ed yvhich govern almoft all cafes,—  
The fir ft is, that where the ri/k has no: bem run, whether that circumftance was owing to 
*h.e fault, the pleafure, or will, of the infured, or to any othtr caufe, the premium fliall be re
turned. Another rule is, that, if  the rifle has once commenced, there fliall be no apportionment 
b* return of premium afterwards. Hence, in cafes of deviation, though the underwriter is 
.difeharged from his engagement, yet, the riik being once commenced, he* is entitled to retain - 
.the premium.

Where, however, from the nature of the agreement between the parties, or the nature of 
the voyage, the contraft becomes diviiibie, “  a part of the premium fliall be retained for the 
t;/k run, and part fhall be returned as the rifle has never commenced.”

The firft time in which this dofttine was considered at any length wis in a cafe which came 
before the court of King’s B mch, in the year 1761. It was an infurance upon a ihip, at five 
guineas per cent, loft or not loft, at and from London to Halifax, in No*va-Scotia, warranted to 
depart with convoy from Pcrtfmoutb, for the voyage, that is to fay, the Halifax or Louifburgh 
Convoy. Before the ihip arrived at Portfmouth the convoy was gone. Notice of this was 
immediately giyen by the infured to the underwriter $ and at the fame time he was alfo defired 
either to make the long infurance or to return part of the premium. The jury found that the 
ufual fettled premium, from London to Portfmouth, was one and a half per cent. They alfo 
found, that it is ufual for the underwriter, in fuch like cafes, to return part of the premium ; 
but the quantum is uncertain : (and the quantum muft in its nature be uncertain,becaufe it de
pends upun certain circumftances.) It was ftated that the plaintiff made an offer to the defen
dant of allowing him to retain one and a half per cent.for the riik he had run on fuch part o f 
the voyage as was performed under the policy, viz. fiom London to Portfmouth.

Lord Mansfield— 1 had not at the trial, nor have now, the lead doubt about this 
queftion myfelf Thele contracts are to be taken with great latitude : the ftrift let
ter of the contract is not fo much regarded as the objeft and intention of it. Equity 
implies a condition* u that the inlurer lhall not receive the price of running a riik, if 
he runs none.” This is a contract without any confideration, as to tlie voyage hom 
Vortfrnnuth to Halifax ; for he intended to infure tliar part of the voyage as well as the 
former part of it, and has not. Coiifequently, the infured received no confideration 
for this proportion of his premium ; and then this cafe is within the general principle 
of aftions for money h.<d and received to the plaintiff’s uie. I do not go upon the 
ufage ; for the ufage found is only that, in like cafes, it is ufual to return a part of the 
premium, with ut afeertaining what part. If the riik is not run* though it is by the 
r»egleci> or even me fault of the party iniuring, yet the infurer lhall not retain the pie-



tniurrt. tt  lias been objefled, that the voyage being begun, and part o f  the riik being 
already run, the premium cannot be apportioned- Kut i can fee no force in the ob
jection. T his is not a contract io entire, tin t there can be no apportionment; for 
there are two parts in this contract ; ami the premium may be divided into two d if- 
tinCt parts, relative, as it were, to two diftinit voyages.' T h e practice Drews, that it 
has been ul'ual, in fuch likecales, to return a part o f the premium, though the quantum 
be not afeevtaim d. And, indeed» the quantum mult vaiy as circurnll antes vary ; fo 
that it never can have been fixed with any prccifc exaClwefs. Hut though the quantum 
has n >t been afcertaine.l, ) ct the principle is agreeable to the general fcnfe of mankind. 
Stevcnf >n •» Stvtw, 3 Burr. 1,23 -.

Some years afterwards, the ptinciplc eftablilhed in the foregoing cafe was attempt
ed to be applied to one which it did not at a'l refcmblc. T hat was in an infurance for 
tw elve months at 9/. percent, and. iiccaufe the (hip was captured within two months 
after the contract was made, a return of premium was demanded. Hut the contr.-.CJ 
in  this cafe was entire ; the premium was a geofs him ftipulatcd and paid for twelve 
months ; and the parties v lie u  they made thecomraCti line! no intention orthought 
o f  a fublcquent divilion. or apportionment, and therefore there could be no return o f  
premium — T ytie  v. Fletcher, Cow p. 666

In a fnbfequent calc, the Court ot K-ing’s-fiench adopted the fame rule o f decifion, 
where the thip was infured for twelve months, and tlie ri.le ceal'cd at the end of two. 
A  diiiindion was attempted to be made, becaufc, in this c.il'e, the whole premium, 18/. 
was acknowledged to be received from the infured at the rat: of lift2 •« (bUlings per tt: rtth; 
and this, it was infilled, evidently (hewed the parties intended the riik to continue 
only from month to month- This objection was, however, over-iulcd ; the court 
being of opinion, that the cafe lad mentioned decided th is ; and that the fifteen Dril
lings per month was only a mode of computing the grois fum .— Loraine v. Thonilin- 
fon, Dougl. 564.

The twn laft cafes, were infttrances upon time ; but it feems perfeflly clear, that 
when the contract is entire, whether it be for a jpeif.c time, or fora nynge, there mall 
be no apportionment or return, if the rifle has once commenced. And, theieforc, where 
the premium is entire in a policy on a voyage, where there is no contingency at any 
period, out or home, upon the happening or not happening o f which the ri(k is to end, 
nor any ulage eltablillred upon fuch voyages, although there be feveral diltmCl ports, 
at which the (hip is to flop, yet the voyage is one, and no part o f the premium thall 
be recoverable — Bermon v ,  Woodbridgc, Dougl 751.

T h e laft cafe upon this fubjecl w asalfo an action for a ret urn o f  the premium. T he 
policy was “  at and from Jamaica to I.ondon. warranted to depart with convoy for 
the voyage, and to fail on or before the t f to f  Auguft, upon goods on board a (hip call
ed the Jamaica, at a premium o f  tw elve guineas percent.”  T he (hip fail> d from Ja
maica to London on the 3 tit o f  July, 1782. but without any convoy lor the voyage. A t 
th e trial, before Lord Mansfield, the jury found a verdict for the plaintiff, fub- 
je tt  to  the opinion of the court, upon a cafe, Dating the faCts already mentioned- In 
addition to which, they exprefsly find. “  that it is the conftant and invariable ufage in 
an inlurance, at and from Jamaica to London, warranted to depart with convoy, or to 
fail on or before the 1 It o f  Auguft, when the thip does not depart with convoy, or fails 
after the i l l  o f Auguft. to return the premium, deducing one half per- .err.”

Lord Mansfield — An inlurance being on goods warran'ed to depart with convoy, the 
fiiip fails without convoy ; and an action is brought to recover the premium. 1 he 
law  is clear, that, i f  the riik be commenced, there (hall be no return I lence quef- 
tions arife o f diftindl rilks infured by one policy or inftrument. My opinion has been 
to  divide the rilks. J am fomefimes aware that there are great difficulties in the way 
o f  apportionments, and, therefore, the court has fometimes leaned againft them. But 
where an exprels ufage is found by the jury, the difficulty is cured. T hey offer to 
prove the fame ufage as to the Weft- Indies in general ; hut 1 ftopt them, and confined 
the evidence to Jamaica. T he court, therefore, decided for the plaintifl".— Longer. 
A lle n . Latter Term , 23 Geo. III.

From the tenor o f ail thefe cafes, it Ihould feem, as my Lord Mansfield faid. that fo 
many difficulties occur in apportioning the premium, that the courts are often obliged 
to decide againft it, urilefs there be tome ufage upon the fiubjeit.

X V III . B O T T O M R Y  A N D  R E SP O N D E N T IA .

Bottomry is in the nature o f  a mortgage o f a Drip, when the owner o f it borrows 
money toen ab ’e him to carry on the voyage, and pledges the keel, or hett'm of the Drip, 
as. a lecurity for the repaym ent; and it is urderftood, that if the (hip be "ft, the lender 
alfo lofes iiis whole m oney; but, i f  it return in fafety, then he (ball receive back his 
principal, and alio the premium or inteteil ftipulated to be paid, however it may ex-
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S i x  Marine insurance.

ceed the ufital or legal rate of intercft. When the fhip and tackle are brought liofiie* 
they are liable as well as thcperfon of the borrower, for the money lent. Hut when 
the loan is not made upon the veil'd, but upon the goods and merchandifes laden 
thereon, which, from their nature, mult be fold or exchanged in the courfe o f  the 
voyage, then the borrower only is ptrfinally bound to ani'wer the contrail ; who, there
fore, in this cafe, i faid to take up money at refpmdentia. In this coniifts the ditference 
between bcttmvy and refpondentia; the one is a loan upon the (hip, the other upon the 
goods ; in the former, the (hip and tackle are liable, as well as the pcrfon of the bor
rower ; in the latter, for the mod part, recoui/e mud be had to theperjm only o f the 
borrower. Another obfervation is, that in a loan upon bottomry, the lender runs no 
rifle, though th egW r lliould be loft ; and upon refpondenua, the lender mud be paid 
his principal and intered, though the ill!|) peril!,, provided the goods are i'afe. In all 
other reljieds, the contrail o f bottomry and that o f rel'pondentia are upon the lame 
footing.

T hefe terms are alfo applied to another fpccies of contrad, which does not exa d ly  
fall within the deicription o f e ither; namely, to a contrail for the :e-payment o f mo
ney, not upon the ilitp and goods only, but upon the mere hazard o f the voyage itfelf} 
as it a man lend 1050/. to a merchant to be employed in a beneficial trade, with a 
condition to be repaid with extraordinary intercft, in cafe a fpecific voyage named in 
the condition (ball be lately perfonned-

T h e contrad o f bottomry and refpondentia Oems to deduce its origin from th ecu f- 
tom of permitting the mailer of a fliip, when in a foreign country, to hypothecate the 
(hip, in order to raife money to refit. Such a penmilion is absolutely necellary, and 
is impliedly given him in the very, ad  o f conftitutir.g him mailer, by the marine law , 
which in this refped is re.dbnable; for, if  a fliip happen to beat lea, and Ipring aleak, 
or the voyage is likely to be defeated for want o f ncced'aries, it is better that the mat
ter thould have it in his power to pledge the fliip and goods, or either o f them, than 
that the fliip fliould be loft- or the voyage defeated. But he cannot do either for any 
debt o f his own; bui merely in cafes of r .m j i t y ,  and for com pleting t b e v s y j g e .  Although the 
matter ot the veil'd has this power while abroad, becaufe it is abfolutely necellary for 
the purpofe of commeice and navigation; yet the very lame authority, which gave 
that power in thole cafes, has denied it when lie happens to be in the fame place 
where the owners relirie. All the cafes which have been determined upon the tub- 
je it. feem to require, that the fliip fliould be a b r e a d ,  as well as in a (la te  c f  neccjfity, to ju s 
tify the captain or mailer in taking money on bottomry. M olloy, iri exprefs terms, 
declares, that a mailer has no power to take up money on bottomry in places where 
his owners dwell ; otherwife, he and his eftate muft be liable thereto.— Moiloy, I z . 
c- 11. f- 11 . If, indeed, the owners do not agree in fending the (hip to fca, the ma
jority lball carry it, and then money may be taken up by the mailer on bottomry for 
their proportion who rcfule, although they retide on the fpor, and it (hall bind them all.

It is of the eiTence of a contrail of bottomry, tnat the lender run the rifle of the voyage ; and 
that both principal and intereil be at hazard ; for, if the nfli go only to the intered of premi
um, and not to the principal alfo, though a real and fubllantiul rifle be inferted, it is a contrail' 
againft the ilatute of ufury, and therefore void. This has been frequently fo determined in 
our courts of law.

As the hazard to be run is the very bafis and foundation of this contrail, it follows, that, if 
the rijk is not run, the lender cannot be entit led to the extraordinary premium ; for hat would 
be to open a door to means by which the ilatute of ul'uiy might be evaded. This was fo decid
ed in the court of chancery.

This cafe was upon a bottomry-bond, where the plaintiff was bound, in confideration of 400/. 
as well to perform the voyage within fix months, as at the fix months end to pay 400/. and 40/. 
premium, in cal'e the vefiel arrived fair, and was not loft in the voyage. It happened that the 
plaintiff never went the voyage, whereby the bond became forfeited, and he now preferred his 
bill to berelieved. Upon the former herring, as the (hip lav all the time in the port of Lon
don, and there was no hazard of lofing the principal, tbe lord-keeper thought fit to decree, 
that the defendant fliould lofe the premium of 40/. and be contented w.th his principal and o r -  

A h m r y  intirefi.  And now, upon a rehearing, he confirmed his former decree.—Deguilder v .  
Depriiler, 1 Vern. 263.

It remains to be (hewn what thofe riiks are to which the lender undertakes to expofe himfelf. 
Thefe arc, for the moil part, mentioned in the condition of the bond, and are nearly the fame, 
againft which the underwriter, in a policy of infurance, undertakes to indemnify. Thefe acci
dents arc, tempefts, pirates, fire, capture, and every other misfortune, except inch as arife either 
from the defedlsof the thing itfelf, on which tile loan is made, or from the mifeonduf! of the 
borrower.

Capture here does not mean a mere temporary taking, but it muft be fuch a capture as to 
eccaiion a total lofs. And therefore, ifa fh:p be taken and detained for a fliort time, and' yet ar
rive at the port of deftination within the time limited, (if time be mentioned in the condition)



the bond is not forfeited» and the obligee may recover.— Joyce v. Willlamfon, B. &. Mich. 
Term , 43 Geo, III.

A  lender on bottomry, or at refpondentia, is neither intitled to the benefit of falvage nor 
liable to contribute in cafe of a general average.— W alpoles. Ewer, Sitt after Trio. 1789.

It has Leen faid, that i f  the accident happen by default of the borrower or of the captain, 
the lender is not liable, and has a right to demand tho payment of the bond. If, therefore, 
the fliip be loft by a wilful deviation from the track of the voyage, the event has not happened 
upon which the borrower was to be difeharged from his obligation.— Weftern v. W iU y, 
¿kin. 131.

O F  B I L L S  O F  E X C H A N G E .

O f Foreign Bills,

A  B ILL of Exchange is a piece of paper, on which is written a fhort order, givin by A 
banker, &c. for paying to fuch a perfon, or his order, a certain fum of money.

In order to underftand this fubjeft, it will be necellary to explain the terms ufed In 
bills o f exchange

The drawer is the perfon who draws the bill of exchange.
The drawee Is the perfon upon whom it is drawn; and He is fo called before he accepts the 

fame; but, after he has accepted he is then called the acceptor.
An indorjer.— Every perfon, before he can pay away, or pafs, a bill of exchange; mud write 

his name on the back of the bill $ and he is therefore called an indotfer.
An inJorfet is any perfon who is in pollelfionof a bill oíéxchsnge in confequence of its having 

been mdrirfed to him.
The payee is the perfon in whofe favour a bill is drawrt; as» i f  A. draws a bill upon B. direct

ing him tcpay to C. or order," C . is called the payee 5 and, before C. can pafs away the fame, 
he mull indorfc it.

I f  the drawee refufe to accept or pay the bill, the payee rriuft cáufe it to be protefted.
A  proteft fignifies, to the drawer, that the party upon whom he drew his bill was unwilling, 

Hot to be found, orinfolvent; and let him (the drawer) have timely notice thereof; and alfo 
to enable the party to recover againft the drawer; and alfo aga’mft the acceptor; as far as he can 
pay, i f  the bill be accepted.

A  foreign hill muft be protefted on the laft day of the three days of grace allowed $ (after 
the time exprefied upon the b ill;) and» if  riot paid upon the laft of the three days, the party 
ought immediately to proteft the bill and return it : bur, if  the laft o f the three days be a great 
holiday, the day before is the day o f payment.

Bills of exchange muft be fued for within fix years after their becoming due.
I f  two or three bills are drawn for the fame fum, they ihall carry a condition with them 

¿hat only one ftiould be paid 5 and, in a declaration on one of them, it is not necefiary to aver 
that the other bills were not paid.

I f  A . fells goods to B. and B. is to give a bill in fatísfaftion, B. is fo far difeharged, that 
he cannot be fued, for the goods, though the bill be never paid \ for the bill is payment; but 
he is liable to be fued for the bill.

A  note, or bill, is no abifolutepayment, though agreed to be fuch, i f  the giver of it knows 
the perfon upon whom it is drawn to be in a failing condition.

O f what lball be deemed a Bill of Exchange.
The cuftom preferibes the form of a bill, and raifes a contradi.
It is not requifite to obferve the fame nicety in a bill o f exchange as in deeds or wills.
A  bill, payable out o f a particular fund, is no bill o f exchange.
Pray pay out o f my growing fubfjlence— is no bill o f exchange.
B ill, payable out of the fifth payment, as it fliall become due, is not good.
Pray pay, J .  S. or order, at my quarterly half‘pay per advancej is a negociable bill.
B ill, payable to me or my order, is a good bill, If accepted.

O f the Acceptance.
The acceptance o f i  bill o f  exchange is fuch an aft, by the drawee, as will make him liable 

to pay the fame. It is ufually made by figning his náme or initials at the bottom of the bill, 
when it is preferred to him by the bearer.

A  very (mall matter will amount to an acceptance ; and any words will be fufficient fur that 
purpofc Which rtiew the party's afTenc or agreement to the b ill; as,

Writing the day of the month on the bill is fufficient acceptance.
Leave your bill with me and call to-morrowt and it Jhall be accepted, Is a fufficient acceptance. 
Leave your bill with me, I  will look over my book and accounts between the drawer and me, and 

\ddllo~niorrow, and the bill f u l l  be accepted\ is not a fufficient acceptance,
(P p ) T a b .



When the bill was returned for non-accdptance, the drawee faid* that, i f  i t  c a m e  h a c k a g a d f  
be wzuldpay i t $ it was ruled to be a gcod acceptance.

Verbal acceptance is fufficient; and an action lies againft the acceptor thereon, as to the 
principal, but not Tor intereft and cofts, But there muft be a witnefs. Thefe words, “  The • 
two bills of exchange which you fent me, I will pay, in cafe the owners of the ^ueen Anne do 
Jlct,”  are a fufficient acceptance.

Acceptance, to pay when the goods are fold, is a good acceptance.
Acceptance, to pay half in money, half in bills, is good.
Acceptance, to pay, according to the tenor of the bill, afterthe day of payment is paft, is good.
A  bill may be accepted for part, and the fum accepted for is good againft the acceptor.
Acceptance of a bill, drawn upon two partners, by one of them, binds both if  it concerns 

the joint trade.
Acceptance of a fervant ufual tranfa&ing bufinefs for his matter, is good; yet the fervant 

fhould exprefs fuch acceptance«) be for his mailer, or he is liable Ihmfelf.

O f  the Prat ¡ft.
A  proteft is abfolutely neceflary on a foreign bill, where it is refufed acceptance or payment* . 

in order to charge the drawer.
The payee mull demand acceptance fromthe drawee before proteft.
I f  a payee dies, there can be no proteft before probate or adminiftration.
I f  a bill left for acceptance, be loft, the drawee muft give a note for the payment thereof; 

Otherwife it may be protefted.
I f  a bill be loft, and no new one can be had, and the drawee docs not infift on having the 

original, but refufes payment on another account, a proteft made on a copy is fufficient.
A  proteft is good evidence of non acceptance or non paymenr, until the contrary is proved.
A  proteft on a foreign bill is necefl'ary to recover, againft the drawer, not only intereft and 

tofts, but alfo principal; and fuch proteft muft be made in due time, and timely notice given 
to the drawer. What is a timely notice muft be determined by the cuftoms of the merchants. 
Convenient notice muft be given to the drawer of an inland bill * which notice, as to time* 
muft alfo reft upon cuftom and the verditt of a jury.

But, in cafe of non-payment of either foreign or inland bills, the fafeft way is to give as 
early notice, to the perfon of whom it was received, as poffible ; that is, by the ftrft poft, or 
rather, to fend the bill to a cornTpondent, to tender it to the drawer or indorfer. Where they 
refufe to accept the bill, it may be protefted, before the day of payment* for better fecurity 
but not for non-payment.

O f Ir.dcrfsenentt.
Every man, who writes his name upon the back of a bill, becomes hound to the next holder 

for the amount thereof; it matters not whether he has received any value for the bill, or does 
it to ferve a friend. The indorfement o f his name implies him to have received the value o f 
the bill, and the law will compel him to be anfwcrable for the fame to the holder thereof.

O f who fhall pay the Money.
Every drawer* indorfer, and acceptor, o f a bill of exchange* is feparately liable to the pay* 

silent thereof.
On non-payment, the payee (the perfon to whom it is to be paid) may fue the acceptor and 

drawer 5 but he can have but one faiisfadtion, that is, he can only recover from them jointly 
the amount of the bill in his hands.

He, who accepts for the honor of the drawer, is liable to the payment* although he may have 
so effects. The acceptance is an undertaking for the payment, and the law will oblige him.

I f  a bill be indorfed to the drawer of it, he may maintain an a&ron, as the indorfee, againft 
the drawee* i f  the latter had effedts of the drawer at the time of drawing the bill ; otherwife 
sot.

The holder of a bin muft tender it before the three days grace are expired.
I f  the indorfee indulges the acceptor after the bill is due in courfe o f  payment, it is at hts 

own riik ; and, if  the acceptor fails, he has no remedy againft the drawer, or perfon who paid 
him the bill*

The laft indorfer of a bill of exchange may maintain an adlion againft any o f the former 
jndorfers, and fo any indorfer may againft all that precede him.

An indorfer of a bill, who has paid it, muft prove payment In an adtion againft tlie acceptor.'
The indorfer of a foreign bill of exchange may be charged, without firft referring to the 

drawer.
I f  the Indorfee receive a fum* in part, of the acceptor* he has no remedy againft the draper 

Or any indorfer for the remainder, but againft the acceptor only.
A  man cannot be fued in England,. Scotland or IieUndy on his acceptance of any bill o f ex> 

change abroad, after he has beendifeharged by the laws of that country.
It is not neceflary to prove the hand of the draweria i  n a&wn againft the acceptor* nor (Mt 

the acceptor fee up the forgery of the bill*



The affigftee of the indorfee may fue, on a general indorfement, to the latter only;
The winner (hall not recover, on a bill of exchange, for money won at play, againft the ac

ceptor, otherwife than in the cafe of an indorfee.
If A .  draws a bill, payable to B. for the ufe of C. and B. indorfcs it to D. D. may bring an 

aftion for the money.
If a bill be aligned for a juft debt, equity will not relieve, though the bill was at firft given 

wi: hout confideration.
Bill upon B. payable to D. is accepted by B. and indorfed by C. to D. B. is difeharged of 

any payment as to C.
Stamp Duties on Bills of Exchange. “ f

By the laws of the United States, bills of Exchange are fubjedl to the following ftamp- 
duties, viz. Inland bills, where the lum fnali amount to

20 dollars, and not exceeding too dollars— 10 cents.
A b o v e  100 dollars, and not exceeding 500 dollars—  25 cents.
A bove 50c dollars, and not exceeding 1000 dollars—  50 cents.
Above IOOO dollars, 75 cents.

Foreign bills are chargeable with twenty cents on every bill, without reipedt to the numbs! 
contained in each fett.

Stamp Duties on Eromifjory Notes.
Where the turn amounts to 20 dolls, and not exceeding 100 dollars— 10 cents.

A b o v e  100 d o l l s ,  a n d  n o t  e x c e e d i n g  500 d o l l a r s — 25 c e n t s .

Above 500 dolls, and nut exceeding 1000 dollars—50 cents.
A bove 1000 dolls. 75 cents.

Provided, that if any of thefe notes are payable at or within 60 days, they (hall be liable to 
only two-fifths ofthc duty.

The following diredtions, to the feveral parties to a bill of exchange, may prevent the in
conveniences to which they may be liable through inexperience.

The Drawer of Bills
Should be well fatistied that they will be accepted an.1 duly honored before he draws : to this 
end, it is requilite that he be adored of having effects in the hands of the perfon drawn upon, 
and alfo that he be a man of integrity and punctuality, who will not dilhonor his paper but pay 
it regularly as it is due.

The Acceptor
Should be careful to accept no bill but what he has effedls in his hand to anfwer To infill 
upon his correfpondent advifing of each bill, as foon as drawn, fpecifying the number, date, fum, 
time, and to whom payable ; for, if he ftiould accept or pay a forged draft, the lofs will fall 
on himfelf t To adjuft and balance all accounts of this nature at lead once in three months, 
and oftener if the drafts are large and continual.

The BUI-Holder
Should exchange no drafts for a ftranger, where he is not convinced of the validity thereof from 
the w r i t i n g  of the drawer or acceptor ; if not, offer to fend the bill to one of the parties, and, 
when in calb, that he will account with him for the value.

See that the bill be drawn upon a proper ftamp : and make the perfon, paying the bill to 
you, indorfe his name on the back, l  ake a regular copy of the particulars of the bill in a book.

If the bill be not already accepted, prefent it for acceptance. If the perfon it is drawn upon 
will not accept, and alfo adds he will not pay it when due, you had beft return it to the indorfer 
or drawer immediately, takinga good bill or caih fur the fame.

But, if the drawee fays he may pay it when due, wait till that day, prefent it for payment, 
and, if refufed then, have it protefted, and for the amount call upon the indorfer. But as you 
have at prefent the indorfer and drawer as your fecurity, be cautious how you give up the bill 
to either for their fjngle fecurity, if doubtful.

When you remit a bill, indorfe, on the back thereof, “  Pay the contents to A. B. of C, 
or order D. E.” This will prevent the bill being negotiated, Ihould it fall into bad hands.

If the bill be payable to bearer, write, upon the face thereof, “  Sent by Pott, Auguft, l8c(?a 
to A. B. of C. D. in red ink.— Indorfe no bill until you pay it away.

O W N E R S  O F  S H I P S .

IF goods are fpoiled by default of a mailer of a (hip employed by the owners, the owners are 
liable ; but the a ¿lion mull be brought againft all the part-owners, who make but one 
mailer.

If feveral part-owners wilh to fend a Ihip on a voyage, but two or three other part-owners re • 
fufe their confent, the former may fend her on the voyage, but they mult enter into a recog
nizance in the admiralty for her return.



A  part-owner of a {hip fued the other owners for his (hare o f the freight on finifliing hef 
voyage ; but the other owners had ficren her out, in which the complainant would not join* 
Whereupon the other owners complained in the admiralty ; and, by order there, they gave fe* 
curity, i f  the (hip periled in the voyage* to make good to the plaintiff his (hare, or to that ef- 
ft€t j in fuch a cafe, by the law marine and courfe o f the admiralty, the plaintiff was to have 
Uo /hare in the freight* It was referred to $ir Lionel Jenkins to certify the courfe of the ad* 
miralty, who certified accordingly, and that It was io in all places, for ocherwife there would be 
no navigation j whereupon the plaintiff’s bill was difmiffed.

I f  the owner of a (hip lets it to another, he is ftill liable for a lofs o f gold fent by that (hip. 
The defendant, in an action o f this kind, was foie owner of a (hip, which he let to one 
Fletcher for a voyage, for a certain fum, and Fletcher was to have the bent fit of carrying goods. 
The plaintiff fent a quantity of moidores, and had bills o f lading figned by the captain ; and 
ir.any o f the moidores not being delivered according to confignment, an aftìon was brought 
again# the defendant, the owner o f the fhtp, to make him liable as far as the ihip and freight 
were worth, according to 7 Geo. II. c. 15.

For the defendant it was infilled, that, though the (hip was his property, yet he was not fo 
owner as to bs liable to the plaintiff, and that Fletcher is for this purpofe the o\yner. But it 
appearing the defendant had covenanted for the condition of the fliip, and the behavior of the 
mailer, the chicf-j office held he was liable to the plaintiff j and the freight he had in general 
from Fletcher was fufficient, though the identical freight for the gold belonged to the other j 
and Fletcher had only the u leof the fliip, but no ownerihip.

I f  a fliip be repaired in the river Thames, and fitted out there with new rigging and apparel, 
thè fliip itici/ is not liable, but the owners. I f  fne be repaired at fea, the ihip is liable, and the 
mailer may hypothecate (or pawn] her for payment of the charges.

The repairer of a fliip may fue ehher the mailer, who employs him, or the owners j but 
i f  he undertakes it on a (pedal promifi: from either, the other is difeharged.

I f  the mailer of a ihip buys provifions for her, and has money from the owners to pay for the 
proyifpns, but fail? without paying the money, the owners are liable to pay, in proportion ta 
their réfcefllve (hares in the ihip, the mailer being but a fervant to the owners.

An .»¿iion was brought by a ihip-wright for repairing the defendant’s Ihip in his dock. A -  
bout three hours before the (hips repairs were finilhed, a fire happened and (he was burnt. Not- 
withftanding which, the court held that the owner was liable to pay for the repairs that had 
been done.

Lord Mansfield, in delivering the opinion of the court in the cafe of Farmer and another 
againff Davis where goods were ordered for a fli'p by the owner before the appointment o f the 
captain, and fome o' which goods were delivered after his appointment, faid, “  Where a cap« 
tain contracts for the ufe of a (hip, the credit is given to him, in refped o f his contrafi j it is 
given to the owners, becaufe the contraft is on their account ; and the tradefman has likewife 
a fp cific lien on the fliip itfelf. Therefore, In general, the tradefman, who gives that credit  ̂
debits both the captain and the owners. Now, what is this cafe ? The captain made no con« 
trail perfonaliy ; the owners contrafled for their (hip : the credit was given to them only ; and 
there is not a lhadow of colour to charge the captain for any part or thefe goods.’ *

Wilkins and others, aifigoees of Brooke, a bankrupt, againff Carmichael. The queftion 
in this cafe was, whether a captain, having paid forffores fupplied, and repairs done, to a ihip* 
in England, and having wages due to him, has luch a lien on the ihip as to oe entitled to keep 
ter till he is paid. *

Lord Mansfield faid, notwithftanding the ftrongeft inclination that the defendant (the cap* 
tain) fliould have full fatisfaftion, we are notable to find ground on which we can give judg* 
inent in his favour. 1. He has fet up a lien upon two forts of claim, viz. wages and floret 
and repairs. A s to wages, there was no particular contraft, that the (hip fliould be a pledge ; 
there is no ufage in trade to that purpofe : nor any implication from the nature of the dealing s 
On the contrary, the law has always confidercd the captain as contrafling perfonaliy with the 
owner : and the cafe o f the captain has, in that refpeft, been diftinguiflied from that of all 
other perfons belonging to the ihip : this rule of law may have its foundation in policy, and the 
benefit o f navigation ; for, as (hips may be making profit and earning every day, it might be 
attended with gieat inconvenience, if, on the change of a captain for miibehaviour, or any other 
rea fon, he fliould be entitled to keep the (hip till he is paid. As to ftores and repairs, it is 4 
flrong anfwer to that claim, that when the demand was made by the aflignees the captain had 
not paid the tradefmen’s bills. But if  there was any lien originally, it was in the carpenter. 
The captain could not, by paying him, be in a better fituation than he was, and he had parted 
with the poffeflion, fo that he had given op his lien, i f  he ever had one : the other creditors 
bad hone. 1  f  the defendant is liable to the tradefmen, it is by his own afl. Work done for a 
fliip in England, is fuppofed to be done on the perfonal credit of the employer ; in foreign parts, 
the captain may hypothecate the (hip. The defendant might have told the tradefmen that he 
only a fled as an agent, aqd that they muff look to the owner for payment. Judgment fei 
the plaintiff.



Rich, executor, verfus Coe and another.— The plaintiffs, being rope-makers, fupplied the 
fhip Henry and Thomas with cables to the value of 5/. 8*. ■ $<{. by the order of Thomas Har
wood, the captain ; and made Harwood, and the owners of the ihip (the defendants! debtors* 
in the ufual manner, without naming the owners, or knowing particularly who they were.—  
The Ihip Henry and Thomas had been k*t by the defendants to Harwood upon certain articles* 
in which it was mutually covenanted between them as follows;— iff. The owners covenant
ed with Harwood, that on his performance of the covenant ftipulated on his part, he fli tuld 
have the foie management of the Ihip, and employ her for his own foie benefit and advantage 
for the fpace of eleven years, if  he Ihould lb long live, and the Ihip Ihould no: be loll. ' 1  he 
covenants on the part of Harwood were (amongtt others) to p»y a yearly rent of 36A per cent, 
at dated periods ; that he would at all times, at his own coil and charge, repair, maintain, and 
keep, the vcflU and her rigging, &c. in good and fuffieient repair. The plaintiffs had no no
tice of this contract at the time they furnilhed Harwood, the captain, with the goods. T he 
quedion was, whether the defendants were liable to this debt ?

Lord Mansfield, in delivering judgment, faid, This cafe was referved not with a view to 
the particular matter in difpute or the parties now before the court, butlin conlideration of a 
general anxiety in the owners of Ihips, employed in this trade, to know how far they are by* 
law liable for the alts of their refpe&tve lefil es. In that point of view, we have confidered 
the cafes very particularly; and after the fulled deliberation, we think it impolltble to fay 
that the plaintiffs are not entitled to recover. Whoever fupplies a (hip with necefiartes, has 4 
treble fecurHy. 1. The perfon of the mailer, 2. The ipccific Ihip. 3. The perfcml fe- 
turity o f the owners, whether they know c f  thefupply or not.—  1, The mailer is perlonaliy lia
ble as making the contrail. 2. The owners are liable in confequcnce of the mailer’s a lt, 
becaufe they choofe him ; they run the rilk, and thty fay whom they will trod with the 
appointment and office of made-. S jppofe the owners in this cafe had delivered the value o f  
the goods in quedion, in fpecie, to the mailer, with dheliii ns for him to pay it over to the 
creditors, and the mader had embezzled the money, it would have been no concern o f the 
creditors ; for they trud fpecifically to the Ihip, and generally to the owners. In this cafe* 
the defendants are the owners ; and there happens to be a pi ivate agreement between them and 
the mader, by which he is to have the foie conduit and management of the Ihip, and to keep 
her in repair, &c. But how does that effclt the creditors, who, it is txprefsly dated, were 
total Grangers to the tranfaltion ? and that is an anfwer to the obfervation, that the plaintiff 
mull have known the real fituation of the mader, in this cafe, from the general ufage and 
cudom of the country in that refpelt. To be fure, i f  it appeared that a rradefman had 
notice of fuch a contrail; and, in confequence of it gave credit to the captain individually-/ 
as the refponfible perfon, particular circumftances of that fort might afford a ground to fay, 
he meant to abfoive the owner, and to look fingly to the perfonal iecurity of the mader 5 but 
here it is dated, that the plaintiff had no notice whatever of tlye contrail. The owners 
themfelvcs are aware of their being liable at the time : they choole a mader to whom they 
agree to let the Ihip, and trud for their lecurity to the covenants which they oblige him to 
enter into : thefe covenants are, that he fhall keep the Ihip in repair, and deliver her up at 
the end of the term, in as good condition as when delivered to him. This is not a ll; for 
they indemnify themfelves againd the private debts of the mader; and againd his being taken 
in execution : for if  he does not perform all and every the covenants in the agreement, (ex
cept in cafe o f the lofs of the Ihip) the confequence (befide their remedy againd him upon 
the covenant) is that the contrail and agreement is to be abfolutely at an end, and they are to 
take poffeffion of the Ihip.

Suppofe the Ihip had been impounded in the admiralty court, and that happened at the end 
©f the term : or, fuppofe the captain had broken a covenant which had put an end to the 
agreement, the defendant could never have taken the ihip out of the court, without paying the 
©ebt for which the Ihip was impounded. We are all o f opinion, therefore, that under thefs 
circumdances, there is no colour to fay that the creditors Ihould be fhipt of the general fecuri- 
Py they are, by law, entitled to againd the owners.

M A S T E R S  OF SHIPS.

NO T H IN G  more materially concerns the mader of a Ihip, than to know what degree o f 
refponfibility is attached to his fituation, and what privileges it inveds him with : and 

it is the defign o f this chapter to explain them.
Maders of fnips are as refponfible for goods, committed to their charge, as hoymen or carriers 

by land are ; for the law makes p o  diftinllion between carriers by land and carriers by water: 
jmd for whatever Ioffes, that arife from the ncglell of perfons employed under them, they are 
anfwerable : whatever cafes, therefore that are contained in this chapter, relative to carriers by 
¿and; mud be underftood to be equally applicable to carriers by water; or maders of Ihips«



In the cafe of Mors v .  Slucc, it was adjudged that the mailer of a ihip "was liable for t \ i 9 - 
goods of which the lhip was robbed in the river: and the reafons given were, r. Becaufe he 
was an officer known : 2. Becaufe he received his falary out of that which was paid for the 
freight. But the mailer may reimburfe himfelf out of the mariners* wages for a lofs happening 
by their neglect.

The law charges perfons entrusted to carry goods (Arch as common carriers, boyrr.en, and 
mailers of {hips) to carry them againil all events but afts of God, and public enemies.

The plaintiff puts goods on board the defendants hoy, who was a common carrier. Coming 
through bridge, by a fudden guft of wind, the hoy funk, and the goods were fpoiled. The plain
tiff  infilled that the defendant ihould be liable, it being his carelelTnefs in going through at fuch 
a  time ; and offered feme evidence, that if  the hoy had been in good order, it would not have 
funk with the ilroke it received ; and thence inferred, the defendant was anfwerable for all ac
cidents, which would not have happened to the goods in cafe they had been put in a better hoy. 
But the chief-juftice held the defendant not anfwerable, the damage being occafioned by the 
aft of God ; for though the defendant ought not to have ventured to {hoot the bridge if  the 
general bent of the weather had been tempeftuous, yet this, being only a fudden guft of wind» 
has entirely differed the cafe : and no carrier U obliged to have a new carriage for every jour
ney ; it is fufficient if-he provides one which (without any extraordinary accident, fuch as this 
was) will probably perform the journey.

In the cafe of Forward againil Pirtard, the plaintiff had delivered goods to the defendant, 
who was a common carrier; and which goods were afterwards deftroyed by accident of lire. 
The queftion was, whether the defendant was anfwerable for them ?

Lo’.d Mansfield raid, It appears from all the cafes, for 10O years back, that there are events 
for which the carrier is liable independent o f his co itraft. By the nature of his contraft he is 
liable for all due care and diligence ; and, for any negligence, he is fuable on his contraft. 
But there is a farther degree of refponiibility» by the cuftom of the realm, that is, by the com
mon Jaw ; a carrier is in the nature of an infurer. It is laid down that he is liable for every 
accident, except by the aft of God or public enemies: now, what is the aft of God ? I con
fident to be fomething in oppofition to the aft of mm j for every thing is the aft of God that 
happens by his permiffion 5 every thing by his knowledge. But, to prevent litigation, collu- 
fion, and the ncceffity of going into circumftances impoffible to be unravelled, the law prefumes 
*ga\rtft the carrier, unlefs he (hews it* was done by public enemies, or by fuch aft as could not 
happen by the intervention of man, as ftorms, lightning, and tempefts.

I f  an armed force come to rob the carrier'of rhe goods, he is liable: and the reafon is, for 
fear it may give room for collufion, that the mailer may contrive to be robbed on purpofe, and 
¿hare the fpoil.

Id this cafe, it does not appear but that the fire arofe from the aft of fome man or other $ it 
certainly did arife from fome aft of rr.an 5 for it is exprefsly dated not to have happened by 
lightning. The carrier, therefore, is liable, inafmuch as he is liable for inevitable accident.— 
Judgment for the plaintiff.

J V b a t  a c c e p t a n c e  m a k e s  a  c a r r i e r  l i a b l e . P e r  King, C. J. If a box be delivered generally t o  
a carrier, and he accepts it, he is anfwerable, though the party did not tell him there waa 
money in it. But, if the carrier alks, and the other fays no, or if he accepts it conditionally, 
providing there is no money in it 5 in either of thefe cafes, 1 hold, the carrier is not liable ; 
and fo it was afterwards determined in the court of king’s-bench, in the cafe of Gibfon v. 
Poynton and another.

If goods are loft after the owner of them has taken them from the ihip into a lighter, it is. 
his own lofs : but it isotherwife if the goods arefent from the ihip by the (hip's boat, which is 
confidered as part of the (hip and voyage. Yet, if the owner of any goods fend his fervant 
with them, the carrier or lighterman is not liable if they be loft.

If any pafienger die on~board, the mailer is obliged to inventory his effefts J and, if no, 
claim be made to them within a year, the mailer becomes proprietor of the goods, but anfwer
able for them to the deceafed’s legal reprefentatives.

I f  a captain die, leaving money on board, and the mate becoming captain, (hall improve th& 
»oney, he ¿hall, on allowance for his care, account both for intereft and profits.

* 1 " v  ■ 11 1 1 j  v ---------- 1 -  1 ■ .

F A C T O R S  A N D  A G E N T S .

MASTERS of (hips by the cuftoms and praflice in this country very frequent!^ 
have the confignment of their cargoes, and become ihe f  ¿fors and agents o f 

their owners. Their duty in this capacity is totally diftind from that of malWs o f  
fhips ; and the law on this fubjett form-; a very important branch in the fyflem o f  
mercantile jurifprudence. It has been therefore thought heft to Rate in this chapter 
the general rules and leading principiesof Jaw under this head, and to explain isr tbQ 
ufe both of merchants and factors their refpedlive rights and duties.



J fa fa S o r  Pell the goods of a perfon beyond lea, lie may maintain an aftion in fiii  
own name for »lie price ; for the promife lhall be prefumed to be made to him ; and 
fo if he buys goods, the feller may have an action againft lint, for the credit diall be 
prefutned to be given to him ; and particularly beeaufe it is for the benefit of trade.

This teems clearly to be the cafe where there is no interpofition o f the owner o f  
th e goods fold, as to whom, it fectns, “  That the factor's tale creates a contract fee* 
tween the buyer and the owner of the good s; and therefore if the faitor tells lor 
paym ent at a future day, if  the owner gives notice to the Buyer to pay him , and not 
th e taCtor, the buyer is not juititied in paying the factor.”  1 his doctrine was recog
nized and confirmed in the cafe o f  Efcot v. Mtlward, .Sittings r.fier Mich, a.y Geo- j .

t he cafe was this : In the month of June 1785, a cargo o f wheat was configur'd 
to  the plaintiffs from Oflend. and they employed one Faner as their faflor to felt it. 
I t  was proved, that the factors in this trade have a tie!credere coinmiilion betide factor
age, and never, except in cafe of the failure of the factor, make the purch..lev's names 
known to the owners. On the gth o f  June Faner Ibid two hundred quarters o f  this 
wheat to the defendant. On the 16th o f  June, Farrer handed over to the plain . 
the wheat then remaining in his hands, and the names of thofe who had purchafed 
th e reft : and among others that o f  the defendant iAiauari. On the 20th of 1 lie ft me 
m onth, Farrer (lopt payment, and compounded with his creditors, who executed to 
him  a deed to that purpofe On the 21ft of June, the plaintiffs delivered to the de
fendant a bill of parcels o f the wheat fold by F-trrer, and demanded payment by his 
acceptance o f a bill to the amount at a month’s dale. T he defendant refufed, and 
iniilted that he had a right to fet it o ff againlt a debt due bv Farrer to him T he 
plaintiffs brought their aciioc ; and the above doctrine was laid down to the jury by 
Jultice Fuller as the dear law on the fu b ject; and the jury found accordingly for the 
plaintiffs.

“  But the do&rine of this cafe only applies cohere nothing is due to the fiflor himfelf: 
for he has a den upon the money in the hands of the buyer for any monies due. or for 
any engagement he enters into on account o f  the principal ; for he may bring an ac
tion for the price againft the buyer ; and it would be no defence for him to fay, that 
the principal (the owner of the goods) was indebted to him (the buyer) to the amount 
bf them ; for the factor has a prior right.

T his was the law as held by l.ord Mmsf.dd\n the following cafe ; In ajjumpji: for 
goods fold and delivered, by the plaintiffs as alkguees o f  one IF coding, a bankrupt. It 
appeared that Dowding was a clothier, and employed one Jefferies as his factor, who 
fold  to the defendant Goodwin the clothes in queftion, marked J  Dowding, before 
the aCt o f bankruptcy. Good-win knezo Jefferies to have fold the goods at factor, and he had 
wake from the aifignees not to pay 'Jefferies: notwiihftanding which he did pay him, and 
this action was now brought to make him pay the value again to the aifignees. It ap
peared in evidence, that Dowding wanting money to buy cloths, that Jcfieries bad 
joined him in bonds for the purpofe o f  railing it, on the fecurity of the doth being fent to 
him. It was adjudged by the court that Jefferies had a lien  upon the cloth and the 
money in the hands o f the buyer, on account o f the money fo railed ( Jefferies having 
paid the amount o f  the bonds ;) and that therefore the plaintiffs could not recover.

Every fa&or ought to fell for ready money, unlefs the ufage o f trade is otherwife ; 
and if  he ¡‘ell upon tmfl, 'without ufage to "warrant him, he alone it chargeable in cafe of a loft /but 
i f  the ufage be to give credit, then, in cafe he fells to a peifon in good credit, if  fucia 
perfon fails, the factor is difcltarged; but it is otherwife, though the ufage to fell is 
lb, i f  he fel s to a perfon notorioufly dtferedited at the time of the fale ; tor then in 
cafe ofa  lots he is liable ; and fo lie (hould fell in market overt, or there is no change 
o f  property.

As a faCtor has a lien upon goods configned to him for his otvn demands ; and as 
alfo. if  goods configned to him as fadlor remain in fpecie, they are not fubject to his 
bankruptcy ; fo where bills have been remitted to a fader for a fpecial purpofe, i f  not 
clil'pofedof or paid away at th e tim e o f his bankruptcy, they (hall dill be ennfidered as 
belonging to the principal, and be recovered in this aition ; but iubjeCi however to 
any lien the factor him felf may have on them.

In a trial concerning the delivery o f goods according to agreement, the fafter mho 
made the agreement was admitted as a good witnef«, tb-ugb be ettas to have a pilling in the 
pound on thefale; for he was a mere go-between the buyer and feller, and lo m 'ght 
be a good wim efs for either, as having no inlereft more on one fide than the other.

I f  goods are not delivered to a faflor or agent, but he is only bnposvered to felt by th i 
principal, this (hall not preclude the principal him felf from felling them.

For where the defendant, being owner o f a great quantity o f  m alt, then being on 
beard a veil'd, impowered one Smith, a broker to. fell it •• before Smith fold it, the de
fendant him felf had fold it, but Smith had no notice ; afterwards Smith fold it to (he 
plaintiff, who brought trover for it  againft the defendant ; it was at firit doubtlu



whether Smith the broker would not be liable to the plaintiff as he could not pc/* 
form his bargain, though it was without his default» fo that his fale ought for that 
rea ion to be held valid ; but afterwards, Rolls, Chief Juftice, held. That the owner’s 
faies ihould prevail againft that of his fattor, who bad hut a hare authority, and that thè 
broker’s lale (houtd have been conditional,it the owner had not fold before $ but he faid 
that neither the broker nor his vendees ihould be liable to any action foe detain
ing the goods, if they had no notice of the lale by the owner.

A  factor has only power to fe ll  the goods of his principal, and thereby bind him ; he 
cannot bind or affect his principal’s property, by pledging them as a fccurity for his 
own debt, though there is the formality of a bill of parcels and a receipt.

If there is an authority ever fo general by mdorfement of the bill of lading, without 
difclohng that the indoriee is factor, the owner (as between him and the iattor) retains 
a lieu till the delivery of the goods, and until they are attually fold, and turned into1 
money.

but if  the goods ar sbotta fid e  fold by the fattor while at fea, fuch falefhall be good# 
and thall bind the owner, Decaule the goods were bona fid e  fold, and by the owner’s 
own authority. ■

And if a factor to whom a bill of lading is indorfed generally, but in fait to him as 
factor, though that is not expreifed, indorfes it over as his own property ; luch indorfe- 
ment ihall be good, it for a fair and valuable coniicleratiori and without notice ; other- 
wiie, if  only a ipurious one to defraud the owner.

Goods configned to fattors merely for fale, are not liable to their bankruptcy. For if a 
merchant coniigns goods to a factor, and he become a b-inkiupS the goods ftill remaining lit 
his policifion, they dull itili be deemed the property of the merchant, and he may recover 
them in this attion.

So if the fattor had fold the goods coftfigned to him, and received the money, and died in
debted in debts of a higher nature, if it could be proved that the money fo received had been 
invefted in other goous, thefe Hull be deemed to belong to the merchant's eftate, not to the 
fitter's ; but if the money had remained in fpecie, it had belonged to the fattor*» eftate, and 
gone to anfwer the debts of an higher nature $ for the money has no mark to be followed by.

But where the fattor had for the merchant's goods taken rotes, iniicad of money, the court 
of Common Pleas held, That the merchant ihould have the notes, as they could oe tiaced.

And fo it the factor had iold the goods conligned to him, and become a bankrupt, the mer
chant mult come in as a creditor under the commiftion j though ii he had laid out the money iit 
ether good: for the merchant, the merchant ihall have them : io if  the fattor had fold for pay
ment at a future day, the merchant ihall have the money.

As where the plaintiff, living in Ireland, employed B. in London, to fell goods for him : B, 
ibid them to J. $. ; the plaintiff at the time was ignorant to whom they were fold, and j .  S. 
was ignorant whofe property t; ey were ; B. became a bankrupt, and J. S, paid the money to 
the defendants, his aifignees 5 the plaintiff brought an attion for the money againft the 
afttgnees, and recovered ; for though It was agreed, that a payment by J. S. to B. was a dii— 
charge for him again-! the plaintiff his principal, jet the deot was not in law to him, but to 
the plaintiff vvhofc goods were fold ; and therefore was not affigned to the defendants under 
the general alignment of all their debts, but remained due to A. as it was before ; that being 
paid to the defendant who had no right to it, that it was a payment under a miftake, and fo was 
recoverable from them.

And whe-.ethe fattor had a de}credere commifiìon, the fame point was decided by the chancellor.
A  fattor has a lien upon goods configned to him, not merely for what is due for thofe goods,: 

but for the balance o f  a general account, and for which he may detain them. So he has alien 
on the money in the hands of me buyer.

And though in this cafe, goods had been conligned to a fattor by a trader, and thefaftor 
knew the trader was in influent circuttftances,  but he, neverthelefs, advanced him money on the 
•redit of the goods, it was adjudged, That he was entitled to a lien againft them for the money 
he had advanced, and Ihould hold them againft the aiftgnccs of the confignor.

An attion for money had and received will not lie againft a known agent, or receiver, for 
money paid •voluntarily to fuch agent fo r  the ufe o f  the principal, unlefs he had paid it over after 
notice not to do it : tor it would be unyuft to fuffer luch an attion to proceed/ and to leave him 
to be defended ordeferted as the principal thought fit j and efpecialiy if  the attion is brought 
for the p trrtofe of trying any right of the principal.

For where a man receives money for another as his agent, under a pretence of right (ear g r. 
for tithe) the court will not fuffer the principal's right to be tried in an attion againft the agent, 
i f  the defendant can ihew the leaft colour of right in his principal : as in this cafe, by having 
been fome time in poffeifton.

So where money has been paid to an agent or receiver by miftake, he ihall not be liable to 
refund it if he has p a id  it over to his principal $ for he Ihould not fuffer for another’s miftake, but 
the payer ihould refoit to the principal himfelf : but if he has not paid it over to his principal, 
but ¿as it in his hanesp or only g iven  credit fo r  it to his principal in bis bosks, or on an account between



th m  : in thefe cafes lie. (hall be perfonally liable, though not paid over t but i f  any new credit 
hid been given to the principal by the agent on receiving the money, it would be proper evi
dence to leave to the jury, Whether the agent might not* or had not received any prejudice 
thereby ? and fo vary the cafe.

“  But as to how fur the principal fhall be bound by the a£t of his agent, a diftinflion is to be 
obferved between a  general and a particular agent.'*

A general agent lhall bind his piincipal by a ll his a d s, even though he exceeds his authority $ 
as if a liable-keeper having an horfe to fril, directs his lervantnot to warrant him, notwithstand
ing which he does, the mailer will neverthelefs be liable on the warranty, bccaufc the fervant 
was ailing within the lcope of his authority 5 and the public cannot be fuppofc d to be cogni
sant of any private converfation between the mailer and the fervant: but where a perfon is 
made a particular agent, and under a circumfcribed authority, there he can only bind his prin
cipal a s fa r  as b e a d s  within Ins authority, for that would be to enable one man to bind another 
•gainft his will.

1

F R EIG H T, C H A R T E R -P A R T Y , AND DEM U RRAG E.

F REIGH T is the fum agreed on for the hire of a (hip or carriage of goods, and muft be 
paid in preference to all other debts, for the payment of which the goods Hand engaged 5 

bur, as rhe goods ure obliged to the ihip for hire, fo is the fhip to the owner of the goods, in 
Cafe of damage or wade through any defeft of the vert'd or Tailors.

Charter-party is the fame in the civil law with an indenture at the common law 5 it fettles 
the agreement, as the bills of lading do rhe contents, of the cargo ; and binds the mailer to de* 
liver them well conditioned at the p’ace of difeharge, according to the agreement 5 and, for 
performance, the mailer obliges himfelf, Ihip, tackle and furniture.

The taking a ibip to freight is the hiring her of her marti-r or owners, either in part or ths 
whole, and either by the month, for an entire voyage, or by the ton ; an! the contrail, redu
ced into writing, commonly called a charter-party, i xecuted between the freighter and the per- 
fon who lets the Ihip, muftexprtfs the different particulars agreed on.

The mailer or owners generally covenant to provide a fufficiency of tackle and .mariners, 
and to fit the fhip in every refpedl for performing the voyage. The merchant, on his part, 
ilipulates to comply with the payment promifed for freight on delivery of his goods j and both 
oblige themfelves in penalties for non-compliance.

If, by the time appointed in the charter-party, the (hip is not ready to take In, or the mer
chant (after the days of demurrage commonly granted) not ready to load, the parties are ac 
liberty, and the fullering one hath his remedy againil the other, by a&ion, to recompenfe the 
damage.

I f  part of the loading be on board, and fome intervening misfortune prevent the merchant 
from (hipping the whole in time, the mailer is at liberty to contrail with another, and (hall have 
freight by way of damage for the time that thofe goods were on board after that limited ; for 
fuch agreements, being of a conditional nature, and preceding a failure as to a complete load
ing, will determine the fame unlefs afterwards affirmed by confent; and, though it be no pru- 
dencefor every merchant or mailer to depart fiom the contrail on non-compliance of articles» 
yet it is the higheft juftice that ihips and mailers (hould remain free ; for o'herwife, by the 
bare lading of a cafk or bale, they might be defeated of the opportunity of pafVage, or the fea- 
fon of the year.

So, on the other hand, i f  the veffel be not ready, the merchant may fhip the remainder of his 
goods on board another, and difeharge the firft, and recover damages againil the mailer or own
ers for the reft ; this being grounded on the like rcafonas the former.

Atkinfon contra£lcd with Buckle for the carriage of a hundred quarters of barley, and prom
ifed to deliver unto him the hundred quarters of barley on ihip-board at Barton-Haven, in the 
county of York, to carry them for him, and for the carriage thereof did promife to pay him fo  
much $ and Buckle promifed to carry the fame for him, and accordingly brought his (hip.to 
the faid haven, expelling there the delivery of the hundred quarters of barley ; but Atkinion 
came not to deliver the fame unto him ; whereupon Buckle brought his adlion of the cafe 
upon the promife ; and, upon non affumpftt pleaded, had a verdi& and judgment, which Was 
affirmed upon a writ of error.

I f  goods are fully laden onboard, and the ihip hath broken ground^ and the merchant, bn 
after-confidcration, determines again to unload them, and not profecute the adventure, by the 
marine la w  the freight is due.

And, If the fhip in her voyage becomes unable without the mailer's fault, or that the mailer N 
or ihip be arrefted by any foreign prince or ftate in her voyage, the mailer may either mend his 
fhip orfreight another; but, if the merchant will not confent thereto, then the fre ig h t  becomes 
due for fo much as the ihip hath earnedx otherwife the mailer is liable for all damages that 
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fhall happen : and therefore, if  that Ihip, to which the goods were tranilated, perft, the maltitf 
¿hall anfsvcr ; but, it' both the (hips peri(h, then he is difcharged. But, in cafe of extreme 
neceflity, as that the (hip would be in a finking condition, and an empty (hip is pafiing by oe 
at hand, he may tranfiate the goods ; but, if  that (hip finks or perilhes, he is there excufed J 
but then it mull be apparent that that (hip feemed probable and fuffident.

I f  a matter (hall Weigh anchor and fail after the time covenanted or agreed for his depar
ture, i f  any damage happens at fea after that time, he (hall refund and make good all ftujH 
misfortune. Yet, if  a charter-party be made, that the plaintiff (hall fail from London to Lil- 
bon with the firft wind and opportunity, See. in confideration of which the merchant did 
Covenant to pay fo much for freight, and the (hip departs not with the firft wind and oppor
tunity, yet afterwards breaks ground and arrives at her port, the freight in this cafe has become 
due ; and there is nothing can debar the (hip of her freight but non-departure ; for only that 
In law is material to avoid the payment of the freight ; but to fay the ihip did not depart with 
the next wind is but a circumftance, which, in Uriel neis of law, is not neceffary to be denied.

I f it  be agreed, that the matter (hall fail from London to Leghorn intwo months, and freight 
accordingly is agreed on, i f  he begins the voyage within two months, though he does not ar
rive at Leghorn within the time, yet the freight is become due.

The Eaft-India company might, by charter-party, keep a (hip they had freighted a long 
time in India, and did fo keep her until (he was unfit for iervice, and could not come home ; 
they were obliged in C hancery to pay the damage, though by the charter-party it was pay
able at the return of the (hip.

So, where no freight was to be paid for the cargo outwards, but freight for the cargo home» 
•wards, and the faitor abroad had no goods to load her homewards, payment of the freight wat 
decreed.

And, if  a (hip is freighted to go to any place to load, and on arrival there the faflor cannot 
•r will not put any thing on board him, after the matter has lain the days agreed on by charter- 
party, and made his regular protefts, he (hall be paid empty or full.

If a (hip is freighted from one port to another, and thence to a third, a fourth, and fo home 
fb the port whence (he firft failed, (commonly called a trading v y e y e )  this is all but one and 
the fame voyage, fo as it be in conformity to the charter party.

A contrail is made, between a merchant and matter of a (hip, that, if  he carries the mer
chant's goods to fuch a port, he will then pay him fo much money for freight. In making 
the voyage, the (hip is robbed by pirates, and part of her loading loft, and afterwards the re
mainder is brought to the port of difeharge. Here the Aim agreed on for freight is not due, 
the agreement not being performed on the part of the matter ; and this is a conditional con
trail. But it b  otherwife by the civil law ; for thereby the fame is a danger of the fea», 
which if  not expreffed in naval agreements, is naturally implied ; and there was no default 5n the matter or his mariners ; and had thefe goods, which the pirates carried away, been 
thrown over-board in ftrefs of weather, it would not have worked a difability in the matter to 
receive the fum agreed on ; becaufe, both by the common law and law marine, the ail of God, 
or that of an enemy, (hall not have an effeil to work a wrong in ailions private j and a pirate 
is efteemed an enemy in our law.

If a Ihip be freighted by the ton, and (he is full laden according to the charter party, the 
freight is to be paid for the whole ; otherwife but for fo many tons as the lading amounted to.

If freight be contrailed for the lading certain cattle, or the like, from Dublin to Weft- 
Chefter, and fome of them happen to die before the (hip’s arrival, the whole freight is become 
due, as well for the dead as the living.

But, if  the freight be contradled for the tranfporting at fo much^er head, i f  death happens, 
there arifeth due no more freight than only for fuch as are living at the fbip’s arrival at her pnt 
of difeharge, and not for the dead.

When cattle or (laves are fent on board, without any previous agreement about lading or 
tranfporting them, but generally, then freight (hall be paid as well for the dead as the living ; 
and, i f  freight be contradled for the tranfporting of women, and they happen in the voyage 
to be delivered of children, no freight becomes due for the infants.

A  matter of a (hip is not bound to anfwer freight to the owners for paflengers, where it ap
pears they aré not able to pay.

If goods are fent on board (hip, generally, the freight mod be according to that commonly 
paid for the like accuftomed voyages.

I f  a (hip (hall be freighted, and named to be of fuch a burthen, and, being freighted by the 
ton, (hall be found lefs, there (hall be no more paid than only by the ton for all the goods that 
Were laden on board.

And, if  a (hip be freighted for two hundred tons or thereabouts, the addition of thereabouts is 
commonly reduced to be within five tons, more or lefs, as the moiety of the number ten, 
whereof the whole is compounded.

If a (hip be freighted by the great, and the burthen of it is not-exprefled, yet the far» cer* 
tain is to be paid.



I f  a freighter» by loading prohibited or unlawful goods, eecaftoo the (hip's detention or 
It her wife impedes her voyage, he (hall pay the freight contracted and agreed for.

When a Ihip is freighted w f and in , (01 out and home} there is no freight due till the whole 
voyage is performed ; fo that, i f  (he be call away coming home, the freight outw ards as well 
as inw ards becomes loft.

If a mailer lets out his drip, and afterwards fecretly takes in other goods, unknown to the 
flrd freighter, by law marine he loles his freight; and, if it (hould fo fall out that any of the 
freighter’s goods (hould, for fafety of the (hip, be call overboard, the reft (hall not become fub- 
jedl to average, but the mailer (hall make the damage good ; though if the goods are brought 
into the Ihip fecretly and unknown to him, it isotherwife, and goads fo brought in may be 
fubjecl to what freight the mailer thinks (it.

When a (hip puts into any port than that (he was bound to by agreement, the mailer dial! 
anfwer ail damages that (hall accrue thereby : but, if die was forced in by ftorm, enemies, or 
pirates, he muit afterwards proceed to that he was obliged to by contrail.

In conftru&ion of law, the lading of the (hip is tacitly obliged for the freight, the fame 
being, in point of payment, preferred before all other debts to which the goods fo laden are 
liable, though fuch debts, as to time, were precedent, to the freight ; for the goods remain as 
It were, bailed for the fame, nor can they be attached in the mailer’s hands, though it is com
monly conceived otherwife.

As (hips deferve wages like a labourer, the aClions touching the fame are, in the eye of the 
law, generally conftrucd favourably fur the (hip and owners; and therefore, i f  four parts in 
five of them (hall make up their accounts with the fieighters, and receive their proportions, 
yet the fifth may fue ftngly, by himfdf, withouc joining with the reft, and this as well by the 
Common law as the law marine.

I f  a flip in her voyage happens to be taken by an enemy, and afterwards is re-taken by 
Wither Ihip, in amity, and reditu ion is made, and (lie proceeds on her voyage, the contrail is 
■ ot determined, though the taking by the enemy divefted the property out of the owners ; 
yet, by the law of war, that pofl’tlfion was defeatible, and being recovered in battle afterwards 
the owners become reinvelted ; fo th' contrail, by fiction of law, became as i f  (he never had 
been taken, and fo the entire freight becomes due.

It was covenanted, by a charter-party, that the (hip (hould return by a certain time within 
the river Thames (the danger of the fea excepted) and afterwards in the voyage, and within 
the time of the return, the Ihip was taken upon the fea by enemies unknown to the covenanter, 
and, being detained by them, could not return within the river Thames within the time men
tioned by the covenant. Rejoined, This impediment was within the exception ; for thefe 
words intend as well any danger, upon the fea, by pirates or men of war, as dangers of the fea 
by fhipwreck, temped, or the like.

I f  freight be taken for a hundred tons of wine, and twenty of them leak out, fo that there is 
Hot above eight inches from the bulge upwards, yet the freight becomes due 5 but, i f  they be 
■ nder eight inches, fome conceive it then to be in the eleilion of the freighters to fling them up 
So the mailer for freight, but moil think otherwife; for if  all had leaked out, if  there was no 
fault found in the (towage, after proper furvey, there is no reafon the fliip (hould lofe her freight; 
for, the freight arifes from the tonnage taker, and, if the leakage was occafioned through llorm 
the fame perhaps may come into an average. Mailers (hould take care to make their regu
lar protefts after a dorm, as they may fuffer feverely by omitting it.

I f  a (hip, freighted by the great, be cad away, the freight is lod ; but if by the ton or par
cels, and part thereof is faved from the wreck, doubted whether, fro  rata, (he ought not to be 
anfwered her freight.

I f  a (hip by charter party reciting to be of the burthen of 200 tons, is taken to freight for a 
fum certain, to be paid at her return, the fum certain is to be paid though the (hip amounts 
not to that burthen.

In cafe a (hip is freighted after the rate of *0!. for every month that (he (hall be out, to be 
paid after arrival at the port of London j the (hip is cad away going up from the Downs, but 
the lading is all preferved, in which cale the freight is become due ; for, the money arifes fo 
monthly by the contraft, and the place mentioned is only to (hew where payment is to be 
made; for the (hip defetves wages like a mariner who ferveth by the month ; and though he 
dies in the voyage, yet his executors are to be anfwered fro  rata. Befidesy the freight become 
due by intendment on the delivery, or bringing up of the commodities to the port of London, 
•nd not of the (hip.

I f  a man freight a (hip out, and covenants that the (hip (hould fail out o f  the port to Cadic 
with the fird fair wind and opportunity, and the freighter covenants, that, for the freight of all 
the premiles, he would pay onro the mailer 184/. if  the mader doth nut fliew that the (hip ar
rived at the p.rf of C aliz, he cannot maintain an ailion againd the freighter.

I f  the mader ent r into a charter-party for himfelf and owners, the mader, in that cafe, may 
releafe the fieighters without .idviflng wit! 'he owners. But i f  the owners let the (hip out t# 
freight, whereof j .  J. is mailer, though the mader covenant in the fame charter-party, ani



fubfcribe, yet hisreleafe In that cafe will not bind the owners; but the owners* releafe, on the 
other hand, will include the mailer, and the reafon is, for that the mailer is not made a proper 
parry in the indenture.

I f  an indenture of charter-party made between A. and B. owners of a ihip, of the one part» 
and C,and D. merchants, of the other part; and A . only feals the deed of the one part and 
C.and D. of the other part; but in the indenture it is mentioned, that A . and B. covenant 
with C. and D, and C . and D. covenant with A. and B. In this cafe, A. and B. may join in 
an action againft C. and D. though that B. never feals the deed, for he is party tQthe deed, and 
C. and D. have fealed the other part of B. as well a$ to A*

/ I f  a fa&or freight a ihip by order and for account of another, out and home, and a charter- 
party is accordingly made and indented between him and the mailer, the fadlor is liable for the 
freight, and performance of all the covenants. But if the ihip be only freighted outwards, and 
loaded by the fa&or, the goods Hupped are only liable for the freight, and no demands to be 
made on the freighters in virtue of the charter-party) but the perfon who receives the goods 
is to pay it, according to the tenor of the bill of lading.

I f  a ihip is freighted out and home, and after having delivered her cargo at the place agreed 
on, there are no goods provided for her re-loading, the mailer muft ftay the days of demurrage 
agreed on by charter-party^ and make his regular proteil for his freighter's non-compliance, 
who will, in this cafe/ be obliged to pay him, empty or fu ll; though ihould the mailer not 
wait the time ilipulated, or omit to make his proteil, he will lofe his freight: and in cafe the 
mailer, on his finding no goods provided by his freighter, ihould determine to load fome on his 
account, as fait, or the like, this will not prevent his recovering his freight; for if the ihip had 
been laden only with fait by the merchant, which (it may be) would not pay half the freight, 
yet the ihipper, or proprietor, may at pleafure abandon the fame to the mailer for his freight, 
and he can demand no more by the charter-party. But if the mailer take in fuch fait, on his 
own account, before the days of demurrage are expired, and that, by fome condition with the 
freighter, he may claim freight, then this latter is to have the benefit of the fait in deduction of 
the laid freight.

C H A R T E R -P A R T Y  OF ASSIG N M EN T.
TH IS Charter Party indented, made, concluded and agreed upon, the— day of— —  

in the year of our Lord, Sec. between A. B. of, &c. mailer and owner of the ihip or vefiel 
called — of the burthen of, £ec. of the one part, and Cl D. of, See. of the other part, w it -  
itfffethy That the faid A. B. for the confideration herein after mentioned, hath granted and to 
fieight letten, and by thefe prefents doth grant and to freight let, unto the faid C . D. his ex
ecutors, adminiilrators and afiigns, the whole tonnage of the hold, ilem, fheets, and half deck
o f the faid ihip or vefiel, from the poit o f— - to the port o f— ----- in a voyage to be mad«
with the faid ihip in the manner following (that is to fay) the faid A. B. is to fail with the firifc 
fair wind and weather that ihall happen, next after the . . <day of - 1 or before
the - ..........day of next/ from the faid port of - with the goods and mer
chandizes of the faid C. D. his ¿»¿tors or afiigns, on board, to - ■■ ■—  aforefaid, there to be 
delivered and difeharged of her faid cargo, within fifteen days next after her arrival for the end 
of the faid voyage : Irt eor.fideratiQnv/htrtof, the faid C. D. for himfelf, his heirs, executors 
and adminiilrators, doth covenant, promife, grant and agree, to and with faid A. B. his execu
tors, adminiilrators and afiigns, and every of them by thefe prefents, that he the faid C. D. his 
executors, adminiilrators, faflors or afiigns, ihall and will well and truly pay or caufe to be 
paid, unto the faid A . B. his executors, adminiilrators and afiigns, for the freight of the faid 
ftip or goods, the fum of, &c. (Or thus, 20s. a ton, for loading or unloading and taking in goods
at ■—  — and----- ports) within one and twenty days after the faid ihip's arrival, and goods
difeharged at — —  aforefaid, for the end of the voyage ; and alfo ihall and will pay for de
murrage, if any ihall be by the default of him the faid C . D. his fadlors or afiigns, the fum 
of three dollars a day, daily and every day, as the fame ihall grow due : And the faid A . B. for 
hhnfelf, his heirs, executors and adminiilrators, doth covenant, promife, grant and agree, to 
and with the faid C. D. his executors, adminiilrators and afiigns, and every of them, by thefe
prefents, that the faid fhip or vefiel ihall be ready at the faid port o f-------- at — —  key»
to take in goods, by the faid ----day of ■ ■ next coming 5 and within ten days after
the faid ihip ihall be ready at the faid key as aforefaid, the faid C . D. doth grant, promife and 
agree to have his goods ready and put on board the faid ihip, in ordef that ihe may proceed oil 
her faid voyage. And the faid A. B. doth alfo covenant, promife, grant and agree, to and with 
the faid C. D. his executors, adminiilrators and afiigns, that the faid ihip or vefiel now is, and 
at all times during the faid voyage ihall be, to the beft endeavour of the faid A. B. his executors 
and adir.iiuilrators, at his and their own proper cods and charges, in all things made and kept 
flifF, {launch and ftrong, and will furniih and provide as well with men and mariners fufficicnr 
and able to fail, guide, and govern the faid ihip, 9s with all manner of rigging, boats, tackle* 
apparel, furniture, provifion and appurtenances fitting and necelfary for the faid men and maria« 
ers, n̂d for the faid fliip, during the voyage aforefaid. In tvitnefs, &V,



C H A R T E R -PA R T Y o f  a f f r e i g h t m e n t .

T H IS charter party of affreightment, indented, made and fully concluded upon this ■ -  
day of ■ in the year of our Lord — ——  between A. B. of, &c. owner cf the good ihip
called the —  ■ ■ ■  of the burthen of ----- tons, or thereabouts, now lying in the harbour o f----—
whereof-------- is at prefent matter, on the one part, and C. D. of, &c. on the other part, IVU~
itef/etb, That the faid A. B. for the confideration hereafter mentioned, hath letten to freight 
■ ■ ■ ■—  the aiorefaid thip with the appurtenances to her belonging, for a voyage to be made by
the faid C. D. to ■■ ■ ■  and ba-k again t o ---- - where the is to be difchaiged (the danger
of the feas excepted) and the faid A. B. doth by thefe prefents covenant and agree with the faid 
C. D. in manner following, That ir re fa y , That the faid ihip in and dining the voyage aforefaid, 
dull be tight, Haunch, and (trong, and fulEciently tackled and apparelled with all things nccel- 
fary for fuch a vefl'el and voyage ; and that it (lull and may be lawiul for the faid C. I>. his
agent or factors, as well a t----- -—  as at —— —  to load and put on board the faid (hip ----  »
loading of fuch goods and merchandize as they iliall think proper. Contraband goods always 
excepted. In confderation whereof, the faid C. D. doth by thefe prefents agiee with the faid 
A . B. well and truly to pay or caufe to be paid unto him, in full for the freight or hire of his
faid (hip and appurtenances, the fum o f----------- and fo in proportion for a lefs time, as the
laid (hip (hall be continued in the aforefaid fervice in ■■ days after her return to ■
and the faid C. D. doth agree to pay-------- the charges of victualling and manning the faid
ih'p and -----port charges and pilotage during faid voyage, and to deliver faid Ihip on hue
return to ■— to the owner aforefaid or his order.

To the true :nd faithful perf rmance of all and ftngular the covenants, payments and agree
ments aforementioned, each of the parties aforenamed binds and obliges himlelf, his executors 
and adminiftraters, in the penal turn o f—•—  firmly by thefe prefents. In witnefs whereof, the 
parties aforefaid have hereunto interchangeably fet their hands and feals the day and year afore- 
written.

Signed, fea/ed and delivered, 
in prefence o f  us, & c .

The following is the F.rm  o f  a Charter-Party, whereby the Owners o f  one Moiety o f  a Ship let ft  
Freight theirpare to the Owners o f  the ether M .icty.

THIS charter-party, indented, made, and fuMy concluded, this----day of, &c. be
tween A. B. and C . D. of Bofton, merchants, ownersof one moiety, or halfpart, 

o f the good ihip, or veffel, called the Neptune, of the burthen of two hundred tons, 
with the like moiety of all the fails, malts, tackle, apparel, furniture, ordnance, and ap
purtenances, thereunto be'onging, riding at an anchor in the harbor of Bofton, of which 
the faid C. D. is mailer o f the one part, and E. F. and G. H. of Bofton, meichants, 
owners of the other moiety and refidue of the faid ihip, with the malts, fails, tackle, 
ordnance, furniture and apparel, thereunto belonging, on the other part, witnejjeib, 
that the laid A. B. and C. D. have granted and letten to freight, and by thefe preients, 
do grant and let to freight, all their faid part and moiety of the faid fhip and prcmiles, 
unto the faid E. F. and G. H. for a voy age with her (by God’s grace) to be made in 
the manner and form following :

That is to fay, That the faid A. B. and C . D. forthem, theirexecutors, admimilra« 
tors and afiigns, do hereby covenant and grant, to and with the faid E. F. and G. H. 
forthem , their, and either of their executors and adniiniftrators, by thefe prefents, 
that the faid (hip ,bcing already laden) lha‘1, with the firlt good wind and weather 
after the date thereof (God permitting) fail dire&iy from the haibour of Bofton to the 
port of Leghorn in Italy, (the perils and dangers of the feas excepted) and there dif- 
charge fuch goods and merchandizes as (hall be directed and appointed by the faid 
E . F. and G. H. or one of them, their, or one of their, failors or afiigns ; and thence 
fhall fail, and take her direit courle, as wind and weather (hall ferve, with as much 
fpeed as may be. (the perils and dangers of the fea excepted) to Venice, and there 
fit a 1 ftay and abide the fpace of forty working days next! after her firil arrival there, 
to unlade all fuch goods and merchandizes as (hall remain on board for account of 
E. F. and G. H. after her delivery at Leghorn as aforefaid ; and tore-lade fuch goods, 
wares and merchandizes, as the faid E. F. and G H. or either of them, their, or either 
o f their failors and aflign^ (hall think fit to charge and re-lade on-board, and into the 
faid (hip, that is to lay, fo much as the faid fhip can conveniently carry, over and a- 
bove her victuals, tackle, ammunition, apparel, and furniture.

And the faid (hip with her faid loading, (hall, with the firft good wind and weather after the 
pxpiration of the faid forty days, fail and proceed from the faid harbor of Venice to Bofton. 
And the faid E. F. and G. H. for themfelves and cither of them, their and either of their exe
cutors and adminiftrators, do covenant, promife and grant, to and with the faid A. B. and C. L>,



and either of them, their and either of their executors, adminiftrators, and afligns, by theH 
prefents, that they, the (aid E. F, and G. H. or one of them, or their or one o f their executor», 
adminiftrators, or afligns, {hall and will well and truly pay, or caule to be paid, to the faid A , 
S .  and C. D. or one of them, their or one of their executors or adminiftrators, within the laid 
town of Bolion, for every ton of fuch wares and merchandizes, as (hall be laden or unladen n  
the faid Clip during the (aid voyage, the fum of, &c. [counting the tonnage according to cuf- 
lom, or i f  a certain fum is agreed on for the voyage out and home, or fo much per month,] foe 
the part and intereft of the faid A . B. and C. D. in the faid {hip, and for and in refpeit of, the 
freight and hire of their part of her : which faid money is to be paid in manner and form fol
lowing ; that is to fay, one third part thereof {upon the tight difeharge of the faid {hip, and 
another third part thereof within the fpace of fix weeks then next following, and the remaining 
third part thereof within the fpace of two months next enfuing after the end and determination 
• f  the faid fix weeks.

And the faid A. B. and C . D. for them and either of them, their and either of their execu
tors and adminiftrators, do covenant and grant to and with the faid E. F. and C . H. their ex
ecutors and adminiftrators, by thefe presents, that the faid {hip, for their part, {hall be ftrong 
and (launch, and well and fufliciently tackled and apparelled with fails, fail-yards, anchors, 
cables, ropes, gun-lhot, artillery, gun-powder, and all other inftruments tackle and apparel,' 
needful and neceflary for fuch a (hip and for fuch a voyage, together with an able mafter and 
fufficient number of mariners.

And, in the performance of all and every the covenants, grants, articles, and agreements, o® 
the parts, and behalfs of every of the faid parties, truly to be holden, performed and kept, in all 
things as is aforefaid, the faid parties to thefe prefents do bind themfelves to one another ; that 
is to fay, the faid A. B. and C. D. do, by thefe prefents, bind themfelves, and either of them, 
and their feveral executors and adminiftrators, goods, and their part {and intereft in the (aid 
lhip, with the furniture thereof, to the faid E. F. and G . H. and to their executors and admin
iftrators ; and the faid E. F. and G . H. do, in like manner bind themfelves, and either o f  
them, their and either of their executors adminiftrators, and afligns, and all their goods and in
tereft in the faid lhip, to the faid A . B. and C. D. their executors and adminiftrators, in the 
fum or penalty of five thoufand dollars, lawful money of the United States of America, by the 
party or parties infringing the faid covenants, or any of them, to the other patty or parties trulg 
•bferving, to be paid by the virtue of thefe prefents. In  W\tnejs, SV.

Tf before the departure of the (hip there (hould happen an embargo, occafioned by war, re- 
prifals, or otherwile, with the country to which the (hip is bound, fo that (he cannot proceed on 
her voyage, the charter-party (hall be diflolved without damages or charges to either party, and 
the merchant {hall pay the charges of unlading his goods j but if the reftraint arifes from a dif
ference between the parties themfelves, the charter-party fhall Hill remain valid in all points.

If the ports be only (hut, and the veflels (lopped for a time, the charter-party (hall ftill be 
Valid, and the mailer and merchant ihall be reciprocally obliged to wait the opening of the ports, 
and the liberty of the (hips, without any pretenfions for damages on either fide.

However, the merchant, at his own charges, may unload his goods during {hutting up of the 
port, upon condition either to relade them, or indemnify the mafter.

The great variety of circumftances occafioned by different voyages naturally produce a cor* 
»efpondent diverfity in charter-parties, all the different forms of which it would be impractica
ble and unneceflary to introduce here, as the preceding may be varied to fuit any purpofe.

M E R C A N T I L E  F O R M S .
A bill of lading is a writing wherein mailers of fliips acknowledge the receipt of goods 0® 

board, and oblige themfelves to deliver the fame in good order and condition at the place where 
they are configned to. There mud always three to be made out, and mud be on damped pa
per, otherwife they are invalid ; of which one {hould be remitted, by the firft pod after iigning, 
to the perfon the goods go toanother be fent him by the lhip ; and the third remain with the 
ihipper ; befides which, a fourth (hould be made out, on an undamped paper, to be given to 
the mafter for his government.

I f  the goods are to be exported from one diftrift to another diftriCl in the United States, not 
being in the fame State, the bill of lading muft have a four cent {lamp. I f  from the Uni
ted States to any foreign pert or place, a ten cent damp. And thefe duties are chargeable oa 
every bill, without refpect to the number contained in each fet.

Upon delivering the goods at the port of deftination to the ihipper's faftor or afligns, giving 
up the bill of lading fent to the factors or afligns is a fufiicieat difeharge, but the mafter maj| 
¿afrit on a receipt.



BILL OF LADING.
Shipped in good order by A. B. on the good Ihip W ajbingtmt  
A .  B. m,Uler, now riding at anchor in the Bay o f Funebal, and 
bound lor Bofion, to fay,

50 quarter tajks o f  •wine.
4 pipes wine.

being marked and numbered as in the margin, and are to be de
livered in the like good order (̂ dangers of the feas and enemies 
excepted) at the aforefaid port of Bolton, untoC.D. or his aiTigns ; 
he or they paying freight for the faid goods, with primage and 
average accuftomed. In witnefs whereof the mailer of faid 
Blip hath affirmed to three Bills of Lading, of this tenor and 
date, the one of which being accomplifhed, the other two to be 
void. A . B.

Funchal, Nov. 12, 1801.

BILL OF EX CH AN G E.
^Exchange for £ .  rco Sterling.

Six weeks after date [or fix weeks fight]) this my firll of exchange (fecond and third of 
the fame tenor and date not paid) pay to C. D. or order, One hundred pounds fterling, with or 
without farther advice, From your humble fervant, E. F,

Mr. G . N. Merchant, London:

SEAM EN ’ s RECEIPT.
Received of A . B. mailer of the Ihip Walhington, of Bolton, fiftydollars, in full for wages, 

End in fatisfailion for all other demands againlt the owners, mailer, or officers of the faid Ihip, 
Dols. 50. Bolton, July j6 , 18O1. Z . Y .

RECEIPTS.
Cols. 26. Bolton, July 16, t8or.

Received of A. B, by the hands of C. D. twenty-fix dollars on account. E. F.

Dels. 4 ; 63. Bolton, July 16, 1801.
Received of A . B. by the hands of C . D. forty-five dollars fixty-eight cents, which is en- 

dorfedon his note of June 16, 1801. E. F .

NOTES OF H AND.
Dols. 256. Bofton, June i j , 1801.

Value received, I pronjife to pay to A. B. or order, two haiidred and fifty-fix dollars, on dca 
Hand, with intereft. C . D.

Attelt. E , F.

€  D  No. i  a jo  
C  J )  N o. x a  4

Dols. 26 86. Bofton, July 14, i8 o i.
Value received, we jointly and feverally promife to pay to A . B. or order, twenty-fix dollar» 

gnd eighty-fix cents, on demand, with intereft. A . P .
Atteft. S. M. A . B.

DISBURSEMENTS AND OTHER ACCOUNTS,

TH E method of Book-Keeping is the art of placing our accounts in fuch an tafy manner, 
that the whole, or any part, of the money received and advanced may, with the greatell clear- 
defs, be attained in a very little time.

Whatever is paid upon a (hip’ s account, the Ihip mull be Dr. for it.
Whatever is received upon a Ihip’s account, the (hip mult have credit for the fame.
It is recommended to every captain to keep a fmall memorandum-book, to fet down the 

money as he lays it out, both for himfelf and his (hip ; likewife the money which he receives, 
left at any time it flip his memory and be forgotten : then thefe accounts can be eafily entered 
into a larger book at lcifure. By this method he can eafily tell whether any thing hat been 
omitted or not, by adding up the money paid, and taking it from the money received { if what 
remains is equal to the cafh he has on hand, nothing has been forgotten ; i f  they do not agree, 
Jhen it is plain fqmething has been omitted.



Many lofTes has? frequently fallen upon owners of (hips, for want of proper care being takeft 
by their captains in figning bills of lading. When there is the lead reafon to fufpedt tha 
(¡uan;ity is nut right, or that there is any damage in the goods, always write,

(If hemp, flax, bars of iron, &c.)
Quantity and conditions unknown ; and three bundles o f  hemp indifpute ; i f  on-bcàrd, to be de- 

jkvcred .  St e p h e n  H o l l a n d .

(I f  linen, yarn, bales, hardware, &c.)
Infides and contents unknown to S t e p h e n  H o l l a n d .

(I f  tar, wines, brandy, turpentine, &cf)
Contents and conditions unknown ; not to be accountablefor leakage :  and it is agreed that freight, 

f i a l i  be paid fo r  the quantity Jhipped. S t e p h e n  H o l l a n d .

The following accounts and examples will be fufficient for any vovage whatfoever, to render 
a captain’s accounts and tranfailions concife and pleafant to himfelf, nolwithftanding they are 
are limited to one voyage only.

SALES of fundry Merchandize at Funchal,on accountof C. D. Merchant, of Bofton ; being 
________________ part of the Cargo of thè Ship Waihington.

ICO barrels of Beef - at 16 Dois.
Dois.
i6co

Cents
OO

50 barrels Pork •  18 Dois. 900 OO
10,000 feet of Boards -  20 Dois. 200 00

E x p e n s e s .
Boat hire » - Dois« 5 20 

, Cooperage - - 3 00 
Cûinnmiîons 5 per ct. •  -  135 00

2700 0»

143. 2»

Net Sales 2556 80

Funchal, April 1801.
Errors excepted,

A. B.

In v o ic e  o f  W in es (hipped at Funchal, on board the (hip W aih in gton , b y  
A .  B . mafter o f  faid (hip, on account and riik  o f  C . D .  a n ative  c itize n  
o f  the U n ited  States, reiident at Bofton, and configned to  him .

Marks.
C D

No. i a 50 50 quarter calks of Wine, at 30 Dais.

Dois.

IJOO

Cents*

OO
CJ5.NO.I<?4 4 pipes Wine, 120 Dois. 480 00

E x p e n s e s . 
Commiflions 2J per ct. 49 5° 1980 00 . -
Boat hire for (hipping Wine -  i  60 51 10

Funchal, April 1801.
Errors excepted.

A. B.

2031 10

Disbursement* of the lhip Waihington, paid by A. B. Matter.
■ sot. A t  B  ojhn. Dois. Cts.

March 20 To a ihippiug paper O 60
2 To ballaft - - 12 OO

*  22 To blockmaker’s bill h OO
To blackfmith’s bill 16 00

*3 To ihip chandler’s bill 16 IJ
24 To butcher’s bill 11 II

69 86
A t  M adeira. Dois. Cts

April 12 To frelh meat and vegetables - 3 ia
T 0 one calk of wine for (hip’s ufe i j 00

18
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e r r a t a .

In acMItian to the errors publiihed in the laft page of Tablg IV. ate the following printed onlĵ
in a  f e t a  c o p i e s .

Page 104, col. 1.—For Theo. VI. r e a d  Theo. I. Page 136, line 12— ' F o r  H r e a d  F. 
Page 158—Theafterifk (*) fhould have been placed at the end of the firft paragraph, 6th 
line. Table I.—For 2J points, dift. ;8, F o r  59.7 r e a d 49.7. Table IV. laft page, col. r. 
F o r  Sandwich Iflands rra<f Sandwich Ifland. Col. t.—Furneaux Ifland is inthelong. of 143, s 
Col. 3. — F o r  Rocka r e a d  Rock, a a A f o r  Avdfcha r e a d  Avatfcha. Table X. precepts, page 
2, line 35—/or the and minutes, r e a d  the odd minutes.

After a careful perufal of the mathematical part of this work, the above errors, ce/y, were 
difcovered. Since Table IV. was printed, the latitudes and longitudes of feveral places have 
been obtained, which we lhall here infert, as an

An ifland was difcovered by captain Ifrael Gardner, of the (hip Diana, in her outward paf. 
fage from New-Bedfurd to Manilla, on the 3d of January, r8oi, in the latitude qf i° o’ S. 
longitude 168° 45!  E.—On the chart N 0• 47, of Che colleftion of Laurie and Whittle, pub- 
lilhed at London in 180s, there is an ifl.yid marked “  Pleafant Ifland, difcovered ii )  1798,”  
which is nearly in the fame place, being in the latitude of 0° 25'  S. longitede 167® 10' E.

The latitude of the Capeof Good H?pe, given by Capt. James Cook,and others,is 34°23 /S.' 
FalfeCape 340 1 2 'S.

Capf. Jonathan Carnes, of Salem, has politely furnilhed us with the following table of the 
latitudes of feveral places on the weftern coaft of Sumatra, and the ¡Hands-adjaeem. The chart* 
of that coaft being very defeftive, induces us to publilh, in this place, his ofefnl table.

Addition to T able  I V .

Rings Pot IK netr Acheen Heift 
Achcea "
Diva
AntUbo»
Ì Tjo n r a d is i»  o r  C a p e  F e lif t
Soofo
Libonajee
Tallon 8*que, or Mufiftt
Tamputuen Point
Sinkle
B a n o s  R i v e r
Tapponooly
Natal
Ayer Bungef
Priaman
Pad
Jnd
M o

£

5 38N ipce
5 24 Catoun
4 50 Pulo Matt
4 xq Verkin'* IQaad, Jtfojtb cad
3 4a South end
3 37 fiuto Dna
3 32 Pulo fiangeuck, North end
3 2 5 '  .Sooth end
3 18 ftiloStnk 
a no A ilo N yas middle

3 «5 '
3 18 ftiloStnk 
a «0 niloNya*, 
*  ft ., fiato* 
z 36 Poto Mima
o 3/' Good Fortui
o S4
o 24s Our Ifland, 
o 49 18 or 20 1
2 3 There ¡sag
a 38 Iflaod am

o 24s Our Ifland, is a fmall iQaad, lying weft from Verkin’s Ifland

Pulo Mi mao, middle
Good Fortune Iflaud^Nort}» end, ,

Soil 1 h  e n d

3 « i f

o  4 *Sm

« *5 
o 24

* 9  
1 18

The latitudes here given are pore coweft than thofe publiihed in Table IV.



IM mating in- calculations of the preceding work, the following errors were difcovered in 
f-T'i:ton’s Logarithmic Tables, edition ad. I.onJon, 1794, and edition 3d. London, 1801.— 
Thole errors marked S, are in the fccond edition—thole with T, are in the third, and thofc 
with S and are in both thefecnnd and third editions.

The Bril edition was not examined, as no copy of it could be procured.
In T a b l e  I.

Page 8z—Natural number 4816, read 4836 S.
T a b l e  III.

Log. of 101009 for 00836 h i .  read 00436 h e .

In T a b l e  X.
Log. Sine 10° 6o' For 9.2705988 read 9.2805988 s.
Log. Covers. 11® jz ' —1 9.8990202 — 9.9000202 S .T.
Log. Secant IZ° 5 4 ' •— IO.OIIOI18 — 10.0111018 S. T.
Log. Vers. Sine 14® .5/ — 8.4871034 - 8.4881147. S.
Nat. Sine 16® 48' -— 2880318 — 289031S S. T.
Log. Vers. Sine 22° 2' 8.863326; — 8.8635265 S. T.
Log. Co-fine 3 5° *' — 9.9182760 — 9.9132760 T.
Log. Secant 3 5 ° 60' — 10.0910424 —- 10.0920424 T.
Nat. Tangent 40® 0' — 8493996 — 8390996 T.
Nat. Tangent 40® 1' — * 4 9 5 9 5 5 — * 3 9 5 9 5 5  T.
Log. Co-fine 40® 2;' — 9.8814542 — 9.8815842 S .T.
Log. Covers. 4 ‘® 27 ' 9.5208601 — 9.5289601 s.
Log. Vers. Sine 4 3 ® 60' — 9.4471808 — 9.44̂ 1̂ 08 S. T»

T a b l e  XI.
A number of fmall errors were difcovered in this table, bath in the fecond and third edi

tions, the cerredl values are as follows :
Co

Points.
irfe.

D e g s .
D i d . Lit. Dep.

4 8 0.5581
h 3 0.2941
i IO 1.4673

IX 10 9.8163

i 5 0 - 9 7 5 5
13 5 4.8719
>3 7 1 - 5 7 4 7
1 4 3 2.9109
18 8 7.6085
20 7 6.5778

2 3 1.1481
% 9 3 - 4 4 4 2

23 I O 3.9073
24 2 1.8271
27 5 2.2700

4 1.8856
30 2 1.7321
30 6 5.1962
31 7 3.6053
32 1.5898
32 8 6.7844

3 S 2 - 7 7 7 9

3 5 8 4.58S6
3 -i 7 5.6225

3 * x o 6.1566
4 i 5 3.7735

3 Î 9 6.6686
4 3 2 1.4627
4 4 2 i-3 * 9 3
4 4 6 4 .1680



T a b l e  XII.
Arch of 11 For 1.0071286 read 2.0071286 S. T.

116 — 1.0245819 -r 2.0245819 S. T.
3 1 7 — 1.0420352 — 2.0420352 S. T,
118 — 1.0594885 — 2.0594885 S. T.
110 — 1.0769418 — 2.0769418 S. T.
ISO — 1.0943950 •— 2 0943951 S. T.
167 — * •9  *46997 — 2.9146999 S. T.
172 — 2.0019662 — 3.0019663 S. T.
173 — 2.0194195 -rr 3.0194196 S. T.
374 — 2.0368728 — 3.0368729 S. T,
37s T 2.0543261 — 3.0543262 S. T.
176 --■ 2.0717794 — 3.0717795 S. T.
* 7 7 — 2.0892327 — 3.0892328 S. T-
178 — 2.1066860 — 3.1066861 S.T.
* 7 9 — 2.1241393 — 3.1241394 S. T .
184 — 2.1415927 3.1415927 S.T.

And the numbers correfponding to the following degrees in edition fecond and third, mult he 
inercafed by an unit in the lalt decimal place, via- from 970 to ioo°, from 107® to 1 1 4 % 
from izi* to 1270, from 157° to 140°, from 147° to 1 5 3 from 157° to 166*, and from 
j6Sl® to 171° ind.ufively.

T a b l e  XIII.
The numbers correfponding to the following logs, in edition fecond and third, mud be in- 

creafed by unity, viz. .06, .81, .8z, 83, .84, .85, .92, .93, .94, .9; ;
Snd the following mqft be decreafed by unity .16, , 2 6 ,  .3.6, .37, .46, .47, .48, 
•i6> - 5 7 » -5 8« -5 9 » -66, *67» 68, -69-

Befides thefe errors in the tables, there are feveral in the precepts, but as they are eafily 
cprreded by the reader, I (hall not infertthem, but only add the following remarks.

In page 158, Ed. 2, or page 157, Ed. 3, it is faid that “  The fign > ftgnifies g r e a t e r  t h a n ,  
and < ie/i,” but by examining the table of folutions, page 159, Ed. 2, or page 158, Ed. 3, 
ft appears, that they are ufed with a contrary lignilication : For, in Cafe 5, it is faid that “  H 
is > or < 90® as B is l i k e  or u n l i k e  P.—but by fpherips it is well known that when H repre- 
fents the hypotenufe, and B, P, the Tides of a right-angled fpheric triangle, the hypotenufe H 
will be l e f t  or g r e a t e r  than 90° according as the (ides li, P, are l i k e  or u n l i k e  :  therefore the fign

is, in this cafe, ufed inftead of “  lefs than,” and <3 inftead of greater than, which is con
trary to the fignjftcatiqn before given, and is different from the general ufe of thefe figns by 
mathematicians.

The rule for the quadraptal triangle, page 159, Ed. 2, or page 158, Ed. 3, line 12, etfeq. 
requires a little alteration. For if forH we take its fupplement, we mud read the terms l i k e  
and u n l i k e  as in the table; but if we take the real value of H, we mud change the terms l i k e  
and u n l i k e .

By calculating as in Prob. XVIII. page 166, Ed. 2, qr page 165, Ed. 3. you will obtain 
two of the fought fldes of the given triangle, and the fupplement of the other. In folving thfs 
problem, you may take the fupplement of either of the given angles, inftead of being cqniine4 
to the fupplement of the greateft angle, as in the rule given by Mr. Hutton.

Errors in Taylor’s Logarithms% London,  1792«
Page 33, line 2. In the denominator of the value of N. for L, M. read L. m.

—---line 5. Dele t in the exponent of the denominators 1 -}-r.
■ '-line 22. For m=p. i-prl'1 read m' =  p. i-(-r|.n

page 48, line 10. Cafe 1. For Z \  > ACB read Z > J ACB.
■ ■■  line 12. Cafe 2. For { A-J-B >• 90° read £ A-J-B < 9O0.

— For Z > 1  ACB, read Z •< 2  ACB,
Page 59. In the folution of Problem XIII. it is faid that B can exceed 90°, o»lj

yn the fecond femi-circle of right afeenfion. But it is evident that when 
the ftar has fouth declination, and the arch A is greater than the comple
ment of the obliquity of the ecliptic, the angle B will be greater than go0, 
This cafe ought to have been noted in the latter part of the rule. There 
is a fimiiar negled in Problem XIV.

Page.6j, line 11. For 13. 29. 42. read 13. 20. 42.
Mq tlfe laft page of the book. For the Log. of 2.3025, &c. inftead of 0.3633149) 

0-3623157, • *



¿ H r le t  * J i a 4¿a ck u jettd  Q ) u t r l c l .

to  w i t  :

/ O , it rememlieretr, That on theV_ J  eighth day of April, in the twenty-fifth year of the Independence of the United States of America, E d m u n d  
M a r c h  B l u n t , of the faid Diilrifl, hath depoiited in this Office the title of a Book, the right whereof he claims as Proprietor in the words following, to w it:

“ The New American Pra&ical Navigator ; being an Epitome of Navigation ; containing all the Tables neceflary to be ufed with the Nautical Almanac, in determining the Latitude ; and the Longitude by Lunar Obfervations ; and keeping a complete Reckoning at Sea:—Illuilrated by proper Rules and Examples :—The whole exemplified in a Journal kept from Bolton to Madeira, in which all the Rules of Navigation are introduced ; alfo the demonilration of the moil ufeful Rules of Trigonometry ; with many ufeful Problems in Menfuration, Surveying and Gauging ; and a Di&ionary 
of Sea Terms, with the manner of performing the moil common evolutions at Sea.—To which are added, fome general initruftions and information to Merchants, Mailers of veifels and others concerned in Navigation, relative to Maritime Laws and Mercantile Cuitoms—from the beil authorities ; enriched with a number of new Tables, with original improvements and additions ; and a large variety of new and important matter : Alfo many thoufand errors are correfted which have appeared in the beil Syitems of Navigation yet publiihed. By N a t h a n i e l  B o w d i t c h , Fellow of the American Academy of Arts and Sciences.”

In conformity to the A£t of the Congrefs of the United States, intitled “An A£t for the Encouragement of Learning, 
by fecuring the Copies of Maps, Charts and Books, to the 
Authors and Proprietors of fuch Copies, during the Times {herein mentioned.”

N . G O O D A LE , Clerk o f the Diftricl o f Maffachufetts Drench

A  true copy of Record.

Atteft, N . G O O D A LE , Clerk,



Jietoftutgjpott asoofogtom
N E W  C A T A L O G U E

O  F

Charts, Pilots, Navigation Books, c,
KEPT CONSTANTLY FOR SALE BYEdmund M. Blunt,

A T  H I S  W H O L E S A L E  A N D  R E T A I L

Book, Chart, and Stationary Sfftre,
No. 8, S T A T E  S T R E E T ,

• N E W B U R Y P O R T ,  (Maff.)
C H A R T S .

America, Weft-Indies, & c.

C OAST of the United States, on a large fcale, with plans of
the principal harbours.— Coaft o f America from Bofton to Philadel

phia.— Ditto from Philadelphia to Florida.— Ditto from Kallifax to 
Philadelphia.— Ditto from Cape Cod to Havannah.— George’s Banka
and Nantucket Shoals.------Banks o f Newfoundland, (hewing all the
foundings.------ The River St. Lawrence.------ The G ulf o f Florida and
Bahamas.— The Bay of Honduras.— The Windward Paffage, including 
Jamaica and St. Domingo.— The Weft India or Carribee Iflands, with a 
book of direftions.— The G ulf of Florida and Windward Paffage, from A n
tigua to the Bay of Honduras, including Porto Rico, St. Domingo, Jamaica 
and Cuba, with di reft ions.— The Coaft o f South America, including the 
Harbour o f Surinam, Demerary, Guayana, and Berbice, on a large fcale.— • 
A  Mercator’s Chart o f the Atlantic or Weftern Ocean, containing the Coaft 
o f Europe and Africa, from 6 i°  North Latitude to the Equator.— The A t
lantic and Southern Oceans, extending from Greenland to Cape Horn, and 
the Cape of Good Hope, on two large (heets.— A  Mercator’s Chart o f the 
Atlantic or Weftern Ocean, and adjacent Seas, including the Coafts o f Eu
rope, America, Africa, Weft-Indies, &c.— An Outline Chart o f the Atlan
tic Ocean.— The Bermudas, or Summer Iflands.— The Azores, or Wefterij 
Iflands.— A  Mercator’s Chart o f the World.

England, Ireland, Scotland, France, Holland, c.
A  new and correft Chart of theEngliih Channel, including that o f Briftol 

and the South-weft Coaft o f Ireland.— A ll the Entrances to the River 
Thames from the Downs and Orfordnefs to London.— The Downs, M ar
gate Roads, and Oueen’s Channel.— Spithead, Portfmouth, Needles, M e o f  
W ight, O-.vers, &c.— Iflands o f Scilly.— Briftol Channel.— St. George’s 
and Briftol Channels, with the Coaft of Ireland, from Cork to Dublin and 
Londonderry.— St. George’s Channel, extending from Glafgow to Caldy 
Ifiand, and from Port Rufti to Kinfale.— The North-weft Coaft of Ireland, 
from Belfaft to Sligo Bay.— The Weft and South-weft Coaft of Ireland, in
cluding Waterford and the Shannon River.— The Orkney, Shetland, and 
Ferroe Iflands, with the North Coaft o f Scotland.— St. George’s Channel 
and the whole Coaft round Ireland.— Coaft o f Norway.— Baltic Sea and 
G ulf of Finland,— ‘Chart of the North Sea, with great additions.— Tt<}



North Sea, on a very large feale.— The Coad of France and Holland, from 
Calais to Antwerp and Rotterdam, with the Flcmifh Banks, on a large 
fcalc.— The Goads of England and Scotland, from Hull to Aberdeen.— '1 lie 
Coads o f France, from Calais to Bred, including the Iflarids o f Guernfcy, 
Terfey, &c.— The Bay of Bifcay, including Uihant and Belle-lllc.— Eng
land, Ireland, Scotland, Englidi Channel, Coads of France, Spain and Por
tugal.
Spain, Portugal, Mediterranean Sea, Cottjl o f Africa, and Iflands adjacent.

The Coads of France, Spain and Portugal, including the Bay of Bifcay, 
from Bred to Barcelona.— The Coads of Spain and Portugal.— The Coai:n 
Of France, Spain and Portugal, including the Engliih Channel ar.d Bay of 
Bifcay, on two large fhcets— The Coait o f Africa, from the Straits o f G ib- 
Talter to Cape Blanco.— The Mediterranean Sea, including the Coads o f 
France, Spain, Portugal, and Italy, with the Harbours of Leghorn, Smyrna, 
Marfcilles and Genoa.— A new and corrcCt Chart o f Madeira, and Canary 
Iflands, with part o f the Coad of Africa.— Cape Verd Illands, and a Plan 
Of Praya Bay.— The Coad of Africa, from Cape Negro to the Cape o f 
Good Hope.

Eaf-Indies.
The Cape of Good Hope and Mozambique Paflage, with the Harbours.—  

The Indian Ocean, including Ceylon, Bombay, Madras, Bengal, and the 
whole o f Hindodan.— A  new and correCt Chart of the China Seas, from 
the Andaman Idands to Canton.— The F.adern Straits to China.— South 
America, including the SouthernOcean, Cape Horn,and Cape ofGocdHope.

PILOTS.
The Marine Atlas, or Seaman’s complete Pilot, for all the principal 

Places in the- World, containing a mod excellent Set o f Charts, on a large 
Scale, drawn from the lated Surveys.— England and Scotland.— North 
Sea.— Baltic Sea.— Mediterranean Sea.— For the whole Coad of Africa.
■— A  new and complete Pilot from England to the Wed-Indies.— G ulf 
and Windward Paifage, by Roman.— Wed-Indies, America, and N ew
foundland.— Coad o f North America.— For the Ead-Indics.— Quarter 
Waggoner for the W ed Indies.— Ditto for Mediterranean Sea.

[C^  The abo-vc Pilots and Charts may be had by the dozen or fu g le, on 
tie mof reafonable terms.]

I N S T R U M E N T S .
Elegant C i r c u l a r  I nstruments, to be ufed as Sextants, over which 

they poflefs a dccidedfuperiority. By the means of two moveable Indices, 
any inaccuracy in the divifions o f any part o f the limb (to which the bed 
indruments are liable) may be obviated by obferving in any other part.—  
The want o f parallelifm in the glades, i f  it drould occur, is corrected by 
the manner o f ufing thefe indruments. They are not (from their form)
fubjeCt to be bent or warped, except by fome extraordinary violence.------•
M etal Sextants, with lilver arch; Hadley’s Quadrants, with and without 
Tangent Screws (accurately graduated and iinifiied in the bed manner)—  
Compades ; D ay and N ight, Achromatic and common Spy-Glades o f all 
prices ; Gunter’s Scales ; Down’s Improved N avigation; ditto Parallel 
Rules ; Steel-jointed ard other Dividers ; Cafes o f Mathematical In-ftru- 
ments of various fizes ; Thermometers.

N AV IG A TIO N  BOOKS,
American Coad Pilot, containing directions for failing into all the Har

bours o f America and Wed-Indies— Seamanfliip in Theory and Practice— » 
The A rt of Rigging— A  Sydcm o f Naval Tactics— Defcription and Ufe- 
o f Hadley’s Quadrant and Sextant, with Tables— Hutchinfon’s Seamanfliip 
;— Requidte Tables— Nautical Almanack, or Ephejjieris for iSoz, ’ 3 & ’4— '



c h a r t s ;  b o o k s ,- ferfk

Initrudlions for Young Mariners— Taylor’s Logarithms— Hutton’s Loga
rithms— Ship Mailer’s Affiftant, or Owner’s Manual— Mariner’s Compafs 
Re&ified—-Kaft-India Directory— Eaft-India Officers complete Guide—  
Sailing Directions for America and the Weft-Indies— Directions for the 
North Sea, Cattegat and Baltic— Directions for the Britilh Channel— Cargo 
Books— Ditto on large Paper— Walih’s Mercantile Arithmetic— Seaman’s 
Journals, by 1000 or lefs quantity— Log-Books, f c f  N A U T I C A L  
A L M A N A C S  by large or fmall quantities, at a great difcount to whole- 
fale purchafers.

STATIONARY, See.
W riting, Wrapping, Sheathing, Cartridge, Leg-Book, Blue, MtirblO 

and Letter Paper of every quality-*—Quills— Pens— Ink-Powder— Slates 
and Pencils— Inkftands— Lead Pencils— Blank Books of every fize ruled 
and plain made at the ihorteft notice— Blanks of all kinds, ufed byMerchant» 
andNavigators— Pocket Books— Sciflors— Razors and Razor Straps— Pencil 
Cafes— Portable Dreffing Cafes— SpeClacles and SpeClacie Cafes, o f every 
kind— Penknives— India Ink and Rubber— Sand— Black andRedlnk in Jugs, 
fuitable for long or fhort voyages— Wafers— Black and Red Sealing W ax—- 
Sand-Boxes, with a hanafome affortment of fancy articles, Sec. &c.

fcf* Orders for either o f the above, from gentlemen bound to fea and 
others will receive immediate attention, and the articles forwarded to any 
part o f the continent.

M r. B lunt  will be happy' to receive communications (by poll i f  
more convenient) from judicious Seamen relating to any improvements they 
may make in the “  New American P  radical Navigator”  tr Watjb’s Mer
cantile Arithmetic,”  or “  American Coajl Pilot,” as he is determined nei
ther pains nor expenfe ihall be fpared to render them complete.

------- --------------------------
PURCHASERS

M ay obtain the “  Neve American Practical Navigator,”  “  American Coajl 
Pilot,”  and“  Waljb's Mercantile Arithmetic,”  of 

Ebenezer S. Thomas, J. Simpfon, Bail)', Waller & Baily, Cox & Sheppard,- 
and J.Davidfon,Charlefton(S.C.)— T.Rainbow J.N evien& Co. D.W ood- 
worth Sc E .M yrick, Norfolk— G .H ill, Thomas, Andrews & Butler, M . Sc 
J.Conrad & Co. N . Knight, J. Snyder, Mr.Sweney, Warner & Hannah, W . 
Telfcr, J.C. Stewart, Mr.CoIesand S.Cotton & Co. Baltimore— T.Dobfon, 
W .Young, M .Carey, T .B iggs, J.Sparhawk, H .& P .R ice , J.Ormrod, S .F . 
Bradford, W .W .W oodward, R .T.R aw le, W . Poyntell, T.Stephens and T .  
Whitney, Philadelphia— Brown & Stan (bury, Champlin & Smith, Stewart, 
Jones & Co. Wm. Durell, John Fenno, T .  &  J. Swords, B. Gomez, 
HughGaine, Samuel Campbell, T .  B. Janfen & C o . J. Fellows, Thomas 
S. Arden, G . F . Hopkins, and E. Duyrckink, N ew-York— Samuel Green, 
John W . Green, and James Springer, New-London— Jacob Richardfon, 
B. Dennifon, and W . R . Wilder, Newport— Henry Cuihing, and Ifaac 
Greenwood, Providence— Thomas & Andrews, E. & S. Larkin, Weft Sc 
Greenleaf, Thayer & Chapman, S. Hall, C . Bingham, W . Pelham, J. Boyle, 
Manning & Loring, B. 8c J. Loring, J. White, J. Weft, W .P .& L . Blake, F . 
Nichols, Jofeph Pierce, jun. Newell &  Browning, S. Thaxter, Bradford & 
Palfrey, and W . T . Clap, Bofton— Cuihing & Appleton, Page & Ropes, J. 
Dabney and B. B. Macanulty, Salem— Z . Stevens, H. Phelps, J. Low, J. 
Tappan and B. K . Hough, Gloucefter— W . Treadwell Sc Co. and J. M el- 
cher, Portfmouth— S. Patten, A . Baker and Jenks & Clark, Portland— the 
Proprietor, Newburyport, and other Bookfellers, Ship-Chandlers and Math
ematical Inftrument Makers throughout the United States,



Alfo-—h T  E L Ü N T 's  S tO R fi,

A  freft /apply is juft received o f that moft excellent Medicine, the h ighly
celebrated Cordial

BALM of GILEAD,
Price Three Dollars a Bottle.

Which is prepared (only) by the foie Proprietor and Inventor, S. So lo * 
Mo n ,  M i D. Author o f “  The Guide to Health,”  and other valuable 
Works, at his Houfe Solomon’s Place, Liverpool.

The train of melanehdly diforders which afflift the human frame, under 
the denomination o f nervous difeafes, are the principal fources o f human 
mifery in the privation of health. Thofe diforders proceed from fuch an 
infinite variety and complication of caufes, as to render it impoflible, i f  even 
it were always neceflary, to trace them to their true fource. The effects 
however are but too well known and too feverely felt amongft too great a 
portion o f mankind ; and to thefe effcCts, it may without exaggeration be 
alferted, that any remedy fuperior or more celebrated for efficacy than Dr« 
Solomon’s Cordial Balm o f Gilead, never has been difeovered. In all del
icate, weekly, and relaxed conftitutions, lownefs of fpirits, hypochondria, 
horrors, tremblings, weaknefs o f fight, lofs o f memory, impaired vigour, 
tabes dorfalis, nervous confumptions, and the numberlefs fymptoms o f im
paired and tottering conftitutions, whether arifing from a life o f inactivity, 
intemperance, or inattention to health. Its efficacy has attained through
out the three kingdoms univerfal and unparalleled celebrity.— By ft rift 
perfeverance in its ufe, it chears, braces and invigorates the whole nervous 
fyftem, and gives new tone to all the vital functions, o f which numberlefs 
inftances can be avouched. Thoufands at this day in the three kingdoms 
live to blefs the day they fir ft applied to this admirable remedy, and enjoy 
the bieffings of health, who might otherwife have dropped into an untimely 
grave, the victim of an early imprudence.

It would be injtrftice to the aiHiCted as well as yourfelf, were I not to de
clare that I am reftored from a ftate of deplorable debility, weaknefs, and 
the horrid train of fymptoms attendant on a nerVous complaint o f long 
Handing, by the Cordial Balm of Gilead.— M y complaint fo emaciated me 
as to be almoft incapable o f performing the duty in which I have been en
gaged (as Mate iirthe Trehtwncy, from this port to Jamaica for fix voyages) 
at fea or at home. But happily I can now declare, that that valuable me
dicine o f yours lias reftored my health, and invigorated my'conftitution, 
which had previously been impaired by great exertion and heat o f climate. 
I  can further allure you, that my wife has taken the Cordial Balm o f Gilead 
for a complaint in her ftomach, attended with a variety of diftreffing and 
alarming fymptoms o f debility', with fuccefs ; being now, thank God, per
fectly free therefrom. Should this letter be deemed proper for publication, 
you certainly have my permiffion. I cm, dear fir, your obedient fervant.

R E M A R K A B L E  CASE,

Dear Sir, Briftol, Dea 15, 1799.

Witnefs,
Wr. Pi x e  ar.d Sox, Wine-Street,

SA M U E L  L O V E L L ,

( S s . )  T a » .



B A L M  O F G IL E A D .

To prevent the many lmpofitions by Counterfeits now attemping to be fosfiti 
on the Public— O bserve,

The Cordial Balm o f Gilead is in fquare bottles, with thefe words blown 
in the glajs— “  The Cordial Balm of Gilead, prepared by Dr. Solomon. 
Solomon’s Place, Brownlow Street, (late of Marybone) Liverpool.”  And 
further, to prevent the counterfeits, examine the handwriting on the cer
tificate, fealed up round the bottle, which mull correfpond with the facJtmile 
on the outfide wrapper, which is alfo fealed with a feal bearing Solomon’* 
arms— a rofe between two pierced hearts creft, a demy w olf rampant bear
ing a rofe proper,” — and round it this infcription (( Cordial balm of Gil- 

, tad.” --------- Every genuine Bottle has the following certificate—
No. Solomon’s Place, (late of Marybone) Liverpool.
“  I certify that this Cordial Balm ofGilead is genuine, and was truly 

prepared by me, S. SOLOM ON , M . D .
Entered by (Clerk’s Name)

Agents for Dr. Solomon in America.

N e w - Y or k . R. Bach, 128, Pearl-ftreet, wholesale agent for all the
U . S. o f America.— J. Sc M . Paff, No. 127, Broadway. Brccklyn, Long- 
IJland, Thomas K irk, printer. Albany, Samuel Dexter, druggift.

N e w -Jek sey . Princeton, J. Harrifon, poff-mafter. Elisabethtown, 
S. Kollock, printer.

P e nn s y l va n i a . Philadelphia, G . Shaw Sc Co. 129, Chefnut-ftreet—  
John J. Malcotn, 27, South Second ftreet.

M a r y l a n d . • Baltimore, A . A itkin , 2, South-ftreet.
M assachusetts. Bofton, Thomas Bartlet, 13, Cornhill. Salem, 

Cuihing & Appleton. Newburyport, Edmund M . Blunt, Bookfeller, No. 
8, State-ftreet. Portland, Dr. S. Irvin, druggift. Northampton, Sim
eon Butler, printer.

C o n n e c t i c u t . New-London, S. H. ? . Lee, druggift.’ Hartford, 
Hudfon Sc Goodwin, printers. New-Haven, Jofeph Darling, druggift.

V i r g i n i a . Richmond, William Pritchard, bookfeller. Petcrjourgh, 
N . F itz. Alexandria, J. & J. D . Weftcott, printers, Royal-ftreet. Nor

folk, Dr. Frederick Heerman, Main-ftrect.
R h o d e - I s l a n d .  Providence, J. Carter, jun. printer. Newport, Charles 

Fike, druggift.
N orth-C a r o l in a , Wilmington, A . T . Brown, Front-ftreet.
G eorgi a . Savannah, George Harrell.
S. C a r o l i n a . Charlefion, Dr. Jofeph Kirkland, 237, Meeting-ftreet.
N ew -H am pshire . Portfmouth, C . Peirce, printer.

. IN  THE ISLAND OF J A M A IC A .

K ingston, - - -  - -  - -  - -  By A . Menzies, druggifN

And by whomfoever the General Ajent, (Mr. Bach, of New-York) appoints in America.



W M sirs ¿Mercantile Kritijmettc.
AS it is neceflary every new W ork fhould be approbated before it 

can obtain univerfal circulation, we infert the opinion o f Merchants o f 
the firft rcfpedlability, o f “  W A L SH ’s M E R C A N T IL E  A R IT H M E 
T I C ,”  and will only obferve, that after the purchafer has carefully jperu- 
led the work, he has liberty to return it provided the contents do not an-, 
fwer his expectations, and again receive the value of the Book, i f  it is not 
defaced. E D M U N D  M . B L U N T , (Proprietor.)

N e w b u r y p o r t , July, 1S02.

RECOMMENDATIONS.
Newbury port, May, 1800.

W E  the fubfcribers, having feen M r. W al s h ' s New Syftem ol M E R 
C A N T I L E  A R IT H M E T IC , and being fatislied that it is better calcu
lated than any yet publifhed, to lit a youth for the bulinefs o f the Compt- 
ing-Houfe, cannot but wifh it an cxtenlive circulation. The happy elu
cidation and extended application o f the common rules, together with the 
many original improvements, while they accomplilh the itudent for com
merce, are alfo extremely well adapted to affili and inform the merchant, 
the mariner and the trader in their various occupations.

Dudley A. Tyng— Ebeuezer Stocker— William Bartlet— Samuel A. 
Otis, jun.— Prijlnim Gojfiu— Mojes Brown— William Wyer,juii.— Richard 
Martlet, jun.— William W. Prout— Michael Little,

Bojlon, May, 1800.
W E the fubfcribers, having examined M r. W a l s h ’ s New Syftem o f 

M E R C A N T IL E  A R IT H M E T IC , and being perfuaded that it is better 
calculated than any we have met with, to qualify young men for admiffion 
into compting-houfes, we wifh that it may have an extenfive circulation. 
The clear exemplification and pertinent application of the common rules, 
together with the many ufeful additions and improvements which it con
tains, will render it extremely ufeful for the merchant, the mariner and all 
the other trading claffes o f fociety.

Marjlon Watjon— John C. Jones— John Codman— Stephen Higginfon—  
John Lowel, jun,— Jofeph RuJJel— Arnold Wells, jun.— Jonathan Jack. 
Jon.

Salem, October, 1800.
W E the fubfcribers, Merchants of Salem, convinced of the neceffity 

o f rendering the forms o f bufinefs, the value o f coins, and the nature of 
commerce' more familiar to the United States as a commercial people, do 
approve o f the M E R C A N T IL E  A R IT H M E T IC  o f M r. W al s h , and 
recommend it as calculated to fubferve in the belt manner the inftruition 
o f our youth, and the purpofes of a well-informed merchant.

William Gray, jun.— Benjamin Hodges— B. Rickman— Nathaniel Bow. 
ditch— Jacob Ajhton— William Prefcott— Jacob Crowninjbield-— Eliat- 
Haßet Derby.



B O O K S
> iPublifhed by, and for fale at the Book-fore of'

W EST y  G R E E N L E A F ,
No. 56, Comhill, Boston.

R u M FO R D ’s Effays, political, economical and philofophical, 2 vols. 
with plates, The works of V irgil, tranflated into literal Engliih profe, 
with fome explanatory notes, by C . Alexander. Pike’s complete fyftem 
o f Arithmetic, 8vo.-r-ditto, abridged for the ufe of fchools. Lav.ater's 
Effays on Phyfiognomy,abridged, with plates. New Am.Practical Navigator. 
Am. Spectator or Matrimonial Preceptor. Perry’s Dictionary. Vagabond, a 
novel, by G . Walker. The Little Family, containing a variety o f moral 
and philofophical matter, written for the amufement and inftruCtion o f 
young perfons. An eafy Introduction to the Knowledge of Nature, adap. 
ted to the capacities of children, by Mrs. Trimmer. A  fhort but compre. 
henfive fyftem o f the Geography of the World, by way of queftion and 
anfwer, principally defigned for children and common fchools, by N .D w ight, 
Adam’s Latin Grammar— ditto abridged. Gloucefter Greek Grammar. 
Reuben and Rachel, or tales of old times, by Mrs. Rowfon. Alfol

As above will be found, a general affortment of Books and Stationary,  
with an extenfive affortment o f Fancy Articles— all o f which will be fold 
r.pon the iaweft terms for Cajh or approved Credit. ' July, 1802.

r  ■ ■  -■  — *  M im ic » « » -  ■   

CALEB BINGHAM
H as for Sal e  at  his  Bookstore, N o. 4 4 , C o e n h i i l , B O S T O N ,

THE New American Practical Navigator, American Coaft Pilot, Walfh’s 
Mercantile Arithmetic, Pike’s do. Morfe’s Geography, Seaman’s 

Journals, Log Books, Blank Books, Ink and Ink Powder, Penknives, Ink- 
ftands, Sciflbrs, Pocket-Books, Lead and Slate Pencils, Quills, Sand-Boxes, 
Bibles, Pfalm-Books, Dictionaries, Spelling-Books, Wafers, Paper, A l
manacks, Black Sand, Ruffell’s Seven Sermons, Hiftories, Novels, &c. &c, 
with a general affortment oi Seamen’s Books and Stationary, ufeful at Sea, 

July, 1S02.
-------- -----------------------

E. y  S. L A R K I N ,
BOOKSELLERS AND STATIONERS^

No. 4 7 ,  Comhill, B oston,

Keep conflanlly for Sale,

A  L A R G E  and very general affortment o f BOOKS o f Engliih, Scotch 
and Iriih Editions—  Alfo, Every American Publication as foon as printed.

They alfo keep on hand,
An affortment of Stationary articles, with a fupply o f Seaman’s Books, 

fqch as American and Weft-India Pilots ; Charts o f various kinds ; New 
American Practical Navigator ; the American Coaft P ilo t; Walfh’s Mer
cantile Arithmetic ; Nautical Almanacs ; Scales and D ividers; Slates and 
Pencils ; Bibles, Teftaments, Walters, Spelling-Books and Primers, Pfalm- 
Books', and School Books of all forts, Writing-Paper of various qualities, 
f je s  and prices. Quills, Wafers, Sealing-Wax, Pencils, Ink-Pots, Ink- 
Stands, Cake-Ink and Ink-Powder, See.

Blank Books for Accounts and Records ready made or ruled to any pattern, 
^uly, iS o z.



BOOKS A N D  S T A T IO N A R Y .

THOMAS BIGGS,
M a t he ma t i c a l  MiS> O p t i c a l  I nstrument M aker, at  his Storb 

a n d  M a n u f a c t u r i ng  Shop , N o . 8 5 ,  South F ront  St r ee t , 
Between Che/nut and Walnut Street, on the BankJide, Ph i l a d e l p h i a ,

CO N T IN U E S  carrying on thole branches o f Bufinefs in an extenfive 
manner, and keeps conftantly for fale a very large and general affort- 

ment o f Inftruments in the Mathematical, Optical and Navigation lines—  
Maps, Charts, Pilots, and Atlafles, for every part o f the world— a large 
variety of Nautical Books o f the lateft publications, and moil approved 
kind— TimeGlatTes, o f every kind and quality— Brafs and Wood Com
pares and Telefcopes, adapted to Ship Chandlers Stores, the whole on the 
moil reafonable terms, wholefale and retail..

He Jikewife keeps a good aflbrtment o f Stationary, and cleans and repairs 
in the moil careful and neat manner, Sextants, Quadrants, CompaiTes, Tel- 
cfcopes, &c. on the ihorteil notice.

0 5 '  The New American Pradical Navigator, American Coajl Pilot, 
Waljh’s Mercantile Arithmetic and Nautical Almanacks, may be haS by 
the quantity (with a handfeme aliowance to Bookfellers and Ship-Chand
lers) at the above Store.

N . B. To confute the idea which has been advanced by fome who were 
connected with the Proprietors o f “ M o o r e ’s N a v i g a t i o n , ”  that hi* 
Treatife was equally as correft as the “ A m e ri c an  P r a c t i c a l  N a v i 
g at o r , ”  fhall only obferve, that the fix la.il editions of M oore contained 
upwards of eight thonfand errors each, and that one copy o f the “  America*  
Practical Navigator“  was fold in London, by the Proprietor, to two 
refpcilable Bookfellers, for T W O  H U N D R E D  G U IN E A S , and the 
work univerfally approved by their beil Navigators.

Philadelphia, July, 1S02.

BROWN & STANSBURY,
N o. 114, W a t e r -St r ee t , opposite  the O ld C o f f e e-House,. 

N E W -Y O R K ,
BOOKBINDERS, BOOKSELLERS AND STATIONERS,

HA V E  on hand a general aflbrtment of Merchants’ Account Books, 
with all kinds of Stationary, Letter Paper, Quills, Slates, Wafers, 

Penknives, Rulers, Sealing W ax, Morocco Pocket-Books, and W riting 
Paper of every defeription. Alfo a variety o f Printed Books well aflbrt- 
ed, with the neweil works on Navigation, Seamen’s Journals, Log Books,
&c. &c.------ Ink in bottles, cake and powder.

05~ The New American Pradical Navigator, American Coajl Pilot, 
IValJb’s Mercantile Arithmetic and Nautical Almanacks, may be had by 
the quantity, (with a handfome allowance to Bookfellers and Ship-Chand
lers) at the above Store.

N . B. To confute the idea which has been advanced by fome who were 
connciled with the Proprietors o f “  M o o r e ’s N a v i g a t i o n , ”  that his 
Treatife was equally as correil as the “  A m e ri c a n  P r a c t i c a l  N a v i 
g a t o r , ”  fhall only obferve, that the fix laft editions of M oore contained 
upwards o f eight thoufand errors each, and that one copy o f the “  American 
Pradical Navigator”  was fold in London, by the Proprietor, to two ref- 
peftabie Bookfellers, for T W O  H U N D R E D  G U IN E A S , and the work 
Univerfally approved by their bell Navigators.

New-York, July, 1802,



NAVIGATION STORE.

CUSHING t i  APPLETON,
A t theiign of the B i b l e , E flex-Street,near Market-Street, SA LEM  (MaiT.)

have conftantly for S ale, a complete affortment of  N a u t i c a l  Books,
S eamen ’s I nstruments and St a t i o n a r y  ufeful at Ska.

B O O K S .
N E W  American Practical Navigator, being an Epitome o f Navigation ; 

American Coaft Pilot, containing directions for failing into the principal 
ports and harbours in the United States; Wallh’s Meicantile Arithmetic.

{Ca” The above may be had in any quantity at the Proprietor's prices.

E a s t - I n d i a  N a v i g a t o r ’ s D a i l y  A s s i s t a n t ,  w ith  the n ew  m eth 
od o f  com p u tin g the lo n g itu d e— b y  R. Bijhop - T h e o r y  and P ra c
tic e  o f  Seam anlhip, illu ilra ted  w ith  e n g ra vin g s  ; A  fy ftem  o f  N a v a l T a C iics , 
co m b in in g  the eftab iilh ed  T h e o r y  w ith  gen eral P ra ctice , and p a rtic u la r ly  
w ith  the prefent p ractice  o f  the B r it iih  N a v y ,  illu ilra te d  w ith  co lou red  
figu res, d iftin g u ilh in g  the d iiferen t colum ns o r fquadrons in  e v e ry  e v o lu 
tio n  ; Seam an's G u id e  ; G o w e r ’s 'Seam an ihip , co n ta in in g  gen eral rules fo r  
m anoeuvring fliips, w ith  a chapter on the  variou s co n trivan ces a ga in il a c 
c id e n ts , and a fy ftem  o f  N a v a l S ig n a ls ; P ra ctica l Sea-G u n n er’ s C om p anion , 
.treatin g o f  D e cim a l A r ith m e tic , G e o m e try , T r ig o n o m e tr y , the  d u ty  o f  a 
G u n n e r, the true a llow an ce o f  P o w d er n ow  in  ufe, le n g th  and w e ig h t  o f  
Iro n  O rd n an ce, fpecific  g r a v it y  o f  d ifferen t m etals, w ith  m an y o th er p ar
ticu la rs  n ece ifary  fo r  G unners— b y  William Mo u;: tame ; T h e  M a r in e r ’ s 

jCom pais rectified , co n ta in in g  va rio u s T a b le s  n ece ifary  to  Seam en, and a 
d eferip tio n  o f  the m oil ufeful Inftrum ents in N a v ig a t io n  ; T h e  M a r in e r ’ s 
p e w  C a len d er, co n ta in in g , befides a v a r ie ty  o f  ufefu l tab les, the p rin cip les 
o f  A r ith m e tic  and G e o m e try , n eceffary  problem s in  P lan e S a ilin g  and A f -  
tro n o m y , fa ilin g  d irectio n s, & c .  & c .— T h e  M a rin e r ’ s M ir r o r , w h ich  treats  
o f  the p h ilo fop h ica l prin cip les o f  N a v ig a t io n , an e a fy  m ethod o f  fin d in g  the  
lo n g itu d e  a t fea , a  com pendious fy ftem  o f  L o g a rith m s and the  elem ents o f  
P lan e and S p h erica l T r ig o n o m e tr y , p ro jectio n  o f  the fph ere, and co n ftru c- 
tio n  o f  M a p s ; T h e  S h ip -B u ild e r ’ s A flifta n t, p o in tin g  out rules fo r findin g 
th e  con ten ts o f  P la n k  and T im b e r , o^ fervacions on the n ature and va lu e  o f  
T im b e r , the m ethod o f  d ra w in g  Plans o f  Ships and m ou ld in g th e ir  T im b e rs , 
d irectio n s fo r  m a k in g  M afts and Y a rd s  in  ju ft p ro p o rtio n , tables o f  the 
w e ig h ts  and iizes  o f  A n ch o rs  and C a b les , and the m eth od  o f  findin g the due 
p rop ortion s o f  the R ig g in g  o f  a Ship  ; T h e  A r t  o f  R ig g in g ,  co n ta in in g  an 
exp lan ation  o f  the term s, d irectio n s fo r the m oft m in ute operations and th e  
m eth od  o f  prQ greflive r ig g in g ,  w ith  tables o f  the dim enfions and q u a n tities  
o f  e v e ry  part o f  a  v e ffe l ’ s r ig g in g ,  illu ilra te d  w ith  num erous e n g ra v in g s  ; 
T h e  A r t  o f  S a il- M a k in g , as p raC iifed  in  the B r it ifh  N a v y ,  and a cco rd in g  
to  the m oft ap p ro ved  m ethods in  the M e rch a n t fe r v ic e , illu ilra te d  w ith  
fig u re s , w ith  accu rate  tab les  ; T h e  A r t  o f  m a k in g  M a ils , Y a rd s , G a fts , 
B oom s, B lo ck s  and O a rs , b y  the m oil app roved  m eth ods, in clu d in g  the 
d efe rip tio n  o f  an im p ro v ed  rule fo r  M a ft-m a k e rs , a lfo  a new  m ethod b y  
w h ic h  M a ils  m ay be made from  fm all trees, and rep aired  w hen  fprun g ip  
ih e  f lin g s , accom pan ied w ith  a feparate volu m e o f  la rg e  e n g ra v in g s  ; T h e  
R e a d y  O b fe rv a to r , fo r d eterm in in g  the L a titu d e  a t  Sea, b y  a ltitu d e s  o f  the 
S u n , a t  a n y  tim e  o f  d a y , w ith  n ece ifary  tab les— b y  N. D. Falck ; T a y lo r 's  
L o g a r i t h m s ; M a r g i n ’ s L o n g itu d e  T a b le s , fo r  c o rre c tin g  the effeCt o f  Par
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fallax and Rcfraftion, on the diftauce obferved between the Moon and the 
Sun, or a fixed Star, whereby the true diftauce is accurately obtained and 
the Longitude from Greenwich found by infpeftion ; Margett’s Horary 
Tables, for (hewing by infpetlion, the apparent timé, from altitudes of the 
Sun, Moon and Stars, the Latitude of a Ship and the Azimuth, Time or 
Altitude corrcfponding with any celeftial objeft ; Nautical Almanacs for 
1801, 1S02, 1803 and 1804 ; Requifite Tables for the Nautical Almanac ; 
Malham’s Naval Gazetteer ; Brookes’ General Gazetteer ; Morfc’s do. 
M artin’s Defcription and ufe o f both the Globes, exemplified in a feleft 
■ Variety of Problems in Aftronoray, Geography, Dialling, Navigation, 
Spherical Trigonometry, Chronology, &c. alio a new conftruftion of each 
Globe, by an apparatus exhibiting exaftly the phenomena of the Earth and 
Heavens, at any period— a tuvo edition ; The Ready Calculator, compre, 
hending a fet o f Tables, exhibiting, at one view, the foiid contents of all 
Packages, very ufeful for Freighters ; Inllruftions for young (navy) Offi
cers ; Navy Lift ; Steele’s Naval Remembrancer ; Marine Journal ; Prin
ciples o f Linear Perfpeftive, adapted to Naval Arehitefture ; containing 
rules to draw corrcftly the forms of (hips in every poflible pofition, with 
Plates, Drawing Books of Shipping and Ornaments for Heads and Sterns.,

NavalSonglter ; ForeCaftle Companion (juft publilhed) ; Dibdin’s Songs; 
Columbian Songilcr ; Vocal Companion, and various other Song Books.

Cook’s Voyages, performed from the year 176S to 1780, to v?hich is 
prefixed the life o f Capt. Cook ; Account of the Pelew Iilands, from the 
journals of Capt. Wilfon, ill ip wrecked there in Auguft, 178 3 ; Bruce’s 
Travels, to difeover the fource of the Nile with notes and extrafts from 
Shaw, Savaay and Baron de Tott ; Journal of the Travels and Sufferings o f 
Daniel Saunders’, jun. cart away on the coaft o f Arabia, in 1796 ; Park’s 
Travels in the interior diftrifts of Africa, in the year 1795, ’96, and ’97, 
with Geographical illuftrations of Africa by Major Rewneil ; Travels 
through the interior o f Africa, from the Cape o f Good-Hope to Morocco, 
between the years 1781 and 1797— by Chriftian Frederic Damberger.

The above interefting voork is jujl pubhjhed.
— Volney’s Travels through Egypt and Syria, with many other Voyages 
and Travels in different parts of the world.

Juft pubhjhed in one volume,
The Oriental Navigator, or New Directions for failing to and from the 

Eaft-Indies, with a particular account of feveral new Tracks and difeove- 
ries. Alfo, a Guide in purchafing Drugs, Spices and Diamonds ; and ac. 
Curate Tables of the Weights, Meafures and Coins, Money, See. of India.

Juft Pubhjhed,
Cleveland’s Tables, exhibiting at one view the different duties ad valo

rem arifing on the coft of Merchandize, in fuch Foreign Coins and Cur
rencies as are eftabliihed by an aft of Congrefs, o f July 2, 1799. Alfo,

An Introduftion to Book-Keeping after the Italian method, by the Rev. 
R. Turner. A ll the accounts reduced to the Federal Currency— to which 
are added, feveral Forms of Bills, &c.

INSTRUMENTS.
Elegant C IR C U L A R  IN ST R U M E N T S , to be ufed as Sextants, over 

which they poffefs a decided fuperiority. By the means o f two moveable 
Indices, any inaccuracy in the divifions of any part of the limb (to'which 
the beft inftruments are liable) may be obviated by obferving in any other 
part. The want of parallelifm in the glafles, if  it (hould occur, is correfted 
by the manner of ufing thefe inftruments. They are not (from their form)
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went o f the courfe, which being taken together, make alw ayvAght points 
or 90 degrees.

In conltruiting figures relating to a ihip’s courfe, let the upper part o f 
the paper, or what the figure is drawn upon, always reprefent the north ; 
the lower part will be the fouth ; the right hand eaft, and the left weft.

Draw the north and fouth line to reprefent the meridian o f the place the 
ihip fails from ; then, i f  the ihip’s courfe is to the fouthward, mark the up. 
per end of the line for the place failed from ; but i f  the courfe is northward, 
mark the lower end for that place.

When the courfe is eaftcrly, deferibe the arch, and lay off the courfe and 
departure on the right-hand fide of the meridian ; but when wcfterly, on 
the left-hand fide.

When the courfe is given in degrees, the degrees exprefling it mull be 
taken’ from the line of chords; but when in points, from the line of rhumbs ; 
and is always to be laid off upon the arch, beginning at the meridian.

When the courfe is given in points, it may be fet down with its corref- 
ponding logarithm in points in the calculation, as found in the firft page o f 
the logarithms, without reducing it into degrees.

In all cafes, wherever the complement of courfe, or co-fine, &c. is ufed, 
the degrees or points put down is the courfe itfe lf; yet the logarithm be
longing to the complement, or co-fine, &c. o f that courfe is taken.

A, Table o f the Angles which every Point o f the Compnfs r,takes with
the Meridian.

North. South. ) Points, D.M . North. àoutn.

N . by E. S. by E.

X4
X

\
I

2 .4 9

5 37 
8 .2 6  

1 1 . 1 5 N. by W . S. by W .

N. N. E. S. S. E.

I i  
» 4
1 4
2

14. 4 
1 6 . 5 2  

1 9 . 4 1  
2 2 .3 0 N . N. W . S. S. W.

N. E .b y  N. S. E. by S.

2  4
2  i
3 4  
3

2 5 . 1 9  
28. 7 
3 0 . 5 6  

33-45 N. W . by N. S. w . by S.

N . E. S. E .

3  i  
3 4
3 4
4

3 6 . 3 4  

3 9 . 2 2  
4 2 . I I  
4 5 . O N . W . S. W .

N. E b y  E. S. E. by E.

4  h  
4  4
4  4  
s

47-49
5°-37
Î 3-26
5 6 . 1 5 N. W . by W . S. W . by W .

E. N. E. E . S . E.

5 i
5 4 
s  4
6

59 - 4  
6 1 . 5 2  
6 4 . 4 1

6 7 - 3 ° W . N . W . W . S. W .

E. by N. E. by S.

6 *  
6  4
6  4

7

7 0 . 1 9  

73 - 7 
7 5 5 6
7 8 . 4 5 W . by N. W . by S.

Eaft.

7 4  
7  i
7 4
8

8 1 . 3 4  
8 4 . 2 2  
8 7 . 1 1  
90. 0 Weft.
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E. S. E. from Rcgu'us, at the dillance of 5:4?, 
lies the flat Spica, of the firft magnitude, with no 
bright ftar near it : S. W . of this liar, at the dif- 
tance of about 160, are five liars of the third and 
fourth magnitude, fituated as in the adjoined fig
ure ; the two northcrnmoll o f thefe Hairs >), p, 
form a ftraight line with the liar Spica, and by 
this mark it may be eaiily difeovered. A  line 
drawn from the northern polar liar, through the 
middle liar of the tail o f the Great bear, will pafs 
near to Spica.

E. S. E . from Spica, at the diltance of 46 
degrees, lies the liar Antares, in 26 degrees of 
fouth declination ; it is a remarkable liar, o f a 
reddilh colour; on each fide o f it, to the W . N . W . 
and S. S. E . about 2° diftant, is a liar o f the third 
or fourth magnitude, forming an obtufe angle 
with it, no bright liar being near.

N . E. from Antares, at the diltance of 6o°, 
lies the very bright ftar a A quils ; N . N . W . of 
which, at 20 dillance, is a liar o f the third mag
nitude, and S. S. E. o f it, at 50 dillance, another 
liar of a leffer magnitude, forming a ftraight line 
with it. The liar a, Aquilas is nearly of the fame 
colour as Antares.

S. E. from * Aquilae, at the dillance of 6o°, 
lies the liar Fomalhaut, which is a bright ftar o f 
high fouthern declination, its altitude in northern 
latitudes being fmall, never exceeding 20° in the 
latitude of 40°. It bears nearly fouth from the 
ftar « Pegafi, diftant 45 degrees. A  line drawn 
from the pointers, through the northern polar 
liar, and continued to the oppofite meridian, will 
pafs very near to* Pegafi and Fomalhaut.

E. by N . from a, A quilx, at the dillance of 
48°, and well from a Arietis, at the dillance o f 
4 4 0 ,  lies the liar * Pegafi, which may be known 
by means of four liars o f different magnitudes, 
fituated as in the adjoined figure, in which a rep- 
refents « Pegafi, /3 a liar o f the fecond magnitude 
bearing north of it diftant 13° ; the others are o f 
lefler magnitude, and two of them, sj, ¡it, form a 
ftraight line with the liar a. Pegafi, and by this 
mark it may be eafily difeovered.

G eneral obfervattons on the taking o f  a Lunar Obfcrumtiou.

The accuracy e f a lunar obfervation depends chiefly on the regulation 
of the watch, and on the exaft meafurement of the dillance of the moon 
from the fun or liar ; a fmall error in the observed altitudes of thofe ob
jects does not much affeft the refult o f the calculation.
• The bell method of regulating a watch at fca, is by taking an altitude 
of the fun when it changes quickell, or when it bears nearly call or weft, and



rioting the time by the watch. W ith this altitude, the latitude o f the place, 
and the fun’s declination, find the apparent time o f obfervation by cither 
o f  the preceding methods ; the difference between this time and that (hewn 
by the watcJi, will fhow how much the watch is too faft or too flow. A  
iinglc obfervation taken with care will generally be-exaft enough ; but if  
greater accuracy is required, the mean of a number o f obfervations may be 
taken. I f  the diftance o f the fun and moon be obferved when the fun is 
three or four points diftant from the meridian, the apparent time of ob- 
fervation may be deduced from the altitude of the fun taken at the precife 
time of mcafuring the diftance ; this will render the ufe of a watch itn- 
neceflary, and will prevent any irregularity in its going from affefting the 
rcfult of the obfervation. I f  a night obfervation is to be taken, the watch 
ihould be regulated by an altitude o f the fun taken the preceding even
ing, and its going examined by means of another obfervation taken the 
next morning; for the time found by an altitude of a ilar cannot be fo 
well depended upon, as the atmofphcre in the night is precarious, and the 
horizon generally ill-defined ; but the altitude may be fuffieiently exact 
for finding the correction ufed in determining the angular dillance.

Although all the initrumenls ufed in thefe obfervations ought to be well 
adjultcd, yet particular care'Ought to be taken of the fextant ufed in meaf- 
uring the diftance of the moon from the fun or ftar, fincc an error c f  i '  
ill this diftance will make an error of nearly 30' in the longitude deduced 
therefrom. When a great angular diftance is to be meafured, the adjustment 
o f  the parallelifm of the tclcfeojie is o f primary importance ; but when the 
diftance is lefs than 50°, the tclefcope may be difpenfed with, ufing a fun- 
pie fight tube, taking care, however, that the eye and point o f contail o f 
the objefts on the horizon glafs be equally diftant from the plane o f the in- 
ferument.

Whilft one perfon is obferving the diftance o f the objeils, two others 
ought to be obferving their altitudes ; and the watch either fufpended near 
one of the obfervers, or put into the hands of a fourth perfon appointed to 
note the times. The obferver who takes the angular diftance giving pre
vious notice to the others to be ready with their altitudes by the time he 
has finiftied his obfervation, which being done, the time, altitudes, and 
diftance ihould be carefully noted ; and other fets of obfervations taken, 
which muft be done within the fpacc of 15 minutes, and the mean of all 
tiiefe obfervations muft be taken and worked as a Angle one.

When a fnip is clofe hauled to the wind, with a large fea, or when fail
ing before the wind, and rolling confiderably, it is difficult to meafurc the 
diilance of the objects : but when the wind is enough upon the quarter to 
keep he.r Heady, it is eafy to do it, cfpecially in fmall diftanccs, which arc 
much more ealily meafured than large ones, and are not fo liable to error 
from an ill adjuftment of the telcfcopc : an obferver would therefore do 
well to choofe tiiofe times for his obfervations when the diftance of the 
objeils is lefs than 70°. An obfervation of the fun and moon is generally 
much eafier to take when the altitude of the moon is lefs than that ot the 
fun, becaufe the fextant will be held in a more natural and eafy manner. 
When the moon is near the zenith the obfervation is generally difficult to 
make, bccaufc the obferver is forced to place himfelf in a diiagreeable pol- 
turc. For the fame rcafon an obfervation of the moon and a ftar is gene
rally much eafier to take when the ftar is lower than the moon. T Ins fit- 
uation of the objefts may in moll cafes be obtained by making the obfer
vations at a proper time o f the day. But it muft be obferved that neither 
o f the objeils ought to be at a lefs altitude than fo ’, upon account'of the
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5 . 1 8 8 1 8

4 . 5 5 6 9 8

4 . 5 5 7 6 5
4 . 5 5 8 3 2
4 . 5 5 9 0 0

4 5 5 9 6 7
4 . 5 6 0 3 4

3 * O
1 0
2 0
3 0
4 0
S °

0 . 0 9 9 0 9
0 . 0 9 8 8 5
0 . 0 9 8 6 1
0 . 0 9 8 3 7
0 . 0 9 8 1 3
0 . 0 9 7 8 9

5 . 2 0 1 9 4  
5 . 2 0 2 1 8  
5 . 2 0 2 4 2  
5 . 2 0 2 6 6  
5 . 2 0 2 9 0  
5 . 2 0 3 1 4

4 . 5 9 6 2 7

4 . 5 9 6 9 r
4 - 5 9 7 5 5
4 . 5 9 8 1 8
4 . 5 9 8 8 2

4 - 5 9 9 4 5
2 2 0

1 0
2 0

3 0
4 0

Ç O

0 . 1  1 2 5 9  
O . I 1 2 3 J
0 . 1 1 2 0 7  
0 . 1 1 1 8 1 
0 . 1 1 1 5 6  
0 . 1 1 1 3 0  

0 .  !  1 1 0 4  
0 .  I  1 0 7 8  
O . J  1 0 5 2  

1 1 0 2 7  
0 .  I  !  0 0  I
0 . 1 0 9 * » ^

5 . 1 8 8 4 4  
5 . 1 8 8 7 0  
5 . 1 8 8 9 6  
5 . 1 8 9 2 2  

5 . 1 8 9 4 7  

5 . 1 8 9 7 3

4 . 5 6 1 0 1
4 . 5 6 1 6 8
4 . 5 6 2 3 5

4 5 6 3 0 '
4 . 5 6 3 6 8  

4 - 5 6 4 3  5

3 * 0
x o
2 0
3 0
4 0
5 0

0 . 0 9 7 6 5
0 . 0 9 7 4 1
0 . 0 9 7 1 8
0 . 0 9 6 9 4
0 . 0 9 6 7 0
0 . 0 9 6 4 7

5 . 2 0 3 3 8
5 . 2 0 3 6 2
5 . 2 0 3 8 5
5 . 2 0 4 0 9

5 - 2 0 4 3 3
5 . 2 0 4 5 6

4 . 6 0 0 0 8  
4 . 6 0 0 7 2  
4 . 6 0 1 3 5  
4 . 6 0 1 9 8  
4 . 6 0 2 6 1  
4 . 6 0 3  2 4

* 3 O
1 0
2 0

3 0
4 0
* ¡ 0

5 . 1 8 9 9 9  
S - 1 9 0 2 5  
5 . 1 9 0 5 1  
$ .  I 9 O 7 6  
5 - 1 9  1 0 2
v ' 0 ' 2 ?

4 . 5 6 5 0 1
4 . 5 6 5 6 8
4 . 5 6 6 3 5
4 . 5 6 7 0 1
4 . 5 6 7 6 7
4 . 5 6 8 3 4

3 3 0
1 0
2 0
3 0
4 0

5 °

0 . 0 9 6 2 3
0 . 0 9 5 9 9
0 . 0 9 5 7 6
0 . 0 9 5 5 2
0 . 0 9 5 2 9
0 . 0 9 5 0 6

5 . 2 0 4 8 0
5 . 2 0 5 0 4
5 . 2 0 5 2 7
5 . 2 0 5 5 1
5 . 2 0 5 7 4
5 . 2 0 5 9 7

4 . 6 0 3 8 8  
4  6 0 4 5 0  
4 . C 0 5 1 3  
4 . 6 0 5 7 6  
4 . 6 0 6 3 9  
4 . 6 0 7 0 1

* 4 0
1 0
2 0

3 0
4 0
Ç 0

0 . 1 0 9 5 0  
0 . 1 0 9 2 4  

0 . 1 0 S 9 9  
0 . 1 0 8 7 3  
0 . 1 0 8 4 8  
0 . 1 0 8 2 2

> * y * s j  
í - 19 1 7 9
5 . 1 9 2 0 4  

5 . 1 9 2 3 0

> • ' 9 * 5 5  
5 . 1 9 2 8 1

4 . 5 O 9 O O
4 . 5 6 9 6 6
4 . 5 7 0 3 2
4 . 5 7 0 9 8
4 . 5 7 1 6 4

4 - 5 7 * 3 °

4 . 5 7 2 9 6
4 5 7 3 6 2
4 . 5 7 4 2 8

4 - 5 7 4 9 3
4 . 5 7 5 5 9
4 . 5 7 6 2 5

3 4 0
1 0
2 0
3 0
4 0

s o

0 . 0 9 4 8 2

0 . 0 9 4 5 9
0 . 0 9 4 3 5
0 . 0 9 4 1 2
0 . 0 9 3 8 9
0 . 0 9 3 6 6

5 . 2 0 6 2 1
5 . 2 0 6 4 4
5 . 2 0 6 6 8
5 . 2 0 6 9 1
5 . 2 0 7 1 4

5 - 2 0 7 3 7

4 . 6 0 7 6 5
4 . 6 0 8 3 7
4 . 6 0 8 9 0
4 . 6 0 9 5 Z
4 . 6 1 0 1 5

4 . 6 1 0 7 7

2 6

0
1 0
2 0

3 0
4 0
K O

0
1 0
2 0

3 0
4 0
' 0

0 . 1 0 7 9 7
0 . 1 0 7 7 2  

0 . 1 0 7 4 6  
0 . 1 0 7 2 1  
0 . 1 0 6 9 6  
0 . 1 0 6 7 1

0 . 1 0 6 4 6  
0 . 1 0 6 2 0  
0 . 1 0 5 9 5  
0 . 1 0 5 7 0  
0 . 1 0 5 4 5  

0 . 1 0 5 2 0

5 . 1 9 3 0 6  

5 - » 9 3 3 1 
S - I 9 3 S 7 
5 . 1 9 3 8 2

> - ' 9 4 ° 7  
S '  9 4 3  2

3 5 0
1 0
2 0
3 0
4 0

S O

0 - 0 9 3 4 3  
O . O 9 3  1 9  

0 . 0 9 2 9 6  
O . O 9 2 7 3  
O . O 9 2 5 C  
O . O 9 2 2 7

5 . 2 0 7 6 0
5 . 2 0 7 8 4
5 . 2 0 8 0 7
5 . 2 0 8 3 0
5 + 0 8 5 3
5 . 2 0 8 7 6

4 . 6 1 1 3 9
4 . 6 1 2 0 2
4 . 6 1 2 6 4
4 . 6 1 3 2 6
4 . 6 1 3 8 8
4 . 6 1 4 4 0

5 - 1 9 4 5 7
Î . 1 9 4 8 3
5 . 1 9 5 0 8

5 - * 9 5 3 3  
5 . 1 9 5 5 8  
5 . 1 9 5 8 3

4 . 5 7 6 9 c

4 - 5 7 7 5 5
4 . 5 7 8 2 1

4 . 5 7 8 8 6

4 . 5 7 9 5 1
4 . 5 8 0 1 -

3 6 0
1 0
2 0
3 0
4 0

5 0

0 . 0 9 2 0 4  
0 . 0 9 1 8 1  
0 . 0 9 1 5 8  
0 . 0 9 1 3 6  
0 . 0 9 1 1 3  
0 . 0 9 0 9 0  

0 . 0 9 0 6 7  
0 . 0 9 0 4 4  
0 . 0 9 0 2 2  
0 . 0 8 9 9 9  
0 . 0 8 9 7 7  
0 . 0 8 9 5 4

5 . 2 0 8 9 9
5 . 2 0 9 2 2

5 . 2 0 9 4 5
5 . 2 0 9 6 7
5 . 2 0 9 9 0
5 . 2 1 0 1 3

4 . 6 1 5 1 2  
4 . 6 1 5 7 4  
4 . 6 1 6 3 6  
4 . 6 1 6 9 8  
4 . 6 I 7 6 O  
4 . 6 1 8 z a

* 7 O
1 0
2 0

3 0
4 0

<¡0

0 .  Í O 4 9 6  
3 . 1 0 4 7 1  

0 . 1 0 4 4 6  
3 . 1 0 4 2 1  
0 . 1 0 3 9 6  

0 . 1 0 3 7 1

5 . 1 9 1 0 7
5 . 1 9 6 3 2

5 - r 9 ® 5 7  
5 . 1 9 6 8 2  

5- I 9 7 0 7  
5 . 1 9 7 3 2

5 - 1 9 7 5 6
> . 1 9 7 8 1
5 - 1 9 8 0 5

5 . 1 9 8 3 0

7- * 9 8 S  5 
5 .  i q 8 ? q

4 . 5 8 0 8 2

4 - 5 8 1 4 7
4 . 5 8 2 1 2  
4 . 5 8 2 7 7  
4 . 5 8 3 4 2  
4 . 5 8 4 0 1

+ • 5 8 4 7 1  
+  S S 5 3 6  
4 . 5 8 6 0 1  
4 . 5 8 6 6 5

4 . 5 8 7 3 0 !
1 - 5 8 7 9 4 .

+  5 8 8 5 9  
4 . 5 8 9 2 3  
4 . 5 8 9 8 s  
4 . 5 9 0 5 2  
4 . 5 9 1 1 6  
4 . 5 9 1 8 0

3 7 0
1 0
2 0
3 0
4 0

5 °

5 . 2 1 0 3 b  
5 . 2 1 0 5 9  
5 . 2 1 0 8 1  
5 . 2 1 1 0 4  
5 . 2 1 1 2 6

5 . 2 1 1 4 9

4 . 6 1 8  8  3  
4 . 6 1 9 4 5  
4 . 6 2 0 0 6  
4 . 6 2 0 6 8  
4 . 6 2 1 2 9  
4 . 6 2 1 9 1

2  S> 0
1 0
2 0

3 0
4 0
Ç O

O . I O 3 4 7  
0 . 1 0 3 2 2  
O . I O 2 9 8  

0 . 1 0 2 7 3  
0 . 1 0 2 4 ?  
0 . 1 0 2 2 4  

0 . 1 0 1 9 9  
0 . 1 0 1 7 5  
0 . 1 0 1 5 1  
0 . 1 0 1 2 6  
0 . 1 0 1 0 2  
0 . 1 0 0 7 ?

3 8 0
1 0
2 0
3 0

4 0
5 °

0 . 0 8 9 3  1 
0 . 0 8 9 0 9  
0 . 0 8 8 8 6  
0 . 0 8 8 6 4  
0 . 0 8 8 4 2  
0 . 0 8 8 1 9

5 . 2 1 1 7 2  
5 . 2 1 1 9 4  
5 . 2 1 2 1 7  
5 . 2 1 2 3 9  
5 . 2 1 2 6 1  
; . 2 i  2 8 4

4 . 6 2 2 5 2
4 . 6 2 3 1 3

4 -6 * 3 7 3
4 . 6 2 4 3 6
4 6 1 4 9 7
4 6 2 5 5 8

2 9 O
I O
2 0

3 0
4 0
5 0

5 . 1 9 9 0 4
5 . 1 9 9 2 8
5 . 1 9 9 5 2

> - ' 9 9 7 7
3 . 2 O O O I
5 . 2 O O 2 5

3 9 0
1 0
2 0
3 0

4 0
S °

= ^ S S S j

0 . 0 8 7 9 7

0 . 0 8 7 7 5
0 . 0 8 7 5 1
0 . 0 8 7 3 0
0 . 0 8 7 0 8
0 . 0 8 6 8 6

5 . 2 1 3 0 6  
5 . 2 1 3 2 8  
5 . 2 1 3 5 1

5 - 2 1 3 7 3
>■ 21395
5 * i 4 ' 7

X_-\T— ■-*-

4 . 6 2 6 1 9
4 . 6 2 6 8 O
4 . 6 2 7 4 1
4 . 6 2 S 0 2
4 . 6 2 S 6 3
. 4 6 2 9 2 3

IS) T a s .



B O O K S  A N D  S T A T I O N A R Y .

fiibjeCt to be bent or warped, except by fome extraordinary violence.— —-■ 
M etal Sextants, with filver arch ; Hadley’s Quadrants, With and without 
Tangent Screws (accurately graduated and finiihed in the bd l manner/—  
Compafles ; Day and N ight, Achromatic and common Spy-Glades o f all
Jrices ; Gunter’s Scales ; Down’s Improved Navigation, ditto Parallel 

.ules ; Steel-jointed and other Dividers ; Cafes of Mathematical Inftru- 
ments o f various fizes ; Thermometers.

STATIONARY.
W riting, Wrapping, Sheathing, Cartridge, Log-Book, Blue, Marble 

and Letter Paper o f every quality ; Quills, Ink and Ink-Powder ; Red 
and coloured Wafers ; Sealing-Wax ; Black Sand ; Slates and Pencils ; 
W riting and Cyphering Books ; Cargo and Journal Books ; Log-Books ; 
Memorandum and Pocket-Books of all kinds ; Blank-Books, ruled and 
plain ; Stamps and Blanks ; Ink-Jugs ; Glafs, Wedgwood, Pewter and 
other Inkftanas; Sandboxes ; Penknives ; Razors ; Razor-Strops ; Scif- 
fars ; Cutteaus ; India-Ink : Elaltic Gum 5 black and red lead and Cam
el’ s hair Pencils ; Pencil-Cafes ; Boxes of Paints ; large Drawing Paper 
Portable Dreffing Cafes.

A  very extenfive (and conftahtly increafing) aflortment o f P ilots, 
A tlasses, general and particular Sheet  C harts, Plans o f Harbours, 
Direhiirtes, and Sailing Directions for every part o f the nvorld ; Church
man’s and Hadley’s Variation Charts ; Tide Tables. (£#* The neweft and 
moil correil Charts will be procured as foon as publifhed.

They have for fale alfo,
Bibles, Teftaments, Englifh and Grammar School-books,
Books in every branch o f Literature.
Stationary in general.
Vocal and Inftrumental Mufic and Mulical Inftruments.
Blanks of all kinds, handfomely and correftly printed. ■
Patent Medicines and Perfumery.

jfo h n

No. 75, CoRNHILL, BOSTON,

H as- for Sa l e ,

A  L A R G E , well afforted and valuable collection of Books, in e v e r y  
branch of Literature, many of which are particularly adapted to the 

ufc of Seamen— New American Practical Navigator, American Coaft Pilot, 
Malham-’s Naval Gazetteer, Elements and practice of Rigging, Seamanfhip, 
and Naval Tactics, Nautical Almanacs, Requifite Tables, Voyages, Trav
els, Tales, Novels and Romancer, Bibles, Teftaments and Pfalm-Books.

A  lare variety of St a t io n a r y , W riting Paper of every defeription, 
Quills, Slates, Inkpowder, Sealing-Wax, Wafers, Gunter’s Scales and D i
viders, Ladies’ and Gentlemen's Morocco Pocket:-Books,-Thread Cafes and* 
Purfes, Penknives* Razors, Sciffars, &c. Sic.
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