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FIRST EDITION OF BOWDITCH'S GREAT
YNEW 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 « . o 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. 1lst 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. 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."

/, 2»J0
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., 180l.

Bowditch was a distinguished mathematician turned
navigator when he developed a simplified system for
determining latitude at sea. His book bescame 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 use during

World War II.
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PRACTICAL NAVIGATOR;

EPITOME or NAVIGATION;

CONTAINING ALL THE TABLES NECESSARY TO BE USED WITH THE

NAUTICAL ALMANALC,

iN DETERMINING THE

LATITUTDE;
‘ V AND THE “ _
LONGITUDE BY LUNAR OBSERVATIONS;
AND

KEEPING A COMPLETE RECKONING AT SEA:
ILLUSTRATED BY

PROPER RULES AND EXAMPLES:"

THE WHOLE EXEMPLIFIED IN A

7OURNAL,

KEPT TFROM

L
BOSTON TO MADEIRA,

v . . .
IN WHICH ALL THE RULES OF NAVIGATION ARE INTRODUCED

: ALs o0

e Demanftration of the moft ufeful Rules of TRrGoxow EYRY ¢ With many nfeful Problems in MENSURATION, SURVEYING,
and Gaverne : And a Diftionary of SE8.TerMs 5 with the Manner of performing the molt common EVOLUTIONS & Sed.
TO WHICHK ARE ADDED.

. I
- Some GExexAL InsTRUCTIONS and INFORMATION to MraeRants, Masrers of VEsssrs, and otiers concerned in Navicas
TIoK, relative to Maririvme Laws aod MeErcanTiLy CusroMs.

i 5 G
FROM THE BEST AUTHORITIES.

ENRICHED WITH A NUMBEP OF
NEW TABLES,
WiTH ORIGINAL IMPROVEMENTS AND ADDITIONS, AND A LARGE

V:\RiETY OF NEW AND IMPGRTANT MATTER :
ALS O,

MANY THOUSAND ERRORS ARE CORRECTED,

WHICH HAVE APPEARED IN THE BEST SYSTEMS OF NAVIGATION YET PUBLISHL®:

ey NATHANIEL BOWDITCH,
FELLOW OF THE AMERICAN ACADEMY OF ARTS AND SCIENCES
SARERRAR A
ILLUSTRATED WITH COPPERPLATES.

Jivlt Coftion.

PRINTED AT NEWBURYPORT, (Mass.) 1oz,
BY
EDMUND M. BLUNT, (Proprietor)
. Forn CUSHING & APPLETON, Satim.

SOLD BY EVERY ROOKSELLER, SHIP.CHANDLER, AND MATHEMAT!CALW\MWTJLM,
IN THE UNITLD STATES AND WEST.INDIZS.







Report

Of the Committee, appointed by the East-Inpra Marine Socrzry of
Salem, at their meeting on the 6th. of May, 1801, to examine a work
called, “ The New American Praftical Navigator, by Nartuanice
Bowpirtcr, F.A.A.”’ .

AFTER a full examinatien of the fyftem of Navigation prefented to
the fociety by one of its members, (Mr, Nathaniel Bowditch) they find,
that he has correfted many thoufand crrors, exifting in the beft 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,
of the fun’s right afcenfion, of amplitudes, and many others necefary to
the Navigator. Mr. Bowditch has likewife, in many inftances, greatly
improved the old methods of calculation, and added new ones of his owu.
That of clearing the apparent diftance of the moon, and fun or ftars,
from the effe@ of parailax and refraftion, is peculiarly adapted to the ufe
of feamen in general, and is much facilitated (as all other methods are)
in the prefent work, by the introduétion of a proportional table into
that of the corre@ions of the moon’s altitude. His table nincteenth, of
corre&tions to be applied in the lunar calculations, has the merit of being
the only accurate one the committee are acquainted with. e has much
improved the table of latitudes and longitudes of places, and has added

" thofe of a number on the American coaft hitherto very inaccurately
afcertained,

Tuis work, therefore, is, in the opinion of the commirtec, highly de-
ferving of the approbation and encouragement of the fociety, not only

as being the moft corre@ and ample now extant, but as being a genuine
American produétion ; and as fuch they hefitate not to recommend it to
the attention of Navigators, and of the public at large.

JONATHAN LAMBERT,
BENJAMIN CARPENTER,
JOHN OSGOOD, Committce.
JOHN GIBAUT,
JACOB CROWNINSHIELD, |
Approved. EENJAMIN HODGES, Prefident,
A true copy. MOSES TOWNSEND, Sec’y.,
Salem, May 13, 1801,



Advertigement,

THE decided preference given the American editions of the.
$¢ Nrw Practricar NavicaToRr,” fince its appearance in 1799, calls on
the proprietor for his acknowledgments of gratitude. To the honour of
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 relinquith Moore’s trea,
tife for the prefent more corre®t and perfeét work, furnithed by Mr,
BowpiTcH.

While he is tendering his thanks to fuch as have affifted in the eftab-
lithment of the work, it would be highly criminal to omit thofe due ta
Fobn Hamilton Moore ; and with the greateft franknefs it is acknowledged
that he contributed largely to its eftablithment, 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 Englith Weft-India iflands the American edition has invag
viably been purchafed when a fupply could be obtained.

EDMUND M. BLUNT,
I_ng‘;utyport,‘ ]am‘ 18o02,
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THIS work was originally intended for a third American edition of
the Pratical Navigator of John Hamilton Moore, which had already
paffed through two large irxipreﬂions in this country ; but ona carcful
examination of that treatife, it was found fo crroneous in the tables, and
faulty in the arrangement, that it was concluded to take up the fubjedt
anew, and, without being confined to Moore’s work, to have recourfz
to thofe authors whofe writings would afford the beft materials for thc
purpofe—to introduce fuch additions and improvements of our own asa
clofe attention to the fubjeét fuggefted—and to enfure the accuracy of
the Tables, by actually going through all the calculations neceffary to a
complete examination of them. From thefe labours has refulted the
work now offered to the public.  The particulars in which it diffcrs
from other works of the kind will be bricfly ftated, after giving a flort
account of the moft popular treatifes of Navigation,

Tue moft complete treatife we are acquainted with, is calied the
¢¢ Elements of Navigation,”” by John Robert{on, publifhed zt London in
1750, in2 vols. 8vo. ; it contains the demonftrations of moft of the theorems
of navigation, with many practical examples, arranged in a natural order,
but the collettion of tables is very incomplete. The ¢ Requifite Ta-
bles,’” publifhed in 1766, 1781, and 1799, by Dr. Mafkelyne, the pref-
ent Aftronomer 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 of them combined
formed a complete fyftem of navigation both in theory and pratice, but
fingly neither of them wus complete ; and much of 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, poticing this circum-
ftance, refolved to make his work on a different plan, to contain only
fuch matter as might be ufeful to the mere pratical navigator. To ef-
fe& this, he copicd moft of the pratical rules of Robertfon, and the ta.
bles of Maikelyne, and formed a treatife, of moderate fize and price,
called, ¢ The Pra&tical Navigator,”” which had a great run in England
and America, but rather from the principle of its confizucticn, than from
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the execution of the work, which in many inftances was extremely faulty 2
for, without correiling any errors in the works he copied from, he added
many of his own, one of which has becn fatal to feveral veflels. The
error alluded to is that in the tables of declination, which was cor-
reCted by the author of this wotk 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 negle@ed otherst
of great importance. To remedy this defe@, 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 laft figure exa& to the
neareft unit, a circumftance very conducive to the accuracy of any calcu-
lation. In performing this, no lefs than EsGHT THOUSAND errors were
difcovered and corre@ted in Moore’s work, and above Two THoOUsSAND
in Maikelyne’s Requifite Tables. Moft of the errors in Mafkelyne’s
colle&tion were in the laft decimal place, and the corretions in many in-
ftances would but little affe@ the refult of any nautical calculation ; but
when it is confidered that moft of thefe tables are ufeful on other occa.
fions, where great accuracy is required, it will not be deemed a ufelefs
improvement to have corre€ted fo great a number of fmall errors.

The author had once flattered himfelf, ¢hat the tables of this colleétion
which did not depend on obfervations would be abfelutely correét; but in
the courfe of his calculations he has accidentally difcovered feveral errors
in two of the moft corre¢t works of the kind extant, viz. Taylor’s and
Hutton’s Logarithms,f notwithftanding the great care taken by thofe
able mathematicians in examining and corre@ing them: he therefore
does not abfolutely affert that thefe tables are entircly correct, but feels
confcious that no pains have been fpared to make them fo. Any one
who wifhes to examine thefe calculations may do it by the formuiz ufed
for this purpofe, which will now be given with fome additional remarks,

Tue copy of Tables I. and II. was calculated by means of the natura]
fines taken from the fourth edition of Sherwin’s logarithms, having pre-
vioufly examined them by differences ; when the proof-fheets were ex.
amined, the numbers were again calculated by the natural fines in the
fecond edition of Hutton’s logarithms ; and if any difference was found,
they were compared and calculated a third time by Taylor’s logarithms,
By comparing thefe tables with thofe publithed in Moore’s Epitome, it

* A, Tahle XXI. of this colle8Bien, which wac only publithed to every 3o
+ As Tables XIX. XXVI. XXVIIL and XXIX. of this colle@ion.

3 A8 i will bk ufefal 0 thofle who own hefc works 1 hase 2 it of thefe errops, it is given in the Jaf page of this warks
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was found that there were above 3500 errors in that part of kis work ;
moft of them in the laft decimal place, but many of greater moment.

TasLe II1. 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 of half the latitude increafed by 43°,
taken to feven places of figures reckoned as integers, and M is the
meridional parts of that latitude in miles. In Moore’s editions of this
table were found fifty-feven errors. In this table (and in moft of the
other tables of this work) the degrees are marked at the bottom as well
.as at the top, and the fpacc-lineé are placed at every five lines diftancey
inftead of ten as in Moore, which much facilitates the ufe of the tables,
particularly when the numbers fall towards the bottom of the page.

TasLe IV, contains the latitudes and longitudes of feveral hundred
places more than in Moore’s table, and above one hundred on the coaft of
Anmerica, which are net in any European publication of the kind. Not.
withftanding the care taken in correéting this table, it muft, from the
nature of it, be in a degree erroneous, owing to the uncertainty of tlie
obfervations on which it is founded. Should any errors be difcovered
in this table by any perfon, heis requefted to give information to the
author «or proprietor (by poft or any way that may be convenient), in
doing which he will render an eflential fervice to them and to the public,

Tasre V. contains the declination of the fin, which was compared
with the Nautical Almanacs for the years 1801, 18c2, 1803, and 1504,
and marked to the nearet minute. This table is one of the mof im-
lportant in this colletion, becaufe the latitude is generally determined
by it : it was therefore a very criminal inattention of Moore, in pub.
lifhing it fo incorretly in moft of the Jate editions of his work ; for by
reckoning the year 1800 as leap-year, he had made an error of 23 miles
in fome of the numbers. This error was the caufe of lofing two veffels
to the northward of Turk’s Ifland, and bringing others into {erious dif.
ficulties.

TaBre VI. contains the correétion of the fun’s declination, as was’
publithed by Dr. Mafkelyne, excepting a fmall alteration in the bortom
line, The corre@ion taken from this table will never diffcr more than
6 or 17 feconds from the truth,
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Tastk VII. contains the mean of the fun’s right afcenfion, takeA
from the Nautical Almanacs for the years 1801, 1802; 1803, and 1804,
This rable is vfeful in finding the approximate time of the rifing or fetting
of the ftars, when 4 Nautical Almanac cannot be obtained. There is

"ot a fingle number in Moore’s table that agrees with thiat publifhed in
this work, his numbers being too great by 1, 2; 3, or 4 minutes.

Taste VIII. contains the amplitudes of the fun for various fatitudes
and declinations, which was calculated by Taylor’s logarithms; by this
rule:

Yog.fec. lat.4Log. fine declination—10.0000000=Log. fin. amplitude;

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

1 to 23

Tasre IX. contains the rigilt afcenfions and declinations of 76 ftars
of the firft and fecond magnitudes, with their annual variation, adapred
to the veginning of the year 1800. This table was extraéted from thofe
publithed by Dr. Zach.

Tanrs. X. contains the time of the fun’s rifing and {éfting, which
was caleulated by Taylor’s logarithms, by this rule :

Log. cof. hour = Log. tang. declin.-Log. tang. latitade—10.0000000,

In Moore's table are feventy errors:

Tasre X1I. contains the diftances at which any objedt is vifible at feas
Tt was calcudated by the rule given in§ 195 of Vince’s Aftronomy, irt
which the terrefirial refraftion was noticed ; this circumftance was ne-
giedted by Robartfon, ‘\lloory, and others, and of courfe their rables are
erronzous. The rule given by Mr. Vince, exprefied in logarithms, is
this :

o.12155-+Half lng: of height ir feet == Log. of dift. in ftatute miles.

In reducing the rule to logarithms, I have called the radius of the ear lh
23911790 feet, which agrees rearly with the mean value given im
La Lande’s Aftronomy.

Tasre XII. is 2 common table of proportional parts, the conffrue:

t10n of which does not need any explanation.

Tante XIIL contains the refra@tion of the heavenly bodies, cal-
culated by Dr. Bradley’s ruley fuppofing the refration to be as the tan-
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gent of the apparcnt zenith diftance of the objet decreafed by three times
the refraction, the horizontal refraction being fuppofed equal to 33%.
The rule exprefled in logarithms is this :

Log. tang.(app.zen.dift.—3 . refraftion)—8.2438 5 34==Log.of ref.infec.

"The numbers calculated by this rule agree nearly with thofe publithed
in Table I, of Mafkelyne’s Requifite Tables.

Tasts XIV. contains the dip of the horizon for varions heights,
which was calculated by the rule in § 197 of Vince’s Aftronomy, in which
the terreftrial refration is allowed for: All the numbers of this table
differ a little from thofe publithed by Dr. Mafkelyne, who had made 2
different allowance for that refraction. The rule given by Mi. Vince,
exprefled in logarithms, is:

17712711 -4 half the log. of the heiglit id feet == Log. dip in feconds.

Tisre XV, contains the fun’s parallax in altitude, calculated by
multiplying the natural fine of the apparent zenith diftance by the fun’s
horizontal parallax 83”. The numbers iin this table agree with thofe
publithed by Dr. Mafkelyne:

TasLe XVI. contains the augmentation of the moon’s femi-diame.
ter=15".626 X fine D’s altitude, This table agrees nearly with that
publifhed by Dr. Mafkelyne.

Tasre XVIL contains the dip for various diftances and heightsy
éalculated by this rule,

3, b
D=2 0.56514 X —
; 0.5 514X~

ficarly ; in which I reprefents the dip in miles or minutes, 4 the diftance
of the land in fea miles, and 4 the height of the eye of the obferver in
fect, Thefe numbers differ a little from Dr. Mafkelyne’s, for the fame
teafon that caufes the difference in Table XIV.

Tasre XVIIIL contains the correfiions of the moon’s altitude for
parallax and refration, and is fimilar to Table VIII. of the Requifite
Tables, but more corrett. The argament at the top is the moon’s ze-
nith diftance, which was preferred to her altitude, becaufe ths corress

B
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tions for the odd minutes of zenith diftance, and odd feconds of parailaxz,
are additive in the moft ufeful parts of the table. The rules by which:
this table was calculated are thefe :

Sine par. in alt,=Sinc hor. par. X Sine zen. dift..
Tabular corre@ion—"Par. in alt.—Refraction.

The numbers in the table were calculated by Taylor’s logarithms to-
four places of decimals to every degree of zenith diftance, and for 53’
and 62 of parallax ; the other numbers were found by interpolation..
A number of finall tables of proportienal parts are now, for the firft
time, placed in the margin, by which the correéiions for any odd mir-
utes of zcnith diftance, or odd fcconds of parallax, are cxpeditioufly
found.

Tapre XIX, contzins a fimall corre®tion ufed in working' a lunaz
obfervation, and exprefles the difference 4, between the bafe B and the
hypotenufe B4-6 of a right-angled fpheric triangle, whofe third fide P’
never exceeds 62';. the argument at the top of the table being B, and.
at the fide P, The vaive of 4 being found by this rule by Taylor’s.

logarithms ¢

Log. & in feconds = Log. co-tang. B 4- Log. verf. fire P—14.6855740
—Diff. log. fines of B and B-+14

in which the laft term may in moft cafes be neglefted. This table was
firft given by Mr.Ifrael Lyons, and publithed by Dr. Mafkelyne in both
cditions of his tables ; but by a careful examination by the abeve rule,.
and by other methods, Thave difcovered no lefs than nine hundred thirty
crrors in this table, which only contains four pages ; all of which are

cepied by Mcore.

Tapre XX, for turning time into' degrees, is the fame as in ethex

works of this kind.

Tanrty XXI. was firft conftroted by Mr. Doowes of Amfterdam, a-
bout the year 1740, and for which he received £. 5o of the Commiflioners
of longitude in England. This table was publithed in the firft and
fecord editions of the Requifite Tables ; in the former edition it was
carried as far as {ix hours, in the latter it was extended from fix ta nire
hours.  The numbers in this table are notking more than the log. fines,.
log. co-fecants,. and log. verfed fines, of the hour to which they corref-
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gond. Thus, if the time oppofite to any number of thefe tables turned
into. degrees, is H, we thall have
Log. £ clapfed time of H=Log. co-fecant H-—10.0000000
Log. middle time H=Log. fine HI—4.698g700

__{ Log. verfed fine Hi—s.00000c0

~ 12 x log. fine L H—14.6989700

By means of thefe formule, the numbers of Table XXI. were calculated
by Sherwin’s, Hutton’s, and Taylor’s 10gariﬂuns, and a great number
-of errors were difcovered ; there being no lefs thon 1024 in the fecond
edition of the Requifite "Tables, molt of which arc in the additional

three hours {from fix to nine hours), not publifhed in the firft editicn.

Log. rifing H

About two thirds of thefe additional numbers differ from their rruc val-
-
ues by one or two units. Moore did not publifh this table comwicte,
and never correéted any errors in that he did publifh.
Tanre XXII. was compared with Sherwin’s and Ilutton’s table, and
a few errors correfted.

Tasee XXIIL contains the proportional logarithms for three hoursy
Any number of this table is found by fubtraéting the logarithm of the
¢ime in feconds from the log. of 10808”; or, which is the fame thirg,
by the following rule : '

Prop. log T=4.0334 738—log. of T in feconds, ncgletting the three
. right hand figures of the remainder.

In both editions of the Requifite Tables' were found fix hundred and

eighty errors, in the laft decimal placcs, all of which were implicitly

copied by Moore.

Tasre XXIV. contains the common logarithms of numbers, which
was compared with Sherwin’s, Hutton’s, and Taylor’s logarithims.

Tasre XXV. contains the common log. fines, tangents, {ecants, &c.
This was compared with Sherwin’s, Hutton’s, and Taylor’s tables, and
two hundred and ten errors were difcovered in Moore’s work, fomne of
which are of great importance. T'wo 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 of de-
grees is marked to 180° which faves the trouble of fubtratting the given
angle from 180° when it exceeds go°.  This is a convenience in
working an azimuth, or regulating a watch.
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Tarre XXVI. was calculated by proportioning the daily variation
of the time of the moon’s paffing the meridian. This table is not given
in Moore’s work, but there is a fimilar pne in the Requifite Tables,

though very inaccyrately printed.

Tapre XXVIIL contains the mean correction of the moon’s altitude
for parallax and refration, correfponding to the parallax 57 30”

Tasres XXVIIIL and XXIX. are taken from the Requifite Tables,
with a few corretions, being common tables of proportional parts.

They are not given by Moore.

Besipes thefe alterations in the tables, there are alfo great additions to
the body of the work, taken from ufeful publications ; the moft remarkable
of which are—The demonftrations of the moft ufeful propofitions of Ge~
ometry and Trigonometry, from Patoun’s Navigation, with alterations—
The Di&ionary of Sea-Terms, comPﬂed from various authors—The man-
ner of performing the moft common evolutions at fea, taken from a fmall
treatife on ¢ Seamanfhip,’’ publithed at London in 1795—The laws and
ceftoms relative to marine infurance and mercantile matters, taken from
the ¢¢ Ship-Mafter’s Afliftant,”’ pubhfhed at London in 1798, with fome
alterations to adapt them to our laws—A collection of ufeful queftions
in men{uranon, gauging, and {uucy ing—And a variety of pieces taken
from Robertfen, Matkelyre, &c. on various fubjc&s._ :

Arr the examples of the prefent work are adapted to American places.
The method of conftruiting the problems of Middle-Latirude Sailing is
more fimple than in Moore’s work. The Journal is entirely new. The
éxamples of the Lunar Obfervations are adapted to the year 1804, which
will fave the learner the expenfe of purchafing an old, and otherwife ufe-
lefs, Nautical Almanac. A new method of working 3 Lunar Obferva-
tion is given in this work, which was publifhed in both American edj-
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 of perfons in the year
1796, ke not having then feen any methed poflefling the peculiar advan-
tage of uniformity in applying the correfions ; but fince that time he has
feen a method fomewhat fimilar, publithed by Mr. Mendozo y Rios in
the Philofophical Tranfattions for the year 1797.

Frowm the great care taken in examining the proof.fheets, the author
prefumes that there are not many errors in the work : fhould any here-
after be difcovered they will be carefully correéted.

SarLsM, Dec. 1801, N. BOWDITCH.
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MARKS axp ABBREVIATIONS vsED 15 TH1s WORK.

+}- Signifies more, or the fign of addition : it fhews that whatever number
or quantity follows this fign, muft be added to thefe that go before it,
thus g4-8, fignifies that 8 is to ke addedto 9. Or, A4-B implies that
the quantities reprefented by A and B are to be added.

»- Signifies Je/s, and is ufed as the fign of fubtra@ion ; it denotes that the
number following it muft be fubtralted from thafe going before it, as
7—5 or § fubtracted from 7. o

X The fign of Multiplication, and thews that the numbers placed before
and after it are to be multiplied, thus 7 X g fignifies 7 multiplied by g,
which make 63, and 7X8X 2 which make 112. Multiplication 1s
alfo denoted by placing a point ketween the quantities to be multi.
plied ; thus, A, B fignifies that A is to be multiplicd by B,

#> This mark flands for Divifion, and fignifies that the number that ftands
before it is to be divided by the nuinber following it, as 721z thews

that 72 is to be divided by 12, Or thus, = It 1s alfo denoted by
iz

placing two points between the numbers, thus, 72 3 12 reprefents 72
divided by 12, ,

{ ) or

together, thus, 3-4-4X6, or (3-44) X 6, fignifies that the fum of
3 and 4 is to be multiplicd by 6. '

= The fign of equality : it fhews that the numbess or quantities placed
before it are equal to thofe following it, thus, 8 X 12=¢g6. Or

. Either of thefe marks is wied for connefing numbers

8 multiplied by 12 areequal to g6, and 72 X 4= 36.

3 3% 2 Proportion, and is read thus, 7 ¢ 14 1% 10 ¢ 20, that is, as 7 is
to 14,0 is 10t0 20 OrA{B{C! D, thatis,as Ais to B,foig
Cto D. '

9 Signifies Degrees ; thus, 45° reprefents ¢¢ degrees,
¢ Signifies Minutes ; thus, 24/, or 24 minutes.,

# Signifies Seconds ; thus, 447/, or 44 feconds,

S. Signifies Sine. N. S. Signifies Natural Sine,

Sec. Signifies Secant,

‘Tan. Signifies Tangent,
Each of thefe laft with Co. before it, fignifies the complement, as
Co-fine, Co-tangent, Co-fecant.

£ Signifies Angle ; with an s at top, Angles, £°.

£ Angled,

A Signifies Triangle.  As Triangles,

{2 Signifies a Squarc. !
Z is frequently put to fignify the fum of two lines or numbers,

X Signifies their difference,

© The Sun.  theMoon, % aStar, L.L. LowerLimb, U.L,Up.

- per Limb. N. L. Neareft Limb. S.D. Semidiameter. P. L. Pro-
portional Logarithm, N. A. Nautical Almapac, Z.D, Zenith Dif.
tance, D, R, Dead Rcckonci:ng,






DECIMAL ARITHMETIC.

Pt S DO GO D S OTTomman s

hlAN’Y perfons who have acquiréd confiderable fkill in cotnman
Arithmetic, are however ugatquainted with the method of calculating by
decimals; which is of great ufe in navigation ; for which reafon it was
thought proper to prefix the following bricf explanation of their ufe :

Fra&ions or Valgar Fraétigne are expreffions for any aflignable part of an
umit ; they are ufually denoted by two numbers; placed onc above the other,
with a line between them ; thus, £ denotes the fraétion one-fourth; or one
part out of four of fome whole quantity; confidercd as divifible into fouz
cqual parts: The lower number 4 is called the demominator of the frac-
tion, fhewing into how many parts the whole or integer is divided ; and
the upper number 1; is called the #wumerator; and fhews how many of thofe
equal parts are containcd in the fra@lion. And it is evident that if the
numeratoi and denominator be varied in the fame ratio, the value of the
fraltion will femain unaltered : thus if the numerator and denominator
of the fradtion 1 be multiplied by 2, 3 or 4, &c. the frattions arifing will
be £, 25, <&, &c. which are evidently equal to 1. _

Decimal Fraétion is a fraftion whofe denominator is always an anit with
{fomc number of ciphers annexed, the numerators of which may be any
numbers whatever ; as 2%, 135 Ti4s &C. And as the denominator of
a decimal is always one of the numbers 10, 100, 1000; &c, the inconvé.
nience of writing thefe denominators may be avoided by placing a point
between the integral and the fra&ional part of the number; thus % is
written .3 ; and g% Is written .14 ; the mived number 3.%%;, confifting
of whole numbers and fractional ones is written 3.14.

In fetting down a decimal fraftion; the numerator muft ¢onfift of as many
places as there are ciphers in the denominator ; and if it has not fo many
figures the defe¢t mutt be fupplied by placing ciphers before them : thus,
o= 165 1455 = 016, 1oiss=-C016; &c. So that as ciphers on the
right hand fide of integerd increafe their value in a terfold proportion, as
2, 20, 2005 &c. fo when fet on the left hand of decimal fra@ions; they de-
creafe their value in a tenfold provortion, as .2z, .02, .002; &c. but ciphers
fet on the right band of thefe frations make no alteration in their valuey
neither of increafe or decreafe ; thus .z is the fame as .zo or .zoe. The
common arithmetical operations are performed the fame way in decimals, as
they are in integers 5 regard being had only to the particular notationy to
difinguifh the integral from the fractional part of a fum.

ADDITION OF DECIMALS,

Addition of decimals is performed exadtly like that of whole numbets,
Placing the rumbers of the fame denomination under each other, in which
cafe the decimal feparating points will range ftraight in one ¢oluma.
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70
EXAMPLES.
Miles. Feet. Inches.

26.7 1.2 272.326%

32.15 2.31 «0I34

' 143.206 1.785 2.1576

.03 2.0 31.4
Sem 202.05% 7:35% 305.8977

SUBTRACTION OF DECIMALS.

Subtra&ion of decimals is performed in the fame manner as in whole
numbers, by obferving to fct the figures of the fame denomination and the
fiparating points direétly under each other,

EXAMPLES.

From 31.267 36.75 Y254 1364.2
Take 2.63 026 <316 25.163
Dif., 28.637 36.724 :938 1339.037

MULTIPLICATION OF DECIMALS.

Multiply the numbers together the fame as if they were whole numbers,
and point off as many decimals from the fight hand as there are decimals inf
Yoth faltors together ; and when it happens that there are not fo many
figures in the produét ds there muft be decimals, then prefix as many ciphers

to the left hand as will fupply the defe@.

Examrre 1.
Multiply 3.25 by 4.5.
3.25
45

r.62§
$3.00
Arnfwer - 14.625 o
1n one of the fa&tors is one decimal
and in the other two, their fum 3 is
the number of decimals of the pro-
du@t. )

Examrre I,
Muiltiply o.5 by 0.7+
0.5

0.7

¢35 Anfwer,

. Exawmrre 111,
Muldply 3.25 by o5
325
05 -

.1625 Product.

Examrie IV, Mult..17 by .06,

17
06

Anfwer .o102
In each of the fators ate two deci-
mals, the produét ought therefore to'
contain' 4, and there being only 3
figures in the produét F prefix a ci-
her.
ExampLe g Multiply .18 by 240
<18 ‘
z$

7z
36

_ Anfwer 4.32 )
Examere VI. Mult, 36.1 by 2.5
36.1
2.

-

y

18.0
72.3

Anlwer  go.2§



PECIMAL ARITHMETIC, 2%

DIVISION OF DECIMALS.

Divifion of decimals is performed in the fame manner as in whole num
Yers ; only obferving that the number of decimals in the quotient, muft be

equal to the exocfs of the number of decimals of the dividend above thofe of
the divifor.

Examrre I, Examere IV,
Dijvide 14.625 by 3.25. Divide g.6 by .06
3.25)14.625(4.§ .06)9.60
1300
. 160, Anfwer.
162§ Here by affixing a cipher to 9.6 it
1625 becomes g.60, and has then 2 deci.

mals in it, which is the fame number
In this example thereé are 2 deci-|as is in the divifor, thercfore the quo-

mals in the divifor and 3 in the divi-|tient is an integer number.

dend, hence there is one detimal in]ExamerLeV. Divide 17.256 by 1.16

the quotient, 1.16)17.25600(14.87%
. Examere II. 116 .
Divide 0:3¢ by 0.7 : —
«1)35(-5 565
<35 464
. Examrers I, 1016
Divide 3.1 by .0062. ' 928
Previous to the divifion I affix a
number of ciphers to the right hand 880
of 3.1, which does not alter its value, 812
+0062)3.100000( §00.00
310 680
580
0000 ———
Therefore the anf. is §60.00 or 5o0. 100

REDUCTION OF DECIMALS.

If you wifh to reduce a vulgar frattion to a decimal, you may add any
number of 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 thete may be as many figures to the right hard of it as you added ci-
phers te the numerator ; if there are not as many figures in the quotient,
you muft place ciphers to the left hand to make up the number.

Examprel. Reduce § toadecimal,y Exampre IIL Reduce 3inches to

§)1.0 the decimal of a foot,
2z Anfwer. Since 12 inches == 1 foot, thisfrac
Examerr I1. Reduce 3 to adecimal.|tion is 5%;
8) 3.000 12)3.00

————

.375 Anfwer, § .1¢ Anfwer.
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Examere IV, Reduce 3} inches to
the decimal of 2 foot.
33=1. thisdivided by 12 is 5%
24)7.000(.291 Anfwer,
48

————

220
216

40
24

16
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Examrre V.,

Reduce 1 foot and 6 inches to the
decimal of a yard,

Here 1 foot 6 inches = 18 in<
ches. ,

And r yatd — 36 inches, therefore
this fradtion is 4§;

36)18.0{.5 Anfwer.
180

if you have any decimal fration; it is eafy fo find its valué in the lowes
denominations of the fame quantity ; thus if the fraction was the decimal of

yard, by multiplying it by 3 we have

its vald® in feet and parts, if we mul.

tiply this by 12, the produtt is its value in inches and parts; and in the
fame manner the values may be obtained in other cafes.

Exampre VI,
Required the value of 3.25 yards.
3-2§
3

————

75
1z

9.00
Anfwer 3 yards o feet g inches.

Examrrt VII,
Reguired the value of 7.231days 2
2.231
24

924
462

5.544
6o

32.640
6o

38.4c0 .
Anfwer 7 days § hours 52 minutss

and 38 feeonds,
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GEOMETRY.

——-—:@%

GEOMETRY is the Science which treats of the Defcription, Propera
ties and Relations of Magnitudes in general, of which there are three Kinds
or Species, viz. 2 Line which has only length without either breadth or
thicknefs ; a Superficies, comprehended by length and breadth ; and a Solid,
which has length, breadth, and thicknefs,

1
A Point confidered mathematically, is incapable of being
divided, and therefore hath no parts, or it is the fimalleft part
- of fpace that can be affigned, and may be conceived fo infi. A »
nitely finall, as to be void of length, breadtk, or thicknefs,
being always denoted by a dot, as at A.

11,
A Ricur Line is the neareit diftance between
two points which limits its length, without any fup. ~A~—emuC
pofed breadth, or thicknefs, as A C ; it may be fup-
pofed to be the fluxion of a point,

111,

A Praye Sueerricies is that which lies evenly between its extreme
points, refembling a finooth table, or polithed 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 of a Right Line.

1v.

ParaLren Lings are fuch as are equally diftantin =~ A
all their parts, which extended infinitely on the fame
plane would never meet, as the lines AB, BC, B

V. S

A Pranz Axcre is the inclination or meeting B
of two right lines in one point ; the point where ’
they meet is called the angular point, and the lines
AB and AC are called fides or legs ; it is gener. ~ A
ally exprefled by threc letters, as BAC, the ;
middle one always denotes the angular point, \
as A, and the two others the extremities of the =G
iegsy as B, C,

VI.

A CrrcLe is a plane figure, bounded by an uniform curve line, it is ordi.
narily deferibed by a right line, taken with a pair of compafles ; 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 cenTRrE, and the line dee
fcribed by the other point is called the czrcUMFERENCE,
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VII.
The Raprus of a circle, or Semipram.

G
ETER, is a right line drawn from the centre .
to the circumference, as AC ; or it is that
Yine which is taken between the points of
the compatles to deferibe the circle.
A

A DiameTeEr of a circle is a RIGHT \ C B

vINg drawn through the centre and termi.
aated at both ends by the circumference, as

ACB, which is the double of the radius D )l k,
AC. A.diameter divides the circle, and its
circumference into two equal parts. F

VIII.

An Arcu of a circle is any part or portion of the circumference;
as DFE. ~
IX.

A Cyorp of 2 circle is the fubtenfe of an arch, or it is a right line '
joining the ends of an arch ; it divides the circle into two unequal parts,
* «called SecMENTs, and is a chord to them both, as DE is the chord of the -
arches DFE and DGE,
X.

A SeMmICIRCLE, ot half a circle, is a figure contained under the diam.
eter, as AGB or AFB. Any part of a circle contained between two
radii and an arch, is called a Sector.

XI.

A Quaprant is half a femicircle, or one fourth part of the whole cir,
cle, as the figure CAG,

Note. Allcircles whether great or fmall, are fuppofed to have their

circumference divided into 360 equal parts, called degrees, and eachde-

'gree into 60 equal parts, called minutes, and each minute into 60 equal
parts, called feconds, and {o on into thirds, fourths, &c,

XIIO

If a right line AC, fall upon another DB, fo
as to incline neither to the one fide nor the
other, butmakes the anglesACD, ACB, on each
fide equal to cach other ; then the line AC is
faid to be perpendicular to the line DC ; and
the two angles are called right angles,

A

X111,

An Acute ANGLE Is lefs than a right
angle, as ABC,

C.
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XIV.
An Opruse ANcLE is greater than 2
right angle, as GEH.

‘ E 3]
The feweft numbér of right lines that tan include a fpace, ate threey
which form a figure called a triangle, or three-cornered figure, which confifts
of fix parts, viz. three fides and three angles : It is diftinguifhed inta

three forts; viz. a rightsangled triangle, an obtufe-angled triangle, and an
acute.angled triangle,
XV.

A Ricur-ancrLep TriancLE has one of its angles
right ; the fide oppofite the right angle is called the
hypotenufe ; and the other two fides are called legs;
that which ftands upright; is called the perpendicular, -
and the other the bafe ; thus BC is the hypotenufe,
AC the perpendicular, and AB the bafe ; the angles
oppofite the two legs are both acute.

XV,

An Acute.ancLed TriancLE has all its D

angles acute, or none of them equal to a right '
angle, as DEG,

XVIIL

An Opruse-ancrep TRiancLE has one A
of its angles obtufe, or greater than a right
angle, as RAYF ; the other two angles are
acute,

Nore. All trianglés, that afe not right angled, whether they are acute
or obtufe, are in general terms called oblique.angled triangles, without any
other diftinttion. 4

XVIIIL.

A QuapriLaterAL figure is one bounded
by four fides as ACDB. If the oppofite
fides are parallel they are called pARALLE
iocrams. Thus if AC be parallelto BD, B
and A B parallel to C D, the figure ACDB
is a parallelogram. A parallelogram hav-
ing all its fides equal and its angles right
is called a sQuakre, as B, When the an- A B
gles are right and the oppofite fides only :
equal, it is called a RECTANGLE, as A, .

b
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XI1X,

The Sine or Ricut Sive of
an arch is a line drawn from
one end of the arch perpen-
dicular to a diameter drawn
through the other end of the
famz arch; thus R S is the
sight fine of the arch A'S, it
being a line drawn from one
end of the arch S, perpendicu-
lar to DA which is the diam-
eter paffing through the other
end of the arch A.

.....
..........

XX.

The Co.sine of an arch is the fine of the complement of that arch, or
of what that arch wants of a quadrant; thus A H being a quadrant, the
azch S H is the complement of the arch AS; SZ is the fine of the arch
SH, or the co-fine of the arch AS.

, XXI. ~
The Versep Sixke of an arch is that part of the diameter contained
between the right fine and the arch; thus R A is the verfed fine of the arch
AS, and DCR is the verfed fine of the arch DHS.

XXI11.

TheTaxcenrofanarch isaright linedrawn perpendicular to thediameter
pafling through one end of the arch, and terminated by a line drawn from the
centre through the other end of the arch ; thus A T is the tangent of the
arch AS,

XXII1.

The Co-TancENT of an arch is the tangent of the complement of that
arch to a quadrant ; thus HG is the tangent of the arch HS, or the co-tan.
gent of the arch AS, '

XXIV.

The Secant of 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,
CT is the fecant of the arch AS,

XXV,

The Co-secant of an arch is the fecant of the complement of that
arch to a quadrant, thus CG is the fecant of the arch SH, or co-fecant of
the arch AS.

XXVI1,

‘What an arch wants of a femicircle is called the SuprremrxT of that
arch; thus, the arch DHS is the fupplement of the arch AS. The fine,
tangent, or fecant of an arch, is the fame as the fine, tangent, or fecant of
its fupplement ; thus, the fine of 80°=fine of 100°, and the fine of 70°=
fite of 1109, &ec.
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XXVII.

A right lined angle is meafured by an arch of A D
a circle comprehended between the two legs that C 0
form the angle; the ccntrc of the circle being
the angular point ; thus, the angle ABD is meaf.
ured by the arch AD of the circle CADE, de-
fcribed upon the point B as a centre, and the angle
is faid to be of as many degrees as the archis; B
that is, if the arch AD be 45°, then the angle ABD is faid to be an
angle of 4¢ degrees. And the fine, tangent, &c, of any arch is called alfp
the fine, tangent, &c. of the angle whofe meafure the arch is.

XXVIII,

+ If theline AB be drawn perpendicular to

the line CBD, and upon B as a centre, a femi- A
circle CAD be defcribed ; the arches CA, .
AD will be, each equal to a quadrant, or go !

degrees. For (dy art. 12) the angle ABD is L ,
¢qual to ABC ; but thefe angles are meafured c B D

by the arches AC, AD, therefore thefe arches muft be equal ; but the
whole CAD is a femicircle, {fince CD aline pafling through the centre
B is a diametecr,) therefore each of the parts AC, AD is a quadrant
or 9o°.

XXIX,

If onelinc AB fall any way upon another
CD, the fum of the two angles ABD, ABC is
always equal to two right angles. For on the
point B as a centre, deferibe the circular arch -
CAB, cutting the line CDin Cand D; then C B D
{6y Art.q) this arch is equal to a femicircle,
but it is alfo equal to the fum of the arches CA, and AD, the meal-
ures of the two angles ABC, ABD ; therefore the fum of the two ans
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,

XXX,
If a line AC crofs another BD in the point E,

the appofite angles fhall be egnaly viz, BEA= C
CED, and BEC=AED. Upon the point E
as a centre, defcribe the circle ABCD ; then B i)

it is plain that ABC is a femicircle, as alfo D
BCD (4y the 7¢b.) therefore the arch ABC=

arch BCD, taking from both the common arch

BC, there remains AB=CD, that is, the an. A

gle BEA equal to the angle CED (4y art. 27.) After the fame manner
we may prove that the angle BEC is equal to the angle AED.,




28 Gromrrry;
XXX1.

If @ bine GH crofs tawo parallel G. -
lines AB, CD, it makes the exters &7 B 3
nal oppofite angles equal to each A et

other ; viz. GEB=CFH, and
AEG=HFD. For fince ABand

CD are parallel to each other, they = ’ F/ — I
e

may be confidered as one broad
line, and GH crofling it ; then
the vertical or oppofite angles
GEB, CFH are equal ('by art. 30,) as alfo AEG=HFD,

XXXII.

If a line GH ¢rofs tawo parallel lines AB, CD, (fee the preceding figure)
the alternate angles AEF and EFD, or CFE and FEB are equal. For
GEB—=AEF (ar:. 30) as alfo CFH=EFD ('by the fame art.)but GEB=
CFH by the laft. Therefore AEF is equal to EFD ; the fame way wo
may prove FEB—=CFE, o

XXXIII,

If aline GH crofs tavo parallel lines AB, CD, (fee the preceding figure)
the external angle GEB is equal to the internal oppofite one EFD, or AEG,
equal to CFE. For the angle AEF is equal to the angle EFD by the laft ;
but AEF=GEB (4y art. 30,) therefore GEB=EFD ; the fame way weo
may prove AEG=CFE.

XXXIV,

If a line GH crofs two pavallel lines AB, CD, (fee the preceding figure)
abe fum of the tawo internal angles BEF and DYE, or AEF and CFE is
equal to two right angles ; for fince the angle GEB is equal to the angle
EFD 4y the laff) to both add the angle BEF, and we have GEB+-BEF
=BEF-£EFD, but GEB+-BEF=two right angles (ars. 29,. Hence
BEF4-EFD=two right angles ; and in the fame manner we may prove
AEF+CFE= two right angles,

XXXV,

In any trz'angle ABC, one
of its legs, as BC being pro- A
duced towards D, the extern. A —~
al angle ACD is equal to both /\
2he internal and oppofite angles
ABC, BAC taker together. B —
To prove this, through C C D

draw CE parallel to AB ;

then fince CE is parallel to AB and the lines AC, BD crofs them, the angle
ECD=ABC (4y art, 33,) and ACE=BAC (by art. 32,) adding thefe
together we have ECD4+ACE=ABC+4BAC ; but ECD4+ACEz=ACD
therefore ACD=—=ABC--BAC.
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XXXVI.

Hence it may be proved that
if any two lines AB and CD, be
croffed by a third line EF, and
the alternate angles AET and

AL B
EFD be equal, the lines A Band Q
CD will be parallel ; for if they .
¢ /F D

are not parall:l, they muft meet
each other on one fide of the line
EF(fuppofe atG) and fo form the -

triangle E G F, one of whofe fides

GE being produced to A, the

exterior angle A EF muft (by the preceding article) be equal to the fum of
the two angles EFG and EGF ; but by fuppofirion it is equal to the angle
EFG alone ; therefore the angle A EF muft be equal to the fum of the two
angles EFG and EGF, and at the fame time equal to EF G alone, which
is abfurd ; therefore the lines A B, CD cannot meet and muft be parallef,

XXXVII.

In any right lined triangle ABC, all three angles taken together are
equal 2o two right angles. Vo prove this you muit produce BC /J1 2he
Jfig.art. 35,) one of its legs to any diftance, as to D, then ('by art. 35, ) the
external angle ACD=ABC+4-BAC, to both add the angle ACB and wz
have ACD4ACR=ABC-}BAC+4ACB, but ACD+{ACB=two right
angles (by art, 29), Hence ABC+BACHACB=two right angles;
that is, the fum of the three angles of any plane triangle ACB is equal o

two right angles,
8 8 XXXVIIL,

Hence in any plane triangle, if one of its angles be known the fum of
the other two is alfo known ; for by the lait article the fum of all thres
angles is equal to two right angles or 180°, hence by fubtracting the given
angle from 180° the remainder is the fum of the other two.

In any right angled triangle, the two acute angles taken together are juft
equal 1o a right angle ; for all three angles being equal to two right
angles, and one angle being right by fuppofition, the fum of the other two
muft be equal to a right angle, confequently any one of the acute angles be-
ing given, the other one may be found by fubtrafing the given one from
9o degrees,
' XXXIX.

If in any two triangles ABC, DEF, two legs of the one, AB, AC, Te

equal to two legs of the other DE,

DF, each to each refpe@tively, that A D

isy, AB=DE and AC=DF, and e

the angles BAC, EDF included

between the equal legs be equal ;

then the remaining leg of the one

fhall be equal to the remaining leg B c i

of the other, and the angles op- E

pofite to the equal legs thall be cqual ; that is, BC=EY¥, ABC=DEF, and
- ACB=DFE ; for if the triangle ABC be fuppofed to be lifted up and put

upon the triangle DEF, with the point A on the point D; it is plain fince

AB=DE, that the point B will fall upon E, and fince the angles BAC,

EDF are equal, the line AC will fall upon DF, and thefe lines being of

equal length, the point C will full upon ¥, confequently the line BC will
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exattly agree with the line EF, and the triangle ABC will in all refpects
be exaétly equal to the triangle DEF ; and the angle ABC will be equal
Ept?:e angle DEF, alfo the angle ACB will be equal to the angle

XL.

After the fame manner it may be proved, that if in any two triangles
ABC, DEF (e the preceding figure) two angles ABC and ACB of
the one, b¢ equal to two angles DEF, DFE of the other, and the includ-
ed fide BC be equal to EF ; the remaining fides and included angles will
alfo be equal to each other refpeitively, thatis AB=DE, AC=DF,
and the angle BAC=—=angle EDF. Forif the triangle A BC be fuppofed
to be lifted up and laid upon the triangle DEF, the point B being upon
the point F, and the line BC upon the line EF ; then fince BC=EF, the
point C will fall upon the point F, and fince the angle A C B==the angle
DFE, the lire CA will fall upon the line FD, and by the {fame way of
reafoning, the line BA will fall upon the linc ED, therefore the point of
interfeétion A of the two lines BA, CA, will fall upon D, the point of
interfetion of the lines ED, FD, confequently A B=DE, AC=DF,
and the angle BA C=the angle EDF,

XLI.
If tawo fides of a triangle are equal, the angles oppofite to thefe fides wiill
alfs be equal ; that is if AB==AC, the A

angles ABC, ACB will alfo be equal ; for
fuppofe the line AD bifedts the angle BAC,
or divides it into two equal angles BAD,
CAD, and meets the line BC in D, di.
viding the triangle BAC iato two triangles
ABD, ACD, in which the fidle AB=AC, 5B :
the fide AD is common to both triangles, and D
the included angle B A D=the angle DAC,
therefore (45 ar:. 39,) the angle A BD muft be equal to the angle ACD.
The converfe of this propofition is alfo true ; that is, if rave angles of @
triangle are equal, the oppofite fide: are alfo equal., This is demonftrated iR
nearly the fame manner by means of ars. 4o,

XLII.

Any angle at ihe circumference of @ circle is but half the angle at the
contre flanding upon the fan:e arch., Thus, the angle
BAD is half the angle BCD ftanding upon the fame
arch BD of the circle BED A, whofe centre is C.
To demonttrate this, draw through A and the centre
C the right line ACE, then /4y art. 35, the angle
CAD+-angle CDA=angle ECD, but AC=CD
{being two radii of the fame circle) therefore /by B
art. 41,/ the angle CAD=the angle CD A, and D
the fum of thefe two angles is the double of either of r
them, that is, CAD+CDA=twice CAD, therefore ECD=twica
CAD ; in the fame manner we may prove that BCE=—=twice BAC, and
therefore by adding thefe together we have ECD+4BCE =twicc CAD+-
twice BAC, that is, BCD=twice BAD, or BAD equal to half cf
BCD.

d
Q
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XLIII,

Hence an angle at the circumference is meafured by half the arch it fub~
2ends; for an angle at the centre ftanding on the fame )
arch is meafured by the whole arch 4y 4r¢.27 ) ; but
fince 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
ftands upon. Hence all angles ACB, ADB,
AEB, &c. at the circumference of acirclefland.
ing on the fame chord A B are equal to one another ;
for they are all meafured by the fame arch, viz, half
the arch A B which each of them fubtends. '

XLIV.

Hence an angle in a fegment greater than a B

Semicircle is lefs than a right angle ; thus if ABC
be a fegment greater than a femicircle, the arch
AC on which it ftands muft be lefs than a femi-
circle, and the halif of it lefs than a quadrant or C
a right angle ; but the angle ABC in the fegment A g
is meafured by the half of the arch AC ; therefore

it is Iefs than a right angle.

An angle in a femicivcle is a right angle ; for
fince DETF is a femicircle, the arch DK F muft
alfo be a femicircle ; but the angle DEF ismea- 1) ) |
fured by half the arch DK, that is by half )

a femicircle or by a quadrant ; therefore the an.
gle DEF isa right onc.

Ar angle in a fegment lefs than a femicircle H
1 greater than a right angle; thus if GHI
be a fegment lefs than a femicircle, the arch ¢
G L1 on which it ftands muft be greater than
a femicircle, and its half greater than a quad-
rant or right angle ; therefore the angle GHI
which is meafured by half the arch GLI is i 3
greater than a right angle, =

XLV,

If from the centre C of the circle A BE, there be
let fall the perpendicular CD on the chord AB; it
will bifeét the chord in the point D.  For to dem-
onftrate this, draw from the centre to the extremitics
of the chord the lines CA, CB; then fince CA==
CB, the angles which they fubtend CBA, CAB
muft be equal (4y Art. 41,/ but the perpendicular
CD divides the triangle A C B into two right ang-
led triangles ADC, CDB, in which the fum of
the angles ACD, CAD, in the one is equal to the fum of the angles
DCBand CBD in the other, cach being equal to a right angle 8y dre.
38,/ but C A D isequal to CB O by Ar:. 41,/ therefore ACD is equal
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to DC B; therefore in' the two triangles A DC, CD B, the twolegs C A;
CD, in the one, are equal to the two legs CB and CD in the other; each
to each refpectively, and the included angles A CD, DC B are equal ; theres
fore the remaining legs AD and BD are equal (‘4y Art. 39,) confequently
A B is bifeted in D.

XLVL

If from the centre of a circle there be drawn a perpendicular to a chord
Tine, and it be continued to meet the circle, it will bife® the arch corref-
ponding to that chord. Thus (ix the preceding figure ) if the line CD be
drawn perpendicular to the chord A B, and continued to meet the circle in
F, the arch A B will be bifeéted in the point F; for joining AF, F B, we
have in the triangles ADF, BDF; AD equel to DB 4y the laft art.)
and DF common to both, therefore AD, DF, two legs of the triangle
ADF, arcequal to BD, and DF, two legs of the triangle BDF, and the
included angles ADF, BDF are equal being both right; therefore, (4y art.
39,) the remaining legs AF and F B are equal, but in the fame circle equal
Jines are chords of equal arches, therefore the arches AF and ¥ B are equal,
confequently the whole arch AF B is bifeted in F.

XLVIL
Ary lirc bifefting a chord at right angles is a diameter 3 for fince
{5y art. 45,) a line drawn from the centre perpendicular to a chord bifeéts
that chord at right angles, therefore converfely a line bife@ting a chord at
sight angles, maft pafs through the centre and confequently be a diameters

XLVIIL

The fire of any arch is equal to half the chotd of twice that arch ; for
{in the laf fcheme) AD is the fine of the arch AF, by the definition of a
fine (er:. 19,) and AF is half the arch AF B, and A D half the chord AB;
(45 art. 45,) wherce the propofition is manifeft

XLIX.
If two equal axd parallel lines AB, CDy be joined by tawe others ACs
B D, then thefe fpall alfo be equal and parallel.

‘I'o demonftrate this, join the two oppofite an- B
gles A and D with the line AD ; thenit is : ~7
plain that the line AD divides the quadrilat- .

eral ACD B into two triangles ABD, ACD,

in which AB a leg of the one, isequal to —

CD alegof the other by fuppofition, and

AD is common to both triangles ; and fince AB is parallel to CD, the
angle BAD will be equal to the angle ADC, (yast. 32,) therefore in
the two triangles, the fides AB, AD and the angle BA D, are equal
refpeltively to the fides CD, AD, and the angle ADC; that is; two
legs and the included angle of the one, are equal to two legs and the ins
cluded angle of the other; therefore (&y ars. 39,) BD is equal to AC,
and the angle 1Y A C is equal to the angle ADB; therefore (&y arz. 36)
the lincs B D, AC muft be parallel,

Cor. llence it is plain that the quadrilateral ABDC is a parallelos
gram, fince the oppofite fides are parallel. It is aifo evident that in any
paralielogram, the line joining the oppofite angles (called the D:agonal)
as AD, divides the figure into two equal parts, fince it has been proved
that the triangles A BD, ACD, are equal to each other,
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L. ,
1t follows alfo from the preceding article; that 2 triangle ACD (fee the

Preceding fignre) on the fame bafe, and between the fame parallels avith a
parallelogram ABDC, 15 the balf of that parallelogram.
LI.

From the fame article it alfo folldw;; that the oppofite fides of a paral.
lelogram are equal ; for it has been provéd that ABDC being a parallel-
ogram, A B will be equal to CD, and AC equal to BD.

LII.

All parallelogiams on the fame or equal bafes; and betaveen the fame par-
allels, are equal to each other ; that is, if BD and GH be equal, and the
lines BH, A¥ be patallel, the par-
allelograms ABDC, BDFE and
EFHG are equal to each other.
For AC is equal to EF each being
equal to BD (4y art. §1,) to both
add CE and we have AE equal to
CF; therefore in the two triangles &%= H
ABE, CDF; AB, a leg of the L D ; :
one, is equal CD, a leg of the other, )
and AE is cqual to CK, and the angle BAE is equalto DCF (by art. 33)

therefore the two triangles'ABE, CDF, are equal (by art. 39,) and tak-.

ing the triangle C K E from both, the figure A BK C will be equal to the
figure K DFE, to both which add the little triangle K BD, and we haye

the paraliclogram A BDC equal to the parallelogram BDFE. In the, -

fame way it may be proved that the parallelogram EF HG is equal to'the
parallelogram BDFE ; therefore the three parallelograms ABDC, BDFE,
and EF HG are equal to each other.

Cor, Hence it follows, that z7iangles on the fame bafe and betiween the fame
parallels are egual, fince they are the half of the parallelograms on the
fame bafe and betwecn the fame parallels (&y Art. 50).

In any right angled triangle, the fquare of the hypotennfe is equal to the
Sum of the fguares of the tawo fides. Thus if BAC be aright angled tri-
angle, the ({;uare of the hypotenufe BC, viz. BC M H, is equal to thefum

of the fquarcs, made on the two fides A B and AC, viz. to ABDE and

ACGF. To demonftrate this, through the point A, draw AKL per-
pendicular to the hypotenufe BC.  Join AHy; AM, DC, and’BG; then
it is evident, that D B is equal to BA (4y A#t. 18,) and BH equal 10 BC,
therefore in the triangles DBC, ABH, the
two legs D B, BC of the one are equal to the
two legs A B, BH, of the other; and the in-
cluded angles D BC and A BH are alfo equal,
(becaufe D B A is equal to CBH being both
right, to each add ABC and we have DBC
equal to A BH) therefore the triangles D BC,
A BH are equal (4y Arz. 3g,) but the triangle
D BC is halfof the fquare ABDE (&y Art.50)
and the triangle A B H is half the parallelogram
BKLH (4y the fame Art.) confequently the
fquare ABDZE is equal to the parallelogram
BKLH. In the fame way it may be proved, that the fquare ACGF is
equal to the parallelogram KCML. Therefore the fum of the fquares
ABDE and ACGYF is equal to the fum of the parallclograms BK LH
and KCML; but If:ho: fum of thefe parallelograms is equal to the fquare

LY
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BCMH, therefore the fum of the fquares an AB and AC is equal to the
fquare on BC. ’ :

Cor. Hence in any right angled triangle, if we have the hypotenufe
and one of the legs, we may eafily find the other leg, by taking the fquare
of the given leg trom 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 § is 25, and
the {quare of 13 is 169, fubtratting zg from 169 leaves 144, the {quare
rcot of which is 12.  If both legs are given, the hypotenufe may alfo be
found by extraéting the fquare root of the fum of the {quares 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 1s the fought hypotcnufe,

LIV.

Four quantities are f2id to be proportional when the magnitude of the firft
compared with the fecond, is the fame as the magnitude of the third com-
pared with the fourth ; thus 4, 8, 12 and 24, are proportional, becaufe 4 is
half of § and 12 is half of 24 ; and if we take like multiples AX a, AXb,
of the quantities a and b, and other like multiples B a, BXb, of the fame
quantities aand b, the four quantities AXa, AXb, BXa and BXb are
proportional, for A X a compared with A Xb is of the {fame magnitude as a
compared with b, and B X a compared with BXb is alfo of the fame mag-
nitude as a compared with b. ’

Lv.

In any triangle AGg, ifa line Ee be draavn parallel to either of the
Sides as G g, the fide AG awill be It
to AE, as Ag to Ae, or as Gg
#2 Ee. To demonftrate this, up-
on theline A G take the line AB
fuch that a certain multiple of it
may be equal to AE, and another
multiple of it may be cqual to o
AG; this may be always done
accurately whin AE and AG P\ _\ N\ _\
are commenfurable ; if they are b ¢ d e
not accurately commenfurable, the
quantity A B may be taken fo fmall, as that certain multiples of it may dif-
fer from A F and AG, only by quantities lefs than any affignable. On the
line AG, take BC, CD, DE, EF, FG, &c. each equal to A B, and through
thefe points draw the lines Bb, Cc, &c. parallel to Gg, cutting the line
A g in the points b, ¢, d, e, &c. draw alfo the lines BM, CL, DK, &c.
parallel to A g, cutting the former parallels in the points N, O, P, &c. and
the line Gg in the points M, L, K, &c.  Then the triangles A Bb, BCN,
CDO, &c. are fimilar and equal to each other ; for the lines Bb, Cc are
parallel, therefore the angle ABb=BCN (4y Art. 33,) and by the fame
article the angle BAb is equal to CBN (becaufe BN is parallel to Ab,) and
by conftruition A B=BC, therefore (by Arz. 39,) the triangles ABb and
BCN are equal to each other ; and in the fame manner we may ‘Provc that
the others CD O, DEP, EFQ, &c. arc equal to ABb. Therefore Ab=
BN=CO=DP, &c. and Bb=CN=DO=EP, &c. but (4y Art. 51)
BN=be¢, CO=cd, DP=de ; therefore theline A b=bc=cd==de, &c.
and fince (by confiruition) AB=BC==CD, &c. any line AE will be the
fame multiple of A B as the correfponding line Aeis of Ab ; and AG is
the fame multiple of A B as Ag is of Ab ; therefore the lines AG, AE,
Ag, Ae will be proportional (by Art.54) ; that is, AG will be to AE as
AgistoAe, and in a fimilar manner we may prove that AG is to AE
as Ggis to Ee, :
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LVL

I any two triangles
ABC, abc, are fimilar, C -
or have all the angles of C
the one, equal to all the
angles of the other, each D
to each refpeCtively, that
is CAB==cab, ACB=
acby, ABC=abc; ‘the
legs oppofite to the equal A 1 B a b
angles willbe proportion.-
al,viz. ABf ab ! ACtac; and ABtab ! BC!*bc;and AC ¢
ac {3 BC ¢ be. o prove this, fet off upon a fide AB of the lurgeft
triangle A E==ab, and through E draw E D parallcl to BC, mecting AC
in D, then fince DE, BC are parallel, the angle AED isequal to ABC
(by Art. 33) and this (by fuppofition) is equal to the angle abe ; alfo the
angle DAE is (by fuppofition) equal to cab, therefore in the triangles ADE,
ab ¢, the two angles DAE, AED of the one, are cqual to the two angles
cab, abc of the other, each to cuch refpettively, and the included fide
AE s (by confiraBion) equal to the included fide ab ; therefore (4y Ars.
40) AD is equal to ac, and DE equal to be; but fince in the triangle
ABC there is drawn D E parallel to-BC one of its fides, to meet the
othertwo fides in the points I3, E ; therefore, (by the preceding Art.) AB?}
AE 1t ACIAD, and AB! AE ¢! BC ¢ DE, and AC{ AD :¢
BC 1 DE; if in thefe three proportions for DE we put its equal b, for
AE put ab, and for AD put ac ; they will become AB ¢ab {1t AC?
acyand AB §ab it BC§ beyand AC { ac ! BC ¢ be, .

LVII.

The chord, fine, tangent, F
&c. of any arch inonecircle,
is to the chord, fine, tangent,
&c. of the fame arch ina-
nother, as the radius of the
one is to the radius of the
other. Let ABD, abd,
be two circles ; BD, bd, . f
two arches of thefe circles,
equal to one another, or
confifting of the fame¢ num-
ber of degrees; FD, {d,
the tangents ; BD, bd, the
chords; BE, be, the fines,
&c. of thefe two arches
BD, bd ; and CD, cd, the
radii of the circles ; then
CD willbe te cd as FD to
fd,andCD { cd ;: BD}
bd,andCD { cd t! BE
be, &c. For fince the arches BD, bd, are equal, the angles BCD, bed,
are alfo equal, and F D, fd, being tangents to the points ) and d, the an.
gles CDF, cdf are cach equal to a right angle (4y arz. 22) ; theretore,
fince in the two triangles CDF, cdf, the twoangles FCD, CDF of the

Z
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one, are equal to the two angles fcd, ¢df, of the other, each to each, the
remaining angle CFD is alfo equal to the remaining angle cfd (&y ers.
38) ; confequently the triangles CF D, cfd, are fimilar. The triangles
BCD, bed, are alfo fimilar, for the angle CBD is equal to the angle CDB,
being each fubtended by the radius ; therefore {4y art. 38) each of thefe an-
gles is equal to half the fupplement of the angle BCD ; and in the fame
manner the angle cbd or cdb is equal to half the fupplement of the angle bed,
and fince the angle BCD is equal to bed, the angles of thefe two triangles
muft be equal, confequently they are fimilar. - The triangles BCE, bce are
aifo fimilar, becaufe BE is parallel to FD, and be parallel to fd. Hence we
cbtain (from art. 56 ) the following aralogies. CD 3 cd 33 FD Ifd 5
€D {c¢d it BD b4, CB cbit BE { be &e,
LVIII.,

Lec ABD be a quadrant of a circle defcribed by : 5]
the radius CD: BD any arch of it, BA its comple.
- ment, BGor CF the fine, CGor BF the co.fine, A M
DE the tangent, AH the co-tangent, CE the fecant, I

and CH the co-fecant cf that arch BD.,  Then fince ¥
the triangles CDE, CG B are fimilar or equi-angular
we fhall have (6y art. 56) DE 1 CE 1! BG : CB,
that is, the tangent of an arch, is to the fecant of the
fame, as the fineof itisto radius, Alfe, CE {CD!¢ € G D
CB: CG ; thatis, the {ecant is to radius as the radius
to the co-fine of anarch. Allo, CF { CA 1! CB ! CH, thatis, the fine
is to radius as radius to the co-fecant of an arch; and fince the triangle
CAH 15 fimilar to the triangle CDE, we have AH { CA :: CD ¢! DE,
that is the co-tangent is to the radius as the radius to the tangent of an

arch,
LIX.

In all circles, the fire of go°, the tangens ¥ ‘
of 45° and the chord of €0°, ave cach A NG
equal to the radins, For in the circle N
DFAEB, let the arch BE be 43°, the
arch BA 60° and BF go°  Draw
through the centre C the diameter DCB, 1 / B
and perpendicular thereto the tangent BG C )
meeting CE produced in G; draw the
cherd BA, and join CF, CA. Then
fince the arch BY is go® and the arch
BFD is 180° (being a femicircle) the arch
DF mud be 00°, and therefore the angles DCF, BCF, are equal, hence
{5y are. 13) C¥ is perpendicular to DCB, and is therefore the fine of the
arch BF (4p srt. 19,) hence the radius CF is equal to the fine of the arch
BYF or finc of go®, Again in the triangle C BG, fince the angle CBG is
90°, and BCG is 45° by fuppofition,the angle CGB isalfo 45° [6y Arz.38.)
therefore (by Art. 41,) BG 1s equal to CB, that is, the tangent of 45° is
equal to the radivs.  Again, fince the angle ACB is 60° (being meafured by
the arch BA,) the fom of the angles CA B, CB A, muft be equal to 120°
(4 Art. 38,) and fince C A is equal to CB, (being both radii of the fame
circle) therefore (8y Art. 41,) the angle C A B is équal to CBA : Henceei-
ther of thefe angles is equal to the half of 120°, or equalto 66°; confe-
quently, each angle of the triangle ABC is equal to 60°; therefore (4y
Art. ¢1.):the fides are alfo equal ; hence the chord of 609, or BA, is equal
to the radius CBy

B

«f
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THE four following propofitions contain the demonftration of the rnles
by which all the calculations of trigonpmetry may be made: they were in-
ferted here, in order to prevent any embarraffiment to the young calculator,

from the introdu@ion of the demonftrations among the precepts for calculas
tion.

I‘X.
In any plane triangle, the fdes are proportional to the fines of the oppofite

angles.

Let A B C be the triangle ;
produce the lefler fide A B to
¥, making AF equal to BC;
from B and F let fall the per-
pendiculars BD, FE, upon AC
(produced if neceffary) ; then
¥ E is the fine of the angle A,
and BD is the fine of the angle

¥
C, the radius being BC equal ._.-":?“'s‘
19 AF : now the triangles AB ,.-"' i "\-
D, AFE, having the angle A & 3
common to both, and the angle 13" i kY
D equal to the angle E (being IS H B
each equal toa right angle) [ 3-;
are fimilar ; hence (6p Art.56.) ; L U i
as AF (or its equal BC) 1s to 0 e sbonnnr i
AB, fois FE to BD ; that is, A b E
BC is to AB as the fine of the angle A is to the fine of the angle C.

1LXI.

In any triangle (fuppofing any fide to be the bafe, and calling the other
tavo the fides) the fum of the fides will be to their difference, as the tangent of

half the fum of the angles at the baje, is to the tangent of balf the difference
of the fame angles.

Thus, in the triangle ABC, if we call D
AB the bafe, it will be as the fum of AC 5
and CB is to their difference, {o is the tan-
gent of half the fum of the angles ABC,
BAC, to the tangent of half their difference,

Dem. With the longeft leg CB as radi.
us, defcribe a circle about the centre C,
meeting the thorter fide AC (produced on
each fide) in the points D and E, join
EB, DB; draw AH perpendicular to DB,
and AF perpendicular to EB; then (4y Are.
44.) the angle EBD, being ina femicircle, is
a right angle ; and fince AH is perpendicu.
lar to DB, the lines AH and EB are parallel (by Arz. 36.); therefore {3y
Art. 33.) the angle DAH is equal to DEB, and (4y Arz. 32.) the angle
ABE is equal to BAH, and fince A F is perpendicular to EB, the tri.
angles AHD, AFE, are fimilar, and AF is equal to HB. Morcover
tince CB is equal toCDorCE; AD is the fumand AE is the difference
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of the legs AC, CB : likewife (4y Art. 35,) the angle BC Dis equal tothe
fum of theangles BAC, ABC, and therefore (4y As. 42,) theangle DEB, orits
equal D A H, is equal to half the fum of the angles at thebafe ABC, BA.C,
Again (by Art. 33,) the angle BAC is equal to the fum of theangles CE B
(orCBE) and ABE, and therefore is equal to the fum of the angle ABC,
and twice the angle A BE; hence the angle ABE or its equal BAH, is
equal to half the difference of the angles at the bafe. But in the right an.
gled triangles AHD, AHB, making AH radivs, the legs DH, HB are
the tangents of the angles DAH, BAH, or the tangents of half the fum
and half the difference of the angles at the bafe ; but by reafon of the fimi.
lar triangles AHD, AFE, we have AD!AEI!DH!AF or HB; that
is, A D, the fum of the legs AC and CB, is to AE their difference, as DH
the tangent of half the fum of the angles at the bafe (the radius being A H}
isto liB the tangent of half the difference of the fame angles, (to the fame
radius,) and thereforc (4y Art. §7,) as the tabular tangent of half the fum
of the anglcs at the bafe, is to the tabular tangent of half the difference of

the fame angics.
LXII.

If 10 half the difference of tave guantities be added half their fum, the
Sum awill be the greater of them ; and if from half their fum be jubtvafied
‘the half of their difference, the remainder awill be the leaft of them.

Dem.  Let the two guantities be D W
reprefented by the lines AB and BC :1 y I; B! (1:
{making one continued line) whereof
AB is the greater, and BC the lefler ; bifet AC in E, and make AD equal
to BC; then it is plain that AC is the fum and DB the difference of the
two quantitics, and AE or EC the half fum, and DE or EB their half dif-
ference : now if to AE we add EB, it is evident that the fum will be AB ;
that is, if ro haif the fum we add half the difference, the fum will be the
greater quantity ; alfo, if from EC we take EB, the remainder will be BC,
that is, if from half the fum we take half the difference of two quantities,
the remainder will be the leat of them. '

LXTIL.

. In any plane triangle ABC, let fall from C, the line CD perpendicular to
the bofe AB, dividing it into two fegments AD, DB ; bife(t the bafe AR
in the point H ; then,
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As the bafe ABis to the fum of the fides, AC, BC, fo is the difference of
Zbe fides to tavice the diffance DH of the perpendicular from the middle of the
. '

Dem. With the greater fide CB as radius, defcribe about the centre C the
circle BFGE,meeting the other fide produced in the poiats E and F,and the
bafe AB produced in G; join GF and BE. 'Then AE is the fum, and AF
the difference of the fides AC, CB; and fince CD is perpendicular to GB,
the line GB is bife@ed in D (4y art. 45) and as AB is bifected in H, the line
AG isequal to twice DH. Now,in the triangles BAE,GAF, the angles ABE,
GFA are equal (4y Art. 43}, and the angle BAE is equal to GAY (4y Are.
go.) thercfore the remaining angles AEB, AGYF, muft be equal; hence
the triangles BAE, GAF, are fimilar ; confequently (4y Arz. 56.) AB :
AE :: AF : AG, or twice KID, which is the propofition to be demonftra-
ted. Having thus obtained HD, we may find the fegments AD, DB, by
adding HD 1o the half bafc HA or HB, and by taking their difference.

LXIV.

In any plane triangle, the fauave of radius is to the fquare of the co.fine of
either of the angles, as the re@angle contained by the two fides including
that angle is to the reflangle contained by the half fum of the fides, and that
balf Jum decreafed by the fide oppofite to that angle.

Thus in the triangle CBE,
the fquare of radius is to the B
fquare of the co-fine of half
the angie C, as the re@tangle
CB+CE+4-BE
CBEXCEis to e \ F

CByCE—BE N c HD
—— . For continue EC to A, making CA=—=CB, draw BD per.

X

2
pendicular to CE,bife@ CEinH,and join AB. Then(fuppofing CB to begreat.
er than EB) we have (bydre. 63.) CE : CB+BE :: CB—BE
CB*—BE? '
: ———— = 2*HD; by adding half of this to CH huf

CE
CB2—BE*4-CE?
“the bafe, we have the fegmemt CD — - ; fo
2:CE
CB2—BE24-CE?+4-2CE-CB
this, adding CA or CB, we have AD— % T
2°CE

CBFCE!>—BE? CBFCE+BEXCBFCE—BE
= . Again, AD —
2CE 2°CE
AC4CD = CB+CD; hence AD2=CB*>+ 2CB*CD+4CD? ; alfo,
BD?-—CB2—CD?; hence AB2= AD?4 BD?—2-CB2+42CB - CD=—
2+CB, C4CD — 2CB - AD; heace AB2: AD? :: 2CB : AD =
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CB+4-CE+4-BE * CB4CE—BE ' '
_ -3 but AB being radius, AD is the co-fine

2CE
of theangle A, which is equal to half the angle C (4y Art. 42.); therefore
the fquare of radius is to the fquare of the co-fine of half the angle Cy as the
CB4CE+4BE CB}CE—BE
reCtangle CE- CBis to the reftangle . .
: 2 2
- The other cafes of this propofition are demonftrated in the fame manner,
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GEOMETRICAL PROBLEMS.

PROBLEM 1.
To draw a Right Line CD parallel to a given Right Line AB, at any giv.
en difiance, as at the povat 13.

‘/K‘TITH a pair of compaffes take thenear. < % " b -

oft diftance between the point D and the giv. e
en right line AB; with that diftance fet one A

oot of the compafles any wherc on the line AB, as at A, and draw the
arch C; from the point D draw a linc fo as juit to touch the arch C, and it
isdone ; for the line CD will be paralle] to the line AB, and at the diftance
of the point given D, as was required.

PROBLEM 1L
To bifed or divide a given line AB into tawo equal parts.

Take any diftance in your compafles l(.
greater than half the line A B, then with v s
ong foot in B,defcribe the arch CFD ; with Sy
the fame diftance, and onc foot in A, def-
cribe theach CGD; cutting the former A CI B
archin C and D ; draw the line CD, and Pi K/ G
it will bife&® AB in the point E, i/
% 14
4D

, PROBLEM II1.
Toere@ a perpendicular BA on the end of a given Right Line DB.

Take any extent in your compafles, and with
one foot in B fix the other in any point C with-
out the given line ; then with ene point of the
compafles in C, deferibe with che other the cir-
cle ABD ; through DD and C draw the diameter
DCA meeting the circle in A; join Band A
and it is done ; for BA will be the required line
(by Art. 44, Geom.)

Or thus,

Take any convenient diftance as DA in your
compafles, and with one foot in D) defcribe the
arch AFG, upon which fet oft the fame diftance
from A w F, and from F t0 G ; upon ¥ and G
deferibe 1wo arches interfcéing onc another in
H; draw aline from Hto I, and it is done ;
for HD wiil be the perpendicular required,

S .
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EROBLEM 1V,
From a given Point, asC, to let fall a Perpendicular CO on a given Right
Line AB, -

Take any extent in your compaffes greater c
than the leaft diftance between C and the give |
en line AB ; with one foot in C, defcribe an*
arch to cut the given line AB in F and G; F G
with one foot in G defcribe anarch, and with | !
the fame diftance, and one foot in F, defcribe A ) -
another arch cutting the former in D; from ., B
C to Ddraw the line COD, cutting ABin O; "
then CO will be the perpendicular required. i

PROBLEM V.

From a given Point C to let fall @ Perpendicular CB on a given Line AB,
avhen the faid Perpendicular is to fall fa near the end of the given line that

it cannot be done as above.
A C

Upon any point A of the line AB as a
centre, and with the diftance AC defcribe an
arch E; chufe any ggfer point in the line
AB, as D, and with (¢ diftance DCdeferibe |, .
another arch interfefting the former in E, A*-..._.
join CE cutting AB in B, and it is done ; for
CB will be the perpendicular required.

ot
o
ot
.t

PROBLEM VI.

To make Plane Augles, and fint a Right Aungle, cortaining Go Degrees.

Draw theline CA ; on C ere& a perpendic. D

vlar CD, and it isdone ; for the angle DCA
is an angle of go®. Or thus, on the point C, H{ ™~
with the chord of 60°%* defcribe an arch GH,
and fet off thereon from G to H the diftance of
the chord of go° and from C through H draw
CHD, which will form the angle DCA of ga°
required. g\g

¢ A

(;
PROBLEM VII.

To make an Acute Angle equal to any number of degrees, Suppofe 36° 30%

Draw the line BC ; with the chord of §o° or
radius, in your compafles, and one foot on C
draw the arch FB, on which fet off from B to F,

. the givenangle361°taken from the line of chords ;
through ¥ and the centre C draw the right line
AC, and it is done ; for the angle ACB will be c
an angle of 36° 30, as was required.

* For a defcription of the line of chords, fee page 45.

N
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PROBLEM VIIIL

o make ane Obtnfe Angle that fhall contain 127° 20’

Draw CB; take the chord of 66° in your

tompafles, and with one foot on C defcribe \E
an arch BGHE, upon which fet off the chord /./

u G
TN .
of 6o* (which you already have in your com- A Q -
pafles) from B to G, and from G toH ; then Q ~
fet off from G to I, the excefs of the given Ooy
angle above 60°, which is 674° taken from '(; B

the line of chords ; or you may fet off from _
H to E, the excefs of the given angle above 120° which is 74° ; draw the
line CE, and it is done; for the angle ECB will be an angle of 127° 20/,

PROBLEM IX.

To bife & given arch of acircle AB, whofe centre is C.

Take in your compafles any cxtent greater )
than the half of AB, 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 CD and itis done; for
this line will bifect the arch AB in the point
E. TItisalfoevident that theline CD bifeéts
the angle BCA, or divides it into two equal
Parts.

LY

PROBLEM X,

To find the centre of a given circle,

With any radius, and one foot in the cir-
cumference as at A, defcribe an arch of a
circle, as CBD, cutting the given circle in B;
with the fame extent, and one foot in B, de-
fcribe another arch CAD, cutting the former
inC and D; through C and D draw the line
CD, which will pafs through the centre of
the circle ; in like manner may another right
fine be drawn, as EFG, which fhall crofs
the firft right line at the centre required.
This conftru@tion depends upon Article 45
of Geometry,
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PROBLEM XL
To dranw acircle throngh any three given points not fitnated in a right line,

Let A, B, and D be the given points ;

take in your compafles any diftance greater E\
than half AB, and with one foot in A, fweep ™
an arch EF; with the famc extent, and one -
foot in B, fwecp another arch cutiing the
former arch in k¥ and in F, through which
points draw the indefinite r,frht line EFC ;
then take in your compftﬂ'ea any extent
greater than half BD, and with one foot in B
fweep an arch GH ; with the fame extent,
and one foot in I, fweep an arch cutting the
former in the points G, H, throngh which
draw the right line GHC, cutting the tormer
right line EFC, in the point C; upon the
point C as a centre, with an extent equal to CA, CB, or CD; as radius,
defcribe the fought circle.

PROBLEM XIT.

To divide a circle into 2, 4, 8, 16, 07 32 equal ports

Firft draw the diameter through the
centre, which will d%ide it into two ;"
equal parts 3 bife¢t the diameter with
another right line perpendicular there-
to, and the circle will be divided into
four equal parts or quadrants: bifect
cach of thefe quadrants again by right

_ lines drawn through the centre, and it
‘tvill be divided into cight equal parts ;
nd fo you may continue on vour bifec-
tioas any numbeor of times. This prob-
lem is ufeful in conftrulting the mart.
ner’s compafs.

PROBLEM XIII.

To divide a grven line into any number afegualpart:.

Let it be requrf'd to divide the line
AB into five equal parts: From the
point A draw any line AD, making an
angle with the line AB: then through
the point B draw a line BC parallel to

’/
AD; and from A, with any {fmall open- B
ing in your compafles, fet off a number //V
of equal parts on the line AD, lefs by one 2

than the propofed number (which in thls

example is 4); then from B fet off the

fame number of the fame parts on the lice BC; then join 4and 1, 3 and 2,
2z and 3, 1 and i, and thefe lines will cut the given line as required.

CONSTRUCTION
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CONSTRUCTION
PLANE SCALE.

1ft. i‘ R‘ ITH the radius you intend for your {cale, defcribe a
femicircle ADB, and uwpon the centre C raife the perpendicular CD, (which
will divide the femicircle into two quadrants, A, BD) continue CD direét-
ly to 8, and upon B raife the perpendicular 8T, then draw the right lines
BD and AD.

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
fingle degrees ; and thefe again, if your radius admits it, into minutes or
fome aliquot parts of a degree greater than minutes,

3dly. Sct one foot of the compafles in B and transfer cach of the divi-
fions in the quadrant BD to the right line BD, thenis BD a line ot Chords.

4thly.  From the points 10, 20, 30, &c. in the quadrant BD draw
right lines paralicl to CD, till they cut the radius CB, then is the line CB
divided into a'line of fines which muft be numbered from C towards B.

sthly, If 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°, if the
fame divifions be transfered on the fame line on the other fide of the centre C.

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

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

8thly. Right lines drawn from A to the feveral divifions 10, 20, 30,
&c. in the quadrant BD, will divide the radius CD into a line ‘of femi-
tangents.

gthly. Divide the quadrant AD into eight equal parts, and from A
transfer thefe divifions feverally into the line AD, thenis AD aline of
Rhumbs, each divifion anfwéring to 11° 15’ upon the line of chords. The
ufe of this lineis for protra&ting and meafuring angles, according to the com-
mon divifion of the mariner’s compafs.  1If the radius AC be divided into
100 or 1000, &c. equal parts, and the lengths of the {everal fines, tangents,
and fecants, correfponding to the feveral arches of rhe quadrant, be meafured
thereby, and thefe numbers be fet down in a table,* cach in its proper column,
you will by thefe means have a triangular canon of numbers by which the
{everal cafes in Trigonometry may be folved. .Right lines graduated s
above, being placed {everally upon a ruler, form the infirument called the
Plane Scale, by which the lines and angles of ali triangies may be meafured,
All right lines, as the fides of plain triangles, &c. when they are confiderad
fimply as fuch without having any relation to a circle, are meafered by

# fa Table X XII. is given the finc and co-fing t every misute of the qualdrany, o five pla-
ces of decimals,
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fesles of equal parts, one of which is fubdivided equally into 1, and this
ferves as a common divificn to all the reft.  In motft {cales an inch is taken
- for a common meafure, to determine their largenefs and number of parts :
what an inchis divided into, is generally fet at the end of the fcale. By any
feale of equal parts,divided as above, any number lefs than 100 may be readily
taken ; butif the number fhould confift of three places of figures, the value of
the third figure can only be gueffed at ; wherefore in thefe fcales it is better to
ufe a diagonal {cale, by which any number of three figures may be exaltly
found. The figure of this fcale is given in the adjoined plate; its con.
ftraétion is as follows :

Having prepared a ruler of convenient breadth for your fcale, (which
tnay be an inch mere or lefs) Firft, near the edges thereof, draw two right
lines, af, cg, parallel to each other ; then divide one of 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 ¢g ; next divide the breadth into 10 equal parts, and through each of
thefe divifious draw right lines parallel to the former af and ¢g ; again di-
vide the lengths ¢4, ¢4, cachinto 10 equal parts, and from the point # to
the firft divifion in the line ¢4, draw a right line ; then, parallel to that
kine, draw right lines through all the other divifions, and the fcale is done.

Befides the lines already mentioned, there is another on the plane {cale
marked ML, which is joined toa line of chords ; and fhewshow many
miles eafting or wefting 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 logarithins of the fires, tangents,
and numbers, which is commonly called Gunter’s Scale, and as it is of gen.
eral ufe, it requires a particular defcription, )
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GUNTER’s SCALE.

GUNTER’s Scale hath fet upon it thefe eight lines following :

1ft. Sine Rhumbs marked {SR} is a line which contains the logarithms®
of the natural fine of every point of the marirer’s Compafs figured from the
left hand towards the right, with 1, 2, 3, 4, 5, 6, 7, to 8, where is 2 brafs
pin. This lineis alfo divided, where it can be done, into haives and quarters.

2d. Tangent rhumbs marked (TR) alfo correfponds to the logasithm of
the tangent of every point of the compafs, and is figured 1, 2, 3,10 4, at the
right hand wherc there is a pin, and from thence towards the left hand with
§y 6,-7 5 itis aifo divided, whereitcan be done, into halves and quarrers.

3d.  The Liac of numbers marked (Num.) contins the logarithms of
the numbers, and is figured thus ; near the left hand it beginsat 1, ard to.
wards the right hand are 2, 3, 4, 5, 6, 7, 8, 9; and then 1 in the middie, at
which is a brafs centre pin, going ffill on 2, 3, 4, 5,6, 7, 8,¢,and 10at 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 of great importance, I thall be move
particular in the doferiptionof it and its ufes. The firft 1 may be counted for
10T 10, OF 100, OF 1000, and then the next 2 isaccordingly 2, or 20, or 2006, o1
2009, . Again, the firft 1 may be reckoned 1 tenth, or 1 hundredth, or
1 thoufandth part, &c. then the next is z tenth, or 2z hundredth, or 2
thoufandth parts, &c. fo that if the firft 1 be efteemed 1, the middle 1 is
then 10, 2and 2 to its right is 20, 31s 30, 41s 40, and tenat the end is 160
again if the firft 1 is 10, thenext 2is 20, 35is 30, foon, making the middle 1
now 100, therext 2 is 200, 315300, 4 is 400, and 10 at the.end 1s now 1020,
In like manner if the firft 1 be, cfteemed 1 tenth part, the next z is z tenth
parts, and the middle ris 1, and the next 2 15 2, and 10 at theendis
now 10.  Again, if the firft 1 be couated 1 hundredth part, the nextis 2
kundreddh parts, the middle one is now 10 huadredth parts orcne tenth
part, and the next 2 is two tenth parts, and 10 at the end is now but one
whole number or integer.

As the figures are increafed or diminifhed in their value, fo in like man-
ner muft all the intermediate ftrokes or fubdivifions be increxfed or dimin.
ithed ; that is, if the firft one at the left hand be counted 1, then 2 {nex
following i1) is 2, and each fubdivifion between them now is 1 tenth
part, and fo all the way to the middle 1, which now is 10, the niext two is
20, now the longer ftrokes between 1 and 2 are to be counted from 1 thus
11, 12 (where is abiafs pinj then 13, 14, 1§, fometimes a longer ttroke than
the reft, then 16, 17, 18, 19, 20, at the figure 2; and in the fame manner-
the thort ftrokes between the figures 2 and 3, 3 and 4, 4 and 3, &c. arcta
bereckoned as units.  Again, if 1 at the left hand be 10, the figures between
it and the middle 1 are common tens ; and the fubdivifions between each
figure are units ; from the middle 1 to 10 at the end, cach figure 1> fo ;2.
ny hundreds; and between thefe figures each longerdivifion is 10. From
this defcription it will be eafy to find the divifions reprefenting any given
number, thus :  Suppofe the point reprefenting the number 12, were re.
quired : Take the divifionat the igure 1, inthe middle for the firft figure
of 12 ; then for the fecond figure count two tenths, or longer {trokes to the
right hand, and this laft is the point reprefenting 12, where the brafs pin is.,

IS

* The defciiption and ufes of thefe logarithms will be given in page g4, et feq.

-
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Again, fuppofe the number 22 were required ; the firft figure being 2, T
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, T take the
middie 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 -
15 nearly 2% of the diftancc between the marks 7 and 8, and this will be the
point reprefenting 1728.

If the point, reprefenting 435, was required ; from the four in the
focond interval count towards 5 on the right, three of the larger divifions
and one of the finaller (this fmaller divifion being midway between the marks
3 and 4) and that will be the divifion exprefing 435, and the like of other
numbers, which by a little pra&tice is readily dene.,

All frattions found in this line muft be decimals ; and if they are not,
they muit be reduced into decimals, which is eafily done by extending the
compafles frem 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.

Yxample. Required the decimal fraction equal to 2 : Extend from 4 to
3 ; that extent will reach from 1 on the middle to ,75 towards the leit
hand ; the hike may be obferved of any other vulgar fraction.

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

Suppofe, for example, it were required to find the produét of 16 multi-
tlied by 4, extend from 1 to 4, that extent will reach from 16 to 64, the
proeduét required, :

Divifion being the reverfe of multiplication, thercfore 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 trom 64 to 16, the quotient. -

N.B. This extent in divifion is to be taken backwards, or to theleft
hand, trom the dividend to the quotient ; bur in multiplication it is taken
ferward, or to the right hand, from the multiplicand to the produ&, they
being contrarv toone another. :

Froportien, 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 to the fourth.  And it ought to be particularly
noted, that if you extend to the left, from the firft number to the fecond,
vou muft alfo extend to the left, from the third number to the fourth ; ard
the contrarv. '

Example. If the diameter of a circle be 7 inches, and the circumference
22, what is the circumference of another circle, the diameter of which is
14 inches 2—Extend from 7 to 22, that extent will reach from 1.4 to 44 the
fame way, '

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

Example. Suppofc a plank or board, 15 inches broad, and 27 fect long,
the content of which is required.—Extend from 1 to 1 foot 3 inches (or
1,25) 5 that extent will reach from 27 fect to 33,75 feet, the fuperficial con-
tent.  Or extend from 12 inches to 1§, &c. -

The folid content of any bale, box, cheft, &c. is found by extending
from 1 tothe breadth; that extent will reach from e depth to a fousth
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humber, and the extent from 1 to that fourth number will reach from the
length to the folid content.

Example 1ft. What is the content of a fquare pillar, whofe length is 21
feet g inches, and breadth 1 foot 3 inches #—The extent from 1 to 1,25
will reach from 1,25 to0 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 of timber, 1423 feet broad, ,s6
deep, and 36 long, be given to find the content.~Extend from 1 t0 1,25 ;
that extent will reach from ,§6 to,7 ; thenextend from 1 to ,7; that ex-
tent will reach from 36 to 25,2, the folid content. Inlike manner may the
contents of any bales, &c. be found; which divided by 40 will give the ton-
nage.

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

sthly. The line of verfed fines, marked (V.S:) begins at the right
hand againft go° on the fines, and from thence figured towards the left hand
thus, 10, 205 30, 40, &c. ending at the left hand at about 169° ; each of the
fubdivifions, from 10 to 30, is in general two degrees, and from thence to
9o, is fingle degrees, and from thence to the ead, each degree is divided
into 1§ minutes,

6thly, The line of tangents, marked (Tang.) begins at the left hand, as
do the fines ; from thence it is figured to the righthand, thus: 1, 24 3, &c.
to 10; and foon 20, 30, 40y and 45, at the right hand, where is a little brafs
pin, juft under and even with go® in the fines ; from therce back again it is
figured 5o, 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 ‘of the fines,
When you have any extest in your compafles, to be fet off from any numbex
lefs than 45° on the line of tangents; towards the right, and it is fourd to
reach beyond the mark of 45°, you muft fee how much it extends beyond that
mark, and fet it off from 45° towards the left; and fee what degree it falls
upon, which will be the number fought, which muft exceed 45 ; if, on the
contrary, you are tofet off fuch a diftance to the right; from a number great.
er than 459, you muit proceed as before; only remembering that the anfwer
muft be lefs than 45°

7thly.  The line of the meridional parts, marked (Mer.} begins at the
right hand, and is numbered thus : 10, 20, 30, to theleft hand, where itends
at 8ydegrees, This line, with the line of equal parts marked (EP) under it,
are ufed together, and only in Mercator’s failing. The uppermoft line cons
tains the degrees of the meridian, or latitude in a Mercator’s chart ; and the
Jower is the equator and contains the degrees of longitude.

5
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F HIS inftrument confifts of two rules or fegs, reprefenting the radli,
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 fingle fcales are like thofe upon a common Gun-
ter’s fcale, the double fcales are thofe which proceed from the centre ; each
of thefe being laid twice on the fame face of the inftrument, viz. once on
eachleg. From thefe fcales dimenfions or diftances are to be taken, when
the legs of the inftrument are fet in an angular pofition,

The fingle {cales being ufed exaltly like thofe on the commen gunter’s
fcale it is unnecefary to notice them particularly ; we fhall therefore only
enumerate a few of the ufes of the double fcales ; the number of which is
feven, viz. the fcale of Lines marked Lin. or L. the fcale of Chords
marked Cho. or C, the fcale of Sines marked Sin. or S. the fcale of Tan-
gents to 45°, 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 {cales of lines, chords, fines and tangents under 45°, are all of the
fame radius, beginning at the centre of the inftrument, and terminating near
the other extremity of each leg, viz. the lirtes at the divifion 10, the chords
at 60°, the fines at go°, and the tangents at 45° ; the remainder of the
tangents or thofe above 45°, are on other fcales beginning at 1 of the
length of the former, counted from the centre, where they are marked with
45° and run to about 76 degreess  The fecants alfo begin at the fame
diftance fromn the centre, where they are marked with o, and are from thence
continued to 75°.  The fcales of polygons are fet near the inner edge of the
legs, and where thefe fcales begin, they are marked with 4, and from thence
are figured backward or towards the centre, to 12.

In deferibing the ufe of the {e€tor, the terme Jateral diffance and tranfwerfe
difiance often occur. By the former is meant the diftance taken with the
compafles on one of the fcales only, beginning at the centre of the fector ;
and by the latter, the diftance taken between any two correfponding divi.
fions of the fcales of the fame name, the legs of the fettor being in an angular
pofition.

The ufe of the Se@or depends upon the proportionability of the corref-
ponding fides of fimilar triangles, demonftrated in art. 535, Geometry ; for
if in the triangle ABC we take AB=AC
and AD=AE, and draw DE, BC, it is
evident that DE and BC will be parallel,
therefere by the above.mentioned propo-
fition AB: BC :: AD : DE; fo that what. A
ever part AD is of AB, the fame part is
DE of BC ; heace if DE be the chord, fine
or tangent, of any arch to the radius AD,
then BC will be the fame to the radius AB,
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Ufe of the Line of Lines.,

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

Examrre 1. To divide a given line into any number of equal parts, as
fuppofe 9 : make the length of the given line a tranfverfe diftance to g and
g, the number of parts propofed ; then will the tranfverfe diftance of 1 and
1 be one of the parts, or the ninth part of the whole ; and the tranfverfe
diftance of 2 and 2 will be 2 of the equal parts, or 3 of the whole line, &c¢.

Examers 2. If a thip fails 5z milesin 8§ hours, how much would fhe
fail in 3 hours at the fame rate ?

Take ¢z in your compafles as a tranfverfe diftance and fet it off from § to
8, then the tranfverfe diftance 3 and 3 being meafured laterally, will be
found equal to 194, which is the number of miles required.

ExamprLe 3.- Having a chart conftruted upon a fcale’'of 6 miles to an
inch, it is required to open the fetor, fo that a correfponding feale may be
taken from the line of lines ?

Make the tranfverfc diftance 6 and 6, equal to 1 inch, and this pofition
of the fetor will produce the given fcale.

Exampre 4. It is required to reduce a fcale of 6 inches to a degree,
20 another of 3 inches to a degree ?

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

Examrre 5. Ore fide of any triangle being given, of any length, to
meafure the other two fides on the fane fcale.
B

Suppofe the fide A B of the triangle
ABC meafures 50, what are the meafures o 45
#f the other two fides ?

A 03 ¢

Take A B in your compafles, and apply it tranfverfely to go and 50 3

to this opening of the fe€tor apply the diftance AC 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 diftance required ;

the diftance A C will fall againft 63, 63, and BC againft 45, 45 on the line
of lines,

Ufe of the line of Chords on the Se&or.

The line of chords upon the fe€or is very ufeful for protrating any angle,
when the paper is fo fmall that an arch cannot be drawn upon it with the
radius of 2 common line of chords.

Suppofe it was required to fet off an arch of 30°, from the point C of the
{mall circle ABC?
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Take the radius DC in your compaffes, B
and fet it off tranfverfely from 60° to 6o° on gt
the chords ; then take the tranfverfe extent K " E
from 30° to 30° on the chords ; and place one S %
foot of the compafles in C, the other will reach H i ]
te E, and CE will be the arch required. And A D
by the converfe operation any angle or arch 3% £
may be meafured, viz. with any radius de- Kt S
foribe ap arch about the angular point ; fet ~, «
that radius tranfverfely from 60° to 60° ; et
then take the diftance of the arch intercepted between the two legs and ap-
ply it tranfverfely to the chords, which will fhew the degrees of the given
angle.

%Ion, When the angle to be protracted exceeds 60°, you muft lay off
60° and then the remaining part ; or if it be above 120°, lay off 60° twice,
and then the remaining part, And in a fimilar manner any arch above 60°
may be meafured, :

Ulfes of the lines of Sines, Tangents and Secants.

By the feveral lines difpofed on the fector, we have fcales of feveral ra.
dii. So that,

1ft. Having a length or radius given not exceeding the length of the
fetor when opened, we can find the chord, fine, &c. of the fame : thus,
fuppofe the chord, fine, or tangent of 20 degrees to a radius of 2 inches be
required. Make 2 inches the tranfverfe opening to 60° and 60° on the
chords ; then will the {fame extent reach from 45° to 45° on the tangents,
and from go° to go° on the fines: fo that to whatever radius the line of
chords is fet, to the fame are all the others fet alfo. In this difpofition
therefore, if the tranfverfe diftance between 20° and 20° on the chords be
taken with the compaffes, it will give the chord of 2o degrees ; and if the
tranfverfe of 20° and 20° be in like manner taken on the fines, it will be
the fine of zo degrees ; and laftly, if the tranfverfe diftance of 20° and 20°
be taken on the tangents, it ‘will be the tangent of 20 degrees to the fame
radjus of 2 inches.

2dly. If the chord or tangent of 70° were required. For the chord,
you muit firft fet off the chord of 60° (or the radius) upon the arch, and
then fet off the chord of 10°.  To 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 45° at the beginning of that fcale, the extent between 70° and 70° on
the fame will be the tangent of 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 z0° and 20°, or 70° and 70°, give the fecant of 20° or 70°.

4thly.  If 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
{feftor to the given radius, according as a fine, tangent or fecant is concern-
ed ; then taking the given line between the compaffes, and applying the two
feet tranfverfely to the proper feale, and fliding the feet along till they both
reft on like divifions on both legs ; then the divifions will fhew the degrees
and parts correfpanding to the given line,

Ufe of the kne of Polygons.,

The ule of this line is to infcribe a regular polygon in a circle. For ex-

ample let it be required to infcribe an oftagon in a circle, Open the feftog
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till the tranverfe diftance 6 and 6 be equal to the radius of the circle ; then
will the tranfverfe diftance of 8 and 8 be the fide of the infcribed polygon.

Ufe of the Seftor in Trigonometry,

All proportions in trigonometry are eafily worked by the double lines
on the fe@tor ; obferving that the fides of triangles are taken off the line
of lines, and the angles are taken ‘off the fines, tangents or fecants,
according to the nature of the proportion. Thus, if in the triangle
ABC we have given AB = 56, AC — 64, and the angle ABC == 46°
30’ to find the reft. 1In this cafe we have (by A

art. 6o, Geometry) the following proportions, as
AC (64) ¢ fine £B (46°30") 3 AB(56) } fine
Z2C,and as fine B} AC 43 fine Al BC. There. Pp, c

fore to work thefe proportions by the feétor, take

the lateral diftance 64 — A C from the line of lines, and open the fe&or to
make this a tranfverfe diftance of 46° 30— Z B on the fines ; then take
the lateral diftance §6 == A B on the lines, and apply it tranfverfely on the
fines, which will give 39° 24’ = « C. Hence the fum of the angles B and
C is 85° 54/, which taken from 180° lcaves the angle A — 94° 6
Then to work this fecond proportion, the feQor being fet at the fame
opening as before, také the tranfverfe diftance of 94® 6/ — the angle
A, on the fines, or which is the fame thing, the tranfverfe diftance of its
fupplement 85° 54’ ; then this applied laterally to the lines, gives the fought
fide BC — 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, inflead of meafuring them on
the fines as in the preceding example,
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LOGARIT.HMS.

IN ‘order to abbreviate the tedious operations of multiplication and di.
vifion with large numbers, a feries of numbers, called logarithms, were in.
vented by Lord Napier, Baron of Maychinfton in Scotland, and pub.
lithed in Edinburgh in 1614 ; by means of which the operation of multipli-
cation was performed by addition, and divifion by fubtra®ion ; numbers
were involved to any power by fimple multiplication, and the root of any
power was extrafted by fimple divifion.

In Table XXI1V, is given the logarithm of every number from 1 to
9999 ; to each one ought to be prefixed an index, with a period or dot to
feperate it from the other part, as in decimal fraftions ; the numbers from
1 to 100, 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, viz. the index of the logarithm of any integer, or mixed
number, is always one lofs 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 100 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 lefs than 100,

Rure. Enter the firft page of the table, and oppofite the given numbez
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 betaveen 10¢ and 1000,

Rure. Find the given number in the left hand column of any table of log.
arithms and immediately under o in the next column is a2 number, to which
muft be prefixed the number 2 as an index (becaufe the number confifts of
three places of figures,} and you will have the {fought logarithm,

Thus, if the logarithm of 649 was required ; this number being found in
the left hand column, againdt it in the column marked o at the top (or bottom)
1s found 81224, to which prefixing the index 2, we have the logarithm of

649=2.81224.
To find the logarithm of any number betaveen 1000 and 10000.

Rure.  Find the three left hand figures of the given number, in the left
haad column of the table of logarithms, oppofite to which in the columa
that is marked at the top (or bottom) with the fourth figure, is to be found
the fought logarithm ; to which muft be prefixed the index 3, becaufe the
rumber contains 4 places of figures.

Thus, if the logarithm of 6495 was required ; oppofite to 649, and in
the column marked § at the top (or bottom) is 81248, to which prefix the
index 3 and we have the {ought logarithm 3,81258,

»
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To find the logarithm of any number above 10000,

Rure, Find the three firft figures of the given number in the left hand
column of 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 of the four firft figures, crofs off at the right hand of
the produét as many figures as you had figures of the given number to multi-
ply by ; then add the remaining left hand figures of this produ¢t to the log.
arithm taken from the table, and to the fum prefix an index equal to one lefs
than the number of integer figures in the given number, and you will have
the fought logarithm.

Thus, if the logarithm of 649§7 was required ; oppofite to 649 and under
§ is 81258, the difference between this and the mext greater number 81265
1s 7, this multiplied by 7 (the laft figure of the given number) gives 49,
crofling off the right hand figure leaves 4,9 or § to be added to 81258,
which makes 81263, to this prefixing the index 4, we have the fough: loga.-
rithm 4.81263.

Again, if the logarithm of 6495738 was required ; the logarithm cor.
refponding to 649 at the left, and g at the top, is as in the Jaft 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 firit
figures) gives 5166, croffing off the three right hand figures of this preduct
(becaufe the number 738 confifts of three figures) we have the corre¢tion g
to be added to 81248 ; and the index to be prefixed is 6 becaufe the given
number confifts of 7 places of figures, therefore the fought logarithm is
6.81263.

To find the logarithm of any mixed decimal number,

Ruie. Find the logarithm of the number as if it was an integer by
the laft rule, to which prefix the index of the integer part of the given
number.

Thus, if the logarithm of the mixed decimal 649,5738 was required ;
find the logarithm of 6495738 without noticing the decimal point ; this
in the laft example was found to be 81263, to this we muft prefix the index
z correfponding to the integer part 649 ; the logarithm fought will there-
fore be 2.81263.

To find the logarithm of any decimal fradtion lefs than unity.

The irdex of the logarithm of any number lefs than unity is negative,
but to avoid the mixture of pofitive and negative quantities, it is com.
mon to borrow 1o or 100 in the index, which muft afterwards be negleéted
in fumming them wirh other indices ; thus inflead of writing the index
—-1, it is generzlly written -4-g or <499 ; but in general it is fufficient to
borrow 10 in tiie index, and 1t is what we fhall do in the reft of the work.
In this way wemay find the logarithm of any decimal fraction by the foi-
lowing rules.

Rure. Find the logarithm of a fration as if it was a whole number ;
fee how many cipliers precede the firft figure of the decimal fraction, fub-
tra€t it from g and the remainder will be the index of the given fra¢tion.

Thus the log. of 0,0391 is 8.5¢218; the log. of 0,25 is 9.39794;
the log. of 0,0000025 is 4.39794, &c.
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-+ To find the logarithm of a vulgar fra;é?z'an. '

RuLe. Subtraft the logarithm of the denominator from the logarithm of
the numerator, (borrowing 10 in the index when the denominator is the
greateft) the remainder will be the logarithm of the frattion fought.

B Examrere Iv Exampre II.

Required the log. of 32 Required the log. of 3% or 3?
From log. of 3 o.47712 {From log. of 13 1.11394
Take log. of 8 o.90309 |Take log. of 4 0.60206
Rem. log. ¢ or,378 9.57403 |Rem. log. of 3% or 3,25 o©.51188

To find the numbér correfponding to any logarithm.

Rure. Inthe column marked o at the top (and bottom) of the table,
feek for the next lefs logarithm, negle@ting the index ; note the number
againft it, and carry your eye along that line until you find the nearcf 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 ; if you wifh for greater accuracy, you muft 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 z 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 alrcady found, and you will have the number fought exprefled in a
mixed decimal, the integer part of swhich will confift of a number of figures
{at the left hand) equal to the index of the logarithm increafed by unity.*

Thus, if the number correfponding to the logarithm 1.52634 was re-
quired ; I look for ¢2634 in the column marked ¢ at the top or bottomy
and find it ftanding oppofite to 336 ; now the index being 1, the fought
rumber muft confift of two integer places, therefore it is 33,6.

If the given logarithm was 2.32838 ; I find that 32838 ftands in the
column marked o at the top or bottom, direftly oppofite to 213 which is
the number fought, becaufe the index being 2, the number muft confift of 3
places of figures.

If the number correfponding to the logarithm 2.5734¢ was required ; I
fook in the coluran o, and find in it, againft the number 374, the logarithm
§728%, and guiding my eye along that line, I find the given logarithm
57345 in the column marked 5 ; therefore the mixed number fought is
3745, and fince the index is 2, the integer part muft confift of 3 placesy
thereiore the number fought is 374,5.  If the index had been 1, the num-
ber would have been 37,4¢ ; and if the index had been o, the number
would have been 3,745. If the index had been 8 correfponding to a num=
ber iefs than wnity, the anfwer would have been 0,03745, &c¢.

Again, if the number correfponding to the logarithm §.59811 was re-
quired ; I look in the column ¢y and find in it againft 378, and under gy
the logarithm ¢7807, the difference between this and the next greater
logarithm 57818 being 11, and the difference between 57807 and the
given number 57811 being 4y to this 4 I affix two ciphers, which make
400, and divide it by 11 the quotient is 36 nearly ; this number connetted
with the former four figures make 378436, which is the number required,
firce the index being § the number muft confit of fix places of figures.

* 1f the index correfponds to a fration lefs than unity, you muft place as many ciphess to
the lef of that number as are equal to the index fubtra&ted from g, the decimal point being
placed to the left of thefe ciphers ; inthis manner you will obtain the fought number.



LOGARITHMS. 57

MULTIPLICATION sy LOGARITHMS.

Rure. Add the logarithms of the two numbers to be multiplied and
the fum will be the logarithm of their produtt.

Examrre Il
Multiply 22,4 by 1,8. .

Examrere I,
Multiply 25 by 35.

25 log. 1.39794 22,4 log. 1.3502%
35 log. - 1.§4407 1,8 log. 0.25527
Product 875 log. 2.g4201 |Produt 40,32 log. 1.60552

Examrze IV.
Multiply o,25 by o,0c3.

Examprie IIL
Multipy 3,26 by o,0025.

3,26 log.  o.51322 0,25 log. 9-39794
c,00z§ log.  7.39794 0,003 log. 747712
Produ® o0,00815 log. 7.91116 |[Produ® o,00075 log. 6.87506

In the laft example the fum of the two indices is 16, but fince 10 was
borrowed in each number, I have neglefted 10 in the fum, ard the remain-
der 6 being lefs than the other 0, is evidently the index of the logarithm
of a frattion lefs than unity.

DIVISION rv LOGARITHMS.

RuLe. From the logarithm of the dividend fubtra® the logarithm of
the divifor, the remainder will be the logarithm of the quotient.

Examere I,
Divide 875 by 25.

875 log. 2.94201
25 log. 139794
Quotient 35 log. 1.54407

Exavpre III.

Examerz 1L
Divide 40,32 by 22,4.

40,32 log. 1.60552

22,4 log. 1.3502%
Quotient 1,8 log. 0,25527

Examrere IV,

Divide o,00815 by o,0025. Divide o,00075 by o,025.

o,00815 log. 7.91116 0,0007§ log. 6.875ch
o,0025 log.  7.39794 0,025 log.  8.39794
Quotient 3,26 log. o.51322 |Quotient 0,03 log. 8.47712

In Example III. both the divifor and dividend are fra@ions lefs
than unity, and the divifor is the leatt, confequently the quoutient is
greater than unity. In Example 1V.both fraltions are lefs than unity,
and fince the divifor is the greateft; its logarithm is greater than that of the
dividend ; for that reafon it was neceflary to borrow 10 in the index pre-
vious to making the {ubtrattion, hence the quotient is lefs than unicy.

INVOLUTION By LOGARITHMS.

RyLe. Multiply the logarithm of the number given, by the index of
the power to which the quantity is to be raifed, the produét will be the
logarithm of the power fought.  But in raifing the poweér: of any décimal

H
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fraQiom it muft be obferved, that the firft fignificant figure of the powerbe
put as many places below the place of units as the index of its logarithm
wants of 1o multiplied by the index of the power.:

Examere T. Exampre 1L
Required the {quare of 18? Required the cube of 13?
18 log. 125627 13 log. 1.11394
2 3
Anfwer 323 log. 2.51054 |(Anfwer 2197 log.  3.34182
Examere IIL Examrue IV,
Required the fquare of 6,4 ? Required the cube of 0,25 ?
6,4 log. 0.80618 0,25 log. 9.39794
2 : 3

Anfwer 40,96 log. 1.61236 |Anfwer o,01562% 28.19382

In the laft example the index 28 wants 2 of 30 (the product of 10 by
the power 3) therefore the firlt fignificant figure of the anfwer, viz. 1.
is placed iwo figures diftant from the place of units.

EVOLUTION gy LOGARITHMS.

Rure. Divide the logarithm of the number by the index of the pow.-
er, the quotient is the logarithm: of the root fought. But if the power
whofe root is to be extratted 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 the power, the quotient will-
be the logarithm-of the root fought.

Exameire L. Examere II1.
What is the fquare root of 324.? Required the fquare root of 40,96 ¥
324 log. 2)z2.5104§ 40,96-log. 2)1.61236

Anfwer 18 log. 1.25527 Anfwer 6,4 log. 0.80618

Exampre IV,
Examere I Reguired the cube root of 0,01562¢ 2
Required the cube root of z197 ? , 0,015625 log. 8.19382
2197 log. 3)3.34183 Prefix 2 to the index 3)28.19382

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

To work the RULE of THREE 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-fecand. fo is the
third to the fourch ; and by multiplying the fecond and third together, and
dividing the product by the firt, we obtain the fourth number fought.  To
obtain the fame refult by iogarithms, we muft add the logarithms of the
JSecond and third numbers together, and from the fum fubtrall the logarithm of
the legﬂ number, the remander wwill be the logarithm of the foupht fourth
numyer,
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Examere L. Examrre 11,
I£°6 yards of cloth coft g dollars,| If a fhip fails zo miles in 7 honrs,
ss7hat will zo yards coft 2 thow much will fhe fail in 21 hours at
As 6 log. 0.77815 |[the famerate ? .
- Asy log. 0.84510
Istog log. 0.69897 —_—
So is 20 log. 1.30103 Is to 20 log. 1.30103
- Sois 21 log. 1.32222
Sum of 2d. and 3d. 2.00000 .
Subtra& firft 0.77815% Sum of 2d. and 3d. 2.6232¢
- Subtraét the firft 0.84510
To 16,67 log. 1.22185 .
- To 6o log. 1.7781¢
The anfwer therefore is 16 dollars -
and %, or 16 dollars and 67 cents. | The anfwer is 60 miles.

u

To calculate COMPOUND INTEREST by LocARITHMS.

‘To 100 doltars add its intereft for 1 year; find the logarithm of this
4am and reje&t z in the index, then multiply it by the number of years or
parts of a year for which the intereft is to becalculated ; to the product add
the logarithm of the fum put at intereft; the fum of thefe two logarithms
will be the logarithm of the amount of the given fum for the given time,

Exampre,
Required the amount of the principal and intereft of 355 dollars, let at §
per cent. compound interett for 7 years,

Adding 6 to 100 gives 106, whofe logarithm, rejeéting z in the index,
is -

- 0.02531
Multiplied by 7
Product 0.17717

Principal 355 dollars.  log.  2.55023

Sum gives the log of §33,83. log. 2.72740

Therefore the amount of principal and intereft is 533 dollars and 83 cents,

Ty find the Logarithm of the Sines, Tangentsy, and Secantsy §5c. belonging to
any number of Degrees and Minutes, by Table XXV,

If the required degrees be lefs than 4§, or more than 135, the degreesare
marked on the top, but between 45° and 134° are marked on the bottom, the
minutes becing found in the column marked M, which ftands on the fame
fide of the page on which the degrces are marked ; thus if the degrees are
lefs than 45, the minutes are found in the left hand cojumn, &c. and it
muft be noted that if the degrees are found at the top, the names of hour,
fine, co-fine, tangent, &c. muit alfo be found at the top: And if the de-

rees are found at the bottom, the names fine, co.fine, &c. muft alfo be
tound at the bottom,
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Examrrr L.——Required thelog. fine
of 28° 37°2?

Find 28° at the top of the page,
directly below which in the left hand
coluren find 37/ ; againft which in
the column marked fine is 9.6802g,
the fine of thé given number of .de-
grees : and in the fame manner the
tangents, &c. are found.

LOGARITHMS,

Exampre I1.—~Required the log,
fecant of 126° 20/ ?

Find 126° at the bottom of the
page, diretly above which in the left
hand column find 2o/ ; againit which
in the column marked fecants, is
10.22732 required,

To fiud the Logarithm-Sine, Co-fine, &c. for Degrees, Minutes and Seconds,
by Table XXV.

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 correétion

to be applied to the logarithm of the

leaft number of degrees and minuteg

additive, if it is the leaft of the two logarithms taken from the table, other.

wife fubtrative.

Examrre I.—Required the log. fine
of 24° 16" 48}

Sine of 24° 16’ 9.61382
Sine of 24 17 9.61411
Diff. 29

Then, as 60”7 $ 487 ¢t 291! 23,
which added to the log. of 24° 16/,
gives 9.61405 thelog.of 24°16748”.

X

If the given feconds be £, I, 1

Exawmpre II.—Required the log. fe-
cant of 105° 20" 16" ?

Secant of 1c5.20 log. 10.57768
105.21 10.57722
Diff. 46

Then 60”1 16" 1% 46 % 12,whichfub-
tra¢ted fromthelog.of 105° 20/, gives
10.57756, thelog. fec. of 105°20'16”.

1, ¥ or %, or any other even parts of a

minute, the like parts may be taken of the difference of the logarithms, and
added or fubtratted as above, which may be frequently done by infpeétion.

To find the Degrees, Minutes and

Seconds correfponding to any given

Logarithm-Sine, Co-fine, &c. by Table XXV.

Find the two neareft numbers to the given logarithm, one greater and
the c+her lefs, and take their difference ; take alfo the difference between
the given logarithm and the logarithm correfponding to the leaft number of
degrees and minutes : then fay, as the firft found difference is to the fecond
foind difference, fo is 60" to a number of feconds to be annexed to the finall,
eft number of degrees and minutes before found.

Exampre I.—Find the degrees, minutes, and feconds (lefs than go®)
correfponding to the log. fine 9.61403.

Next lefs log. 24° 16/ 9.61382  Log.of leaftnumb. 24°16”is9.61382
Greater 24 17 9.61411  Given log. T g.61405%
29 23

a4

Thenfay,25293233¢ 607 ¢
anfwering to iog. fine 9.61405.

48 which annexed to 24° 16’ give 24°16'48”,
Subtraéting 24° 16’ 48" from 180° and

there remains 155° 43" 127, the log. fine of which is alfo 9.61405.
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. Exampre IL.—Find the degrees, minutes and feconds (above go®) cor.
gefponding to the log. fecant 10.56703 ?

Secant 105° 43’ log. 10.56722 Log. of leaft numb. 105 43" 10.56722

Secant 105 44 10.56677 Givenlog. - 10.56703
45 19

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

To find the Arithmetical Complement of any ‘Logarithm,

The arithmetical complement of any logarithm, is what it wants of
10,00000 Or 20.00000, and is ufed to avoid fubtra@ion ; for when work-
jng any proportion by logarithms, you may add the arithmetical comple-
ment of the logarithm of the firlt term, inftcad of fubtraéting the logarithm
irfelf ; only obferving that 10 or 20 muft be negletted in the index of the .
fum of the logarithms.  The arithmetical complement of any logarithm is
thus found. Beginning at the index, ' awrite down avhat each figure wants
of 9y except the laff fignificant figure, abich take from 10.*

Examrre. Required the arithmetical complement of g.62595 2

For the firft figure g, writeo; for 6, 3; for 2,7; forg, 4; forg, o;
and for the laft figure § write §; thus the arithmetical complement is
©.37405

In the fame manner the arithmetical complement of 1.86563 s 8.1343%,
the ar.co. of 10.33133 is 9.66867, and the ar. co. of 1.22800 is 8.77200.
To illuftrate the method of ufing the arithmetical complement of any log
arithm, I thall here calculate the examples given in page gg.

Examrere L. Examere 1L
As 6 log. ar. co. g.22185{ As7 log. ar. co. 9.15490
Isto g log. 0.69894| 1s 1020 log. 1.30103
So is 20 log. 1.30103f Sois 21 log. 1.32222°
To 16,67 log. 1.22185] To 6o log. 1.7781%

* When the index of the given logarithm is greater than 10, the left hand figure of it may be negle@¢d 1 and when there are
any ciphers to the right hand of the laft fignificant hgure; you @a) place the fame nutber of ciphers 1o the right hand of the
ather figures of the arithmetical complemen:.
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PLANE TRIGONOMETRY.

———-—Q*Q-————.

LANE TRIGONOMETRY is the art which fhews how to find the
meafures of the fides and angles of plane triangles, fome of them being al.
ready known. It is divided into two parts, right-angled and oblique-an-
gled : in the former cafe, one of the angles is a right angle, or go°; in
the latter, they are all oblique.

In every plane triangle there are fix parts, viz. three fides and three angles ;

Tany three of which being given (except the three angles) the other three
may be found by various methods, viz. by Gunter’s fcale, by the fector,
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
15 performed by the help of a few theorems, and a trigonometrical canon,
éxhibiting the nawral or the logarithmic fine, tangent, and {ecant, to every
degree and minute of the quadrant.® The theorems alluded to are the fol.
lowing.

THEOREM 1.

In any right.argled triangle, if the hypotenufe be made radius, one fide
will be the fine of the oppofite angles and the other its co-fine 5 but if either
of the legs be made radius, the otker leg awill be the tangent of the oppofite
angle, and the hypotenufe avill be the fecant of the fame angle.
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Fig, 3.

For, 1ft. If in the right-angled plane triangle ACB (fig. 1.) we make
the hypotenufe AB radius, and upon the centre A defcribe the arch BE, to
meet AC produced in E ; then it is evident, that BC is the fine of the arch
BE (or the fine of the angle BAC) and that AC is the co-fine of the fame
angle: and if the arch AD be defcribed about the centre B; AC will be
the {ine of the angle ABC, and BC its co-fine.

2dly, If the leg AC (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 CAB; and AB will be its fecant.

sdly. If the leg BC (fig. 3.) be made radius, and the arch CD be de.
fcribed about the centre B; CA will be the tangent of that arch, or the
tangent of the angle B ; and AB will be its fecant.

¥ Sce Tables XX, and XXV.
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Now it has been already demonftrated (in Art. §7, Geom.) that the fine,
tang. fec. &c. of any arch in one circle, is to the fine, tang. fec. &c. of 2
fimilar arch in another circlcas theradius of the former circle 1o the radius of the
latter, Andfinceinany right.angled triangle there are given either two fides,
or theanglesand one fide, tofind the reft ; we may, if we with to find a fide,
meke any fide radius ; then fay, as the tabular number of the fame name
as the given fide is to the given fide of the triangle, fo is the tabular num.
ber of the fame name as the required fide, to the required fide of the tri-
angle. If we wifh to find an angle, one of 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 fide to the tabular fine, tangent, fecant, &c.
by it reprefented ; which being fought for in the table of fines, &c. will
correfpond to the degrees and minutes of the required angle.

THEOREM II.

In all plane triangles, the fides ave in direc? propartion to the fines of
their oppofite angles (by Art. 60, Geom.)

Hence, to find a fide, we muft fay, as the fine of an angle is to its oppo-
fite fide, fo is the fine of either of the other angles to the fide oppofite
thereto. But if we with to find an angle, we muft fay, as any given fide
is to the fine of its oppofite angle, fo is the fine of either of the other fides
to the fine of its oppofite angle.

THEOREM 1III.

In ewery plane triangle, it awill bey as the fum of any tawo fides is 20 their
differencey fo is the tangent of half the fum of the tava oppofite angles to the
tangent of half their difference (by Art. 61, Geom.)

_ THEOREM 1V. )

As the bafe of any plane triangle is to the fum of the tavo fides, fo 15 the
differcnce of the tavo fides to taice the diffance of a perpendicular (let fal¥
upon the baje from the appofite angle ) from the middle of the bafe (by Ars.
63, Geom.)

THEOREM V.

In any plane triangle, as the re@angle contained by any tavo fides includ-
ing a fought angle, is to the refangle contained by the half fum of the fides
and the half fum decreafed by the ather fide, fo is the fguare of rudius to the
fqnare of the co-fine of half the fonght angle by Ait. 64, Geom.)

IN addition to thefe Theorems, it will not be amifs for the learner to
recall to mind the following articles, moft of which have been alreddy
demontftrated.

1+ Inevery triangle, the greateft fide is oppofite to the greateftangle ;
and the greatett angle oppofite to the greatelt fide.

2. In every triangle, equal fides fubtend equal angles. (Arz. 41, Geon:.)

3. The three angles of any plane triangle arc equal to 180°. (4r:. 37,
Geom. )

4. Ifonc angle of a triangle be obtufe,. the reft are acute ; and if ore
angle be right, tle other two together make a right angle, or go° ; where-
fore, if one of the acute angles of a right-angled triangle be known, the
other is found by fubtralting the knawn angle from go®. If one angle of
any triangle be known, the fum of the other two is found by fubtratting
the given angle from 160°; and if two of the angles be known; the third
is found by (ubtrating their fum from 180°.

5. The complement of an angle 1s what it wants of go°, and the fup-
piement of an angle is what it wants of 180°.
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PLANE TRIGONOMETRY.

Inthe tave foliowingTaHes awe have colle@ed all the rules neceffary for folva
ing she warious cafes of Right. Angled and Obliguc. Angled Trigonometry.
A

RIGHT-ANGLED TRIGONOMETRY.

gafe Given. Sought. Solutions.
Hyp. aC. |Leg BC. Raa, hyp. AC :: fineA leg. BC.
T langles, Leg AB. Rafi. hyp. AC :: fineC : leg. AB.
jbeg. BC. fueg AB. Rad. : leg. BC :: tang.C : leg. AB.
2 &3;Angles. Rad. : leg. BC :: fec.C : hyp AC.
3 Hyp- AC. Or fine A leg. BC :: rad. hyp. AC.
Hyp, AC. |Angles. Hyp. AC :rad. :: leg AB : fine C, whofe comp. is A.
4&5'Leg AB. Leg. BC. Rad. hyp. AC :: fine A leg. BC,
Both legs |Angles. Leg. BC : rad. : : leg AB : tang. C, whofe comp. is A.
6 [AB&DC. g o a0 SineC : legAB :: rad. : hyp. AC.
yp- Ak [7.0rRad. @ leg BC fec.C ¢ hyp. AC.

OBLIQUE-ANGLED TRIGONOMETRY.

B

&

D D G a
Cafe; Given. t Sought, Solutions,
IThe Angles'Side BC. SineC : fiieAB :: fineA : fide BC.
land fide AB.!Side AC. | SineC : fde AB :: fine B : fide AC.
iwo  fdes
AP, BC,andiAngle A, Side AB : Sine C :: file BC : fine A, which added
2&3fangl: C op-[Angle B.  fto C, and the fum fubtradted from 1807, gives B,
nofite to on.}Side AC, Sine C : fideAB :: fineB : fide AC.
of rhem.
] Subtra¢t half the given angle A trom 9o¥, the remandes
|Angles C [is balf the fum of the other angles. Then fay, as the fum
Two fidesand B. f the fides AC, AB is to their drtference, fo is tangent
4 &5,AC,AB,and of the half fum of the other angles to the tangent of half

the included
angle A,

Side BC.

their ditference 5 which added to, and fubtracted from the
half fum, will give the two angles B and C, the greateft an-
sle being oppufite to the greateft fide.

Sine B fide AC fine A file BC.

. .= .
H HE :

Al three
fides,

All the
angles,

Let fall a perpenvicular BD oppofite to the required an-
gle; then as AC : fumof AB, BC :: their diference
: twice DG, the dittance of the perpendicular from the mid-
[dle of the bafe 5 hencey AD, CD are known, and the tri-
angle ABC is divided ioto two right angled triangles BCD,
BAD ; hence, by cafes 4 and 5 of right-angled trigonom-
etry, we may find the angle A or C.

Either angle,
as A,

Either or the angles, as A, may alio be found by the fol-
lowing rule. From half the fum of the three iides fubtraét the
fide BC oppafite to the fought angle; take the logarithms
of the haif fum and remainder, to which add the arithmetical
complements of the logarithms of thz fides AB, AC (includ-
ing the fought anglc) ; half the fum of t-efe four logarithms
will be the logarithmic co-fine of half the faught angle.
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In working by logarithms with any of the preceding rales, you muft
remember, thae the logarithm of the firft tern of the analogy is to be fub.
tradted from the fum of the logarithms of the fecond and third terms, the
remainder will be the logarithm of the fought fourth term.

When the firft term is radius (whofe logarithm is t0.00000) you need
only reject an unit in the fecond left hand figure of the index of the fum
of 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 fubtra therefrom the logarichm
of the firft term.

RIGHT-ANGLED TRIGONOCMETRY.

Solution of the fix cafes in right-angled trigonometry.

CASE 1. -
The angles and hypotenufe given, to fad the legs.

Given the hypotenufe AC 250 leagues, and the angle C oppofite to the
fide AB—35° 30/, to find the bafe C8 and perpendicular AB.

By PROJECTION.

Draw the bafe CB of any length; onC
as aceatre, defcribe the arch DE; tromE
toD layoff 35° 30’ ; through Cand Ddraw
the line AC, whichmake equal toz50 ; from
A let fall the perpendicular AB, to cut CB
in B, and it is done ; for CB will be 203.5,
and AB==145.2.

By LOGARITHMS.
By making the hypotenufe CA radius, it will be,

To find the bafe BC. To find the perpendicular AB.
As radius 10.00000{As radius 10.00000
Is to the hypot. AC 250 2.39794|Is to the hypot. AC 250  2.39794
Sois fine ang. A 54° 30’  9.91069So0 is fine ang. C 35° 30/  9.76395

To the bafe BC 203,5 2.30863|To the per. AB 145,2 2.16189

By GUNTER’s SCALE.

Inall proportions wrought by gunter’s fcale, when the firft and fecond
terms arc of the fame kind, the extent from the firft term 1o the fecond,
will reach from the third to the fourth ;

Or when the firft and third terms are of the fame kind,

The extent from the firft term to the third will reach from the fecond to
the fourth ; that is, fe; one point of the compafes on the divifion-exprefie

-
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ing the firt term, and extend the other point to the divifion exprefling
the third term ; then, without altering the opening of the compafles, fet
one poict on the divifion reprefenting the fecond term, and the other point
will fall on the divifion fhewing the fourth term or anfwer.

In the prefent example the work will be as follows :

Extend from radius, or go°, to §4° 30’ on the line of fines ; that extent
will reach from 250, the hypotenufe, to 203.5, the bafe, on the line of
numbers ; and the extent from radius, or go° to 35° 30° on the line of
fines, will reach from z5a to 145,2 on the line of numbers,

Obferve the like in all that follows, except in thofe proportions where
the word fecant is mentioned, which cafes muft be wrought by confider.
ing the hypotenufe radius, there being no line of fecants on the common
Gunter’s {cale, althoegh it might eafily be marked on the line of fines.

Note. The radius, according to the nature of the proportion, may be
any of thefe :

8 points on the line of rhumbs. go° on the line of fines.

4 points on the line of tan, rhbs, | 45° on the line of tangents.

CASES II. and IIL
The angles and une leg given, to find the hypotenafe and other leg.

The angl¢ ACB 33° 157, the leg BC 325 miles, given, to find the hya
potenufe and the other leg.

By PROJECTION.

Draw the line BC, which make A ~
equal to 325 miles ; on B creft the &
perpendicular BA 5 on C, as a cen- \ D
tre, with the chord of 60° fweep 4
the arch BD, which make cqual to ]
33° 15’; draw CD, and continue

it to cut AB in A, and it is done ; i
for AB being meafured on the fame :
feale that BC was, will be 213.1, i R3.75
and AC 388.6 miles. }
B 525. G

By LOGARITHMS,
By making the bafe BC radius, it will be,

To find the perpendicular AB. To find the hypotenufe AC,
As radius 45° 10.00000|As radius go® 10.00000
Is to the bafe BC 325 2.51188|s to the bafe BC 325 2.51188

So 15 tang. ang. C 33° 15/ 9.81666/30 is fec. ang. C 33° 15° 10.07765
To the perpen. AB 213,11 2.32854{To the hypot. AC 388,6 2.58953

By GUNTER.
Extend from 45° to 33° 157 on the line of tangerts ; that extent will
reach from the baic 325 to the perpendicular 21 3,1 on the line of numbers.
zdly. Extend from §6° 45/ to radius on the linc of fines; that ex-
tent will reach from the bafe 325 to the hypotenufe 388,6 on the line of
numbers,
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CASES 1V. and V.
The hypotenufe and one leg given, to find the angles and ether leg,

The leg AB g1, the hypotenufe AC 1750, given, to find the angle ACB,
@ BAC, and the leg BC.

By PROJECTION.

Draw BC at pleafure; on B ere
the perpendicular BA, which make
equal to g1 ; take 170 in your
compafles, 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 32° 22/, the
angle A 57° 38" and BC 143,6.

B ' C
By LOGARITHMS.
By making the hypotenufe radius, it will be,

To find the angle C. To find the bafe BC.#
As the hypotenufe 170 2.23046| As radius 10.00000
Is to the radius 10.00000| Is to the hypotenufe 170 2.2304§

So is the perpendicular g1 1.95904{So1is finc ang. A §7° 38’  9.92667
To fine angle C 32° 22/ ¢.72859| To the bafe BC 143,6 2.15712

By GUNTER.

Extend from the hypotenufe 170 to the perpendicular g1 on the line of
numbers ; that extent will reach from radius to the angle C, or the comple- -
ment of angle A == 32° 22’ on the Jine of fines.

zdly.  Extend from radius to the angle A §7° 35" on the line of fines ;
that extent will reach from the hypotenufe 170 to the bafe 143,6 on the
Iine of numbers,

CASE VI.
Thz legs given, to find the angles and bypetenufe.

The legs AB 890, BC 507, given, to find the angle BAC, or ACB, and
the hypotenufe AC,

By PROJECTION, A

o
Make BC = 707, and on B crect the perpen.
dicular BA, which make equal to 8go ; join AC,
and it is donc ; for the angle C will be 51% 3273
confequently, the angle A 38° 2§/, and the hypot-

enufe 1137. '
D! 2C
797 .

290

i i chich
© When you take the log, fincs of tangents 1o the ncarelt minute anly, itis beft to ?f-{ this canon for fmdm? :3:.“:‘;‘;‘
,§¢ more earrcl than the one fonnd by making the prrpendicular radius ; becaufc the variation of the log. finc ©f
befi than e corsefponding vaziatiun of 1be log, @ngeat,
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By LOGARITHMS,
By making the bafe radius, it will be,

To find the angle C. To find the hypoth, AC.*
As the bafe 707 2.84942) As radius 10.00008
Is to radius 10.00000! Is to the bafe 707 2.84942

So is the perpend. 8§90 z.94939'So is fec. ang. C 1° 32 10.20617%

To tan.ang. C=51° 327 10.09997| To the hyp, AC==1137  3.05559

By GUNTER.

The extent from 707 to 890 on the line of numbers will reach from ra-
dius (or 45 degrees) to the angle € £1° 32’ on the line of tangents.

2dly. The extent from the angle C §1° 32’ to radius, or go®, on the
line of fines, will reach from the bafe 8go to the hypotenufe 1137, on the
line of numbers. ) '

QUESTIONS
To exercife the Learner in Right. Angled Plane Trigonometry.

Queft. 1. The hypotenufe 496 miles, and the angle oppofite to the
bafe §6° 15/, given, to find the bafe and perpendicular.

Anf. Bafe 412.4, and the perpendicular 275.6 miles. '

Queft. 2. The perpendicular 275 leagues, and the angle oppofite to the
bafe §6° 157, given, to find the hypotenufe and bafe,

Anf. The hypotenufe 495, 2nd bafe 411.6 leagues.

Queft. 3. The bafe 33 yards, and the angle oppofite to the perpendie~
ular §3° 26, given, to find the hypotenufe and perpendicular.

Anf. Hypotenufe 55.39, and the perpendicular 44.49 yards.

Queft. 4. The hypotenufe 575, and perpendicular go miles, given, to
find the bafe.

Anf. Bafe §72.8 miles.

Queft. 5. ‘L'he hypotenufe 59, and the bafe 33 miles, given, to find the
perpendicular,

Anf. Perpendicular 48.9 miles. .

Queft. 6. The bafe 33, and perpendicular §2 leagucs, given, to find
the hypotenufe.

Anf. Hypotenufe 61.59 leagues,

——
CBLIQUE TRIGONOMETRY.
CASE 1.

Tavo angles and axe fide giveny to find either of the legs.

Theangle BAC— 100°
and angle ACB —g¢4°
and the leg AB=—210
are given to find the fides.

G eosann

#Wheu you aze inding A C it is bett to make the greatel fide radivs, for the reafon meationed in the LRt note.
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By PROJECTION.

Subtratt the fum of the angles A and C from 180°, the remainder will be
theangle B=26°. Draw the indefinite line GE; and from any point of it
as B, draw the line BH making the angle EBH=26°, on BH fct off BA
220, On A make the angle BAC 100°; then AC will interfe@ the line
GE in the point C, which completes the triangle, and BC will meafure on

the fame fcale from which BA was laid down 268 nearly, and AC 119 alfo
on the fame fcale,

By LOGARITHMS, by Theorem II.

To find BC. To find DC.

As the fine of theangle C g4° 9.90796(As fine ang. C ¢4° 9.907968

Is toth~ tide AB 220 2.34242(ls to the fide AB 220 2.34243

Soii the fiac of the ang. A 100°  g.9g9335|30 is fine ang. B 26° 9.64184

12.33877 11.98426

9.90796 9.90796

Tathe fide BC 267.8 2.42781]To fide AC 119.2 207630
By GUNTER.

The extent from the angle C—354° to the angle A or its fupple.
ment 80°, on the fines, will reach from ABz=220 to BC==268 on the
Line of numbers,

2dly. The extent from the argle C=¢4° to the angle B=26°, on the
fines, will reach from AB==2z0 to AC=11g on the line of numbers.

CASES II, and IIIL.

Two fides and an angle oppofite to one of them being givenm, 2o find the cther
angles and the third jide.

Note. It may
be proper to ob.
ferve, that if the
given angle be ob-
tufe, the angle
fought will be a.
cute ; but when F
the given angle is

acute and oppofite to a leffer given fide, then it is doubtful whether the re.

quired angle is acute or obtufc, it ought therefore to be given by the cona
ditions of the problem, ’

Exampre. Let there be given the fide BC 410, the fide AB 640, and
the angle A 231° to find the other fide AC, and the angles ABC, BCA 2

By PROJECTION.

Draw the indefinite line FE, and cn any point therein, as at A, make
the angle DAE==231° on AD fet off AB==640, then on B, with 410 in
your compafles taken from the fame fcale, defcribe an arch cutting ¥FE
in the points C and G, join BC, BG, and it is done ; for the triangle may
be either ACB, or AGB, according as the angle C, or G, is acute or ob.
tufe ; if that angle be acute, the triangle will be ABC ; the fide AC will
meafure go8, the angle ACB will meafure 381°, and the angle ABC will
meafure 118° nearly ; but if the angle at the bafe be obtufe, the triangle
will be AGB; the fide AG will meafure 266, the angle AGB will meafure
1411°, and the angle ABG 15°,
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If the fide BC had been given greater than AB, there could have been
only one anfwer to this problem ; for in that cafe, the point G would have
fallen on the continuation of the line CA towards F, in which cafe the angle
A of the triangle would become equal to FAB, inftead of being equal to its
fupplement, as 15 required by the conditions of the problem.

By LOGARITHMS, by Theorem 1I.

To find the angle C or G. To find AC,
As fine angle C 38°30' 9.79410
As the fide BC 410 2.61278|Is to AB 640 2.80618

Is to the fine of angle A231°9.60070|So is fineangle ABC 118° q.
So is the fide ABGgo . 2.80618 8 9-94593

12.7521%8
12.40688 9.79410
2.61278

— . |To the fide AC go7,8 2.95801
To fi. an.C38 3001G141 309.79410) To find AG.
Ang.Aadd 23 30 2330 As fine angle G 141° 30’ 9.79410
Swbtra® 62 oor 165 o Isto AB 640 2.80618

A A o
From 180 00 180 00 So is fine angle ABG1§°  g.41300
12.21918
Ang ABC118 oABGis o 9-79410

To the fide AG 266,1 2.42 508
By GUNTER.

ift. The extent from BC=410 to AB—640, on the line of numbers,
will reach from A==231° to 381°, on the line of fines, which is equal to
the angle C ; its fupplement 141° 30’ being equal to the angle G.

zdly. The extent from the angle C==35° 30’ to 62° o' (the fupple-
ment of the angle ABC, 118° o”) on the fines, will reach from AB=—=640
to go8, on the line of numbers ; thercfore the fide AC=go8.

Or, the extent from 38° 30’ (the fupplement of the angle G) to the angle
ABG=15" o’ on the fines, will reach from AB=640 to 266, on the ling
of numbers ; hence AG:26,6.

CASES IV, and V.

Taws fides and their contained angle being given, ta find either of the other
angles and the third fde,

B

Given the fide AB 110 m. AC C:
8om. and angle BAC ¢6° ¢/, to
find the angle BCA and CBA,
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By PROJECTION,

Draw the indefinite right line AD, on which fet off AB=110; make
the angle EAB==96° ; and on AE fet off AC==80 : join BC, and it is
done ; for BC will meafure on the former fcale 143, and the angles B
and C will meafure 33° 55’ and 50° g’ refpetively on the lie of
chords.

By LOGARITHMS.

To find the angles B & A, by Th. IIL.{To find the fide AB, by Theor. 11,

Asfumoffides AC& AB1go 2.27875|As fine ang. B 33°55/ 9.74662

Is to their difference 30 1.47712|Is to AC 8o 1.90309

Seistan.ifumop. £s, o So is finc ang. A 96° o } 6
or comp. £ ang. Al 995444 o i fup. 84 o J9997°!

11.43156 11.90070
2.27875 9.74662
To tang. half diff. 8° §/=g.15281{To fide BC 142.6 2.15408
SumisangleC 50 ¢
Diff. isangle B 33 55
By GUNTER.

ift. The cxtent from the half fum of the fides 190 to their half difference
30, on the line of numbers, will reach from the half fum of the angles B and
C 42° to their half difference 8° 5’ on the line of tangents.  The fum of
which half fum and half difference gives theangle C 50° 5”and their difference
the angle B 330557 ; 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 §4°) on the line of fines, will rcach from the fide AC 8o to the
fide BC 142,6 on the line of numbers.

CASE VI
The three fides of @ plane triangle given, to find the angles.

B The fide AB 83, BC 57, AC 108, given, to find the angles ABC, BAC,
C-"\a

By PROJECTION.
*._..B e

77 6.0

.n'
]
§
.

A i G 108 D C

Draw the indefinite right line FH, on which fet off AC==103 ; take 85
in your compafles, and with one foot on the point A, fiveep an arch; then
take the diftance §7 in your compaffes, and with one foot on C, fwecp
another arch interfecting the former arch in the point B; join AB, CB and
it is done. Vor the angle A being mcafured will be found=31!°, B==9¢7°
and the angle C=¢11° nearly.
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By LOGARITHMS, by Theorem IV.

Suppofe BD to be drawn perpendicular to AC, and that AG=GC.
SideAB—= 83 Asthe bafe AC 108

2.03342
SideBC= 37 Is to the fum of the fides ABand BC 142 2.15:'.29
e 150 is diff. of the fides A B and BC 28 | XPL
Sum of the fides 142 - —
Diff. of the fides 28 3-§904¢
— 2.03342
Halfbafe AC [ —
G 18,4 |To twice DG 36,8 556603
Les half==DG . 18,4
Sumisgreaterfez. AD 72,4 ’
Dif. isleat feg. D C 35,6

Having divided the triangle into two right angled triangles, the hy.
potenufes and bafes of which are given, we may find the angles by Theor. I.

To find the angle BAD. To find the angle BCD,

As the hypotenufe BC g7 17558y
Asthe hypoterule AB 85 1.92942| Is to radius  g0® 10.00000
Is to radius  ¢O° 10.00000]| S0 is the leffer feg. DC 35,6 1.5514%
So #s the greater feg, AD 72,4 1.85974 —_—
To co-fine of BC De=351° 21’ 9.79558

Toco-fine BAD = 31° 36" 9.93032 BAD=31 36

Sum 82 sy

Subtrat from 180
Remains Angle ABC g7 3

By GUNTER.

tt. The extent from the bafe AC=108, to the fum of the fides 142,
en the linc of numbers, will reach from the difference of the fides 28, ‘to
twice DG 36.8 on the fame linc of numbers.

zdly. The extent from the hypotenufe AB=§5 to the greater feg.
ment AD 72.4, on the line of numbers, will reach on the fines from the ra-
dius go” to §8°24’°, which is the complement of the angle BAD.

3dly. The extent from the hyvpotenufe CB 7 to the lefler fegment
BC 35.6, on the line of numbers, will reach on the fines from the radius
go° to 38° 39’, which Is the complemest of the angle BCA.

This cafe may be folved without dividing the triangle into two right
angled triangles by Theorem V.

To find the angle A, Having the a1gle A, we may find the angle

BC=—= g7 C by Theorem M.
AB= 85 log.co.ar. 8.07058] AsBC g7 175587
AC=108 log.co.ar. 7.96658] Istofineangle A 11° 36° 9.7193%
—_— Sois AB &5 . 1.92942
Sum 250 —
Half fum 125 log. 2.09691 11.64874
Half om iefs BC 68 log. 1.83251 1.75587
. IS

Sum)1g 96658/ To the Gne of angle C §1° 23° 9-89287

Half fum  15° 48" Co-fine g¢.98329
2

Doubled is 31° 36'=angle A,
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A SHORT INTRODUCTION TO
ASTRONOMY anp GEOGRAPHY.
' 32 0 5 B G DS O A

ASTRONOMY is a fcience which tieats of the motions and diftances
of the heavenly bodies; and of the appearances thence arifing.

The common opinion of aftronomers of the prefent day is, that the uni.
verfe is compofed of an infinite number of fyftems, or worlds ; in every
fyftem there are certain hodies moving in fice fpace, and revolving at dif-
ferent diftances found a fun, placed in, of near, the centte of the fyftem ;
dnd that thefe funs arid othér bodies are the ftars which are feen in the
heavens. .

The Sotar Svstem, {o called, is that ih which our earth is placed, and
in which the fun is fuppofed to be fixed neat the centie; with feveral bodics
fimilar to our earth revolving round him at diffcrent diftances. This hy-
pothefis, which is fully confirmed by obfervation, is called the Copernicani
Syftem, from Nicholas Copernicus, a Polith pkilofopher, who revived it
dbout the year 1500, after it Had been buried 1n oblivion many ages.

Stars arc diftinguifhed into two kinds, fixed and avanderizg, 'Lhe for-
mer are fuppofed t6 be funs in the centres of their {yftems, fkining with
their own light, and preferving always the fame fituation with refpeét to
cach other. ~ They are ufually diftinguifhed by their brightnefs, the larg-
€ft béing called of the firft magnitude, and the finalleft vifible to the naked
eye being of the fixth or feventhi magnitude. A Conflellaiion is 2 num-
ber of ftars lying in the ncighbourhood cf one anotker on the furface
of the celeftial fphere, which aftronomers, for the fake of remembering
with greater eafey fuppofe to be circumf-ribed by the outlines of fome an-
ymal, or other figare. The wandering ftars are thoiz bodies within our
fyftem, or celeftial fphiete, which revolve round the fun: they appear lu-
mitious by reflecting the light of the fun, and are of three kinds, namely,
primory planets, fecondary planets, dnd tomets,

The Primaty Planets are thofe bodies, which, in revolving round the
fun, refpe him only as the centre of their courfes; the motions of which
are regularly performed in tracks or paths (called o#birs) that ate nearly
circiilar and concentric with each other. A Secondary Planet, Sat:llite,
or Mion, is a body, which, whilz it is carried 1ound the fun; docs alfo re-
volve rcund a primary planet, which it refpedts as its centre.  Comets
asc a fort of planets moving round the fun in very eccentric orbits, with
vaft atmofpheres about them; and tails derived fzom the fame, efpecially
when they come near the fun. '

"Fhere are feven primary planets, which, reckoned ixt order from the fun,
arc 43 follows : Mercury, Venus, the Farthy Mafs, Jupiter; Saturn, and
Herfchel. :

Mcreury and Venus are called inferior planets, becaufe their orbits are
within the earth’s; the others ar2 called fuperior planets, as their orbzes
. hnde that of the earth.

X



74 ASTRCNOMY AND GEOGRAPHY.
the Suwn is the firt and greateft objeét of altronomical knowledge ; i€
pla""d neay the centre of the orbns of all the planets, and turns *ound

rs anis in 2577 days; its diameter is §8 3,000 Englifh xmlcs, and its meanr

diftance from the earth is 95 millions of miles.

Meacury s the lcalt of 2l the planets, and is neareft to the fun, his
mean diftance from that luminary being 37 millions of miles. His peri-
edic revolution in his orbit round the fun is performed in 87 days 23
kours.  The ciamcter of Mercury is about 3200 miles,

WENTS Is the brighteft of all the planets.. Her diameter is 7687 miles ;
her mean diftance from the fun is 68 millions of miles; and her periodic
revolution is pcr"ormcd in 224 days 17 hours. When this planct isin that
pwt of her orbir- which is welt.of the fun, the rifes before him in the
morning, and is called the moraizgffar; when fhe is in the eaftern part of
Ler orbit, fae fhines in the evening aftyr he Lta, and is called the evening-
/rav .
‘the Earra is n':":t to Venus ; its diameter is 7964 mites, its diftancer
from the fun g6 millions of miles, and goes round himina year, or 365
.days, 6 bours, It turns round its axis from wefl to eaft in 23 h. ,6m,
which occaflons the apparent diurnal motion of the fun and all the heav.
mly bodies round it, from eaft to weft, in the fame time ; it is, of courfe,
the caufe of their rifing and fotting, of day and night.  T'he axis of the
carth is inclined 23° 287 to the plane of its orbirt, and kc\,ps in a direftion
paraiiel to 1tﬁ1£, dlrouvnnut its annual courfe, which caufes the recurn of
fpring and fumme T, autuinn and winter. Thus the diurnal motion gives
us the grateful vicifiicude of mv‘lt and dav, and tfie anrval motion the
regular { fuccefiion of the feafons. "The carth is attended by a fatellite call~
ed the Muox, whofe diametes is 2161 miles ; her diftance from the centre
of tae carth is 240,000miles : fhe goes round her orbit in 27 days 8 hours 3
but reckoning from change fo clumcrc, in 291 days. Her orbit isinclined tor
theecliptic in an angle of 59 187, cutting it i two points diametrically cp-
cofite to vach ofncr, L‘xlled her ;.odf:. “As the moon fhines only by the
u! xted light of the fun, {he maft apvmr different whcn in different fitva-
tious with rd\cu‘ te that luminarv. When fhe is in conjun&tien with
the fun, her d ark {ide Is turned towards the e'1rm, which renders her in-
vifible ; this is called wezw moon : when the is in oppofition, her light ﬁ»nc."
1s wholly vifible from the carth ; this is called falf moon.

. At at the time of new moon fhe is near to either of her nodes, fhe may
intereept a purt of the fun’s lwht, and thus caufe an ec/ipfe of the fur ¢
and if (‘lc 1s near cither of her nodes at the time of full moon, the may pafs
into the thadow of the earth, and caufe an eelipfe of the moon. Thefe
eclipfes arc of immmenfe importance in afcertaining the longitudes of places
on the earth.  They alfo furnth a convineing proof of the rotundity of
~the earth, fince the thadow of the earth feen upon the moon when eclipf-
edy is always circular.  This is farther confirmed by the appearance of ob-
jocts at fea ; for when a thip is making towards the land, the matiners
firit defery the top:, of fecples, ®rees, &c. pointing above the water ; the
lower parts being hid, by reafon of thu curvature of the earth.

~ The carih is not a P‘Tfut globe or fphere, but is a littie flatted at the
pults, being neatly ‘of the izure of an oblate {pheriod, the equarorial di-
ameter being about 3 34 miles longer than the poldr ; but fince this diTer-

cace bears but a frail comparifon to the whole diameter, we may, for all
tie practical purpofes of navigatiorn, confider the earth as a perfedt fphere
1h! nacerel divifens of the carth will be given herealter

is
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ASTRONOMY AXD GEOGRARHT, 3

Mars is the next planct to tue carth ; his diameter is 4189 mijes, his
diftance from the fun 144 millions of miles, and his periodic 1cvolution i-
performed in” about 637 days. Iie revolves round his uxis in 24 hours
40 minutesy appearing of a dutky reddith hue, and is fuppofed to be en~
compafled with a very great aumofphere. ' )

Juerrer is fituated i1l higher in the fyflem.  Tle is the largelt of all
the planets, and cafily diftinguithed frem’ them by his pecuitar magnitude
and light. His diameter is 89,170 miles, his diftunce fiom the fun 4ye
millions of miles, aud performs his periodic revolution in 43321 days.
"Though Jupiter is the Lurgeft of all the planets, yer his dinmal revolution
1s the fwiiteft, being only ¢ hours'and §6 minutes.

Jupiter is attended by four futellites, invifible to the makued cyve; hut
through a telefcope they make a beautiful appearance.  In ijvaxing of
them, we diflinguifh them, according to their places, into the firft, the fee.
ond, and fo on; by the fir we mean that which is neareft to the planet
‘T'he appearance of thefe farellites is marked in the X1Ich. page of the Nau-
tical Alnanac, for fome particular hour of the night; thc times when
they are eclipfed by paifing inta the fhadow of Jupiter, are alfo given in
the Nautical Almanac; thele eclipfes are of confidesable ue & dutermine
iy the lougitudes of places on the carth, '

Sarury was reckoned tiie mofl remote planet of our fylem, hefere the

difcovery of the planct Herfchel,  He thines but wirh a pale and feeble
Jight. His diameter is 79,042 miles, his diftance from the fun gog mill-
ions of miles, and his pertodic revolution in his orbic is performed in about
2g years 167 days.  This planct is furrounded with a broad flat ring, ful-
pended round the bods of the planet, and is quite different from all other
planctary phenomena with which we are acquainted.  This pianet has
diurnal revolution round its axis, and is attended by foven fateliites,
" Herscucr, which is aifo called Gzorcrrm Sines, and Uranvs, Is
the moft remote planct of our fyftem. It was difcovered in the year 17871,
by Dr. Herfchel 5 though there are meny rezfons to fuppofe it had been
{uen before, but had been confidered as a fixed flar.  Its diameter is 35,109
miles, its diflance from the fun 18co millicus of miles, and its periodic
revolution in its orbic is performed in 3% years.  Dr. Herfchel has alfe
difcovered fix fatellites attending this planct.

The aftronomy of comeis is yet in its infimey : the return of ene of
them in the vear 1558, was forcrold by . Helley, and it happened near.
Iy as ke predicted. He alfo foretold the retern of avother in the year
1790, but it never appearcd.  Probably this miftake of Dr. Halley was
owing to the inaccuracy of the obfervarions of the comer at its fermer ap-
pearance ; for Mr. Mechain having collecied all the elfervations, and cal.
culated the orbit again, found it to differ cffentially from that determined
by Dr. 1llley.
 Comets move rosrd the fun in all dire@ions ; but the plancts 21l move
fiom weit to eaft, when feen from the fun; bue if viewed from any othes
of the planets, as the carth, they would appear to revolve round it as a
ceritre 3 but the fun would be the only one that moved uniformly the fume
way ¢ for the other planets would {fomctimes appear to move from wett ©
eaoft, and then to fland fill; hen they would dvem to move from caft to
weldt1oand after fnding fome time, they would agnin move from weit to
eaft, and {0 on .contiuually, The motion of a plabet from welt to valt 1s
called the dired? motien, or according to the erder of the figns.  The con-
trary motion, from exft to weft, is called resrdpeade. When the planict ap-
prars_to fand fill, it is faid to be favionary.
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1= noting ¢he fitvations of the ftars and planets, aftronomers have been
snder the neceffity of 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 grear circle is that whofe Klane paffes through the centre of the
{phere ; and a fmall cirele is that whofe plane does not pafs through its
centre.

2. A diameter of a fphere, perpendicular to any great circle, is called
the zxss of that circle ; and the extremities of the diameter are called its
9oles. Hence the pole of a great circle is go® from every point of it upon the
Zurface 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. All angular diftances on the furface of a fphere, to an eye at the
centre, are meafured by arcs of great circles. Hence all triangles formed
upon the furface of a fphere, for the folution of fpherical problems, muft be
formed by the ares of grear circles. o ’

4. Secondaries to a great circle are great circles which pafs through its
poles; and cenfequently muft be perpendicular to their great circles.”

§.  The axzs of the earth is that diameter ahout which it performs its
diurnal motion ; and the extremities of this diameter are called the poles.

6. ‘The terrefrial equator is a great circle of the earth perpendicular to
its axis. Hence the axis and poles of the earth are the axis and poles of
its equator. That half of the carth which lies on the fide of the equator
we inhabit, is called the worthern bemijpberey and the other the:/bu(%);m,"
2nd the poles are refpe@ively called the werzh and foath poles. '

9. ‘Yhe latitnde of a place upon the earth’s furface 1s its angular difl
zance from the equator, meafured upon a fecondary to it. Thefe feconda-
ries to the equatdr are called meridians. - '

8. The loagitude of a place on the earth’s furface is an arc of the equa- -
1or intercepted between thé meridian pafling through the place, and another,
called the frf meridian, pafling through that place from which you begin
1o meafure. The Americans and Englith gencrally place the firft meridian
at London or Greenwich, the French place it at Paris, the Spaniards at Cadiz ;
{ome Geographers place it at Teneritfe, and others at other places. “Lhe
longitude is counted from the firft meridian, both eaftward and weftward, till
it meets at the fame meridian on the oppofite point ; therefore the longi-
tude {and alfo the differenice of longitude between any two places) can never
exceed 180°. o : o o o

9. If the plane of the errefirial equater be produced to the fhhere of
the fixed ftars, it marks out a circle called the celefial equator 5 and if the
axis of the earth bé produced in like manrer, the points of the heavens to
which it is produced are called poles, being the po/es of the celeftial equa-
ror, ‘The ftar neareft to each pole is called the pole ftar. o

ro. ~ Secondaries to the celefiial equator are called cirches of declination ;
of thefe, 24 which divide the equator into equal parts, each containing 15°,
are calléd hour circles, © 7 T S L
" 11, Small'circles parallel to the celeftial equator are called parallels of
declination, =~ v T TR e :

12. The fenfible horizon is that circle in the heavens whofe plane
touches the earth at the fpe€tator.  The rational horizon'is a great circle
in the heavens, pefling through the earth’s centre, parallel to the fenfible
berizon, e oY DEEER TR ; .

I
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13. If the radius of the earth to the place where the fpectator ftands be
groduced both ways to the heavens, the point vertical to-him is calicd the
zenith, and the point oppofite, the nadir, Hence the zenith and nadir are
the poles of the rational borizon.

14. Secondaries to the horizon are called wertical circles, becaufe they
are perpendicular to the horizon ; on thefe circles, therefore, tae altitude
of an heavenly body is meafured.

15. The fecondary common to the celeftial equator, and the horizen of
any place, is the celeffial meridian of that place. This weridian corref-
ponds with the terreftrial meridian of the fame place, which paffes through
the poles of the carth, the zenith and nadir croflfing the equator at right
angles, and cutting the horizon in the north and fouth points; that poirt
being called norzh which paffes through the north pole, and the cppofite
diretion is called fonth. “Hence the meridian of any place divides the
heavens into two hemifpheres lying to the eaft and weft ; that lying to the
eaft is called the eqflern hemifphere, and the other lying to the weft is
called the aveffern hemifphere,  When the fun is upon the meridian of anv
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 eqff and wef points. Hence the caft and weft points
are 9o° diftant from the north and fouth. Thefe four are called the cords.
#al points.

17. The azimuth of an heavenly body is its diftance on the horizon,
when referred to it by a fecondary, from the north or fouth points, ‘ike
amplitude is its diftance from the caft or weft points, at the tune of rifing

_or fetting.

18. ‘Lhe ecliptic is that great circle in the heavens which the fun ap.
pears to defcribe in the courfe of a year. The ecliptic and equator, being
great circles, muft bifet cach other, and their angle of inclination s calicd
the obliguity of the ecliptic ; and the points where they interie are called
the eguinottial points. The times when the fun comes to thefe points are
called the cquinoxes. The ecliptic is divided into 12 equal parts, called

Signs; viz. Aries v, Taurus ¢§, Gemini II, Cancer %, Leo Q, Virgo g,

Libra ==, Scorpio m, Sagittarius P, Capricornus vf, Aquarius 2x,
Pifces 3. The order of thefe is according to the apparent motion of the
fun. The firft point of Aries coincides with one of the equino¢tial points,
and the firft point of Libra with the other.  The firt fix figns are called
northern, lying on the north fide of the equator ; and the laft fix are called
Jouthern, lying on the {outh fide.

19. The =zodiac is a fpace extending € cagrees on each fide of the
ecliptic, within which the motion of all the planets is cortained,

20. The right ajeenfien of a body is an arc of the equator intercepted
between the firft point of Aries and a declination circie paiing throngh the
bodv, meafured according to the order of the iigns.

21.  The afeenfional difference of any object is the difference hetween
the right afcenfion of that bjett and that point of the equator which rifes
or fets with it,

22.  ‘The declization of a body is its angular diftance from the equater,
meafured upon a fecondary to it through the bedy,

23. 'The Jongirude of a far is an arc of the ecliptic intercepted between
the firft point of Ariesand a fecondary to the ecliptic pafling through the
body,” meafured according to the order of the figns,  if the bedy be in
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.our fy ftem, and feen from-the earth, it is called the geocentric longitude 3
“but if feen from ‘the fun it is called ‘the heliocentric longitude ; the body in
each cafe bcmg referred perpendicularly to the ecliptic in a plane pafling
through, the eye.

24. The latitade of a far is its angular diftance from the ecliptic,
meafured upon a fecondary to it drawn through the body. If the body be
in our fyftem, its angular diftance from the ecliptic feen from the earth is
called the geacentric Htitude ; but if feen from the fun it is called the heli-
erenéric Jatitude. The fccondary circle drawn perpendxcular to the cclxptxc
is.called a circle of laritude.

25, The tropzcs are two parallels of declination touching the ccliptic.
One, touching it at the 'begxm sing of Carcer, is called the trop:c of Cancers

od the other touching it at. the beginning of Capncorn, is called the #ropie
of Capricorn., 'The two points where the tropics cut the ecliptic are called
the solfistral polnts.
~ 26. Colures are two fecondaries -to the celeftial equator, one pafling
through the equinoétial points, called the eguizoftial colure 5 and the other
paifing through the folftitial points, called the /s/fitial colure. The times
when the fun comes to the folftitial points are calied the {olftices,

. 27. The artic and antarétic circles are two parallels of declination, the
former about the north, and the latter about the fouth pole, the diftance
of which from the two poles is equal to the diftance of the tropics from the
equator, which is about 23° 28”. Thefe are alfo called polar circles.
The two tropics and two polar circles, when referred to the earth, divide
iz into five parts, called zawes; the two parts within the polar circles are

alled the frig:d zones ; the two parts between the polar circies and tropics
are called the remperate zones ; and the part between the tropics is called
the zorrid zone, :

Befides thefe imaginary dn’xﬁons of the earth, there are various natural
divifions of its furface, formed by nature; fuch as continents, oceans,
iflands, feas, Tivers, &c.

- A\ Continent is a great quantity of land, . wherein arc feveral empires,
ku*g domns, and countries con}omcd ; as Europe, Afia, Afiica, and A.
merica.

An lard is a part of the earth that is environed or encompafled round
by the fea, as Long Iiland, Block Ifland, &c.

A Peninfuia is a part of land ahnoft furrounded with water, fave one nar.
rew neck which joins ic to the continent.

An lithmus is a narrow neck of land joining the peninfula to the, adja-
ceat land, by which the people may pafs from.one to ihe other.

A Promontory is a high part of land, firetching itfelf into the fea, the
extremity of which is cailed a Cape or Headland.

A Mountain is a rifing part of dry land over-topping the adjacent couna
try, and appearnm firft at a diftance.

An Ocean is a vatt colle@tion of falt water, feparating centinents {rom
one another, and wathing their borders or fhores.

A Sea is part of the Ocean, to which we muft {ail through fome Strait,

as the Mediterrancan and Raltic feas,

A Strait is 2 narrow part of the Occan Iying between two fhores, 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 Sca.

A Creek is a fmall narrow part of the fea or river, that goes up buy
a little way into the land, '
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A Bay is a great inlet of the land, as the Bay of Bifcay, and the Bay
of Mexico ; otherwife a bay is a ftation or road for thips to anchor in.

A river is 2 confiderable firemm of water iffuing out of one or various
forings, and continually gliding along in one or more channels, till it dif-
charges itfelf into the ocean: The lefler ftreams are called rivulets.

A Lake is a large colleétion of waters in an inland place, as the lakes
Superior and Huron in America,

A Gulf is a part of the occan 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 Scuthern.

The Atlantic Ocean is ufually divided into two parts, one called the
North Atlantic Ocean, and the other South Atlantic or Ethiopic Ocean.

The Northern Ocean firetches to the northward of Europe, Afia, and
Anmerica, towards the north pole.

The Atlantic Ocean lies between the ¢ontinents of Eur%}je and Africa,
on the eaft, and America on the weft.  ‘That part of the North Atlantic
Occan lying between Europe and America, is frequently called the Weft.
ern Ocean. »

The Pacific Qcean, or, as it is fometimes called, the South Sea, is bound-
ed by the weftern and vorth-weft fhores of America, and by the caftern
and north-eaft thores of Afia,

The Indian Ocean wathes the fhores of the eaftern coafts of Africa, and
the fouth of Afia, and is bounded on the eaft by the Indian iflands, New.
Hollund and New-Zealand.

The fouthern Occan cxtends to the fouthward of Africa and America
towards the fouth pole.

Thus we have given the moft ufeful definitions of Aftronomy and Ge.
ography ; in additien to which, it may be obferved, that as the latitude
of any place upon the earthis 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 fubtrating the lefs Iatitude from
the greater ; but if one latitude be nerth, and the other fouth, the differ-
ence is found by adding both latitudes together.

Confequently, if a thip in norch latitude fails northerly, or in fouth lati-
tude foutherly, fhe increafes her latitude ; but in north latitude failing
foutherly, or in fouth latitude failing northerly, fhe decrcafes her latitude,
becaufe fhe fails nearer to the equator, from whence the latitade 15 reck-
oned.

Wherefore, in north latitude failing noctherly, or in fouth latitude fail-
tude fuiling foutherly, the difference of latitude zdded to the latitud left,
gives the latitude in. 4

In north latitude failing fovtkerly, or in fouth latitade fuiling northeriy,
th diffcrence of latitude fubtradied from the laditude left, gives the latitude
.

When the latitede decreafes, and the difierence of latitude is greates
than the latitude failed from, fubtraét the latitude lefr from the difterence,
and the remainder will be the latitude in, and of a different name : for it is
plain, in this cafe, that the fhip has croffed the equator.

The dierence of longitade between two places, being both eaft or weft,
is found by fubtradting the lefs longitude frum the greater: but if one be
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in caft longitude and the other in weft, their fum is the difference of lorgi-
tude, when it does not exceed 180°; but if it exceeds 180°, that fum muft
be fubtralted from 360°, and the remainder will be the difference of lon-
gitude.

Therefore, in eaft longitude failing eafterly, or in weft longitude failing
wefterly, the difference of longitude added to the longitude left, gives the
longitude in, when that fum does not exceed 180°; but if it exceeds 180°%5
the fum fubtra@ed from 360° leaves the lengitude in, of a differcnt name
from that left.

In eaft longitude failing wefterly, or in weft longitude failing eafterly,
the difference of longitude {ubtratted from the longitude left, gives the lon-
citude in ; but when the difference of longitude is greateft, the longitude
left muft be fubtraéted from that difference, and the remainder will be the
Iongitude in, of 2 different name from the longitude left.

What has been faid will be rendered familiar to the lcarnér by the fol.
Jewing examples 3

Exam. 1. What is the difference of[Exam. II. A fhip from latitude
Iatitude between Bofton in the lati-] §9° 27’ 8. fails fouthward until
zude of 42° 23 N. and Richmond| her difference of latitude be 374
(Virginia) in the lat. of 37° 30/| miles, what latitude is fhe come

North ? to ?
From Bofton’s Iat. 42° 23’ N.ILatitude failed from §9° 25/ S:
Subtra® Richmond’s lat. 37 30 N.Diff. of lat. 374 =60= 6 14 S,
Remains the diff. of lat, 4 §3 [Latiin 65 41 S.
6o
7 miles 293

Exaw. T11.  Required the differenceExam. IV. A fhip from latitude
" of latitude berween Georgetown| 28° 257 N. fails fouth r8oo miles;
and Cape Frio in Scuth America.] what latitude is the in 2

Georgetown’s lat. 332 14’ N.[From diff. of lat: 18co
Cape Frio”s lat. zz 35 S, miles, or 30°% 00’ S
Sub. lat. left 28 25 Ne
DIZ. of latimude 55 49 ) ) -
. 60 Diff. = lat; in 135 S
In miles 3349

In the laft example it is plain, that as the difference of latitude is mere
tran the latitode lert, the fhip mutt have ctoffed the cquator, and confe-
quently come into fouth latitude.

Note. Vhen one of the places has ro latitude, or is on the cquater,
the lasirede of the other place is their difference of latitude.
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Yxasm. V. What is the difference of Exam. VI.

longitude between Cape Ann light-
houfe and Lifbon ?

C. Ann light-houfe’s long. 70° 33’ W.

Lifbon’s long. 9 7 W.
Diff. of long. 61 26
6o
In miles 3680
Exam. VII. What is the difference

of longitude between Barcelona and
Salem ?

2° 18’ E.
70 50 W,

Barcelona’s long.
Salem’s long.

Diff. of long. 8 W.

73

Exam. IX. What is the difference
of longitude between Manilla and
New.-York light-houfc ?

Manilla’s long. 120° 5¢/ E.
New-York light-houfe 74 o7 W.
Sum exceeds 180° 195 of
Subtraét it from 360 oo
Diff. of long. 164 54

&1
A fhip from Cape
Charles in Virginia fails eafta
ward, till her difference of longia

tude be 400 miles, what longitude
is thein 2

Cape Charles’ long. 76° 1/ W,
Diff. of long. goomiles= 6 40 E.

Long. in 6 30 Wa

Exam. VIII, A fhip from 15° 40°
E. long. fails weftward till her diffe
of long. be 27° 15’y what long. i8
fhe in?

Long. left 15° 40" E.
Diff. of long, 27 15 W,
Long. in 11 35 Wa

Exam. X. A fhip from longitude
160° 20’ W. fails weftward until
fhe differs her longitude 41° 20/ ;
what longitude is fhe in ?

Long. left 160° 20’ W.

Diff. of long. 41 20 W,
201 40
360 oo

Long. in 158 20 E.

In the laft example the fhip has crofled the oppofite meridian, and
therefore has come into 3 longitude of a different name.

e
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PLANE SAILING.
PO

PLANE SATLING is the art of navigating a thip upon the principles
deduced from the fuppofition 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 carth conftructed upon thefe principles is called a Prane Cuarr.
When' thie parts of 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 Marsner’s Comrass is an ariificial reprefentation of the horizon
of any place. It confifts of a circular piece of paper, called a card, divided
(like the horizon) into 360 degrees or 32 points. This is fixed to a piece
of fteel called a needle, to which a magnetic virtue has been communicated
by means of 2 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 of the card cor.
refpond with the fame points of the” horizon ;- confequently by help of the
compafls a fhip may be kept in any propofed track or courfe.

A Ruunms Lyne is a right line drawn from the centre of the compafs to’
the orizon, reprefented by the circumference of the card. It has differcnt
names according to the point of the horizon it is drawn to.

The Cowrsk is the angle which any rhumb line makes with the meri-
dian ; fometimes it is reckoned in points, half points,. &c. and fometimes
in degrees.. A table of the feveral angles which every point, and guarter
point, makes with the meridian will be given in the next page.

Drstaxce is the number of miles, leagues, &c. intercepted between twor
places reckoned on a rhumb ; or it is the way or length a fhip has gone on
a direét courfe'in a given time. TFhe method of meafuring this diftance by
the log will b2 explained kereafter. :

Drrrerence or LatiTups is the diftance’ which the fhip has made
north or fouth of the place failed from ;. and is generally reckoned in miles
and parts of a mile on a meridian. .

DerarTure is the eaft or weft diftance a fhip has made from the me-
ridian of the place fhe departed from, and in the plane chart is the fame
as the difference of longitude.. .

1f a thip fails due north or fouth, fhe fails on 2 meridian, makes no de.
parture, aud her diftance and difference of latitude are the fame. If the fails
due eaft or weft, fhe goes on a parallel of latitude, makes no difference of
latitudey and her departure and diftance are the fame.

-The différence of latitude and departure make the legs of a right-angled

.trianglé, the hypotenufe of which is the diftance the fhip has failed ; the
perpendicular is the difference of latitude counted on th§ meridian ; the bafe
is, the departure, which is eafting or wefting counted from the meridian ;
the. angle oppofite to the bafe is the courfe, or angle, that the thip makes
with the meridian ; and the angle oppofite the perpendicular is the comple.
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THEMINUTE GILASS.
The Log‘. = . The Log,
m the et of bmyz'{zj.

NB. There are many kinds of Logs, but the above is the most Common. !
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84 PLANE SAILING.

I the following Table, the rules for folving the various cafes of Plane Saite
ang are colledted, .

PLANE SAILING.

Cafe] Given. | Required. Solutions,

Courfe Diff. Lat. | Rad. : Dift. :: Cof, Courfe : Diff. Lat.
and Diftance.| Departure, Rad. : Dift. :: Sine Courfe : Departure.

I

2 Courfe and | Diftance Co-fine Courfe : Diff. Lat. :: Rad, : Diftance.
Diff. of Lat.| Departure, { Radius : Diff. Lat. :: Tang. Courfe : Departure,

3

Courfe and | Diftance Sine Courfe :chparturc :: Rad. : Diftance.
Departure. | Diff. Lat, | Radius : Departure :: Co-tang. Courfe : Dif Lat.

Diﬂ.ance and] Courfe Diftance : Radius :: Diff. Lat. : Cof. Courfe. -
‘Diff. Lat, | Departure, | Radius : Diftance :: Sine Cousfe : Departure,

Diftanceand] Cousfe Diftance : Radius :: Departure : - Sine Courfe.
5 | Depanture. | Diff. Lat. | Radius : Diftance :: Cof. Courfe : Diff. Lat,

: Courfe Diff. Lat, : Radius :: Dep. : Tang. Courfe,
Diff. Lat. & Sine Cowfe 3 Departure :: Rad. : Diftance.

Departure. | Diftance. §Radius : Diff. Lat, :: Secant Courfe : Diftance.

™ v e

CASE 1.
Courfe and diffance failed given, to find the diffevence of latitude and dee

parture from the meridian.
A fhip from the latitude 49° 57’ N.fails S. W. by W. 488 miles ; res
quired the latitude fhe is in, and her departure from the meridian fhe failed
from,

By PROJECTION.

1D Tat,

&
1o
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Draw the linc CA to reprefent the meridian of the place C, from whence
the thip failed.

With the chord of 60° in your compafles, and one foot in C, deferibe the
compafs NWSE., )

Take ¢ points in your compaffes from the line of rhumbs on the plane
fcale, and fet it off on the arch from S. towards W. for the courfe ; through
this point and C draw the line CB, which make equal to the diftance 4887
draw BA parallel to the E. and W. points WE to cut the meridian in A.

Then will CA be the difference of latitude 271.1, and AB the depart-

. Wrc 405.8.
By LOGARITHMS.
By making the diftance radius,
To find the departure. To find the diff. of Iatitude.
As radius 8 points 10.00000{As radius § pts. 10.000C®
Is to the diftance 488 2.68842]ls to the diftance 488 2.68842

So is the fine courfe 5 pts.  9.91985(S0 is co-fine courfe § pts.  9.74474

To the departure 405.8 2.608245!To the diff. of lat. 271,31 2.43316

Now as the fhip'is in north latitude failing foutherly ; from the latitude

keft — — 49° 57 N.
Take the difference of latitude 271,53 = 4 31 S

Gives the latitndein 45 26 N.
And 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 {cale and compafics, much more cxpeditioudly,
and exat enough in the practice of navigation.

By GUNTER.

Extend from radius or 8 points* to § points on the line marked SR ;
that extent will reach from the diftance 488 to the departure 405.8 on the
line of numbers.

2dly. Extend from radius or § points to 3 points, the complement of
the courfe, on the line SR ; 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 the feveral cafes of Naviga.-
tion,

By this cafe are calculated the tables of latitude and departure {TacLss
1. and’IL.) for every degrec, point and quarter-point of the mariner’s coin-
pais, to the diftance of 3co 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 fhall be thewn hereafter: the prefent cafe is worked by thele
sables in the following manner.

By INSPECTION.

Find the given courfe at the top or bottom of the tables, either among
the points or degrees, and in that page, and right againtt the diftance taken
inits column, ftand the diffcrence of latitude and departure in their col.
umns. ¥

® When the courfe is given in points, make ufe of the Jines marked fine thumbs, and tangent rbuinbs, on the upper fide of dee
feale ; when in degrees, make ufc of the Jines marked fine and tangent.
¥ When the difance is too great to be found in the tahles, you 10ull divide it by 2, 3, 4, or any evnvenient number, the nup.
Wen carrefpanding 10 the quotiens being multiplied oy the divitor wail wave the fosght aambers .
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Tt muft be obferved, that in ufing thefe tables, the names Dift. Lat. Dep,
puit be found ac the top if the courfe is found there, but if the courfe is
found at the bottam, thofe names muft be found at the bottom. .

Thus, the courfe 5. W, by W. or 5 points, is found at the bot.
tom of the table of difference of latitude and departure for points: and as
the diftance 488 is too great to be found in the tables, divide it by 2 {or
any other convenient number) and that gives 244, which Jook for in the
diftance column, and right againft it ftand 135.5 for the difference of lati.
tude, and 202.9 for the departure, which being doubled (becaufe divided
by 2) give 271 for the difference of latitude, and 40§.8 for the departure,
the fame as before.

Any of thefe methods will do, but the lakt is chiefly pratifed at fea,

CASE 1L
Courfe and d.ference of latitade given, to find the diffance ran, and depatte

ire from the meridian,

If a thip runs S, E. b, E, from 1® 4’ north latitude, and then by ob.
fervation is in 2° 46’ {fouth latitude, what is her diftance and departure 2

In this cafe, as the thip bas croffed the equator, the fum of the two latia
tudes 1° 457 and 2° 46 1s the difference of latitude 4° 31'==271 miles,

By PROJECTION.

1

Draw BC=2%1, and BA making
an angle with BC=sthe courfe §
points, or §6° 15’ upon C ere(t the
perpendicular CA cutting BA in A,
and it is done ; for CA will be the
departare—406, and AB the dif.
tance=—488.

oXLat.271. w

By LOGARITHMS.

By making diff. of lat, BC radius. | By making the Dep. AB radius.
To find the departure. To find the diftance,
As radius 4 points 30.00000|As co_fine courfe § points  9.74474
Xs to diff. of Iat. 271 2.43297|Is to the diff. of lat. 271 2.43297
So is tang. courfe § ptss  10.17511So0 is radius 10.0000Q
To the departure 405.6 2.60808{To the diftance 48+.8 2.68823

Hence the fhip’s diftance run is 487.8 miles, and her departure from the
meridian is 403.6 eafterly,

By GUNTER,

Extend from radius or 4 points to the courfe § points on the line marked
TR ; that extent will reach from the difference of latitude 271 to the de.
yarture 4035.6 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 of lat.
itude 271 to thediftance 458 on the line of numbers.

By INSPECTION.

Find the courfe among the points or degrees, and the difference of lati-
tude in its column, right againit which ftand the diftance and departure in
their columns.
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. Now, as the difference of 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 ¢ points it
the latitude column ; againft that ftand 244, for the diftance, and 202.¢
for the departure, which multiplied by z give the diftance 488, and the
departure 405.8.

CASE 1III.

Coutfe and departure from the meridian given, to fd the diffance and difs
Serence of latitude.

If a fhip fails N, E, b. E.  E. from a port in 3° 15’ fouth latitude, un-
til the depart from her firft metidian 406 miles, I demand her diftance, and
what latitude fhe is in ?

By PROJECTION.

Draw the meridian AB, upon which
ereét the perpendicular BC, and fet off
thereon from B her departure 406 eafter- |
ly from B toC ; with the chord of 60°, ¥
on C defcribe an arch;and fet off thereon g
the complement of the courfe, as DE; "% |&

A

through D and C draw the line CDA,
cutting the meridian in the point A
then AC meafured on the fame fcale before ufed, gives the diffance 44g;
and AB 19z, the difference of latitude,

By LCGARITHMS.
By making the departure BC radius.|By making the diftance AC radius.

As radius 4 points 10.00000{As fine courfe g} pts. 9.95616
Is to the departure 406 2.608535|1s to departure 406 2.60853
So is co-tang. courfe §3 pts. 9.67483|50 is radius 10.0c000

To the dif. of lat. 192 2.28336|To the diftance 449.1 2.6523%
From the latitude left — —_ | 3° 157 S,
Sabtratt the difference of iatitude 192 miles, or 3 1zN.
The remainder being 3, thews the thip is in the latitude of o o3 S,

By GUNTER.

Extend from radius or 4 points to the co-courfe 2} 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.

zely. Extend from the courfe ¢ points to radius on the fines, that ex-
tent will reach from the departure 406 to the diftunce 449 miles on the line
of numbers,

By INSPECTION,

Find the coure cither among the points or degrees, and the departure in
its column, right againft which ftand the diftance and differencs of latitude
in thieir refpettive columns,

-
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Thus, with the courfe g2 points, and half the departure 203,% I find
224.5 for the diftance, and g6.0 for the difference of latitude, which being
doubled, give the diftance ‘449, and the difference of latitude 192.c, as
before.

CASE 1V.
Diftance and difference of latitude given, to find the cousfe and departures

Suppofe a fhip fails 488 miles, between the fouth and the eaft, from a port
iw 2° g2’ fouth latitude, and then by obfervation is in 7° 23’ fouth latia
tude ; what courfe has the fteered, and what departure has fhe made ?

From the latitude by obfervation 7° 23'take 2° g2’ the latitude left,
the remainder 4° 31=sz71 miles is the difference of latitude.

By PROJECTION.

Draw the meridian AB=271; upon B ere
the perpendicular BC; take 488 in your com-
paffes, and with one foot on A, lay the other on
the line BC; join A and C; then will BC be
the departure go6, and the angle BAC the
courfe==56° 16’ or five points nearly.

By LOGARITHMS.

‘ To find the courfe. To find the departure,
As the diftance 488 2.66842|As radius 10.00000
Is to radius 10.000006|[s to the diftance 488 2.68842

So is the diff. of lat. 271 2.43297|S0 is fine courfe §56° 16" 9-91993

To co-fine courfe §6° 16”7  9.74455|To the departure 405.8 2.60835
Hence the courfe is S. E. b. E. and the departure 405.8.

By GUNTER.

The extent, from the diftance 488, to the difference of latitude 271, on
the line of numbers, will reach from radius, or go® to 33° 44’ the co-courfe
¢n the linc of f{ines.

And the extent, from radius to ¢6° 16’ on the line of fines, will rcach
fom the diftance 488 to the departure 405,8 on the line of numbers.

o By INSPECTION.

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 fands the departure ; which, if lefs than the difference of latitude, the
courfe is found at the top;+ but if greater, the courfeis found at the bottom.

Now with half the diftance 244, and half the difference of latitude 1 35,5,
lock in the tables till they are found to agree in their refpeftive columns,
which they do over § points; againft them ftand 202,9 for the de-
parture, which being doubled, give 403,8, as before.

* The neareft numbers in the table are 232.5 and 263.4, and as the number 203 is nearly 2 mean of thefe two values, I take’
e mean auy.60f the correfponding diftances 224, 225, and the mean g6 of the correfponding deprrinres 95.8 and gbiz ; thefa
doudi~d give the true diftance 449, and departure 192. -

4+ I: may alfo be known whethes the courfe he marked at the top or bottom of the table, by oblerving whether the difference of

at:tude or departure correfpunds with the marks at the top or bottom.  Thus the half difiance 244, aud balf diff. of lat. 125,5 rove

2:{pind 3 the conrfe 5 points, becaule the column in which 133,5is fuund, is asked law at the bottom ; the fainc way be oby
ferved in she fulluwing cafes.
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CASE V.
bi/iam‘e and Departure given, to find the Courfe and difference of Latitude.

Admit a fhip fails 488 miles between the north and weft from the lat. of
32° 25’ north, until her depdrture is 40§ miles ; what courfe has fhe feer.
¢d, and what latitude is the in ?

By FROJECTION.

Draw the line AB equal to the departure 403,
and perpendicular thereto the line BC to reprefent
the meridian, then take the diftance 488 in your
compafles, and fixing one fdot in A lay the other
on the line BC, join AC and it is done ; for the

angle ACB will be the courfe, and BC the differ.
crice of latitude,

to

o X lat,

‘ By LOGARITHMS.
To find the Courfe.

‘ . .. To find the diff. of Lat.
As the diftance 488 2.68842|As radius o 10.00000
Is to radius 10.00000lIs to the diftance 488 2.68842

So is the departure 408 2.60746/So0 s co-fine courfe 56° 6 9.74644

To the fine of cou. 5;6°.6’ 9.91904|To the diff. of lat. 272,2  2.43486
Hence the Courfe is N. §6° 6/ W. or N. W. by W. nearly.

To the latitude failed from 32° 25/ add the difference of latitdde 272, or
4° 32, the fum 36° 57/ is the latitude the fhip is in.

By GUNTER.

Extend from the diftance 488 to the departute 404 on the line of num-
bers; that extent will reach from radius to the courfe §6° 6/ on the lite of
flhes.

2dly. Extend from radivs to the complement of the courfe 33° 54’ on
the line of fines, that extent will reach from the diftance 488 to the diff, of
lat. 272 on the line of numbers.

By INSPECTION.

Seck in the tables till againft the diftance; taken in its column, be found
the given departure in one of the following columns ; and adjoining to it
ftands the difference of latitude ; which, if greater than the departure, thé
courfe is found at the top ; but if lefs, the courfe is found at the bottom.

Now, with half the diftance 244, and half the departure 201,5, I lock in
the tables ; and find them to agree in their columns, nearly overdg points,
againft which is latitude 135,5, which being doulded, is 271, the differeiive
of latitude nearly, as before. .

CASE VI. _
Differente of Latitude and Departure given, to find the Courfe and Diftance,

A fliip fails between the north and weft tilther difference of latitude is 278
miles, and her departure is 406 miles ; I demund her conr(e and diflesice !
M '
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By PROJECTION.
Departure 4o6.

C
Draw AB==27%r1, and perpendicular to it
BC:=406; join C and A ; then will the
angle CAB be the courfe=56° 17/, and
AC the diftance=¢88 miles.

A
By LOGARITHMS.
To find the courfe. To find the diftance.
As the diff. of lat, 271 2.43297|As radius 10.00000
Is to radius 10.00000|Is to the diff. of Iat. 271 2.43294
So is departure 406 2.6085 330 is fec. of courfe 56° 17’ 10.25564

—

To tang. of courfe §6” 19 10.17556{To the diftance 488.2 2.68863

Hence her courfe is N. §6° 17 W. or N. W. b, W, and the diftance’
failed is 488.2 miles. ’

By GUNTER.

Extend from the difference of latitude 271 to the departure 406 on the
line of numbers, that extent will reach from radius to §6° 17/ the courfe
on the line of tangents.

2dly. For the diftance we muft confider it as radius, (unlefs there is a
line of fecants on the fcale) and extend from the courfe §6° 17 to the radius
or go° on the line of fines, that extent will reach from the departure 406, to’
the diftance 488 on the line of numbers..

By INSPECTION.

Seek in the tables till the given difference of latitude and departure are
found together in their refpeétive columts, then right againft them will be
the diftance in its column, and the courfe will be found at the top of
that table if the departure be lefs 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 § point courfe, and 2 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 prattice, whofe anfwers may be found by the foregoing rules.

Queflion 1. A fhip in 2° ro’ fouth latitude, fails N. by E. 89 leagues 3
what latitude is fhe in, and what is her departure ?

Anfaver.  Latitude in 2° 12/ N, and departure 17,36 leagues..

Quefion I1. A fhip fails S. S. W, from a port in 41° 30" north latitude,
and then by obfervaton is in 36° ¢4/ north latitude, I demand the diftance
run and departure ?

Anfaver,  Diftance run 8,5 leagues, departure 37,7 leagurs,
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Qnaiion 111, A fhip fails S. S, W. half W, from a port in 2° 30' fouth
atitude, until her departure be 59 leagues ; I demand her diflance run and
fatitude in ?

Anfwer. Diftance run 125,2 leagucs, latitude in 8° 1 fouth.

Queftion IV, If a fhip fails 360 miles fouth weftward from 21° gg’
fouth latitude, until by obfervation the be in 24° 49' fouth latitude, what
is her courfe and departure ?

Anfawer, The courfc is S. W. by W, half W, or S. 61° 49’ W, and
her departure from the meridian is 317,3 miles.

Queftion V. Suppofe a fhip fails 354 miles north eaftward from 2° o’
fouth latitude, until her departure be 150 miles; whatis her courfe and
Jaticude in ?

Anfaer. Her courfe is N. 25° 4/ E, or N. N, E. 1 E. nearly, and fhe
is in latitude 3° 12’ north. : :

Queftion VI, Sailing between the north and the weft, from a port in
1° 59’ fouth latitude, and then arriving at another port in 4° 8’ north latt.
tude, which is 209 miles to the weftward of the firft port; 1 demand the
courfe and diftance from the frft port to the fecond ?

Anfaver.  The courfe is N. 29° 40/ W.or N. N. W, § W, nearly, and
the diftance of the ports is 422,4 miles, or 140,8 leagues. .

Queftion V11, Four days ago we were in lat, 3° 25/ S. and have fince
that time failed in a direét courfe N. W, by N, at the rate of § miles an
hour ; required our prefent latitude and departure ?

Anfwer. Latitude in 4° 14’ N, Departure 426.7 miles,

Queftion VIII. A fhip in the latitude 3° 527 8. is bound to a port bear.
ing N. W. by W, £ W, in the latitude of 4° 30'N. how far does that
port lay to the weftward ; and what is the thip’s diftance from it 2

Anfwer.  The port lies 939.2 miles to the weftward, and the dirett
diftance 1065 miles.

Queftion 1X. A thip from the latitude of 48° 19/ N, fails S.W, by S,
unti} the has deprefled the north pole two degrees ; what dire@ diftance has
fhe farled, and how many miles has fhe got to the weftward ?

Anfaver.  Diftance run 144,3 miles, and has got to the weftward §o,2
miles.

Queftion X.  Two ports lie under the fame meridian, cone in the latitude
of 522 30’ N, and the'other in the latitude 47° 10’ N. A fhip from the
fouthernmott fails due eaft g knots an hour, and two days after meets a
floop that had {ailed from the northernmoft port 2 required the {loop’s diret

. gourfe and diftance run ? -
dnfaver,  The floop failed 8, 53° 28' E, and diftance run §37,6 miles.
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TRAVERSE SAILING,

_A, TRAVERSE is an irregular track which a thip makes by failing
on feveral different courfes ; thefe are redaced to 2 fingle courfe by means
of two or more cafes of plane failing, either by geometrical conftruction,
or by arithmerical calculation. '

‘The geometrical conftrution is performed as follows : Defcribe a circle
with the chord of 60°, to reprefent the compafs, and lay off on its circum-
ference the various courfes failed. From the centre, upon the firft courfe
{et 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 Jaft dislance, ‘to the centre of the circle, will reprefent the diftance made
good ; a line drawn from the fame point, perpendicular to the meridian,
will reprefent the departure ; and the part of the meridian intercepted be-
tweéen this and the centre, will reprefent the difference of latitude.

The arithmeticzl calculation to work a traverfe is as follows : Make a
traverfe table confifting of fix columns; title them, Courfe, Dift. N. 8.
E. W.; begin at the left fide, and write the given courfes and diftances
in their refpetive columns. Find the difference of latitude and departure
for each of thefe courfes, by Table I. aor 1I. (as in Cafe L Plane Sailing)
and write them in their proper columns ; that is, when the courfe is fouth.
¢rly, the difference of latitude muft be fet in thecojumn S. ; but if north.
erly, in the column N, ; when wefterly in the column W. ; and when eaft.
erly in the column E. * Add up the columns of northing, {outhing, eafting
and wefting ; take the difference between the northing and fouthing, and
the eafting and weiting ; the former difference will be the difference of lat-
itude, of the fame name as the greatér ; and the latter will be the dépar-
tyre, which is alfo of the fame name as the greater. With this difference,
of latitude and departure, the ccurfe and diltance made good are found as iy
Cafe V1. Plane Sailing. o - -

EXAMPLE I

Suppofe a (hip takes her departuze from Block Iffand in the latitude of.
41° 10’ N. the middle of it beiring N. N. W. diftance by eftimation g
leagues, and fails S. E. 34, W, by 8. 16, W.N. W. 39, and S. by E. 4a
miles ; required the latitude fhe is in, and her bearing and diftance from
Block Ifland ¢~ R '
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By PROJECTION,
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Let L reprefent the middle of Block-Ifland ; draw the meridian LM, ard
on L as a centre, with the chord of 60°, fweep a circle to reprefent the
compafs, on which mark the various courfes failed, and the bearing of the
Jand at the time of taking the departure ; oppofite to this bearing draw the
S. S. E. line LA, which make equal to 1§ miles, the eftimated diftance of
theland ; then will A reprefent the place of the fhip at the time of taking
the departure : through A draw AB = 34 miles parallel to the S. E.
line; then will B be the place of the fhip after failing her firft courfe : in
like manner, draw BC=16 miles parallel to the W. by S. linc; CD=39
miles parallel to the W. N, W, line, and DEz=40 miles parailel to'the
S. by E. line ; then will E reprefent the place of the fhip after failing her
feveral courfes. Join EL, and draw EM perpendicular to LM ; then will
LE be the diftance of Block-Ifland 66.8 miles, and the angle ELM=—
12° 16/ will be the courfe made good, LM the difference of latitude, znd
EM the departyre, '

To find the fame by LOGARITHMS.
For the firft courfe, S. S. E. 15 miles.

To find the diff. of latitude. For departuse.
As radiis go° 10.00000{As radius go° 10.0000D
Is to diftance 1§ 1.19609i1s to diftance 15 1.17609
So is co-fine courfe 2 pts.  9.96562/So is fine courfe 2 pts, 9.58284

p———

P——teesi®.

To diff, lat. 13.9 x.x.@x;:gTO departure §.7 0.75893
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Second Coutfe S, E, 34 miles,

For difference of latitude. For departure.
As radius go° 10.00000]As radius go® 10.0000Q
Is to co-fine courfe 4§° 9.84949|Is to fine courfe 45° 9-84949
So is diftance 34 1.53148(50 is diftance 34 1.53148
To diff. latitude 24 1.380971To departure 24 1.38097

Third courfe W. by S. 16 miles.

For difference of latitude.

For departure,

As radius go® 10.0000¢|As radius go® 10.00000
Is to co-fine courfe 78° 45 9.29024{Is to fine courfe 78° 45’ 9-99157
So is diftance 16 1.z04.12{So is diftance 16 1.2041%
To diff, latitude 3.1 ©0.49436/To departure 15.7 1.19569

Fourth courfe W. N, W, 39 miles,

For differepce of latitude,

For departure,

As radius go° 10.00000}As radius go° 10.0000@
s to co.fine courfe §7° 30°  9.58284|Is to fine courfe 67° 30  g.96562
So is diftance 39 1.59106)S0 is diftance 39 1.59106
To diff. lat. r4.9 1.17350]To departure 36 1.55668

Fifth courfe S. by E. 40 miles.

For difference of latitude.

For departure,

As radius 9o° 10.00000{As radius go° 10.00000.
Is to co-fine courfe 11° 1§’ 9.99147|ls to fine courfe 11° 15’ 9.29024,
So is diftance g0 1.6020650 is diftance 40 1.60206
To diff. lat, 39.3 1.59363{Tq departure 7.§ 0.89230

Though this method of finding the difference of latitude and departure
By logarithms is certain, yet the fame may be more readily found by the
tables of difference of latitude and teparture, as in Cafe I. Plane Sailing.

Place all thefe courfes, dif.
tances, &c. in the traverfe ta.
ble, then add up all the weft-
ings, eaitings, northings, and
fouthings, {eparately, and fet
down their refpeétive fums at
the bottom of each column;
and as the wefting is greater
than the eafting, fubtra@ the
eafting therefrom ; the differ.
ence 14,2 thews that the fhip’s
departure is fo much weft of
her firft meridian,

TRAVERSE TABLE,

DI, Lat.Depariare.
Courfes. {Dift,

N.{ S.|E. | W

S.8.E. |1y 13.9] §.7

S.E, 34 24.0| 24.0
W.by S. | 16 3.1 1§.7
W.N.W. | 39 |14.9 36.c

S.by E. | 40 39.2| 7.8
Fromfum| — | 14.9/ 80.2]37.5| 51.%
Take — | — | 149 37.5
Refts — |} — 165.3 14.2




TRAVERSE

)

Again, the fouthing being greater than the northing, fubtra@ the north.

ing from it, and the remainder fhews
of her firft place.

To find the diret Courfe or Bearing of
Block Ifland from the fhip.
As the diff. lat. 65,3 1.81491
Is to radius 45° 16.00000)
So is the departure 14,3 1.15229
To tang. cou. 12° 16’ 9.33738
Which, becaufe the difference of lat.
itude is foutherly, and the departure
wefterly, is S. 12° 16’ W. Whence
Block 1fland bears from the fhip N.

how far the fhip is to the fonthward,

To find the diftance of the Ifland.

As fine of cou, 12° 16/ 9.32728
Is w5 the depart. 14,2 1.15229
So is radius go° 10.00000
To the diftance 66,8 1.82501

By INSPECTION.
Find the courfe and diftance by

12° 16’ E. or N, by E. 1° 1 E.
EXAMP

Cafe 6th of Plane Sailing.

LE 1L

A fhip from Mount.Defert Rock in the latitude of 43° 52’ N. fails for

Cape-Cod in the latitude of 42° §' N

. whofe departure from the meridien

of Mount.Defert Rock is g4 miles weft ; but by reafon of contrary winds

fhe is obliged to fail on the following

25 miles, S.W, 30 miles, and Weft 20 miles.

diftance of the two places, the courfe

courfes, viz. South 1o miles, W.S.W
Required the bearing and
and diftance failed by the fhip, ard

the bearing and diftance of her intended port ?

By PROJECTION,

Lat. Mount-Defert Rock 43° 52'N.
- Latitude of Cape-Cod -- 42 §N.

DiF. of lat,

-~ -

1 47==107 miles, .

f':
cCed P B .D F
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Let C reprefent Mount.Defert Rock, draw the meridian CF, whick
make'equal to 107 miles the difference of latitude bewween the two places 3
and perpendicular thereto the line FE equal to the departure g4 miles, then
is E the place of Cape-Cod. With the chord of 60°, fweep about the cen.
tre C, a‘circle ESW to repiefent the compafs, and upon it note the various
courfes failed.  The firft courfe being South, the diftance 10 miles is fet
off from C towards ¥ upon the meridian, and this point reprefents the place
of the fhip after failing her firft courfe ; continue fetting off the various
courfes and diftances as in the laft example; yiz. WS W, 25 miles, S.W.,
30 miles, and Weft zo miles to the point A ; then will A reprefent the
place of the fhip after failing thefe courfes. Join CE, AC, AE; draw
A B perpendicular to the meridian CF, and A D paralle] thereto ; then
will AC=%6,2 miles be the diftancc made good, AE=72,6 mile$ the
diftance of Cape-Cod from the fhip; CE the diftance of the two
places=—142;4 miles ; ACB==57°36’, the courfe made good ; EAD=24°
10’ the courfe to Cape-Cod, and ECF the courfe from Mount.Defert
Rock to Cape-Cod =—41° 18/, &c. :

By LOGARITHMS.
To find the bearing and diftance of the two places by Cafe VI. Plané

Sailing.
To find the bearing. [ To find the diftance.
As diff: latl 107 2.02938As radius go° 10.00000
Is to radius 45° 1o.o0000}ls to diff. of lat. 1e7 2.02938
So is departure g4 1.97313i80 is fec, courfe 41° 18/ 10.12421
Ta tang. courfe 41° 18”7  9.94375;To the diftance 142,4 2.15359

Whence the courfe from™ Mount-Defert Rock to Cape.Cod is S. 41°
18/ W, diftance 142 miles. The fame may be found by the fcale, or by,

in(PCéﬁOIIa A

The difference of lafitude TRAVERSE TABLE:
and departure for the feveral -
courfes  being calculated, by Diff. Lat.| Depart.
Cafe 1. Plane Sailing, and az- Courfes. |Dift.
ranged in the traver{e table; N.|S | E.| W,
it appears that the difference of
latitade made good by the fhip _South. | 10 10.0
is 40,8 miles, and the depar- W.S. W, | 25 9.6 23.1
ture 64,3 miles ; now by Cafe S. W, 30 21.2 21.2
V1. Plane Saifing, thefe num- Ww. Z0 20.0
bers are found to correfpond to
a couife of S. §7° 36/ W. and . Diff. Lat. | 40.8|Dep.| 64.3

diftance 76,2 miles.

Subtratt the difference of latitude made good by the fhip, 40,8 miles,
from the whole difference of latitude, 107 miles, and there remain 66,2
mides, which is the difference of latitude between the fhip and Cape-Cod.
In the fam2 manner by fubtra@ing the thip’s departure, 64,3 miles, from
the whole departure, g4 miles, ther¢ remain 29,7 miles for the departure
between the thip and Cape-Cod. With this difference of latitude, 66,2,
and departure, 29,7, the bearing of Cape:Cod is found, by Cafe V1. Plane
Lailing, 8. 24° 16/ W, and its diftarce 72,6 miiles,
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All the preceding calculations may be made by logarithms, by the feale,
o1 by infpection ; but we fhall léave them to exercife the learner ; and for
the fame purpofe fhall add the following examples

Examrere IIL

A fhip in the latitade of 37° 10’ Ni is bound t6 a port in the latitude of
33°0 N. which lies 180 miles weft of the meridian of the fhip ; bue by
teafon of contraty winds the fails the following courfes, viz: S. W. by W.
27 miles—W.S. W. IW., 30 miles—W, by S: 25 miles—W. by N. 18
miles—S.S. E. 32 miles—S8.S.E. % E. 27 miles—S:byE.z ymiles—South 31
tniles, and S.S.E. 39 miles. Required the latitude thefhip is in, and her depar-
ture from the meridian; with the courfe and diftance to her intended port 2

TRAVERSE TABLE.

Ditt, Lat.[Departare.
Courfes. |Dift.
Thé difference of latitude N.| S.{E. |W.
and departure made on cach
courfes are given in the adjoin. S, W, byW.| 27 15.0 22.4
ed traverfe table : henceitap. |W.S.W.1W| 30 8.7 + |28.
pears that the difference of lat- | W.byS. | z5 4.9 24.5
itude made good is 169.4 W.byN. | 18| 3.5 17.7
miles; the departure 47.4 S,S.E*| 32 2g.6| 12.2
miles, and by Cafe VI. Plane [S.S.E.ZE. 27 23.2[13.9
Sailing, the courfe S,15° 38’ W, S.byE. | 25 i4.5] 4.9
and diftarice 175.9 miles ; and South. 31 31.0
the courfc to the mntended poit S.S5. E.* | 39 36.0] 14.9
S. §8° 42’ W. diftance 155.2
miles; the latitude in keing 3.51172.9! 45.61 93.2
347 2t/ Ny 35 459
Diff. Lat. |i69.4|Dep.| 47.4

» hlﬂud of pucting the tourfe 5.5, E. 38 miles, and §, 5. £ 29 nmiles, you might make one entey only, exlling it §.5. £,
o el .

N
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PARALLEL SAILING.

i o (1)

lN Planc Sailing the carth is confidered as an extended plane, in which

the degrees of latitude are equal ; but this fuppofition is very cx:rgneous;
becaufe the earth is nearly of a fpherical figure, in which the meridians all

mect at the poles, and of courfe the length of a degree of lorgitude de- °

creafes in receding frem the equator. Lo illuftrate
this, let PB reprefent the femi-axis of the earth, B P
the centre, P the pole, PCA a quadrant of the merid. ' '

ian, AR the radius of the equator, and CD (parallcl

thereto) the radius of a parallel of latitude. Then = ¢ HI

it is evident that CD wiil be the co-fine of AC, or
the co-fine of the latitude of the point C, to the ra- AL——~—'B
dius AB: now if the quadrantal arch PCA -be fup-
pofed to revolve round the axis PB,the poirt A will deferibe the circumference
of the cquator, and C the eircumference of a parallel of latitude ; and the for-
mer circumference will be to the latter as AB to CD (as mav eafily be deduced

from Art. 57, Geometry) ; that is, as radius to the co-fine of the latitudé -

of the point C: and fince both thefc circumferences are fuppofed- to be di-
vided into 360°, it follows that the length of a degree of the equator is to
the length of a degrec of any parallel, as radius is to the co-fine of the lat-.
itude-of that parallel.  Henge we obiain the following: theorems.

THEOREM I.

The civcumference of the equator is to the circumference of any other pare

allel of latitude, as radius is 1o the co fine of that latitude. ‘

THEOREM II.

As the length of a” dégree of the equatir™ 1§15 the length of a degree o .

any other pavallel of latitude, fo is radins to the cosfine of that parallel of -

latitude.
THEOREM 111,

As radins is to the co-fine of any latitude, fo are the miles of difference of

lovgitude between tavo meridians (ar their diflance in miles upon the equa~
tar) ta the difiance of thefe tava meridians on that parallel of latitude tn
miles,

THEOREM 1V,

As the cojine of any latitude is to radiusy jo is the length of any arch on
that parallel of iatitude (intercepted between tavo meridians) in miles, to
the length of a fimilar arch on the equator, ox miles of difference of lon-
gitude,

THECREN V.

As the co-jine of any latitude is to the co-fine of any other latitude, fois

the length of any arch on the firf} parallel of latitade in miles, to the length
of the jame arch on the other in miles.
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By means of Theorem IT. the following table was calculated, which
thews the breadth of a degree of longitude in every latitude : and may be
made to anfwer for any degrees or minutes by taking proporticnal parts.

- .

The following Table fbenvs howw many Miles anfaer to @ Degree of Lougie
tude ar ewery Degree of Latitaude.

D+ L. MILES. [D.L.-’Mu.ns. D. L.| MILES. D.I..lMlLES.!D.L. MILES,
1159 - 99| 19 {50 « 73} 37 |47 + 92| 55 |34 - 41) 73 |17 - 5+
2 159 « 96| 20 156 . 38| 38 147 . 28| 56 133 + 551 74 (16 . 54
" 3159« 92} 21 56 . o1 39 |46 . 63| 57 |22 . 68| 75 {15 . 53
4 159 « 85 22 !;5.63 40 (45 . 96} 58 |31 . 80| 76 |14 . 52
§159 - 77| 23 |55 - 23 41 |45 + 28{ §9 |30 . go| 77 {[3 . 50O
6 159 « 67| 24 154 « 81! 42 |44 . 59| 60 [30 . oof 78 |i2 « 47
7159 - 55| 25 (54 - 38) 43 |43 - 83 61 129 . 09} 79 11 . 45
8159 « 42[ 26 [53 . 93] 44 |43 - 16| 62 |28 . 17| 80 |10 . 42
9 (59 « 260 27 |53 . 46| 45 |42 . 43| 63 {27 . 24/ 81 {9 « 39
10 {§9 . 09 28 |52 . g8} 46 {41 . 65} 64 |26 . 30| 82 | 8 . 3%
11 158 . gol 29 &2 . 48| 47 |40 - 92} 65 {25 . 36/ 83 | 7 « 31
12 168 . 69| 30 {51 . 96 48 |40 . 15} 66 |24 . 40| 84 | 6 . 27
15 158 . 400 31 |51 . 43] 49 |39 + 36| 67 |23 - 44| 85 | 5 . 23
14 |58 . 220 32 50 . 88| 50 |38 . 57| 68 {22 . 48| 86 | 4 . 19
| 15 157 < 661 33 [s0 . 32| 51 {37 . 76{ 69 |21 . 50| 87 | 3 . 14
.,1657-683449-745236-947020-5288 2 . 09
17 157 + 38 35 |49 <151 53 |36 . 11| 71 |19 . 53/ 89 {1 . oOF |
{18;7.0636+8 54/ 54 135 « 27/ 72 18 . 54l g0 J 0 . 0O

From what has heen

faid,
parallel failing.

arifes the folution of the following eafes of

CASE L.

. The difference of longitnde betwwcen tava places in the fame parallel of
Latstude being giccen, to find the diflance betwween them.

Suppofc a fhip in the latitude of 49° 30 north or fouth, fails direétly
eaft or weft until her difference of lengitude be 5° 30/, required the dif-

tance failed ?

By

PROJECTION,

D

SitG G0

o

... D€priod;

.
AT |
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Take the {ine of go® from the plane fcale, and with one foat of the com. -
pafles in P (Kig. 1) deferibe the arch EQ ; with the difference of longitude
210 miles in the compafles, and one foot in E, fweep an arch cuttirig EQ
in Q; join PE, PQ which reprefent two meridians, P being the pole and
EQ the equator. Take the fine of the complement of the latitude
40° 30’ in your compafles, 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 feale of equal parts will be the departure 136.4 miles,

Or this proje&tion may he made in the following manner, Draw AD (Fig,
2.) of an indefinite length, make the angle DAC equal to the latitude 49° 307,
and AC equal to the difference of longitude 210 miles ; draw CD perpen-
digul:ér to AD ; then will the line AD be the diftance or departure re-
am;e de

By LOGARITHMS,
To find the departure or diftance,

As Radius g0° 16.00000
Is to the diference of longitude 219 2.32222
So is Co-fine latitude 44° 50° 0.81254
To the diffance oy departure 136,4 2.13476

By GUNTER,
The extent from radius to the complement of the latitude 40° 30 on the
line of fines, will reach from the differerce of longitude 210 to the diftance
136,+ on the line of aumbers,

By INSPECTION.

Find the latitude among the degrees in table I1. and in the diftance col-
umn the difference of longitude, oppofite to which in the column of lati-
tude, is the diftance required, '

In the prefent example the latitnde is 49° 30" ; and as the table is only
calcuiated to fingle degrees, I find the numbers in the tables of 49° and 50%,
and take the mean of them ; the former is 137,8, the latter 135,0, the
mean of which is the fought diftance or departure 136,4.

CASE 11,

The diffance between tavo places on the fame parallel of latitude given, te
Jond their difference of longitude.

Suppofe a thip in the latitude of 49° 30’ N. or S. and long. 36° 40" W.
fails diretly weft 136,4 miles ; required the difference of longitude and
longitude in 2

By PROJECTION,

With the fine of the complement of the latitude 40° 30" in your com.
affes, and one foot in P (Fig, 1ft. of the preceding cafe) defcribe the arch
G, upon which fet off the departure 136,4 miles upon the chord FG, and

through the points ¥ and G draw the lines PE and PQ ; then with the fine
of go® in the compafles and one foot in the gentre P, defcribe an arch to
cut PE, PQ, in E and Q ; then the chord EQ being meafured upon the
fame fcale of equal parts that the departure was, will be the difference of
longitude 210 miles,
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Oz thus, draw the line AD (Fig. 2d.) which make equal to the given
Ciftance 136,4. at D ere@® DC perpendicular to DA, make the angle DAC
equal to the latitude ; then will AC be the fough difirence of
longitude 210 miles.

By LOGARITHMS,

As Co-fire of latitude 49° 30/  g.S1254 Long. left  36° 4o/ W,
1s 10 the diftance 136,4 2.13481 Dift, long. "3 30 W.
So is radins 10.000Q0

long.in 40 10 W,
To the difference of long. 210 2.32227

By INSPECTION,

Look for the laritede among the degrees as if it was a cqusfe, and the
deparzure in the column of latitude ; right againit which &a:ds the differ
ence of longitude in the diftance column,

Thus in the courfe 46°, I feck for 136,4 in the latitude column, and
find it correfponds to the diftance 208 ; and in the courfe §0°, 1 find it
nearly correfponds to 212 ; half the fura of 208 2ad 212 is 210, which i3
the fought diffcrence of longitude,

QUESTIONS TO EXERCISE THE LEARNER.

Queftion I. A fhip in the latitude of 22° N. fails due caft till hep
difference of longitude is 384 miles ; required the diftance failed ?

Anfwer. 325.7 miles,

Queftion 11. A fhip from the latitude of §3° 3¢/ S. longitude 10° 18’ E,
fails due weft 236 miles ; required her prefent longitude ?

Anfaver. 3° 40’ E.

Quefion 111, If two (hips in the latitude of 44° 30/ N, diftant 216
miles, fhould fail direétly fouth until they were in the latitude of 32° 17
N, what diftance are they from each other ?

Anfawer, By Theorem V. 256 miles,

Queftion IV. A fhip having run due eaft for three days, at the rate of

knots an hour, finds fhe has altered her longitude 8° 167, what paralled
ef latitude did fhe fail in ? '

Anjfwer, 43° 28/ N, or §,
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* MIDDLE LATITUDE SAILING.

_@9@6@6@9&-—_

% b HEN a fhip fails due eaft or weft, or in the fame paralicl 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 fhip croffes feveral meridians
and parallels, and then arrives at-a different latitude from that fhe left ;
therefore” finte the miles that make a degree in one parallel are different
£rom thofe in another parallel on the fame fide of the equator, we muft not
make our calculations for either the greateft or the leaft of the latitudes,
but for fome intcrnediate one. ~ The latitude generally ufed is the arith.
metical mean berween the latitude left and the latitude arrived at; and
with this mean or middle latitude, the difference of longitude is found from
the departurc, or the departure from the difference of longitude, as in pa.

“rallel fuiling.  This method is very much ufed in thort runs and day’s
works ; but in calculating large diftances acrofs diftant parallels, ir is not
fo accuratc as Mercator’s Sailing, which will be explained hereafter. The
calculations of middle latitude failing are performed by means of the fol-
lowing theorems, of which the twa firft are the fame as Theorem III. and
1V, of parallel fuiling; only writing departure for diftance and middle lati-
cude for latitude. :

THEOREM 1,

As Radius is to the co-fine of the middle latitade, fo is the difference of
Longitude to the departure. ’

THEOREM 1I.

As the co-fine of the middle latitude is to the vadius, fo is the departure ta
the difference of longitude. .

In which it muft be remembered, that the middic latitude is found by
adding both latitudes together and taking half their fum.

Again, fince (by cafe 1. planc failing) the radius is to the fine of the
courfe, as the diftance fatled is to the departure, if we combine this anal-
ogy with that of Theorem II. we thall have,

THEOREM III.

As the co-fine of the middle latitnde is to the fine of the courfe, fo is the
diflauce jailed to the difference of lougitude.

And by cafe 11. plane failing, we have this analogy ; as radius is to the
tangent of the courfe, fo is the difference of latitude to the departure ; by
combining this with Theorem I1. we have,

THEOREM 1IV.

'
As the eo_fine of the middle latitude 15 to the tangent of the courfe, fo i3
the diffcrence of latitude to the difference of lungitude.
Waence we caftly deduce the foltowing,
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THEOREM V.
s the difference of latitude is to the difference of longitude, fo is the coa
Sine of the middle latitude to the tangent of the conrje. L
By means of the preceding theorems we have formed the following table,
which contains all the rules neceffary for folving the various cafes of mid.
dle latitude failing.
MIDDLE LATITUDE SAILING.

\
Cafe.f Given, Sought. Solution.

\Dcputure Rad. 3 Dif. Long. s Co-fine Mid, Lat. : Dep.

Buth Latitudes Ditf. Lat. : Ral :: Dep, : Tang. Courfe,

1 and Courfes |3 1yif Y at. : Dif.Lon. «: Cof. Mid.Lat. : ‘Tang.Cou.
T.ongitad Diftance Rad. : Diff. Lat. : : Secant Courfe : Diftance.
-ongitudes. ! : Sine Courfé : Depacr, : ¢+ Rad. : Diftance.

Both Latitude:] Courfe .. Lat, ¢ Rad, : : Dep. ; Tang. Courle,

2 and Diftance sine Courfe + Dep :: Rad. ¢ Diftance.

Departure. | Diff. Long. |Co-fine Mid. Lat. : Dep, : : Rad. : Diff, Long.
T Diff, Lat. |Rad. : Dift. :: Co-fine Courfe : DIff. Lat.
' Hence the ather latitude and middle tatitude are found.
3 | Courfe and Departure. |[Rad, : Dift. : ¢ Stne Courfe ¢ Departure,

. . Co-fine Mid. Lat. : Dep, : : Rad. : DI Long,
Difoce. | DI Long. | § ot Nt 130 Sind Caurfe 33 Dit. 2 Dif- Lo,

. -i)ep:muru Rad. : Diff. Lat, : T’Fang. Courfe : Departure.
. Both Latitudes| "y gance  |Co-fine Courfe : DifY, Lat. : : Rad. : Diftance.
and Courfe. . Co-fine BMid. Lat. : Dep. :: Rad. I Diff, Long.
Diff. Long. 17 Cof. Mid.Lat. 2 Tang.Cou. &3 Dif. Lat.: Dif.Lon,
) . Couife Ditt. 2 Rad. 12 Dift. Lat. § Co-fine Courle,
5 x?oilhulfarlttédcs Departure  {Rad. I Dift, 11 Sine Courfe I Departure.
P pane LIBATCE | Diff, Long. |Co-fine M¥d. Lat. ¢ Dep. 11 Rad. ¢ Diff. Long.
‘ " Diff, La:, |Ral. & Dep. 33 Co-tang. Courfe § Diff, fat.
6 Ogiuf;;“;:’lg"" . Hence the other latitude and middle latitude are known.
Departure Diftance  |[Sine Courfe I Departure :2 Rad. ¢ Diftance.
P ‘ Diff. Long. |Co-fine Mid. Lar. ¢ Dep. :: Rads 3 Diff, Long.
. Courfc  |Dit. ¢ Rad. 31 Dcp. ¢ Sine Courfe.
‘-’D“;’ﬂ:‘:f::“’];’ Diff. Lat. [Rad. I Diff. 21 Co-fine Courfe 3 Diff. Lat. IHence
7 b 3;tum we obtain the other latitude and middle latitude.
cP: * } Diff, Long. |Co-fine Mid. Lat. 2 Dep. 22 Rad. ¢ Diff. Lonc.

Oue Latiude,

We thall now proceed 'to illuftrate thefe rules, by working an example
in every cafe. :

. CASE 1.
The latitndes and Longitndes of twoa places given, to find their beaving and
© 1 diflance. ‘

Required the bearing and diftance between Cape-Cod light-houfe, in the
Tatitude of 42° ' N. longitudé 70° 14/ W, and the Ifland of St. Mary, -
{one of the Weftern-1flands] in the latitude of 37° N. and longitude
25° 6/ W, e

Cape-Cod’s lat. 42° 5/ N. 42° 5’ Long. 7o°"§4’ Ww.

St. Mary’s lat. 35 o N. 37 o Long. 25 6 W.
Diff. lat. 5 3 Sum 79 g L ;—-; .

6o - - 6o ’

Mid. lat. 39 32 -

In miles™ 305 Diff. long. 23708 mi'es.
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By PROJECTION.

3.
Cape-Cod ﬂ"!"’ A

Di¢

= s’xﬁ; Mas;
@{y\ ot, Marp

'B/

Draw the caft and weft line DC ; with the chotd of éo° deferibe the
arch QS about the centre D, cutting DC in Q ; upon this arch fet off, from
O to §, the middle latitude 39° 327; thiough D and S draw the line DB,
vhich make equal to the difterence of longitude 2708 miles; from B let
fall upon DC the perpendicular BC, which continue towards A making
AC equal to the difference of latitude 30¢ miles; * join AD; and it is
done. For A will be the fituation of Cape-Cod, D the fituation of St.
Mary ; CD will be the departure, which being meafured will be fornd to
be 2089 miles ; the diftance will be reprefented by AD, which being
medfured will be found to be 2113 miles; and the courfe from CapeCod to
St. Mary will be reprefented by the angle CAD=81° 42; therefore
the courfe will be S. 81° 42/ E. or E. £ S. nearly.

Note. This courfe is put S. 81° 427 E. becaufe St. Mary being in a
lefs northern latitude than Cape Cod is to the fouthward of it; it is alfo
to the caftward of Cape Cod, becaufe it is in a leffer weflern longitude.

By LOGARITHMS.

To find the departure, (by Theo. L.} To find the courfe.
As radius go° 10.00000|As diff. of lat. 305 2.48430
Is to diff. of long. 2708 3.4326¢Is to radius 45° 10.00000

So is co-fine mid. lat. 39°32’ 9.8872050 is the departure Z08g  3.3198¢

To the departure 2089 3.3¥985|To tang. of courfe §1° 42’ 10.83¢5%

To find the diftance, Notz. Tke courfe may be found

As radius go” 10.600c0;without the departure, by Theo. V.
Is to the diff. 1at, 303 2.48430/Middle Latitude Sailing.

So is fec. of courfe 81° 42/ 10.84056(As the diff. of lat. 305 2.48430

~————iIs to the diff. of long. 2708 3.43263

To the diftance 2113 3.32486{501s co-fine mid. lat. 39° 32/ g.88720

ST 351908

the it operation, and thall do the fame in any future calou.) : '4' 4'3 o

Jadions.

To tang. of courfe 81% 42/ 10.8355¢

© 1 the place A {s w the f3uthward of D, the line AC fhould be fct oif upon she line CB, from G towards B.
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By GUNTER.

Exténd from the radius, or go°; to 50° 28’ the complement of the mid-
dle latitude; on the line of fines ; that extent will reach from the differs
ence of longitude 2708, to the departure 2089; on the line of numbers.

2dly. Extend from the differencé of latitude 303, to the departure
2089 on the line of numbers ; that extent will reach from radius, or 45°,
to the courfe 81° 42/ on the line of tangents:

3dly. Extend fram the courfe 81° 42’ to the radius go°, on the line of
fines ; that extent will reach from the departure 2089, to the diftance
2113 miles on the line of numbers.

By INSPECTION.

Rure. Look for the middle latitude, asif 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 VI. Plance Sailing) by fecking in Tab. II. with the difference of lati-
tude and departure, until they are found to agree in their refpetive col-
umns ; for oppofite to them will be found the diftance in its column, and
the courfe will be found at the top of that table, if the departure be lefs
than the difference of latitude, otherwifc at the bottom.

Thus with one tenth of the difference of longitude 270.8, or 271, I enter
Table 1I. and oppofite to it, in the diftance column of the tables of 39° and
40°, 1find 210.6 and 207.61n the Jatitude column ; now the middle latitude
being nearly 391°, I take the mean of thefe, 209.1, for the departare, which
b.ing multiplicd by 10 gives the whole departure 2091.  Again I entet
Table I. with one tenth of the departure 209.1, and one tenth of the dif.
ference of latitude 30.5, and find that they agree nearly to a courfe of 7}
points, and a diftance of =11, which multiplied by 10, gives the fought
diftance 2110 miles nearly.

CASE 1I.

Both latitudes and departurve from the meridiar given; ts find the conrfe,
diflance, and difference of longitude.

A fhip in the latitude of 49° 577 N. and longitude of 15° 16’ W. fails
fouth-wefterly till her departure 1s 789 miles, and latitude in 39° 20/ N,
Required the courfe; diftance, and longitude in,

4
A5

Latitude left 49° 57/ N.
Latitude in 39 20 N.

Diﬁ-» I—ﬁ:'o

Diff. of lat. 10 37=63% milct,

(9]

Sum of lats. 89 17
Middle laz. 44 38
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L . By PROJECTICN. :

Diaw the meridian ACD, on'which toke AC equal to the difference of
Jatitude 637 miles ; draw CB perpendicular to AC, and make it equal to
the departure 789 miles ; about B as a centre deftribe an arch a b, on whigh
fet off the middle latitude 44° 38”; through B and b draw the line BD,
meeting ACD in D; join AB and it is done ; for AB will be the diftance

- failed, which being meafured will be found = to14 miles; BD will be
the difference of longitude = 1109 miles, and the angle CAB will repre..
fent the courfe from the meridian §1° §”.

By LOGARITHMS.

. To find the courfe, To find the diftance.
As thedidl, of lat. 637 2.80414! As fine courfe §1° §* g.8g101
Is to radius 45° 10.0000¢| Is to the departure 789 z.89708
So is the duparture 789 2.89708/So0 is radius go® 16.C0000
T'o tang. courfe 51° 57 10.092¢4} To the diftance 1014 3.cobo7

"To find the difference of longitude.
As co-finemid. lat, 44° 38/ 9.8522¢|Longitude failed from . 15° 16/ W.
Is to the departure 789 2.89705| Diff. long. 1109 miles 18 29 W,
So is radius go® 16.0C000 :

Longitude in 33 45 W,

To diff. of long. 1109 3.04483
By GUNTER.

rit. The cxtent from the difference of latitude 637 to the departure 789,
oa the linc of numbers, will reach from radius, or 44°, to the courfe §1° 5*
on the line of tangents.

2dly.  The extent from 5:1° 57 to radius, or go°, on the line of fines,
wiil reach {rom-the departure 78g, to the diftance 1014 on the line of num-
bers.

adly.  The extent from the complement of middle latitude 435° 22/, to
radius, or go°, on the line of fines, will reach from the departure 789, to
thie diference of longitude 1109 on the line of nuinbers.

By INSPECTION. .

Rure, With the difference of latitude and departure, find the courfe
and diftance (as in Cafe V1. of plane failing) by fecking in Tab. II. uatil
the difference of latitude and departure arc found to correfpond, right againit
which in the diftance column will be the diftance ; and if the departure be
lefs than the difterence of latitude, the courfe will be found at the top of
rhat table, otherwife at the bottom. !

Then take the middle Iatitude as a courfe, and find the departare in the
Jatitude column, the number correfponding in the diftance column will be
the difference of longitude.

In the prefent example, I take one tenth of the difference of latitude
657, and the departure 789 5 that is 63,7 and 48,9, the nearcit numbers
to thefe afe 63,6 and 78,3, ftanding together over §1°, againft the diftance®
1c1, which being multiphed by 10 gives 1010 ; whence the courfe by in-
fpectien is S, 51° W, and the diance 1010, Then I take one tenth of
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the departure, that is 78,9 and feck it in the column of latitude of 45°
{which is the neareft to the middle Jatitude £4° 38/), the neareft number 1
find is 7g.2, oppofite which in the diftance column ftands 112, whichbeing
multiplied by 10 gives 1120 for the difference of longitude ; this value
differs a litele from that found by logarithins, which is owing to the odd
miles of middle latitude neglected, for if we were alfo to find the ditference
of long. for the middle latitude 44° and to proportion for the edd minutes,
the refult would come out nearly the fame as by legarithms.

CASE 111,

Oune latitudey convfe and diffance givery to find the difference of latitude
and difference of longitnde. ,

A fhip in the latitude of 42° 30"N. and longitude of §8° 51/ W. fails
S. L. by S. 591 miles. Required the latitude and longitude in 2

By PROJECTION,

Draw the meridian ADE {as in cafe VL. planc
{ailing) upon A as a centre deferibe an arch with
zhe chord of 60°, and upon it fct off, from where
it cuts AD, the courfc 8. E. b. S, or 3 points,
through that point of the arch, and the point A,
draw the line AC which make equal to the dif-
tance ¢9r1 miles ; from C let fali upon AD the
perpendicular CD 5 then will CD be the depar-
ture 328 miles, and AD the difference of latitude
491 miles, Hence we obtain the latitude ar. D
rived at, and the middle latitude ; draw theline ~
CE making an angle with BC of 58° 24/ —=
the middle latitude ; and the diftance CE will
be the difference of longitude 419 miles, hence
the longitude in is obtained. E

By LOGARITHMS.

To find the difference of latitude, To find the departure.
As radius 8 pts. 10.00000 | As radius 8 pts. 10.00250
Is to the diftance §g1 2.77159ls to the diftance 591 2.77159

So is co-fine courfe 3 pts.  g,91g83 S0 is fine courde 3 pts. G 74474

To the departufc 328.3 2.51633

To the difl. of lat. 491.4  2.69144
' To find diff. long. with deparrure,

Latitude left  42° 30’ N. As co-fine mid. lat. 38° 24" 9.8941¢
DifF. of lat. 8 118, [s to the departure 328.3% 2.51633
— So is radius go™ 10.00c00

Latitude in 34 19 N, )
Sum of lats. 70 49 To diff. of Jong. 419 miles 2.62218

Middle lat. 38 24 . Without the departure,
‘ ' Asco-fi.m.lat.38°24  ar.co. o.10585

Long. left §8°c1' W, Is to fine courfe 5 pts. 9.74474
Diff. of long. 419= 6 59 L. So is diftance §91 2.77159

Longitude in 51 52 W, To diff. of long. 419 miles 2.62218

® Fhe Jogaritum of she departure wat fund by the preceling cancn Lo be 2.53633, diering 3 linle from the Togacidun of 338.3°

S A 1 F o e o A
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By GUNTER.

1ft.  The extent from radius 8 points to the complement of the courfe ¢
points on the line marked S R, will reach from the diftance §g1 to the dif-
ference of latitude 4g1 an the line of numbers,

2dly. The extent from radius 8 points ta the courfe 3 points on the
line SR, will reach from the diftance 591 to the departurc 328 on the line
of numbers.

3dly. The extent from the complement of middle latitude §1° 36’ to
radius go® on the line of fines, will reach from the departure 328 to the
difference of longitude 419 on the line of numbers, '

By INSPECTION.

Rure. With the courfe and diftance find the difference of latitude and
departure (as in Cale 1. of plane failing) by finding the given courfe at the
top or bottom of the tables, either among the points or degrees ; in that

age and oppofite the diftance taken in its column, ftand the difference of
Eltitude and departure in their cclumns, Then take the middle latitude as
2 courfe and find the departure in the latitude column, againtt it in the dif-
tance column ftands the difference of longitude.

Thus, under the courfe three points, and againft the tenth of the diftance
§91= 39,1 or §9 ftand 49,1 and 32,8 ; thefe multiplied by 10 give 491
for the difference of latitude and 328 for the departure.  Now taking the
middle latitude 38° 24/ or 38° as a courfe, and a tenth of the departure 328
=32,8 in the column of difference of latitude (the neareftis 33.1) againft
which ftands 42 in the diftance column ; this muitiplied by 1o gives 42
for the differencg of longitude rearly, '

CASE 1V.

Both latitudes ard courfe given; ta find the departure, diffance, and differ«
euce of longitnde. ‘

Suppofe a fhip {ailing from a place in the latitude of 49° 57/ N. and lon
gitude of 30° W, makes a courfe good of S. 3g° W. and then by obferva-
tion is in the latitude of 43° 31/'N.; it is required to find her diftancg
run, ang longitude in. :

Laiitude from  49° 57/ N.
Latitude by obf. 25 31 N.

-

4 26
6o

Diff, lat, 266

Sum of lats, 95° 28’
Mid, iat. 47 44
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By PROJECTION.

Draw the meridian ACD, on which fet off AC equal to the difference of
fatitude 266 miles ; draw CB perpendicular to AC; draw the line AB,
making an angle equal to the courfe 39° with AC, and meeting BC in B;
through B draw BD, making an angle equal to the middle latitude 47° 44’
with the line BC, and it is done ; tor AB will be the diftance 342.3 miles,
BC the departure 215.4 miles, and BD the difference of longitude 320.3
miles,

By LOGARITHMS.

To find the departure, To find the difference of longitude by

As radius 45° 10.00000 the departure.
Is to the diff. lat. 266 2.42488|As co-fine mid. lat. 47° 447 9.8277%
So is tang. courfe 39° 9.90837|Is to the departure 215.4  2.33323
So is radius go°® 10.C0000
To the departure 215.4  2.33325 —_—

To the diff, of long. 320.3 2.5055@
To find the diftance.

As co-fine of the courfe 39° g.89050| The diff, of long. may be found with-
Is to the diff. lat, 266 2.42488| out the departure, by Theo. IV.

So is radius go® 1o.c0000{ Mid, Lat. Sail. thus :
. ~————|As co-fine mid. lat. 47° 44" 9.8277¢
To the diftance 342.3 2.53438|Ls to tang, of courfe 39°  9.9o837
So is the diff. lat, 266 2.42458

To find the longitude in.
Longitude failed from  30° o W.

: I 12.33325
Diff, long. 32zomiles or § 20 W. 9.8277%
Longitude in 35 zo W.|To thediff. long. 320.3  2.50% 56

By GUNTER,

1ft. The extent from radius 45° to the courfe 39° on the line of tan.
gents, will reach from the differcnce of latitude 266 to the departure 215.4
on the line of numbers.

2dly, The extent from the complement of the courfe 31° to the radius
90° on the line of fines, will reach from the difference of latitude 266 to
the diftance 342.3 on the line of numbers.

3dly. The extent from the complement of the middle latitude 42° 167
to radius go° on the line of fines, will reach from the departure 215.4 to
the difference of longitude 320.3 on the line of numbers.

By INSPECTION.

Find the courfc among the points or degrees (in Tab. 1. or II. as in:
Cafe 1I. Plane Sailing) and the difference of latitude in its column, againft
which ftand the diftance and departure in their columns ; then take the
middle latitude as a courfe, and find the departure in (e latitude column,
againft which, in the diftance column, ftands the difference of longitude.

Thus, with the courfe 39°, and half the difference of latitude 133, I en.
ter Table L. ; the nearct number in the table is 132.9, which correfpends 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 latitade 47° 447 or 48° as a courfe, I enter Ta.
ble I1. and feek for half the departure 107.6 in the lazitude column, the
neareft number to which is 107.7, which correfponds to the diftance 161 ;
this doubled gives the difference of longitude 322 miles nearly.
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CASE V.

Both. latitudes and difiance given, to find the courfe, departure, and differ.
D ence of longttude.

Suppoi;e a thip fails 300 miles north.wefterly, from a place in the latitude
of 37° N. and longitude 32° 16/ W. until fhe is in the latitude of 41° N,

what are her courfe and ' longitude in 2

4
A
Latitude keft  37° o’ N, 37° o' N,
Latitude’in = 41 o 41 o
4 o Sum 48 o >
60 Mid.lat.35 o
<
Dif. lat. 240 o
)
=)
D

By PROJECTION.

Draw the meridian ACD, on which fet off DC equal to the difference of
latitude 240 miles ; draw the line CB perpendicular to DC; take the
diftance 300 in your compafies, and with one foot in D fweep an arch cut-
ting CB in B; join DB ; make the angle CBA equal to the middle lati.
tude 39° and draw BA cutting DCA in A, and it is done ; for BC will
be the deparsture 180 miles, BA the difference of longitude 231.6 miles,
and the angle BDC will reprefent the angle of the fhip’s courfe with the
meridian, which will therefore be N, 36° 52’ W,

By LOGARITHMS,

To find the courfe, To find the difference of longitude
As the diftance 300 2.47712 by the departure.
Is to radius go° 10.00000|As co-fine mid. lat. 36°  g.89050
So is diff, lat, 248 2.38021{Is to the departure 180.0 *2.25524

S0 is radius go° 10.00000
To co-fine courfe 36° 52/  g.90309 —_—
To diff. of long. 231.6 2.36474
To find the departure.

As radius go°, 10.00000) To find the longitude in.
Is to the diftance 300 2.47712{Long. left . 32° 16 W,
So is fine courfe 36° 527 g.77812|Diffcrence of longitude 3 52 W,

To the departure 180.0 2.25524/Longitude in 36 o8 W,

~

* This logasithm, by the p ion, was found cqual to 2.25524, differing 3 linle from the logarithm of s8c.ce

'8 °p
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By GUNTER.

1. The extent from the diftance 300 to the difference of latitude 240,
on the line of numbers, will reach from radius 9o° to the complement of
the courfe == §3° 8/, on the linc of fines. C

2dly. The extent from radius 9go® to the courfe 36° 52/ on the line of
fines, will reach from the diftance 300 to the departure 180 on the linc of
numbers.

3dly. The extent from the complement of the middle latitude §1° to
the radius go° on the line of fines, will reach from the departure 180 to
the difference of longitude 231.6 on the line of numbers.

By INSPECTION.

- Find the courfe (as in Cafc IV, Plane Sailing) by fecking in Table II.
till againtt the diftance taken in its column, be found the difference of lat-
itude in one of the following columns ; then adjoining to it ftands the de-
parture ; which, if lefs than the difference of latitude, the courfe is found
at the top of the table, but if greater, at the bottom ; then take the mid-
dle latitude as a courfe, and find the departure in the column of difference
of latitude, againft which, in the diftance column, ftands the difference of
longitude. ‘ e

Thus the dittance 300, and the difference of latitude 240, are found to
correfpond nearly to a courfe of 37°, and a departure of 180.5'; then tak-
ing the middle latitude 39° as a courfe, I feek the departure 180.5 in the
latitude column, correfponding to which, in the diftance column, is the difs
ference of longitude 232, ’

CASE VI,

One latitude, courfey and departure given, to find the diffevence of latitude,
diffancey and difference of longitude.

- A fhip in the latitude §50° 10’ S. and longitude of 30° oo’ E. fails EES.E.
nntil her departure is 9§57 miles ; required her diftance failed, and latitude
and longitude in.

By PROJECTION.

, &

Draw the meridian ACD, and paralle! thereto, A 1o
at a diftance equal to the departure 9¢7 miles, draw C i
the line EB ; make the angle CAB equal to the i !
courfe 6 points, and draw AB meeting EB in B; C B
from B let fall upon AD the perpendicular BC; .w,v :
then will AC be the difference of latitude 3g6.4 fags H
miles, and AB the diftance failed 1036 miles ; ﬁ,, / 4
having thus obtained the middle latitude §3° 28/, /& ;
make the angle CBID equal thereto, and draw BD /é’ '
meeting ACD in DD ; then will RD be the differ. i~ :
ence of longitude 16¢8 miles. 5
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By LOGARITHMS.
~ Tofind the diff. of latitude. To fird the diftance,
As radius 4 pts. 10.00000}As fine courfe 6 pts. 9.963562

Is to the departure 957 2.98091|Is to the departure g57 2.98091
So is co-tang. courfe 6 pts. 9.61722iS0 is radius § pts.

10.00000
To diff, of lat. 396,4 2.5981 3/ To the diftance 1036 3.01529
Latitude left 50° 10/S.|  To find the diff. of longitude.

Dif, of lat. 396 miles 6 36 S.|As co-fine mid. lat, §3° 28’ 9.77473
————— 1Is to the departure 957 - 2.9809r

Yatitude in 56 46 S.iSo is radius go° 10.00000

Sum of latitudes 106 56

Middle latitude 53 28 |To the diffi of long. 1608 3.20618
Longitude left 30° 0o’E.

Dift. of leng. 1608 == 26 48 E.

Long. in 56 48 E.

By GUNTER.

1t.  The extent from the courfe 6 points to the radius 4 points, on the
Line marked T. R. will reach from the departure 937, to the difference of
fatitude 396,4 on the line of 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 of the middle latitude 36° 32'

to the radius go®, on the fines, will reach from the departure 957, to the
difierence of longitude 1608, on the line of numbers,

By INSPECTION.

Find the courfe among the points or degrees, Tab. I. or Tab. II. (asin
eafe 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 refpectively ; then with the middle
latitude as a courfe, feck the departure in the column of latitude, correfs
ronding to which in the diftance column, ftands the difference of longitude.

Thus, 1 enter Table 1. above 6 points and feek for %th of the departure
65,7, the neareft to which is g6.1 and the correfponding numbers are 104
aud 29.8, which multiplied by 10, give the diftance 1040, and the differ-
ence of latitude 598 nearly ; the middle latitude being nearly 531°, I feck
in the tabl: of §3°, for thediftance correfponding to a tenth of the depar.
tare == 9¢,7, and find it to be 159 ; then I feck for the fame number 95,7
in the table of §4°, and find the number correfponding in the diftance col-
umn to be 163, half the fum of thefe two numbers is 161, which multiplied
by 10 gives the difference of longitude 1610 nearly.

CASE VIIL
One latitude, dificnce failedy and departuve from the meridian giveny o
find the courfe, diffevence of latitude and difference of longitude.

A thip in the latitude of 49° 30/ N. and longitude of 25° o’ W. fails
feuth cafterly €45 miles, until her departure from the meridian be soo miles ;
required the courfe fteered, and the latitude and Jongitude the fhip is in ?
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: SA 2
By PROJECTION.

Draw the line BD equal to the departure ﬂﬁv
goo miles, and perpendicular thereto draw A
the meridian line ABC ; take anextent equal o)
to the diftance 645 in your compafles, and 12+
with one foot in D {weep an arch cutting AB
in A, join AD, then will ABbe the differ. &
ence of latitude 407,5 miles, and BAD the i
courle, S. §0® 49/ K. 5 hence we have the B
latityde in, and middle latitnde ; make the
angle BDC equal to the middle latitude and
draw DC cutting ABC in C, then DCwili
be the difference of longitude 721, 1 miles.

C

By LOGARITHMS.

To find the courfe. Latitude lcft 49° 5,
As the diftance 645 2.80956] Diff. lat. 408 3% N.
1s to radius go® 10.00000 . -\LS.
So is the departure 500 2.698¢;| Latitude in 2 0N
To fine courfe 50° 49’ 9.889.41{Sum of the latitudes )
Middle latitude %22
To find the diff, of lat. 6
As radius go° 10.00000
Is to the diftance 645 2.80956
So is co-fine courfe 50° 49" 9.80058}
To the diff. of lat, 407,5 2.61014
To find the difference of longitude. Longitude left 25°% or vy
As co.finc mid. lat. 46° 6’ 9.84098| Dift. long. 721 == 1z | '
s to the departure 500 2.69897 ~-\}’-~
So is radius go°® ro.0000¢{ Longitude in X2 ¢ 3 W
—_— 39 W,
T'o the diff. of long, 721,1  2.85799

By GUNTER.

1ft.  The exteat from the diftance 645, to the departure ¢
ine of numbers, will reach from the radius go°, to the courfe 503 on the
the Jine of fines. 9% on

<dly. The extent from radius go®, to the complement of the couyp
39> 11/, upon the linc of fines, will reach from the diftance 645 to th:
difference of latitude 407,¢ on the linc of numbers. )

3dly. The extent from the contplement of the middle latitede 43° 547,
to the radius 9o°, on the line of fines, will reach from the departure soo;,
10 the difference of longitude 721,1, on the line of numbers,

P
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By INSPECTION.

As in Cafe V. Planc Sailing, find the courfe by feeking in Table II. til
againft the diftance, in its column, be found the given departure in one of
the following columns, adjoining to which in the other coiumn will be the
difference of latitude, which if greater than the departure the courfe will
be at the top, but if lefs the courfe will be found at the bottom, Then
take the middle latitude as a courfe, and find the departure in the colunm
of difference of latitude, againft which, in the diftance column, will be
found the difference of longitude.

Thus, one third of the diftance, 215, and one third of the departure,
166,7, are found nearly to correfpond to a courfc of g1 degrees, and a
difference of latitude of 135,3 which multiplied by 3 gives the fought
difference of latitude 406 nearly ; then with the middle latitude, 46°, as a
courfe, I enter the table and feek for one fifth of the departure —=ro0, in
the latitude column, the diftance correfponding, 144, being multiplied by
§ give; the difference of longitude 720 nearly. ’

QUESTIONS FOR EXERCISE.

Queftion I, Required the bearing and diftance between two places ; one
in the latitude of 37° 55’ N. and longitude of §4° 23¢ W. the othet in the
latitude of 32° 38/ N. and longitude of 14° ¢'W. ?

Anfaer. S, 80° ¢/ E, and N. 80° ¢’ W. diftance 1855 miles,

Queftion 11, Required the dire& courfe and diftance, from a place in the
latitude of 36° 55S. and longitude of 20° o’ E. to another place in the lat.
itude of 32° 38’8, and longitude of 82 54’ W, :

Anfacer. N. 79° 46! W, diftance 1447 miles.

Queftion 111, A thip from the latitude of 3%°30’S. and longitude of
Go°E. fails N. 79° 56’ W. 202 miles, reqaired the latitude and longitude in 2

Anfaver,  Latitude 36° 55/S. longitude §5° 5o’ E.

Quefticn IV. A fhip from the latitude of 34° 35’ N. and longitude of
45° 16/ W, {ails S. §3° 36/E. 101 miles ; required her latitude and lop.

ritude ? :
£ Anfever,  Latitude 34° 24/ N. longitude 43° 14/ W,
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MERCATOR’S SAILING:
B S —

F

I-‘HE errors of the plane chart and plane failing are in part corrected
by the precéding method of middle latitude ; but in calculating the fitua-
tions of diftant places in high latitudes; this method is liable to great er.
rors; to rémedy this inconvenience, a chart was invented and publithed
" in the year 1566, by GErrarp Mrircaror; a Flemith Geographer, in
which all the meridians are parallel to cach other; but proportionally
Iengthened fo as to conform to the fpherical figure of the earth;  The prin.
ciples on which this chart was conftrpéted wert firft explained in the year
1599; by Edward Wright; an Englifhman, and are as follows.

By Theorem 1. of parallel failing, the length of a degree or mile of
lengitude is to the length of 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 of the latitude, Hence if the meridians are fupa
pofed to be parallel to each other; or the length of a degrec or mile of lon
gitude to remain the fame in every latitude, the degree or mile of latia
tude muft be increafed in proportion to the {fecant of the latitide. Hence
the length of the firft mile of latitude from the equator will be reprefented
by the fecant of 1/, the fecond mile by the fecant of 2/, the third mile by
the fécant of 3/, &c. Therefore the length of the expanded arch of the
meridian niay be found by a continval addition of fecants, to every degree
and ninute of the quadrant, as in Table I1I. by means of which this chart
(called Meércator’s chart) may be confiruiedy and all the cafes of Metcaa
tor’s failing may bt projeéted and calculated. _

In ufing this table, the degtees are to be found at the top ot bottom,
dnd the miles at the fide ; in the angle of meeting is the length of the cor-
refponding expanded arch, ufually called the meridional pares.  If you wifh
to find the arch of the expanded meridian intercépted between any two
parallels; ory as it is ufually called, the meridional difference of latitude,
you muft, ahen bath places are on the fame fide of the equator, fubtral® the
meridional parts of the leffer latitude from the meridional parts of the
greatery the remainder awill be the meridional difference of latitude ; but
1f they are on different fides of the eguator, the fum of the meridional parts
of both latitudes is the meridional difference of latitude required,

Examrere L
Required the meridional parts correfponding to the latitude 42° 347 2

Look in the bottom or top of the table for 42°, marked 42d. and in the
right or left hand column marked (M) for 34/, in the former and oppofite
the latter ftand 2828, the meridional parts correfponding to 42° 347,

Exasrre I, Examere III.

Required the meridional difference of latitude|Required the meridional difference of latitude
between Cape.Cod, inthe lat. of 42° 5' N.| between Cape-Hatteras, in the lat, of
and the Ifland of St. Mary, in the latitude of] 35° 8’ N. and the Cape of Good Hope, in
37°N.? the latitude of 34" 29’ S. ?

Cape-Cod's 1at, 42 5N, Mer. parts 2788|C. Hatteras’s lat. 35° 8N, Mer. par, 2254

St. Mary’s lat, 379 o' N, Mer. parts 2393|C.of G.Hope'slat. 34°29'S.  Moer. par. 2207

e | —

Meridignal differcnce of latitude 3950  Sum s meridional diffcrence of lat. 4462
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From thefe principles it follows, that in failing upon any rhumb, s2,
true or proper diffevence of latitude is to the departure as the meridional
difference of latitude is to the diffcrence of longitude. Hence if MI (in the
figure of Cafe I. following) be the proper difference of latitude, 10 the
departure, MO the diftance, the angle IMO the courfe, and we take MT
equal to the meridional difference of latitude, and draw TH parallel to 1G
to cat MO eontinued in H; the line TH will reprefent the difference of
fongitude ; for (by art. §5 geam.)MI : JO :: MT : TH. Now in the
triangle MTH, by meking M T radius,we have MT : radius :: TH : tang.
TMH, that is, the meridional difference of latitnde is to radius as the
difference of longitude is ta the tangent of the conrfe. By making MH or
1H radius we have other analogies, which combined with thofe in plane
{iling; furnifh the folutions of the various cafes of Mercator’s failing con~
tained in the following table. :

’ MERCATOR'S SAILING..

ale.| Civcn. i Sought.™ | Solutions. ]
Having both la:. the mer. diff. lat. is found by Table 111,
Both Lati.] Courfe |Mer. Diff. Lat. { Rad. ¢! Diff. Long: { Tang. Courfe.
a 4 | Diftance .Rad. . Prop. Diff. Lat. i Secant Courfe { Diftance.
T | tudes and | * Co-fine Courfe ' Prop. Diff. Lat. I Rad. : Diftance.
Longitudes. Departure.  Rad, 2 Prop. Diff. Lat, I Tang. €ourfe 1 Dep::rmrc.
Mer, Diff. Lat, I Diff. Long. T Prop.Diff.Lat. I Dep.
" Merid. Dift. Lat. being found by ‘Kable 131. we have, |
Both Lati- Courfe (Prop. Diff. Lat. T Radius 21 Departure | Tang. Courfe,
Radius { Prop. Diff, Rat. {{ Sec, Cousfe [ Diftance,
Sine Couzfe ¢ Departure i Radius { Diftance.
€ Rad, 2 Mer. Dif. Lat. 1 Tang. Courie ' Didf. Long.
2 Prop.Diff. Lat. ¢ Dep. 32" Mer.Diff. Lat. ¢ Diff. Long.

2 | tudes and | Diftance

Departure. Diff. Yong.

One Latitud Depertuie |Radius ¢ Diitance §1 Sine Courfe . Departure.

é“ ;‘ UCEL Diff. Lat. (Rad. ¢ Dift, 22 Co-fine Cousfe & Prop. Diff. Lat. Hence

3 Douf; cand we have the ather latitede and mer. diff. Jat. by Tab, 1il.
VE-NCE. DN, Lonp|Rad. ¢ Mer. Diff. Lat. 32 Tang. Courfe 2 Diff. Long.

Both Lati Diftance [Co-fine Courfe ¢ Prop. Dift. Lat, 3¢ Rad. : Diftance.

oth Lati- 1 nyerarture [Rads & Prop. DNfF. Lar. 82 Tang. Courfe  Departure,

4 ttges and Mer. diff. lat. being found in Table 111, we have,
ourfe. nif Long.|Rad. @ Mer. Diff, Lat. 23 Tang. Courfe ¢ Diff. Long.

Both Lati-| Courie |Dift. ¥ Rad. 2% Prop. Diff. Lat. I Co-fine Courfe.
§ 1 tudes and | Departure {Radius J Diftance (I Sine Csurfe I Departure.
I Diftance. |DifS. Long. |Rad. I Mer. Diff. Lat. 22 Tang. Courfe ¢ Diff. Long,
One Lati Diff. Lat. [Rad. I Dep. o2 Co-tang, Court® § Prop. Diff Lat,

ne Lat:tude Hence we have the ather latitude and merid. diff. lat.
6 | Courfc and | Diftance [Sine Courfe T Departure 27 Radius : Diftance.
. Rad. ¢ Mer. Diff. Lat. {1 Tang.Courfe § Diff. Long.
Departure. Diff. Long. '3 prop Diff Lat. 2 Dep. 12 M -r.Diff.Lat. = Diff.Long
One Latitud Courfe  |{Dift. ¢ Rad. ¢2 Dep. ¢ Sinc Courfe,

ne Latitude Diff. Lat Rad. ¢ Dift. It Co-Gne Courfe o Diff. Lat, Hence we
7 |Diftance and : * | obtain the other latitude and merid. diff. lat,
D Diff. Lon § Rad, T Mer. Diff, Lat. 2 Tang. Courfe "; Diff. Long.
| Departure. {Diff. Long.|3 b0 5 Tar. ¢ Dep. 22 Mer.Diff. Lat, § Diff.Long.p

CASE L

The latitndes and longitndes of tavo pluces giwen, to find the disel conz/
and diffance beraveen them.

Required the bearing and diftance frem Cape Cod Light.Houfe ia
+he latitude of 42° ¢/ N. and longitude of 70° 14/ W. to the ifland of St.
Mary, one sf the Weftern Iflands, in the latitude of 372 N. 2nd longitude

£25° 6" W, ?
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Cape Cod’s lat. 42° 05’ N. Meridioral parts 2788  Long. 50° 14 W,

St. Mary’s lat. 37 oo N. Meridional parts 2393 25 o6 W,
5 0§ Mer. diff. lat. 395 45 o8
60 6o

Diffcrence of lat. 303 Diff, long. 2708

By PROJECTICN.

~—_ oS Mary
Y
—

Draw the meridian MT equal to the meridional difference of latitude
394 miles, fet off alfo upon it MI equal to the proper difference of latitude
30¢.miles ; perpendicular to MT draw TH and IO, make TH equal to the
difference of longitude 2708 miles, draw MH cutting 1O in O ; then will
the angle TMH be the courfe S. 81° 42’ E, and OM the diftance 2113
miles.

By LCGARITHMS.

To find the courfe. | To find the diffance.
As the mer, dif. lat. 395 2. 59660lAs radins go° 10.00000
Is to radius 45° 10.00000Is to the proper dif. lat. 30§ 2.48430
S0 is the dif, of long. 2708 3.43265!So is fecant of courfe §1° 42’ 10.84058

Totang. of courfe 81° 42’ 10.83605|To the diftance 2113 miles 3.32486

By GUNTER.

ift. Extend from the mcridional difference of latitude 395 to the dif.
ference of longitude 2708, on the line of numbers ; that extent will reach
from the radius or 45°, to the courfe 81° 42/ on the line of tangents.

2dly. Extend from the complement of the courfe 8° 18/ to radius go°®
on the line of fines, that extent’ will reach from the proper difference o
latitude 303, to the diftance 2113 on the line of numbers.

By INSPECTION,

With the meridional dificrence of latitude and diffcrence of Iongitués,
ufed as difforence of latitude and departure, find the courfe, by infpeting
the tables until thofe numbers are found to correfpond ; with this courle
and the proper difference of latitude, find the correfponding diftance.

Thus one tenth of the merid. diff. lat. and diff. long. are found to agree
nearly to a courfe of 7! pts. with this courfe and one tenth of the proper
difference of latitude 30,¢ is found to correfpend to the diftance 208 ; this
multiplied by 10 gives the diance 2080, differing a little from the refui
by logarithms, owing to the neglet of a few minutes in the courfe.
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CASE 1I.

Bots lavitudes and the departure given, to find the courfe, diffances and
d:fference of langitude.

A fhip in the latitude of 49° 57/ N. and longitude of 15° 16/ W, fails
fouth-wefterly until her departure is 789 miles, and then by obfervation is
in the lgtitude' of 39° 20" N. required her courfe, diftance and longitede in 2

A

Lat, Ieft 49° §7'N. Mer.parts 3470 o
Lar.in 39 2zo N. Mer.parts 2571 g
>

Diffelaz, 10 37==637mi. M.dif.lat.8g9 13
E

‘ ¢ ._IB

XLong:

By PROJECTION.

_ With the proper difference of latitude and departure, projet as in Cafe
V1. Plane Sailing ; by drawing thé méridian AEB, on which take AE
equel 1o the proper difference of latitude 637 miles ; erect ED perpendicular
to AE and make it equal to the departure 789 milés ; join AD and ¢ontinue
it towards C ; make AB equal to the meridional difference of latitude 8gg
miles, and draw BC perpendicular to AB, to cut AC in C, and it is done.
For AD will be the diftance 1014 miles, BC the difference of longitude
1114 miles, and the angle BAC will be the courfe S. §1° ¢/ W,

By LOGARITHMS.

To find the courle. To find the diffance,

As the prop. dif. of lat, 637 2.80414{As radius 10.000008

Is to radius 43° 10.00000|Is to prep. diff. lat. 637  2.80414

So is the departure 78g Z.89708So is fec, courfe §1° 5' 10.20191

Fo tang. courfe §1° 5/  10.09294 To the diftance 1014 3.0060%

To find the diff. of long. Longitude lefe 15° 16w,

As radius 4¢° ro.00000Diff. of long. 1114 = 18 34 W,
Is to mer. dif. lat. 8gg 2,95376 .

So is tang. courfe §1°5”  r10.09294/Longitude in . 33 50 W,

——————] The diff. of long. may alfo be found

To diff, of long. 111 0456 O‘bjz faying, as prop.dif. oflat. { dep.3 ¢
SO ORI A Tat, $ Giff. of Jong

By GUNTER.

rft.  The extent from the diff. of lat, 637 to the dep. 789 on the line of
pumbers, will reach from radius 45° to the courfe §1° 5’ on theline of tan.
gents.

2dly, The extent from the courfe §1° §’ to radius 9o° on the fines,
will reach ifom the depariure 789 to the “diftance 1014 on the line of
numbers, : , .

sdly. The extent from the radius 45° to the courfe §1° §/ on the line
of tangents, will reach from the merid. diff. of lat. 899 to the difference of
longitade 1114 on the line of numbers.
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d By INSPECTION.

Find the courfe by Plane Sailing, Cafe VI. by feeking in the takles witk
the proper difference of latitude and departure till they are found to agree
in their refpective columns, correfponding to which will be the diftance in
its column, and the courfe will be tound at the top of that column if 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
Jatitude column, correfponding to which in the departure column is the
true difference of longitude. o
Thus with one tenth of the true différence of latitude and departure 63,9
and 78,9, I find the courfe 51°, and the diftance 101 which muitiplied by
5o gives nearly the true diftance 1010 ; in the fame table, oppofite to one
tenth of the meridional difference of latitude 89,9, I find the departure 11 1.1,
which multiplied by 10 gives the difference of longitude 1111 miles.

CASE 111,

Qune latitude, courfe and diffance given, 2o fnd the differente of latitude
and difference of longitude,

A fhip in the latitude of 42° 30/ N. and longitude of §8° 51/ W, fails
S. W. by S. 591 miles ; required the latitude and longitude in 2

By PROJECTION,

Draw the meridian ABC, and ADE, making
an angle with it cqual to the courfe 3 points,
make AD equal to the diftance failed, gq1
miles, and from 1) let fall upon AB the perpen.
dicular BD; then will BD be the departure,
and AB the difference of latitude, 491 miles,
Hence we have both latitudes, and the meridi-
onal difference of latitude to which make AC
equal, and draw CE parallel to BD meeting
ADE in E, then will CE be the difference of
jongitude, 419,6 miles,

X f ong.
By LOGARITHMS,

To find the diff. of latitude. ' To find the diff. of longitude.
‘As radius 8 points 10.00000 As radius 4 points 10,0000€
Is to the diftance 591 2.77159]ls to the mer. dif. lat. 628 2.79796
So is co-fine courfe 3 pts.  9.91985Sp is tang. courfe 3 points §.82489

To prop. diff. lat, 491,4  2.69144/To diff. of long. 419,6  2.62285

Lat.left  42° 30’ N.  Mer, parts 2822/Long. left 58°51/ W,
Dif. lat, 491=38 11 S. Diff. of long. 420=7 oo W.
Lat. in 34 19 N, Mer, parts -2—1_9-4 . ) Lon‘g. in 65 51 W,
Mer, diff. at, 628 '
By GUNTER.

1ft. The extent from radius 8 points to the complement of the courfe
& points, on the line marked S R, will reach from the diftance 591 to the
difference of latitude 491.4 on the line of numbers,
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2dly. The extent from the radius 4 points to the courfe 3 points, on
the line marked T R, will reach from the meridional differcnce of latitude
628 to tie difference of longitude 419.6 on the line of pumbers.

By INSPECTION.

As in Cafe 1. Plane Sailing, find the courfe at the top or bottom of the
tables, either among the peints or degrees, and in that page, oppofite the
diftance, will be found the dificrence of latitude and departure in their re-
ipective 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, snder 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 of latitude 491.4 miles ; then find one fourth of the meridional
difftrence of latitude 157 in the laritude column, againtt which ftands 105
in the departure column, which multiplied by 4 gives 420, the difference
of lorgitude. .

CASE 1V.

Both latitndes and courfe given, to find the difiance, and difference of
longitude.

A fhip from the latitude of 49° 57/ N. and longitude of 30° W. fails S.
29° W till fhe arrives in the latitude of 4§° 31 N, required the diftance

Diff. lat. 4 26==266miles, Mer, dif. lat, 396

run and longitude in 2 , A
‘ <
Lac., left 49° 557'N. Mer. parts 3470 1o
Lat.in 45 31N, Mer. parts 3074 4
B

C XZLoug. B
By PROJECTION,

Draw the meridian AEB, on which take AE equal to the proper differ-
ence of latitude 266 miles, and AB equal to the meridional difference of
Iatitude 396 miles ; make the angle BAC equal to the courfe 39°, and
draw ED, BC, perpendicular to AB, cutting ADC in D and C; then will
AD be the diftance 342 miles, and BC the difference of longitude 321
miles, -

By LOGARITHMS.,

To find the diftance. To find the diff, of longitude.
As the co-fine courfe 39°  ¢.5go5olAs radius 45° 10.00000
Is to the prop. dif. of lat,266 2.42458|Is to mer. d:f. of lat. 396 2.59770
%o is radius go° 10.00000}S0 is tang. courfe 39° 9.6c837

To the diftance 342.3 2.53438( To the diff. of long. 320,7 2.50607

Longitude left 30°c’ W.
Diff. of long. 321 = § 21 W.

Longitude in 35 21W,
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By GUNTER.

rt.  The extent from the complement of the coutfe §1° to the radius
©o® on the fines, will reach from the proper differénce of latitude 266, to
the diftance 342,3 on the line of numbers.

2dly. The extent from radius 45° to the courfe 39° on the line of tan-
gents, will reach from the meridicnal difference of lititude 396, to the difs
ference of fongitude 321 on the line of numbers,

By INSPECTION;

As in Cife II. Plive Sailing, find the courfe among the points or degrees
and the proper difference of latitude in its column, adjoining to which are
the diftance and departure iri their refpeQive columns ; then in the fame
table, find the merid. diff. lat. in the lat. column, adjoining to which in
the departure column is the diffcrence of longitude. '

Thus urder the courfe 39° and oppofite the half diff. of lat. 133 {the
neareft to which is 132.9) ftand 171 and 167.6, thefe doubled give the
diftance 34z and departure 215.2 ; and in the fame table oppofite the half
mer. diff. of lat; 198 found in the latitude column, ftands 160.5 in the dep.
columy, which doubled gives the difference of longitude 321 miles, nearly
as before,

CASE V.

Both latitnder and diftkrce givens 16 find the courfs and J{ﬁ'ermce of lorn-
gitude.

A fhip from the ldtitude of 37° N. and longitude of 32° 16/ W. fails
300 miles north-wefterly, until fhe is in the ldtitode of 4x° N.; required
thé courfe ftecred, and longitude in ?

X Lohg:
E — C

Lat. left 37° N. Mer. parts 2393
Lat.m 41 N. Mer. parts 2702

———

Diff, lat. 4°=240m, Mer. diff. lat. 309 miles.

A
By PROJECTION.

Diraw the meridian ABC; make AB equal to the proper difference of
Tatitude 24c, and AC cqual to the meridional difference of latitude 3¢9 miles ;
draw BD and CE perpendicular to ABC ; witlran extent equal to the dif-
tance 300 in your compafles, and one foot in A, fiveep ant arch cutting BDY
in D ; draw AD, which continue to cut CE in E, and it is done : for the
angle BAD is equal to the coarfe 356° g2, BI} is the departure, and CE is
the diffirence of longitude 231.7 miles,

8
o~
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By LOGARITHMS.

To find the cousfe, ! To find the diff. of longitude.
As the diftance 300 2.47712 As radius 45° 30.00000
Is to radius go® 10.00000{Is to mer. diff. of fat 309 2.48996

So is prop. diff. lat. z40  2.38021S0 is tang. courfe 36°52F g.87501

To co-fine courfe 36° 52’ 9.90309{To the diff.long. 231.7  2.36497
Longitude feft - 32° 164 W,
Diff, of longitude 232 = 3 52 W,

Longitude in 36 o8 W,

By GUNTER.
ift, The extent from the diftance 300 to the proper difference of lat.
itude z40, on the line of numbers, will reach fiom the radius or go° tor
§3° 8/, the complement of the courfe, on the line of fines.
2dly. The extent from radius 45° to the courfe' 36 2%, on the line of
tangents, will reaclr from the meridional difference of latitude 309 to the
difference of longitude 231.7, on the line of numbers. ’

By INSPECTION,

As in Cafe ¥V. Plane Sailing, feele in the tables till againft the difarice
taken in its colwm be found the given difference ef latitude in one of the
following. columns ; adjoining. to it ftands the depnrture, which if le than
the difference of latitude, the courfe is found at the topy otherwife at the
bottom ; in the fame table find the meridional difference of latitude in the
latitude column, adjoining to whiclvin the departure column ftands the dif-
ference of longitude. _

Thus the diftance 300 and the diffcrence of latitude 240, are found to
correfpond to a courfe'of 33% and a departure 180,5 ; and in the latitude
column, oppofite half the meridional difference of latitude 54,5 (the neareft
to which 1s 154.1), ftands 116.2 in the departuse column, which doubled
gives the difficrence of lengitude 232.4.

CASE VL

One latitudey conrfc and departure given, to fnd the diffance, difference of
batitnde and difference of longitude,

A fhip from the latitode of A\

50° 10'S. and longitude of 30° '\‘Cb , F

E. fails E. S. E. until her de- " (73 . blle :

parture is 957 miles s required 59 Dep¥ £ 50~ D

the diftance failed, andthelat. g™ ’ ™~

itude and longitude in 2 e : \
¢ ~E

4 L;ng‘.

By PROJECTION,

Diaw the meridian ABC, and at a diftance from it equal to the depar-
ture 957 miles draw the line FD parallel to ABC ; make the angle BAD
equal to the courfe 6 .paints, draw AD cutting FDia D; from D let fall
upon AB the perpendicular DB ; then will AD be the diftance 10 36 miles,
AB the difference of latitude 396 miles ; hence we have both latitudes, and
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the meridional difference of latitude 667 miles, make the line AC equal
thereto, and draw CE perpendicular to AC meeting AD continued in E ;
then will CE be the difference of longitude 1610 miles. g

By LOGARITHMS.

To fird the diftance, Lat. left §0° 10/S. M.parts3490
As the fine courfe 6pts.  9.96562|Dit.lat. 396'=6 368. -
Is to the departure 947 2.98091

So is radius & pts, 10.00000|Lat. in §6 46S. M.partsqg157
To the difftance 1036 3.01529 Merid. diff. lat. 667

To find the diff. of lat. As radius 4 pts. 10.00000
As radius 4 pts. 10.00000|[s to the merid.dif. lat. 667 2.82413

Is to the departure 957  2.98091[So is tang. courfe 6 pts.  10.38278
So is co-tang. courfe 6 pts. 9.61722 —
—————|To dif.lon.1610"=26°50E. 3.20691

Toprop.dif. cf lat. 396.4m. 2.598 13|Long. left 30 oo E.
Long. in 56 s0E.

By GUNTER.

ift.  The extent from the courfe 6 points 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.

zdly. The extent from radius 4 points to the complement of the courfe
2 points, on the line marked TR, will reach from the departure 957 to the
difference of latitude 396 on the line of 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 INSPECTION.

As in Cafe IIT. Plane Sailing, find the courft either inTable I. or Table
11 and the departure in its column, correfponding to which ftand the dif-
tance and difference of latitude in their refpective columns : in the fame ta-
ble find the meridional difference of latitude, in the latitude column ; cor-
refponding to which in the departure column will be the difference of lon-

itude, *
5 ‘Thus over the courfe 6 points, and againt one fifth of the dcparture
191,4 ftand 79,2 and 207, which multiplied by § give the difference of
latitude 396 miles, and the diftance 1035 miles ; then in the latitude col.
umn find a tenth of the meridional diference of Iatitude 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,

CASE VIL,

One latitude, diffance failed, and departure given, to find the courfe, differ.
ence of latitnde and difference of longitude.

A fhip in the latitude of 49° 30’ N. and, the longitude of 25° W. fails
fouth-eafterly 645 miles, making 500 miles departure ; required the courfe
ficered, and the latitude and longitude in 2
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By PROJECTION.

Draw the meridian ABC, on any
fomt of which ere@ the perpendicu-
ar BD equal to the departure 500
miles, with an extent equal to the
diftance 645 miles in youy compaifes,
and one f6ot in D fweep an arch cut-
ing AB in A, join AD; then will
AB be the proper difference of lati-
tude 407, miles, and the angle BAD
will be the courfe go® 49”; hence
swue have the other lajitude, and the
meridionai difference of latitude, to
which make AC equal ; and draw CE parallel to BD, meeting AD produced
in E; then will CE be the difference of longitude, 72;,6 miles,

1y LOGARITHMS,

\fong

To find the courfe. To find the diff, of lat.
As the diftance 645  2.80g56/As radius go° 10.00000
Is to the radius go¥ 10.00060|Is to the diftance 645 2.80g56
So is the departure goo 2.69857[S0 is co-fine courfe 50° 49 9.80058
To fine of courfe §0° 49’  9.88941/Todifl.407,5==6°48’S.  2.61014
' " iLat. left 49 30\ M.par.34238
To find the diff. of long.
As radius 45° 19.00c00|Lat. in 42 42N.M.par.2839
Is to the mer. dif. lat. 589 2.77013 ' Co
So is tang. couric 50° 49’ 10.08879;Mer. diii:. lat. s 589
) ———Long. left 25?2 00’ W
To diik. long. 722.9 2.85891]|Diff. long. 1z 03 E.’
Or thus, Long. in 1z §7 W.
As prop. dif. lat. 4o~ §* 2.61014
Is to the d‘parture 500 2.69897| Hence the fhip’ s courfe is S. gc?
So is the mer. diff. lat. 589 2.77012 49E Lat. in 42° 4."'1\4 Lono i
’ o —l12° 57’“
5-46906]
2.61014
To diff. long. 422,¢ 2.85893

By GUNTER.

1.  The extent from the diftaace 645 to the departure ;oo on the Line
of numbers, will reach f;on; the adius go° to the courfe 50° 497 on the lire
of fines.

zdly. The extent from radius go° to the complement of the courfe
39° 117 on the line of fines, will reach from the diftance 645 to the differ-
erice of latitage 407,¢ o2 tae line of numkers.

3dly.  The ¢xtent from the radius 45° to the courie §0° 497 on the lme
of tangeats, will reach from the mer. diff. of lat. §89 to the difference of
longxtud- 7zz 6 on the line of numbers. Or, theextent from the Proper

L
#* This log. was found abeve, it \lufcna)_m. fromie Jeg of 977,80 '
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diffirence of latitude 407, to the departure 500, will reach from the me-
ridional difference of latitude 589 to the ditference of longitude 722.7 on
the line of numbers.

By INSPECTION,

Find the courfe and difference of latitude, as in Cafe V. Plane Sailing, by
feeking in Tab, I1. (ill the diftance and departure are found to correfpond
in their refpettive columns, adjoining to which in the column of latitude
will be found the true difference of latitude ; which if greater than the de:
parture the courfe is found at the top ; but if lefs, the courfe is found at the
bottom ; with this courfe feek the meridional difference of latitude in the
Tatitude column, adjoining to which in the departure column will be found
the difference of longitude.

Thus one third of the diftance 214, and one third of the departure 165,y
are found nearly to correfpond to a courfe of 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 181.9 ; this
multiplied by 4, gives 727.6 the difference of 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.  To do this, you muft conftruét a traverfe
table, and find the difference of latitude and departure for each courfe and
diftance, as in Traverfe Sailing ; and from thence the whele difference of
latitude, departure and latitude in ; with the departure and latitudes, fiad
the diff:rence of longitude and longitude in, as in Cafe I1. of Middle Lat.
itude or Mercator’s Sailing.

This method is exact 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
may be neglected.

To illuftrate the method of working compound courfes, we fhall here
work an cxample, by Middle Latitude and Mercator’s Sailing.

. EXAMFLE- Traverse Tabre. o
A Dip from Cape tenlopen, “Diff, Lat. | Departure,
in the latitude of 38° 47/ N. iCourfes. | Dis. - AT
Iongitude 75° 10/ W. fails the ‘oux il N. S jE. | W
following true courfes, viz. E. |E. by d.| 20 3.9119.6
by S. 20 miles, E.N.E. 15 |E.N.EJ 15| 5.7 13.9
miles, S. E. 26 miles, South 16 5. E. | 26 18.4]18.4
miles, W.S. W. 6 miles, N.W. | South.} 16 16.0
10 miles, and Eaft jc miles ; {W.S.W. 6 2.3 5.5
required her latitude and longi- | N.W.i 1o | 7.1 =1
tude ? Eaft, | 30| 13001
12.8 140.6181.9|12.6
By conftru@ing the Traverfe 12.8|12.6
Table with thefe courfes and D 12275 6o Dep.
diftances, it appears that the 2270 15931

fhip has made 27.8 miles of fouthing, and 69.3 miles of eafting ; and by
tabtraQing the fouthing from the latitude of Cape Henlopen, there remams
the Jagitude in 38° 167 N,
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Cape Henlopen’s latitude 38° 49’ N, Meridional parts 252§

Latitude in 38 19 N. Meridional parts z249%
Sum of latitudes 77 6 36
Midde latitude 38 33

By infpetion of Table II. it appears that the difference of latitude 27.8
and departure 69.3 correfpond to a courfe of 68° nearly and a diftance o
75 miles ; and in the fame page of the table, oppofite to the meridional
difference of latitude, found in the column of latitude, ftands the difference
of longitude 89 miles in the departure column; this fubtra&ted from the
longitude of Cape Henlopen 75° 10’ W, leaves the longitude in 73° 4/W,
By Mercator’s Sailing. ~ Or, with the middle latitude 38° 33/ to 39° as a
courfe, find the departure 69.3 in the Jatitude column, oppofite to which
3s 89 in the diftance column, which is the difference of longitude by Mid«
dle Latitude Sailing; confequently the longitudein is 73° 41/ W, as above.

Thus we fee that fuch examples are performed as in Traverfe Sailing and,
Cafe 11 of Mercator’s or Middle Latitude Sailing, either by infpection ag
above, or by the fcale or logarithms.

Having gone through the neceflary problems in Mercator’s Sailing, we
&nall now thew how Mercator’s Chart may be conftruéted by means of thg
‘Yable of Meridional Parts,

T cenfiru® a Mercator’s Chart to commence at the Egnator.

. Suppofe it was required to conftru& the Chart in the plate affixed ta
this work, which begins ar the equator, and reaches to the parallel of 50
degrees ;. and contains g3 degrees of longitude weft of the meridian of
London.

Draw the line AD reprefenting the equator, then take, from any fcale of
equal parts, the number of minutes contained in 9§ degrees, viz. 5700,
which fet off from A to D ; fubdivide this line into ¢§ equal parts repre,
{enting degrees of longitude. Through A and D, draw the lines AB, DG
perpendicular to AD, and make each of them equal to 3474 which are the
meridional parts correfpending to go degrees.  Join BC which muft be
fubdivided 1n the fame manner as the line AD ; and through the corref-
poading points of the lines AD, BC, muft be drawn (at the diftance of 10°
or 20%) the lines parallel to AB, reprefenting meridians of the earth ;
thefe lines muft be numbered o, 10, 20, &c. beginning at the line AB
which reprefents the meridian of London. Set off in like manner upon the
meridians AB, DC, (beginning from the equator AD) the meridional parts
correfponding to each degree of latitude from o° to §0° ; and through the
correfponding points (at the diftance of 10° or 20°) draw lines, parallel ta
the equator AD, to reprefent the parallels of latitude, Then the upper

art of the Chart will reprefent the north, the lower the fouth, the right
hand the eat, and the left hand the weft (which is generally fuppofed in
Charts unlefs the contrary is expreflly mentioned).

If the Chart does not commence at the equator, but is to ferve for a cer-,
tain portion of the globe contained between two parallels of latitude on
the {ame fide of the ¢quator ; you muit draw the meridians as direéted in
the laft example ; then fubtrat the meridional parts of the leaft latitude of -
the Chart, from the meridional parts of the other latitudes, and fet off thefe
differences on the extreme meridians, draw lines through the correfponding

<

§>gints and they will be the pazallels of latitude on the Chart,
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If the Chart is to be bounded by parallels of latitude on different fides of
the equator ; you muft draw a line reprefenting the equator, and perpen-
dicular to it draw lines to reprefent the meridians, contineing them on both
fides of the equator ; then fet off the parallels of latitude on both fides of
the equator, in the fame manner as in the firft cxample.

Take from the table of latitude and longitude of places, the latitude and
longitude of each particular place contained within the bounds of the Chart,
and lay a ruler over its latitude and another croffing that over its longi.
tude; the point where thefe crofs will reprefent the propofed place upon
the Chart.  The moft remarkable points of a fea-coaft being thus laid
down, lines may be drawn from point to point which will form the out.
lines of the fea-coaft, iflands, &c. to which may be annexed, the depths of
water exprefled in common arabiac numbers ; the time of high water on
the full and change days expreffed in roman numbers ; the fetting of the
tide exprefled by an arrow ; and whatever elfe may be thought convenicnt
for the chart to contain.

This chart is not to be confidered as a juft reprefeatation of the earth’s
- furface, for in it the figures of illands and countries are diftorted towards the
poles, as is evident from its conftruétion, But as the degrees of latitude and
longitude are increafed in the fame proportion, it is plain that the bearings
between places will be the fame on the chart as on the globe : aud fince the
meridians are right lines, it follows, that the rhuinbs, which form equal an-
gles with the meridians, will be firaight lines, which rerder this projettion
of the earth’s {urface much more cafy and proper for the mariner’s ufe thar
any other.

Having the latitude and longitude of a foip ar place, to find the correfpond.
. ing point on the chart.

Rurez. Lay a ruler acrofs the chart in the given parallel of latitude ;
take in your compafles the neareft diftance between the given longitude and
the neareft meridian drawn acrofs the chart; put one foot of the compaifes
in the point of interfetion of the ruler and meridian, and extend the other
along the edge of the ruler on the fame fide of the meridian as the piace lies,
and that point will reprefent the place of the fhip.

If the longitude on the Chart be counted from a different meridian from.
that you reckon from, you muft reduce the given longitude to the longitude
of the Chart, by adding or fubtraéting the difference of longitude of thofe
meridians ; and then prick off the thip’s place as before diretted.  Or, you:
may draw a meridian line through the place you reckon your longitude
trom ; then meafure off the fhip’s longitude on the equator, and apply it to
the ¢dge of the ruler,from this meridian, and youn will obtain the fhip’s place.

To find the bearing of any place from the fip.

Rure. Lay aruoleracrofs the given place and place of the thip ; {fetone
foot of the compafles in the centre of fome compafs near the ruler, and take
the nearctt diftance to the cdge of the ruler ; {lide one foot of the com-
pafles along that edge keeping the other extended to the greateft diftance,
and obferve what point of the compafs it comes neareft to, for that will be
the bearing required.

To find the difiance of any place from tbeﬁip;

Rure. Take the diftance between the fhip and given place in your
compatles and apply it to the fide of the chart or graduated meridian, fett-
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ing one foot as much above one place as the other 1s below the other place;
the number of degrees between the points of the compafles will be the difa
tance nearly. :

When the plices bear north and fouth of each other this rule is accurate;
but when they bear nearly eaft and weft, and the diftance is large, it will
err confiderably ; but in general it is exa& enough for common purpofes §
if greater accuracy is required, it is beft to find the diftance by calculation.

If any one wifhes to eftimate the diftance accurately by the Chart, he
muft proceed in the following manner :

r. If the place be in the {fame longitude that the fhip is in, then the
preceding rule is accurate.

2. 1t the place be in the fame latitude as the fhip, or bear caft or weft,
the diftance cannot be obtained without calculating it by Cafe 1. of Paralicl
Sailing.

3. If the place be neither in the fame latitude, nor in the fame longi-
tude as the fhip, the diftance muft be found in the following manner : Laya
xuler over both places, and draw through one of them a paraliel to the
equator ; take the difference of latitude between both places in your com.
pafles from the equator ; ilide one foot on that parallel, kecping the other
extended {o that both points fhall be on the fame meridian, and note the point
of the ruler which is touched by the other foot of the compaffes, take the
diftance from this point to the given place through which the patallel was
drawn and apply it to the cquator, and you will have the fought diftance.

~ The bearing and diftance of any two places from each other are found in
the fame manner as the bearing and diftance of any place from the fhip.

EXAMPLE,

Required the bearing and diftance between the eaft end of Long-Ifland
and the north part of Bermudas ? '

A ruler being laid over both places as direfted iri 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 bettveen the two places being taken in the compafles, and ap-
plied to the graduated meridian, will meafure about 10 degrees or oo
miles ; therefore thefe places bear from each other N. W. by N. and 8. E¢
by S. and their diftance is 600 miles nearly.
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OF THE
ng-Line and Half-Minute Glafs.

ARICUS methods have been propofsd for mealering the rate at
which a jhip {ails, but that moft in ufe is by the Log and Half-Minute
Ulaza.

The Log is a flat picce of thin board of a feCoral or cuadr’mtal form
(fee the aunexed plase) loaded in the s,ucular fide with Iedd fufficient to
make it fwim upright in the water : to this is faftened 2 line about 156
fath 'ms long, called the Log line, which is divided into certain fpaces call-
«tl knots, and is wound on' a recl which turns very eafily. The Halé.
Minute Glafs is of the fame form as an hour glafs, and cenrains fuch a
guantity of fand as will run through the hole in its neck in half a minute
of time,

The making of the experiment to find the velocity ok the fhip iscalled
heaviag th2 log, which 1s thus pe erformed.—QOne ran kolds the reel, and
another the half-minute glafs 3 an officer of the watc'x ﬂ‘rov's the log over
the thip’s ftern, on the lc<. fide, and whea he obferves the ftray line is run
off ulie reel (Which is abbut ten fachoms, this diftarce being ufu“ll)r allew
ed to carry the log oui of the eddy of the thip’s wake) anri the firfr mazk
{which is generai 1) a red rag) is going off, ke cries turz I the glafs holder
anfwers dove ! who watching the mah, 1h moment it is run out {zys /b_p 4
the reel beihg immdliacely t topt, the laft mark run off f'nu 's the pumber of
knots, and the dif tance cf that mark from the reel is eimated in fathems.
Thon the knots and fathoms together, fhew the diffance the fhip has run
the prec»d'n'r hour, if the wind has been conftant.  But if the gale has not
been the fame darme thie wliole hour, or time betwéen heaving the log, or
if there has been more fil fet or lu.mdca, there muft be allowance made for
it according to the difireiion of the artift.  Sometimes when the fhip is
brfore the wind, and a greac fea fetting after hier, it will bring home the
Iocr ; in {uch cates it is cu‘lovnary to aliow cze mile in ten, 2nd Tefs in pre.
porn n, 3t the fea be not fo great; a propcr allowance oughe alfh 1o be
made if ther: be a head fea,

‘This pruct:c"' of meafuring a fhip's rate of failing is "m'ndca upén the
following principie : ‘That the lcm th of cach knot is the fame pa.t of a fea
mile, as l.alt a minute is of an }‘ou Therefore the lcnzth of a fea knot
fhould be ;1% of a famile; but by various .dmca:l.ren sents- it has becrd
found that the fength of a fen mile is about 6120 feet; hence the length of

2 knot ought to be 51 ilgt : cach of thele knota is d‘wde.d into 10 1.&'.vm
11 the «rla,[s be oaly 29 fecends in running cat, the lengthof ihe knot ouohr.
t0 be 4y feet and § t:.ntn lhcu. are the jengths. guw*m!" rc~o*umcrd.u
i1 books of navigaticn, but it may b oblers cd. that i in many trials it hes
buen io.x...A, that a fin wzll generally over.rup ber rechoning with a loga
line thas marked ; and fince it is beft to err on the fafe fide, 1 fhould re-
commend to fh‘o:tr:‘n the above meafures by 7 ot 4 f2¢t; making the lengii

Fd
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of a knot 7 or 1 fathoms of 6 feet each, to correfpond with a glafs that
runs 28 feconds. ‘

In heaving the log you muft be careful to veer out the line as faft as the
log takes it ; for if the log is left to turn the reel itfelf, the log will come
home and deceive you in your reckoning. You muft alfo be careful to
meafure the log-line pretty often, left it ftretch and deceive youin the dif-
tancc. The hke regard muft be had that the haif_minute glafs be juft 30
feconds, otherwife no account of the fhip’s way can be kept ; the glafs is
much influenced by the weather, running flower in damp weather than in
dry. The method ufually recommended to try if the glaffes are accurate
is this ; on a round nail or peg hang a finall thread, that has a mufket ball
fixed ar one end, 39% inches being carefully meafured from the centre of
‘the ball to the loop which goes over the peg ; then make it{fwing, and count
ore for every time it paffes under the peg, beginning at the fecond time it
paffes, and the number of fwings which 1t makes during the time the glafs
is running out fhews the feconds which that glafs runs. For experience
fhews that a fecond pendulum is about 39f inches in length,

To correft the difiance awhen the log-line and kalf-minute glafs are faulty,

If there be any error in the log.line or glafs, the meafured diftance mufk
be correted in the following manner, fuppofing that a 30" glafs requires
.50 feet to 2 knot.

{1.) If the glafs only is favlty, you muft {ay, as the feconds rus by the
glajs are to 30 feconds, fo is the diytance given by the log to the true difiance.
‘Thus, if a thip fails 8£ knots per hour, by a glafs of 36 feconds, the true
number of knots per hour will be 7,1 ; for, 36 : 30 :: &g : 7,1,

(z.) Ifthe log-line only is faulty, you muft fay, as 5o feer is o the
diffance of a hnot on the line, foisthe difiance run by the log to the true difiance.
Thus, if a fhip fails 7 knots per hour by a log-line meafuring 53 feet,
her true diftance will be 7,4 miles per hour, becaufe, 50 : §3 :: 7 1 7,4+

(3.} If the log-line and glafs are both faulty, you muft fay, as 50* mul.
tiplicd by the length of the glafs is to 30 multiplied by the length of the
line, fo 15 the meafured to the true difiance.  Thus, if a fhip fails 6 knats
per hour, with a glafs of 24 feconds and a log-line of 6o fect per knot, her
true velocity will be g miles per hour; becaufe 50X 24 : 30X60::6: g

* ¢ I-R¢ad of ronttiplying the length of the jiafs by 50: and the liue by 33, you may maltiply the former by 5 3ad the larter by 3¢
Ifsuy ane choofes to anark e ba-dine a2 kefs then g2 feer £or 8 glah of 3 (ecouds, he 1R par his efimatsd length of the knoty
fekead of £, in 20 the Akive Todes.
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On Parallax, Refra&ion, and Dip of the
Horizon.

D QPG P PP e

PARALLAX {or diurnal parallax), is the difference besween the true
altitude of the fun, moon, or ftar, obferved at the centre of the earth, and
its apparent altitude, obferved at any point of the earth’s furface.

T he true place of any ftar S, is that poiat

of the heavens H, in which it wonid be {een
by an eye placed in the centre of the earth
at C.  And the apparent place is that point
of the heavens I, where the ftar appears to
an eyc upon the furface of the earth at M.
This difference of places, is what is called
ablolutely the garel/ax, or the parallax in
altitude. 'This parallax diminithes the al-
titude of a ftar, or increafes its zenith dif- 2
tance. The parallax is greateft in the hori- *I| ' )
zon, called the horizontal parallax, COM.
¥rom hence it decreafes all the way to the
zenith A or G, where it is nothing; the C B D
real and apparent places there coinciding.
Having the horizontal parallax, the parallax in altitude is eafily calculated
by the following rule : As radius is ta the co-fine of the apparent altitude,
J0 is the borizontal parallax to the purallax in altitnde. This rule is eafily
proved ; for in the triangle CMO, we have CO to CM as radius to the
fine of the angle COM (which is equal to the horizontal parallax); and
in the triangle CMS we have CS (which is equal to CO) is to CM as the
fine of the angic CMS (or the fine of 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-fine of the apparent altitude as the fine of the
horizontal parallax to the fine of the parallax in altitude.  But fince the
Lorizontal parallax is fmall in ail the heavenly bodies, the fines of the par.
allaxes muft 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 XV, for every 5°or 1e°
of altitude. The moon’s horizontal parallax is given in the 7th. page of

tte month of the Nautical Almanac, for every noon and midnight at the
meridian of Greenwich.

REFRACTION OF THE STARS,

Is an inflexion of the rays of thofe luminaries, in paffing through our
atinofphere, by which their apparent altitudes are increafed. This refrac-
tion of 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 of the bafon juft hides the mark from your fight ; then.
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keeping your eye ftcady, let another perfon fill the bafon g'ently with wal
ter ; as the bafon lls you will perceive the mark come into view, and dp-
pear to be elevated above its formér fituation.” In the fame manner the re-
frattion of the atmofpherc’caufes all the ftars and plane:s to appear more
elevated than they really are. The mean quantity of this re{rattion is
given in Table X111, All obferved altitndes of the fun, moon, plarets,
or fixed ftars, muft be decreafed by the numbers taken irom this tabiey
which are to be taken out wiih the obferved altitude of the cbjact.

"The refradtion varies with the temperature and denfity of the air, increafs
ing by cold or greater denﬁtv, and decre aimg by heaior ra‘-“y of the aimof
phaere. ~ By means of Table X111, and the oblerved he.ghis of the barome-
ter and thermometer, we may calcuiare the true refraduion at any time, Dy
the following rule, given by Dr. Bradiey.

As the mean hc‘cnt of the barometer 29,6 inchesis to the true height,fois
thz mean tabular refrafiion to the correcied refraction ; and as 350 in.
creafed by the Leight of Fareaheit’s thermometer is to 400, fo is the cor-
redted refraciion to the true refraction. Hence i’ the beromerer be at its
mean height, and the thermomeier be at 10° the refraction wuil be in-
creafed ‘one-ninth part (becaufe, 350410 : 400 33 1 1%}, In this
cafe the horizontal refraftion woula be increafed from 33" to 26’ 49" ; and
tbe r‘.fracnon for the altitade of §° would be' increafed from g /55" to 10"
59”7. In addition to the above, we may alfo obferve, that there vis fome-
Times an 1rregu.a1 reLraé‘nov near the korizon, caufed by the vapours near
the earth’s surface,

The refra&tion makes any terre"trlal objeCt appear more elevated than
it reaily is : the guantity of this elevation varies ar different times, but is
in general about ¢ of the ang:e formed at the centre of the earth, between
the object and the eye of the obferver. -

In Table XViil. 1s given the correé‘uon of the moon’s altitude for the
combined effect of oaraihx and refradtion. The numbers of ‘that table
are t0 be added to the ohferve:l 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 corretion fought.

DIr OF ‘THE HORI7OI\

Is the angle of depreffion of the vifible horizon below the true, anfmg
from the clevation of | the obferver’s eye above the furface of the fea.
‘ I"hus, let AFB be the furface’ of the
eartn, C its centre, D the eye of the obferver;’
join CD, draw D3B touthing the furfacein B, A
and c‘..aw alfo DE perpendictlar to CD : then
will DE be the true horizon, and DB the
vifible horizon (excluﬁve of the terreftrial
refraCtion.) But in obfer vmg an altitude with
2 Hadley’s quadrant, the image of the obje&
1s brought down to the nfble horizon in the
direction DB ; therefore the -angie of eleva-
tion given o] the quadrant is tco great by ¢
the angls BDE. This angle is decredfed a
littie by means of the terrefirial refra‘hon, which makes the point B appear
within the limit of the vifible horizon of the obferver at the point D.  The
guantity of this dip is given in Table XIV. for every probable height of

the obférver ev:prv_md in feet, and is evxdendv fubtra&we from the obv‘rve
ed altitude,
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When the limit B, of the horizon, is not vifible by reafon of the Jand at
¥, an cbfervation of the altitude of any obje& may be made, by bringing
its refletied image 10 1he furface of the water at F.  1ke dip, in that cafe,
will Le equal 1o the angle LDF ; und its values for various altitudes and
diftances cf the lard, are given in Table X VII. which numbers are to be
ufed i1ftead of thofe of Jable X1V. when occafion may require. This
tab.e is 0 be entered in ihe top column, with the height of the eye above
the furface of the fea in feet, ard in the left hand column with the diftance
of the flipir fea mues ; and dircély under the former, and oppofite to the
la:er, flards the dip cf that point in minutes of a degree, which is to be
fubtracied ircm the obferved attitude irftead of the numbers of Table X1V.
I caiculating this table, attention was paid to the terrefirial refrallions
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To find the Sun’s Declination,

et I P

l HE deelination of the fun is given to the neareft minute in Tab. V,
for every noon at Greenwich, from the year 1800 to 1804 ; and this table
will anfwer for fome years beyond that period, without any material error:
if 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 Ta-
ble V1. in the fcllowing manner,

To find the fun’s declination at noony at any place.

Rure. Take cut the declination for noen at Greenwich from Table V..
{or from the nautical almanac); fifd your longitude in from Greenwich
{er London) in the top column of Table VI. and the day of the month in the
fide column; under the former, and oppofite to the latter, is a correétion in
fainutes and feconds, which is to be applied to the declination taken from

"Table V. ; to know whether it is additive or fubtra&ive, you muft look
at the top of that column where you found the day of the month, and you
will fee it noted whether to add or fubtra®, according as your longitude is
eaft or weft. This correction being applied, you will have the declination
at noon at the given place, :

EXAMPLE 1.
Required the true declination of the fun at the end of the fea-day, O&oa
ber 10, 1804, in the longitude of §2° E. of Greenwich.
Sun’s declination O&. 10, at Greenwich at the end of the fea ddy,
or beginning of the day in the N. A. by Tab. V. 6° 40" S,
Variation of dec, Tab. VI. O&. 10.in §2°E, long. fub, o 3

True dec, noon O, 10, 1nlong. §2°E, 6 37 S.
EXAMPLE 1II

Required the fun’s declination at noon ending the fea day of March 12,
1804, in the longitude of 115° W. of Greenwich.

Sur’s declination March 12, by Tab, V. - - 3% 16’ S,
Va_r. Tab. VI. March 12, long. 1:5° W, {ub. 7
True declination, ncon March 12, long. 115° W, 3 95

The preceding corretion ought always to be applied to the declination
vfed in working a meridian obfervation to determine the latitude, though
many mariners are in the habit of negleQting i:. .

@ In Ending the declina:iam, or any otker quantiew, in the maurical almanae, you mufl be careful to note the differeuce be.
#een the civil, nautieal, and a:ronemical account of time.  The civil dav hegins at midnight, and ends the following midnighy,
ke imerval being divided into 34 hours, and is reckoned in iimeral fucceflion from 1 to a2, then beginning again ac 1 3nd
ezding at 13.  The rautical or fra dav begins at noon, 12 hours before the eivil day, and cndsthe following noon; the fitft 1y
Laurs are marked P. M. the latter A. M. The altronomical Gay begins atnoon, 32 hours after *he civil day, and 93 hours alzer
the fea dav; itis divided into 24 hours, numbercd in numeral fuccethon from 2 to 24, beginning 3z ucon, and ending the Tui
Yowing noom. All the calculations of the nautica) almanac are alapted to aftrenomical litne § the declidintion wrarked in he
#etical alimanac, o in Table V. icadapeed 1o che beginning ef the aftionomical dav, or to \be end of Wha {e3 day; itdeirg sbe
el of hefer day when maninss want the declicativn te dezesmine cheie lazinse,
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To find the fun’s declination at any time, under any meridian,

Rurr. Reduce the fun’s declination from noon at Greenwich to the
noon under the given meridian, by the preceding rule. Then enter Ta.
ble VI. with the time from noon at the top, and the day of the month in
the fide column ; under the former, and oppofite to the latter, is the cor-
retion to be applied to that reduced declination. To know whethér it is
additive or fubtrative, yon muft look at the top of the column where you
found the day of the month, and you will find it noted whether to add or
fubtraét, acoording as the time is before or after noon,

EXAMPLE III,

Required the fun’s declination O&ober 10, 1804, fea account, at 8h, 21/
in the torenoon, in the longitude of §2° E. of Greenwich:.

Sun’s declination O&. 10, atGreenwich, at noon, by Tab.V.  6° 4o’ S,

Variation for 52° E. long. - - fub. 3
Decliration at noon, O&ober 10, in long. §2° E. 6 37 S
Variation of dec. for 3h. 39’ from noon* O&. 10. fub. 3

True declination O&. 10. in long. §2° E. at 8h. 21/ A. M. 6 34 S,

EXAMPLE 1V,

Required the fun’s declization May 10, 1804, fea account, at ghe jom,
P. M. ir the longitude of 35° 30’ W. of Greenwich ?
Variation of declination May 10, in long. 35° 50'W, additive

l, 37//
Variation of declination for gh. 30’ P. M. additive 3 44

. Sum additive § 21
May 10, fea account, is May 9, by N. A. at which time
fun’s declination - - 17 22 4%

T'rue declination May o, sh. 30’ P. M. fea account inlong.
35° 30' W, - : - 17 28 o3 N.
IXAMPLE V.

Required the fur’s declination March 26, 1804, fea account, at 3h«
P, M. in the longitude of 120° E, of Greenwich ?

Variation of declination March 26, in long. 120° E. {ab, ' 507
Variation for 3 hours ¥. M. add 2 56
Diff. is fubtraltive becaufe the greateft number is fo o 4 54

March 26, fea acc. is Mar. 25 by N.A. at which time fun’s decl. 1 g1 1IN

True declination March 26, 3h. P. M. fea account 1 46 17N

'
® In the prefen exemple, the time is OR. to. 8a.21'A. M. which evidently wants gh. 29" of e o0l of ke fradsy 0N tey
for waich time tiic dezlizanon v maatdia Table T
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Delcription and Ufe of the QUADRANT "6t
SExTaNT of REFLEXION.

B@R. JOHN HADLEY was the firft publither of the defcription of
the Quadrant of Reflexion, for meafuring angular diftances; and the ine
ftrument ftill bears his name, although it has been afcertained that Sir
Ifaac Newton invented a fimilar inflrument many years before, but never
made it public : one of our countrymen, Mr. Thomas Godfry, of Phila.
delphia, had alfo contrived an inftrument on the fame principles fome time
betore Hadley made known his difcovery. _

In the adjoined plate we have given a figure of the quadrant.; the prig.
cipal parts of which are, the graduated arch BC, the index D, the ver.
uier, the index glafs E, the horizon glaffes G and H, the dark glaffes or
fcreens H, and the fight vanes X and I.

‘T'he graduated arch BC centains only 45°, but is to be cfleemed as go°,

and fo divided, becaufe by the double reflexion the angle is doubled. ™ Each
Hegree is divided into three parts of 20 minutes each ; and the afch is num-
bered from the right to the left, beginning at o°® and ending at go°®. 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 of brafs turns up againft the back of the
inftrument, with a fcrew to it, ferving to faften the index againft any di-
vifion. The vernier is a fmall narrow {lip of brafs or ivory, fixed to that
rart of the index which flides over the graduated arclrj its ufe is to fub-
divide the arch into minutes, and in common quadrants the breadth of it
is cqual to 7 degrees of the arch, which on the Iimb of the quadrant is di-
vided into 21 equal parts, but on the vernier is only divided into 20 equal
parts ; confequently each divifion of the fcale of the vernier is greater than
a divifion of the limb by % part of one of thefe divifions, that is, by one
minute.  Therefore the difftrence between the firft divifion of the vernier
and limb is 17; the difference of the fecond divifien is 2/ ; the difference
of the third divifion is 3/, &c. And thefe divifions of the vernier are
marked in fuch manncé, that having found the lings which coincide on the
limb and vethier, the mark correfponding will be the excefs of the meafured
dngle above that divifion of the arch of the quadrant which immed:ately
precedss the mark o of the vernier.  Thus if the mark o of the vernicr
pointed exadtly to the firft divifion of the arch beétween 6° and 7°, the ar'-
gle would be 6° 207 ; if it pointed to the fecond divifion .it would be 6°
4o’ ¢ if tite mark o had pafled jaft beyond this fecond divifion, 6° 4o, and,
the mark 7 of the vernier was found to touch a mark of the urch, the angle
would be 6° 277,
* The index glals E is a piece of glifs truly ground, filvered on the back,
and fixed in a brafs frame perpendicularly to the index : its ufe is to receive
. the rays proceeding from any objed, and refiect them to the horizon glatics
I and G. At the back of the brafs frame of this glafs, are two ferews
furving to adjult the glafs perpendicularly to the index.
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The principal Parts of this Infirument are
The Index. .. ... .. . D.
The [nder Glafi . .. ..E.
The Horizon Glafses G. and. F.
The dark Glafies or Screens H.
The Sight VanesK and 1.
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The horizon glaffes F and G are fmaller picces of ground glafs, one
part of which is filvered, and the other part open or unfilvered, in order to
ook at an object through it. Thefe are fet in frames and placed perpen:
dicularly on the limb at G and F, with ferews at the back to adjuft them :
their ufe is to receive the rays of any obje@ refle€ted from the index glefs,
and again to reflet them to the eye through the holes of the fight vanes K
and I. The fight vane i, and the horizon glafs F, are ufed in the common oz
fore obfervation, where the obferver’s face is turned towards the chjetts ;
the others are ufed in the éack obferwation, in which the obferver’s back
is tutned towards the obje&s. “Lhe fight vane K, of a common quadrant;
has two holes in it ; thac farthelt from the plane of the inftrument is vfed
in obferving any obje& in the unfilvered part of the glafs ; the cther i3
ufed in obferving the obje@ in the fiivered part:

A Sextant is exadly fimliar to & quadrant; cnly the arch BC is 6o° (but
is counted 120°, by reafon of the double reflexion) the adjufiments of both
inftruments being exactly the fume.  the fexrant being defigned for more
accurate obfervations than a common quadrant, there is generally a greater
degree of attention paid to make the work dccurate, and to add fuch things
as render it more convenient for ufe : among thefe additions, are (1) the
{crew fixed at the lower end of the index to regulate its motion ; (2) the
telefcope to dire@ the fight and magnify the objects, and (3) the handle to
hold the fextant.

To adjuft the quadvant or fexiant for the fore obfervation:

Firt. The index glafs muft be perpendicular to the plane of the quad-
rant, To do this, you mift hold the index glafs near the eye, and look
right down the quadrarit in fuch manner as to fée the arch of the quadrant
diret, and at the fame time reflé@ted by the index glafs ; then if the arch
feen direct, together with its reflefted image, appear to be in ong line, the
index glafs is truly adjufted ; if not, it muft be reQified by means of the
ferews placed at the back of the index glafs ; it is eafy to difcover which
way the inclination is, by prefling the index glafs with your thumb while
you abferve the arch. )

Secondly, The Korizon glafs muft be perpenditular to the planc of the
inftrument.  To effet thisy you muft (after adjufting the index glafs) hoid
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 ce-
incide with the diiet image ; if it does, then it ftands perpendicular ; but
if it fall above or below, it mult be adjufted by the ferews of the glafs <o
fet it perpendicular.

Thirdly. The horizon glafs muft be paralle]l to the index glafs when
o on the vernier flands againft o on the limb, To efie® this, you muft
fet the index to o, and bring the image of any difiznt cbie&t 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 fellowing manrer: hold the
plane of the quadrant vertical, and, by the lever on the back, bring the
image of the horizon to coincide with the horizon feen direttly a: the
edge of the filvered part of the glafs, and this adjuftment is completed;
Inftead of fixing the glaffes parallel in this mannery you may examine the
errorof the adjuflment;or index error, and allow iton all the meafured angles.
"The index error is found as follows : hold the inftrument in a vercical po-
fitien, aud move the index tilk the refiefted image of the horizon, feen in

S
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the filvered part of the horizon glafs, forms a ftraight line with the direct
image of the horizon feen in the unfiivered part; thea the number of min-
utes by which o on the index differs from o on the arch, is the error of the
infirument. If o on the index be to the left band of o on the arch, that
pumber of minutes is to be fubtra&ed from all obfervations ; but if it ftand
off the arch, or to the right hand of o on the arch, it muft be zdded to the
obfervations.  Inftead of the horizon you may imake ufe of the moon or
{0, by bringing the direét and refletted image of their limbs together, and
by tliis means difcover the index error as in the former method.  There is
alfo another very accurate way of finding the index errcr, 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 coiucide with the lower, and note
the angle on the arch of the quadrant or fextant ; then move the index to
the right hand of 0 on the arch, fo as to bring the lower limb of the fun
.to ceincide with the upper, and not- the angle® on the extra or right hand
limb of the inftrument ; half the difficrence of thefe two angles will be the
truc correétion, or the index error. 'This correion is to be added to ail
the angles when the diameter meafures moft on the right hand of the arch ;.
but if 1t meafures leaft on that arch, the correftion is iubtrattive. Thus if
it meafured 38’ on the arch, and 26’ on the cxtra arch, half the difference:
oi thele two, or ¢, is the corre&tion fubtra@ive.

Fourthlv. There is another adjuftment neceffary in nice admeafure.
mants, particularly in meafuring the lunar diftances to determine the lon-
gitude. This adjuftment confitts in placing the telefcope parallel to the
‘plancof the inftrument.  The method of doing this, is by meafuring the
angular diftance of any two objects (as the fun and moon) diftant above
go degrees ; in doing of which, the wires in the focus of the eye-glafs of
.the telefcope muft be firft placed paralle! o theplanc of the inftrument ; then
the index muft be moved; and the fextant held in fuch a pofition, that the
refiefted image of the fun may appear in nice conta&t with the moon oa the
cenire of the wire neareft the fextant ; then taking care that the index is
not the leaft moved, dire@ the telefcope, in an inftant, fo that the images
may appear in the centre of the outer wire which is fartheft froin the fex-
tant,. and if the conta® appear the fame at this wire, the axis of the tele.
feope is parallel to the plane of the fextant ; on the contrary, if the limbs
of the objelts appear to feparate or lap over at the wire which is fartheft
from the foxtant, the telefcope is not parallel, and muft be correfted by
tarning-one of the two fcrews of the riag into which the telefcope is ferew-
ed and fixed, having previoufly unturned the other ferew 5 and this meth-
ol mutt be putfued until the dittance of the objells is found perfediy the
,fame on cach wire, which ftands equidiftant from the centre of the tele.
fcope and parallel to each other, in which cafc the axis of the telefcope will
be cxally paralle! to the plane of the fextant. Then you may proceed to-
meafure the angles for the cbfervations, obferving to bring the limbs of the
“objetts in exalt contad, in the centre, between the two wires beforemen.
tioned, and never above or below.

As the adjiftment of the parallelifin of the telceope is often negletted in
tzking a lunar obfervation, Ifhall make a few remarks upon the fubjedt,
in order to fhow the necefiity of guarding zgainft the error arifing from this
fource. In meafuring any angular diftance by a quadrant or {extant, the

* 1o 1cading off the degrecs and minuzes of the extra arch, vou ma® otferve that the minutes Jenoted by the vervier muft be .
£aotratted te om the degeec; and minutes denoted by that maric of the aich wdiza fall fmmediawdy o e right haad of o v the
veruier; e fencinde: will bu e tiae value of the cata arch,
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ey of the objeraer ought to be at sthe fame difiance from the glane of the ix.
Srument, os that point of the korizon glafs avhere the objefls are feen i con-
2ad ; if the cye be more or lefs elevated above that plane, the angular dif-
zance (hewn by the inftrument will alsvays be too great 5 the quantity of
this error may be eftimated by means of the adjoined tabie, in which the
numbers at the top-reprefent the angle formed by a parallel to the plane of
the inftrument, and the line drawn trom the eye of the obferver to the point
of contat of the horizen glafs ; the numbers ac the left fide are the angular
diftances méafured; the
correfpending  nuinbers

? . . i Angle of elvvation
‘ha - Diftance ! S ¥ vy L ‘\
arle | the ;io'nc&_xonls, ML g 0057 | 1926' | 195" | 2023 | 2% |
WhiC 1,"."6-,” Rpars fo be meafursd b Llevatson 1o hundredths of an inch
ihiraded from the obl [T o : ’
Subiradied 4 - h_s i 1o f t5 j 230 1 25 |_3°
ferved diftances.  In. [zl = =
ftead of the angle of el |_P & fm & s g 8 pmes 0 S
evation given in the top 3_‘2_: o _4:'°1s tossle 171364238
cclumn, we may ufe the 10 |0 sioar|oartta 21513 7
. - . H 1
differcnce of elevation g0 llo 710271 01i47.24714 O
. M —=T ! —_
wprefled in hundred:h 6o fo 8 {o 30314212 3261457
parts of an inch, in the 70 {o 10040 | 130|2401410[6 o0
fecond horizental col- %0 012 048! 148131215 01712
u':;)nl, the corge(pogd}ng T ‘_°__5_7__‘ 2 9| 3490557 |5 34
tabular numbers being oo o a7 | 8 |2 3a i 43317 6 1o 13
the correétion of a com- |— o o307 2213 a1 s 2 830 2t
mon fized inftrument, — M'j " } v | ,f, (, i 5 19 |is 50
in which the diftance 120 25113913543 03019190145
between the eye of the
OLI‘-\

bferver and the proper point of conta& of the horizon glafs is 6 inches. 1f
that dittance be greater or lefs than 6 inches, the numbers of the table muft be
vatied in the inverfe proportion of that diftance. ‘Thus if the angic of ele-
vation is 2° g2/, and the diftance meafured is 100°, the corretion corref-
ponding wiil be 10’ 137, to be fubtralted from the obferved diftance 100°.
if the clevation of the eye is one-tenth of an inch above the poiit of con-
ta&, the corre@tion for an obferved diftance 120° will be 1/ 39 for a com.
mon fized inftrament ; but it the infirument be finall, % that the diftance
of the eye from the point of contaét is only 4 inches, this corre€tion muft.
pe increafed in the ratio of 6 to 4, and will therefore be 2/ 297,

The angular diftance of the wires of the telefcope is ufefui in efiimating
the corieflion to be taken from the preceding table. ‘This angle may be
meafured in the following manner : fix the teicfcope inthe fexiant fo that
the wires may be perpendicular to the planc of the inflrument, the index

being fixed at o, hold the infirument in a vertical pofition, and fix the in-

Lata
dex fo that the direét and refleted image of the horizon may appear in the
{fame line, which it will do when the index 1s at o, if the spftrument is
rightly adjufted ; then move the index till the reflefted image bo at ons
wire, and the dire® image at the other ; the angle moved through by the
index, as thewn by the divifions of the arch, will be the anguier diftance of
the two wires ;* half of which will be the elevation of the upper, cr de-
preflion of the lower wire (ihey being plzced at equat diflances from the
axis of the telefcope, which is fuppofed pasallel to the plané of the inftru.
ment.) Thas if the arch faewn by the udex is 2° 527, its half, or 1° 26/,

® This may allo be obtained Ly bring'nzihe dizeleimage of the fun go: any diflant objete, at onc ware, 3nd o reliciied ie
age At die wthur, inflead ot making ule vt e bosizea. ‘
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will be the elevation of the upper wire : if the contaét of the obje@s be
obferved at that wire, and the meq{urgd diftance is 50°, the tabular correc-
tion to be {ubtrated wili be 1748, If the contatt be obferved mid-way
between the centre and outer wire, the angle of eievation will be the half
of 1° 26, or 43’ ; the tabular correétion corre(yondmo to this elevatlon
and the diftance 80° is about 29”7,

Moft navigators have ooﬁ.rved that when the fun is near the zenitk, his
obferved meridian 3ltxtuae, and the latitude deduced therefrom, are often
erroneous ; the chief fource of this error is the correftion we have juft fpo-
ken of. For if the fun’s altitude was §0°, and his i image was f{een at the
horizan glals (in contalt 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 ob’mved altitnde ( by a common fized inftroment) would be too
great by 77 12, as is evident {rom the table. This fingle exz mple fhows
The neceffiz ty of attecding to this corre@tion, when t"L'ng 2n obfervation ta
determine the latitude by an 05jed near the zenith.

To take the altitude of the fun by the fore obfrruation,

If the {un is bright, turn down the fcreens; hold the inftrument ver.
tical, and turning towar:is the {un, direét the i ight to that part of the hori-
zon beneath it, and moving the index you may bring the image of the fun
towards the horizon ; if the image fhould be faint you may tirn back the
fcreens tq fee the better. Then’ fwing the inftrument backwards and for-
wards, makmg your eye the centre of motion, keeping the fun in that part
of the Horizon glafs which is at the fame diftance as the eye from the plane
of the quadrant, and kecp moving the index at the fame time till the fun’s
lower edge juft touches the horizon ; the apparent altitude of the fun’s
lower linib will be had at that inflant on the arch of the quadrant. To
this obferyed altitude muft be applxed the five following correftions. (1)
“The index error, if there be any. (2) The refra ftion, which is to be fub-
trated.” (3) ‘Lhe parallax, which is to be added. (4) The dliOf the
hornzon, which is to be fubtra@ed. (5) The femi-diameter of the fun,
which is to he added when the lower limb was obferved, but fubtyatted
when' the upper limb was obferved. Thefe corretions being praperly ap-
plied, you will obtain the true altitude of the fun’s centre, But it may be
obferved, that it is coftomary at fea to add 12 miles to the obferved altiv
n.de, for the femi-diameter, dip, and Para‘lax.

To taks the aliitude of the moon by the fore oafervation,

" The mocn’s altitude may be taken by the fore obfervation, exa&tly ix the
fame manner as the {un’s altitude, ‘only here you muft bring thet edge of
the moon into conta&t with the horizon which is ropnd an§ well deﬁncd
whether it be the upper or lower edge, and the fame corretions muft be
applied as to the fun’s aititude, viz. (1) Index error. (2] Parallax and re.
fra&ion from Tab, X VIII.* tobe added. ( 3) The mcon’s femi.diameter is to
be found in page 7th. of the month of the Nautical Almanac, and corretted
f’or the augmentation Tab, XVI.; this corre@ed femi.diameter is to bc
added if t‘le lower limb was obferved, but fubtracted if the upper limb was
obferved.  (4) The dip of the horizon is to be fubtratted. Thus you
will obtain the corre} altuude of the moon’s centre.

#The herizontal parallax of the moon, which is one of the arguments of this table, is found in page 718 of the month ofthl
Qubuncnl Almanac. The vther arguiacit aua, wie apparent altitude of l.hll past of dn: moon which was ubferved.
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To find the altitude of @ flar by the fore obfervation.

Set the index at o, and holding the plane of the quadrant vertical, dirc&t
the fight to the ftar, and at the fame time look for the refleCted image of the
flar in the filvered part of the horizon glafs; move the index a little,
which will feparate the refleCted image from the dire® image, the former
being diftinguithed from the latter by its motion ; continue to advance the
index, and follow the refleted image with your eye, direfting the fight
lower and lower, and changing the pofition of the quadrant, as the ftar’s
image defcends, till you have brought it down to the horizon ; then you
muit {wing the quadrant, as in obferving the fun, to fce that the ftar does
not dip betow it; the index will then fhew the obferved altitude of the ftar:
this atritude muft be corre@ed, (1) for the index error; (2) the refraition
to be fubtraéted ; (3) the dip to be fubtradted ; and you will have the true
aititude of the ftar ; for none of the ftars have cither femi-diameter or par
allax, worthy of notice,

To take the meridian altitude of an objef.

In places where the object does not fet, it comes to the meridian twics
in 24 hours ; once above the pole at its greateft altitude, and once below it
at its leaft altitude, To obferve the greateft meridian altitude, you muft
begin a few minutes before the time of paffing the meridian, and obferve the
aititude from time to time; when it remains for fome time without any
contiderable increafe, you mult be attentive to obferve the coincidence of
th: object with the horizon till it perceptibly dips below the cdge of the
fea; the quantity thus obferved is the greateft meridian altitude. But
wiien you want to obferve the leaft meridian alritude (below the pole) you
muft begin a few minutes before the time of pafling the meridian, and ob-
ferve from time to time till you obtain the leat altitude. In making thefe
obfervations it would be convenient to have a watch well regulated, by
which youcould tell within a minute or two when tobegin your obfervations.

To meafure the diffance ketaween the fun and moon.

Turn down one of the fereens, 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 of the horizon glafs, and keeping her there, move the
index gently until the fun’s image is brought into the fame part of the
horizon glafs; bring the neareft limbs of both objects into contalt; 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. Move the index until their limbs
exaltly 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 of contaét of the moon’s limb in the centre of the telefcope,
or at the fame diftance from the plane of the inftrument that the eye of the
obferver is.

To meafure the diflance betaween the moon aud a flar.

Turn down the green fcreen if the moon is bright, and divedt the plane
of the inftrument through both objeéts ; look at the far through the tranf.
parent part of the horizon glafs ; keep it there, and bring the moon’s im.
age into the fame part of the glafs; lec the ipftrument 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 cnlightencd limb of the moon, whether it be the neareft
or fartheft from the ftar, muft be brought into contaét with it; the point
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of conta® being in the centre of the telefcope, or equally diftant with the
eye from the plane of the inftrument.

_ When the objeét to be feen by reflexion is to the right hand of that {een
direétly, the infirument is held with its face upward ; but when the obje&
16 b¥ feen by Teflexion ‘is to the left hand.of that feen direétly, the inftru-
sment is Keld Wwith its face downward. ’

A readintfs in the ufe of the quadrant and fextant is beft gained by prac-
tice, which the learner may render familiar té himfelf by obferving the an-
gular diftance of objets on land, or by candles placed in various pofitions
ofaroom. -~ ¢

All the precading dire&ions refer to the fore obfervation, we fhall now
add a few remaris on the meihod of adjufting and obferving by the back
obfervation, ' )

) 70 adjuff the quadrant fer the back obfervation.

(r) The index glafs muft be fet perpendicular to the plane of the inftrus
ment as in the fore obfervation. (z) "Lhe horizon glafs G muft be fet per-
pendicular to the plane of the guadrant, by taking off the fore fight vane
and moving the index off the arch of the quadrant till the image of any
diftant objeft (as the horizon of rhe fea) and the objet itfelf lie in a line
perpendicular to the plane of the quadrant, and then this part of the adjuft-
ment is made the fame as for the fore horizon glafs, by bringing the image
and objet together by the two ferews of the glafs. , (3) The other part of
the adjuftment is to {et the piane of the back horizon glafs perpendicular to
the plane of the index glafs when o of the vernier ftands againft o on the
Yimb; this is done as follows @ fet the index on twice the dip of the hori-
zon (found in Tab. XIV.) to the right hand of o on the arch ; then,hold-
ing the quadrant vertical, look at the fore horizon, direftly at the edge of
the fiivered part; and by means of the lever on the back, bring the image
of 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 of the fun’s
lower Limb (which in this cafe appears the uppermoft) and if that limb juft
touches the horizon, the index glafs ftands right ; but if it do not touch,
you muft make it to do fo, by means of the lever on the back, and the ad-
jultment is made. I'his lait method of adjufting muft be done quickly,
before the fun feniibly alters in altitude ; and may be frequently repeated
to make the fore «nd back obfervations agree.

To take the fun’s altitude by the back obfervation. .
- Put the ftem of the fercens B into the hole next the horizen glafs G,
ufing them according to the firergth of the fun’s rays.  Then, the back
being turned to the ftn, hold the inttrument in a vertical pofition with the
arch downwards ; put the eye clofe.to the hole in the vane I, look for the
horizon through the traniparent flit in the glafs G ; with the right hand
move the index, uniil the imzge of the fun, feen in the filvered part of the
ghefs, ftands even with the horizon, feen through the tranfparent flit, ufing
cither the upper or lower cdge of the fun as is moft convenient. Swing
your body gently to the right and left to fee if the fun’s limb juft touches
the edge of the horizon ; 1f it does, the obfervation is well made ; and
the degrees read off will be the zpparent altitude of the fun’s limb.  The
altitude of the moon or a flar is obrained in the fame manser, only obferv.
ing to bring the round edge of the moon to the horizon. The altitude ob.
tained ia this manner reqaires the foilowing corrctions, viz. (1) The dip
muft be added, (2) The refraftion fubtratted, (3) The parallax added
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{4) The femidiameter of the fun or moon muft be fubtraQed, if the lower
limb was obferved ; but added if the upper limb was obferved. ‘lhe re-
fra&ion and parallax of the moon is found in Tab. X VIIL. The fixed fars
have no {enfible parallax or femidiamerer.

The back obfervation is but lictle ufed, upon account of the difficulty of
adjufting and obferving ; various remedies have been propofed for thefe de.
feéts, but none have yet been generally adopted. The back cbfervation
of the altitude of any object is ufeful only when there is not an open hori
zon for the fore obfervation ; but even in this cafe the fore sbfervation
might be often ufed, provided you know the diftance of the horizon, for
the dip correfponding might be taken from Tab. XVII. and the true aiti-
tude obtained. With a foxtant you may obferve any altitude abote 60°
by the back horizon, this altitude being correfted for tue dip and femi-
diameter, as in the forc obfervaiion; and fubtracted from 180°, leaves the
apparent altitude, which leffened by the refraftion, leaves the true altitude ;
this method I once made ufe of to determine the fun’s meridian altitude,
when near Cape Cod looking out for the land ; the fun fhone bright and
the northern horizon was clear, but it was fo foggy ro the fouthward that
it was impoffible to fee a quarter of a mile,

Adwice to framen in the chotee of their guadrants or foxtarnts.

The joints of the frame muft be clofe, without the lealt opening or loofe-
nefs, and the ivory on the arch and vernier inlaid and fixed, foas not to rife
at the ends, nor above the plane of the iuftrument ; all the divifions on the
arch and vernier mult be exceeding fine and ftraight, fo that no two divi-
fious of the vernier (excepr the firlt and laft) may coincide at the {anie time
with the divifions of the arch.  All the glafles belonging to the quadranc
faould have their furfaces perfaétly plane, and their fore and back {urfaces
exaltly parallel ; to examine the index or horizon glafs,® you muft hold it
about 10 or 1z inches from the eye, and looking flantways obferve the im.
age of fome diftant object ; if the image appears clear and diftinét in every
part of the glafs, it is good ; but if it appcar notched, or drawn with finail
Lines, the gtafs is veiny, and muft be rejeCted ; if more than one unage is
zen, thefurfaces are not parallel, and the glafs muft aifo be rejected. To
examine the dark glafles, you maft bring the image of a bright diftant ob-
jett to coincide with the objet feen direétly ; examine their coincidence
through the different dark glaffes, and if they do not {eparate they are pro-
bably not defettive. Or you may turn the glaffes (if pefible) in their
celis, and if there be no feparation, they are perfett.  If you cannot turn
them in their cells, you may place them at various angles with the index
glafs, and fee if there be no feparation.  In making this obfervation, you
mult be careful to take objeéis whofe angular diftance decsnot vary during
the time of obfervation. If you ufe the tume dark glaffes in the obfcrva.
tion as in the adjuftment, there can be ne error in the obferved angie.

Various improvements have been made in the confirnétion of quadiants
and fextants ; the moft remarkable is that made by exzending the graduated
arch threugh the whole circumference ; an infiruisent of this kind is cailed
a errcle of reflexion and has many peculiar advantages, but not being gere-
rally ufed, we fhall not kere give a defeription of 1t. - e

t

® A {mall erear in thé faralle)ifm of the furfaces of the horizon elafs will nrt —a
wngle of sucidence is neany the fRme in aii cLfervarons ; ondit tr 0¥ greati -, the sarfoces o ere index plafs ex.
altly parailel, passicaleriy in m=afl greacanzaiar dittac coe.  To pesne defeis ul paiabentia, e MaGelyur recon..
aeads she udix gials to be ieft 2ndivered on the Sack, ad made fough 2 6 biacaed.

aTef v realred angle, Pervafe the
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VARIATION or o COMPASS.

R

IT was many years after the difcovery of the compafs, before it was even
fufpeted 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 fixtecnth century, obfervations were made in
England and France, which fuily proved that the needle pointed to the
eaftward of the true north. This difference is called the wariation of the
compafs, and is named eaff when the north point of the compafs {or magnezic
north) is to the eaftward of the s7ze north; but when the deviation is to
the weft of the true north, it is called vef wariation. The quantity
of this variation is found by obferving with the compafs the bearing of any
celeftial objedt when in the horizon (or, as it is called, the magnetic ampl:.
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 of any celeftial obje@ (that is, its bearing by the compafs
when elevated above the horizon) ; the difference between this and its
erue azimuth found by calculation, is the variation.

Seme years after the difcovery of the variation, it was found that it did
10t remain conftant ; for the eafterly variation obferved in Engiand grad.
ually decreafed, till the necdle pointed to the true north; then 1t increafed
10 the weftward, and is now above two points.

As all the courfes fteered by the compafs muft be correted for the varia.
tion, it is of great importance to the navigator to know how to find it at
any timc ; to do this, it is neceffary to find the amplitude or azimuth of a
celeftial objett, which may be done as follows :

To obferve an amplitude by the azimuth compafs.

When the centre of the fun is about one of his diameters* above the
horizon, turn the compafs round in the box, until the centre of the funis
feen through the narrow flit which is in one of the fight vanes, exaltly o
the thréad which bifects the flit in the other; at that inftant pufh the ftop
which is in the fide of the box againft the edge of the card, and the degree
and patts of a degree, which ftand againft the middle line on the ftop,
are the magnetic amplitude of the fun at that time ; which is generally reck~
oncd from che caft or weft point of the compafs.

To vbferwe an azimuth by the azimuth compafs.

Turn the compafs round i the box until the centre of the fun is
{zen through the narrow f{lit, which is in one of the fight vanes, exaitly
¢n the thread which bifects the flit on the other ; or until the thadow
<{the thread falls dire@ly along the line of the index & when either of

- thele is effetied, pufh in the ftop againtt the edge of the card, and that de.
gree and parts of adegree, which ftand againft the middle line of the fop, are’
the magretic azimuth of the funat that time, whichis generally reckoned fromr

® The ohlervazion is made at this elevation upd'a azconn? of the horizanaal refrafian, which is nearly equal 1o the fun's Jifu-
oter.  For gre]sravcuzacy, you may ax- the mean of tiree or four obf-ovativns tefore and after the fun patics thacaliindes
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the north in nerth latitudes, and from the fouth in fouth latitudes. At the
time of making this obfervation, you muft alfo obferve the altitude of the
fum, in order to obtain the true azxmuth.

What is here faid of the fun, is in like manner to be applied to the moon
and ftars.

To find the true am;‘:?itude‘.
RULE.

By Locaritevs, To the fecant of the latitude (rejecting 10 .in the
index) add the log. fine of the fun’s declination ; the fam will be the log.
fine of the true amplitude, or diftance of the fun from the caft or weft pomt,
towards the north in north declination; but towards the fouth in fouth
declination.

By Inspecrron.  Find the déclination at the top of Table VIII.
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 of latitude and declination.

EXAMFLE I
Required the fun’s true amplitude at rifing, at Annapolis (Maryland) on
the 22d December, 1804.

By Logarithms. By Infpection.

Lat. of Annapdlis 39° o’ log. fec. 0.10950| Under the declination 23° 28° and oppofite
Sun's declination 23 28 log. fine g.60012fche latitude 399, ftands the true amplitude
——|30° 49"

True amplitude 30 49 log. fine g.70962
Hence the true bearing or amplitude of the fun at rifing is E. 30° 49’ S.
and at fetting it is W. 30° 49’ S,

EXAMPLE TJI.

Required the moon’s truc amplitiidé at fetting; off Cape Hatteras in the
latitade of 35° 8 N. when her declination is 13° N.

-

By Logarithms. By Infpeion.

€ape Hatteras' Lat, 35° B log. fec. o, 08734 Under the declination 13°, and oppoﬁto the
Moon’s dectination 13 o log, fine g. 3szodlnat|tude 359, ftands 15° 56‘, which is nearty

e ithe true amplitude : the exaét value may be
Trut amplitude i3 58 log. fine 9.43y43ifound, by finding the amplitude for 36° lat,

and proportioning the difference for the odd
Hence the true amplitude at fettmg is|miles in the laticade.

W. 15° 58" N. and at sifing E. 15° 58" N.

EXAMPLE IIIL

churcd the fun’s true amphtude in the latitede of 42° 3¢’ N, when
the fun’s declination was 20° N.

By Log:!rztlm:. Bj Iﬂﬁcé?ioﬂ.

Latitude 42° 30" log. fec. 0.13237] Under the declination 2¢°, and oppofite the
Sun's declination 20° N, log. fine g.53405|latitudes 42° and 43°, ftands 279° 24’ aod

~—————127° §37; the mtan of thefe gives the true am-
True amplitude  27° 38" Jog. fine 9.666.42 plituic fur the latitude of 429 jo' == 279 38",

Hence the amplirade at fettiog is W.z5 738" N.
adat rling E. 25 3¢' N,

L
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Ts find the true azimuth at any time.

At the time of obferving the magnetic azimuth, you muft alfo obferve
the alcitude of the objeét ; this muft be corre€ted as ufual for the dip, pars
allax, refraction, &c. in order to obtain the true altitude : you muft alfo
find the declination of the obje@, and the latitude of the place of obferva-
tion ; and then the true azimuth may be calculated by the following rule.

Rure. Add together the complement of the latitude, the complement
of the true altitude, and the polar diftance* ; from half the fum, fubtra& the
polar diftance and mote the remainder. Then add together the log co-fecant
of the co.latitude, the log co-fecant of the co-altitude, the log fine of the
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 deubled
gives the true azimuth, reckoned from the north in north latitudes, but
from the fouth ia fouth latitudes.

EXAMPLE I,

Inlatitude ¢1° 32’ N. the fun’s true altitude was obferved to be 397287,
-his declination being then 16° 39" N. ; required the true azimuth 2

go° 0o’ g0° oo’
Altitude 39 28 Declination 16 37
90° oo’ Co.alts 50 32 Polar dit, 73 23

Latitude 1 32N, -

Co.lat. 38 28 Co-fecant 0,20617
Co-alt. 50 32 Co-fecant 0,11239
Polar dit. 73 z3

Sum 162 23

7 Sem 81 11 Log.fine 9,99484
Polar dift. 73 23

Remainder 7 48 Log. fine ¢,13263
19,44603
3 Sum Log. eo-fine §8° 06" 9,72301
2
True azimuth 116 12 from the north,

The logarithm g.72301 in this example, is aifo the co-fine of 121° ¢47%
which being doubled gives the azimuth = 243° 48'; and it is evident
that this value is the fame as the other, for 24.3° 48’ counted from the north,
wefterly, is the famc as 116° 12/ counted from the north, cafterly.

* The polac difzace of the fun, moon or far, it the diftance from the clevated pole ; and is found by fubtra@ing the dezlination
of ‘be ubjett fruin yo©, when the Jutitude andydeclination are of the fame namc, but by adding it 10 §o% when thuy ase of ditlerent
Tasues,  * -
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EXAMPLE IL

In {atitude 42° 16" N. the fun’s altitude was obferved to be 18° 3¢, his
declination being then 7° 387 S. ;.required the true azimuth ? ‘

go® oo’ - go® oo’
Altitude 18 40 Declination 7 388,
90° 0o’ Co.alt, 71 20 Polardit. g7 38

Latitude 42 16 N.
Colat. 47 414 Co-fec. o,13076
Co-alt, 71 z0 Co.iec. 0,02347
Polar dift. g7 38 :

Sum 216 42

TSum 108 21 Log.fine 9,97734
Polar dift. 97 38 & 97

Remairder 10 43 Log.fine 9,26g40

Sum 19,400G7

1 Sum log. co-fine §9° $3'=9,70048
> )

Trueazimuth 119 46 from the north.

QUESTIONS TO EXERCISE THE LEARNER.

Queftion 1. Given the fun’s altitude corre€ted for dip, refra&tion, &c.
20° 46, his declination 17° 10’ S. and the latitude of the place 40° 38’ N.
gequired the true azimuth 2

Anfawer.  137° 50/ from the north.

Quefion 11, What is the fun’s azimuth in the latitude of 26° 30/ N. in
the forenoon, when his corre@t central altitude is 24° 28/, and his declina.
tion 22° 40/ N. ?

Aufawer.  75° 44" from the north,

Queftion 111, At the ifland of St. Helena, the fun’s true central altitude
was obferved to be 30° z2/ in the forenoon, his declination being then 22°
§8/S.; required the azimuth at that-time 2

Anfawer.  72° 21/ from the fouth.

Queflion IV. What true point of the compafs will the ftar Aldebaran
bear on, at the Cape of Good Hope, January 1, 1804, when its corrett alti-
tude is 22% 2572 '

Aufaver. 130° 20’ from the fouth. The anfwers to fome of thefe quefs
tions differ 1/ og 2 from the value§ obtained by taking the logarithms to
Leconds.

Hawing the txne and magnetic amplitade or azimuth, to find the wariation,
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 of any celeftial object is reck-
oned from the caft or weft point of the horizon, and is called north when to
the northward of thoft points, but fouth when to the fouthward. Theazimuth
is reckoned from the north in nerth latitudes, but from the fouth in {outh
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latitudes ; when it falls on the eaft fide of the meridian, it is named eaft,
but when on the wett fide, is named wet. If the obferved and true ampl;.
2ude be both north or bath JSouthy their difference is the wariation ; but if one
e north and the ather jouth, their fum is the variation ; if the true and ob.
Jerved azimuth be both eaft or both awefl, their difference is the wariation,
otheravife their fum ; and the variation is eaflerly, <when the point of the

compafs reprefenting the true bearing is to the right band of the point repre-

JSenting tie magnetic bearing, but is weflexly aphen ia_t/:e left pand.

EXAMPLE L

Suppefe the fun’s magnetic amplitude at’ rifing is E. 26° 12/N, the true
amplitude is E. 14° 20" N. required the variation ?

From the greater E.26°12'N,
Take the leffer * E.14 20N/

Remains variation 11 g2 E,

The variation in this exam-
ple is eafterly becaufe the true
amplitude falls to the right of
the magnetic, and confequently

the magnetic pole falls to the
eaftward of the truepole ; as is
evident by the adjoined figure,
which reprefents the compafs
on which thofe amplitudes are’
marked, and which needs no
defcription, '

EXAMPLE 1L

The moon’s true amplirude at rifing

was found to be E. 15° 20’ N. and her
magnetic amplitade E, 10° 08, 're-
quired the variation ? o

True amplitude

E. 15% 20’ N.
Magnetic amplitede

E. 10 oS.

The fum is the variation 25 20 W,

EXAMEPLE 1V,

The ftar Aldebargn was .obferved|

at rifing to bear by compafs E. N. E,
when his true amplitude was N.E.
by E. required the variation ?

Trueampl. N.E.byE. orE.33°4¢'N,
Mag. ampl. E. N.E. orE.22 ;0N.

Difference is the variztion 17 1gW,

EXAMPLE 11

The fun’s true azimuth being N,
80° E. and his magnetic azimuth N,
60° E. it is required to find the vaq
riation 2

(True azimuth N. 80°E.
Mag. azimuth N. 6o E.
Diff. is the variation 20 E.

EXAMPLE V.

The true amplitude of the planet
Jupiter was E. 10° N. when his mag-
netic amplitude was E. 20° S, required .
the variation 2. © :

True amplitude E. 10°N,
Mag, amplitude E. 208,
Sum is variation 30° W,
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The variation thus found, is to be allowed in all courfes freered by the
compafs in order to find the truc courfes ; to make this allowance, you mu®
look towards the point of the compafs the fhip is failing upon, and allow the
variation from it, towards the right hand, if the wariation be eaft ; but to
the left hand, if the wariation be aweff.  Thus, if the (hip fteers S, E, with
one point wefterly variation, the true courfe is S. E. by E. if the vari.
ation be one point eafterly, the courfe is S. E. by S.

In the follawing table is colleéted a few obfervations of the variztion,
made at different times, and in different places.

{ Longitude Year of; . . i
. Places obferved at. | Latitude.{ from |Obfer- g}?;l::;?iq
London. [vation. < ‘

Cambridge, (Mafl.) | 42°23’N.| 71° 3W.| 1708 | ¢°> o' W.
: 17424 8 oW.
1757 7 20 W.
1761 | 7 14 W.
17631 7 oW,
1782 | 6 46 W.
Bofton. 42 23N.| 70 §8W.l 17421 8 oW.
Beverly. 42 36N.| 70 soW.] 1781 { 7 2W.
London. 51 32N} oo 1580 | 17 15 E.
1672 | 2 30 W.
: 1780 | 22 41 W,
Paris. 48 s1N4 z 25E.{ 13550] 8 oE.

1660 o o
: 1769 | 20 o W.
Funchal Road. - 32 38N 17 sW. 1792 | 18 35 W.

St. Cruz Road. 28 28N.| 16 21 W] 1792 | 17 50 W. ~
Bonavifta. 16 6N.| 2z 41 W, 1792 | 12 36 W.

St. Jago (Praya Bay) | 14 s6N.| 23 24 W.| 1769 | 11 10 W.
1792 | 12 48 W.

Ifle of May, 15 10N 23 coW.! 1792 | 12 oo W,
Afcenfion, 7 §6S.] 14 16W.| 1678] 1 okE.

1776 | 10 45 W.
St. Helena, 15 558.1 5 46W.} 16771 o 40 E.

1776 | 13 15 W,
' 1794 | 16 16 W.
Rio de Janeiro. 22 §548.1 42 38W.| 179z | 4 55 W.

Triftan d’ Acunha. 37 6S.1 11 38W.| 1792 ] 7 oW.
Cape of Good Hope. 34 29S.| 18 29E. | 1776 | 21 o W,
Cape Lagullas, 34 44S.] 20 15E.| 1600 | o o

1692 | 11 o W.
1776 21 40 \V.
1790 | 23 30 W,
Ifle of Bourbon, 2

o 528.| 55 36E. | 1795 | 15 33 W.

Bombay. 18 57N 72 43E.| 1676} 12 o W,
Java Head. 6 458.|104 55E. | 1676 { 3 10 W.
) 1786 | o ¢4 W.
Batavia. 6 10S. 1106 57E.{ 1793 | o 50 W,
At Sea, 29 1oN.| 28 47 W.| 1795 | 156 0o W.
At Sea. 27 coN.| 23 38 W.l 1795 ' 15 44 W.
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Longitude [Year of; Variation

Places obferved at, Latitude. from Obfer- Obferved
London. |varion. '

At Sea, ) °28'N.f 20°43'W.| 1795 | 12°%5'W.

I5
At Sea, 12 14 N} 20 co W.f 1795 | 51 39 W.
At Sea, 9 47 N.[ 20 10 W} 1795 | 11 48W.
At Sea. 8 54 N.j 20 10W,f 1795 | 10 50 W,
At Sea, 5 46 N.) 20 49 W} 1795 | 11 0O W,
At Sea, 3 16 NJ 21 22 W[ 1795 | 10 47 W.
At Sea. o o 24 15W.| 1793 8 43 W.
At Sea, 2 335. | 24 49 W.| 1795 7 os W.
At Sea. § 485, 26 49W.| 1795 5 24 W,
At Sea, 7 595. | 27 49 W.| 1795 4 14 W,
At Sea. 9 275. | 27 50 W.| 1795 3 33 W,
At Sea. 13 195, 1 26 53 W.I 1795 3 54 W,
At Sea, 19 47 8. | 25 51 W 1795 2 oW,
At Sea, near Trinidad.| 20 28 S. | 28 39 W.[ 1796 z 35 W.
At Sea, 21 328, | 25 22 W,| 1795 2 25 W
At Sea, 23 43S. ] 23 40 W.| 1795 z 51 W,
At Sea, 28 118, | 18 40W, 1795 | 5 28 W.
At Sea, 3505S. 1 5 55sW. 1795 | 11 10W.
At Sca, 36 385. ] o 20 Ef 1795 | 13 490 W.
At Sea, . 36 128, | 4 21 Ef 1795 | 15 19 W.
At Sea. 37 208. ] 7 30 El 1795 16 57W. |
At Sea. 36 45S. } 19 32 EJ 1795 | 24 33 W.
| At Sea. 2r §45. 1 53 46 E 1795 | 13 59 W.
-,LAt Sea. ) 32 30W.d 179¢ 3 oW,

By the preceding table it appears that the variation at Cambridge, in the
ftate of Maflachufetts, is decreafing at the rate of about 1 minutes per year ;
at London and Paris it is increafing 10 or 11 minutes per year ; and off
the Cape of Good Hope it increafes annually about 7 minutes.

Ships {ailing for India, generally endeavour to crofs the equator betweeny
the longitude of 18” and 24° weft. The variation at the latter place was
8% 43 W. in the year 1795, as I bave found by repeated obfervations, its
annual increafe being about 6 minutes. If, in crofling the equator, you,
thould find a greater variation, you are to the eaftward of 24° W, but if a
iefs variation, you are to the weftward of 24° 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,
fince it is not uncommon to find 2 or 3 degrees difference between an azia
muth in the morning and evening, when the fhip during that time has
been nearly ftationary ; the fame difference will fometimes be found merely
fom making the obfervatien when the thip is on a different tack.
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'To find the LATITUDE by the Meridian
| Altitude of any obje&.

D © e

I O obtain the latitude of any place, you muft obferve with a quadsant or
fextant, the meridian altitude of fome heavenly body ; from this obferved alti-
tude, you muit deduce the correét altitude, in the manner preferibed in the ex.
planation of the ufes of the quadrant; viz. (1) by fubtratting the dip in
the fore obfervation, but adding it in the back obfervation; (z) adding
the femidiameter when the lower limb was obferved by a fore obfervation,
but fubtrating it when the upper ; and the contrary when the back ebfer-
vation was ufed ; (3) fubtraéting the refralion; (4) adding the parallax;
(5) applying the index error, if there beany. Having thus obrained the cor.
redt central altitude of the obje@, you mutt fubtratt it from ge°, and you
will have the true zenith diftance, with which, and the true declination at
the time of obfervation, the latitude is found by the following sules.

CASE 1.

When the objedt rifes and fets.

Rurxe. If the objet bear fouth, when upon the meridian, call the ze-
nith diftance north ;* but if it bear worth, you muft call the zenich diftance
JSouth. Place the zenith diftance under the declination, and if they are of
the /ame name, add them together ; but if they are of differens names, rake
their difference ; this fum or difference will be the latitude, which wili bs
of the fame name as the greateft number,

CASE 1II,
When the obje® newer fets.

Many fars never fet, and in high latitudes the fun is fometimes abov»
the horizon for feveral days, in which cafe the meridian altitude may be
obferved twice in 24 hours ; that is, vnce at the greateft height above the
pole, and again when at their loweft height upon the meridian below the
pole. Inthe former cafe, the latitude is found by the preceding rule ; Lur
in the lacter by the following.

Rure. Add the complement of the declination to the meridian alti-
tude ; the fum is the latitude, of the {ame name as the declination.

Note. When the fun or ftar is on the equator, or hath no declination,
the zenith diftance is the latitude of the place, which is of the famne name
as the zenith diftance, ‘

When the fun or ftar is in the zenith, the deglination s the latitude;
and it is ot the fame namc as the declination.

@ Yn this rule the fun s fupgoftd to be the fixed point, and the zenidi is referred to it Thos if -he {an beass fonk Jromoan
ebferver (ur frosn Bis renuch; the zenith boars aonth from tie fun, and 11 is dois 1ates beaiang whSh 2s wed i ohe rue,
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TO FIND THE LATITUDE BY ToE

To find the Latitude by the Meridian Altitude of the Sun or Stars

EXAMPLE 1.

At the end of the {ea day, Junc 21,
1804, in the longitude of 60° W. the
meridian altitude of the fun’s lower
Hmb bearing fouth, was found by a
fore obfervation to be 40° €; fe.
quired the latitude in, fuppofing the
<orreétion of the obferved altitude for
dip and femidiameter, tobe 12 milch

Obferved altitude 40° 6’
Lipand femi-diameter add T2
Sum 4o 13
RefraCtion fubtraét ¥
True altitude 40 17
Subtrall from 90 00
True zen, dith 49 43 N.
Sun's declination, Tab. V. 23 28 N.
Latitade in 11 N.

s I £
EXAMPLE III.
At the end of the feaday, May 15,

EXAMPLE II.

At the end of the fea day, Apr.14s.
1804, in the longitiide of 135° E. of
Greenwich, the altitude of the fun’s
lower limb by a fore obfervation was
60° 25’ when on tlie meridian to the
fouth of me, the correftion for dip;
&c. being 12 miles; required the
latitude in.

Obferved altitude 60° 23’
Correétion add 1z
True altitude 60 137
Subtra&t from g0 ©
True zenith diftance 29 23 N.
Sun’s declin;tion, ‘Tab. V. g 18N,
cor, by Tab. VI. for long. § le—
Latitude in 8 41 N.

3
EXAMPLE 1IV. .
At the end of the fea day, Nov.17,.

1804, in the metidian of Gieenwich,
chferved the funon the meridian to
the north of me, the altitude of his
lewer limb being 30° 6 by a fore
obfervation; the corretion for dip
and femi-diameter being 12 miles ;
requiréd the latitude,

Obferved altitude 40° 6/
Dip and femidiameter add 12
Sum 3o 38
Refraétion fubtract 2
‘T'rue altitude 30 16
Subtratt fiom go 00
Truee zenith diftance 59 44 S.
Sun’s declination 18 <3 N.
Latitude in 46 51 S.

EXAMPLE V.

By a fore obfervatioh, the merid-|

jan altitude of the fun’s lower limb
was found to be 40° 20" bearing fouth
of the obferver, the declination being
¢° 56 N, and the eye 26 feet above
the horizon ; required the latitude of
the place.

Gbferved sltitude 45% 20/
Semiciancter add 16
40 36

Dip 5/, Refra@ion 1’ fub. 6
Troe altitude funs centre 40 30
Subtra& from g0 o
Zenith diftance 49 30N,
Dec} naiion 9 56 N.
Laiizads 59 26 N.

ILatitude in

1804, in the longitude of 80° E. of
iGreenwich, by a fore obfervation
found the meridian altitude of the
fun’s lower limb 5o° ¢/, bearing S.
of me, the eye beiiig 17 feet above
the furface of the fea ; required the
{atitude.

Obferved altitude 50° &
Sun’s femidiameter add 16
50 2z
Subtract dip and refraftion [
T'rue altitude 50 17
Subtra@t from g5 0O

True zenith ditance 39 43 N.
Sun’s dec. correéted by Tab. VI 18 g9 S.

20 44 N.

EXAMPLE VI.

By a back obfervation with a quad.
rant of reflexion, the meridian alti-
rude of the fun’s lower limb was
2¢° 127 when the declination was
21° 14’ S. and the eye ;o feet above
the horizon, the fun beaiing fouth of
the obferver; required the latituda
of the place of obfervation,

Obferved altitude 25° 12!
Semisjameter fub, 16,
24 56
Dip add 6
—_———

. 25 2
Refraltion fub, z
True altitude of fun's centre 25 ©
True zenith digtance 65 © N,
Declination 21 14 S

Latitude in 43 40 Ny




MERIDIAN ALTITUDE

EXAMPLE VIL

Jan: 1, 1804, an obferver 35 fect
above the water, finds by a fore ob-
fervation; that the altitude of Sirius
is §3° 34/ when pafling the meridian
to the fouthward ; required the lati.

tude of the place of obfervation,

Obferved altitude- §3° 35/
Dip of horizos {ub, 6

53 29
Refraétion Lub. 1

53 28
True zenith dittance 36 32N
Sirius’s declination, Tab. IX: 16 27 §
Latitude in 20 3N

EXAMPLE 1IX.

OF THE SUN OR STAR. 153
EXAMPLE VIII.

Suppofe on the 13th June, 1804,
{ea account, an obferver in a high
nerthern latitude, and in the longi-
tude of 65° W. of London, his eye
being 28 feet above the furface of the
water, obferved by a fore obfervation
the altitude-of the fun’s lower limb
on the meridian below the pole 8° 153
required the latitude;

The fun being obferved below the pole at
12 hours before the end of the fea day June 13,
the correftion of declination correfponding irt
Tab. V1. is —1/ 46/, and the corre@ion for
652 W. long. is 4-0° 38/, hence both cor-

‘freftions make 1 to be fubtratted from the
"ldeclination at noon 23° 14/ N. which gives

the declination at the time of obfervation
'(23° 13" N, whofe complement is 66° 47/.

‘ . Obferved alt. fun®s low, limb 8¢ rgt

January 10, 1804, an obfcrver 28|Semidiameter add 16
feer above the water, finds the alti- —
tude of the north ftar, when on the D fabtradt 8 3r
meridian below the pole; to be 36° 247| P 2
by a fore obfervation; required the . 8 26
latitude of the place of obfervation.|Refracion fubtraét 6
Obletved altitude 36° 24/ |Truealtitude funs centre $ 20
Subtract dip §', ref. 1’ 6 (Complement of declination 66 47 N.
True altitude 36 18 Latikude in 75 1N,
Comp. declination Tab, IX: 1 45 N.
Latitude in 28 3 N.

-
o
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To find the Latitude by a Meridian Alti-
tude of the Moon. |

.——weee@%eé-.—_

i HE latitude may be found at fea by the moaon’s meridian altitude
more accurately than by any other method, except by the fun ; but to do
this it is neceflary to find the time of her pafing the meridian, and her
declination at that time, Vo facilitate thefe calculations we have given
the Tables XX VI.XXVIl.and XX VI, the ufe of which will evidently
appear from the following rules and examples. ' ‘ ‘

To find the truce time of the moon’s paffing the merid:ian.

‘In the 6th page of the Nautical Almanac find the time of the moon’s -
coming tothe 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 weft longitude, but the preceding day when in
eaft longitude ; take the difference between thefe times, with which you
muft enter the top column of Tab, XXVI, and againft the thip’s longitude
in the fide column is a number of minutes, which is a correétion 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 Jongi.
tude, but fubtrating it when in eaft longitude ; the fum or difference is
the. true :time of pafling the meridian of the given place,

ExaMpre. Required the time of the moor’s paffing the meridian of
Philadelphia, April 4th, 1804, fea account ?

The day preceding the fea account is April 3, on which day the moon
pafies the meridian of Greenwich at 18h. s5m.; and being in weft longi-
tude, 1 find alfo the time of her paffing the meridian the next day, which
is 1gh. 46m. ; the difference of thefe two numbers is gim.; with this
¥ enter Tab. XXV, ard the neareft number at the top I find is 527 ; under
this and oprofite 75° (the lengitude of Philadelphia) is the correction 114,
to be added to 18h. sym.; therefore the time of pafling the meridian of
Philadelphia is April 44. 1gh. 6m. fea account; or April 4th. 7h. 6m,
A. M. civil account.

To find the moon’s declination avhen ox the merid:an.

.Find the time of her coming to the meridian as above ; turn the fhip’s
lotgitude into time, (by Tab. XX.t} and add it thereto if in weft longi-
tude, but fubtraét it in caft, the fum or difference will be the time at
Creenwich. 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 if of the fame pame, but their fum if of different names ; enter Table

ing it one day carlier than the fea account reduces it to aflronomical tisre, which is ufed in the Nautical Almanac.
wicede mav be mirned inte time without the belp of Table XX. by multip by 4 fexagefimally, putiing the produft

¢ denemineion lower: and by uiding by 4. time mav be rar ino dey S, This, 80 X jaz= 320°=5h. zom. and
1 218 X g €374 =1b. 1. afl; in Like manner 1h. 220, or €3m. dinvided by 3 gives 209; gho 10w or 1ybm. divided by 4
av.34,% which agree wich skie Table.

-~
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XXVIIL with this fum or difference at the tép, and the time at Green.
wich in the fide column, under the former and oppofite the latter iw the
correion to be applicd to the declination which ftands firft in the Nauti-
cal Almanac; additive, if that declination be increafing ; fubtraétive, if
decreafing : the fum or diffcrence will be the true declination at the time
of pafing the meridian.

NOTES.

1. By the above ruie, the day of the month on which the meon pafles the meridian muft
B taken anc lefs than the fea account ; when you add to it the longitude (turned into time) and
the hours of the fum exceed 24, you muft fubtrad 24h. and add one to the day of the month ;
ifthe longitude is to be fubtracted, and is greater than the time of pafling the meridian, you
muit, previous to the fubtration, add 24 hoursto the time of paffing the meridian and (ub-
tra& ovc from the day of the month: the fum or difference will be the time at Greenwich.
If this time be lefs than 12 hours, you muft take out the deciinaiion for the preceding noon
and .the following midnight ; but if it exceed 12 hours, you muft take out the declination
for the preceding midnight and the following noon,

2. When one of the deciinations taken from the Nautical Almanac is north and the other
fouth, the difference between the correttion of ‘Table XX V1IL. and that declination which
ftands firtk in the Nautical Almanac, will be the true declinatipn ; which wiil be of the fame
fame as that firt declination when the correCtion of Table XXV 11, is Iefs than that ficit
declination, but if greater it will be of a contrary name. ) :

3. 1n the fame manner we may find the declination for any time in the day, by making
ufe of the given time inltead of the tiyme of the moun’s pafling the meridian.

Exavrre. Required the moan’s declination at the time of her paffing
the meridian of Philudelphia, April 4, 1804, fea account ?

'The time of paffing the meridian of Philadelphia was found in the pre-
ceding example to-be, April 4d. 19h. 6m. fea account, or, April 3d. 16h.
6m. by Naurical Almanae account ; to this I add the longitude of Phila-
delphia, in time sh. xm. ;¥ the {um is, April 4d. oh. ym. The de,
clination April 4d. at noon is 21° 56’ 8. and on April 4d. 12h.is1¢° 59’S‘.
their difference s 1° 557 ; this being found at the top of Table XX VIIL.
and the time oh. 7m. in the fide column, the number correfponding is
1%, which fubtra@ed from the firft declination 21° 56’ S. leaves the
declination required 21° 557 S,

At the time of the moon’s pafling the meridian, you muft obferve the
altitude of her upper or lower limb, and correét it, by the rules given in
page 149.  With her correét central altitude and the declination, find
the latitude by the rules of page 151, Inftead of corredting. the ob-
ferved altitude by the above mentioned rule, you may correét it by the
following approximate method, which fhortens the calculation, and comes
ucar to the truth when the dip is about 4 or § miles, which is nearly the
value in common obfervations at fea,

To fud the latitude by the moon's meridian altitude, obtained by a fire
* " wbfervation.

To the obferved altitude of the moon’s lower limb add 12 miles, bat
if her upper limb was obferved fubtraét zo miles; with this altitude enter
Table XXVII. and take out the miles correfponding and add thercte, the
fum will be the central altitude of the moon ;+ with this altitude and the
nwon’s declination found as above, the latitude may be found as by a mer.
idian altitude of the fun.

..+ Philadelphia_is 752 14’ W. of Landon, ar 740 1¢* W. of Greenwich ; thic 1af, tarned into time by Table XX.is gh. 1m. 165
the difference arifing trom calenlating the longiwde from London inftead of Greenwich is very trifling.

+ The altitude obrained in this way will fomctimes err 2 or 3 miles, I yon with to ealenlate it accutarely praceed as follows ¢
Knd the tine of pasling the meridian, reduced to Gieeawich time, as before ; take out the meons horizoural yaratlax and foung-
siameter, for this time, frum the 7th, page of the morgh of the Nuutical Algaanac ; increafe the fedidadiamewcr by the corredtion
of Table XVI. and add it or fubtrall it, aceording a¢ the Jower or wpper limb was oblerved ; fubract the dip of ¢ e horizon
taken from Table XIV. and add the c«.vre(kion for patallax and retraetion taken from Latle XVibi. this :an fuin wall ve g
osret sliitude ; with which sud the Jeciinstion Jis latitade may te found as aboves
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EXAMPLE 1.

Suppofe that on the 21ft, June, 1804, fea account, in lomg. 80° W.of
Greenwich, the meridian altitude of the moon’s upper limb was obferved
to be 40° ¢ to the fouthward of me, required the true latitude ?

June 21ft, fea account, is June zoth, by Nautical Almanac, on which
day the moon pafles the meridian of Greenwich at yoh. 8m. and the next
day at roh: sgm. the daily difference being s1m. In Table XXVI. un.
der 52 {which is the neareft number to §1 in the table) and oppofite to the
long. §0° ftand 12m. which added to 1oh, $m. gives the time of pafling
the meridian, June zod. 10h. zom. '

: d. h. m.
D paffes merid, June 20 10 20
Ship’s long. 80° in time 5 20 Alt, D’ upper limb 40° of
—_— Subtra&t 20
Time at Greenwich June 20 15 40
39 40
June 20, midnight decl. 25°34'S. Add Tab, XXVII, 43
June 21, at noon . 26 17 S.
. D’s true alt, 40 23
Difference o 43
With this difference 0° 43/, and the time  D’s zen. dift, 49 37N
at Greenwich 15h. 4om., I enter Tab.  D’s declination 2§ 475,
XXVIIIL. and find the corr. ©0°13’
this added to 25 34 S. Latitude 23 So N,

gives the required decl. 25 47 S.

EXAMPLE II,

Suppofe that on the 23th September, 1804, fea account, in long. go® E,
the meridian altitude of the moon’s lower limb was obferved §0° 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 16h. §7m. and
the preceding day at rsh. gsm. differing 1h. zm. or 62m.; in Table
XXVI. under 62’ and oppofite the long. ¢o® is 1gm. which fubtratted
from 16h. 7m. leaves 16h. 42m. the time of paffing the meridian of the
place of obfervation, d. h. m,

'D paffes merid, Sept. 24 16 42

Long.go®* E.intime =~ -6 o : ‘

—_— D’s obf, alt. low.limb 50° o’

Time at Greenwich Sep. 24 10 42 ) Add 12

Decl, Sep. z4 at noon 25°43'N, —_—

" at midnight 26 22 N. Sum 50 12

-_— Corr, Tab. XXVII.add 36

difference o 39

With this difference o° 397, and the D’scorre@talte, =~ g0 48

time at Greenwich 10h. 4z2m. I find the —
correftion of Table XXVIII. o° 35’ D’s zenith diftance 39 12N,
Declination at noon 25 43N. D’s declination 26 18N.

e

Tree declination 26 18N, Latitude : 65 30N»

..
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- EXAMPLE IIL

Suppofe on the 25th November, 1804, fea account, in the longitude of
150° W, the meridian altitude of the moon’s upper limb was obferved 60°
2¢/, bearing north of me, required the true latitude ?

Nov. 25, fea account, is Nov, 24, by the Nautical Almanac, on which
day the moon paffes the meridian of Greenwich at 18h, ggm. and the next
day at 1gh, 41m. differing 42m. In Table XXVI, under 42 and oppo.
fitc the longitude 140° ftands 17m. which added to 18h. sgm, gives 1gh,
36m, the time of pafling the meridian of the place of obfcrvation.

d. h. m,
D paffes merid. Nov. 24 19 16 Obf. alt. D ’s upper limb 60° 26
Long. 150° W, in time 10 © Subtract 20
Time at GreenwichNov.25 § 16 6o 6

Corr. Tab. XXVIl.add 28

D ’s decl. Nov, 25 at noon 6% 49'N,
1

at midnight §68S. D’scorr. alt, 60 34
Sum 2 45 D’s zen. dift. 29 26S,
With this fum 2° 457, and the time at D’s declinatien o 235
Greenwich gh. 16m. I enter Table —
XXVIII, and find the correftion of Latitude 29 495
declination 1°12/
Decl. Nov. z5 at noon o 49N, In this example you muft
— tefer to Notes 1,and 2.

Txue declinatiop 0 235,



IR L (158 )
To find the Latitude by the Meridian Ali-
' tude of a Planet. "

-——Q%h—

F ROM page 4th. of the month of the Nautical Almanac, take out the
sime of the planet’s pafling the meridian on the day neareft to that on which
the obfervation was made ; this will be nearly the time of paffing the mer«
idian of the place of obfervation.*

Turn the {hip’s longitude into time, and add it to the time of pafling
the meridjan, when in weft longitude, but fubtract it in eaft, the {um or
ditference 1s the time at Greenwich nearly. Take out the planet’s decli-
raticn, from the Nautical Almanac, for the time immediately preceding,
and following the day of obfervation; and note the difference of the decli-
rations when they are of the fame name, but their fum when of differeng
names 3 and find the interval between ‘thefe times marked in the Nautical
Almanac ¢ take alfo the difference between the time firft marked in the
Nautical Almanac and the time of obfervation at Greenwich (remarking
ihat this time isone day ‘lefs than the fea account) ; then, as the former in-
terval of time is to the latter, o is the {um or difference of declinations to
the corre@ion of the declination taken firft from the Nautical Almanac,
additive if that declination is increafing, but fubtraétive if decreafing =
the fum or difference is the declination of the planet at the time of obferva.
tion. RBut you muft obferve that if the corre¢tion of declination be greater
than the declination firft marked in the Naytical Almamacy their difference
is the declination which is of a different name from that firft declination,

From the obferved altitude of the planet (taken by a fore obfervation)
fubtract the refraction and dip, the latter being in general about 4 miles,
and the remainder fubtratted frem go° gives the corret zenith diftance ;
with which, and the declination, the latitude may be found as by an ob.
fervation of the fup,

EXAMPLE,

Suppofc that on the 23d May, 1804, inlong. 70° W. Jupiter paffed the
racridian to the fouthward of me ; his meridian altitude being obferved,
was 45° 20/, and the dip 47; required the true latitude.

May 23, fea account, is May 22 by the Nautical Almanac; now on
May 19, by the N. A, Jupiter paffes the meridian at oh. sgm.

15 this add the long. 70% W, in time 4 g0
Time at Greenwich May z2d. 14 39
Jupiter’s declination May 19, 9° 19’ S.

May 23, 9 9 S

Difference 10
Trer 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 1g and
May 22d. 141h.) fo is 10 miles to 6 miles, which fubtratted from ¢° 19’ 8.
gives 9° 13/ 5. the true declination at the time of obfervation.

. Jupiter’s obferved altitude 45° 20’
Subtra&t 4’ for dip, and 1/ for refrattion 5
True altitede 45 1§
Zernith diftance m N.
Declination 9 13 8.
Latitude 35 3z N.

® T you want it more acgurately, you muft take a propartional pare of the difference of the Haws of comingte the wendish
&iech wn the Nadticas Almanac, in e faue wanner 3. in Buding e declivaiva,
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“To find the Latitude by Double Altitudes.

& & HEN by reafon of clouds or other caufcs, a meridian obfurvation
cannot be obtained, you may find the latitude by means of two altitudes of
the fun (or of any celeftial objeét) taken either in the forenoor: or afternoor,
the intermediate time being meafured by a common watch,  ‘This method
was much improved by Mr. Douwes of Amfterdam, who, a2bout the year
1740, conftructed a fet of tables fimilar to thofe of Table XX 1. of this col.
lelion, by means of which the true latitude may in moft cates be cbtained
from the latitude by account, by the following rule, which is adapted to
double altitudes of the fun.

RULE.

To the log. fecant of the latitude by account { Table XXV.) add the loga
fecant of the fun’s declination (Table XXV.) rcjetting 10 in cach index,
the fum is the log. ratio.

From the natural fine of the greateft altitude (Table XX¥I1.) fubtratt the
‘natural fine of the leaft altitude (l'able XXII.) find the logarithm* of
their difference (in Table XX1V.) and place it under the log. ratio.

Subtract the time of taking the firft obfervation from the tme of taking
the fecond, having previoufly increafed the latter by 12 hours when the
obfervations are on different fides of noon ; take half the remainder which
call half the elapfed time,

With half the elapfed time enter Table XXI. and from the column of
Lalf 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
XXI. in the column of middle time, where, having found the logarithin
neareft 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 T'able XXI. and from the column of log. rifing,
take out the logarithm correfponding to it ; from this logarithm fubtract
the log. ratio, the remainder will be the loguritbm of a natural number,
which being found in ‘Table XXIV.+ and added to the natural fine of the
greater altitude, will give the natural fine of the fun’s meridian altitude,
which from hence may be found in Table XXII. Having obtained the
meridian altitude, the latitude is found by the ufual method.

NOTES.

1. If this computed latitude thould differ confiderably from the latitude by account, it
will be proper to repeat the operation, ufing the latitude latt found inftead of the latitude by
account, till the refult gives a latitude nearly agreeing with che latitude ufed in thz compu-
tatjon, :

" 2. This problem is beft fuited to fituations, where the fun’s meridian zenith diftance is na*
much lefs than half the latitude ; for inlatitudes where the fun approaches near to the zenith,

* ¢ The index of this logarithm being one lefs than the number of figures contained in the Jiff-ierce of Yofe natursl finns. Yoo
muft alfo vblerve that the altitudes to be ufed are the corrcit ccntral altitudes. .

+ Taking 3 number of figures rqual to the index af chat logarithm increaled by unity?
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the obfervayjons are to be taken much nearer to noon ; and the preceding rule inftead of ap3
proximating, will in fome cafes give the refults of fucceflive operations wider and wider from
the truth. To remedy this difficulty, a fet of tables has lately been publithed by Mr. Brinkley,
at the end of the nautical almanac fer 1799 ; but the great variety of cafes incident to hig¢
method, will hiader it from being generally ufed.

3. The times of obfervation fhould be taken to feconds, or at leaft to quarters, or thirds of
aminute of time : and the nearer the fun pafics to the zenith, the more exa& you muft be in
obferving the altitudes and noting the times,

4. The logasithms of Table XXI. ate 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 3
and {aying, as 10 feconds is to that difference, fo is the given feconds to the correction to te
applied to the tabular logarithm ; but when the fun's meridian zenith diftance is great, the
meareft tabular numbers may generally be taken without proportioning for the odd feconds.

§. The ncaer to noon that one of the obfervations is, the better, and in general the elapfed
time between the obfervations onght to be as great or greater than the time of the neareft obfer«
vation from noon. ]

6. The operation is the fame whether the fun hath north or fouth declination ¢ and alfa
whether the fhip be in north or fouth latitude. When the fun hath no declination the log:
. fecant of the latitude (reje@ing 10 in the index ) will be the log. ratfo ; and when the latitude
by account is nothing the {ccant of the declination (rcjeting 10 in the index) will be the log,
ratio.

EXAMPLE I

Being at fea in latitude 462 30’ north by account, when the fun’s decli.
nation was 11° 197 N. at 1oh. zm. in the forenoon, the fun’s corret cen.
tral altitude was 46° g5/, and at 11h. 27m. in the forenoon, his correét
central altitude was §4° /. Required the true latitude, and true time of
the day when the greater altitude was taken ?

Times, Altitudes. Nat, Si. Lat, by acc, 46° 30/ Sec, ©.1621¢
H. M, s, .
20, 11270 §4° ¢/ 81058 Dec. 11 17 Sec. 0.00848
10b. .10 20 46 33 43036 Log. ratio 0.17067
Elap. Time 1 25 o Diff. Nat, Sines 8019 Log. Dif. N. Sines 3.90412
L ELTime 0 42 30 Log. £ EL.Time 0.73429
H. M, 8. ey
Middle Time 1 15 10 4.80908
3 EL. Time 42 30 ——
2 Obf. fromnoon © 32 40 its log. rifing 3.00608
Log. ratio fub. 0.17067
Nat, numb. 685 correfp. tolog, 2.8354F
N at. fine, greateft alt. 81053
go®0o’
Sumis nat.fi, fun’s mer. alt, 81740 equalto 54 s0
Sun’s zenith diftance 35 10N,
Sun’s declination 11 17N,
Latitude in 46 27N,

This latitude 46° 29 differing only 3’ from the latitude by account,
may be affumed as the troe latitude.

By means of the time of the obfervation from noon above found 327 40”7,
the error of the watch may be found ; for, in the prefent example, by fub.
tratting 327 40 from 1zh., we have the time of the laft obfervation 11h.
27/ 20" ; but the time by the watch is 11h. 29’ o ; therefore the watch
is 20 feconds too floWv ; a fmall difference would be found in thefe num.
bers, if we were to proportion the logarithms of Tab, XXI. to feconds. In
the fame mauner the error of the watchmay be found in the fallowing examples,
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§ EXAMPLE II.
. Being at fea in lat 47° 19’ N. by account, when the fun’s declination

Was 12° 16’ N. at 10h, z4m. A. M. per watch, the fun’s corret central
altitude was 49° ¢, at th. 14m. P, M. his alt. was §1° §9°. Required

the latitude.

H, M. S,
12 0 O
114 @ . r s .
. - — Alt.  Nat. Si. Lat. by acec 47”7 197 0.16880
2 Obf. 13 14 © st 59 78783 Sun®s decling 12 10 0.91003
¥ Obf. 10 24 © 49 9 75642 . : -

: . —— Log. ratio 0.17883
Elapf. time 2 g0 o Diff. N. S. 3144 Its log. 3-49797
1 El time 1 25 o Its Iog. in col. of half eladfed time is ©.44077
Subtradt o015 0 Col. of mid, time correfponding to 4.11667
.. N et g . —— e vt
True time 1 10 © Its log, in col. of rifing is 366542
Log. ratio fubtract 0.17883
3066 the nat. num. of this log. 3.48659

Nat. fine fun’s greateft alt, 78783
. . ———  ¢0° oo’
Nat. fine funs merid. alt, 81849 =— 54 356

Sun’s zenith dift. 35 4 N,
Sun?s declination 12 16 I,
Lat.in 47 20 N.

Here the latitude found by computation may be relicd on, as it differs
but one mile from that ufed in the operation.

) _  EXAMPLE IIL _

Being at fea in lat, §0° 40’ North per account, when the fun’s declina-
tion was 20° o South, at ioh. 17m. A. M. per watch, the {fun’s correét

central altitude was found 17° 13/ ; at 11h. 17m. A. M. per watch, it
was found 19° 41/, Required the latitude.

Times. Alt.  Na, Si. Lat. byace. §0° 40/  0.1980%
. H. M. S. ) Decl. 29 ©0 0.0270L
2 Obf, 1L 17 © 192 41/ 33682 . . o e
1 Obf, 10 17 © 17 13 = 29399 Log. ratio ©.22504
Elapfitime 1 o o  Diff. Nat.Si, 4083 Tts com, log. 3.61008
% Elip.#ime 0 30 o Itslog. from col. half elapfed time is 0.88439
1 030 in col. of mid, time co:;refpondir;g to 4.75031.
et ittt § s, Mttt
True time 0 jo 5o Promnoon. Itslog. from col. of rifing 2.9§599
Log. ratio fubtraét 0.22504
» 533 Nat. num. of ‘ 273095
33682 Nat, iine greatett alt.
‘;‘oo o [ER—
20 1 34220 Nat. fing of fun's mer. alt, 25° 27,

Zen. dit, 69 59 N.
Declinaiion 20 o 8.

Latleude 49 39 N,
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But as this latitude differs 41 miles from that by account, it will te
proper to repeat the operation, ufing the latitude laft found inftead of the
latitude by account. :
Lat. laf found 49° 59"  o,19178

Decl. o o 0,02701

Log ratio 0,21879

B, M. 5. Log, diff, N, fines 3,61098

+ Elapfed time © 300 Its log. ©,88430
Middle time 1 oo  Itslog. 4,71407
True time fromnocn o 30 o Itslag.in col. of rifing 15 2,93223

Log. ratio  0,21879

s17 Nat. num. of  2,7134%
33682 Nat. fine gr. alt,

—aeee 9°° o

Nat, S. fun’s mer, alt, 3419g==20 o©
Zen, dift, 70 oN.
Decl. 20 oS.
The lat. 50 oN,

The latitude la&t 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 with very little additional trouble, but few alter-
ations being neceflary,

EXAMPLE IV,

Being at fea in the latitude 60° of north by account, when the fun was.
on the equator, and confequently had no declination, at 1 h. om. P. M.
per watch, his corre@ central altitude was 28° 53, and at 3h, o m. P. M.
per watch, it was 20° 42/.  Required the true latitude ?

Times. Lat. by acc. 60° o == 0,30103:
H, M. S. Ale, Nat. Si.. Decl. o o = o,c0000
1 Obf, I o o 28 53 = 48303 _—
2 Obf. 3 0 o 20 42 = 35347 Log. ratio 0,30103:
Elap. T. 2 o o 12956 Its log. 4y11247
YLk, L. 1 o o Itslog. in col. of L Elap. time o,58700
2 o 10 Itslog.in col. of mid. time §,00050°
Ti froNo 1 o 10 Itsleg. from col. of rifing 3,53482
Log.ratio  o,30103:
r713 Nat. num. 32331%
48303
e 90° o’
Nat, S, Sun’s mer, alt, §0016 =30 1 Sun’s meridian alt,

59 59 Latitude,
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EXAMPLE V, . :

Wanting to go through the N. Channcl among the Maldives, and by
account beiug in latitude 7° 40’ N. the declination being then 22° 47 N.
at 7h. 24m. 40s. A. M, the true altitude of the fun’s centre was 22° .3c/
and at soh. 31m. 48s. A, M, it was found 63° 40’ ; required the fhip’s
zrue latitude )

First OperaTiON,

Times.  Altitudes, Nat. Sine.  Lat,byacc. ° 40’ Sec. 0,00360
H. M. s, ‘
2 Obfer, 10 31 48 63° 407 8g623 Declin, 22 47 Sec. o,_o_;;zﬁn
¥ Obler. 7 25 40 23 30 38268 Log. ratio. 0,03918
Elaps.Time 3 6 8  Diff, Nat. Sines 51355 ‘Log. of the difference 4,71058
% EL Time 1 53 4.  Its logarithm - - - 140339
H M. S ro————
Middle Time 3 124 5215315
£ Elaps. Time{ub. 1 33 04
2 Obf. before novn 1 28 20
Its log. in col. of rifing 336547
Log. ratio fubt, o_,o3913
Nat. numb, correfpond. 6503 3,82629
Nat. fine of gr. Altitude add 89623
—_— 9o° 0o’
Plat. fine of Sun’s mer.alt, ¢6326 cqualtoy4 23
Sun’s zenith difance 15 358
Sun’s declination 22 47 N.

Ship's latitude refulting 7 12 N,

As the latitude by account differs from the computed latitude, the oper.
ztion muft be repeated,

Stcoxp OreraATION,

H. M. S
Eat. laft found 59 1z’ Sec. 0,00344 Log. of 1 28 5 3,86304
Sun's decl. 22 47 Sec. 0,03528 Log. ratio {ubt; 0,03872
Log. ratio 0.03872  Nat, Number 66~3 3,82432
Log. of diff, of Nat. Siaes 4,71058  Natfive of gr.alt, 89623 o ——
’ —— §o° oa'
&Log.of L Elaps. Time 0,40339  Sun’s mer.alinat.fi.g6296 equal to 74 2r
H. M.S. ——— ————
Middle Time 3 19 §,15269 Sun’szenith diftance 15 39S
% Elaps. Time I 334 Sun’s declination 22 47N,
2 Opf. before noan 1 28 3 Ship's lat. refulting 7 o8N.

In the former examples we have confidered both altitudes as taken at the
{ume place or ftation ; but as that is feldom the cafe at fea, the neceffary
correttion for any alteration of ftation muft be made as follows :

Let the bhearing of the fun be obferved by the compafs at the inftant of
the firft obfervation: -take the number of points between it and the
fhip’s courfe, corretted for leeway, if the makes any ; with which, if lefs
than eight, or with what it wants of 16 points if more than cight, enter
the traverfe table, and take out the difference of latitude correfponding to
the diftance run between the obfervations.  Add this difference of latitude
to the firft altitude, if the number of peints letween the fan’s bearing and
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the fhip’s courfe was Jo/s than eight ; but fubrras? it from the firft altitude
if the number of points’ was moré than eight, and it ‘will be reduced to
what it would have been if obferved at the fame place wherc the fecond
was.* The latitude deduced from thefe correéted altitudes will be that of
the thip at the time of. iking the fecond altitude, and muft be reduced to
noon by means of the log. ' '

EXAMPLE VI,

Suppofe a thip from the Bay of. Bifcay, bound to the Englifh Channel, in
2 brifk gale running N. by E. } E. per compafs, at the rate of g knots per
hour, ‘at ‘roh. oni.’ A. M. per watch, obferves the fun’s corre@ central altia
tude 13° 18/ bearing'S. 2 H. by compafs, and at 1h. 4om. P."M. per watch
the fun’s altitude again was found 14° 14, the latitude by account being
49° 177 N. and the fun’s declination 23° 28/ 8. Required the true
l,atigggie ? ' a ) - '

The correion to the firft altitude.

The time elapfed between the obfervations is 3h. 4om. and in that timeg
the fhip failed 33 miles upon the courfe’ N. by E. } E. which makes an an
gle of 134 points with the fun’s bearing at the firft obfervation S. 2 E. the
- complement of which to 16 points is 2% points, Now in Tab. I. the
courfe 2L points, and diftanée 33m. give 29 miles difference of latitude,
which muft: be fubtracied from the firit altitude 13° 18 becaufe the fhip
fails above 8 points from the fun ; therefore the firft altitude corre@ted ig
12° 49/, which muft be ufed in the reft of the work, )

H. M. s. Alt. Naf. Si. Lat.by acc. 49° 17 0,18554

2 0bf. 13 40 0 14° 715 =24615 Decl.’ 23 28 0,03749
10bf. 10 0o o 1z 49 = 22183 —_—
_— ' ——— Log. ratio ©,22303

Ela. T. 3 40 o Diff. Nat. Si.z432  Its log. 3,38596
IELT. 145 o Its log. ©,33559
o 10 10 Time correfponding to ) 3,94458

1 39 50 Itslog. in col, of rifing i3 “3,97028

Log. ratia @,22303

5588 Nat. num. of  3,74725
24615 ‘ ;

go° o’
Wat. Si. M. Alt, 30203 = 17 33

Zen. dift. 72 25 N.
Dcc'linatibn‘ 23 28 S.-
Laitude 48 57 N,

»

* Thic is the anly correftion neceffary for to make full allowance for the run of the fhip; and the unexperienced caleulator
raud aake care not to f2ll into the {ame etrar as Moote, in applying a correftion to :hg elaypfed time ; (vnd._ Moore'sEpitome,
Ydie, 14, page gagl A fmall corrcftion wight aify be applicd upen acgount of the variaton of the fun's declination during e
wuterval pecwecn the obfervativns. . K X R o e e

. . . -
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' . But as the latitude by computation differs confiderably from that by ac.
sount, the work:muft be repeated. '

Latitude laft found 48° §7'=o0,18262

Declination 23 28==0,03749
Log. ratio 0,22011
. H. M. S, Diff. N. S. 2432 Itslog. 3,38566
1 Hapf, time 1 500 ' ' U Itslog.  0,33559
Middle time o100 Its log. 3,94166
Time fromnoon 1 40 o Its log. in col. of rifing 3,97170
- . Log. ratio ©0,22011
5644 Nat. num. of 375159
2461%
- g0° oo’

30259 Nat, Si. mer, ait. 17 37

Zen. dift, 72 23 N.
Declina. 23 288S.

Tr.lat. 48 g N.
This latitude differing only 2z miles from that ufed in the computation,
it may be depended upon as the true latitude of the fhip at the time of the
fecond obfervation. If we had not correfted the firft altitude, the com-
puted latitude would have been found — 48° 40’ N.  ~

EXAMPLE VIL,

Sailing N, E. LE. by compafs, at the rate of g knots an hour, at
oh. 31m, 40s. P. M. per watch, I found the altitude of the {un’s lower
limb 28° 20’ above the horizon of the fea, the eye being elevated 20 feer
above the furface of the water, and the fun’s bearing by compafs being at
the fame time S. by W, and at zh. §8m. 20s. P. M. by watch, the altitude
of the fun’s lower limb was 16° 41 above the horizon, the eye being ele-
vated as hefore, and the latitude by account, at the time of the laft obfer-
vation, wag 4§° o/ north, and the declination 13° 17/ fouth, Required the
true latitude at taking the laft obfervation.

The corretion of thefe altitudes for femi-diameter and dip is 12 miles
additive, which makes them 28° 32/ and 16° §3/; the refradtion corref-
ponding to the firft is 2 miles, and for the fecond '3 miles, by fubtraéting
which we have the true central altitudes 26° 30’ and 16° 50’. Now the
elapfed time between the obfcrvations is zh. 26m. 4os. during which
the thip failed 22 miles (at g miles per hour) in the dire¢tion of N. E. £ E.
per compafs, the bearing of the fun at the firft obfervation being S. by W.
which is 121 points diftant from the ﬁlig”s courfe ; now as 1z points want
3% of 16 points, I enter table 1. and find the courfe 31 points, and diftance
22, correfponding to which in the latitude column is 17 miles, which fub.
tralted from the firft altitude 28° 307, leaves the corrected firtt altitude
28° 13/; with this, and the fecond altitude 16° 5o/, I calculate the laiic
tude in the following manner: - ’ '
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. H. M, s, Ale, Nat. Si.  Lat, by acc. 48° o/ o,17444
10bf. o 31 40 28°13 47281  Declin. 4317 o,01178
20bl, 26820 16 50 28959

: Log. ratio 0,18627
Ela. T. 2 26 40 Dif.Nat,5i.1832z  Its log. 4,26298.
- $EIT. 1 13 20 Its log. from col, of { elapfed time 0,5023%
1 46 20 In col. of mid. time correfponding ta 4,95187
b 33 oo Its log. from col, of rifing 3,01488
Log. ratio 0,1862%
Nat, Si. gr, alt. 47281 ——
674 Nat. num,of  2,82861
90° of

Nat. Si. mer. alt. 47955==28 39

Zen. dit. 61 21 N.
Decl. 1317 8.

Lat. 48 4 N.

Aréd as it differs but four miles from the latitude by account, it may be
taken as the true latitude of the fhip at the time of the 2d. obfervation,

QUESTIONS FOR EXERCISE, :

r. Being at fea in latitude by account 39° 28/ N. when the fun’s dec.
lination was 20° 41/ N. at 11h. 3om. 15s. A. M. per watch, the altitude
of the fun’s lower limb was obferved to be 68° 18’ 457, and at 1zh. 26m,
28s. P. M. it was 70° §&/, the height of the eye being 21 feet above the
furface of the fea, Required the true latitude of the fhip.

Anfwer, 39° 28’ N.

2. Being at fea in latitude go° 40’ N. by account, at 1oh. 17m. 30s.
A. M. per watch, the altitude of the fun’s lower limb was obferved to be
1%° 41/, and at r1h. 1ym. 3os. it was 19° 31}/, the declination being
then 20° N. and the height of the eye 21 feet above the fea. Required
the latitude in. Anfwer, 50° 1/ N.

3. Suppofe a fhip at fea in latitude 47° 34/ N. by account, at gh. 5gm,
30s. by watch, the altitude of the fun’s lower limb was 17° 24/ béaring 4
by compafs S. by E. I E. and at 12h. §4m. ros. his altitude was 21°'45%/,
the declination being then 19° 30’ S. the height of the eye 20 feet above
the fea, and the thip’s courfe by compafs was k. 1 S. at the rate of 7 knots
per hour.  What was the true latitude ? Anfwer, 47° 24’ N.

4. At 11h. 28m. zos. A. M. per watch, the altityde of the fun’s
lower limb was 28° 18/, the fun bearing then S. by W, by compafs. At
2h. §8m. zos. P. M. his altitude was 16° 40/, the height of theeye 20 feet,
his declination being then 13° 17" N. and the latitude by account
47° 50’ N. the fhip’s courfe during the elapfed time was N. E. with her
larboard tacks on board,* failing at the rate of 6 knots, and made half a
point lee-way. What latitude was {he in when the laft altitude was taken ?

Anfwer, 48° ¢’ N,

« The lachoard fide of 3 fhip is the lefe fide, when the obferver is aft looking towards her head, and flarboard s’ the right fide-
When a thip is faiting with her larboard acks on board, the lee-way is allowed to the right band ; but if her farboard tacks are
on beard, it is allowed to the left hand-

10 cale lating the aafwers to thefe Guellions, proportional parts were taken for the odd fecopds ; a fmall difference would be
fuund it tbe neacell togasiths only were takeu,
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Sux, having your watch previoufly regulated.

aRHLIUNUTE.

RULE.¥>

ADD together the log, co-fine of the latitude by account, ({Table
XXV.) the log. co-fine of the declination, (Table XXV.) the logarithm
in the column of rifing (Table XXI.) correfponding to the time from noon
when the obfervation was taken, rejeéting 2o in the index ; the natural
number of the remainder (found in Table XX1V. and) added to the natural
fine of the obferved altitude (Table XXIT) will give the natural fine of the
meridian altitude, from which the latitude may be obtained by the common
rules,

If the computed latitude differs confiderably from the latitude by ac-
count, it is beft to repcat the operation, ufing the latitude laft found in-
ftead of the latitude by account.  This method of finding the-latitude by
a fingle altitude of the fun, may be applicd to any other celeitial objett.

EXAMPLE 1,

Being at fea in latitude 49° 50/ N. by account, when the fun’s deslina.
tion was 20° S. at 11h. 28m. per watch well regulated, the fun’s cor-.
re@ central altitude was 19° 41/ to the fouthward of me. Required the
true latitude.

Lat, 49° 50’ Co-finc 9.80935%
Decl. 20 o Co-fine 9.97299
"Fime from noon coh. 3zm. Log. rifing 2.98820 Mer. alt.  20° 3/
—_— Zen. dit. 69 57 N.
¢go Nat. num. 2.77076 Decl. 20 o S.
Obf. alt. 19°41” Sine 33682 —_—

Latitude 49 7N,
Mer.alt 20° 3/ Sine 34272

EXAMFPLE 1I.

At fea inlatitude by account 60°N. when the fun was on the equator at
rh. om. P. M. per watch well regulated. The fan’s corrett central altitude
was 28° 53/ to the fouth of me. Required the latitude.

Lat.  60° N. Co-fine q.69897
. BDecl. o Co-fine 10.00000
Time from roon rh. log. rifing 3.53243 Mer. alts 30° o
- Zendit. 60 o N.
: 1764 Nat.num. 3.23140 Decl. o o
Of. alt. 28° 53° Sine 48303 —— ——

Lat, 6o o N,
-Mer. alt. 30 o Sinc §0007

* Incalenlaring By this rule, it is neceflory to have vour watch '»\I'cH rgpﬂ;\lr\l 3 thic may be done bvan nbrer.'ltipn wak=n tke
Preceding mosning, or in the cvening following the obf:r'-'i\l.i'\ﬂ i i hung_xvp;uﬂﬁh! * o ragalate the -_:,vau:h and ﬂ(l’frn:)llg‘[bg
latitade Ly a fingle aliitde withoat other date; thougk >haare {in s Epitome page ey, 218, Koiien 34) feems tw think ie
Wy be dune ; for all bis seainples aze caloulutsd on that duppultiony
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‘To find the Time at Sea, and regulateaWétéHS

U i E have already noticed the differenice between the civil, aftromoms
ical and nautical computation of time ; but as it is a fubjeét of great im.
portance, it may not be unneceffary again to repeat, that a civil day is
reckoned from midnight to midnight, and is divided into 24 hours ; the
fitft 12 hours are marked A. M. the latter 12 hours P. M. being reckoned
ftém midnight in a numeral fucceffion from i to 1z, then beginning again
at 1 and ending at 12.  Aftronomers begin their computation at the noon
¥ the civil day, and count the hours in a numeral fucceflion, from 1 to 24,
1o 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 Liours from 1 to 12, A, M. and P. M. as in the civil con-
putaticns i ) _ o ) ) .

There afe two kinds of time; mean and apparent. Mean Time is thit
fhewn by a clock regulated to mean folar time.  Apparent Time, is that
thewn by the fun; commencing at the paflage of his centre over the me-
ridian of any place. There is fometimes a difference of a quarter of an hour
bstween rhean and apparent time ; which is owing to the unequal motion of
_the earth in its orbit, and the inclination of its axis. This difference s
called the eguation of time, and is contained in page 2 of 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 neceffary in any other nau
tical obfervation, becaufe the calculations of the nautical almanac are adapt.
ed to apparent time. i L L

. We may obtain the apparent time at fea; when the fhip makes no way
through the water, by obfeiving an altitude of the fun in the morning and
roting the time of obfervation by a watch, and in the afternoon obferving
whea thie fun is at the fame altitude and noting the time by the {ame
watch ; for helf the fum of thefe times, increafed by 6 hours when one of
the times noted by the watch is before 12h. and the other after 1zh.
is the true tume of the fun’s paffage by the meridian as fhewn by
the watch ; hence the error of thie watch may be found. A fmall correc-
ticn is neceffary for the variation of the fun’s declination during the inter.
val between the obfervations ; but it is uareceffary to give any examples
of this method, fince it can be but of little ufe at fea, by reafon of the
motion of the veffel. )
_ 'The beft siiethod of obtaining the apparent time at fca, is by obferving
by the fore obfervation, the attitude of the fun’s lewer limb when it
changes its altitude fafteft, or bears nearly eaft or weit; to this we muft
add the femi-diameter and fabtra@® the dip (or inftead thereof add r2
sniles,* which anfwers very well for a common fized veffel) ; fubtradt alfo
the refradtion teken from Tab. XIII. and the remainder will be the cor-
ralt altitude.  LLe fhip’s latitude muft be found at the time of obferva-

# Thel 1%mies aze wren inftead of the difference briwren the fernidiameter and dipy21d is in general fuffiient’y exal-



To FIND THE TIME AT SEA. 160

tion by carrying the reckoning forward to shat time. The declination
muit be taken from Tab. V. or from the Nautical Almanac, and corre&ed
for the fhip’s Jongitude, and the diftance of the fun from the meridian (by
Tab. VI1.) Then if the latitude and declination be both north or both
South, fubtral the declination from o® and you awill hawve the polar diffance ;
but if one be north and the other fouth, add the declination to 9o° and you
will hawe the polar diffance. _ . :

Having thus found the correét altitude, latitude, and Eolar diftance, the
apparent time of obfervation may be found by either of the three following
methods, of which the firft is the moft fimple, fince it does not require the
table of natural fines, all the logarithms being found in Tab. XXV. This
method is fimplificd by means of the table of hours affixed to the table of
log. fines ; inufing which, you muft obferve, that if the fine or co-fine of
the logarithm fought is marked at the top of the table, the name of hour.
either A. M. or P. M. is alfo to be found at the top, and the contrary if
the fine or co-fine is marked at the bottom.

To find the apparent time by the fun’s altitude,
. First Metuob. ‘
. Add together the corre altitude of the fun’s centre, the latitude and the
polar diffance ; from the balf fum fubtra&t the fun’s altitude and note the re-
mainder. Then add together the log. fecant of the latitude (this and all the
other logs. being found in Table XXV.) the log. cosfecant of the polar difi.
(rejelting 10 in eachindex ) the log. cofine of the half fum, and the log. fine
of the remainder, half the fum of thefe four logarithms being fought for inthe
column of log. finesy will corvefpond to the hour of the day in the hour columns.
EXAMPLE 1.

Suppofe on the 1oth of Offober; 1804, fea account, at 8h. zim. A, M.

per watchy in the latitude of §1° 30" N. long. 52° E. of Greenwich per ac.
count, the altitude of the fun’s lower limb by a fore obfervation was 13°
32!, and the cofretion for femi-diameter and dip 12 miles ; required the
apparent time of the obfervation ?
. By ExampleIL. page 135, the declination is 6° 34’ S. this added to go®
gives the polar diftance 96° 347. To the fun’s obferved altitude 13° 327, I
4dd 12 miles and fubtraét the refraétion ¢/, the remainder is the cofre¢t alt,
i3° 40", .

©’s Cor.alt, 13° 40/

Lat, 51 30 Secant  0.2058¢

Pol. dift. 96 34 Co.fecant 0.00286

Sum 161 44

1 Sum 8o ¢2 Co-fine 9.2oc57"
@’s Alt, 13 40

]

Rem. 67 12 Sine 9.96.467%

2)19.37405

' Sine . 9.68702 correfpondirg to which in
the colema marked A. M. is gh. 7m. gs. -
Time per watch  8h, 21m.

Watch too fat 15 581
37
2
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Hence the time of taking this obfervation is O&. 10, 8h. 7' ¢ A. M.
fea account, or, which is the fame thing, O&. 10, 20h. 7/ 9" reckoning
from uoon to noon ; the time by the nautical almanac being OQtober gd.
2oh. 7m. gs.

EXAMPLE II,

Suppofe on the 10th of May, 1804, fea account, at sh. 3om. P. M. per
watch, in lat, 39° 54/ N. long. by account 35° 30’ W. of Greenwich, the
altitude of the fun’s lower limb by a fore obfervation was 15° 45’, thedip:
and femi.diameter being 1z miles, and confequently his correét altitude 15*
54’ ; required the apparent time of the obfervation ?

By Example IV. page 135, the fun’s declinationis 17° 28’ N. whick
fubtracted from go® leaves the polar diftance 72° 32’4

Q@’s Alt. ¥5° 54
Lat, 39 54 Secant  o.trg§I1I
Pol.dift. 52 3z Co-fecant 0.02050

Sum 128 20

% Sum 64 10 Co-fine 9.63924
©'s Alt, 15 54

Remainder 48 16  Sine 9.87288

2)19.64773

Sine 9.82386 correfponding towhich
in the column P. M. is sh. 34" 26” the true time of day.
Time per watch 5 30 .

Watch too flow 4 26"

EXAMPLES TO EXERCISE THE LEARNER.

1. Intzt. 36° 39/ S. s declination g° 27" N. the altitude of the fun’s
lower limb in the morning was obferved 10° 33/.* Required the apparent

time 2 Anfwer, 7h. 23m. g1s.
2. Inlat. 36° 21/ S. @®’s declination §° 44/ N. alt. ©®’s L. L. in morn.
ing 10° 4%’*. Required the apparent time ? Anfwer, 7h. zzm. 11s.

3. In lat. 2¢° 25/ N. @’s declination 23° 20" N.obferved alt. of fun's
lower limb in the afternoon 14° §8’*. Required the time ?
Anfwer, gh. 41m.

4. Inlat. 5° 31/S5.©’ decliqation 20° 03’ S. obferved alt. ®’s L. L.
38° 41/* in the atternoon, Required the time ?  Anfwer, 3h.18m.47s.

c. Inlat.13°177N. ©’s declination 22° 10/ S. in the morning obferved

altitude of @'s L.L. 36° 26’.* Required the time ? Anf. gh. 17m. 8s.

6. In lat. 21°36’S. fun’s declination 3° 37’ S. in the morning obferved
altitude of the fun’s L, L. 35° 48.* Required the time?
Anfwer, 8h. zgm. gos.

® The cogiedtion for dip and femidiameier being 12° additives
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Seconp Mexnop.

¥ind as in the former method, the fun’s corret altitude, the fhip’s lati-
tude, and the polar diftance ; thence the fun’s corre@ zenith diftance and
the complement of latitude ; then add together the zenith difiance, co-lati- -
2ude and polar diffance, from half their fum fubtra® the zemth diffance and
note the remainder ; then add together the log. co-fecant of the co-lat. (this
and all the other logs. being found in Table XXV, ) the log. co-fecant of the
polar diffance (vejelting 10 in each index) the fine of the half fum, and
che fine of the remainder, half the fum of thefe four logarithms being found
among the log. co-fines, correfponds, in the adjoined column, to the time of day .

I fhall work the two preceding examples by this method.
EXAMPLE I,

go® of 90° of go°® o
©’scor.alt, 13 40 Latitude 51 30 @©’sdec. 6 34
Zen. dit. 76 20 Co.lat. 38 30  Pol. dift. g6 34

Co-lat. 38 30 Co-fecant o.20485
Pol, dit. g6 34 Co.fecant 0.00236

Sum 211 24

4 Sum 105 42 Sine 9.98349
Zen. dift. 76 20

Rem, 29 22 Sine 9.6905%
-2)19.88275

Co-fine 9.94137 correfponding to which in the
celumn A, M. is 8h. 7’ g/ the time of day, which agrees with the other

method.
EXAMPLE II,
go°® of 90° o 90° o'
©’scor.alt, 15 54 lat, 39 54 O'sdec.1y 28
Zen, dift. 74 6 Co-lat. 5o 6 Pol.dift. 72 32
Co-lat. so 6  Codec.o.r1511 5 3

Pol. Dit. 72z 32 Co-fec. 0.02050

Sum 196 44

1 Sum g8 2z Sine  9.99335
Zen. dift. 74 6

Remainder 24 106 Sine  9.61382

———

2)19.74478

. Co-fine  9.87239 correfponding to which in the
column P. M, is ¢h, 34m. 293, the time of day, which agrees nearly with
the firfk method,
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By the preceding method you may find. the beginning or ending of 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 begms or ends when the fun is at that diftance from
the zenith,

EXAMPLE.

Required the time of beginning and ending of the twilight, June 23, 1804y
at Bofton ?

Zen. dift. 108° o
Co-lat. 47 37 Co-fecant 0.13156
Pol. dift. 66 33 Co-fecant 0.03744

Sum 222 Io
1 Sum 111§ Sine 9.95991 ]
Zen. dit. 108 o .
Remgi::de; —T; Sine 8.73069
Sum 18.86960
Half fum Co-fine  9.43480 which correfponds tq

zh. 6 20” A. M. and gh. £3/ 40" P.M. Therefore the firft appearance
of the twilight in the mormnv 1s at zh. 67 z0” ; and the end of 1t in thg
evcnmg is at gh. 53/ 40" :

THirD Maraon.

When the fun or ftar’s declination, and the complement of the latitude
are both north or both fouth,* their fum, but if one bc nprth and the other
fouth their difference i is the n'erldxap altztude.

From the natural fine of the fun’s or flar’s meridian altitude, fubtratt the,
natural fine of the true altitude (both being found in Tab. XX11.) then
add together the log. co.fecant of the co-latitude (from Tab. XXV.) the
log. fecant of the fun or ftar’s declination, (from the fame table) reJe&mg
10 in each index, and the log. of the difference of the natural fines (Tab.
XXIV.). The {fum of thefe three logarithms being found in the column of
riﬁng, (Tab., XXI.) the hours, minutes and feconds corre{pondmg will be
the apparent time from ncon, if it was an altitude of the fun that was taken;
bat it it was 2 ftar, it will b° t‘m horary diftance of the ftar from the me..
ridian,

The two preceding examples are thus worked by this third method.

# If the fum ue«-d g»prnhrm it from 1829, the remainder will b: ke meridiag altitude,  In this sule the omplemem of
She acituat iy led by the {aine pauns & the Jaztada,
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EXAMPLE 1.

90° of

Latitude §1 30N,

Co.latitude 38° 3¢/ N. -~ . Co.fec. 0.20585 Co-lat.38 30 N.
Declination 6 34 S. Secant 0.002884 -

Dif.mer.alt. 31 56 N. fine 52893
©’s cor,altr3 40 N. fine 23629

——

Differ, 29266 log.4.46636

4.67507 correfponding  to

which in the column of rifing ig 3h. 52’ 51
) 12
Subtra@ed from 1zh. leaves the true time 8 9
Time per watgh 8 21
Watch too faft 13 §1  agreeing

with the former methods,

EXAMPLE II,

. 900 0/
Co-latitude 50 c¢6 N, Co-fec. o.r1g11 Lat. 39 s4

Declination 17 28 N, Secant  o.0z050

Co.lat. 50 o6
M. alt, 67 34 N. fine’ 92432
Correttalt. 15 54 N. fine 27396

Differ. 65036 log. 4.3131%

4.94876 correfponding to
which in the column of rifing is  sh. 34" 27" agrecing nearly with the
other methods, Timep.watch 5 30 ‘

Watch too flow 4 27.

To find the apparent time by an altitude of a _fixed flar.

Correct the obferved altitude for the dip and refraCion (the dip being
generally 4 miles, in a common fized veflel.)  Find the thip’s latitude at
the time of obfervation, and the ftar’s right afcenfion and declination in
Tab. IX.* thenadd togcther the ftar’s correct altituds, the fhip’s latitude, and
the polar diftance ; from the half fum fubtraét the ftar’s altitude and note
the remainder. Then add together the log. fecant of the latitude, the log.
co-fecant of the pelar diftance, rejefting 10 in each index, the log. co-fine
of the half fum, and the log. fine f the remainder, haif the {fum of thefe
four logarithms will be the log. finc of half the hour angle ; take out the
correfponding time in the column marked P. M. Table XXV, and apply
it to the ftar’s right afcenfion, by fubtraing it when the ftar is caft of the
meridian, or adding it when weft of the meridian, the fum or difference will
be the right afcenfion of the meridian or mid heaven. From the rightaft
cenfion of the meridian (increafed by z4 hours if neceflary) fubtract the

* The right afcer:fion and declination of the ftazs oltained from Tob. IX. arc the mean values, which, when very grear acce
raey i< requiced, wult be correited tor two fimall apparent inotions difeovered by Dr. Bradlev ; one called the Abessation, deperve
irg an the velucity of light ; the other, called the Nonation, depe wling on a froall mesicn of the ewnle's axis, enfed by the atizaze
110z of ¢he woon. The methol; of aslewing £a1 the ALcsiat.an and Nugaties, are taught in moft tisauf=: of AC:o6 iny.

N -
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fun’s right afcenfion the preceding noon at Greenwich, taken from page 2d;
of the month in the Nautical Almanac, the remainder will be the apparent
time at the fhip nearly.  To this time apply the longitude of the fhip from
Greenwich, turned into time, by adding it when it is weft, or fubtralting
it when it is caft, the fum or difference will be the apparent time of the
obfervation nearly by the meridian of Greenwich, Then enter Table
XXIX. with the daily variation of the fun’s right afcenfion at the top, and
the time at Greenwich® in the fide column, and in the angle of meeting is
a number of minutes and feconds, which fubtratted from the above timg
at the fhip, leaves the correéted apparent time required,

EXAMPLE 1.

Suppcfe, Sept. g, 1804, {ea account, inlat. 7°45’S. longitude 30°18’E. of
Greenwich, the altitude of the ftar Procyon, being then eaft of the merid-
jan, thould be 28° 16/ and the dip 4’ ; required the time,

ByTab.IX. for year 1800 Procyon’s rightafc. 7h 28/ 49"  Dec.5°44’ o”N.

Variation in 4} years Add 15 Sub. o036
For the year 1804, Sept. right afcen. 7 29 04  Dec.g 43 24 N,
Star’s obf. alt., 28° 16’ go
Dip ' 4
Pol. dit. 95 43
28 12
Ref, Tab, X1II. 2
Cor. alt. 28 10
Latitude 7 45 Secant 0.00399
Pol. dift, 95 43 Co.fec. o0.00217
Sum 2)131 38 )
1 Sum 65 49  Co.fine 9.61242
Alr, 28 10

Remainder 37 39 Sine  9.78592
Sum 2)19.40450

4 Sum.  Sine  g.j0225 correfponding to which

in the column P. M. is 4h. 2m. os,
Star’s right afcenfion 7 29 4
Right afcenfion of the meridian 3 27 4
Increafed by 24

. . 27 27 4

Sept. g, fea acc. is Sept. §, by N. A. Sun’s right af. noon 31 6 3
Time at the fhip nearly 16 20 11
Ship’s longitude 30° 18/ in time 2 1 1z
Time at Greenwich nearly 14 18 §g

Sun’s right afcenfion Sept. 8 1th. 6 53”7
Sept. 9 11 10 29
Daily difference 3 36 The correélion of Ta.
ble XXIX, correfponding is 2m. gs. which fubtra@ted from 16h. 20" 11
leaves 16h. 18m. 2s. the true time at the fhip or 4h. 18m. 2s. patt.mid.
night.

© Table XXIX. is anly calcalated to 12h.  If the time at Greenwich exceeds 12h. you muft firft rake out the correflion for 1a%.
and add it 1o the corscition taken out for the rcft of that time ; the fum will be the foughi cotscttion,
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EXAMPLE Il
Suppofe April 16, 1804, fea account, inlat. 48° 56/ N. long. 66° W.
the obferved altitude of Aldcbaran when weft of the meridian, fhould be
22° 24/, and the dip 4/ ; required the apparent time at the fhip ?

By TableIX. for the year 1800, R.Af. Aldcb.4 z‘; z”-; Dec.16° € o”"N

Variation for 4% years Add g Add o 36
For the year 1804, R. Afcs 4 24 42 Deca1i6 6 36N,
Obs, alt. Aldeb, 21° 25 go
Dip 4 -
P. dift. 73 53 24
2z 21
Refraftion 2z
Cor, alt, Aldeb., 2z 19
Latitude 48 6 Secant ©.18248
Pol. dift. 73 §3 Co-fec. 0.01541
Sum 2)145 8
1 Sum 72 34 Co-fine 9.476354¢
Ale, 22 19
Remainder 50 1§ Sine  9.854584
Sum 2)19.§6227
L Sum. Sine ¢.78113correfponding to which
in the column P. M, is . 57" 20"
Star’s Right Afcenfion 4 24 42

Right Afcenfion of the merid. 9 22 2
April 16, fea acc, is Ap.1§, by N.A, when®’srt.af. noon 1 33 46

App. time at fhip nearly 7 48 16
Long. 66 W. in time 4 24
App. time at Greenwich 12 12 16

Sun’s Rt. Afcen. April 15 1h. 337 467
April 16 1 37 27

Daily difference 3 41.The corre@ion of Tab. XX1X.
correfponding is 1/ g2/, which fubrtracted from 7h. 48/ 16” the app. time
at the fhip nearly, leaves 7hi 46m. 24s. the corre@ time at the fhip.

This method of obtairing the time by the ftars is certain, could a good
horizon be obtained ; but as that is not always the cafe. it is Lett ro regu.
Yate your watch by the fun.
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To- ﬁnd the LONGITUDE at Sea, by the

- LuNar OBSERVATIONS.

-—-.eg&.__.

A MONG the various methods propofed for ﬁndmg thc longltude at
fca, none has been more juftly celebrated, nor is of greater utility, than
that by meafuring the diftance of the moon from the fun or a fixed ftar,
afually catled the Luvar OBsERvATIONS. To facilitate this method, a
work is annually publifhed by the Commiffioners of Longitude in Fnoland
which contains the diftance of the moon from the fun or a fixed ﬁar, for

every thrce hoursy calculated for the meridian of Greenwich. An obfer-
vation of thefe diftances being made in any place, the time at Greenwich
ray be deduced therefrom, whlch comparcd with the apparent time of ob-
fervation; will give the difference of meridians,

"The diftances of the moon from the fun and propef flars, are generally givern

in the Nautical Almanac from one obje&t on each fide of her, to afford a
greater namber of opportunities of obfervation; and to enable the obferver
1o corrett, in a great degree, the errors of the inftroment, or of the adjuft-
ments, or a faulty habit of obferving the contat of the limbs ; becaufe the
errors bave a natural tendency to corre each other, in takmg the mean of
sbfervations made with thars on different fides of the moon. Previous to
rzaking the obfervation; the Nartical Almanac muft be examined, to fee
from what obje&ts the diftances are computed, and it is from them only the
ciftances muft be meafured.

"There are only rine ftars from which the diffances are computed in the
Nautical Almanac ; and as it is of the greateft importance to be able te
difcover them eafily, I fhall here add a ntmber of temarks which will be
found weful for that purpofe.

The beft way of difcovering any ftar, is by means of a céleftial globe s
if that cannot be obtained, the time of the ftai’s pafiing the meridian, and
its meridian altitude, may be calculated, and by obferving it at that timey
it may be eafily difcovered. The diftances marked in the Nautical Alma-
nac afford alfo to the obferver a re cady means of knowing the flar from whicll
themoon’s diftance isto be obferved ; for he has nothing to do but to fet his
quadrant or fextant to the diftance computed roughly at the apparent time;
eltimated nearly for the meridian of Greenwich, and direct his fight to
the ealt or weft of the moon, according as the diftance at Greenwich was
tound in the $th and gth, or 10th and 11th pages of the month ; and hav.
"ng found the reflected image of the medn upon the horizon glafs, fiveep’
the fextant to the right or left, and that image will pafs over the fought
ftar, if abote the horizon and the weather clear: tbe ftar is always one
of the brighteft, and is fituated nearly in a line perpendicular to the moon’s
horns, or, which is the fame thing, in the line of the moon’s fhorter axis
produced.

The compuzed diffance made ufé of in fiweeping for the far, 1s found in
this manner. Reckon the apparent time at the fhip in the manner of
tromners (by counting 24 hours from ncon to noon, and taking the day
one lefs than the {ea accomt) ; to this time apply the longitude turned io-
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td time, by adding in weft, and fubtrafting 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 this eftimated time, and note the difference of thefe ditances. "Lhen
fay, as 3h. or 180’ is to the difference of the diftances, fo is the diffcrence 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, if it is in.
creafing, but fubtrated if decrcafing; the fum or difference will be the
diftance to which the quadrant or fextant is to be fixed.

. In fweeping for the ftars by this method, it will often happen that two
or more are {fwept upon at once : this might caufe fame difficuity to an in-
experienced obferver, who would be at a lofs to know which to make ufe
of. To remove this, the following defcription of thefe ftars is added,
which is an improvement of that formerly publifhed in the American edition
of Moore’s Navigation. The defcription of Regulus was given by an in.
genious correfpondent,

« ARIETIS. This ftar bears about weilt, diftant 23° trom
the Pleiades, or Seven Stars; it is of the fecond
X magnitude, and may be known by means of the

ftar # of the third magnitude, fituated S.W.of it, 31
degrees diftant. South of the ftar =, at the dif-
tance of 14°, is the ftar », of the fourth mag-
nitude.  The northernmoft of thefe ftars is
« Arietis.
ALDEBARAN, About 35° E. of « Arietis, and 14° 5. E. of
the Pleiades or Seven Stars, lies the bright ftar
P ¢ Aldebaran, Near this ftar, to the weflward,
. are fix or feven flars of the third and fourth mag-
o e ritude, forming with it a figure refembling the
letter V, as is reprefented in the adjoined figure,
- where Aldebaran is marked <. At the diftance
of 23° from Aldebaran, in a S. E. direGion, are
three very brighe ftars, fituated in a ftraight line
near to each other, forming the belt of Orion.
PoLLux. At the dittance of 45” trom Aldebaran, 1 the
direétion of E. N. E. lies the ftar Pollux, which
is a bright ftar, though not of the firft magnitude.
N. W. of it, diftant g°, is the ftar Caltor, of
nearly the faine magnitude, and vou will almoft
always {weep both at once: the fouthernmoft is
the one to be ufed.

3

KEeGuLus, E. by d. 4 5. trom rollux, at the ditance of
) 37%°, lies the ftar Regulus, of the firft magnitude 3~

. Y to the northward of which (at the diftance of §°)

* is a ftar of the fecond magnitude ; ncar to thefe

* « are five ftars of the third magnitude ; the whole

forming a clufter refembling a fickle, reprefented
in the adjoined figure, Regulus being in the exs
*k Regulus.  tremity of the handle. A line drawn from the
northern polar far, thrcugh its.pointers, paflcs
abouzt 12° to the eaitward of Regulus.
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Srica. E.S. E. from Regulus, at the diftance of 547,

lies the ftac Spica, of the firft magnitude, with ne

% bright ttar near it : S. W, of this ftar, at the dif-
tance of about 16°, are five flars of the third and

% fourth magnitude, fituated as in the adjoined fig-

M urc ; the two northernmoflt of thefe ftars », »
form a ftraight line with the {tar Spica, and by
this mark it may be eafily difcovered. A ling
. M drawn from the northern polar ftar, through the
middle frar of the tail of the Great bear, will pafs
near to Spica.
AXTARES, E. S. FE.trom Spica, at the diftance of 46 -
degrees, lies the ftar Antares, in 26 degrees of
fouth declination ; it is a remarkable ftar, of a
reddifh colour ; on cach fide of it, to the W. N. W,
and S.S. E. about 2° diftant, is a ftar of the third
or fourth magnitude, forming an obtufe angle
with it, no bright ftar being near,
« AQUILA. N. E. from Antares, at the ditance of 60°,
lies the very bright frar « Aquilz; N. N. W, of
’ which, at 2° diftance, is a ftar of the third mag-
%k nitude, and S. S. E. of it, at 3° diftance, another
ftar of a lefler magnitude, forming a ftraight line
v with it. The ftar « Aquilz is nearly of the fame
colour as Antares.

»
*

—_—

FoMaLuavyT. 8. E. from « Aquile, at the diltancc of 60°,
lies the ftar Fomalhaut, whichis a bright ftar of
high fouthern declination, its altitude in northern
lutitudes being fmall, never exceeding 20° in the
latitude of 40°. Tt bears nearly fouth from the
flar @ Pegafi, diftant 45 degrees. A linc drawn
from the pointers, through the northern polar
ftar, and continued to the oppofite meridian, will
pafs very near toz Pegafi and Fomalhaut.

T Prcasr. E. by N. from 2 Aquile, at the diftance of |
LA 48°, and weft from « Arietis, at the diftance of
&k 4.4°, lies the ftar « Pegafi, which may be known
by means of four ftars of different magnitudes,
gt fituated as in the adjoined figure, in which « rep-
P refents « Pegafi, 8 a ftar of the fecond magnitude
bearing north of it diftant 13°; the others are of
Jeffer magnitude, and two of them, 3, g, form a
ftraight line with the ftar « Pegafi, and by this

mark it may be cafily difcovered.

@ kK

General objervations on the taking of o Eunar Obfervation.,

The accuracy ef a lunar obfervation depends chiefly on the regulation
of the watch, and on the exact mcafurement of the diftance of the moon
from the fun or ftar; a finall error in the obferved altitudes of thofe ob.
jects does not much affe& the refult of the calculation.

"I'he beft method of reguiating a watch at fea, is by taking an altitade
of the fun when it changes quickeft, or when it bears nearly caft or weft, and
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fioting the time by the watch. With this altitude, the latitude of the place,
and the fun’s declination, find the apparent time of obfervation by either
of the preceding methods ; the difference between this time and that thewn
by the wateh, will thow how mach the watch is too faft or too flew. A
fingle obfervation taken with care will generally be-exact enough ; but if
greater accuracy is required, the mean of a number of obfervations may be
taken. If the diftance of 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 meafuring the diftance ; this will render the ufe of a watch un.
neceffary, and will prevent any irregularity in its going from affecting the
refult of the obfervation.  If a night obfervation is to be taken, the watch
fhould be regulated by an altitude of the {un taken the preceding even
ing, and its going examined by means of another obfervation taken the
next morning ; for the time tound by an altitude of a ftar cannoi be fo
well depended upon, as the atmofphere in the night is precarious, and the
orizon generally ill-defined ; but the altitude may be fuificiently exat
for finding the corredtion ufed in determining the angular diftance,

Altheugh all the inftruments vied in thefe obfervations cught to be well
adjufted, yet particular care-ought to be taken of the fextant ufed in meaf-
uring the diftance of the moen from the fun or ftar, fince an crror of 17
in this diflance will make an crror of nearly 30 in the longitude deduced
therefrom. When a great angular diftance is to be meafured, the adjuilment
of the parallelifin of the telefcope is of primary importance ; but when the
diftance is lefs than §0°, the telefcope may be difpenfed with, ufing a fim-
ple fight tube, taking care, however, that the eye and point of contaét of
the objeds on the horizon glafs be equally diftant from the plane of die in-
firument, :

“Whilft one perfon is obferving the diftance of the objeéls, two others

ught to be obferving their aldtades ; and the watch cither {ufpended near
one of the objervers, 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 vo the others to be ready with their zititudes by the time he
has finithed his obfervation, which being donc, the time, altitudes, and
diftance thould be carefully noted ; and other fees of obfervations taken,
which muft be done within the fpace of 15 minutes, and the mean of all
thefe obfervations muft be taken and ‘worked as a fingle one.

When a fhip is clofe hauled to the wind, with a large fea, or when f{ail-
ing before the wind, and roliing confiderably, it is difficult to meafure the
diitance of the objells ; but when the wind is enough upon the quarter to
keep her fteady, it is eafy to do it, efpecially in {mall diffances, which are
much more cafily meafured than large ones, and are not {o liable to error
feom an ill adjuftment of the telefcope : an obferver would thercfore do
well to choofe thofe times for his obfervations when the diftance of the
objedts 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 of the
fun, becaufe the fextant will be held in a more natural and cafy manner.
When the moon is near the zenith the obfervaiion is generaly diflicult to
make, becavle the oldferver is forced to place himfelf in a difsgreeable pof-
turc. For the fame reafon an obfervation of the moon and & ftar 15 gene-
rally much eaficr wo take when the fier s Iower than the moon.  This fit-
uation of the objets may in moft cafes be obrained by making the obfer-
vations at a proper time of the day.  But it muit be obferved that neitker
of the objetts ought to be at a lofs altitude than 107, upen account of the
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uncertainty of the refration near the horizon ; for by the Example, page:
132, it appears that the refraction varies from 33/ to 36/ 40/ only by an
alteration of 40° in the thermometer, This alteration might caofe 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, muft be brought to the horizon. Indamp weather it is
rather difficult to obferve the altitude of the fiars, on account of their dim-
nefs, particularly & Pegafi and « Arietis. Sometimes they are fo dim that
they cannot he feen through the holes of the fight vane; in that cafe it
muft be turned afide, and the eye held in nearly the fame place.

We have here {uppofed that there were obfervers enough to meafure the
altitudes when the diftance was obferved ; but if that is not the cafe, the
altitudes may be calculated in a manner that will be explained hereafter.,

Preparaticns neceffary for aworking a Lunar Obfervation,

Find the apparent time of obfervation by aftronomical account, which is
one day lefs than the fea account ; to this time apply the longitude turned
into time by Table XX.* by adding it if it be weft, but fubtrating it if it
be eaft ; the fum or difference + will be the fuppofed time at Greenwich,
or reduced time,

In page 7th. of the month of the Nautical Almanac, find the neareft -
noon and midnight bhoth before and after the reduced time, take out the
moon’s femi-diaineter and horizontal parallax for this noon and midnight
and find their differences, ’

Then enter Table XII, with thefe differences in the fide column, and
the reduced time at the top ; oppofite the former and under the latter are
the correions,t to be applied refpetively to the femi-diameter and hori-
zontal parallax, marked down firft in the Nautical Almanac; additive if
increafing, fubtrattive if decreafing : the fum or difference will be re.
{peclively the horizontal femi-diameter and the horizontal parallax. To
this femi-diameter muft be added the augmentatian from Table XVI. and
the fum will be the corrett femi-diameter of the moon. The fun’s femi.
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 12
miles ; if their upper limb was ufed fubtra&t 2o miles ; and from the flar’s
obferved altitude fubtra® 4 miles, and you will have the apparent altitudes
nearly ;§ and by fubira@ing them from go® you will have the apparent
zenith diftaness.

To the obferved diftance of the meon from a ftar add the moon’s femi.
diameter, if her neareft limb ,was obferved, but fubtraét it if 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 :heir femi-diameters,
the fum will be the apparent diftance.

+, in the mannes dig-&ied in the note xage 154

4 WYen the fam excesds 34 houry, you wmoft fubtraét twentv-four hours, and add onc to the dav of the mor}lh. And when
the hang 10 be fubtrafted are 1w@ore thaa t3e hoars of the apparent titae, 23 bours 10ufl be added (0 the latter previous to the fe
tralion, and one day taxed from e day of tie muonth. :

¥ Thele correfrions mav be feund cafily withoue the tble, by {aving, as 12 Bogrs is to the reduced time (rejefing 12 honre
when morc g 13 2 ure’ 0 is tioe Cilerciec of paratiax or fwmicdiameter for 14 bours to the correfponding correftion. When
wliap the rable the red wid nise may be found to e nearest hour, or if falls mid-way between two hours, the ‘mean of the curs
peftions for both houry may be caken.

* O7 by muleiplying it by 4 foxege

§ Ttefe aliimdes are fuppofid 10 bo taken Vv a fore ohfervation ; and if vou wifh to obtain the apparent altitndes to 2 greater
cegree of evafiacls, vooroutht ta fubra® ke dip of the horiz+n, and add or fubtrat lh!lrtml-dnu’.ltlcr of the ohjcf accords
;r.eru the lower or upper 1imb was obfened, but the a}xpli:axion of the above numbers will give the altiwdes in 3 common fized
weTel, whrere the dip 1s 4 or 3 minutes ; bue if the eve finnld be wrr Eigh abeve the water, you might fubtract 1 or 2 minutes
- thefe altitude : accarding to the dip in Tale XIV. In the fullowing exawpler of lubar obfervations we fhall fuyplafc ke,
&g 17 40T 12 with thT abuve RERLCT N R
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* From the fun’s refra@ion in Table XIII. take his parallax in altitude in
Table X V. the remainder will be the fun’s corre@ion.

The ftar’s refraftion in Table X1II. is his corrcétion.

With the moon’s horizontal parallax, and apparent zenith diftance, find
her eorrection in Table XVIII. which is to be entered at the top with the
moon’s zenith diftance, and at the fide with her horizontal parallax ; under
the former and oppofite the latter is the fought correction.*

Moft of thefe preparations are neceffary, whatever method is ufed in
working the obfervation. The moft noted methods are thofe of Duxw-
THORNE, Lyons, WircHeL, &c. and improvements on thefe methods by
various authors.

DuntHorNe’s and fimilar methods have one great advantage, there
being no difference of cafes ; but their methods are tedious by reafon of the
great exadtnefs required in proportioning the logarithms to feconds. Lyon’s
and Wrtcuer’s methods do not labour under this inconvenience ; but they
are embarraffed with a variety of cafes: fometimes the correttions are
additive, fometimes fubtra@ive, and learners find a difficulty in right.
ly applying them, The following method has all the advantage of
Witchel’s, without labouring under this inconvenience. Lhe corrections
being always zpplied in the fame manner, the logarithmic fines and co-
fecants nced be taken only to four places of figures and to the neareft
i_ninu:f ; it being in general quite unneceflary to proportion for the odd
econds.

Rule for correcting the apparent Diffance of the Moon from the Sun.t

Add together the apparent zenith diftances of the fun and moon and
their apparent diftance, and note the half {um of thefe three numbers.

From this half fum fubtra@ the moon’s zenith diftance and call the dif.
ference the firft remainder.  From the fame half fumn fubtraét the fun's ze-
nith diftance and call this difference the fecond remainder.

*® This table eontains the crrre@ion of the maon's altitude for every 10" of parallax fram 59° to 62°, and for every degree of
seqith diftance from 19 1o 8;9; and may be found for any intermediate angle by means of the tables ot peopostional parts placed
#t the right hand of every page.  As rhis table is printed in a new form we {hall give a few examples to explain its ufe.

In finding the correQion from this table, the degrees of zenith diftance muft be found at the tp (negletting the edd minies;
and the next lefs parallax at che fide ; the number under the former and oppofite the lutter is to be referved.  Take the éifference
YBetween this refeeved number and the one next below it in i+ fame vertical eolumn, and call it d; take allo the difference
Between that referved nunber and the number in the next right hand column on the fame hori I tine, feorrefponding e ke
next greater degree of zenith diftauce, which fometimes falle on the firfi column of the next page) and call 1t D. “Then hnd d a-
the top of the lutle table of parallax in the vight hand of the page ; under this and oppofite the odd fecouds of paraliax (found in
the column marked S.) is the correRion arifing therefrom, which is to be added to the furmer referved number. Theaintte
other fide tables for the zenith diftance find D ac the top and the minutes of zenith diftence at the fide, (being marked Mat the
top), undee the furmer and oppofite the latter i< the eorrcftion for the odd minutes of zonith diftance, which 15 additive cxcept 1u
the twa laft pages of the bles, Thefe fide tables are marked at the top Add or Subtraf, fo that there can be no dilficulty in applye
§Sng ﬂacf: two correftions 1o the peferved number, in order to obtain the cosreftion of the moun’s altitude fur porallax aud
geiroflion.

At the top of the fide tables in every page are marked all the mimbers that can he wantes on that page 1 in the fide columns the
zenith diffance is marked to every g minutes; the earreftion fur anv intermediate minute wmay be found by infpeftion.  The
zenith diftunces are marked at the top of Table XVIIL. jnitead of the altitades ; by tlis maans the correQion for the udd min.g
is additive in the mof ufeful part of the table : for a lunar obfesvation ought not to Le tahws when the moon’s zenith diftwice
a. great 4 is marked in the lait page of the tatle.

Afrer a little proftice the correftions may be taken from thefe rablet in a veer expeditions manner.

Exanurts L Required the corre@ion of the P'c aliitnde for the zen, dilt. 559, and paraliax 58" 50™ 2

Uader 559 and ugpofue o 68° 10 is the fought correRian 467 18™,

Examrie 1L Required the correRtion of the D't alutnde fux the zen. dift. 420 and parallag 48° 16 2

Under 55° and oppefite to 58" 10 is 46° 1B, the difference between this and the munber below it(46° o2} ic =4 In che fints
table of parallax marked 97 at the top, and oppatice to the odd feconds (6} of the moon's borizoutis paraliax 48' 16" nand g%,
which added to 46" 18" gives the correftion reguired, 46' a3™.

pxavwers UL, Required the correflisn of the I~ alticade for the zen, dift, 559 15 and paraltax g8 g6v?

Under 840 and appafite t0 589 10’ is 46* 48, the difference between this aud the number below i 60 7 is g™
ference hetween it aud the puinber iu the right hand column nponfite to je is 327==D. Inthe 1i-
hand under dwy™, and oppofite G the odd feeonds of partlax (tand 5, additive,  In the table of h «
oppofite the odd minntes of zenith diftance 15 {tad 87 additive. Theiefure by adding 5" and 8% 10 46" 187, tie funght curveilion
iv found 1o be 45" 1™

ExaxeLr IV, Required the eorrefion of the D's altitude for the zen. dift. 192 207, and horizomial parallax sy #

Opp fite_g9* and nnder 190 fland 16" 663 the ditference between this and the unmber o *e to §r in % nexr column is
D=s1". Under 517 in (he tablex of zenith di- ancr, and oppolite go° {the odd wminutes of zen. 4anee, is 17 to be added 12
28" 56 to obtain 1he fought correftiom, 177 1.5,

Examers V.o Required the eorrefiion of ihe P al:itude for the zen. 4ilt 8:9 347 and parallav g4 2

Oppntite 55° and nnder B 9 i< 48" £6%, to the rivht of which, in the colimn warked 819 (nhuch £ in ke next page) ic 22" 32"
beir difference is de=24".  Nuw in the fide tables for the zenith diftance, wnder = 7 aned - pufite .7 the udd rois W, Lty
flard 147, and 3s at the 1op it is arrked Fabtra®, it et be fubiratied fiom 58° 6, 1o obwin the 1304t correetion 4" 4

-zd ; and the dif.
of paral i

+ This 1ile is fimilar o that tuz correlting the moon™: diflance fiunia flar ; theonly differsu weanfill in readin g Suapies
e
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To the conftant log. 9.6990 add the log. co-fec. of the half fum, and
the log. fine of the apparent dift. (both taken from Tab. XXV.) the fum;
rejeling 20 in the index, is a referved logarithm.

To this referved logarithm add the log. fine of the fun’s zenith diftance,
the log. co-fecant of the firft remainder, (both taken from Tab. XXV.} and
the proportional log. of the corretion of the fun’s or ftar’s altitude (from
Table XXIIL.); the fum, rejeiting 3o in the index, will be the propor.
log. of the firft correion, to be found in Table XXIII,

To the referved logarithm add the log. fine of the moon’s zenith diftance,
the log. co-fecant of the fecond remainder (both taken from Table XXV,),
and the prop. log. of the corre&ion of the moon’s altitude (from Table
XXI11.); the {fum, reje&ting 30 in the index, will be the prop. log. of the
fecond correétion, to be found in Table XXIII.

Then to the apparent diftance add the corre@tion of the moon’s altitude
and the firft corre@ion, and fubtra@ the fum of the fecond correction and
the correétion of the fun’s altitude ; the remainder is the corre@ed diftance.

Take the difference between the corre@ion of the moon’s altitude and
the fecond corre@ion; with that enter Table XIX. and under the correét-
ed diftance take out the number of feconds correfponding ; and: in the fame
column, oppofite the eorretion of the moon’s altitude, take out the number
of fecends correfponding ; the difference between thefe two numbers is a
number of {econds to be added to the correfted diftance, when lefs than go
degrees ; but fubtralted, when above go degrees : the fum or difference
will be the true diftance*

To determine the longitude from the true diffance.

In the Nautical Almanac, among the diftances of the objefts, from
page 8 to 11, look for the computed diftance between the moon and the
other obferved object for that given day ; if it be found there, the time at
Greenwich will be found at the top column; but if it falls between them,
as it generally will, take the difference between the diftances that ftand
immediately before and after the computed diftance, and alfo the difference
between the diftance ftanding before it and the computed diftance,

"Fhen from Table XXII1., take the prop. log. of the firft found difference,
and the prop. log. of the fecond found difference, and the difference be-
tween thefe two logarithms will be the prop. log. of a number of hours,
minutes, and feconds ; which, being added to the time ftanding over the
firlt diftance in the Nautical Almanac, will give the true time at Green-
wich,

. The diffcrence between this Greenwich time and that at the thip, turned
into degrees by table XX. will be the longitude of the place of obfervation,
reckoned from the meridian of Greenwich, which will be eaft if the time at

the fhip be greater than that at Greenwich, but if it be lefs, the longitude
will be weft.

* The diflance obtained by this mle is not exaltly the true diftance, for it requires feveral fmall correftions to obtain it trne to,
the nearett fecond, viz. (1; The rdra@ion wken from Table XIII. (hould be correfled for the different heights of the Barometer
and Tuermomeier, as diretted in page 132, () A correction fhould be applicd £.r the fpherindical figure of the carth,  And (3)
a corre@ion equal wo the founth orreion of Witche!’s method given in page 62 of the appendix of the fecond cdition of the Re-
quilite Tables of Mafkelyne, loyld alfo be applicd.—But to notice all thefe corre@ions would increafe the caleulation very muach,
and the refultof a fingle oblervation, in which all thele things were noticed, would probably not be fo accurate as the mean of
€0 or tiree sbiervattony, Wwkey ac differem: times of the day, in which icle corrciong were negledted, )
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Exavere I,

Suppofe the 1gth Feb. 1804, fea account, the diftance of the fartheft
limb of the moon from the ftar Regulus was obferved 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. 28n. P, M. the long. by account 115°
W. of Greenwich. Required the true longitude ?

DeS. D.at midnight
Noon, Feb- 1g,

Difference
‘Tab, X1

Aug. (Tab. XVL)

Preparation,
[N
Feb. 19, Sea ascount, is Feb. 18, by Nautioal Almanacac 6 oy
Longitude 1152 in time 7 49
Roduged time 14 of
16 g D' Hor. Par. midnight 5 s
15 59 Nuon 58 41
4 Diffcrence "
H Tab. XIL 2
(L Hor. Par, 8 st
16
Cor. far Par 58 go™ and 7.. D. 30 3
BeS. D 15 18 ‘d. = 0 and Par. 1" °
—_— D. = 60" and Z. D. 20 20
€or Pak. 9 ae
®
A{-pnrem diftance
renith diftance
%' zenich diftance
Sum

Half (ora
e men. dift

Firlt remainder

Half fum
¥*'s zen. dift.

Gecond remainder

Apparent diftance
Fielt correRion

Add Core. Dhalt. Diftance at 17N
Corrett ditlance
Difereuce
€ Secand correflion 3.5° - Time

Sibe SCorr. gl 335 W Al

76 e 85 Time at Creenwich
Cosr. Tab. XIX. g > DIl add. IS Tiwne at thip

i

Coreet diltance 26 22 g5 DI islong ipima

A« refrac. 3'43" is its correltion in alt.

Obf. difts 760 36" o
Pss. D. 1618

App- dift. 36 1944

7 a0 Conftant teg.
3 o Half Gt 759 3¢ Co-fec,
5 08 Ditwuce ;0020 Sine
155 3t Referved logarithm
— k zen. dift. 749 51 Siue
77 43 Firltrem. -4 ug  Coofec,
3 z0 %k Corrcimale 343 P. L.
74 2§ Firft corr. 706 P.L.
74
75 5t
154

Difference

9600
12.510%
985
96965
9.985

10,5169
163510
14843

1534

eobfiak. L. L.
Add

D's app. alt.

D's zea. ditt.

%ks obf. aly,
Dip.

N app-ak.

% zen.dift.

To find the correé diftance and longitude.

Referved fogarithm
D' zen. dift. ;0 20t tine
f

Seeond rem. 1
Cor. Irs ubte

Second corr

Ry Naut. Alm dift. at 12bh. =m0 48° oRY
6 4

R oo1pmy®y W

5

P.L.
PIL.

o igRy
Hefoy

.1 by

3222

oftys



_ Suppofe the 1gth January, 1804, fea account at 4h. 35 P.M. in the
long. of 88° E. of Greenwich by account, the diftance of the fun’s and
moon’s neareft limbs was obferved 70° 26’ 107, altitude of the moon’s
upper limb §2° 33/, altitude of the fun’s lower limb 27° §5’. Required

the true longitude ?

Jan, 39th {en aceousnt,

Reduced time Jao.

P18.D. Jan. 17 ac midnighe 36" 8" I's Hor. Par. midnight 59° 11" Psoblalt. U. L. g@ o8
Jan. 182t noon 6 g Noen 59 16 Subtnaft 30
Difference T Difference s Ds app- ale. 52 13

Rt L £l
Tabje XII, ] Tab. X11. 4 » ain ———9
—— ’s zen. dift. is
% 9 D’s Hor. Par. £9 15 27—:_7.
g, Tab. XVL 12 s obf. alt. 279 g5¥
= Ceor. for Par. 59’ 10" and Z D. 3:0 39 5" Add 32
P=lemidiam. 36 33 d. == 6" and Par 5" (3 —
L — D.am 48" and Z. D. 47* a8 @'sapp. ale. 28 4
Corr. P's alt. 35 35 © g:.‘
——— 's zen. dift.
€ refralion 3t 49" Ob!. ditt. 76926 107 ' —....Gl 3
s par. 8 }<§, D, 16 21
— ©s$ D 1618
Cozr. Orsalt 1 39
e — App. dift. 70 58 59
To find the corre diflance and longitude.

Ayparent diftance 207 59" Conftant log. ©.606>

D's renith diftance 47 a7 Half fum 85% 19 co.fec.  10.0014

()'s zenith ditance 6 353 Diflance 70 39 finc 9.9756

$am 170 19 Referved lag. 9.6765 Referved log.

s zen. dilt. 612 53 fine  g.9455 D's zen. dith, 990 490 96x6y

Haif fam 85 19 1t rems 47 32 co-fec. 1001 und rem. 210560, e 9980

D> zen. diftance 3 47 Corr. Orsalt. 37 39" P- L. 2,0478 Corr. 's akt. 3¢+ 36-.'1:.';“40:\5'

— e i

R remainder 47 32 sft correflion 2 55P.L.  1.9014 and corr. 48 g p, L 610

TOIF fom 85 19 o

s zea. dift. 61 53

und remainder 23 26 By N A. Dif. 15d. 2:he 60 g5* 269

184. at noon 7t 83 27
Apparent diftance <O 58 49" Difference 138 1 P
Add 31t correction 2 55 N {77
Corr. P'sale 3% 35 Dif. 17d. 21h. 69 55 26
— Correft diftance 70 47 8
Comd @ P
and corr. 4% g2 - Difference 5t 35
Sub. 3 Cor. sl 1 39 2 50 = T Pl sy
————nre ime h ' 44" —
70 46 53 Ad b P.r. 2:88
~ 120 —
Cor. T. XIX. § 1 ED’E‘ add 3 Time 2t Creenwich, Jan. t3d. 2:h. 34" 39"
——tn Time at Thip, 18 4 35

Corref} diftance 50 47 1 ——

————— Diff. Jong. in time 6 o 16=9P g

is Jan. 12th by N A,
Long. 880 E. fabtra, in titne

Examrere 11,

Preparation.

4. h =
Jan. 18 4 38
5 5

17 22 43

LUNAR OBSERVATIONS,

|
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EXAMPLE III.

Suppofe the 31% March, 1804, at 3h. 48 A. M. fea account, in the
longitude of 155° W. of Greenwich by account, the diftance of the neareft
limb of the moon from the ftar Fomalhaut was 80° 48’ 3", the altitude of
ihe ftar 23° 59f, the altitude of the moon’s lower limb 55° 36’ Required
the true longitude ?

.
. Preparatién.
Macch 34, fea accaunt js March 20 bv NU A gh. 48 A. M or Mar. 301, 15h. 4R,
Longinde 1550 W. in timo . Ad 1 v
Reduced time Mar.31 2 B
23 8. D. 3t noon 1y 50" D Hor. Par. noon 51 26"
midnight 13 53 wmiduight 34 46
Pifference 3 Différence 12 Deoblale. L L. 0460
——— —_— Add 12
Table XII. o Table X1I. o . B —_—
— — s app. alt, 55 38
. 13 50 s Hor. Par, 54 98 I's zen. dit 34 ?;
Augm. Tab, XVi. 13 L ——— ——
——— Corr. for Prr. 590" and 2. D, 340 is 29" 43" X’s obf. alt, 23 59
bss. b 15 1 d. == 6" qnd Par H P Dip 1
— D. = 45" and Z. D. 1¢* 9 .
———- ’s app. ale, 29 a5
Corr. J's alt. 9 59 s zen. dift. 66 g
ks refraftion 2° P4 its corccRion in ait.
Oi (. Dift. 8048 gv
Pss. . 15 3
App it 8 3 o
To find the corre@ diffance and longitudea
i
Apparem diftinee 819 g0 gonftant logarithm 5009
$'s zenith diltance 33 4 Half fum 909 30’ co.fec. 19.0000
%' renith dittance &6 4 Difance Bt 3 fine 99947
—_— —— .
Sum 18t 20 Referved Jog. 9.69.27 Relerved log. 4 .69
— ks zen. difi. 66° g fine g.9610 s zen. difh. 349 12* fine 9.7449
Half fum Yo 44 ittrem. 86 %8 co-fec. 10.0791 end rem. 23 36 canlec. 10.3859
P's zen. diftance 34 12 Xk'scor.inaltz 8P, 1, 19263 Cor. s alt. 29" 59" P. 1., 7784
1t remainder 56 28 Mt corr, p 56 P L. 16600 end cor. 44" 55" P. L. 6029
Half fum © 90 40
X's zen. difance 66 g .
—
20d remainder 24 35 By N. A dif. Mar. a1 atnanh R:095" 187
—— at gh, 8 17 9
. 182 11 2L 0,
Apparent diftance 89 3 6 "‘L‘—' s
Add 5 1t corre&ion, 3 56 Biftanee at noon 81 39 18
Core. B's altinde 29 59 Cotrett diftance 85 49 59
-_— —_—
8137 2 49 19 P.L. 5693
Sub. 3 2nd correfion 44" gov ——n
"QCorr. K'salt. 2 gv 47 3
—— Time th. 48" 0" P.L. 2218
8o 49 58 Add time firlt dif. Mar, 31d.o oo —
Tible X1, g '; ————
e X < add : TimecatGreenwichMar. 31 1 48 o
T thi Mar., t 3 a
Corrzfl diftance 8o 49 59 Himeat fhip P15 4

Difl. iz long: in time 10h. o' o"miged @ W,

Aa
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EXAMPLE 1IV.

Suppofe the following obfervations were made May r8, 1804, fea ac.
count at 7h. rgm. 2gs. Y. M. the diftance of the neareft limbs of the fun
and moon 106° 3§87, altitude of the moon’s upper limb 23° 307, altitude
of the fun’s lower imb 11° 54'; the longitude by account being 24° W,
Requircd the truc longitude 2

Preparation.
o hom £ ¢
May 18, Sea acvount is May 17,L by the quti::lyA}m{m:, a7 1525
ongitude 240 W, in timne 1 36
Reduced imo  May 17d. 8 51 25
's$. D. stnoor 58" 13 D's Hor. PAr. nosn’ §5° 457
s atmidnight 15 6 midnight 55 96 g; °‘;iri al sy
— e 23
Difference r3 Difference 19 ¥ . —
— s app. 2lt. 23 10
Table X1L. Y “Table XII. 14 D's zea.dift. 62 50
——— —
35 7 D's For. Par. 55 a1 8} obf. alt. 1108g
ugm. Table XV1. 6 . 12
Avgm. Table — Cor. for Par. g5* 39" and Z. D. 660 48 357 . ———
3 . diam. ¥ 3. = 10” anc Par. 1™ 1 ’s app. alt. = 6
b fem. dizen .‘_5_2 D.e=17"and 2. D. 50° 31 ’s zen. dift, 77 A%
- ——rat
Cor. Jriake 48 50
8‘; refesftion 42217 ‘;bf-sdg- 1060 37 58"
. 1 's S. D, 1513
s parallax 9 Gs.0, 15 59
Sorr. @'s alt. S
Corr. @ ok _._.4 s App. dit. 106 35 2
—
To find the corved diffanse and longitude,
Apparent diftance 1000 351 Conftant logarichm 9.6900
D'« zenith diftance 66 2: Half fum 124?49 co-fec,  1eusyor
@'s zeaith diftance 77 54 Ditance 106 335 fine 99815 .
Sum : 251 19 Referved lon-lrilohm . 99706  Referved fg‘z-ﬂm : 97768
—— s zen, dift. 720 g4 fine 9oz P's zen. dift. 0" fine 0
Half fum 126 39 |®ﬂ rem. 58 .:; co-fee. xgz%;!t Br:dln nt. ;7 f; co-fec. :g?:gz
D's zen. dift. - 66 50 Corr. (Osalt. 4" 12" P 'L, 16520 Corr. Psalt. 4% go P.L. 5066
. —_— ————
1R remainder 58 49 sft correftion 6' 14" P L. 1.4606  gnd corr. 1067 440 P L. 4319
—_— — —
Hf fum 125 99
©'s zenith diftance 77 54
und remainder 47 4%
© L ee—— Diftance at gh. 1060 13° @
ariz ke 167 37 3
o
Apparent diftance 106936" o " Les 2
I\:§ g til correttion 3':1’ l: ‘s PL 2264
Corr. P's akte . 48 50 Difanceargh. 106 12 9
Courrct ditlance 106 39 8. °
. 107 go 6 vt et . .
Sub: §2nd correftion 1060 44v 78 - 639 P.L. e
2@ Corr. O al. 4 1 15 — —
I a ':'\idr:e oh. 13" 34" P.L. ' 10948
06 19 13 . 9 —
6
Table XIX. gs . : —_—
able XX g‘ o $  Time at Grecawich 9 13 48
. ———mee T i g 23
Correft diflance . 106 19 B - ime arfuip ————'_ 2
=—-—s——  Longitude in time 159 cymeg@ g W,
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EXAMPLE V.

. Suppofe that on the 15th July, 1804, fea account, at 7h. 21m. P. M.
in the longitude of $5° W. per account, the diftance of the fartheft
timb of the moon from the ftar & Aquile was 74° 46’ 487, altitude
of the ftar 21° 32/, altitude of the moou’s upper limb 26° §2’. Required
the true longitude ?

Preparation.
. h. m.
July 17, fea account, is July 16 by N. A. g
Longitude 850 Well, in time 5 42
Reduced time July 164, 13 1
P 8. D. at midnighe 14" 48" 9's Hor. Par. midnight § 20" Al PpeU. L. 260 50
July 17, at noun 0 49 neon ﬁl 21 Sub':?aél ia
Difference 3 Difference 1 s app. alt, 26 32
— — s zen. dift. &
Table X1 ° Tab. XIL - P een did —-—-" g
___: Hor. P X Fom. alu 210 g2°
A Tib XVL 1 .‘7 P Hor. Par. s 20 Subtraft 4
L . — Cor. for Par cy' 20" and 2.D.60 is 46' 34" % App. 3lt. ¢ 38
' femidiameter 14 55 D. am 30™ and & D. 28 g 3; E' Ll:Ir'x dif 8 n

Cor. D'salts 45 43

's refraétion 2! 24 is {ts correftion,
Ol dift. 74046" 48" * 4
Pas.D. 14 55

App. dif. 734 31 59

To find the corre® diffance and longitude.

Apparent diflanee 74973 Conflant loparithm 96900 .

D's zenith diftance 63 28 Half fum 104216° co-fec. 10.0117

3's zen. diltance 68 J2 Diftance 74 32 finc 9-y840

Sum ach 33 Referved logarithm 9.b047 Referved logarithm &
..__.-3— 3's zen. dift. 640 32° fine 9.9088 D' zen difl b0t fine ggg’t;

Half fum 103 16 1R remn. g0 48' eo-fec. 10,1937 eud.rem. 34 44 co.fec. 10,044

D zenith diftance 63 »8 Cor. Xk's alt. 2" e4” P. L. 18751 Corr. Dsalt. 4@ 43" P. L 485

1t remainder Firft corr. g*20" P. L. 1.7323 Sccond gor. 199 5" B. L. 4755

——

Half fum
xk's zenith di@t,

Sccond remainder
Apparent diftanee

Firft correflion
Add % CorreQion D's alt.

€ Sceond eorr. 190" 5
G““'ZCQH. kalt, 294
Tab XIX §g§ diff. add

CozreR diflance

Diflance at s2h 74¢ 5¢° 5"

740 3.: S,U
3 20
ELIEY

75 91 56

1 2 29

74 19 27
5

Dift. at 12h.
Corretied dift.

74 1932

et v

Add

Time

sh 73 37 57

1 16 8 P. L. 3177

740 54 57
74 19 32

31 33 PL. 7168

th, 210 g3 P.L. 3478
1 —

Time at Greenwich 13 23 41

Time at the thip

7 21 0

Diffcr. isshe long intime 6 © 41=927 W
————
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EXAMPLE VI,

LUNAR OBSERVATIONS,

Suppofe that o:ithe 12th of Auguft, 1804, at gh. 8m. P. M., fea account,
in the longitude'of 9¢° E. of Greenwich by account, the diftance of the
neareft limbs of the {un and moon was obferved to be 68° 3/ 56", the alti.

tude of the fup’s lower limb 31° 24/, the altitude of the moon’s u

limb 44° 33°. Required the (hip’s longitude ?

$'sS5- D, Ang. 10, midnight  13* g8

FPreparation,

Aag. 13, fea acenunt is Ang.

Longitude 950 Eal in time

Y’ Hor. Par. midnight 54' 56"

pper

d. h. m,
Avg.a: 4 8
6 10

11, by NL A,

Reduced time Aug. 10 21 48
—

Ale YsU. L, N
Aug. 11,at noon, 11 55 1008 St 13 ‘s\?b’"(.a’“ 4«l°:°3'
R Difference 3 Diffeconce 12 %‘ ‘ZFPA AL, ..T;
Table XIL ‘e Table X1I. o $Zen.Difle 45 47
——
- — Dt L1, "
14 55 P's Hor. Par. 53 45 21:!“ LL. g
ASpm. Table XVI. 11 ( —_——— . 13
: — Cor. for Par. ¢4 40" and Z. D. 45° v 4ot ~ S
ps.o. o i Do 4 Sugran o
—— D. =238 and 2. D. 47* 30 - it 39 21
Cor. Yrs altitude 38 6
s Refraftion 1 2" Obf, dift. 685 30 560
's Parallax c 8 Ps$.D 15 7
—— (5. D. 15 50
Corre s Alt, FRE 1Y ——,
— App. Dill. 68 34 53
———
> . .
To fud the correl? diffance and longu‘ude.
Ajparerr diftance €59 34 Conftant lamarichm q fone
DS Fenni diifanee 45 47 Haltfum 8r0 200 cofee. 100029 '
(O's Zenith dutance 58 21 Ditlance 68 35 fiac 99680
Sum, 173 33 Referved Jogarithm 9. ‘m; Referved Jogarithm ) o.6689
C* Zen. dift. 58921 Sine 9.911 PreZen. dift. 35047 Sine 985y
Half fum 86 21 Firft rem. 45 34 Coslee. 10.186¢ Second rem. 28 o Cofec. 30358
D's Zen. dift. 45 47 Corr, Csalt.  1t24" PLL. zaot Corr. Psul. 38" 16" P. L. s
Fiifl. rem. 40 34 Firlt eorr, e 38" P L, |.89;9 Sccond corr. 53" 44" Pe L« 538
——
3hif irm 86 21
©'s Zenith diftanze 55 23
$ccond remainder 28 o
Apparent diftance 689 347 57" By N, A, dift, at tod, 2sh. 6-¢ 30t 9"
Add Firit correfiion 2 18 at 18 o by 1z 7
Corr. Drs alt. 38 16 e .
———— Diﬁ'«‘mncc T 23 =’n R L. 3"6;
69 15 o7
Sub, § Sccond correRion §9° 44" 55 Dift, at 1od. 21h, 8-939" 9%
* & Corr. (S's alt. 224 55 Corzel diflance 68 22 23
—_—— RS ~
68 20 1y Difference a1 13 BL 767
Corr. Tab. XIX. gfg Piff. add 4 Time i e PL ¥is
— Add 1od. 21h.
Corsef diftance 68 23 23 g o e
————a Time at Greenwich sed. azh. 77 46"
Thinc & Ship nd. gh. &
. . — . * 3of? B
Dil. is long. in time Che 07 14"0go0 37 307 3e
——————r—
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We thall now give Mr. Witchell’s method of corre@ing the apparent
diftance of the moon from the fun or a ftar, in order that any onc may prove
his calculations to be juft, by working by both methods. In this method
the obferved altitudes and diftance muit be correted for the femidiamerers,
&c. a¢ in the former method, and the correétion of the moon’s, fun’s, or
ftar’s, altitude, for refradtion and’ parallax, muft be found in like manner.
"Then the true diftance is found by the following rule.

\

Witchell’s method of finding the true difjance.

Firt. Add the ®’s or %k’s and ) ’s apparent altitudes together, and
take half the fum ; fubtra& the lefs from the greater, and take haif the
differcnce; then add together. )

. The co-tangent of half the fum,
The tangent of half the difference, and
The co-tangent of half the apparent diftance.

Their fum, rejefting 20 in the index, will be the log. tangent of an an.
gle, which call A, this angle being always lefs than go°.

Secondly, When the ©’s or *’s alt'tude is greater than the D ’s, take
the difference between the angle A and half the apparent diftance ; but it
lefs, take their fum. Then add together

The co-tangent of this fum or difference,
The co-tangent of ®’s or ’s apparent altitude, and
"he proportional log. of the corre@ion of @’s or s altitude ;

Their fum, rejeting 2o 1n the index, will be the proportional logarithm
of the firft correction.

Thirdly. If the fum of angle A and half the apparent diftance was
taken in the laft article, take now their difference ; but if their difference,
take now their fum. 'f'hen add together

The co-tangent of their fum or difference,
The co-tangent of )’s apparent altitude, and '
The proportional log. of the correttion of the ) ’sapparent altitude;

Their fum, rejetting zo in the index, will be the proportional log. of
the fecond corre&ion. -

Fourthly, When the angle A is lefs than half the apparent diftance,
the firft correftiop muft be added to, and the fecond fubtratted 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 fubtracted
to give the correted diftance.

Fifthly. In Table XIX. look for the corre@®ed diftance in the top
column, and the correction of )’s alt. in the left-hand fide column ; take
out the number of feconds that ftand 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 hard fide column ; take out the
number of feconds that ftand under the former and oppofite the latter ; the
difference between thefe two numbers will be the thard caorreétion, which
muft be added to the correéted diftance if lefs than ¢o°, but fubtratted
from it if more than 9o°, the {um, or difference, will be the true diftance.

To illoftrate this method, we fhall add a few cxamples, of which the
firt and fecond are the fame as Ex, 1. and I1. preceding.
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EXAMPLE 1. (See Example I. page 183.)

Given the apparent altitude of the moon’s centre 86° 40’ ; app. alt. of
Regulus 14° 9'; diftance of the centres of the ) and Regulus 76° 19/ 427 ;
the moon’s horizontal parallax §8’ 51/, Required the true diftance.

Find the correiion of the moon’s altitude 3/ 227, and the corre@ion of
*k’salt. 3/ 437, as in-Example I, preceding ; then proceed as follows,

Y’s app. alt,  86° 4o
¥'sapp.alt, 14 9

-

Sum 100 49 Halffum §0° 24’ Co-tan. 9.9176

Difference 72 31 Half diff 36 135 Tang. g.8652
Half app. dift. 38 10 Co-tan. 10.1046

Angle A = 37 39 Tang. 9.8874

Sum 75 49 Co-tan. 9.4027

* 3k’s alt, 4 9 Co-tan, 10.5984

Cor. s alt, 3 43/ P.L. 1.6851

Firft correétion 3 42 P.L. 1.6862

Difference o 3 Co.tan. 12.0449

D’sapp.alt. 86 4o Co-tan. 8.7652

‘Cor. )’s alt, 3 22 P.L. 1.7281

Second corretion o 31 P, L.  2.5382

1
As the angle A is lefs than half the apparent diftance, the firft correca
tion is additive, the fecond fubtra@ive ;

Apparent diftance 76° 19/ 42”
Firft corredlion add 3 42

76 23 24

Second corretion fubtradt 31
76 2z 53
Corre&ion Tab. XIX, o
Corret diftance 46 22 53 Hence we may

deduce the longitude as in Example 1. preceding.
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EXAMPLE 1I.

191

{See Example II. page 184.)

" Given the apparent altitude of the moon’s centre §2° 13/ ; the appars

ent altitude of the fun’s centre 28° 7';

’.

apparent diftance of their centres

70° 58/ 49’'; moon’s horizontal parallax §9’ 15”. Required the true

- diftance.

¥ind, as iy Example II. preceding, -the corrcétion of the fun’s altitude
1/ 397, and the correétion of the moon’s altitude 35/ 357,

) ’s App. alt,

©’s app. alt.

Sum
Difference

52° 13

28 7

8 20 Half fum

24 6 Haif diff.
Half app. dift.
Angle A
Sum
Q©’s alt.

Cor. O’salts

Firft correétion

Difference
)’s alt,
Cor. p’s alt.

Second correétion

40° 10’
1z 3
35 29
19 32

55 ¢
28 7
1

X

s 57
§2 13
35

13

39”
16

35
7

Cotan: 10.0736

Tang. 9.3293
Co-tan. 10.1470
Tang.  9.5499

€o-tan: 9.8450
Co-tan. 10.2722

P.L. 2.0378%
P, L. 2.1550

Co-tan. 10.5439
Co-tan. g.8894
P. L. 7040

P. L. 1.1353

As the angle A is lefs than half the apparent diftance, the firft correc.
tion is additive, and the fecond fubtratlive :

Apparent diftance
Firft correction

Second correion

add

fubtra®

70° 58 49"

I

71 o
13
70 46

Corre&ion Tab. x'Ix.{ 4 } add

Corre&t diftance

70 47

deduce the longitude as in Example I1. preceding.

I

-

/

58
3

3

Hence we may
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EXAMPLE 111,

Given the apparent altitude of the moon’s centre 40° 127 ; apparent als
titude of Regulus 34. 26/ ; apparent diftance of their.centres 23° .29/ 9”
Moon’s hor. | par. 54’ §8”. Required the true dittance.

Find the corretion of the moon’s altitude 40’ §2”, and corretion of
the ftar’s altitude 1/ 237, as in the. p"ccedmg Examples.
)’s app. alt. 40° 12/
R’s app. alt. 34 26

Sum 74+ 33 Half fum 37° 19’ . Co-tan. 10.1179
Diff § 46 Half diff, 2 §3 Tang. 8.7021
Half dift. 11 4§ Co-tan. 10.6819

Ang]éA 17 37 | Tang. 9.5019'

Sum 29 2z Co.tan. 10.2497

>k’s app. alt. 34 26 Co-tan. 10.1639

~ Cor. k’s ait. 123 P.L. 2.1143

Firft correition 6 32 P. L. 2.§279

Dif. s 52 Co-tan. 10.988z

, )’sapp. alt. 40 1z Co-tan. 10.0731

-0 Cor. )’s alt. 40 5z P L. 6439
Second correétion 3 33 ’P. L. 1.705%

As the angle A is greater than half the apparent diftance, and the &ar’s
altitude is lefs than thic moon’s, both corrections are additive:

Apparent diftance 23° 29/ ¢
Firlt correétion add o 32
Sccond corretion  add 3 33
‘Lab. X1X. correftion 33
Correét diftance 23 33 47

v
1

Aeihod of taking & Lunar Obfervation when you bave only one obferier,

Three obfervers are required to make the neceffary obfervations for de-
tormining the longitude 5 one to meafure the diftance of the bodies, and
two others to take their aititudes. If the altitudes werc not obferved, on
zccount of not having a fufficient number of inftruments or obfervers, it
fas been cuftomary to calculate them ; there being given the latitude of
ihe place, apparent time; right afcenfions and declinations of the objetts.
\"thefe calcutations are lengthy for the ftars, and more fo for the moon ; and
a confiderabie degree of accuracy is required in fin .ur‘g the moon’s right
ofcenfion and dcc,m'mon from the Fpncmtns, which muit be liable to fome
erior on account of the uncertainty of the fhip’s Jongitude. The follow-
ing mothod for chtaining thefe altitudes is far mere qu,lc ; it depends an
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the fuppofition that the altitudes increafe or decreafe uniformly, which will
give them {ufficiently near for any nautical purpofes.

Before you meafure the diftance of the bodies, take their alticudes, and
note the time by a watch, then meafure the diftance and note the time (or
you may meafure a number of diftances and note the correfponding times,
and take the mean of all the times and diftances for the true diftance and
time ;) after you have meafured the diftances, again meafure the altitudes,
and note the times ;3 Then :

Add together the proportional lagarithm (Tab. XXI1II.) of the varia.
tion of altitude of cither of the objects between the two times of obfere.
ing the altitudes and the prop. log. of the time elapfed between taking the
firtt alticude and meafuring the diftance ; from the fum {fubtract the prop.
Jog. of the time clapfed between obferving the two altitudes 3 the remain-
der will be the prop. log. of the corre€iion to be applied to the firit altitude,
additive or fubtrattive, according as the altitude was increafing or decreaf.
ing ; to the altitude thus corretted we muft apply the correction for dip
of the horizon and femidiameter as vfual,

EXAMPLE.

Suppofe the diftances and altitudes of the bodies were obferved as. follows
Tt is required to find the altitudes at the time of meafuring the mean dif-
tance ?

Time, I Dit. ® & ) Obferved Obfrved
| NL. 7| Time. AlysLoL.| Time. AlgsLL.
! 2h. am.0s.  20° 46/ | 2h.2m.30s. 49°207
2h. 3m. 20s.] 40° 0 oo 6 10 21 20 7 o 39 12
4 20 o 30 -
5 50 1 30 4 X0 34 4 30 S S
Mean. {2z 4 30|40 0 4o
Var, D ’salt, 34 P. L. 9238]Variation (©)’s alt. 1°87 P L. 4228
‘Time 1t oblf. 2h. 2° o ime tthobf, fun  2h. 2 307
Mean obf, 2 4 30 I'imemean obl. 2 4 32
Differznce 2 30 P.L. 1.8573|Difference 2 o P L. 1.9592
2.5811|Sum 2.3770

Elapfed time between Elapfed time between

> Ad (¥ . i3]
thctwoobfervn:ions} 4 10" P.L. 1.6355 thctwoob.’ervations} 4" 307 P.L. 1.6021

Correction in alt, 0° 20’ P.L. g456lCorre€ion of alt. c® 32" P.L. 7749
£ alt. of Moon 20 46 add Sub. from fun’s 1ft alt. 40 20
Drsalt. attimeof o¥f 21 6 Sun’s true alt. at time

— of obf. } 39 s°

Thus, at the time 2h. 4 30”7, the mean obferved diftance is 40° o 40”7,
the altitude of the moon 21° 6%, alt. of the fun 39° 50’ ; thefe altitudes
muft be corrected for dip and femi-diameter.

In this manner I have often obrained the altitudes in much lefs time than
I could have obtained them by other calculations.

I have made ufe of the fume method of finding the fun’s altitude, when
taking an azimuth, noting the times of taking the obfervaticns by a watcly,
and taking two altirudes, one before, the other after the obivrvation, and
proportioning the ultitlll(alcls) as above, ‘
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If any perfon withes to calculate ftrictly the altitudes, it may be done
by the following rules.

The apparent timey the fbip’s latityde, longitnde, and fun’s declination
giveny to find the true altitude of bis centre.

RULE.

If the fhip’s co-latitude and the fun’s declination be both north or both
fouth,* take their fum ; but if one be north and the other fouth, their
difference is the fun’s meridian altitude,

With the apparent time from noon, enter Table XXI. and from the
column of rifing rake out the logarithm correfponding to it, to which add
the log. co-fine of the latitude, and the log. co-fine of the fun’s declina-
tion ; their fum, rejefting 20 in the 1'1dex, will be the logarithm of a
natural number, which bemg fubtratted from the natural fine of the fun’s
meridian almuqe, will leave the natural fine of his true altitude at the

given time,
EXAMPLE I,

Reqmred the true altitude of the fun’s centre, in lat. 49° 57" N. and
long. 125° W, July 26, 1804, at 6h. 56m. 30s. in the mormng, fea
account ? h. m. s.

I2 0 o
App. time 6 56 30
Time fromncon 5§ 3 30 Its log. in col. of rifing 4-878%0
Yatitude 49 57 N. Its log. co-fine : 9.80852
Decl. at that time 19 26 N. Its log. co-fine 9.97453
Co.lat. © 40 3N. Reject 20 N. N. 45872its log. = 4.66154
Mer, aleo 59 29 Nat, fine 86148 '

Nat, fine true alt, 402/6_.23 435"

EXAMPLE II1.

‘What will be the true altitude of the fun’s centre at Baltimore, Novem.
ber 26, 1804, at 3h. zim. 30s. apparent time in the afternoon, fea ac-
count ? h. m. s )
App. time from noon 3 21 30 Itslog. incol. of rifing 4.55900,

Latitude 39°20’ N, Log. co-fine - 9.88844
Decl. at that time 20 52 S, Log. co-fine 9-97054,
Co. lat. so 40 N.  Nat. numb. 26181 its log.=4.41798
Mer. ale, 29 48 Nat.fine 49697
Nat. fine true alt. 13 36 Nat. fine *;35—16

The rppm cxt timey the latitude and longitnde given, to find the Alnmde of
any of the known fixed ﬁar:.
RULE.
Turn the longitude into tnne, and add it to, or fubtra@® it from, the
time at the ﬂup according as it is weft or eaft, the fum or difference will
be the time at Greenwvcn

* The eomplement of le:itude ic ealled Ly the fame name 23 ke 1; itude ; and if the fum exceeds geO ke it f'om 1209, acd
“c reraaigder is d:: eritian Alitude,
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Take the fun’s right afcenfion from the Nautical Almanac and propor-
Yion it to the time at Greenwich, by means of Table XX IX. and add it to
the apparent time at the fhip, which will give the right afcenfion of the
meridian, or mid-heaven.

Find the k’s right afcenfion and declination in Table IX. and take the
difference between its right afcenfion and. the right afcenfion of the merid«
ian, which will be the diftance of the :k from the meridian.

Having the %’s diftance from the meridian;, with its declination, and
the fhip’s latitude, the true altitude is found in the fame manner ashas been
thewn in the laft examples of finding the true altitude of the fun.

EXAMPLE.

What will be the true altitude of Aldebaran at Philadelphia, April .12,
1804, fea account, at th. g7m. 12s. in the aftcrnoon, appareqt time ?

In Table IX. the right afcenfion of Aldcbaran for 1800 is gh. z24m, 275«
its variation for 44 years is 15", which added, gives the right afcenfion ae
the given time g4h. 24m. 42s.  The declination of the ftar for 1800 is
16° 6/ N. its variation for 4% years is 4 367, which makes the declinaa
tion nearly 16° 7/ N,

‘ ~ hom. s,
Apparent time by N. A, April 11; 5 57 12
Longitude 75° 19/ W, 5 116
Time at Greenwich April 11,4 10 358 28

O’ sR.A. Apr.1ratnoonby N.A. 1 19 2
Var.for 10h.58”28” by Tab. XX1X, I o4t

©’s R. A. at time of obf. 1 20 43

Apparent time * § 57 12

R. A, Mer. 7 17 §§

*’s R, A, 4 23 42

sk’s dift, from metid. . 2 53 13 itslog.incoliifing 4.4350:
Latitude of Philadelphia 39°57” N, Co-fine 9.88457
sk’s declination 16 7N. Co-finé 9.98259
Co-latitude so 3 N. Nat. numb. 20033 its leg. 4.50217
Mer. altitude 66 10 Nat. fine 91472

True altitude 45 3% Nat, fine  7i419

The apparent time; the latitude and longitude of the foip being given; to
) Jind the true altitrde of the moon’s centve;
: . RULE, .

By Table XX. turn the longitule into time; and if it be welt add it to,
but if it be caft fubtrad it from the apparent tirhe at the fhip, and it will
give the time at Greenwich. _ ‘

Take the @’s Right Afzenfion out ef N. A: and propertion it to Greef-
wich time, by means of Lable XXIX, and add it the apparent time at the
fhip, the fum will be the right afcenfion of the meridian or mid-heaven,

* Lo hie exai e aiven in g

Fpiceane; o tinse 4t Grrenswstk is trrvneoufly added o the gun’s nighd
2oeafion, oltvid w3 adding the Y i

1243 BT
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Tzke out of the N. A. the )’s Rt. Afcen. and declination, and propor.
tion them to the time at Greenwich, by means of Table XXVIII. Turn
the 3’s Rt. Afcen. into time, and take the difference between it and the
Rrt. Afcen. of the mid-heaven, which will be the diftance in time of the ).
f1om the meridian.

Having the fhip’s latitude, together with the )’s declination and diftance
from the meridian, the true altitude is found, in the fame manncr as has been
fhewn.in finding the true altitude of the © :md

- EXAMPLE.

What will be the moon’s true altitude Apsil 14, fea account at 6h, 20
87 P, M. at Salem, in lat. 42° 34/ N.long. 76° 55' W, of Greenwich?

Apul 14, fea account is Apnl 13, by N, A. at 6h. 20" 87
Long. 70° 55/ W. in time 4 43 40
. App. time at Greenwich 11 3 48
Sun’s Rt. Afeen. April 13, at 11he 3748”7 P M. by NoA,  1he 28 57
ii pafcut time at the fhip 6 20 8§
Right afcenfion of the meridian 7 45 13
’s right afeenfion in time : 4 51 36
3 ’s diftance from the meridian , \ 2 §6 37
Correfpoading to which in the col. log. rifing is A 4-45107
Latitude 42° 3¢/ Co-fine 9.86717
) s declination 26° 45" N. : Co-fine 9.95084
Co-latitude 47 26 N. Nat.num, 18581 log. 4.26g08
Merid, altitude %4 11 Nat.fine 95214
D 's merid. alt. o 55 Nat.fine 77633

By tie preceding caleulations the true altitudes of the o‘chc”cs are found 3
i the apparent ale itudes be wanted (as Is the cafe in working a lunar ob-
forvaicn) the difference between the (s parallax and refr.icnon muft be
added to the ©’s truc altitude, the refra@ion muft be added to the true al-
titude of a ftar, and the difference between the 3’s refradtion and parallax
m altitude muft be fubtracted from the true altitude of the ) thus found,
to uitain the refpedtive appareat altitudes of their centres..

To fud the longitude by the eclipjes of Fupiter’s Satellites.

} ‘ind in page 5d. of the Nautical Almanac, the time at Greeawich, of an

merfiex (ot infiant of the difappearance of the futellite by citering into
he fhadow of Jupiter) or an emerfiun (which is the inftant of its appearance
1 coming from the famej—turn the longitude of the place from Greenwich
iato mr:v:, and add it thereto, it in caft lon bLt fubtra& it, if in

oib 1 the fum or difference will be nearly tm time when the ceclipfe is to
Le obferved at the givea place ; if there is any un cexta'm) in the longitude
ot the p.nce‘ of ebfervation, you muft begin to lopk out ter the ech}m at afe
exrlier period.

‘I he watch being well regolated, vou muft obferve the inftant of immer.
fion or emerficn, tm difference between this cime and that fiewn by the
Nautical Almanac, turned into degrees, wilj be the difference of longitude
from Greenwich,

e ,-u ~,_
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The immerfions and emerfions generally happen when the fatellite is at
fome diftance from the body of Jupiter, except near the oppofition of Jupi-
ter to the fun, when the fatellite approaches necarer to his body.  Before
the oppofition they happen on the welt fide of Jupiter, and after the oppoa
fition to the eaft fide ; "but if an aftronomical telefeope is ufed, which rea
verfes the objeéts, the appearance will be direély the contrary. The cona
figurations, or the pofitions in which Jupiter’s fatellites appear at Greena
wich, are laid down every night when vitible, in page i2th of the moyth
of the Nautical Almanac, '

EXAMPLE. ‘

Suppofe that on the 19th of Auguft, 1804, foa account in long. 137° 55*

weft by account, an immerfion of Jupiter’s firft fatcllite was obferved at 1zh.
2gm, 20s. apparent time.  Required the longitude ¢

H. M. s,
At Greenwich the immerfion of it fatellite that day willbe 21 50 o
Obferved immerfion at 12 29 20
Difference in time 9 20 40

Turned into longitude gives 140° 10/, and 1s weft, becaufe the time at
Greenwich is more than at the place of obfervation. Therefore the error
in fongitude by account is 2° 1¢’.

As thefe eclipfes happen almott daily, they afford the moft ready means
of determining the Jongitude sf places on land ; they might aifo be applied
at fea, could they be obferved with fufficient accuracy in a thip under fail 5
which can hardly be done, fince the leatt motion of a telefcope that magni-
fies fufliciently to make thefe obfervarions, would throw the objeés out of
the field of view.

The eclipfes of Jupiter’s fatellites may be weil obferved by one of Dol.
land’s achromatic telefcopes of three teet in jength, or by a reficcting
telefcope of 18 or zo inches focal length,

To find the lokg:'l.z.tde Ly the eclipfes of the maon,

This is performed by comparing the times of the beginning or ending,
as alfo the rimes when any number of digits are cclipfed, or when the
earth’s fhadow begins ta touch or leave any remarkable fpot on the meon’s
fuce ; the difference of time between the like obfervations made at differ-
ent piaces, turned into degrees, will be their ditference of longitude.

When the beginning or end of an celipfe of the moon is obferved at
any place, the longitude of that place may be cafily found by comparing
the time of obfervation with the tme given in the N. A.—for the differ-
ence between thie obferved time of begiuning or erding and the tme given
in the Nautical Almarac will be the thip’s longitude in time, which may be
turned into degrees by Table XX.  Thus if the beginning of an eclipfe of
the moon was obferved Jan. 27, 1804, fea account at gh. 5oim. . M.
the time by the N. A. beirg Jan. 26, or Jan. 27, fea acceunt ar 7h. 571,
their difference zh. zm. is the longitude of the place of obferyarion=30°
3¢/, which is eaft of Greenwich, becaufe the rime at the place of obferva-
tion is greatcil. )

The longitude may alfo be obtained in a very accurate manrer, by ob-
ferving the beginning and end of a folar eclipie ; and the calewlatious ne-
cetfury for the purpofc, are explained in moit books of aftronomy. Byt the
eclipfes of the fun and moen happen teo feldor o e of general ufe at seu.



-

1g8 TO FIND THE LONGITUDE BY A TIME-KREEPELR.

To find the longitude by a perfed? time-kecper,

If a clock or watch was {o contrived, as to go uniformly in all feafons;
and in all places, the longitude might eafily be deduced therefrom, by com-
paring the time fhewn by the watch, regulated to fome given meridian, te
the mean time at the place of obfervation ; for the difference would be the
difference of longitude between that meridian and the place of obfervation.

When you mean to ufe a time_keeper, you muft examine its rate of go-
ing before you leave the land, and adjuft it to the meridian of the place
from which you reckon your longitude. ~ To do this, you muft afcertain the
apparent time by the fun’s altitude (or by fome other method) and<apply to
it the equation of time, taken from page 2d of the Nautical Almanac, ac-
cording to its title of edd or fubrraét ; the fum or difference will give the
mean tiune of obfervation § this, compared with the watch, will fhew how
much it is too faft or too flow ; and by obferving for feveral days fuccef-
fively, you may afcertain its rate of going : if you find it gains or lofes 2
few fecohds per day; you muft make that allowance on all future obferva.
tiens at fea. Inftead of comparing the time fhewn by the watch, to the
mean time at the place of obfervation, found as above, you may compare
it with that mean time reduced to Greenwich time, by adding to that mean
time the difference of longitude between Greenwich and the place of obfer-
vation, when it is to the weftward of Greenwich; but fubtraéting it when
to the eaftward ; and by this means you will find how much your watch
differs from Greenwich time. Having thus regulated your watch, the
Jongitude at fea is cafily found by it, as will evidently appear by the fola
Towing examples.

EXAMPLE 1.

Suppofe that, July 26; 1804, fea account, the apparent time was found
by an altitude of the fun to be rh. §/ ¢/ P. M. when by a watch, well reg-
ulated to mean Greenwich time, it was 4h. 3’ 6 P, M.  Required the
lougitude ?

Apparent time the 57 ¢”

Equation of time add 6 5

Mean time 1 11 14

T'ime per watch 4 3 6

Difference is long. 2 g1 s2mm42° 587 W, the

fongitude being weft, becaufe the time at Greenwich is the greateft,

EXAMPLE II.

Suppdfe that, May 15, 1804, fea account, the apparént time was found
by an altitude of the fun to be 4h. 3/ 6 P. M. when the time by thé
watch was 2h. P. M. the watch being too flow for mean Greenwich time
£/ 9”.  Required the longitude ?

Agparent time HI 4 Time per watch  zh. o/ o
Equaticnof time fub. 3 7 Watcherror add 11 ¢
Mezn time 3 59 9P.M. Time at Greenwich z 11 gP.M,

Time at Greenwich 2 11 9

Diff. is Jorgitede 1 48  om 27° ¢/ E,
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EXAMPLE III

Suppofe that June 14, 1804, fea account, in a place whofe longitude
from Greenwich was known, a number of obfervations were taken, to af-
certain the going of the watch ; and it was found that on that day it was
10” too flow for mean Greenwich time, and that it loft time 27 perday ; and
that July 14, 1804, fea account, the time per watch was 6h. o’ 6 P, M.
when, by an obferved altitude of the fun, the apparent time'was th, 16’ 14
P. M. Required the longitude, '

Errorof watch, June 14, o’ 107

Apparent time th. 167 147 30 days at 2/ 1 o
Equationof timeadd ¢ 18 :

) —_——— Error, July 14, 1 10
Mean time 1 21 32 Time per watch 6 o 6

Cor. time per watch6 1 16

Longitude — oo %9%6'& time per watch 6 1 16
ongitude 4 39 44=095§ .

To find the longitude by a wariation ¢hart,

In the year 1700, Dr. Halley propofed to find the longitude by a chart
on which the lines of the variation of the compafs were drawn ;  this metha
od is fimple, but is not fo accurate as could be wifhed.

The method of ufing this chart is as follows : On the parallel of latitude
which you are in, find the obferved variation, and that point will be the
Qla_.ce of okfervation, '
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PROBLEMS vuscruL ixn NAVIGATION.

C PROBLEM 1. i
OASTING along fhorey, I faw a cape of land bearing N. N, E. and
after failing W. N. W. 20 miles, it bore N. E. by E.—required the difiance
of the foip from the cape at both fations 2

By PROJECTION.

Defcribe the compafs ESW,
and let its centre. A reprefent the
place of the fhip at the firt fation;
draw the W.N.W, line AB equal’
t0 20 miles, and B will reprefent
the fecond ftation.  Draw the N.
N.E. line AC, of an indefinite
length, and the line BC parallel to ™,
the N. E, by E. line of the com.
pafs ; the point of interfection C,
will reprefent the place of the cape ;
and the diftance BC being meafur-
ed will be found 36 miles, and AC
30 miles.

S
T,
"\\9& t.'..'....‘ e ‘.w‘

By LOGARITHMS~(by Cafe I. Obl. Trig.)

The difference between N. N. E. and W, N. W, is 8 points or go°,
theretore BAC is a right angle ; alfo the difference between the N. E. by
E. and N. N. E. is 3 points == angle ACB, and the difference between the
N. E. by E. points and the point oppofite to W. N. W. is g points, equal
to the angle ABC,

To find the diftance BC. To find the diftance AC.
Asfi.angle ACB 3 pts.ar.co.0.25526/As fine ACB 3 pts. ar.co. ©0.25526
Is to the diftance AB 2o 1.30103(Is to the diftance ABzo 1.30103
So is fine angle BAC 8 pts. 10.00000(So0 is fineangle ABC 5 pts. 9.91985

To the diftance BC 36.0  1.55629|To the diftance AC, 29.93 1.4761‘4

The above folutions are by Cafe I. Oblique Trigonometry, though they
might have been done in this example by Cafe II. of Right-Angled 1'rig-
onometry, becaufe the angle BAC is a right angle.

PROBLEM II.

Being at feay I faw two head lands avhofe bearing from one another by
the Chart was W. by N. and E. by S. difiance 15 miles ; the wveffernmaft
$ore from me S. 8. W, and the eafi:rumsp 8. E, by E.—required my difiance
from each of ihife bead lands 2
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By PROJECTION,

. Draw the compafs
NESW, and through
the centre A, draw the
E. by S. line AR, the
S.S. W. line AB, and
the S. E. by E. line AC;
and continue the two
latter indefinitely, but
upon the former AR
take AD — 15 miles ;
through D draw DC
parallel to AB, meet-
ing AC ih C, draw CB
paralle]l 10 AD and it i$
done ; for A will be the
place where the headlands B and C were obferved ; the diftance AB of the
wefternmoft head land being meafured will be found to be 5,8 milcs, and
the diftance AC of the eafternmoft head land 15 miles,

\ By LOGARITHMS.

Between the S.S. W, line AB and the S. E. by E. line AC are 4 points,
== £ BAC; and betweer the S. E. by E. line AC and the E. by S. line A
D are two points = LCAD = £ ACB (becaufe AD, BC are parallel)—
therefore ACB 4- BAC = g points, and fince all threc angles ACB, BAC,
ABC are equal to 16 points, the angle ABC is alfG equal to’7 points, there-
fore ('by art. 41 Geom.) the fides AC, CB are equal, being oppofite to the
efual angles ABC, BAC. If thefe angles had not been equal, the fide AC
might have been caleulated in the fame manner as we fhall now calculate the
fide AB,

To find the fide AB.
As fine BAC 7 points, ¢o0. af. 0.00843

Is to BC 14 miles 1.17609
So is fine ACB 2 points 9.58284
To AB 5,85 0.76736

* “This problem and the firft may be ufed for finding the diffance of a fhfp
from any head land, &c. when taking her departure from the land,

PROBLEM IIf.
Tewo fi4s Jail from the fame port, o;léfail: N.E.LE, 18 milesy the othes

Jails eqfterly 20 milesy; and then finds that the firfi bears N. N. W g—required
2the ather fhip’s coutfe, and the diffance betaveen the tiva bips #

Ce
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By- PROJECTION,

Draw the compafs ESW, and
let its centre A reprefent the
port failed from ; draw the N.
E. 1E. line AB==16 milesy and
through B, the line BC parallel
to the N. N. W. line, and con.-
tinue it indefinitely ; take 20

NwW

miles in your compaffes; and
putting one foot in A, fweep
with the other the line BC in C,
join -AC and it is done ; for A
C is the courfe fteered by the
fecond fhip, which is nearly E.
S.E. L E. and BC is the diftance
of the ih:ps 171 miles,

By LOGARITHMS.

The courfe from BtoC is S.S.E,

(oppofite to N. N, W.} and from B

to A is S. W. LW, (oppofite to N.E. L E.) the difference between, thefe
bearings is 61 pomts-—7 3° 5/ =—the angle ABC ; having this angle and the
fides AB AC, the other angles and fide are found by Cafes 11, and III. of

Oblique lrwonometrv as follows :

To find the angle C.
As the fide AC 20 miles
Is to fine ABC 73° 7/
So is fide AB 16 miles

1.30103
9.98087
1.20412

TR 8499

Subtra@® 1.30103

To fine angle C 49°57”
For N.N.W,add 22 22 30

Sum makes N. 72z 29 W, the bear-
ing of A fromC, whence the courfe of]
the fhip from A towards C is S. 72°
29’ E. or E.S. E. L E. nearly.

9.88396

To find the diftance of the fhips BC.

Add the angle C——=49° 57" to the
angle B 73° 7/, the fum 123° 4' being.
{ubtracted from 180° leaves the angle
CAB 56° 56.

As fi. ang.ABC 73°7”ar.co. 0.01913
Is to the fide AC zomiles 1.30103
So is fine CAB 56° 56° 9.92326

To the fide BC 17.5 miles 1.24342

PROBLEM IV.

Two //5:) Jail from thjanze port,
E b A

By PROJECTION.

Draw the compals NESW, and let its
centre A reprefent the port failed from;

draw the N, W, line AB==30 miles,

the N E. by N. lice AC=to miles, join -
BC, whichwill be the bearing and diftance ,.
of the two thips; which beirig. meafured =" . -
veill be found W. S, W, W, 4.) Jailes e

rean) .

one N. W. 30 milss, and the other N,

. 40 miles.g rcgzured their bearing and difiance from each other ?

and




2

PROBLEMS USEFUL IN NAVIGATION. ec3

4

_ By LOGARITHMS, (by Cafes IV. V. Ob. Trig.)

Between the N. W. line AB and the N. E. by N. line AC, therc are 7
points = angle BAC, half the fupplement of which to 180° is §0° 37} =
half fum of the angles C and B.

To find the angles. To find the diftance BC,
Asfum of AR & AC 70 log.ar.co. 8.15490l4s fine angle B 60° 30' ar.co.0.06030
s to their difference 10 1.00000]is to fide AC 40 1.60206
Soistang. X fum angles 50 371 10.08583|Sois fineangle A 782 45° 9.99157
To tang. 1 diff, 9 521 9.24073|To the ditance BC 45,1 1.65303
Sum ==angle B 6¢c 30

Diff, = angle C 40 4§

To the angle C = 40° 457, add the courfe from C to A = 33° 45/, the
fum is 74° 30/, which is the bearing of B from C, viz. S, 74° 30’ W. or
W.S. W, 1 W. nearly,

PROBLEM V.

Tavo ports bear from each other E, by N, and W. by §. diffant yo0 miles;
a fbip from the eaflernmoff fails northerly 450,79 miles, another from the
aveflernmoft fails 300 miles and meets the firft 3 required the courfe fecred
by each fhip ?

By PROJECTION.

Draw the compafs ESW, and lct
the centre B reprefent the weftern.
moft port, draw the E. by N. line
BD=400 miles, and D will be the
cafternmoft port ; with 300 in your
compaffes, and one foot in B, de-
fcribe an arch ; with 450,7 in
your compafles, and one foot in D,
defcribe another arch cutting the
former in C ; join DC, BC and it
is done ; for BC will be the courfe
failed by the wefternmott fhip, and
DC the courfe failed by the caft-

ernmoft,
By LOGARITHMS.
To find the angle CBD.
By Theo. IV. Trig. By Theo. V.. Trig.
Divide the triangle BCD into two right an- CD = 450-7
gled triangles by means of the perpendicular BD — 400 Log. ar. co. 7.39794
CA, aad bife@ BD in a, then BC == 300 Log. ar. co, 7.52288
As the bafe BD 400 ar. <o0. 7.39794 Sum 1150.7
Ls tothe fum of BC,CD, 750.7 287547\ Xsum 575.35 Loz 2.75993
So is diff. of BC, CD, 150.7 217801 fum lefs CD124.65  Log. 2.c9569
Totwice A a 282. 8 2.45152 Sum 1-9'.776':1.
Halfor A 2’ ' 141, 4 Haif fum 39° 22/ Co-fine 9.88822
1 BD=Ba= 200 2
Diff. is BA 58. 6 Doubled is 78 44 == Angle CBD. Having
Then in the triangle ACB. found this angle, we may find either of the

As hypot. DC 300 2.47712;0thers thaus, -
Is to radius go® 10.00000 To find the angle CDB.
Sois AB 58.6 1.76790|As CD 450.7 ar. co. 7.34611
. - Is to fine CBD 78° 44’ N

) ' 80 440 . | 797 44 9:99155
To co-fine CBD 78 44 929078 So is BC 300 2-477;2

B » -
iTo fine CDB  40° 45/ q.81478
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As the angle CBD is 78° 44/ or 7 points nearly, and the c'ou;{e from B
to D is E. by N. the courfe from B to C muft be north. The courfe from
D to B being W. by S, or W. 11° 15/S, and the angle BDC=40° 45’
the bearing of C from D muft be W, 29° 30" N, becaufe 40° 45/~11° 1§’

=29° 39'.
PROBLEM VI.

Coafling along fhove, I faw tawo bead lands, the firfi bore from me N. E.
the fecond E. N. E. after failing E. by S. 10 miles, the firft bare N. by E.
and the fecond N. E. by N.—required the bearing of the tawo head lands
Jrom each other and thetr diflance. '

Draw the compafs N
LSW, and let its centre
A reprefent the place of
the fhip at the firft fta.
tion, draw the E. by S.
line AB=—10 miles, and
3B will be the place of the
fhip at thefecond ftation ;
draw the N. E. line AC,
and the E. N. E, line
AD; through the point ¢
B draw the lines BC,BD, W%
parallel to the N. by E.
and N. E. by N. lines,
and the points C and D
where they interfeét the
lines drawn from A to
the famie headlands, will
be the points reprefenting them refpe@tively ; join the points C and D
then will CD be the diftance of the two head lands, and a line drawn
through A parallel to CD will reprefent the bearing of thofe places from
gach other on the compafs, : ‘

By LOGARITHMS,
In the tyiangle ABD, we have all

s
s

-
i

In the triangle ABC, we have all
the angles and the fide AB to find
BC. For the bearings of Band C from
A are E. by S. and N. E. the differ-
ence being 5 points==BAC ; and the
bearings of B and A from C, are S.
by W. and S. W. the difference be-
ing 3 points equal to the angle ACB.

To find the fide BC.
As fire of ACB 3 pts. ar.co. 0.35526
Is to the fide AB 10 1.00000)
S6 is fine angle BAC 5 pts. 9.91985

the angles and the fide AB to find BD,
For the bearings of B and A from
D are S. W. by S. apd W, S. W, the
difference being 3 points==BDA ; and
the bearings of B and D from A, arg
E. by S. and E. N. E. the difference
being alfo 3 points, equal to the angle
BAD ; therefore the angle BAD—<
BDA, and (‘éy art. 41 Geo.) BD—
AB==10 miles.  If thefe angles had,
not been equal, you might have cal.
culated the fide BD in the fame man«
ner as BC,

To BC 14.§Z 117611

Now in the triangle CBD we have, BD==10, BC==14.97 2nd theangle
CBD=22° 30’; for the bearings of C and D from B are N. by E. and N,

E. by N. differing 2 points or 22° 30 ';_

hence we have the other angles

and fide CD as in vafe IV, Obl, Trig-
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To find the angles BCD, BDC, To find the diftance CD.
As fumof BC, BD 24,97 ar.co. 8.60258|Asfineangle BCD 33° 44/ arco. 0.2534¢
Ts to their diff, 497 0.69636{!s to fide BD 10 1.00000
Sois tang. L fum op.angles 78° 45/ 10.70134/S0 is fine angle CBD 22° 30/ 9.58284
To tang. 1 diff. 45 1 10.00028]To the diftance CD 6,8¢ 0.83829
Sumisangle BDC == 123 46
Diff. is angle BCD —= 33 44 or ncarly 3
%t\)'ints, and as the bearing of B from C is'S, by

. the bearing of D from C muft be S. S. E.

PROBLEM V11,

Being 96 fathoms from the battom of a toaver, I find its altitude above the
horizontal line draswn from my ¢ye is 1 5° 1075 requived the elevation above
that line 2 :

By PROJECTION. By LOGARITHMS.

Draw the horizontal line AB—=g6|As radius go° 10.00000
fathoms, and perpendicular thereto,[Is to the ditt. AB 96 fath, 1.98227
the line BC ; make the angle BAC—=(So is tang, angle A 15° 10/ 9.43308
15° 10’y and draw AC to cut BC in —_—
C, then will BC be the height of thejTo the height BC 26,0 fath. 1.41535
tower 26 fathoms,

FROBLEM VIII.

Satling towards Cape-Cod, I difcovered the light-houfe juff appearing in
the borizony my eye being elevated 20 feet abowe the fea ; it is required to
Sind the diffance of the light-houfe, fuppofing it ta be elevated 200 feet above
the furface of the fea ?

The folution of this problem depends on the uniform curvature of the
fea, by means of which all terreftrial objeéts difappear at certain diftances
from the obferver, Thefe diftances may be computed by means of Table
XI. in which the elevarion in feet is given in one column, and the diftance
at which it is vifible is exprefled in flatute miles in the other column, If
the place from which you view the objeét be clevated above the horizon,
you muft add togerher the diffances correfponding to the height of the obfer-
wer and the height of the obje, the fum will be the greateft diftance at
which that object is vifible from the obferver.

In the prefent example the height of the obferver is zo fect, and the
height of the objeét 200 fect.

In Table XI. oppofite zo feet is 5,92 miles.

200 feet 18,71

Diftance 24,63 ftatute miles of about 69l to a
degree, the diftance in nautical Jeagues of 2o to a degree being about 7.
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PROBLEM IX.

A man being on the maz'n-top;gallant.mq/i of aman of awar 200 ferd
above the awater, fees an 100 gun fbip fhe had engaged the day before, bulla
to5 how far avere thofe foips diffant from one anathers ,

A thip of 100 guns, or a firft-rate man of war, is about 6o feet from the
keel to the rails, from which dedu@ about 20, leaves 4o for the height of
her quarter.deck above water. Now a fhip is feen to hull to when heg-

upper works juft appear.
In Table XI. oppofite 200 feet ftand 18.71

40 feet 8.37
Diftance 27.08 miles,
PROBLEM X.

Upon feeing the flah of a gun, I counted 30 feconds by a watch before T
Feard the report ; hoaw far was that gun from me, fuppofing that found movey
at the rate 1142 feet per fecond ? ‘

The velocity of light is fo great, that the feeing of any a& done at even
a2 number of miles diftance is inftantaneous ; but by obfervation it is found
that found moves at the rate of 1142 feet per fecond, or about one ftatute
mile in 4,6 feconds ; confequently the number of feconds elapfed between
feeing the flath and hearing the report, being divided by 4,6 will give the
diftance in ftatute miles. In the prefent example the diftance is about 61

reiles, becavfe 3o divided by 4,6 quotes 63 nearly,
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PROBLEM 1.
To find the Area of a Parallelogram.

RULE
l “ I ULTIPLY the bafe by the perpendicular height, the produét is
the area.

Nore. If both dimenfions are given in feet, inches, &c. the produtt
will be the area expreffed in fquare feet, fquarc inches, &c. refpetively ;
if one of the dimenfions be given in feet and the other in inches, the pro-
duct divided by 12z will be the anfwer in fquare feet ; if both dimenfions
are given in inches, the produc will be fquare mchcs, which divided by
144 “will be the anfwer in fquare feet. The fame is to be underftood in
finding the area of other furfaces.

ExameLe I.  Suppofe the bafe DB of the rett- ;
angular parallelogram ACBD is 7 fect, and the per- A C
pendicular BC 3 feet ; required the area ?

Multiply 7
By 3 '

— D B
Produt 21 fynare feet, the arca required.

Examers II.  Suppofe ACBED is a board whofe length DB is 22 feet
and breadth BC is 14 inches ; required the number of {quare feet ?
Multiply 22

By 14
88

22
Div,by 12)308

252 fquare feet the arca required.
Examrre IIL If DB be 25 inches and BC 2o inches; required the
area in fquare feet ?
Multiply 25
By - 20

144)5c0(3,47, fo that the area is 3 %75 feet.
432

6So
576

1040
1008

3z
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Examrre IV. Given the bafe AD of the oblique angular parallelogrant
ABCD, equal to 30 feet, and the perpendicular height ,BE 15 feet; re-
quired the area of the parallelogram ¢

* Multiply 1§ C
Bye- 30
Produft 450 fquare fect;
_ AL D

PROBLEM II:
To find the area of a Trm/:gle.

" Ruir. Multiply the bafe by half the perpendicular hexgl.t, and the
product is the arca required. + B

Examrre. Given the bafe AC 30
feet, and the perpendicular DB 20 feet,
required the area of the triangle ?

Moultiply the bafe 3o fect
By lalf the perpendicular 10 feet

Produ@ 300 fquare
feet is the area required.

PROBLEM III.
To find the area of any irregular right_lined figure.

Rure. Reduce the figure to triangles by drawing diagonals therein ;
then find the arca of each triangle, and the fum +f them is the area of the
propofed figure.  Or, inftead of
finding the area of each triangle
feparately, you may find at one
operation the arca of two tr:-
angles having the fame diagon-
al, by multiplying the diagonal
by half the fum of the perpen- .
diculars let fall thereon.

A

Examrre. Required thearea
of the figure ABCDE, in which
E C--33 feet, EB=—=22 feet, and
the perpendicular AF =1 3 feety BG=1y feet, and DH=12 feet ?

BG=
EB=22 DH—;:
Half of AF — . 65 Sum 28
11,0 Half fum 13 13
_’32 . MC 3"
Area BEAD 143 —g,;“

Area BCDA_. 29
EAB ‘,*43 |

Area of the figure “5»72.
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- PROBLEM 1V.
_ To find the area of a circle.

Rure. Multiply the diameter of the circle by itfelf, then mulciply this
product by the quantity 0.7854, and you will have the fought area.

Note. Inftead of multiplying by 0.7854 you may multiply by 11 and
divide by 14, the quotient will be the area nearly. This quantity .78¢4.
reprefents the area of a circle whofe diameter is 1. The circumference of
the fame circle being 3.1416 nearly. The proportion of the diameter to
the circumference is exprefled in whole numbers Ly the ratio of 7 to 22
hearly ; or more exa&ly by 113 to 353.

. ExamprLe. Required the area of a circle ABCD, whofe diameter BD
is 10;6 feet ?
Diametet 10,6 feet
10,6

6,36
106,0

112,36 product,

C
. f\ \
7854 D ‘,B
44944 /
56180
89858
A

8652

88.247.5—;4. arca in feet;

' - PROBLEM V.

To find the area of an Ellipfis or Ozal,
. Réri. Multiply the longcft diameter by the leaft ; and the produck
By .7854, this laft produtt is the area required. _
- ExamriLe. Required the area of an Ellipfis of Oval ABCD, whofe
longeft diameter AC is 12 feet, and the fhorteft diameter BD 16 feet ?

Multiply 12 feet .
By 10 ’ D

Produt 122 \

7854

T

480

600

960
840 -
—_— oo I3
_ 94-2480 area in {q. fect. ,
, The area of a feftor of a circle is found by méans of the whole area of
the circle obtained in Problem IV. by faying; as 360 degrees is to the
angle contained between the two legs of the {eftor, fo is the Wwhole arca of
the circle to the area of the fe&or,

There are various regular folids, the moft noted are the following.
{1) A Caley which is a figure bounded by fix equal fquares. {2} A Pai
bd '

'
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rallelepiped, which is 2 folid terminated by fix quadrilateral figures, of
which the oppofite ones are equal and parallel. (3) A Cylinder, which is
a figure formed by the revolution of a re€tangular parallelogram about one
ofits 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 figurc of their bafes. Thus if the bafe be a triangle, itis
- called a triangular Pyramid ; if the bafe be a parallelogram, it is called a
parallelogramic Pyramid ; and if the bafe be a circle, it is called a circular
Pyramid, or fimply a Coze. The point in which the Pyramid ends, is
called the Pertex, and a line drawn from the vertex perpendicular to the
bufe is cailed the height of the Pyramid.

PROBLEM VL

To find the folidity of @ Cube.

Rere. Multiply the length of a fide of the Cube by itfelf, and that
product by the fame fide, and you will have the folidity required ; which
will be.expreffed in cubic feet if the dimenfions are given in feet ; but in
cubic inches if the dimenfions were given in inches, &c.

Examrre. If the fide AB of the Cube be 6,3 feet, it is required to
determine-its folidity ?

N

i, 5 H C /
| %
39,69 ! / |
5 i N/
l—T_:—9“°-j—. A .-'"/P--mm .
238,14 ; B

250,047 folidity in cubic feet.
PROBLEM VII..
To find the folidity of a Farallelepiped.

Roure. Maultiply the length, breadth and depth, into each other ; and
the product is the folidity required.

Exampre. Suppofe in the parallelepiped ABCDFGHE, the length EF
is 36 fect, the breadth GF 16 fret, and the depth FD 12 feet ; 1¢ is re
quired to find the folidity ?

EF=36 feet
GF=16
216
36

576
IP= 12

3
<
H
a .
=
=
.

A
Solldity €912 cubic feet,
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PROBLEM VIII,
To find the folidity of a Cylindes,
Rure, Multiply the diameter of the bafe by itfelf, and this produ@ by

the length, and hy the conftant quantity .7854 ; this laft product wiil be
the folidity required.

ExampLe. Required the folidity of a cylinder ADHF, whofe length
HD is 13 feet, and diameter of the bafe AD is 11 feet ?

AD = 1

11

121
HD = 13
363
121

1573
7854

629z
7865
12584
11011

1235.4342 folidity in cubic fect.
PROBLEM IX.
To find the folidity of a Grindfisue. ,
Grindftones in the form of cylinders are fold by the ftone of 24 inches

diameter and 4 inches thick ; the number of ftones that any one contains
may be obtained by the following rule.

Rure. Multiply the diameter in inches by itfelf and that produét by
the thicknefs in inches, divide this laft product by 2304, and you will have
the number of ftones required.

Exampre. Required the number of ftones in a Grindftone whofe diam.
eter is 36 inches and thicknefs § inches ?
36
36.
216
108

1296'
8

2304)10368.(4,5 The anf. is 4 ftones and -3; or 41 fones.
G216

1152.0 ¢
1152.0
This problem may be folved by means of the line of numbers on Gues
ter’s Scale, in a very expeditious manner, by the following ruie,



212 MENSURATION,

Rurz. 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%, whichis
the number of ftones fought. I ’

PROBLEM X.

To find the folidity of any Pyramid or Cone,

Ruet, Multiply the area of the bafe by one third of the perpendiculag
height of the Pyramid or Cone, the produ¢t is the folidity required, =
' A L D

R ER -,

Exasmere I If the Prramid hath a {quare bafe,
the fide of which is 4 feet, and the perpendicular
height is 6 feet ; it is required to determine its
folidity ? ' '

Hiahed o2 2 P

The area of the bafe is 4X 4==16 {quare feet ; .
this muitiplied by one third of the height or 2 feet, ¢
gives 32 feet the felidity required. ‘

9/////7 o
i/

///'

Examerg II.  Ifa cone hath a diameter at the bafe
of 10,6 feet, and a perpendicular height of 30 feet ; it
is required to find irs folidity 2

The area of this baie was found in Problem IV. equal
to 88.247544 ; this multiplied by one third of the
height or 10 feet, ‘gives the {olidity required equal to
882,47544 cubic feet. ' ‘

Having obrained, by the foregoing rules, the number
of cubic teet 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 folidity of the abovementioned cone 882,475 44,
Eeing divided by 40, quotes 22,061886, which is the §
aumber of tons in that cone, -

PROBLEM XI,
To find the tonnage of a fbip.
By a law of the Congrefs of the United States of America, the tonnage
of a thip is to be found in the following manner. '
If the veffel be double. decked, take the length thereof from the fore
part of the main ftem to the after part of the ftern poft 2bove the upper
deck ; the breadih thereof at the broadeft part above the main wales, half
of which breadth ‘hall be accounted the depth of fuch veffel ; then dedu&t
from the length three fifths of the breadth, multiply the remainder by the
breadth, and the produét by the depth ; divide this laft produ& by ninety.
five, and the quotient is the true content or tonnage of fuch veffel, ™~
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1f the veffel be fingle-decked, take the length and breadth as above di-
yefted, in refpe@t to a double-decked veffel, and dedut 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 {uch veffel,

Exampre. Suppofe the length of a double-decked veflel is 8o feet,
and che breadth 24 feet ; what is her tonnage ?

Length 80 feet
Subtrat 4 of the breadth 14.4
65.6

Multiply by the breadth 24

262.4
1312

15744
Multiply by the depth 12

Divide by 95)18892.8(198.%8
95
939
855

842

760
828
760

68

_ Carpenters, in finding the tonnage, multiply the length of the keel by
the breadth of the main beam and the depth of the hold in feet, and divide

the produé by g5 ; the quotient is the number of tons. In double-decked
yeflels, half the breadth is taken for the depth,
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i ! AVING found the number of cubic inches in any body by the pre<
ceding rules, you may from thence determine the number of gallons, buth.
. els, &c. it will hold, by dividing that number of cubic inches by the num.
ber of cubic inches in a gallon, buthel, &c. .

A aine gallon, by which moft liquors are meafured, contains 231 cubic
inches. A beer gallon, by which beer, ale, and a fw other liquors are
meafured, contains 28z cublc inches. A bafel of corn, malt, &c. con-
tains 2150.4 cubic inches; this meafure is fubdivided into 8 gallons, each,
of which contains 268.8 cubic inches.

In all the following rules, 1t awill be fuppofed that the dimenfions of the
€ody are given in anchesy and decimal parts of an tnche

PROBLEM I,

To find the number of gallons in a body of a cubic form,

Rure. Divide the cube of the fide AB (fee the fig. Prob, VI. of Men.
furation) by 231, the quotient will be the anfwer in wine gallons ; if 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 of bufhels.

ExamprLe. Required the number of wine gallons contained in a cubig
ciftern, the length- of whofe fide is 62 inches, :
62
62

124
3772

3844
62

7688
" 23064

231)238328(1031 wine gallons; the remainder of the divifion

231 167 being about 2 of 231, thews that the
ciftern contains § of a gallon more than
732 1031,
693
398
231

167
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PROBLEM 1II.

" To find the number of gallons contained in a body of the form of a Parallel.
opiped. (See the figure of Problem VII. of Menfuration.)

Rure. Maultiply the length, breadch, and depth together ; divide this
laft produt by 231, for wine gallons ; by 282 for beer gallons ; and by
2150.4 for to find the number of buthels. :

ExampLe. Required the number of wine gallons contained in a ciftern
ABCDFGHE (fec fig. Prob. VII. of Menfuration) of the form of a par-
allelopiped, whofe length EF is 66 inches, its breadth GF 35 inches, and
its depth FD 24 inches. '

Length EF = 66
Breadth GF = 35

330
198

2310
Depth FD = 24

9240
4620

231}55440{240 wine gallons,
462

924
924

o .

PROBLEM III.
To find the uumber of gallons contained in a body of a cylindrical form.

Rucrr. Multiply the diameter by itfelf and that produ@ by the height
of the cylinder, divide this laft produtt by 264.12 and the quotient will
be the number of wine gallons ; if you divide it by 359.c5 the quotient
will be the number of ale gallons ; and if you divide it by 2738 you will
have the number of bufhels.

Norte. Thefe divifors are found by dividing 231, 282, and 2159.4
by .7854.
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ExamprE. Required the number of wine gallons contained in the cys
linder AFHD (fee the Fig. of Prob. VIII. of Menfuration), the dianietet
AD of its bafe being 26 inches, and length HD 18 inches ?
' Diameter AD = 26 . :
26
156
52

| 676
Length, HD = 18

5408
676

294.12)12168.00(41 gallons
. 117648 .

40320
29412

o 10908

T have affixed two ¢iphers to the produé r2168, which makes the fame
number of decimals in the divifor and dividend, and confequently the
guotient is the number of gallons.

PROBLEM 1V,
To find the number of gallons contained in a body of the form of a pyramid
‘ o7 cone. (See figures of Prob. X. of Menfuration.)

Ruit. Multiply the area of the bafé of the pyramid or cone
by one third of its perpendicular height ; the prodaét divided by 231
gives the anfwer in wine gallons'; if divided by 282, the quotient is the
number of beer gallons ; and if divided by 2150.4, the quotient is the
number of bufhels. .

Exampre. Required the number of beer gallons contained in a pyra.
mid DEFGK (fee Fig. Prob. X. Exam. 1.) whofe bafe is a fquare EFGK;
a fide of which, as EF, is equal to 30 inches; and the perpendicular height
of the pyramid is 6o inches ?

Bafe EF=30
30

900
Ore third of 60 = 20

282)18000(63.8 Ale gallofs
1692

1080
846
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PROBLEM V,

To find the number of gallons contained in a body of the form 8 a Sruftum
of @ cones  (See the Figure below.)

Rure. Multiply the top and bottom diameters together, and to the
product add one third of the fquare of the difference of the fame diameters 3
multiply this fum by the perpendicular height ; and divide the produét by

;.;94..112 for wine gallons, by 359.05 for ale gallons, and by 2738 for
uthels. .

Examrre. Given the diameter DC of the
bottom of a fruftum of a cone 36 inches, the
- top diameter AB=27 inches, and the perpen-
dicular height, FE, ¢o ifiches. Required the
number of wine gallons it will hold ?

Multiply AB = 27

by DC — 36
162 Difference 9
81 Multiplied by g
Produt 972 Divided by 3)81
Add 27 —_—

27

999
Multiply by FE= 50

294.12)49950.00(169 wine gallons
29412

205380
176472

289080
264708

24372
PROBLEM VI,
To gange a cafk.

"T'o gauge a cafk, you muft meafure the head
diameters FA, DC, and take a2 mean of their
meafures when they differ ; meafure alfo the di-
ameter EB at the bung, (taking the meafure
within the cafk) ; then meafure the length of the
cafk, making due allowance for the thicknefs of
the heads. Having thefe dimenfions you may
calculate the number of gallons it will hold by
the following rule.

Rure. Take the difference between the head and bung diameter, mul.
tiply this by .62, and add the produd to the head diameter, the fum will

Ee .




318 GAUGING. .

be the mean diameter ; multiply this by itfelf and by the length of the
cafk, and divide the produét by 294.12 for wine gallons, by 359.05 for
beer gallons, and by 2738 for buthels,

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; if on the contrary the cafk is full on the
quarter, it would be beft to take .64 or .65. ‘ ;

ExampLe. Given the bung diameter EB=34.5 inches, the head diam-
eter FA==30.7 inches and the length §9.3 inches; required the numbes
of wine gallons this cafk will hold ?

Bung diameter 34.5 Mean diameter 33.1
Head diameter 30.7 33.%

—

Difference 3.8 3.31
Multiply by .62 §9.3
—_— 993
76
2.28 1095.61
Length 59,3

2.356 —_
Add head diameter 30.7 328.683
‘ 9860.49
Mean diameter  33.056 or 33.» 54780.5

294.12)64969.673(220.8
58824 Galls.

61456
58824

263273
235296

27977

To gauge a caff By means of the line of numbers, on Gunter’s Scaley or o
the calipers ujed by gangeri.

Make marks on the fcale at the points 17.15, 18.95, and §2.33 which
numbers are the {quare 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 bufhels by the following rule.

Rure. 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 diametes will give the mean diameter ; then:
put one foot of the compaffes upon the gauge point—which is 17.15 for
wine gallons, 18.95 for ale gallons, and §2.33 for bufhels—and extend the

‘other to the mean diameter ; this extent turned over twice the fame wayy
from the length of the cafk, will give the number of gallons or buthels ref-.
pectively.

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.

Then the extent from the gauge point 17.15 to 33,1, turned over twice
from the length §9.3, will reach to 220.8, wine gallons.

If you had ufed the gauge point 18.g5 the anfwer would have been in ale
gallons ; and if you had ufed §2.33 the anfiver would have been in bufhels.
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SURVEYING

l JAND is gencrally meafured by a chain of 66 feet in lengdh, which

is divided into 100 cqual parts called links, each /:#% being 7.9z inches,

A pole or rod is 16% feet, or 25 links, in length ; hence a fquare pole
contains 272} fquare feet, or 625 fquare links,

An acre of land is cqual to 160 fquare poles, and therefore contains
43560 {quare feet, or 100000 fquare links.

To find the number of {fquare poles in any piece of land, you may take
the dimenfions of it in feet, and find its area in fquare feet, as in the prec
ceding ¢roblems ; divide this area by 43560, the quotient will be the num-
ber of acres ; or dividing it by 272,25 the quotient wiil be the nem-
ber of fquare poles, If the dimenfions be taken in links, and the arca be
found in fquare links, we may obtain the number of acres by dividing by
100000 (that 1s, by crofling off the five right hand figures) 5 and the numn.
ber of {quare poles may be obtained by dividing by 623,

PROBLEM 1.
To find the number of acres and poles in a piece of land in the form of a

re@angular parallelogram.

Rure. 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 feet; the quotient will be the number of poles, which, divided by 160,
gives the number of acres.

Exampre I. Suppofe the bafe DB (fee the figure of Ex. I. Prob. 1. of
Menfuration) of the retanguiar parallelogram ACBD is 6o fect, and the
perpendicular BC z¢ feet ; required the arca in poles.

Multiply 25 To the produét 1500, I have
By 6o affixed three ciphers to the right,
—_— in order to obtain the area in
Bivide by 27:.25)1500.000(5.§ poles and decimal parts of a
136125 pole; hence the fought arca is
—_— 5 poles and § tenths,
1387350
136125
2625 ’

PROBLEM 1I1. ,
Te find the number of acres and poles in a piece of land in the form of an

0bl une iy ol v parallelogram.  (See the figure of Prob. 1. Ex, IV, of

M. o’ ) .

Ru. . - s area is found in exa@ly the fame manner as in the preced.
ing frcr - Ly multiplying the bafe AD by the perpendicular height BE,
ancd:- - py 625 when the dimenfions are taken in,links_, butby 272.25
whei <. 2 taken in feet ; the quotient is the anfwer in poles, which

divide .. 169 gives the anfwer in acres, -
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Exampre. Suppofe the bafe AD s 632 links, and the perpendicular
BE 326 links ; required the number of poles.
Multiply 632
By 326

3792
1264

18g6

6125)206032(329 poles. .
187¢ '

1853

1250
6032
5625

407
PROBLEM Il

To find the number of acres and poles in a piece of land of a triangular forms

Ruce. Multiply the bafe by the perpendicular height, and divide the
produtt by 1250 when the dimenfions are given in links, but by 544.5
when they are given in fect ; the quotient is the anfwer in poles. .

Nore. Inftead of dividing by 1250, you may multiply by 8, and crofs
off the four right hand figures.

Exampre. Given the bafe AC (fee fig. of Prob. II. of Menfuration)
equal to 3qo feet, and the perpendicular BD 130 feet ; required the area in
poles.

Muldply 1350
By 300

§44+5)45000.00(82.6 poles.
43560

14400
10890

35100
32670

2430
PROBLEM 1V.

To find the number of acres and poles in a piece of land of ary irregulay
right-lined figure.

Rure. Find the area asin Problem III. of Menfuration, by drawing
diagonals, and reducing the figure to triangles : the bafe of each triangle
being multiplied by the perpendicular, (or by the {fum of the perpendiculars
falling on it) and the fum of all thefe produtts divided by rz5o when the
dimenfions are given-in links, but by 544.5 when in feet, will give the
area of the figure in poles, :



SURVEYINE. 221

Examrre. Suppofe that the picce of land is of the fame form as the fig-
ure in Problem IT1. of Menfuration, and that EB =22 feet, EC—= 33 feer,
AF =13 fect, BG=14 feet, and DH==12 fcet ; it is required to find the
area in poies. :

EB = 22 BG = 14
AF¥ =13 DH = 12
66 Sum 26
22 EC = 33
EAB = 286 78
78
ECDE = $§8
EAB =— 286
544.5)1144.00{2.1  Anf, 244 poles,

108g0

5500

S445

55

The manuer of furveying Coafls and Harbours.®

From what has been already faid, an intelligent rcader would fee how
the bufinefs of taking the bearings of part of 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 furveying, it will not be ima
proper to apprize the learner concerning them to qualify him to go more
readily to work.

Ty take a draught of a coaft in failing along fhore,

Having brought the fhip to a convenient place, from which the principal
points of the coaft, or bay, may be feen, either caft anchor, if it is conve-
nient, or lie too as fteady as poflible ; or if the coaft is too fhoal, let the
obfervations and meafures be done in a boat.  Then while the veflel is
ftationany, take with the azimuth compafs the bearings in degrees of fuch
points of the coaft as form the moft material projetions or hollows ; write
down thefe bearings and make a rough fketch of the coaft, obferving care.
fully to mark the points whofe bearings were taken, with letters, tor the
fake of reference.

Then let the thip 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 fhe
comes to a fituation from which the fame points before obferved can be feen
again with quite different bearings : then let the veflel iie 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 linc.

# Moft of this piece is from Robertfon's Navigation,
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To defcribe the chart from thefe obfervations, you muft in fome conve.
sient part of a theet of paper draw the magnetic meridian, and lay off the
feveral bearings taken at the firft ftation, marking th.m with their proper
letters ; lay down alfo the bearings taken from the fecend ftation.  Draw
a line to reprefent the thip’s run both in length and courfe, and from that
end of it exprefling the firit ftation, draw lines parallel to the refpeQive
bearings taken from that end ; alfo from the other end draw lines parallel
to the bearings taken at that end, and note the interfc&ion of each pair of
lines direéted to the fame point ; and through thefe interfetions, draw by
hand, a curved line, ebferving to wave it in and out as near as can be like
the bending of the coait itfelf. Then mark off the variation of the com.
pafs from the north end of the magnetic meridian, towards the right kand,
if it be welt, or towards the left hand, if it be eaft, and draw the true me-
ridian through that point and the centre of the circle.

Againft cach part draw the appearance of the land marked in the fketches,
diftinguifhing rocks, cliffs, high-lands, fand-hills, &c. If there are any
curreiis, 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, diftingutthing whether they are fathoms or
feet ; fhew the time of high water on the tull 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 the veflels run was laid down by ; add the name of the
place, and the latitude and longitude as true as can be obtained.

If there are fcals or fands on the coaft, let them be taken by a boat fail-
ing round them, keeping account of the courfes, diftances, and foundings.
Bur to put them in the draught, the boat muft take the bearings of two
points on the coaft; the bearings. of which have been taken from the fhip,
from {ome part of each fand or thoal fo failed round ; or, the bearing of
the boat at fome part of the fhoal, or of fome beacon in that place, muit be
taken by the fhip at cach of the ftations where {he took the bearings of the
there ; for by either of thefe means, one point of the fand being obtained,
the reft of 1t can be Jaid down from the boat’s account.

If 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 meafured exaltly as may be found neceflary, obferving that the
feveral diftances run thould join to one another, in the nature of a traverfe ;
that cach new fet of objedts, or points obferved, thould be taken from two
fations at the end of a known diitance, 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 £ or 2 of a point, but rather referve fuch
objects for the next meafured bafe line; for when lines lie very obliquely
to one another their interfeltions are net eafily afcertained.

1f any paruicular parts of the harbour cannot be conveniently feen from
eitner of the fations, take the boat into thofe places, and having well ex-
amined them, make fkerches thereof, eftimating the lengths and breadths
of the feveral inlets, either by the rowing or failing of 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.

If there are any dangerous {ands cr rocks, befides infurting them in their
proper places, you muft fee if there be any two objeés afhore (fuch as a
church, mill, heufe, noted cliff, &c.) which appear in the fame right line
when on the thoal ; and thefe objefts muft be noted on your charr. If
none can be found, you muft take the bearings of fome remarkable points,
and note them on your chart; by which means a fhip will know how to
avoid the danger,
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1t thould be remarked in the draught what places are unfit for anchor.
dge, and what fit, by writing rockv graund, forl anchorage, good anchorage,
&c. and in the latter to draw the figure of an anchor. Alfo, if 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 athore.

The pofitions of obje@s taken by a magnetic compafs being liable te
great uncertainties, as is well known to thofe who have had any expe.
rience, efpecially at fea ; an obferver would thercfore do well to obferve
only the bearings of the ftation lincs by the compafs, and then meafore
the angles which the other objects make with thefe iines, by a quadrant or
fextant, which for this purpofe muft be held in an horizontal pofition.

EXAMPLE I. (Sce Fig. 1. adjoincad plate.)

Suppofe a fhip at A, obferves the bearings of the moft remarkable points
of abay, C, D, E, ¥, G, H, and I, and fails S. 63° E. 51 milestoB; at B
fhe alfo obferves the bearings of the fame points ; from hence it is required
to conftruft the chart.

Bearing of C from A S. 38° W,  Bcaringof Cfrom B S, 8¢° W,

D N. 9> W, D N. 48° W,
E N. 26°E. E N.z24° W,
"F N. 55* E. ¥ N, 13°E.
G Eaft, G N, 47° E.
H S.40°E. 1 H S. 38° W,
1 S.19°E. | 1 S. 46° W.

A

Draw the line AB, S. 63° E. 1L miles. Through the points A and B
draw the lines AC, AD, AE, AF, AG, AH, A], BC, BD, BE, BF, BG,
BH, and BI, at their refpetive bearings, and where the cgrrcfponding lincs
cut each other, will be the points C, D, E, ¥, G, H, and I, required ;
through which the different curvatures of the land muft be drawn, correfs
ponding with your eyc.draught. In this manner may a chart be conftruét-
ed by obfervations taken upon the water. “The manner of furveying upen
Iand is exaltly fimilar,

To frrvey a havkour by obfervations on fhore.

Make an eye-draught of the place to be furveved, and in going round
1ts coaft fix ftation ftaves, or ftraight poles, tall enough to be feen at a
confiderable diftance, in the moft 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 objet may ferve inftead of a fation ftaff ;
and it will be convenient to black the ftaves, and tic a picce of white bunt-
ing at the top of each; then in the eye-draught put letters at the noted
points or marks, for diftinction fake. ‘

Choofe the mof extenfive and level fpot of grovnd you can meet with
to meafure yvour bafe line upon, which fhould not be lcefs than a tenth part
of the diftance of the two extreme obje@s which are to be obferved ; and
let the dire@tion of the meafured bafe linz be fuch that as many of the fta-
tion ftaves as poffible may be feen from each end of it.  The beasing or
pofition of this bafe muft be well determined in degrees and minutes, and
its length accurately meafured, either by a meafuring chain or a piece of
log-line. _

From each end of the bafe obferve, with the azimuth compafs, the bear.
ings of each of the flation flaves ; or clfe with a fextant meafure the angles
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contained between thefe ftaves or remarkable objefts, and the other ehd
of the ftation line, and write them ‘down in order in your book. Thefe
meafures and agles being plotted down, as before direlted, will give the
moft confpicuous points of the fhore; the intermediate fpaces are to be
filled up from the fketches made on the fpot.

But if either of thefe objects fhould fpread on either hard fo far beyond
the limits of the bafe, that at either end thereof the other end and thofe ob-
jets fhould appear nearly in the fame direion, or to make angles not ex-
ceeding 10° ; or, if fome of the remarkable objeéts can be feen only from
onc end of the bafe ; then let the bearings of fuch objefts be taken from
a place whof’: pofition has been determined from both ends of the meafured
bafe ; or, if there are feveral remarked objects which cannot be feen from
either end of the bafe lines, let the bearings of fuch objetts be taken from
each of the two points whofe pofition has been taken from both ends of the
bafe, or it may on fome occafions be proper to choofe another place on
which another bafe of a convenient length may be meafured, and froem the
extremities of which the ends of the firtt bafe may be feen; and alfo as
many as can be of the remaining objeits which lay tco obliquely for the
firft bafe, or which could not be feen from it. In fuch manner proceed un-
t1] the bearings arc taken of all the points judged neceflary for completing
the furvey of the limits of the harbour.

If a bafe line of a fufficient length cannot be meafured in one right liney
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 ¢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 aprearance of its entrance ; take particular notice if
there be any falfe refemblance of the entrance, by which fhips may be
deceived and run into danger; or when any two obje&s being brought
in a line, or in one, will lead into the harbour without dinger ; fearch
for the beft anchoring places, and if pofiible, denote thofe place by bring-
ing two objefts in one, 1f not take the exa& bearings of two or three other
objeQs, fo that the places may be eafily determined. The chart being
corredtly drawn, a compafs, with the variation, and fealp 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 beft track
with the foundings all the way to thofe anchorimg places ; the proper failing -
marks to avoid dangers ;- the winds, if any troublefome ones, which pre.
vuil, and at what feafons ; the places where frefh water can be got; the
nzme of the place, the country in, on what fea.; the latitude and longi.
tvde ; a fketch of che appearance the place makes at fea upen a known
shuid, and at an eftimated diftance ; and whatever elfe a judicious fea-
rean fhall think proper to infert.  Then is the plan fit for all nautical pure’
poles, and may be embellifhed with proper colours if neceffary.

EXAMPLE II. (See Fig. 2. of the Plate.}

Trem each end of a bafe line AB of 1202 fathoms, were ob..
firved the points C, D, E, F, and G; and as the points I, K, 2nd L
vere nat vifible from the extremities of the bafe line, another bafe line was -
meaiwred from the point D to H of 630 fathoms, from which points the
bezrizgs of I, K, and Liwere obferved : from hence it is required to con-
firact 4 <hart of the place. \‘
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Bearing of B from A Eaft. | Bearing of C from B N.W.b. W,
C North. b N.N. W,
D N.E.b.N. | . E North.
E N.E. IN. F N. b. E.
F N.Eb.E.LE. G N. E.
G E.bL.N:LN.

Bearing of H from D N.W. | Bearing of I fromH N.E.b.N.
1 N.b. W, K N.E.IlE.
K N.b.E. LE. L E.N.E.
L N.N.E. 1 E.

Draw the eaft line AB—1200 fathoms; from ¢ach end of this line
draw the lines AC, AD, AE, AF, AG, BC, &c. at their refpeétive bear:
ings; the points of intetfection will give the points C; D, E, F, and G.
From the point D (which was found in this mannet) draw the N. W, line
DI = 680 fathoms ; and tlirough thefe points draw the lines DI, DK,
DL, HI, &c. at their refpective bearings ; the points of interfeétion of the
correfponding lines will be the fituation of the points I, K, L.  Betwcen
thefe remarkable points draw the dutiines of the jand conformable to your
rough draught.

In order to détermine the fituation of the point M, which is feen,too ob-
liquely from the bafes AB, DH, you may take the bearing of that point
from B and then trom G (whof? fituation has been determined by bearings
taken from the points A, B), the interfc¢tion of ¢he lines BV, GM, will
determine the fituation of M.

To redice & Dfaitg/;t to a frrallet feale;

With a black-lead pencil draw the draught to be reduced all’over witlt
crofs lines, forming cxaét fquares ; draw the clean paper for the copy all
over with the fame number of fquares; but their fides larger or fmailer in
propertion to the intended fize of the feale fuch as 4, 1; &c. length of
the other; diftingwifh by a ftronger mark, every fifth or fixth row of
fquares in both, fo that the feveral correfponding fquares may be
readily perceived ; then; in each of the fquates of the draught; diaw, by
the eye, a curve on the paper, fimilar to that in the fquare of your copy-
ing draught, till the whole is copied ; when the black-lead linés may be
rubbed out with bread or India rubber.

A chait may alfo be reduced in the following manner : thus; fuppofs
you would reduce a chart in the ratio of the line MN (figure plate fronting
page 45) to HI.  Draw the line AC; which make cqual to HI ; vpon A
ds a centre fweep the arch CE; and make the chord CE==MN; join AE ;
then if you take any diftance, AB you want te reduce; and upon A, as a
centre, fweep an arch BD; the chord BD intercepted by the lines AC,
AE; will be the reduced diftance correfponding to AB. This reduced dif-
tance can alio be obtained by another method, which is more fimple than
the former » Take any extent from the large chart which is to be reduced
- to 2 finaller fcale, and apply it from A 10 O ({ee figure of fame plate) ; take
in your compafles the correfponding diftance on the fmall charr, and with
one foot in O fveep an arch P; draw the line AP juft touching the arch
in P; then if you take any diftance from the great chart, and apply it from
A to R, and at the point R f{weep an arch'S to touch the line AE ; the
extent RS will be the reduced diftance of the line AR.

F e
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E HE carth is firrounded by a fine invifible fluid, called Alr, extend.
ing fome miles above its {urface. By its weight it is capable of fupporting
the vapours raifed by the fun ; and by its elaihcxtv it is capable of cxpand-
ing or fpreading itfelf, fo as to £l up a larger (pac When the clafti-
c1ty of any portion of the air is changed, by the heat of the fun or by
the vfcs, the neighbouring parts arc put in motion to reftore the equi-
Iibrmm ; in this manner a current of air is fermed, called the Wind,
which is diftinguithed.by feveral names, viz. trade-wmd monfoon, vaa
riable wind, &c. The trade ainds blow conftantly from ‘the fame part;
the monfoans blow half the year one way, and half the other; and the wa-
riable avinds are fuch as blow without any regularity either as to time,
place, or dirc€tion. The following obfervations on the wind have been
made by Do&lor Halley, and othexs.

There is « conftant trade wind, blowing from the eaf, in motft parts of
the Adantic and Pacific Ocedns, between the latitudes of 30° N. and
30° S, Near their northem limits, they blow between the north and eaft 5
and near their fouthern limits they blow between {outh and eaft.

In the Atlantic Ocean, at about 100 leagues from the coafts of Afriea,
between the ladwudes of 28 and 10° north, there is generaxly a frefh gale
of wind blowing from the N. E,

Thofe bound to the Carribee Iflands acrofs the Atlantie, find, as they
approach the American fide, that the N. E. wind becomes cn‘terl_v or fel-
dom blows more thun a point from the eaft, either to the Northward or
Southward.

Thefe trade winds on the American fidc are extended to 30°, 31°%, oreven
to 32° of north latitude, which is about 4° 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 of Brazil on the American
fide, than they do near the Cape of Good Hope on the African fide.

Between the latitudes of 4° north and 4° fouth, the wind always blows
between the fouth and eaft : on the African fide the winds are nearcft the
fouth, and on the American {ide nearelt the eaft. In thefe feas, Dr. Hal-
13y 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 bscezes
next to a calnw.

Thefe winds are fomewhat changed by the feafons of the year: when the
fun is far northward, the Brazil 8. E. wind gets to the fouth, and the N.E.
wind to the caft ; and whenthe fun is far fouth, the S, E. wind gets to the
¢aft, and the N. E. wind on this fide of the equator veers more to the north.

Along the coaft of Guinea, trom Sierra Leon to the ifland of St, Thomas,
undar thc equator, the foutherty and S. W. winds blow perpetuaiiy ; for
the S. . trade wind having patfed the equator, and ipproaching the Guinea
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eoalt, within 80 or 100 leagues, inclines toward the fhore, 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 8. W, and fometimes W, S8, W,
This track is troubled with frequent calms, and violene fudden gufts of
wind, called Tcrnadoes; blowing from ail points of the horizon,

The reafon of the wind ferting in weftt on the coalt of Guinea is, in all
probahility, owing to the nature of the coaft, which being greatly heated
by the fun, rarefics the air exceedingly, and confequently the cool air from
off the fea will keep ruthing in, to reftore the equilibrium,

Between the zth and 10th degrees of north latitude, and between the
longitude of Cape Verd and the exfternmoft of the Cape Verd Iflands, there
is a track of {ea, which feems to be condemned to perpetual calms, attended
with terrible thunder and lightning, and frequent rains.

The caufe of this feems to be, that the wefterly winds fetting inon this
coatt, and meeting the general eatterly winds in this tra@, balance each
other, and Yo caufc the calms; and the vapours, carried thither by each
wind, meeting and condenfing, occafion the almoft conftant rains.

Thefe obfervations thew the reafon of the difficulty which fhips find in
failing to the fouthward, between the coafts of Guinea and Brazil, particu-
Yarly in the mouths of July and Auguft, notwithftanding the widih of the
fea 1s more than 500 leagues.  ¥or the 8. E. winds at that time of the year
commonly extend fome degrees beyond the ordinary limits of 4° N. latitude,
befides coming fo much {outherly as to be fometimes fouth, fometimes a
point or two to the welt; it then only remains to ply to windward : And
af on the one fide they fteer W. 8, W. they get 2 wind more and more
eafterly, but then there is danger of falling ia with the Brazilian coaft or
fhoals ; and if 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 prattice of all
the Guinea fhips.

All thips departing from Guinea for Europe, their dire®t courlc 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 fteer
S.S.E. or feuth, and with thefe courfes they run off the fhore; but in fo
doing they always find the wind more and more centrary ; fo that when
near the fhore they can lic fouth; at a great diftance they can make no
better than S, E. and afterwazds E. S. E. with which courfes they generally
ferch the ifland of St. ‘Thomas, and Cape Lopez, where finding the winds
to the eaftward of the fouth, they fail wefterly with it, till coming to the
latitude of four degrees {outh, where they find the S. E. wind blowing per.
petually.

On account of thefe general winds, all bound from Europe to the Weit.
Indies, or to the fouthern flates of America, reckon it their beft courfe to
get as foon as they can to the fouthward, that fo they may be certain of a
tair and frefh gale, to run before it to the weftward. For the fame reafon
thofe bound from America to Europe cndeavour to gain the latitude of 30
degrees, where they firft find the wind begin to be variable, though the moft
ordinary winds in the Nerth Atlantic Ocean come between the fouth and
weft, :

And for the {ame rezfon, thofe hound to India from America ran to the eaft-
ward in the variable winds, {0 as to e in the longitude of ;5% or 38° W,
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when In thelatitude of 30° N. From thence they fleer fouth-eafterly to-
wards the Cape de Verds, pafling 2° or 3° to the weftward of them, unlefs
they want to ftop for fupplies, or to correét their longitude. Being then
in the common route of the European Indiamen, they fteer fouth- eaﬁerly
to crofs the equator berween the longitude of 18° W, and 25° W. where,
meeting the 5. 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 fteer
10 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 thip might crofs the line further to the weft
ward than what we have recommended above. When homeward bound,
from the Cape of Goed-Hope towards America, they might deviate a lit-
tle to the weftward of their ftraight courfe, in order to take advantage of
this frefner trade-wind.

Between the fouthern latitudes of 10° and 30° in the Indian Ocean, the
general trade-wind about 8. E. by S. is found to blow all the year round,
in the {ame 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 1) ing between the 3d and 1oth degrees of fouth latitude, in the mer.
idian of the north end of Madagafcar, and between the zd and 12th de-

rees of fouth latitude, near the longitude of Sumatra and Java,

In the track between Sumatra and the African coaft, and from 3°of fouth
iatitude, 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 Oftober on the S. W. In the former half year,
the wind is more fteady and gentle, and the weather clearer than inythe lat.
ter fix months ; and the wind is more firong and fieady in the Arabian fea
than in the bay of Bengal.

Between the ifland of Madagafcar and the coaft of Africa, and thence
northward as far as the equator, there is a track, wherein, from April to
Ociober, there is a conflant freth 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 coafts of Cambodia and China, quite through the Philippines
as far as Japan, the monfoons blow northerly and foutherly ; the northern
{ettmg in about October or November, and the fouthern about May. T hefe
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
{ame northerly and foutherly winds arc obferved ; but the firft half year
the morfoons incline to the N. W, and the latter to the S. E. Thefe
winds begin a month ar fix weeks after thofe in the Chinefe feas fet in, and
are quite as variable,

Thefe contyary winds do not fhift from one point to its oppofite all at

once : in fome places, the time of the change is attended with calms, in
others by variable winds; and it often happens, on the fhores of Coreman.’
del and China, towards the end of the monfoons, that there are moft vio-
lent ftorms, called TuFons, greatly refembling the hurricanes in the Weﬁ-
indies, wherein the wind is fo vaftly ﬁrong, that hardly any thmg can re.
§ift its force, R
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E IDE is a periodical motion of the water of the fea, by which it cbbs
and flows twice in a day. The jfows continues about 6 hours, during which
the water gradually rifes ¢ill it has arrived at its greateft Leight ; then it
begins to ¢64 or decreale, and continues to do {o for abour 6 more, till it has
fallen to nearly its former level ; then the flow begins again as betore.

"The caufe of the tides is the unequal attraétion of the fun and moon upon
different parts of the earth.  For they attralt ihe parts of the earth’s furface
nearcit to them, with a greater force than they do its centre ; and attract
the centre more than they do the oppofite furface.  To reftore this equilib-
rium the waters take a fpheriodical figure, whofe longer axis is diretted
towards the attralting luminary. If the moon only atted upon the water,
the time of high watcr would be when the mcon was upon the meridian,
above or below the horizon ; or rather at an hour or two after, (becaufe
the mocen continues to aét with confiderable force for fome time after paf-
fing the meridian.) But the moon paffes the meridian about 49 later cve-
ry day ; of courfe, if fhe only aéted on the tides, they would be retarded-
every day 49, and it would be high water at the {ame diftance from her
pafling the meridian : and it is upon this principle that the time of high
water is calculated in moft books of navigation, although it will fometimes
differ an hour from the truth, owing to the negle&t of the difturbing force
of the fun. The effe@ of the moon upen the tides is greater than that of fun,
notwithftanding the quantity of mater in the latter is vaftly greater than in
the former ; but the fun being at a much greater diftance from the carth than
the moon, it attrats the different parts of the earth in a more uniform
manncr. Accerding to the lateft obfervations, the mean force of the fun
for raifing the tides is to the mean ferce of the moon as 1 to 2;. By the
combined effct of thefe two forces, the tides come on feoner when the moon
is in her fir# and third quarters, and later in the fecond and fourth quarters,
than they would do if caufed only by the moon’s attraétion. The quan-
tity of this acceleration and retardation is given in the Table B, adjoined ;
the ufe of which will be explained hercatter.

"The tides are greater than ordinary about three days after the new and
full moon ; thefe are called /pring-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 mecn concur to raife the tide
in the fame place, but in the latrer 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 loweft when fhe is in her apagee, or fartheft diftance
from the earth. The fpring-tides are greateft about the time of the equi-
noxes, in March and September, and the ncap-tides are lefs.  The morning
tides generally differ in their rife from the evening tides.  All thefe things
would obrain exatly, were the whole furface of the earth covered with fea ;
but the interruptions caufed by the continents, iflands, fhoals, &c. entirely
alter the flate of the tides in many cafes. A finall inland fea, fuch as the
Mediterrancan or Baltic, is littie fubject to tides ; becaufe the action of
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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 moft noted places of the globe,
have been colle®ted. Thefe times are ufually putin 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 moft remarkable places of
the coafts of America and Europe, by means of which the times of high-
water may be found, by various methods. The moft common rule pre-
fcribed for this purpofe, in books of navigation, is that depending on the
golden number and epa& ; in which the tide is fuppofed to be uniformly
retarded every day. This method will fometimes differ 2 hours from the
truth, for which reafon I fhall not infert it; but fhall 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
degree of exaéinefs than from our commen almanacs.

RULE.

Find the time of the moor’s coming ta the meridian of Greenwich on
the given day, in page 6th. of 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 of minutes to be applied to the time of
pafling the meridian of Greenwich, by adding when in aveff longitude, but
Jubtra&ing when in eaff longitude ; the fum or difference will be nearly
the time that the moon paffes the meridian of the given place. With this
time enter Table B, and take out the correfponding correétion, which is
to be applied to the time of pafiing the meridian of the place of obfervation,
by adding or fubtralling, according to the diretions of the table.

To this correfted time add the time of 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. If this fum be greater than
12h. 23m. you muft fubtra& 1zh. z4m.* from it, and the remainder will
be the time of high water nearly, reckoning from the fame noon ; or if it
exceed z4h. 48m. you muft fubtra®t 24h. 48m. from that fum, and the re-
mainder will be the time of high-water, reckoning from the fame ncon,
nearly.

EXAMPLE I.

Required the time of high-water at Charlefton light-houfe (S.C.) March
1§, 1804, in the afternoon, civil account ?

By the Nautical Almanac I fird that the moon paffes the meridian of
Greenwich at 3h. 6m.; to this 1 add 11m. taken from Table A, corref-
ponding to the longitude of Charlefton light-houfe. With the fum 3h.
17m. I enter Table B, and find (by taking proportional parts) that the
correftion is §4m. which is to be fubtra&ed from 3h. 17m. (becaufe imme-
diately over it in the table it is marked Sub.) ; to the remairder zh. 23m.
I add the time of high-water on the full and change days 7h. om. (which
is fourd in the tide table following); the fum gh. z3m. is the time of
high-water on the afternoon of March 15, 1804, civil account. ‘

* Infiead of fubtraling t:h. 24m. vou mav, when great acenracy is required, fubtra 12 honrs increafed by half the daily varic
ation of the mocu’s patiing the mepidian found in the Nanuzal Alnianac ;. with this enter Table R, and corre® ir, and find the
taue of highowater from noon as shove.  Ang induad of fubtrafling 230 4¥m. veo may fubtral 23h. incrcafed by 1he daily vuiiae
cion of the nicon’s pailing the megidian ; chen f:d the cozrefiicu of Table B, and the tizus of bigh-wateg fivim nion a5 abuve,



TI1DES. 231

EXAMPLE 11,

Required the time of high.water at Portland light-houfe, May 20, 1804,
in the afternoon, civil account ?

By the Nautical Almanac the moon pafles the meridian of Greenwich at
gh. 14m. The corre€lion from Table A, correfponding 1o 70°, the longi-
tude of Portland light-houfe, is gm. which added 10 gh. 14m. gives ke
time of the moon’s fouthing at Portland gh. 23m. nearly. Lhe number in
Table B correfponding to gh. 23m. is 23m. which is to bz added to gh.
23m. (becaufe immediately over it, in the table, is marked Add). "Lo
the fum gh. 46m. 1 add the time of high-water on the full and change days
10h. 45m. and the fum is 20h. 31m. confequently the high-water happens at
20h. 31m. paft noon of May 2o, that is at 8h. 31m. A, M, of May z1.
And by fubtratting 12h. 24m. from 2oh. 31m. wc have 8h. ym. which is
nearly the time of high-water on the afternoon of May 20, 1804.

In this manner we may obtain the time of high-water at any place, to a
confiderable degree of accuracy.  But the tides are fo much influenced by
the winds, frefhets, &c. that the calculated times will fometimes differ a
lirtle from the truth.

Many pilots reckon the time of high-water by the point of the coinpafs
the moon is upon at that time, allowing 4§ minutes for each point. Thus
on the full and change days, if it 1s high-water at noon, they fay a north
and fouth moon makes full fea ; if at 11h. rgm. they fay a 5. 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 of finding the time of full fea by the bearing
of the moon, except in places where it is high-water about néon on the
full and change days.

When you have not a Nautical Almanac, you may find the time of high
water by means of the following ‘T'ables C and D ; and although this meth.
od is not fo exa@ as the former, yet it may be ufeful in many cafes.
'U'o calculate the time of full fea by this method, obferve the following

RULE,

Enter Table C, and take out the number which ftands oppofite to the
year, and vnder 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 Table D, is a certain number of hours and minutes in
the adjoined column, which, being added to the time of high water at the
given place on the full and change days, will give the time of kigh water
required ; which will be on the afternoon of that day, civil account, if lefs
than 1z hours; but if above 12 hours, and lefs than 24 hours, fubtralt 12
hours, and the remainder will be the time of high water on the next morn-
ing : if above 24 hours, fubtratt z4 hours, and the remainder will be the
time of high water in the following atternocn. And the time of the pre-
ceding high water may be obtained nearly, by fubtraéling 12k, z4m.

By this rule I {hall work the two preceding Examples.

EXAMPLE IiI.

Required the time of high water at Charlefton light-houfe (8. C.)
March 15, 1804, in the afternoon, civil account ?

In the Table C, oppofite 1804, and under March, fland 19, which, added
to the day of the month 15, gives 74, and by fubtratting 30, leaves 4, the
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moon’s age : oppofite 4 in Table D, is zh. 22m. which added to yh. the

time of high water on the full and change days, gives gh. 22m. for the

time of high water ; differing only one minute from the former method.
EXAMPLE 1V.

Required the time of high water at Portiand light-houfe, May 20, 1804,
in the afternoon, civil account ?

In the TableC, oppofite 1804, and under May, ftand 21, which added to
the day of the month 20, and 30 fubtratted from the {fum leaves the moon’s
age 11; oppofite to this, in Table D, is gh, 1gm. which ?dded to 1oh.
45m. the time of high water on the full and change days, gives zoh. 4m,
or §h. 4m. A. M. of May z1 ; or by fubtra@ing 12l.z4m. from 2oh. 4m,
we have 7h. gom. for the time of full {ea on the afternoon of May zo,
1804 ; this differs 27 minutes from the former method.

In the third column of Table D is given the time of the moon’s coming
to the meridian, for every day of her age: thus, oppofite 11 days ftand
§h. g7m. which is the time of her c®ming 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 {uppofition that the moon moves uni-
formly in the equator, it cannot be very accurate. The numbers in this
Table are reckoned from noon to nooa; thus, th. A. M. is denoted by
r3h.; zh. A. M. by 14h. &c. .

The time of new moon is eafily found, by fubiralling the number taken
from Table C, from 30. Ex. Suppofe it was required to find the time of
new maon for May, 1804, By examining the table, we find the number
correfponding to that time is 21 ; this {fubtradted from 30 leaves g ; there.
fore it is new moon the gth May, 1804. This table is calculated to give
the #rue 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

_ RULE.

Find the time of the moon’s coming to the meridian 6f Greenwich, i
the 6th page of the Nautical Almanac ; to this’time apply the correétions
taken from the tables A and B, (in the fame manner as direted in the pre.
ceding rule for finding the time of high waterj—{ubtra& this correfted
time from the obferved time of high water, and the remainder will be the
- time ot high water on the change and full days.

Norg, If the time to be fubtracted be greater than the obferved time
of full fea, you mudt increafe the levter by 1zh, zym. or by 24h, 48m.
nearly . *

LEX AMPLE,

Cn the 15th March, 1804, the rime of high water at Charlefton light«
houfe, was {ouad to be at gh. z3m. P.. M. required the time of high water
oa the full aud changs days ?

1 find, 2s in example 1t preceding, that the number to be fubtradted is
zh. z3m.—taking this from gh. 23m. leaves 7h, which is the time of high'
water on the tull and change days.

p;n(i;;h“c“ ol fubtralling 1eh. 74 and 24h. 38"=pou mey maKe the calculation accurately by a method firaflar to thay o

“
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Wheti you have not a Nautical Almanac, yoii may find this time hy
fieans of the Tables C and D. For in the prefent cxample, 1 find by 1'a.
ble C, that the moon’s age was 4, correfpording to which in the fecond
column of Table D, is zh. z2m. this fubtracicd from gh. 23m, leaves 7h,
rm. for the time of high-water on the full and changz days. '
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TIDE TABLE,

Sheaving the tsme of bigh awater at the full and change of the moon at vae
rious places on the coaff of the UN1TED STATES OF AMERICA, and ix

"

Evrore; with the afual rife of the tide exprefed in feet.

1 ' T Ti »
Places on the Coalt of the Unied T['_;.f;t fi}:nv'f' Places in various parts of the ri";_?
States of America, Wal::r. ,Feet‘.n world, .‘v(;/atm.
H. M, H. M}
Block Ifland 7371 5 [|Aberdeen (Scotland) 0 45
Bofton Light-Houfe v1 30 | 12 jAmazon’s River (Am,) 6 o
Broad Bay . 10 45 | 9 {Amifterdam (Holland) 3 o .
Cape Ann 'tr 30 | 12 |Amfterdam, IN. of (South feas) | 8 30
Cape Charles 7 © Anholt (Denmark) o of i
Cape Cnd 1r 30| 6L |Antwerp (Flanders) 6 of.
Cape Henlopen 8 54| 5 |Archangel (Ruffia) 6 of
Cape Henry » ol 4 |Buyonne (France 3
harlefion v o} 6 |Beachy-Head (England) 10
Elizabeth-Town-Point 8 ¢4 | § |Belfat (Ireland) - 10
Florida Keys N 8 5o Bermudas IMland b4
rox Itland (Mallj 10 45 | 10 |Blanco Cape (Negrolandy 9
Gay Head 7 37| 7  [Bordeaux (France) 3
Teorge's River 15451 9 (Bremen (Germany) 6
Goulsborough 11 ol 12 Britol (England) 6
Kennebeck 10 45 | 9 |Cadiz (Spain) 3
tMachias t1 o| 12 |Cenarialfland . 3
AManomy Point 1r 30| 6% |Q.Chalotte’s Sound (N.Zeal.) 9
‘Marblchead 1t 30} 12 {Cape Clear {lieland) 3
Moofe ifland (Mafil} i1 30| 25 {Dort (Hollaud) 3
Mount Defert (Maill) 1ix of 12 |[Dunkirk (France) o
Nantucket tz 34 6 {Gibralrar (Spain) o
New Besfora 7371 § |Gravelend (Eng.) 1
Newburyport 1t 15 | 10 pdague (Holland) 3
New-Haven 1t o 8 Havre de Grace (France) 9
New-London 8 541 s [Lisbon (Portugal) 2
{New-Yak 8 54| s |Loire River {France) 3
Pafamaguodidy-River 11 30 ; 25 jlondon (England) 3
Penobicot- River 10 45 | 10 |Madeira Tfand 12
}lymouth 11 30, 6f |Naze {Norway) it
Portland l1o 45 { 9 [Ofend (Flanders) 12
Port- Royat 183 Port Praya (Cape de Verd} tr
tPortimeuth 11 151 1o |{Port(mouth (Erg.) 3]
R ace-Funt {Cape-Coa) 10 43 Q::ebec (Canada) X
Rhode-Ifland-Harbours 737 s [Rochelle (France) 3
st, Anaftatia’s-land 7 30 Rotterdam (Holland) 3
3t, Simons Bar 7 30 Rouen (France) 1
t. Simon’s Offag 6 45 | Sierra Leona (Guinea) b
st. Simon’s Sound 9 O Shetland 1. (Scotland) 3
Salem 11 30 12 |Uihant (France) 4
Sandy Hock (New-Yo-k) 6371 8
Sheepfcut to 451 9
Tarpaulin Cove {Mafl) 9 52| 5§
Townfend { Mafil) 10 45 9

In the Table of latitudes and Jongitudes (Tab. IV.) therc is alfo given &
the time of high-water at a number of placcs, on the day of full or change :

of the moon.

o
+ t et
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CURRENTS.
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A k CURRENT is a progrcflive motion of the water, caufing all float.
ing bodies to move that way towards which the fiream is diretted. ‘Ihe
fer of @ current, is that point of the compafs towards which the waters run,
and its drift is the rate 1t runs per hour,  "The moft ufual way of difcever-
ing the fet and drift of an unknown current, is thus :

Let three or four men take a boat a little way from the thip: and by a
rope faftencd to her ftern, let dewn a heuvy iron pot or loaded kettle into
the fea to the depth of 8o or 100 fathoms ; then heave the log, and the
number of kncts run out in half a minute will give the miles the current
fets per hour, and the bearing of the log fhows the fet of it. .

There is a very remarkable current, called the GuLr Stream, which
fets in a north-eaft direction along the coaft of America, from Cape Flo-
rida towards the 1fle of Sables, at unequal diftances from the land, being
about 7 miles from the fhores of the fouthern ftates, but is more diftant as
it proceeds to the northward ; the width of it 1s about 40 or 5o miles,
widening towards the north ; its velocity is various, from one to three
knots per hour, or more; being greateft in the channcl between Florida
and the Bahamas, and gradually decreafing as it paffes to the northward ;
but is greatly influenced by the winds both in its drift and fet.

We are chiefly indebted to Doctor Franklin, Commodore Truxton, and
Mr. Jonathan Williams, for the knowledge we poffefs of the dire@ion and
velocity of this ftrcam 3 whofe general courfe, as given by them, is marked
ca the chart affixed to this work.  They all concur in recommending the
ufe cf the thermometer, as the beft means of difcovering when you are inor
near the fiream. For, it appears by their obfervations, that the water is
warmer than the air when in the ftream ; and that at leaving 1t, and ap-
proaching towards the land, the water will be found fix or cight de-

grees colder than in the ftream, and fix or cight degrees colder fhil when =
on foundings. Veflels coming from Europe to Amcrica, by the northern

paflage, fhould keep a little to the northward of the ftream, where they may”
probably be afifted by a counter current, as is obferved by Commodore
Troxton, When bound from America to Europe, a fhip may ‘geperally
thorten her paffage by keeping in it. By fteering N. W. you-yill gen-
erallv crofs the gulf in the fhorteft time, as its dire€tion is ncarly N. E,
Thofe who ‘with for further information on this fubjeét, may coufult an
ingenious treatife on ¢ Thermometrical Navigation,”” publithed by Mir.
Jonathan Williams, at Philadelphia, in 1799,

Inthe other parts of the Atlantic ocean the currents are variable, bat are
gencrally fouth.eafterly, along the coaft of Spain, Portugal and Africa, from
the bay of Bifcay towards Madeira and the Cape de Verds.  Betwcen the
tropics there is gencrally a current fetting to the weftward,

‘There is alfo a remarkable current which fets through the Mozambique
channel, between the Ifland of Madagafcar and the main continent of Afri.
ca, in a fouth-wefterly dire&ion ; as it proceeds towards Cape Lagullas it
takes a more welterly courfe, and then tends round the Cape towards St.
Helenaw  Ships bound to the weflward from India, may gencrally faortep
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their paflage, by taking advantageof this current.—On the contrary, when

bound 1o the caftward, 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 fhips have been
oft this Cape feveral days erndeavouring 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.

All cafes of failing in a current are calculated upon the principle, that
the fhip is affedied in the fame manner by the current, as if the had failed
in ftill water, with an additional courfe and diftance exaétly equal to the
courfe and fet of the carrent ; on this principle the projeftion and calcula-

tion of any problem may be eafily made.
EXAMPLE,
If a fbip fails 98 miles No E. by N. in a current awbich fets S, by W, 27

miles in the Jame time ; required ber true courje and diffance ?

By PROJECTION,

Defcribe the compafs NESW,
through the centre A draw the
N. E. by N.line AC==98 miles,
through C draw the line CB par-
allel w0 the S. by W, line, and
on it fet off CB==27 miies ; join
AB, ard it is done; for AB will
be the courfe and diftance made

Sy,

§00d’ which by meafuring is i W e
< E N 74 miles, - i ,'A ,
Y | VA
. "’. " »".'
L, N S g
SbW §
By CALCULATION.
The thorteft method of calculating T RAVERSE lABLE.
this problem is by the adjoined Trav- | Courfes. Dt N. [ S. oo oo
erfe Table ; putting in it the courfe — -
failed by the fhip, and the fet of the ([N.E.byN.| o8 [81.5 544
current, and finding the difference of |S-bYW- |27 26.5 53
latitude and departure, by Table I.; {81l 26.d caal <.
then find the courfe and diftance made boul i R
good, as in Cafe VI. Plane Sailing,— -
DHf. Lat. ) 55.0{Dep. 49.1

In the prefent example the courfe is
N.E.1N,and the diftance 74 miles

nearly, .



Method of keeping a fhip’s Reckoning, or

Journal, at Sea.

LETTR T (R

A SHIP'S Rrcronine is that account, by which it can be lsown
at any time where the fhip is, and on what courfe or courfes fhe muft fteer
to gain her port. Deap Reckoning is that account deduced from the
fhip's run from the laft obfervation.

THE LOG-BOARD.

Lee-
way.

The daily occur-
yences on hoard a fhip
are marked on a board R
or flate, called the log- 4
board, or log-flate, 6
kept in the fteerage for | 8
that purpofe, which is | 1°

2
4
6
8

H.| K. | F. | Courfes.| Winds. Tranfactions.

|
|
|
!
|

S.W. N. E.

(%23

N. W.by W.
Moderate gales
'"E.N.E,, N, W, & fair weather ;
at 8 A.M. faw
a hip to the
northward.

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 fingle hour ; in the fecond and third columns are
the knots and fathoms the fhip 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. ¥.
The fourth column contains the courfes fieered by compafs ; 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 the
watch thinks proper to infert. For it thould be obferved, that it is ufual
to divide a fhip’s company into two parts, cailed the ftarboard and larboard
watches, who do the duty of the thip 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 Log-Boox, which is ruled like the log-board. 7This book contains
the only authentic record of the fhip’s tranfations, and the perfons who
keep a reckoning tranfcribe them into their joxrnals, and from thence make
the neceffary deductions relative to the fhip’s place. There are various
ways of kecping thefe journals, according to the different taftes of naviga-
tors, Some kecp only an abftra& of each day’s tranfaétions, fpecifving the
weather, what thips or lands were feen, accidents on board, the latitude,
longitude, courfe, and run: thefe particulars being drawn from the fhip’s
log-beok. Others keep a full copy of the log-book, and the deductions
drawn therefrom, arranged in proper columns at the bottom of it : this is
the moft fatisfactory method to thofe who may have occafion to infpe it,
and we have adopted it in the following journal, but fhall give an abftract
at the end conformable to the former method.

SSW, I W.N.W. !«
No obfervation,

wy

N NIV G N NNV VRPN
i
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When a fhip is about lofing fight of the land, the bearing of fomre noted
place (whofe latitude and 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 firlt day’s work, the calculation is made in the
fame manner as if the thip had failed that dxﬁance, from that place, upon a
courfe oppofite to its bearing ; and it is entered accordingly into the
Traverfe Table, after correling it for the variation. The other courfes
failed, ti!l the following noon (which ends the {ea d'ty, as we have befere
ob{'erw.d), corre@ted for the variation, are alfo put in the Traverfe Table,
with their correfponding diftanczs. 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 lontntude at the preceding noon.

Havirg thus cxpla'ned the gencral manner of kecping a thips journal,
we fhall now give a number of examples—Of allowmg for the variation ;
of the cftimation and allowance for leeway ; of the rules for corre&ing the
dead r»ckomng by an obfervation—and then will follow a number of fingle
days works, and a continued journal of a voyage from Bofton to Madeira, -
in which the various rules of Navigation will be exemplified.

To alloaw for the Variation.

We have alrcady taught the methods of finding the variation, which
muft be allowed on all courfes ftcered, and on all bearings taken with the
compafs ; 20 the right band, if the variation be eaft ; but to the left hand, if
it be aweft ; 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.

EXAMPLES.
‘ Points.
Gourfe by compafs N. E.by E.  Variation 2 W, True courfe N. E. by N,
N. E. 11 E. N.E.byE. 1E.
‘ N. W. 3 W W.by N,
f S. E. 3 E. S.by E.
S.8. W. 11W, S. LW,
E.S.E. W, E.:S.
S.W.1W. iw, s. Wt s,
N.N.E. ; E. 11 E. N.E.! E,

To fud the Leeavay and alloaw for it.

Leeway is the angle the fhip’s real courfe makes with her intended courfe,
occafioned by contrarv winds or a rcugh fea; and may be eftimated by
obferving the angle which the wake of the f‘mp makes v:ith the point right
a-flern, or in the dizection of her keel, This may be done by a cc'np1"s
cut in lead (or other metal) on the poop, or fome other convenient part of
the fhip’s ftern. It would be very conducive to the accuracy of a fhip’s
reckoning, if the lecway was marked on the log-board ev cry watch, ac-
cording to an eftimation made at the time, mi’cexd of 1ca\'1r\g it till the
day’s work is calculating, and then gueffing at it, as is the general pra&ice.

Lec-way is to be allowed on all courfes freerc d, 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 lec.way amounts te, and it gives
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the corre& courfe : or, allow it zo the right band of the courfe fleercd wwhen
the larboard tacks® are aboard, and on the left hand awhei the flurboard
tacks are aboard, the perfon making.the allowance being fuppofed to be
looking towards the point of the compafs the thip is failing upon.

The lee-way made by different fhips, under the fame circumftances of
wind and fails, will be different ; and even the fame fhip, when differently
laden, and having more or lefs fail abroad, will make more or lefs lec.way.
However, the following precepts for allowing for lee-way arc generally
given by writers: they were firit publifhed by W. Jones, Efq. who had
them from Mr. John Buckler.

ift.  When a fhip is clofe-hauled, with all her fails fet, the, water
fmooth, and a moderate gale of wind, fhe 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 poiats, when the top-fails muft be clofe-reefed.

Allow 2% points, when one top-fail muft be handed.

‘

sth.  Allow 3{ points, when both topfails muft be taken in,

6th.  Allow 4 points, when the fore courfe is handed.

9th.  Allow g points, when trying under the main-fail only.

8th.  Allow 6 points, when both main and fore courfes are taken in,

gth. Allow 7 points, when the fhip tries a-hull, or all {ails handed.

1oth.  When a fhip is lying-to, under her main-fail, mizen, &c. then

obferve how fhe 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 of the compafs, and fhifts
to the oppofite point, the fhip will make lefs lec.way than the did before.
But in all thefe cafes refpect muft be had to the roughnefs of the fea, and the
trim of the fhip.

EXAMPLES.

Courft ftecred. Wind Lee-way. True courfe.
N. W. N. N, E. 1 point. N, W.by W,
E.N.E. North. 2 Eaft.
E. S, E. South, 1 E. by S.
W.by N. N. by W. 1 W. LN,
E.N.E. 1E. s. E. 3 N. E.IN.

When variation and lee-way are both to be allowed on a courfe, you
may do it atonce, 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 carc to make the allowance in the fame way as the greater quantity
oaght to be, whether it be the variation or lee-way.

EXAMPLE 1, EXAMPLE IT.
A fhip fteers W, by N, with her] A fhip fteers E.S. E. with her

farboard tacks 'aboard, and makes
oue point lee-way, there being two
points weflerly variation ; required
the true courfe.

1 pt.
2 pts,

1 pt.

Lee.way to the right hand
Variation to the left

Difference allowed to the left
Whence the courfe 1s Weft,

ftarboard tacks aboard, and makes
two points lee.way, there being one
point wefterly variation ; required
the true courfe.

Lec.way to the left Z pts,
Variation to the left I pt.
Sum allowed to the 1oft 3 pts.

Whance the courfe is E. by N. -

* Sea the note G e dunet of page 136

¢
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EXAMPLE I
A fhip lIying-to under her main.fail, with her ftarboard tacks aboard;
comes up E. by 5. and falls off N. E. by E. there being one point wefterly
variation, and fhe makes § points lee-way ; what courfe does fhe make good?
The middle between E. by S. and N. E. by E.is E.by N. ; and by als
Jowing 6 points to the left hand (viz. § for lce-way and 1 fot variation)}

the true courfe will be obtained N, by E.
To exercife the learner, we fhall add the examples contained in the fol.

lowing Yable.

THE TABLE.

"If the fhip has been [ Lee-[Vari-
afted upon by a cur. |Courfes fteeres)  Winds.  jway.ation. | Courfes corrected.
rentor a heave of the : point{Points
foa, you mutt allow iy w 3t w | N NE | L|iw]| N gw.
the fee and drift as a W, N.NW. | ] aw S. 61 W,
courfc and diftance in | W. S. W, S. 1 | 3w S, 61 W.
your tiaverfe table,as | “;- X f\! S. Wl 3 3:3 5 W;”

c Yl . by N. N.by W, {11} 3iW, .7 W.
direClul in page 1236’ s.w. |w.N. W I iw] s ipw.
where we have alrea- —_ - -
dy trecated on this s. W. 8. W.| 3w, $.S.E.
fubjett, : S.8, W, W, I 1tW. S. 2 E.

S. W. N, W, by Wt 1 [itW] S S W. LW,
. w. S.S. W, 1 iiW. W. 3 N.
Ts corre the dead | W. by N N.byW. |1 [IW{W.S W.iW,
reckoning. s. E.S.E. |2 [ilW. S.3W.
. E. by S. S. JE. 3 hIw]  EcbyN.
After having cal- | E.NJE. N. 12 iV} E.N.E.3E.
culated vour day’s- E. "N, £ 1*%""7- E‘-%N-3
work, you muft com- E. S. o hiWi E.N.E.3L.
}.)Ei'rc the Izzt}tude 'b2’ S. E.S. E. % ‘%“, S.by E. % E.
dead reckoning with | E. S, E, N.L. 3 haw, E.2S.
the latitnde by obfer. | W.S.W. | - 5, in3W] S W.hy WL
asion « if they ae W.byN. [ S, W.byS. | 1° [3W]  Ww.IN,
vasion 3 if they agree | T M7 W.s.W. [ 1wl N.W.iw.
vour Qaiy’s-work Is : 2
robably correct, but s: W.S.W. |1 |2E. S.LE.
if tbey differyoumuft | N.by E. |N.W.by W.| 21t E! N. N.E, 3E.
sy o difcover the ,f ‘:'N-bby&'-, IYI,' EY ; 13 }E g WN-b%\?VV' -
PN : : . N. W. by W.i . by E. 12 T EN. W, by W, LW,
caufes of it Examine My "4 " Iy W by N 1 i E wigs.®

vourlog-lincand half. !
minate-glafs, to find whether the diftance is given exaéily by thelog ; in-
¢uire whether the fhip came.to or fell-off her courfe, by bad fteerage or
udden {uualls, &c. ; {ze if you have made fufiicient allowance for variation
and fee but above all, you ought to difcover (if poflible) whether
thure is a current, with its fetring and drife. I, after making proper allow-
anccfor thefe things, there is fill a difference berween the latitude by dead
- yeckoning and by obfervation, and you feel confident that the error does
rot zrifetrom an unknown current, you may make a further correétion, de-
vending on the following principles: When the courfe is within three
Foints of the meridian, the error is probably in the diftance, becaufe it.
wouid require a greatet error in the courfe, to caufe that difference of lati-
tzle, than can be fuppofed probable to have been committed.—When the
cousfe 1is above five points from the meridian, the error is probably in the
ceure, becaufe a fmall error in the courfe would caufe a confiderable error in
the ¢:ticrence of latitude, but an efror in the diftance would affet it but lictle.
Vol ihe couefe is between three and five points, the error may be either

avr o

SWaY 5
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* in the courfe, ‘or in the diftance, or in both; and an allowance ought to be
made on both of them. The method of making this correétion is therefore
naturally divided into thxce different cafes, each of which we fhall explain
by proper examples, ,

. CASE 1.

Af the courfe found Z_y dead reckening is Iofs than three points, or 33° 45's

Rure. With the difference of latitude and departure by account, find
the courfey by Cafe VI. Plane Sailing ; with this courfe, and the difference
of latitude by obfervation, find the difference of longitudz, by Cafe 1V, of
Middle Latitude or Mercator’s Sailing.

EXAMPLE. ]

Yefterday at noon we were in the latitude of 39° 18/ N. ; by an obfer-
vation this rioon we are in the latitude of 37° 48 N. and our dead reckon-
ing gives 107 miles fouthing, and 64 miles wefting ; required thie truedif-
ference of longitude.

To the difference of latitude 107, and departure 64, I find the courfe 22
points ; with which, and the difference of latitude by obfervation go miles
{which is the difference between 37° 48’ and 39° 18’) I find the departure
§4 miles ; with this departure and the middle latitede 38° 337, 1 find the
‘ditference of longitude 69 miles.

_ 'CASE IL _
If the courfe by dead véckoning be move than three pointzycr 33° 487, andlefs
than five pointsy or §6° 157,
_Rure. With the difference of latitude and departure by accotnt; find

the diftance (by Cafe VI. Plane Sailing); with this diftance, and the dif~
ference of latitude by obfervation; find another departute, by Cafe IV.
Plane Sailing ; take half the fum of this departure, and the departure by
account, for the teue departure, with which, and the differcnce of latitude
by obfervation, find the difference of longitude by Cafe II. of I'liddie Lat-
itude oy Mercator’s Sailing, |
EXAMPLE. .

Yefterday at noon we were in the latitude of §2° 40’ N. and this hood
are in the latitude of §4° 22’ N. having made by account 84 miles north-
ing; and 76 miles wefting ; required the true difference of longitude ?

With the difference of latitude 84, and departure 76, 1 find the courfe
42°, and diftance 113 miles ; with this diftance, and the difference of lat-
itude by obfervation 102 miles, 1 find the departure 47.8; which added to
<6, and divided by 2, gives the true departure 61.9 ; with this departure
61.9, and the middle latitude §3° 31/, I find the difference of longicude
105 miles, .

CASE IIL.
1f the courfe by dead reckoning be more than fve points, or §6° 14/,
~ Rure. With the difference of latitadc and departure find the diftance,
by Cafe VI. Plane Sailing ; with this diftarice, and the differcnice of lati-
tude by obfervation; find the difference of longitude, by Cafe V. of Mid-
dle Latitude or Mercator’s Sailing:
EXAMPLE. )

Yefterday at noon we were in the latitude of 38° 52’ N. ; this day at
noon we were in the latitude of 40° 18” N. and by account have made &8
miles northing, and 113 miles of wefting ; requized the true diff, of longitude.

With the difference of latitude 68, and departure 113, I find the courfe’
59°, and the di{gnﬁe 132 miles, with which, and the differcuce of latitude
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by obfervation €6 miles, ! find the courfe 49° nearly, ‘and the departus®
99.6 ; with this departure, and the middle latitude 39° 35 , the difference
of longitude is found equal to 130 miles nearly.

Lo correft for feveral days.

The preceding rules will ferve for corre@ting zny fingle day’s work;
but if an obfervation has been wanting for feveral days, you muft proceed
in the follawing manner.

Take the latitude by obfervation and longitude in at the time of laft
obfervation { or the latitude and longitude of the place you took your de-
parture from, if you have had no obfervation fince) and alfo the latitude in
by obfervation, and the longitude by account ; find the differences of thefe
latitudes and longitudes, and the middle latitude with the middle latitude
and diiference of longitude, find the departure ; with this departure, and
the difference of latitude by account {which is found by takmg the differ-

“ence between the latitude left by obfervation and the latitude in by ac-

¢ovut) find the courfe and diftance correfponding, and fee what cafe this
courfe falls under, and correlt the departure by it; then having the correét
departure, you may find the true difterence of longitude and longitude in.

EXAMPLE.
Three dnys ago, I was in the latitude of 40° o’ N. and lengitude of §3°
20/ W. This d:ay by account iny 4atitude is 38° 10’ N. and my longitudc

§7° 20/ W. but my latitude by obfervation is 38° o N, what is my true
ongitude in ?

Latitode left 40° o/ N, Latitude left 40° o’ N. Long. left ¢8°20'W.
Lat. by obf. 38 o N. Lat.by acc. 3810N. Lo.inhyacc.57 zo We

Diff.lat.byobf. z o  Dif.lat. by acc. 1 50 Dif, of long. ¥ o
6o 6o 6o

In miles 120 In miles 110 In miles 6o

Sumoflatitudes 78 o
Mid. latitude 39 o

With the middie latitade 39° and difference of longitude 6o miles, I find
the departure 46,6 ; with the diﬂ'crence of latitude by account 110 and the
departure 45,6, 1 find the courfe 23°; therefore it muft be corrnﬂed by
Cafe I. by ﬁndmg the departure 50,8 correfpording to the courfe 23° and
the difference of latitude by obfervation 120 ; and then with the middle lar-
itude 39°%, and the corr;& departure 50,8, I find the correét difference of
longitude 65 miles or 1°§/, which fubtratted from the longitude left §8°
20/, leaves Lhe corre¢t longitude in §7° 15/ W.  Inthe precedmg examples
we have taken thé courfes and mid. lat. to thic acaveft dégree 3 a fmall dif-
fennce would be found if we had taken them to minutes.

A journal being kept in the preceding manner, the fituation of the thip
may be known nearlv at any time, and the bearing and dittance of the

‘place of deftination may be ‘found. When the mariner isfearful that his

longitade by account is inaccurate, and he has no lunar obfervations to cor-
rect it ; he muft get into the latitude of the pAacc, and (if poffible) run eaft
or weft af‘cmd‘nc to his fituatien and the prevailing flate of the winds,
To itluftrate what has been {aid on thefe quJe&s we fhall now add exam-
, ples of a number of feparate day’s works, and then proceed to a connected
Joum.ll
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EXAMPLE 1.

Yefterday, at noon, we were in the latitude of 48° 21’ N. and the lon.
gitude of 36° 28/ W. and have failed till this day at noon, as per log-board ;
required the courfe and diftance made good, with the latitude and longi-
tude in,

Loc Boaxruw.
H K|F Courfes. | Winds. |1ee-| REMARKS.
| way.

2 6 [S.WbyW.iw, N. Thefe 24 hours moderate gales

45 5 and cloudy weather.

6 5 N. W, At 4P. M.{fpeke the thip Wath-
85 ington from New- York bound
1ol 316/ S. W, 2 W, to Cosk.

12! 3| 4

2 3 4

4 45 At 6 A. M. got the bower an-

6, 4f ¢ chors on the gunnel, and un-

8 5} {S-W.byS. ] W.W.N.W. bent the cables and flowed
10‘ 45 them.

12 4 Variatien 2! points wefterly.t
By examining the log- TRAVERSE LaLLE.
board, it appears hat the fhip |—™—————— - R T
"'OCS larg(_’ and nlakes no lee- COUX‘(LS. Ditt. ] N. ) E. W.
way ; therefore, by allow- | —
ing the variation on each of [S.W.byS. 1 W.I 43 33.2 27.3
the courfes, they will ftand | 5. 8. W. 2 W, |" 39 | 34.4 18.4
as in the adjoined traverfe |S.by W, 1 W.| 27 I 25.8 7.8
table. Then the diftances —
marked on the log-board Diff.{93.4{Dep. 15 3.5
muft be fummed up, and dou- Lat.

bled, becaufe marked only for

every two hours.* In allowing for the knots, you muft reckon ro to a mile;
and when the tenths are above §, you muft add 1 mile to the diftance.
Having found the d1ﬁanccs, you muft find the correfponding differences of
fatitude and departures, in Table I. or II. and then with the whole differ.
enge of latitude and departure, find the courfe and diftance made good, and
the difference of longitude, by Cafe I1. Mercator’s Q.mmor

In the prefent example, the difference of latitude is 93" = 1° 33/ S.
Yefterday’s laticude 4.8 z1 N.
The diffezence 15 the latitude in " 46 48 N..

Sum of latitudes 95 9

Middle latitude 47 34

With the difference of latitude made good 93.4 S. and the departure
§3.5 W. I enter Lable II. and find they correfpond nearly to a courfe of
S. 3o° W. and diftance 108 miles. Then with the m1ddlc latitude
47° 347 or 48°, T enter Table 1I. and find the departure. 53.5 in the Lat.
column, oppofitc to which in the diftance column, 1s the. dxffucﬂcc of lon-

gitude 80’ = 1° 20" W, s
Longltudc left 36 28 W,
Sum is the Jongitude in 37 48 W.
o In luun‘ovncs it i cuftom. ary to mark the log-buard every bour ; inthat cafe, the dittances markeX on the lug L\.Illa Lum

med Wigs, will be the true dittance failed.
1 As thefc examples weye given only-to illufrate the gules, we have not been attentive to mark the true variativn,
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. EXAMFLE 1I.

Yefterday at noon we were in the latitude of 35° 46’ N. and the longi-
tude of 17° 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 2 )

- ) Loc-Boarp.

H.|K [F.| Courfes. | Winds. xlrfe' RemaRrks.
. ay

2| 6 6S.b.E.ZE.] S, W. 2 W, 1L |Thefe 24 hours moderate gales and

4 51 8 clear weather,

6 st 8

8 5 8

1o 5| |S.S.E. S. W. 11 [At 8 A. M. faw a thip to wind-
12| i 2 ward, fteering eaft.

2 53

4 5! 5S.S.ELES.WDLSIW. 12

ol 5 s

8 sl 5

10| 5| 6/S. E.b.S| S.W.b.S. | 13

12 Variation I point eafterly.

Sl 4 1 P
The courfes being correted Traverse TABLE.
for lee.way and vartation, and | Cgouifes. 1Dift.; N. ] S, | E. | W.
the d_iﬁancjes fummed up and | ‘ I
doubled, will ftand as in the ad- |5g .3 E. . §
joited "I‘raverfe Table. Hence bs’ E'g S. ;'f i‘;; :gz.
the difference of latitude made 1§ E 5] 33 24.5]22.7
good is 105.4S. and the depar- 5. L'E| 22 14.8/16.3
rure 81.7 5.5 confequently the *
courfe is S.38° E. and the diftance Diff. Lat. 1054’ 81,7 Dep.
133 miles nearly.
Latitude left  35° 46" N, With the middle latitude 34> 53" or 35°,
5" 4 45 35

Diff. oflat. . 1 45 S.° and the departure 81.7, the difference of
long. is found to be 100 miles,==1° 40’E.

Latitude in 34 1 N. Lorgitude left * 17 36 W,
Sum of lat. 69 47 .
Middle lat. 34 53 Longitude.in 15 56 W,

To find the bearing and diffance of Cape St. Vincents.

Latitude in 34° 1/ N. Mer. parts 2173 Long.in  15° 56" W,
C.St.Vincent’slat. 37 2 N.  Mer. parts 2395 C.St.V.lon. 8 56 W,

Diff. of lat. "3 1=181 Midif.lat. 22z Diff, long. 7 o=420’

By LOGARITHMS.
To find the bearing. To find the diftance.
As Mer. diff. lat. z22 log. 2.34635|As radius 45°  10.00000,
Is to radius 45%  10.00000|ls to prop. diff. lat. 181  2.25768
So is diff. long. 420 log. 2.62325[So is fecant courfe 62°8’ 10.33030

To tang. courfe 62° 8’  10.276g0lTo the diftance  387.2  2.58798
Hence the bearing of Cape St, Vincent is N, 62° 8 E, and diftant 387,23
miles, ’ t
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EXAMPLE IIL

Suppofe that at the end of the fea-day, March 10, 1804, we were in the
laritude of 43° 34’ N. and the longitude of 35° 16/ W. and have failed
till next noon as per log-board ; required the latitude and longitude in,
and the variation of the compafs,

Loc-BoaRrp.

H (K| Fj  Courfes, |Winds.|LW. Remarks.

2| 4 5f W.5.W. [South, ‘Thefe 24 hours moderate gales, found a fmall current
4 4 s fetting N, E. at the rate of 1 milc in 4 houts,

6l 4 5

8 4

10

12

235

4{ 3| 5|S-W.by W.|S.by E.

6| 3 At 8 A, M. fun's magnetic azimuth N, 125° 19/ E.
8 Alt,of @'s L. L. 18° 40’ ; corre€tion for dip and
10| 3 femi-diameter 12 additive.
12l 3§

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 11,
1804, i8 3° 407 S. by Table V. ; the correction for the long. 35O W, is — 2/ 14'/, and for
the time from noon 4h. is+}-35/ 17/, therefore the whole correction is 4-1737// or nearly 2/,
which added t0 39 40/ gives the declination at the time of obfervation 3° 42/ S. confequent-
1y the polar diftance 93° 42”. To find the latitude we muft fee by the log-board what
courfes and diftances the fhip has failed from noon to the time of obfervation 8 A. M. viz.
W. 8, W. 58 miles, and 5. W. by W, 19 miles ; the current fetting in the fame time N. E.
& miles ; thefe courfes muft be corse€ted for 1 point wefterly 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 difterence 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-laticude 47° 7/ ; the obferved altitude of the fun’s L. L. is 18° 40’: the cor-
reion for dip and femi-diameter being412/,and the refraction by table X1IL.—3/ nearly,
confequently the fun’s corre€t altitudeis 18° 49/ and its co-altitude 71% 11’. With thefe
gata, the true azimuth is calculated as in page 146,

Corlat. 470 90 Co-fecant 6.13508
Ceale. 73 13 Co-fecant 624,35
Poldift. 93 42
Sam 212 00
1. fam 106 00 Sine 9.99:8;
Poldift. 03 g2
Rem. 1318 Sine 932833

Sum 1947018

Half fum log. co-fine 50 & 97352
H

Teucazimuth  N.11g 10E.
Mag. azimuh  N.125 19E.

Variation 21 9W. or nearly 1 poine.

‘The variation being allowed on all the courfes
and current, and the diftances fummed up, the trav-
erfe table will be as adjoined ; and the difference of

TRavERSE TaABLE.
Courles. [Dift.| N.} S. | E. | W.

latitude made good =49,8 S. departure==67.5 W. [S.W.b.W.| 58 32.2 48.2
hence the courfe made good S. §34° W_and diftance | S.W. [ 32 22.6 22.6)
=84 miles. And by fubtra@ing the difference of |N.E:b.N.{ 6 | 5.0 3.3

latitude 50’ from latitude left 43° 34/, there re-
mains the latitude in 42° 44' N.  Hence we have
the middle latitude 43° 9/, with which and the de- 3 ——
parture 67,5, the difference of longitude is 927 or 1° ID, Lac. 498 [Dep. 675
32/ W. nearly ; and by adding it to the longitude left 35° 16’ W. we have the longitude in
36°48/ W,

5-0{54.8] 3.3]|70.8
5.0 3.3
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EXAMPLE 1V,
Yefterday at noon we were in the lat. of 40° 19/ N. and in the long. of
68° 8’ W, and have failed till this noon as per log-book ; required the
bearing and diftance of Cape Cod ?

Loc-Boarp.
HIKJF.] Courfes.| Winds. &:z REmMARKS.
1 W.N.w.  North, 3 |Firft part of thefe z4 hours light breezes
; and fine weather ; latter part pleafant
3 gales and cloudy,
5 5
6
7 5
8 1ls
9 H

N.W. | N.N.E.

-

Saw great quantities of gulf-weed, and

NWANIN. N Bgh.| o | FOk-weeds

i

At 7 A, M. water diftoloured, founded

s otn o b2 2 W D L3 B N I B e b e b b ) 8 e e e

N.N.W.iN. E.by E.| 0 | 1o bottom.
9
10} . .
4l g E.N.E. Latitude by obfervation 40° 52/ N.
2l 4} 5 Variation § point W.

The diftances are fummed up, TRAVERSE TABLE. d
and marked in the Traverfe Ta- Courfes. Dit. | N. | S. ] E.|W.
ble without doubling, becaufe the S I e e

_boal i ¢ o W.LN. 15 o7 15 O
log-board is marked for, every | o siswl 3 o] s
hour. By working thisday’s work N.W byW AW 10 |1 26
like theothers,we find the diff. of N.N. W. 2 W.| 29 |24 9 49
lat. made good=31,6m. N. & the
dep. 40.3m. W.—hence the courfe D.Lat. |31 6 Dep. i40 3

N. 52° W. nearly, and diftancc §1 miles,
Latitude left  40° 19/N.

Diff. of lat. ,_.3_Z_N' With the mid. lat. 403° and the departure
Lat.inby D.R.j0 51 N. 40,3, the diff. of long. is 0° 53’ W,
Sum of lats. 81 10 Long. left 68 8W.
Mid. lar, 40 35 - Long. in . 6~9_1\V..
, To find the bearing and difiance of Cape-Cod.

Lat. in by obf. 40° 52/ N. Long. inby D.R. 6¢° 1’ W.
Lat.of CapeCod 42z 5 N. Long. of CapeCod 70 14 W.
Diff. of lat. 1 13=73 miles. Diff. of long. -T;=7 3mi,.

Mid. lat. 41 28

With the difference of longitude 73 miles, and the middle-latitude 41*
28/, or 414°, 1 find the depart. 4,6 nearly, with which and the diff. of lat.
<75 miles, the bearing of Cape Cod is found N, 37° W, dift. g1 miles,



JOURNAL

OF A VOYAGE FROM BOSTCN TO MADEIRA.

H(KIF Courfes. Winds. :,'::' Remarxs on board, Wednefday, March 23, 1801/
1 9] At noon got under way, with a fine brecze from
4} the N. W.
6
R At 8 P. M. Cape Cod light-boufe bore S.S. E.
10l 6 51 E.byS. N.w. diftant 4 Jeagues 3 from which I take my de-]
126 § parture.
2| 6| 6l
4| 6| 4
6 7
8l 7 North.
te} 7] .
12l 7 Variation pnin! wefterly,
Dir. Lat. by] Lat. by I
Courfe, | Dift. [Lat.fDep.| D. R. | Obf. Lo g Long, in.|Bearing and diftance.
l ! N|E | N W. Funchal 5.76°41'E|
[N.87° 1°E.| 102 {102 {42010 2" 17 67° 57° | dift. 2485 miles.
‘I'RAVERSE LABLE. Cape Cod bearing from the thip
S.5.L. dift, 4 leagues, is the fame
Courfes. pig. | N s E w. | asif the fhip had failed from Cape’
: : ! " | Cod 4 leagues or 12 miles upon the
8 fite or N. N. W. point of the
N.N.W. 2 W, 12y 10.3 6.2 ctr;;np;\fs, and allowing for the va-
E. %S, 108 5-3 | 107.9 riation, it becomes N. N. W. 1 W,
—_— dift, 12 miles, which is to be fer in
10.3 53| 107.9] 6.2 | the traverfe table as the fictk courle
53 6.2 and diftance.
. The fhip failed all day upon an
D.Lat.] g0 [ Dep. | 1017 L. by S. courfe by compafs, which,

by allowing the variation, becomes E. 3 8.  The fum of all the diltances is 54 miles, which
being doubled becaufe the table is marked fos every two hours, gives the whole diftance failed
108 miles. With thefe courfes and diftances, I find the correfponding differences of latitude
and departures ; and by fubtrating the {outhing from the northing, and the wetting from the
ealting, find that the difference of latitude made good is 5,0 N. and the departuze 017 W
which correfpond to a courfe of N, 87° 11” E. and «iftance 102 miles,

Lat, failed from, or Cape Cod’s lat. 42° 05’ N, Then with the middle latitude 429 asa
Diff. of lat, o0 o3 N. courfe, I enter Table I1. and azsintt the
- departure 101.7 {or 101.8 which is the
Latitude in 42 10 N, neareft tabular numizt) found in the lati-
- tude eolumn, is 137==the difaence of
Sum of lats, 81 15 longitude in the diftance column.
Kiddle latitude 42 7 Loag fiom, or C-Cod’s long, 70° 14* W,

iff. long, 3 17 E.

Long. in 67 sy W.

‘To find the bearing and diftance of Funchal.

Latitude in 43° 10" N. Mer. parts 2795 Longitade ik, 67° 37* W,
Funchal's lat. 32 33 N. Mer. paris 2073 Funchal'slongs 17 ¢ W,
Diff. of lat. g 33 Mer. diff. lat, 722 Diff. long. 50 53

60 60
In miles 572 In miles 3c32

With the merid. diff. of lat. 723 miles, and diff. of long. 3042 miles, the bearing is
found S. 76® 41" E. and with that bearing taken as o courfe, and the proper difference of lati-
tude 572 miles, the diftance is found 2485 miles, as §a Cafe I, of Marcator’s Sailing.
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A
H|K|F} Courfes. Winds. 1‘;;:; REemARKS on board, Thurfday, March 26, 1801,
2} 7| E. by 5. | N.byE.| | Frelh galesand pleafant weather.
4 ; Saw a number of fihing veflels to the fouthward,
8l 7] JE.byS. 1S.IN.N.E, At ncon obferved ihe alitade of the fan's lower
10} 7 limb to the fouthward of me 50
Add for femidiamerer and dip 1
121 7 . . The refration being fmall, is negle@ed E—
2f 7 E.S. E. Corre® ahitade 5 29
pt 6! 6 Subtra@ from 90 o3
6 6 4 @'s Zenith diftance T o N
8| 6 4 O corret declination 2 12N
o] 6 6] Ladede by obfervation 2i g N
12 6‘ 5 Variation £ point wefterly.
Dif.| Dep.]Lat. by|Lat, by| Diff.
Conrfe. Dig. | Lat. D. R.| Obf. |Long.|Long. in.| Bearing and Diftance.
E. N. N. E. W, Funchal S. 76° 24° E.
15.80°15 E.| 162 | 27] 160]41°43'{41° 43'13°35°]64° 22’ dift. 2319 miles.

TRAVERSE TABLE.

| The variation being allowed on each

Courfes. {Dift.] N. S. E. W. | courfe, and the diftances fummed up;
they will ftand as in the adjoined trav-

IS 7| erfe table ; from hence, by means of
vis |8 ol I Table I. 1 find the differcnce of lati-
- - ral tude 27,5 and the departare 160,0
E.byS.S. 79 _liz 76.6 which c:»-rcfpond to the courfe S.
D. Lat| 27.5 | 160.0 bEP~ $0° 15" E. and the diftance 162 miles,

Yefterday’s latitude 42° 10°N. With the niiddle latitude 41° §6° or 42°
Diff. of iatitede 27 S. as a courfe, I enter Table 11. and feek fot

the departure 160,0 in the latitude column §

Latitule in 41 43 N.  the neareft number to which is 159,8 cor-

Sum of latitudes 83 53 refponding to the diftance 215, which tsthere-

diddle latitude 41 56 fore the diff. of long. equalto  3° 3¢’ E.
Yefterday’s long. 67 g7 W,
Long. in 64 22 We

To find the bearing ard diftance of Funchal.

1.atitude in 41° 43"N. Mer parts 2759 Longitade in 64° 22" W,
¥unchal’s lat. & 32 38 N. Mer. parts 2073 Fuachal’slong. 17 5§ Wi
Dif. of lat. 9 5 Mer. diff. lat. 686 Diff. of long. 47 17

60 6o
1a miles 545 Inmiles = 2837

By Cafe L of Mercator’s Sailing, I find the bzaﬁng of Funchal S, 76° 24" E. and its it
tasce 2319 miles, '

When the fud was upon the méridian, the altitude of bis lower limb was 50° 17°, to which
add 12 miles for his femidiameter and the dip of the horizon; the refraltion (given in Tas
ble XfIL) for this altitude, being fmall, is negleted; hence his corre& central alti-
tude = 50° 29, which fubtratted from ga® leaves his zenith diftance 39% 31°, which muft
be called north, becaufe the fun bore fouth when on the meridian; then in Table V. I find the
fan’s declination at noon at Greenwich == 2° 8> N. to this add the corre&ion 4 miles, taken
from Table VI. correfponding to the fhip’s longitude ; the fum is 2° 12> N, = his corret
declination ; and fince the declination and’ zenith diftance are both north, ¥add them together,
and the fum is the latitude by obfervation == 51° 43" N. whi.h agrees with the latitude by
accouat,
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Hence the latitude by account differs 10 miles from the latitude by obfervation ; thezefore

I corre this day"

Latitude, yefterday, by obf. 41° 43" N,
Latitude obf. this day

Diff. of lat. by obf.
Sum of latitudes

Middle latitude

s work by Cafe II1.

H|K[F] Courfes. | Winds. {;,':; Remarks on board, Friday, March 27, 1801,
2] 7 E.S.E. [N.byE, All thefe 24 hours frefh breezes, and clear.
4 8
6| 8
8 8 Meridian alt. fan's lower limb. PIORC
10| 8 Add for femidiamerer, dip, #ca 12
1z 8 | % torreét altitudo N
2 8 6 N. N. E. St o o o
4| 8 6 Sun’s zenith diflance 38 10N,
6 8/ 6 Sun's corre® declinatlon 2 a6N.
8 8 ¢ Latitude obforved © 6N
10, 8 1
n' 8 N.E.byN. Variation 3 point wefterly, per amplitude.
Dif. Lat. by|Lat. by|Dift. B X
Courfe. | Ditt. |Lar.|Dep.| D. R.| Obf. |Long.{Long. in.| Bearing and Diftance.
.| E. N. N. | E. w. Funchal, S. 76° 45° E.
S.v3° E. ' 195 | ¢7 | 186]40° 56']40°46°] 4° 8°] 60° 14'}dift. 2129 miles. N
T g X The fhip failed all day upon
Tnavzrse Taste the fame courfe, which, corrected
X . for the variation, is E. by S. 1 8.
Courfes, Dig. | N. s E. w. the whole diftance failed is 195
: miles, and the difference of lati~
E. by S. LS| 195 [D.Lat.| 47.4 | 189.2 {Dep. | tudeis 47 miles, 0%47'S,
. Yefterday's latitude 41 43 N.
Latitude by D.R, 40 356 N.

With the diftance 195, and difference of

40 46 N. latitude 57, I find the courfe S. 73° E. and
the departure 186.5 ; then with the middle

57 latitude 41° 14’ as a courfe, and the depar-

82 29 ture 186.5 as difference of latitude, I find the
41 14 correfponding diftance 248, which is equal to
the difference of longitude 4° 8 E.

Yefterday’s long. 64 22 W.

Longitude in 60 14 W.

Notr, Asthis journal is only defigned to exemplify the rules of navigation, we have not
endeaveared to give the true variation,

Latitude in
Funchal’s lat,

Diff, of lat.

Inmiles

‘To find the bearing and diftance of Funchal.

40° 46° N, Mer, parts 2683 Longitulein  60° 14" WL
32 38 N, Mer. parts 2073 Funchal’s long. 17§ Ws
8 8 M. D. Lat. 610 Diff. long. 43 9
6> 6o
488 In miles 2589

With the merid. diff. of lat. and 2if” of long. the bearing is found S. 76° 45 E. With
that and the proper diff. of lat. the diftance is found to be 2129 miles,* by Cafe I, Mercator.

* 1f the courfe was exlculated to frconds, and the mesidional pasts calen to one of twe places of decimals, it wopld fometimer

amake a difference of a fo

W @iiLs inche calculated diltance.

[4 Jovavar.})
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HIK|F} Courfes. | Winds. w:; REMARKS on board, Saturday, March 28, 1301,
2 7 S. E. by E. |[N.E.byE.| & |Frefh gales, with sain.
4} 6 § At 4 P.M. fpoke the thip Franklin, from Phila-
g 6 delphia, bound to Lifbon. -

5 4 . : ’
100§ 61 S.E. JE.N.E| yl Atmemcblencdmedton tutsloerlint 50 4y
124 35| 6f - T
HEE o e aa

3 o Zenlih .

oo sEbys EmyNS 2] SR 3N
1c} 6f Latitude obferved 39 4N
1) Variation 3 point wefterly,

|Dif. Lat. by|Lat. by|Dit.
Courfe. {Dift. ﬁ Dep.f D. R. | Obf, |Long.{Long. in.] Bearing and Diftance.
S.|E | N. | N. [E W.  |Fanchal, S. 79° 4’ E.
S. 42° 29'E.] 138 102] 93 {397 04’|39%04'|2® 2/} s8¢ 12’ |[dift. 2037 miles.
TrAvERSZ TABLE.
The leeway and variation being
Courfes. Dit. | N. S. E. W, | allowed on the courfes,.they wild
ftand as in the adjoined traverfe
table. Then with the difference
2' E- ﬁl lé 50 222 ‘:0'2 of latitude and departure the courfe
o b 4§ 32 29‘2 is found to be S. 42° 29" E. dif-
R e 39-5 | 23 tance 138 miles.
D. Lat.| so1.9 | 93-3 | Dep.

Yefterday's latitude 40° 46" N, With the middle latitude 39° 55" or 40*

Diff. of latitude 1027 ==

Latitude in
Sum of lats,

Middle lat.

1 42 S. as a courfe, and the departure 93,3 taken as

difference of latitude, the difference of lon-

39 o4 N, gitudeis found 122 miles = 2° 27 E.

79 50 Yefterday’s long. 6o 14 W,
39 53 Longitude in 58 1z 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 pradtical purpofis, it is fufficiently exat to findis
to the neareft degree by infpection of Table I1.

To find the bearing and diftance of Funchal.

By Cafe I. Middle Latitude Sailing.

Latitude in 39°
Funchal's latitude 32

Diff, of lat. 6 26= 386 miles. Diff of long,

Sum of latitudes 71
Midéle latitude 35

04! N. Longitude in 580 12" W,
38 N. Funchal's tong. 17 o5 W,
41 7
6o
42
st In miles 2467

Wich the middle latitude 35° 17 or 36° asa courfe, and the difference of longitﬁde 2467
_asa diftance, 1 calculate the departure ; with thatand the diffcrence of latitude  find the dife
tance and courle, by Cafe I, of Middle Latitude Sailing.
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H‘K F] Courfes. Winds. 5:;' Remarxs on board, Sunday, March 2g, 1801,
2| 4| South. E.S. E.| 1| 7Thefe24 hours moderate, pleafant weathgr.
4 4
6l 4
8| 4
1o 4 Merid. Alt. (s lower limb FCR
12| 4| A3 for femidiamercr, dip, ke o 11
2| 36/ S.1E. E.byS.1S.| 11 @'s eorre Altinude 5 2
4l 3] 4 Subtzaft from w 0o
6 3 " @ Zenith diftance 33 N,
8l 3 @s conret declination 3 uN
10 3 Latitude obferved 37 48N
12! 3 Variation 1 point welerly.
Dif. Lat. by | Lat. by| Diff. .
Courfe. ‘Diﬂ, Lat.|Dep.! D, R. Obf.,” |Long. | Long.in. | Bearing and Diftancé.
South S. N. N. W, Funchal, S. 819 15’ L,
- 76 {76 ] o |37° 38'137°48'} o §8° 12’ {Diftance, 2038 miles.

Traverse TABLE. “The lecway and variation being
| -1 allowed on both courfes, they be-
C it | N. i s, . . | come South ; the whole diftance
ourfes. ‘ Dit ! ‘ E | w failed, or 86 miles, is therefore the
f - difference of latitude by account ;
South, ‘ 86 \ 86.0 D'?' ‘ the departure being nothing ; con-
Lat. fequently the fhip is in the fame

longitude as yeterday.

Yetterdays latitude 39° o4'N.
Difference of latitude 86 =— 1 268,
Latitude in by D. R. - 37 38N

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-beok, I therefore take y0 miles from
that diftance, and reckon it 76 miles.

To find the tearing and diftance of Funchal.

Latitude in 37° 48'N. Mer, parts 2453 Tongitude in 58° 12’ W,
Funchal’s latitude g2 38 N. Mer. parts 2073 Funchal's longitude 17 5§ W.

Diff. of Iat. 5 10 Mer. diff. lat, 380 Diff. of long. 41 7
60 6o
Inmiles 310 In miles 2467

Hence the bearing is S, 81° 15°E. diftance 2038 miles, by Cafe 1. of Mercator’s failing ;
and the fame may be found by middle latitude, which is the moft exa& method when the two
Tatitudes differ but little 5 and it is the way in which the calculation will be made in the seft
of the journal, : ’ . .



JOURNAL OF A VOYAGE.

H|K| F| Coutfes. Winds. VT;:;' Remazks on board, Monday, March 30, 1801.
23 Eak. N. N. .73 | Thele 24 hours frefh gales and fqually,
4! 3| Handed the Fore and Main Courfes.
6iLay too, up S. E. by E. off]
8{S.E.by S. Drift y£ miles per hour,
10|Up S. off S.W,” Drift 1§ miles At midnight more moderate ; wore thip, and fet
12per hour. 5 lthe Courfes clofe reefed.
g.‘ 2| 5] E. by N. |S.E,byS, 3
4'3 .
635 At 6 A, M. fet the Topfails clofe reefed.
8 2 ¢
w! 2§
12 2 Variation 1 point wefterly,
Diff. Lat. by |Lat. by,
Gourfe, |Dit.| Lar.|Dep.] D. R. | Obs. |Dif.Long.| Long. in.| Bearing & Dift.
N.J E N, E. W.  [run 8.80° 55’E.
N.y6°17El 30 | 7 | 301 37° 55’ 0° 38" | 57° 34’ [difk. 2008 miles.
T TRAVERSE TABLE, Taking the middle points (vize
S. E. and S. 8. W.) between the
ift. 3 point to which the fhip comes to
Courles, Dift N. 8 E w. and falls off, astaught in the yules '
of lying too, and then allowing as
E.Ss. E. 1”2 14 611 3 before for the variation and leeway,
South 6 6. o the traverfe table will ftand as ad-
W. S. W, 6 2. 3 5 5 joined,
N.E.}E. | 32 |20 3 24 7 With the difference of latitude
. 20. 3[k2. 9| 35. 8 5. § and departure the courfe is found
12, 9 5 5 N. 76° 17’ E, diftance 31 miles.
D. Yat| 7. 4l Dep. | 30. 3
Yefterday's latitude 37° 43'N,
Difterence of latitude 7 N.
Latitude in 37° ssN.
Sum of latitudes 75 43
Middle latitude 37 st

With the middle latitude 37® g1’ (or $8°) as a courfe, and the departure 30. 3 ufed as

difference of latitude, § find the difference of longitude 0. 38 E.
Yefterday's longitude §8. 12 W,
Longitude in §7-3¢ WL
To find the bearing 2nd diftance of Funchal,
}.gtim:}c in 37° §5'N. Longitude in §7° 34'W,
unchal’s latitude 32 38 N. Funchal's longitude 17 s W,

Diff. of latitude  § 17==31y miles, $ff. of longitude 40 29
Sum of latitudes 70 33 6o
Middle latitude 35 16 In miles 2429

‘With the middle latitude 35° 16’ and the difference of longitude 2429, the departure iy
foend==1983 ; with that and the difference of latitude 317, the bearing of Funchal is found
§. 80° 557 B. diftance 2008 miles.



FROM BOSTON TO MADEIRA.

H| K:F Courfes. Winds, i,‘:;' Remarxs on board, Tuefday, March 31, 1801,
.
2 5 E.S. E. | Sputh.] 1| Pleafant gales and fair weather,
45
6 5 6
8 5 4
100 g o) EcbyS. £S/S. 1E | 1
12 6 i This day took a lunar obfervation, by meafuring
2 7 the ditance of the moon from the ftar Antares ; ther
4] 7! langitude at noon, deduced fiom this obfervation, is
o 7 54° 23° W. which agrees with the longitude by
8l ! account. i 5
1o 7 :
12| 8! Variation ¥ point wefterly, per azimuth.
Diff. Lat. by |Lat. by
Courfe. | Dift.| Lat. | Dep. D. R. Obs. |Dif. Long. | Long. in|Bearing & Dift.}.
Ealt E. N, E: |[-W. {[Fon.5.80°gE.
i 1su o} xsv | 37° 55’ 3% x1? |54 23'|dift. 1855 miker.

.The variation and leeway being allowed on both courfes, it appears, that the fhip has made
a due eaft courfe, the diftance failed 151 miles is the departure, and the difference of longitude
is found by Cafe UI. of Parallel Sailing, The latitude in, is the fame as yefterday’s latitude,
37° §5"N. Taking this as a courfe, and the departure 151 as difference of latitude, the
diftance which carrefponds is the difference of longitude, 191 miles = 3° 11" E.

Yefterduy's longitude g7 34 Wi

Longitude in 54 23 W,

To find the bearing and diftance of Funchaly

Latitwde in 37° 55'N. Longitdein = 4% 23" W.
Funchals Jatitude 32 38 N. Funchai’s longitude 17 o5 W,

— s e

Diff. of latitude 5 1;;317 miles Diff. of longitude 367 18
—— o

Sum of latitudes 70 33 . s

Middle latitude 35 16 In miles 2238

Hence by Cafe Y. of middle latitude failing, the departure is 1827 miles, the bearing of
Funchal S. 80° ¢’E, diftance 1855 mules.
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HIKIF| Courfes. | Winds. “l;:;' RxmARKs on board, Wednefday, April 1, 1301.
: g E, S. E. [S.S. W, Freth gales and pleafant weather,
6 8 4
8 8 6
KK Obs. mer. ale. fan'slower limb 0y
12 8f 5 Corre for femidiametes, dip, &, e
2l o |E. by S.3S./S.by W, Sun's corre® altitude 5 o
49 Subtra from 90 o0
6/ 8} 6 Seuth Sun'sZenith diflance 3 s9N.
8 8 4 Sun's declination 3 giN.
19/ §f ¢ Eaft. S.by E.| } Latitude obferved o oN.
12 g Variation 1 point wefterly.
|- (i, Lat, by JLat. by{ Diff.
Courfe. Dift. | Lat. | Dep. | D.R. | Obs. | Long. |Long. in|Bearing & Diftance
S |TEC|[ TN | N E W. )Fun. 8. 79° 48 E.

S.85% 24"E.| 202] 16 | 201 l379 307|379 307 4° 15’} 50° 87| Dift. 1649 miles.

The courfes being correted for

TRAVERSE TABLE.
leeway and variation, the traverfe
5 table will be as here given.
Courfes. Dit. | N. 8. E. w. Hence the courfe is S, 852 24'E.
dift 202 miles,

E. by S. | 100 19.5 | 98.1 Yefterday's latitude 37° 55’ N.
E. {s 70 6.9 | 69.7 Diff. of latitude 168,
E.by N. IN| 35 | 102 335 . ————

Lat. in by account 37 39.N
10. 2 | 26.4 |201,3 | Dep. Sum of latitudes 75 34
Diff, 10. 2 Middle latitude 37 47
Lat. | 16.2

Yefterday’s longitude 54° 27’ W.
With the middle lat, and the dep. 201.3 the difference of longitude is 255== 4 15 E,
Longitude in by account s0 8W,

As the latitude by obfervation differs from the latitude by account, 1 correét as follows,

it being three days fince I had an obfervation,
Laf obs. lat. Mar, 29, 37° 48’ Lat. obs, Mar. 29, 37° 48’ Long. in Mar. 2g, §8° 12'W,

Lat. inby account = 37 39 Lat.inbyobs. 37 30 Long inbyacc, so 8
9 Dif.of lat. byobs, 18 Diff, of long. 8 4
60

Dif. of lat. by account

Sum of latitudes 75 27

Middle latitude 37 43 . P -
In miles 4834

With the middle latitude 37° 43", and the difference of longitude by account 484, I find
the departure 382. g ; with this departure and the difference of latitude by account g, I find.
the courfe S. $8° 39’ E. and diftance 383 5 with this difance 383, and the difference
of latitude by obfervation 18, I find the true courfe S. 87° 18’E. and the departure
382.5; with this departure and the middle latitude, I find the true difference of longitude
483.6 miles==8% 47, this fubtratted from 8% 12" W, the longitude in March 2g, gives
the longitude in this day " 50° 8°\W.* The preceding calcuiations were made by logasithms,

to 2 greater exaétnefs than'is peceffary at fea,

'To find the bearing and diftance of Funchal.

Latitude in 27° 30° N. Longitude in £0° 08" W,
Funchal'slatjtude 32 38 N. Funchal’s lopgitude 17 5 W.
Sumof latitudes 70 8 Diff. of Jongitude 33 3

60

Middle latitude 3§

Diff., i PR .

iff. of latitude 4 s2z=252 In smiles 1

Hence by Cafe T, middle latitude failing, the bearing of Funchal is S. 79
diftance 1649 miles,

® The courfe being mearly exfl makes che correBtion of longitsde only 4 teaths of 3 mile, fo that the Jorgirude by dead reckene
tng is the Ame 33 the correfied Tongituder - o L 'y 4 ity 3 ¥

983
° 48" E. and its



FROM BOSTON TO MADEIRA.

HIK [F Courfes. Winds. lv‘;:y REMmARXS on board, Thurfday, Apsil 2, 1803,
2| 6]  E.S.E. South. | £ | Frefh gales, with sain,

4 7} 5

6

8 E.S.E. |§ W.| o

¥ Saw a fhip to the fouthward.

-
oo cwww wewwaa o
o

6
19| of s
13} of 3 Variation 1 point wegterly.
B Dif. Lat. by]Lat. by|Diff.
Courfe. | Dift. |Lat.[Dep.| D. R.} Obf." [Long.|Long. in. |Bearing and Diftance.
S.TE. N. E. w. Funchal, S.79° 46’ E.
-79° 6'E.} 202 | 351 199 {36° 55’ 4° 9'l 45° 59" dift. 1447 miles.

TrAvERSE TABLE,

The leeway and variation being
Courfes, | Dift. N. S. E. w. correted on the courfes, the tray-
erfe table will beas here given;
ET5. 42 31| 418 hence the courfe S. 79° 56' E. dif-
E.byS. | 160 312 | 156.9 tance 202 miles.

D.Lat.| 35.3 |198.7 | Dep.

Yefterday®s latitude  37° 30' N, With the middle latitude 379 12' and the
Diff. of lat. 35 S. departure 198.7, the difference of longitude is
—_— found 249 miles == 4° 9' E.
Latitude in 36 55 N. Yefterday’s longikude 0 3 W,
Sum of latitudes 74 2§ —
Middle latitude 37 12 Longitude in 45 59 W,

To find the bearing and diftanee of Funchal.

Latitude in 36° 55’ N, Longitude in 45° 59" WL

Funchal’s latitude 32 38 N. . Funchal’s longitude 17 o5 W,

Diff, of lat, 4 17==257 mies, Dif. of long. 28 §4
— 60

Sum of latitudes 69 33 —_—

Middle latitude 34 46 In miles 1734

Hence, by Cafe I. of Middle Latitude Saillng, the bearing of Funchal is S. 7¢° 46’E,
ad its diftance 1447 miles.
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- - .
H{K F{ Coutfes. Winds. IV‘VE:; RemArxs on board, Friday; April 3, 1801.
i - -
2l gl 6/ E.S. E. Weit Freth giles and rainy weathier ; latter part clear.
2 9f 4 A great fwell from the N, E.for which I allow g miles,
P9 ’
89 OBF: alti fan's Yower limb at oon 50 g8
w‘ 9! 5 Corfedtibn for femidiameter, &c.  add o 12
121 9f § un's cobred alkitud
a5 N. W, D 2
4.9 Sun's zenith diftance a1 oN.
gl 9, Sums detlination 5 17 M.
9 Latindeoberrel § R
xo! 9 North ".m.‘f ene . 3 .
12| g _ Variation 1§ points wéfterly per azimuth.
Dif. Lat, by[Lat. by| Duff, i
Courfe. | Dift. {Lat.[Dep.| D. R} Obf." |Lodg. |Long. in. | Bearing and Diftarice.
S. ] E. N N il W, Fdnchal, S:79° 45'E.

5. 79%22° E.| 217 | 40213 [36° ;;'36°;7‘ 4° z; 41° 347 | diffance’ 1231 miles.

Traverse TaBrLE,

In this day"s work the fwell {s con-
Courfes. { Dift. | N. S. E. W. | fideted as a current fcttir_lg the fhip 9
miles per day ; and fince it comes from
q e ~ the N. E. it maft fet the fhip S. W
is SE'“;';SW 220 323 217.4 ¢ | and allowing the variation $.8.W.3 W,
e T 9 77 4 9 miles, this is placed as a courfe and

i diftance in the traverfe table.
D. Lat.) 40.0 2!7’2 46 With the difference of latitude and
4 departure the courfe is found to be
S. 79° 22’ E. and diftance 217 miles,

Dep|_z13.0 Yefterday’s lat. 36 §5° N.
Diff. of lat. 40 S.
With the middle latitude 36° 357, and the
depasture 213 miles, the difference of longitude Latitude in 36 15N,
is found 265 miles = 4° 25"E. Sum of latitudes 73 10
Yefterday’s long. 45 59 W. Middle latitude 36 35
Longitade in 4t 33 W, ‘The latitude by obfervation is 36° r7’N. »

differing only 2 miles from the computed
latitude ; for that reafon, this day’s work
does not want any corretion.

“To find the bearing and diftance of Funchal.

Latitnde in 36° 17° N, Longitude in 41° 34" W.

Foachal's lat. 32 38 N. Funchal's long. 17§ W.

Diff. of latitude 3 3g==219 miles, Diff. of long. 24 29
—_— 60

Sumof latitudes 68 55 —

Middle latitude 34 27 In miles 1469

Hence, by Cafe L. of Middle Latitude Sailing, the bearing of Funichal is S. 79° 457 E. and
diflance 1231 milet. N

To find the bearing and diftance of Funchal by Mercators Chart.

Having pricked off the place of the fhip at noon, lay a ruler from that point to Funchal 5
take the neare diftance between the centre of the compafs and the ruler; then flide oae foot
of the compaflis slong the edge of the ruler, keeping the other foot at the greatett diftance front
i, and it will be found to run nearly upon the E. by S, line, which is therefore the bearing of
¥unchal; then take in your compafies the extent from the place of the thip to Funchal, and
apply it to the graduated meridian, fetting one foot as much above one place as the other is be~
Jow the other place, and it wiil be found to meafure 208 degrees, or 3230 miles; which is
the diftance of the fip from Funchal neatly.



FROM BOSTON 40 MADEIRA.

HIKIF | Courfes. Winds. E{,e:’: Remarxs on board, Saturday, April 4, 180¢s
: g g E. 5. E. N.E Firft pll‘t?relh gales 3 latter part miore moderate,
6l 6 a heavy fea running.
8 54 S.E E.N.E. | Mer. ale. fun's lower lim 60 530
10 6 CorreQion for femidiameter, &c. ° 18
12| 4f 8. S. E, Eaft. |y San's corre® altiwde 61 o5
12 S.byE. |E.byS.| 1l Subtwal fromt B e
1 4 Ban’s zenith diftance 8 55 N.
6] 4f 5| S.by W. |S,E. by E. ‘é Bun’s declination 5 4o N-
8 4 Laciuwde obferved a8 35 N
10)
1z Variation 11 points wefterly. X

Courfe, Dift. |Lat. [Dep.| D. R7| Obf. |Long. |Long, in.| Bearing and diftance.

Dif. Lat. by|Lat. by} Diff.

S. 310 ¢7°E. § 120 U102 | 64 |34°55" {34° 3{\_:" 18'] 40° 16° | diftance 1264 miles.

S. | E. N. N. E. W. |Funchal,S. 84°14’ E,

TrAVERSE TABLE.

Courfes. Ditt. | N. S. E. w. The courfes being corseéted for

lee-way and variation, will ftand as

in the adjoined traverfe table,

E-by S. 48 30 13.5 | 377
S.E.LE, 20 13.4 | 14.8
S.5.ELE 8 7.2 3.4 Then with the difference of lati
S. by E, 16 15.7 3.1 tude 81.8, and the departure §1.04 .
S.byW.iW. 33 32.0 8.0 | I find the courle S. 31° 57" E.

D.Lat} 818 | 59.0| 80 Yefterday’s latitude  36° 17° N.
8.0 Difference of lititude 1 228,

Dep.| 510 Latitude by decatint 34 55 N,
But the latitude by obfervaion being 34° 35° N. t com& by Cafe I,
Yefterday's latitude 17’ N,
Latitudein by obf; 34 35 N.
Diff. of lat. by obf, 1 42==yoamilers.
Sum of latitudes 20 52
Middle lacitude 35 26

. With the courfe 31° 57" {or 329) dnd the difference of latitude by obfervation 102 milesy
1 find'the diffance 120 miles, and the departure 63.G miles ; with this departure, and the mld-
Yle latltude 335° 26°, 1 find the difference of longitude 78 mlles = 1°i18E.

Yefterday’s longitude 41 34 W,

Longitude i 40 16 W,

‘T'o find ti’xetaring and diftance of Funchal.

Latitude in 34° 35" N, Langitude In 40° 16' ¥,
Funchal‘s latitude 32 38 N. Funchal®s long, 37 o©f
Diff. of lit, 1 s7==117 miles. Diff of long. 23 11
Middlc latisude 33 36 . 6>

In miles 1391

Hence, by Cafe 1. of Middle Latitude Siiling, the bearing of Funchal is §, 84° 14° B4
diftance 1164 miles,

{B Jouvrnacr.]
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H{K|F}| Courfes, Winds. %ve:; Remarxs on board, Sunday, April 5, 1801,
2| 3 S. E. E.N. E.| 3 Firft part of thefe 24 hours fmall breezes, and
4 2 calm ; latter part frefh gales.
6 Calm, At 4 P. M. gotout the boat and tried the cur-]
8 rent ; found it running E. & mile per hour, and
10 fuppofe it has been fetting in that dircétion all thefe
12| 24 bours,
2/3514] E. S. E. {N.N.E. Mer.ale Smsdowerlimb bd
4| 4| 6 :ox;o&,o:;:(::; ametes, &c. 2 ‘:
6l sl s S e Ss
HIRE San's zenith diftancg 8 18N
19 7 Sun's declination 6§ 3N
12l 8 Obs. latitade 3% N
N Variation 1 and one fourth of a point weflerly.
Courfe, Dift. E:? Dep. 'L;; l:’ LS“;:Y If)ﬂltl‘: Long.in|Bearing & diftance.
S. E. N. N. E. W. {Fun.S. 84° 27° E.
S. 83° 36'E.| 101} 1r 100 |34° 24'[34° 21'] 2° 1" |38° 15°] dift- 1064 miles.

Traverse TABLE.

Courfes. Dig.| N. s E. w. Inaddition to the courfes failed,
1 alfo allow 2.4 miles for the fet of
S.E.%E 10 6.7 17 4 the current in the dire@ion of caft
E. 28, 70 10, 3 |69, 2 per compafs or E, by N, 3 N. true
E.by NENJ 24 |5 8 23. 3 courfe.
5. 8 [17. 0 l99. 9 | Dep.
Dif. | 5- 8 )
Lat, {11, 2

With the difference of latitude r1. 2 and the departure 9g. 9y the cousfeis S. 83° 36' E,
and the diftance nearly to1 miles. R

Yefterday®s latitude 34° 35'N.
Difference of latitude - o 11 8.

Latitude in by account 34 24 N.
And as this differs only 3 miles from the obferved latitude 34® 21° N. this day's work:
will not require any corre@ion ; therefore with the middle latitude 34 28' and the depaz-
ture 6g. 9, I find the difference of longitude 121 miles — 1’ E.

Yefterday's longitude 40 6 W,
Longitude in 38 g W.

To find the bearing and diftance of Funchal,

Latitude in 4% 2’ N, Longitude in 38° 15'W,
Funchal’s latitude 32 38 N, Funchal's longitude 17 W,
Difference of latitude 1 43==103 miles, Difference of longitude 21 ro
Suwm of Iatitudes 66 359 60
Middle latitude 33 30 nealy. Tamiles 1270

Hence by Cafe x of middle latitude failing, the bmmg of Funthalis S.84° 29’ E, dit. ’
ance 1064 miles,



FROM BOSTON TO MADEIRA.

HIK{F| Courfes. | Winds. k:;' Remarxs on board, Monday, April 6, 1801.
2 E. S. E. | Narth, Fine freth gales and clear weather.
4 9]
9
89
10 9 Mer. slt. Son's Tower limb 60 oy
12{ ¢ Cotre@ion for dip, &e. ° 1
2| 9 Sun’s eorreft altitude o1 37
4 9 Subiradt from 50 oo
& un's enith di w3 N
g S aimtiones %N
10 9 Obferved latitade 33 N
12 9| Variation per Amp. 1 { point wefterly.
Diff. Lat. by{Lat. by| Dift. i
Courfe. |Dift.{Lat. {Depart.] D, R.| Obs. | Long. |Long. in|Bearing and Diftance,
S. E. J N: N. E. W. |Funch.S.85° 16' E.
E. 3 S. | 216} 32 | 214 433" 49'|33° 48"} 4°18'{33° 57'] diftance 850 miles.

The courfe correéted for variation is E. 3 S. diftance 216 miles ; hence the difference of
[atitude is 31. 7, and the departure 213, 7 . milesa

Yadterday’s latitude 14% 2t'N,

Diffesence of latitude 32 S.
Latitude in 33 49 N.
Sum of Latitudes 68 10

Middle latitude 3¢ s

With the middle latitude 34° 5° and the departure 213. 7 miles, l find the difference of
18’ E.

langitude 258 miles =
Yefterday's longitude 38 5 W,

Longitude in 33 57T W,

To find the bearing and diftance of Funchal.

Latitude in 33% 48'N, Longitude in 33° g7’ W,
Funchal’s latitude 32 38 N. Funchal’s longitude 17 o5 W,
Diff. of latitude 1 10=70 miles. Diff. of longitude 16 52
Sum of latitudes 66 26 . 60

iddle lat
Middle latitude 33 13 In miles 1012

Hence the bearing of Funchal 859 16! E, diftance 850 miles,
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‘HIK|F| Courfes. Winds. &:;' Remarxs on board, Tuefday, April 7, 1801.
2{19) E. S. E. [N.N. W, “Frefh gales and pleafant weather, with a large fea,
410 B
610
8 8 4/ E.S. E. }S.| North.

10| 8) 6
12| 8} s
2 8
4 8
6| 8 g
8[ 8} 6|
10] 8§
12| § Variation per azimuth 1 £ point wefterly.
_ |Dif. Lat. by [Cat.by] Diff.
Courfe. Dift.| Lat.{ Dep. | D. R. | Obs. |Long.|Long.in|Bearing and Diftance.
. S. E, N. E, . Fun. S.86° 53" E.
{S. 80% 20°E. | 210] 35 | 207 33 13|  [4% 8'|29° 49’] diftance 642 miles.

"TRAVERSE TABLE.

Courfes. | Dift. | N. s. E. w. By the adjoined traveefe table,
the difference of latitude is 33. 2,

E. 1S, 60 s 9] §9.7 and the departure 206, 8, hence the
E.byS. | 150 29. 3| 147. 1 courfe S, 80% 20" E, and the dz.(t-
35. 2| 206. 8 ance 209, §, or 210 miles,
Vefterday's latitude 33% 48°'N.
Difference of latitude 35" S.
4 Latitude in by account 33 I13'N,
$um of lititudes  ~ 67 ot
Middle latitude 33 3

With the middle lasitude 33‘ 30‘ and the depmure zo6. 8, I ﬁnd the difference of loge
‘uude 248 miles, or 4°
Yefterday's longitude 33 57 W.

Longitude in 29 43 W,
3

"To find the bearing and diftance of Funchal,

Latitude in 332 13" N, Longitude in 292 49' W.
Funchal's latitude 32 38 N. Funchal's longitude 17 §W.
Diff. of latitude 35 thf of longitude 12 44
Sum of latitudes 65 51 : 60 -

3. 34 D .
Middle latitude 32 5% In miles 764

Hence the bearing of Funchal is §. 869 53" E. diftance 642 miles.



FROM BOSTON TO MADEIRA, +

H|K|F| Coutfes. | Winds. b:;' REmMARKS on board, Wednefday, April 8, 18014
2| 8| |E. by S. §S.JN. N. E. Firit part frefh gales and clear, Latter part rainy
4 8 s weather,
6( 8 s
8| 8 S. E. E.N.E| 3
10| 8
121 §
2{ §
413 At 6 A, M. the wind hauled fuddenly to thy]
6| 7| s Eaft, S. S.E| }| S.S.E. ;
875
101 7] §
78 Variation 1 % point wefterly.
Ditt. Lat. by |Lat. by| Ditt. ‘ .
Courfe. Dift.] Lat.| Dep. | D. R. | Obs. | Long. |Long.in] Bearing & Dift.
S. E. N. E. W. [Fun. 5. 83"03'.5
S.83% 4¢"E.| v72) 39 | 171 | 32° 54 3° 24'|26° 25'| Ditance 471 miles

TRAVERSE TABLE,

o ift, . S. E. w. - .
! Courfes Dig N The leeway and vaiation bein

allowed on the courfes, they wil

Eatt. g0 520 ftand as i joi
n the adjoined traverfe
Es‘gib_{ }% g 44 4] 66 5 table ; then with the difference of
NEZNL 6o | 257 54- 2 latitude 18,7, and the departure

§ 170. 7, the courfe is found S. 83®
25.7 | 44- 41170, 7| Dep, 45' E.’and the diftance 172 miles,

25. 7
Diff, e
Lat. | 18. 7
Vefterday's latitude 33° 13'N.
Differcnce of latitude’ 19 S.
Latitude in 32 §4 N
Sum of latitudes 66 o7
Middle latitude 33 03

With the middle latitude 33° 03', and the departure 170.7, 1 find the difference of
Jongitudeisnearly 204 miles=—=13 24 E.
Yefterday's longitude 29 49 W.

Longitude in 26 25 W,

“Fo find the bearing 3nd diftance of Funchal.

Latitude in 32°% g4 N. ; Longitude in 26° 25'W,
Funchal’s latitude 32 38 N. Funchal’s longitude 17 o5 We
Diff. of latitude 16 Diff. of longitude g 20
Su!n of lat'itudes 65 32 6o
Middle latitude 32 46 In miles o

Hence the bearing of Funchalis 5,88° 3' E. diftance 471 miles.



JOURNAL OF A VOYAGE

|
" F| Courfes, | Winds. ;:;' Remarks on board, Thurfday, April g, 1801.
] 7| s|E- by S. 3 S.|” South, Fine breezes, with vatiable weather,
8
6' 3 s
U
o1 9 B Mer. ate. fants Tower lismd. 640 24
12) 9 Corrction for dip, &e. ° 12
"| 9 Sun's corret altitude 64 a6
4l 9 E. byS, Subtraét from o oo
6| 9 Sun’s zenith diftance 35 24 N.
b ¥ 9 Suan's declination 7 32N
OI 9] . Obferved latiwde 3 SN
12! g Variation 1 § point wefterly.
Dif. Lat. by|Lat. by] Diff. :
Courfe. Dift.| Lat.!| Dep. | D. R.| Obs. | Long. |Long.in| Bearing & diftance.
N. E. N. N. E. W. |Funch.$.86° 3'E.}
N. 89° 12’E. | 210{ 3 209 }32°577]32°567] 4° 107]22° 15| diRance 261 miles.
Traverse Tasrx.
, The variation being allowed on
Comfgs. D} N S E. w. the courfes, they will ftand as in
. the adjoined table ; then with the
E.%S. 120 s-9 | 119.9 difference of latitude 2. g, and the
E.IN. go |8 8 89. 6 | departure 20g. 5, the courfe is
8.8 | 5. 9 | 209.5; Dep. | N. 87° 12’E. and the diftance
Niff. | 5+ 9 210 miles neaxly,
Lat. [ 2. ¢
Yefterday®s latitude 32° 54'N.
Difference of latitude 3 N,

Latitude by account 32° 57 N.
Which differs oply one mile from the latitude by obfervation ; therefou: this day's work needs

50 correétion.

With the middle latitude 32° 55, 4nd the d=parture 20q. 5 the difference of longitudg ie

found = 250 miles

Yefterday's longuude

Longitude in

4° 10'E.
26° 25 W.
s

22° 15 W;

To find the bearing and diftance of Funchal.

32° 56'N

Latitudg in

Funchal’s latitude 32 38 N.
Diff. of latitude 18
Sum of latitudes 65 34
Middle latitude 32 47

Longitude in

22° yg!' W,
Funchal's Jongitude

17§ W.
5 10
(1)

310

Diff. of longitude

Ia miles

Hence the bearing of Funchalis S. 86° 3* E. diftance 261 miles.




FROM BOSTON TO MADEIRA.

H| K| F| Courfes. Winds. i:;' RemaRrxs on board, Friday, April 19, 1801,
2| 9] 5 S.E.by E. IS. S. W. All this day fine brecze, with very clear
4] 9] $ weather.
6| 9f §
KK
10| 9
i EbyS. %S
: g ySews At 10 A. M. mmude the Iand. The weftern part
6l 9 of Madeira bearing pex compafs E. by S. 3 S.
8 9 diftant 15 leagues.
410 9 .
12] Variation 1 § point wefterly.
" Courfe. Dift, [;‘:t If;f;y Lstl;:y Dif. Long. | Long.in Bcaring&diﬂ-r
3. . . E. w.
S.83° 30'E. | 244] 27 | 243 [32° 29’ 4° 4%’ |17°27°
“Travenss TABLE. ]

. In the traverfetable is placed the
Coutfes. Dit. | N. S. E. W. | bearing and diftance of the land at
10, A. M. (after allowing the va-
riation,) Hence the whole differ-

E. bsya?{*s' "; 7.0 l:g’ Z, enceof latitude is 27 miles, the
Eat. 95 a o depasture 242. 7, the courfe S, 3%
. 4 3 39! E. diftance 244 miles,
. 27. 0[242. 7
Yefterday®s latitude 32° §6' N.
Difference of latitude 27 S.
Latitude by account . 32 29N,
Sum of latitudes 65 23
Middle lmmde 42

3z
With the middle latitude 32° 42, and the departure 242. 7, thc dxi’erence of loagitude ts
found to be 288 miles = 4" 48 E
Yefterday’s longitude 22 1§ W.
17 27 WL
Therefore the Iatitude of the weftern point of Madeira by my account is 32° 23’ N. and
its longxtude 17° 27’W thefe values differing only one mile from the values given in the
table of latitud 5 I thesefote conclude that my journal was neasly exa; and
that the latitude and longutude of that part of Madeica were well laid down.

HiK|F| Courles, Winds. k:;' RemaRrks on board, Saturday, April 11, 1807,
2| Pleafant gales and fair weather,

4

g At 6 P. M, came tao, off Funchal.
10|
iz
2 AtR P. M. went alhore,

4

6

8

10

12

Dt Lat. byflat. byl H A -
Courfes. %Dxﬁ Lat. | Dep l D. R, | Obs, {[)1{.Long,!!.ongnn Bearing & dift.
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'i'Aan 1, biﬂ'erence itude and W .
of Latitude and Departure fer § Point,

B Lot Dep.(Dit.| DItk [ Lot 1D =
H (,D:?O;pc; Do:]. 16,:(9 23])01 Ditt.| Lat, [Dep.{ Dift.} Lat. Pcp. l)iyt.; Lat. L'rp
B . X .0 121f120, . 08¢
2,02.0/00.1 62| 61.9/03.0!| 22 121 3233 ; 188; fgo‘g ag.g 14[;240 o 8
3,03.0{00.1 63| 62.9{03.1] 23122906':):« 82:8;.8 g 'g‘ 42;“]'7 e
4'3422&03.2 24 gsAg 03.1]| 24l123.9M06.1]' 8411838 ogvo ﬁzzz: ;lg
-2 913 3 ' 84uts. X | 12,04
5'02 oy 62 6&_&9 3.2 28 124:8 06.1 85/184.8{ 0.1 4sl243.7 1201
3| 29 &5y 03.2  2bf124.8j06 86+85.8( 09.1]| 46l245.7] 12.1]
7/07.0]00.311 67 66.9/03.3i1  27/126.8/06. 87/186.8) 09.2 = 245'7 il
808.000.4 68) 67.9{03.31 28{127.8{06.3 ! 88/187.8, og'z 4}{74 A B |
9[09.0{00.4 69| 68.9/03. 29[128.8/06.3[] 8¢!188.8| o 3 : 2‘4;7 ina
10; 10,0100 5l 70} 69.9]03.4]l 30[129.8 06.4!' gol18, 8 09.i i i
| nif1re[oos| 71 70.9)03.5 131130.8 06.4) o
1-0] %0 .9]03.5 8/06-4|| 191|190.8] 094/ 251|235 H
| r1alra0|00.6 72{ 71.9{03.5| 32[131.8{06.5 gz (2(.8 og:; 25; :.’?‘7 :2‘35
13} 13.0{00.6) 731 72.9/03.6] 33|132.8,06.5) 93|192.8| o 3 5: zf e
Sliiooon] 73l 7sojorel aliaeslostl exriass ooyl i i
| 1gjisoloorl 79 729037 35i3aBe66l aslised 00 ﬁ'zﬁ; 1y
: e 17‘2 gg.g ;— Zgg gg.; 36[135.8/06.7|| 96[195.8} 09.6) 52 25.5'7 g
i {174 3 7| 76.9{03. 3~{136.8{06. 71146.8 .7 - ¥ 3
D liibcoosl 78] 77,0005 3eli38lo68l o 137‘.8 23'/1 & o s
| 1919010008 79 785030l 3oi18.8]068]| oolrohs| oad]| sofseh7 1yl
olorc) 80| 79.0103.9[| 4:[139.8{06.9ll 200l199.8| 0g.§] ZZ 129:; lz%
:; :l.o or.of 81f ¥2.9/04.0/ 141]140.8]06.9}j 201]2c0.%] 09.9|| 261 sz‘o 12, 8'
f -z.o cr.1 gz 81.9/04.0/| 42[131.8/07.0] 02j201.8] 0g.¢)] 62 261'1 12. :
| 2 :3.8 gl: 83 82.9/04.1jl 43jt42.8/07:0]| o03]202.8 10.9 63 262.7 12‘9'
2 ;id L2 84 83.9/04:1)| 44[143.8107.1|] ©04/203.8] 100} 64 ‘63.Z 1 'g
l 28 2'6"? or2 85 8rglog.2ll 45144.8l07.1f| o05|204.8] 10.1)] 63 6 ,3'0
;o .clor.3 86 85.9104.2|| 46[145.8{07.2]| 06]205.8] 10.5 6(’: ;6%.7 13‘1
! 2; 227;40 gx.g 37 86.9104.3|| 47]146.8]07.2|| ©7|206.8 10.2 67 263.7 13.1
j 242 .0[01.41 88 87.9/04.3| 48[147.8]07.3]| ©08]207.5| 10.2| 68 167.7 13‘2
} 9 Og.o or.4 9| 88.9/04.4)| 49l148.8[07.3]| og|208.7| i0. 6 z68~7 13. :
solsaslonal ool Sooloral soriotopall tofaevsl sl solabor] 1ra;
31| 3t.0|06.5] 91 90.9/04.5)| 151|150.8{0 : . ol
.8107.44| 211{210.7] 10.. 33
32|32.0[01.6f 92| 9i.9]04.5] s52{151.8 07.; 1; 221.; :24 o :70'7 s
33 %3.0 o1.6f 93} 92.9/04.6)| s3l152.8]07.5]! 13[212.9 m-4 o ZL7 5
Jal3tolorsl o4 o3.0loa|| sxliss.8lordll 1ilatze] 100 LG W I
32 3é.o Q1.7 95! 94.9(04.7 53]154.8 07.6 15 214:; (o‘) 14;73.7 13“?
3{3bojor | 66| 95.9loaT seissBorY xbizis ! IR A B
7 3;.0 or.8) 97 96.9/04.8|| s57|156.8j07.7] 17]|216.7 10.6 7 z/éJ 13.2
38|38.0]o1.9) 98| 97.9{04.8| s8l157.8/07.8)| 18la17.5 107 7é 27 o 13‘6
39{39.0{01.9f 99| 98.9/04.9|l s59|158.8]07.8]| 19 218.1 IO.'/I 4 3 z7§'7 ol
40| 20.0{02.0f 100} 99.9/04.9| 60]150.8 07.9!| 20| 219.7] 10,8 gé 2;9‘; :;Z
41} 41.0|02.0 101}100.9| 05.0ll 161160.8|07.9|| 221]220.5| 10.§] 28|28 - .8
~42 41.9/02.1]] 02/10i.9105.0l 62{161.8{07.9/| 22{22%1 ; 10, 8‘ 280'7 "
43| 42.9]02.1 03]|102.9/05.1}] 63|164.8[08.0] 23 222-' 10.9 81 281-7 15.8
44]43.9/02.2| 04[103.9/05. ¥}l 64163.8 o8.olf 24 ug:i .1'3 83 283"7 i
4g i4.9loz.2f  05i107.9{05.2{| 65]164.8/08.1f] 25{224.7 1.9 84 281.7 5
4 4g.9 02.3]| ©06{105.9/05.2|| 66{165,8/08.1}| 26 225.; 1 Sg 284‘2' 4o
4; 16.9|on3| o7l1cb.glos.3l| 67|168.8|ck 2!l 27]228.9] 111l 8 283.; s
4 i;-l) oz.44 08[107.9105.3]] 68/167.808.2] 28 227.7 u.z 8; :8 Sy
42 48.9 33.4 09108.9103.3)| 69!168.8)0R.3)| 29 128.; ard| 8 28174'7 :4“
50| 49.9l02.5|_ 10l100.9)05.4ll 70[160.8|08.3| z0laze~| 113 93 289'; 1::
" 51| 50.9| 02,51 111:110.9 OSII 171{170.8[08.4i] 231 -.;—,_- 11.3 ; :
521519 02.61 12;111.9/05.5H 721715.8/08.4 32;. |.i b R e B
§3|'52.9 01.62 13|112.9)08.51  73[172.8{08. ,1 33 2;2' ;:q % 291‘2 e
54]53-9/02.6] 14/113.9105.61 74/173.8,08. 5: 332337 ”~41 . 292'6 ey
Sg 54.9|02.7 15{114.9{05.6{] 75|174.8708. 6 35 7.24} 11.5 .9‘! f93'( s
27 ;gg g:.g\ 16 ng.g 05.7  706/175.8108.6/| 36235 7/ 1 l'g zg ;g‘;é ;zg
. 17{116.9}05.7 176.8/08. - . . i
58 5;.9 02.8 18{117.9{05.8] ;5 174.8/08. ; ;; :g?» :;-6- 9; 2008 14
22 58.9{02.6] 19{118.9,05.8| .70l178.8/08.8: 39{238.-] 117 H zg%g s
- *. ég.g 02,9 20{t19.6105.0:! 80|t7g. SJOS 8| 40|239.7) 11. 81 3gg :go 6 ::;
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Fasre I, Difference of Latitude and Departure for I Peint,

I~
e
—
5
5

.Dep‘“Diﬂ. Lac. lDap.‘TEﬂ. Lat. tDep.; Dift.j Lat. ) Dep.{Dift.; kat. { Dep.

01.0{ 001
02.0] 02.2]|

61f 60.7|06.Cl; 121{120.4] X1.9| xhx 180.1 17.7} 241{239.8] 23.6
62{ 61.7|06.1f 23{r21.4|12.00 " 82181.1f 17.8} 42{230.8f 23.9
63) 62.7|06.2( 23]r2z.4]12.1f| 83[182.1) 17.9} 43|241.8] 23.8
04.0]00.441 64, 63.7 06.% 241234 12,211 844185.1) 18,00 44(242.8] 23.94)

05.0]00.5 655 64.7106.. 251244 12,311 85(184.5) 1811  45l243.8) 24.0}f

5 .6/! 65.7/06.511 26t1z5.4 12,40 86l185.1f 18.2) 46l244.8 241
o7.0l0a.7l 67} 66.7]06.6} 27|126.4 12.4| 871186.1] 18.31 471245.8} 24.2
08.0]00.8[| 68] 67.7]06.7} 28j127.4]12.5] 8tj187.1 18.4) 48!246.8} 24.3
og.0{00.gf| 69! 68.7/06.8[| 20[r28.412.6] 8oir88.1) 18.51 49{247.8| 24.4
10.0]01.0}] 70| 69.7/06.9)f 30{r29.4{ 12.7|| 9C :Sg.x 18.6° _50 248.8! 24.5
h 11} 1o.9loraj] 71| 70.7}07.0) 131{130.4) 12.8]| 191 190.1‘ 18. 7\ 15; 249.8) 245
12{11.gi0naf] 72! 7u7jo7all 321314} 129l g92jtgr.a) 138, 8 521250.8| 24.7{F
13 12.9{0L.3{| 73] 72.6{07.24 33l132.4713.0f 93{192.1 18.9' 53]251.8( 24.8{F
14}13.9|004fl 74 73.607.30  3H133.4) 13- 94)793.1| 19.0} 54 252.8) 24.9{F
1511490154 7§ 6lo7.4 33/134.3113.2{] 9s{194.1] 19.1] 55]253.8 23
6107.4; 36(135.3[13:3]] 96/195.1} 19.2) 56{2548) 25
.6l07.5|  37{136.3|13.4)] 97}196.1; 19.31 §71255.8] 25.
6 25
6 25
6 25
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07.6) 3%1137.3/13.51 981197.0] 19.4| ¢8j256.8)s
o7.7  39{138.3 13.6] 9cf198.0] 19.51 59)257.8
20! 19.9{02.0}] 30| 07.8  40{139.3| 1371 202199.0 19.61 60[258.7
20.g{02.1]| 81! $0.607.9% 131]140.3{ 13.8]| 2011200.0| 19.7} 261]259.7| 25
22, 21.9{02.2) 82} 81.6{08.08 4a141.3)13.9] 0212010/ 19. S 62{260.7] 25
23/ 22,9 02.3]] 83 83.6[o8. 43i142.3| 14 o1 03/202.0 19.0l] 63|261.7] 25.
24i23.9[02.4]] 84 83.6{08.21 44143.3 14.1; 04|203.0 zoo " 641262.7] 25
) 3l 82.6108.31  4s14430142]] o3/204.0 20.11 65263.7] 26.

a.6~2.5 gloz.sll 86| 85.6108.43 46{145.3 14.,3] 06{205.0| 20,2} 66/264.7] 26.1if-
02.6] 87! 86:6/08.5l 47l146.3]14.4] ©7[206.0] 20.31 67{265.7) zﬁ.zh‘
6108.6)l 48/147.3] 14.5)] ©08]207.0 20.4] 68/266.7( 26.31%

29 zS.9 02.8|| 8o 88.6108 - 40[548.3] x.,é, oyl208.0 20.5% 69l267.7] 26.4]k
30! 29.9{ 02.9]| 99| 89.6’08 gl 50[140.30 147 7l 10]209.0 208 __70268.7 26.5
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1 21[30.9|03:0ff 91} g0.6 o) ol 151{150.3 14.RE 211}210.0} 20.7.| 271]269.7] 26.6{}
] 32031.8{03.1 2, 91.6109.0 2lt5n.3]14.9)f 12{211.0] 20.8 2l270.7}) 26.7%
b 2a]52.8]032f] 934 92.6[09.1 s3i152.5) 15 ofl ¥3]212.0[ 20.9f 73}271.7 zﬁ.st
i 34/338{03.3] o4 03.5{09.2] Saissafisa] rqf213.0 210f 73e72.9f 269

3534.8103.44 93| 04.5/08.3} 551543} 15 7-! 151214.0 2118 7512753.7) .27.0
0351 96{ 95-5{09.4l| §6{155.2{'15.3, 16]215:0f 23.2f 761274.7{ 27.1f

36135.8
3736:8103.6:0 97! 96.5/09.5)| §7|156.2115.4 17 216.0{ 213 7712757} 27-2{§
38137.8f03.00 98] 97.5/09.6li 58{157.2j15.5f 18)217.0] 2La) 782767} 27.21%
39]38.8/03.81l o9 98.5/09.7|l §9i158.2)15.6 192179 zr-sl 791277-7| 27-3
| __49/39.8103.9{ 100} 99.5 09.8! 60jr50.2) 15.7 nglg.q ;u.ﬁ 30|278.7| 27.4]
411 40.8| 04.0ff 101(r00.5/09.9] 161160.2 15.81 2211216.9; 21.7 281{279.6] 27.§
42 4180411l 021015} 10. o’ 62161.2)15.91 221220.9] 1.8 82i280.6) 27.6
43! 42.8{o4.2f o3p102.5010.1 63]162.2] 16.0‘l 231221.9) 21.9] 831281.6] 27.71§
64163.2 16.1‘ 24,222.9] 22.0ff 841282.6] 27.8;
3 65/164.2/16.21] 25/223.9| 22.1} 85285.6/ 27.9
3 65165.216.3] 26/224.9| 22.2} 86[284.6) 28.0
67(168.2[16.4] 27|225 9| 22.2} 87(285.6) 28.1
¥ 681167.2}16.5] 28226.9 12.31‘ $8|286.6] 28.2!F
bl 69168.2[.16.64 29,227.9| 22.4] 89}287.6 28.3
] 70i 169 2}16.77 3c|228.9] 22.51 go|288.6 28.4
y ] 171\1,0,, 229.9| 22.61 291{289.6] 28.5
1 250.9| 22.7] g2[290.6| 28.6
4 231.9] 22.8} g93l201.6] 28.7
E 232.9M22.9] g4{292.6| 28.8
1 233.9 23.0%t 951293.6} 28.9
1 23490 23.11  ¢61294.6 29.0
23%.9] 23.2] 97/295.6f 29.1
# 236 9f 23.58  98)296.6 z9.2
1 23780 2340 99i297.6| 29.3
: 238.8] 23.5] 300!298.6! 29.4
Dit. Dep.| Lat.Dift.i Dep. " Dep. La-. || Dift) Dep.l Lat. |
$‘. R L [—Xj'ur 7_&‘? l’_uin_rs..—. ]




Tasre I, Diflerence of Latitude and Departare for § Pointe

Lat. | Dep.[Dift.g Lac, | Dep.; Dit.[ Lat, (Dep. iDithf Lat, Dep. |Dist Lat. Dep. |

1l o1.0] co.1i} 631f 60.31 ©9.0\| 121|119.7| 17.8 8117 90 2.66 231123844 354

2| 02.0f 00.3| 62| 61.3] og.1|| =22|{r20.7{ 17.9}| 82 180. 26.7‘ 43]239.4] 365

3| 03.0f 0o.4l| . 63] 623 0g.2fl 231217} 18.0]| 83 181.0| 26.9' 43{240.4| 357

4] 04.0 00.6] 64f 63.3] 094l 24722.7] 18.2)| 84 182.0|27.0| 44l241.4] 35.8

5| o4.9] co7|| 63| 64.3] 09.5| 25[123.6] 18.5| 85 183.0] 27.1 45{242.3| 359

6| 05.9] co.gli 66| 65.31 09.7)| 20611246 18.5]| 86j184.0{27.31| 46/243.3 36.1

7| 0b.g| o1.0| 67| 66.31 09.8) ajli25.6{13.6)| S7 185.0 27.4| 47|244.3 36.2

§| o7.9| o1.2f| 68| .67.3| 10,0 28126.6/18.8) 88 186.0 27.6, 48245.3} 36.4

of 08.9] ougl| 69 68.31 101l 2g127.6{ 18.9]| 89187 ol 27.7)f 49|246:3 36.5
10| 0g.gf 015t 70l 69.2 o3l 30128.6) 191 90{187.9; 27:91t 50|247-3] 36-7
¥ To0l 016 71] 72| 04| 131|120.6| 19.2)|191|188.5] 28.0]j2511248.3 36.8
| 12| 119f 018 72) 712 10.6(  32{130.6) 10.4]| 92{189.928.2} 52249.3} 37.0
13| 12.9| orgl 73| 722 10701 33/131.6) 19.5 93|190.9| 28.3|| 53[250.3( 37-1
14 13.8] o1 74] 73.2} 10.9]| 34{132.5)19.7]| 94f191.9/28 51 542513 37:3
15| 14.8] oz2.all 75l 742 11.0 s1133.5] 19.8]| 95{192.5) 28.6/l 55i252.2) 37-4
16| 15.8] 02.3] 76! 752! 11.2|| 36(134.5] 20,0} 96]193.9[28.8]} 56/253.2 37.6
1y| 16.8] cagll 79] 762 1n3l| 37{135.5]20.1|f 971194912808 5712542 377
18 17.8] 028l 78 77.2 1.4l 38]136.5/20.2]| 98|195.9| 2911 58|255.2 37.9
1of 18.8] 02.8] 79l 78,1 11.6]| 39|137.5] 20-4]| 99[196.820.2f| $59256-2 38.0
20| 19.8) o2.g! 8¢l 79.1] 11.9|l 40]138.5} 20.5}{200 197.8) 29.3 _60 z_sz;‘_z_i!il

1
!

21| 20.8| 03.11| 81 80.1| 11.9|| 141|139.5]20.7||201 T98.8| 29.5)1261|258-2| 38.3
22| 21.§] 0;21 82l 81.1] 12.0]] 42/130.5| 20.8{| 02[199.8 29.6 62{259.2{ 33.4

23| 22.8) 03.4/| 83| 82| 12,31 43lr41.5)21.0/1.03 200.8{ 29.8;| 63{260.2 38.6
24} 23.9] 03.5 $4) 83.1| 12.3]| 44[142.4 2114} O4 2018} 29.9l| 64]261.1] 38.7 ;
4 25| 24.7 03.7! ! 12.5)|  435(143.4|21.3]| 05{202:8!301) 65|262.1] 38.9
261 25.7| 03.8! : 12.6)| 16]144.4| 21.3]] 06]203.8]30.2|j 66;263.11 39.0
27| 26.7] og.0l 12,91 47 145.4] 21.6]| 07]204.830.4;) 67]264.1] 39.2
28} 27.7] o1l 12.0fl 48]146.4] 21.7]] 08f205.7|30.5lt 683265.1] 39.3
29} 28.7] 04.3 13.0]] 49| 147.4| 21.9{] 09|206.7| 307}l 6gj266.11 39.5
__3_0 129-7| 04-4 13.2|l 50 148.4, 2201} 10| 207.7| 30.8]| 70|267.1 __3_9__6
31 30.7| og.g 13.4| 151}149.4 22.2|1211]|208.7| 3t.0l{271]268.1} 39.8
32 31.7| 04.7 22,30t 12 209.7]38.1]} 72 z69.| 39.9
33| 32.6] 04.8 22.4|} 13210.7|31.3)| 73}270.0] 40.1
34| 33.6| 05.0, 22,61l 13j210.7|31.4]| 74[271.0] 40.2
35| 34.6; 03.1 22.51) 15i212.7|310.5)0 75[272.0 49-4
36] 33.6] 05.3 22.9]| 16)212.7|31.7]1 761273.0] 40.§
37| 36.6] 05.4 23.0{| 17[214.7|31.8 77;274.0 42.6
38] 37.6] 05.6 123.4]| 18)215.6/32.0 v81275.0| 40.8
39] 38.6] 05.7 23.38 19216.6)32.1}) 7aj276.0l 40.9
40{ 39.6| 05.9 _234;;‘22117.6 32.3 So 2770} q1.1
1| 40.6| c6.0 23.0[|221{218.61 52,4 281|278.0] 41.2
:z 31.5 og zl 23.8]) 22{219. 6\126 82|278.0] 41.4
43} 425 o6.3! 23.9|] 23{220.6 32.7}) 831279.9) 41.§
44| 43.5| of.s! 24.1|| 24|221.6132.9 8412806 41.7
45| 44.5] 06.6 24.2)| 235]222.8 339 85l281.9] 41.3
46| 45.5] o6.9! 24.4)| 26{223.633.2!] 86{282.9) 42.0
47| 46.5] 06.9 24.5)| 27|224.5133-8) 87]283.9) 42.1
48] 47.5 07.0l 24.7]| 28 “5-5|335 88,1849 423
49| 48.5| 07.2' 21.8] 20|226.5133.8l] 8¢1285.0] 42,4
59| 49-5| 07.3 23.94|_30/227.5,33.7} 99 286.91 42.6
i| 50.4] o7.5! 751||231|328.5] 3391201 |2B7gl 427
22 z:i o;_z‘ 25.2|| 32:229. ,1‘340; 92{288.81 42.8
53} 52.4] 07.8: 235.4|} 331230.5134.2 93 284.8 43.0
54| 53.4| 07.9' 25.5]1 341231.5:34 31 94 200.8} 43.1
55| 54-4f 08.1- 2551 38{232.5)3.-5]| 95]291.8 43.3
561 55.4| 08.2 25.8)] 36|233.4:34.0)1 96)292.8 43.4
51 56.4] 08.4' 26.0l} 37 ‘34‘4‘3“"% 971203.8( 45.6
58] 57.4| 08.5: 26-14 38235.4 349, 98|294.8{ 43.7
59 58.4| 08.7} 26.3{| 39(236.4'35- 1)} 99/293.8| 439
601 59.4 08.8, 26311 40[237.4'35.21300]206.8| 440
Dift.] Bop.| Tar.. Ditt.iDep- oAl ! Depid Lat. Dit! Dep.d Lat.

TFor 73 Points.
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\
Tasis 1. Difference of Latitude and Departure for 1 Point,

iDifl] Lat.
241]236.4]
42123741 47.2

i Dl.’l VLar f Dep,

co.2
0.4

Dep.[(Dif| Lat. | Dep.[IDify]
61i 59.8] 11.gj122}118.7 23.6/'18¢
; 12.1f 22i119.7 €2

o1
o2
o2,

o
)
o
[
0

l -0

2! 02.0]

3 0z.9] 0c.6!l 63" 61.8) 12.3) 23]120.6] 3 43/238.3! 47.4

4 03.9] 0.8 61 62.8] 125} 23/121.6 44{239.3] 47.6

5t 049! orol, 65 63.8{ 12.7)| -25122.6 451240.3| 47.8

6 05.0l on.2f 66 647} r2.9f 26]123.6 46/241.3] 48.0°

7; 069 or.g| 67 65.7f 13.1]| 27/124.6 47]242.3] 48.2

8 07.8] or.6l; 68 667 13.3)| 28|125. 48(243.2] 48.4

o] 08.8| o1.8|| 6g- 67.7| 13.50 26ji26.5 49(244.2| 48.6
. 10 9.8 8 oz.c{ 70 68.9] 13.7) 30l127.5 50{245-2] 48.8

I251]246.2| 49.0
52{247.2| 49.2
53|248.11 39.4
811 541249.1| 49.6
i 551250-1] 46.7
561251.1| 49.9
57]252-1} 50.1
il 58{253.0] 50.3
1 591254-0| 50.5

11| 10.5 oz.4| 71, 69.6] 13.9{l131{r28.5
n.} 11.8] 02.31| 72! 70.6] 140 32{129.5

112,81 o2.5] 73] 71.6f 14.20 33{130.4]
14 137} o270l 74| 72.6] 144l 3H131.4]
1;} 14.7) oz.9ll 75| 73.6] 14.6, 35{132.4]
161 15.71 03.1h 76| 74.5| 148} 3611334
©3.31 77} 75.5| 1508 37[134-4
03.5¢ 78] 76.51 15.2]! 38{135.3
9. 18.6} 03.5 79| 77.5t 15.45 391136.3| 27.

-
00~
s1 o
N

20! 19.6] ©3.91 86| 78.5] 156, 40[137.3 4 60]255.0 50.7
211 20.6| oglf 8if 79.4] 1584141 1383 2 .2{261]256.0| 50.9
22| 21.6| 04.3)8 82| 80.4] 16.0| 321139.3; -4| 62f257.0; 51.1
23 22.6{ 04.5)i 83| 81.4 16‘2i $3i140.3) .6'| 63{257.9: §1.3
24 23.51 0478 811 82.4] 164} 141412 39.8) 642;89 5.5
251 245} o4.glt 35| 83.4) 16.6i| 351142.2 il 651259.9; 1.7 T
26 26.5; 03.1% 86} 84.3] 16.8f 46{143.2 | 66|260.9: s1.9
27| 26.5) 05.3): 87| 85.3] 17.00 47]i4q.2 07 a61. 9' s2.1
28| 27.5l 0g.5l 8Y|,86.3] 17.21) 48i145.2 68]262.9; 52.3
29 2R3 05.7)1 Sg| 87.3f 17.4% 49;146.1 I 69[263.5) 5215
39 29.4| 05.9, goj 88.3] 17.6} 50,147.1 70264..8! §2.%
31} 30.4f ob.cll g1} 89.3( 17.8]l1511138.y :_.71265.8 52.9
32} 31.41 06.2)i g2| go.2| 17.9) 52{149.1 Y 721266.8 §3.1
33| 3241 06.3) 93| 91.2] 135 537150.1 731267.8| §3.3
34 33-31 06.61l 04| o2.2{ 18.3! 54,151.0 i 74{268.7 53.5
35) 343! 06.2]' 95| 93.2] 18.5h s5ir5a.c -9 75{269.7! 53.6
36 35.3{ or.cli 96| g94.2| 18.7| 56/153.c] "t 76]270.7) 53.8
37| 36.3) 07.2{' 97 95.1| 13.9il 57[154.C 771271-7| 54.0
38] 37.3| 07.4{l 98| 96.1 19-1]] 58,155.¢ s 781272.7) 342
39| 38.3 07.61| 99| 97.1| 19.3!] 59:155.9 - 79(273-6) 54.4
49|_39.2| 07.8/1109| g8.1} 19.5] 60]156.9 8027461 54.6
41] 40.2] 08.cli101] 99.1f 19.7 16x:157.g 1281{275.6{ 54.8
2| 41 2{ 08.2, 02{100.0] 19.g/ 62158.g, 82/276.6/ 55.0
43! 42.2| 08.4f 03|101.0{ 20.1 63.599 || 83(277.6 55.2
44| 43.2} 08.6] oy|102.0| 20.3 64 160.8 71| 84{278.5| 55.4
45! 44.1] 08.8; 051103.0| 20.§ 65161.8 861279.5 55.6
46: 4511 09.0]| c6|to4.0l 20.71 66 162.8 i| 86/280.5 558
47i 46.1| 09.28 o7licg.g9] 20.9 67!|63 8] .34 871281.6|56.0
48) 47.1| 09.4[i 08l105.g} 21.13 681164.8 !| 88j282.5 56.2
49' 38.1] 09.6|l 0gl106.9{ 21.3 69|x6 .| i| 89i283.4] 56.4
;o' 499 09.$’ 1ofsor.at 215 7o !166.- 9‘_997&; 6.6

1291/285.3! 56.8

I ,oo og.glirti|to8g] 217311677

5:{ s1.0f 103 12]109.8] 21.9! 7»'168- 92|286.4! 57.0

§3i 52.0{ 10.2ll 13/110.8] 22.0} 731169.7 93:287.4! 5.2
22.2

928841 7.4
951289.3! 57.6
96,290.3) 57.7
97(291-34 57.9

54| 53.0f 10,54 141108 2 74,1707
H‘ 551 539 xo.,vI 15/112.8] 22.4| 75“7;5

56] s4.9] vo.qfi 16/115.8 22.6 ~617~ 6! 34.3]] 36
51 55.9 n,;r 17{114.8] 22.8 ~7|17,(‘ 34.54 37

s6.9| 113 18115.7] 23.0 78r17+¢ 347} 38 981292.3) 531
|s79 13l 1g)r16.y] 23210 79,175.¢} 34.9]| 39 99(293.3] 8.3
;88 1 201177 {80‘176.; 3511 40|235.4] 46.8(300{29.4.2] [535

i Dift Dep.t Lat. Dig! Dep.l Lat. -{l.l)il[ Dep. ]_‘[

"[F& Pl Points, f

D, ‘D:y Dep. Tat, LDiRt Dep.

TR



Tasre 1. Difference of Latitude and Departure for 1] Points,

E

.f Lat.

01.9]
01.9]
02.9]
03.9
04.9
05.8
96.8|
07.8]
08.7
10| 09.7
14] 10,9
12| 11.6
13| 12.6
14] 13.6)
151 14.6
16] 15
17| 16,
18 175
19] 18.4
20( 19.4
21} 20.4
22 21.3
23| 22.3
24| 2.3
251 21.3
28] 25.2
27] 26.2
28! 29,3
29| 28.1
30 29.3
31t 30.1
32| 310
33] 32.0
34} 33.0
35| 34.0
36} 34.9
37 35.9
38, 36.9
39{ 37.8
__49] 38.%

O N b B e

Dep.
00.2,
00.§
00.7:
01.0!
or.2
oLj
o017
org
02.2!
02}
02.7
ozg
03.2/
03.4
03.6:
03.9l
04.1
O4-4
04.6

6.8
Q7.0
073

07.5
c7.8
o8.0
08.3
08.5
08.7
09.0!
09.2

"1 39.8

2l 40.7
43) 41
44) 429
43| 43.7

- 46( 44.6)
47| 45.6
48| 46.6,
491 47.5]

31 9.4

50| 485

!Diﬁ
61
' 62,
| &
i1 64
| 65
i 66
67
68|
69
79

Duft.} Lat. {Dep.i Dttt Lar. Dq\.'

Lat.} Dep. |Ditt.{ Lat. |Dep
59.2| 14.8] 121]117.4]29.4
60.1] 15.11  22[rx8.3]29.6
6131 15.3] 23]119.3]29.9
62.1| 15.6] .24/120.3|30.1
63.1] 15.81 25/121.3(30.4
64.01 16.0| 26/122.2|30.6
635.0| 16.3| 27[123.2]30.9
66.0f 16.5| 28|124.2|31.
66.9! 16.83] 29125.1(31.3
67.9] 17.01 30'126.1[31.6]
68.9| 17.3] 131]127.1(31.8
69.8 17.5| 32128.0|32.1
70.8| 17.7 33129.0132.3
71.8] 18.01 34130.0[32.6
72.8] 18.2] 35131.0/32.8
73.71 18.51 361131.933.0]
747] 1871 371132933 3
75.7] 19-0f 38133.9/33.5
70.6] 19.2| 39/134.833.8
77.6} 19.4" 40 135.8{34.0]
78.6! 19.7} 141]136.8/34. 35
79:5] 19-9'1 42(137.7|34.5
80.5] 20.2] 43]138.734.7
S1.5| 20.4] 44/139.7|35.C
82.5] 20.7] 451140.7|35.2
83.4] 20.9] 461141.6/35.5
83.4] 21.0]  47/142.6{35.7
85.4) 21.8| 48143.6[36.0]
6.3} 21.61 49{144.536.2
87.3| 21.9] 50|145.5136.4
88.3) 22.0] 151]146.5136.7
89.2| 2z2.4 52:142.436.9
90.2 22.6/| §3:148.4i37.2
9r.zt 22,81 54l149.4i37.4
92.2 23.11 §5|150.4437.7
93.1f 23.3| §&{151-3137.9
94.1) 23.61 g-i152.3038.1
95-1| 23.81  38|153.5/38.
96 0| 23.1| s0l154.2
97.0{ 24.31 60/135.2
98.01 24.5.| 161j156.2 ’
98.9} 24.8! 2157143
99.9) 25.0 63l1s8.1
100.9| 235.31 64l159.1
1014 25.51 63j160.1
102.8] 25.8i1 66y161.0
103.8] 26.0 6-[162.0
104.8 26.2: 68]163.0
105.7| 26.5;| 69}163.9]

181175.6144.0 241{233.8{¢8.6 |
82l176.5144.21  42/234.7(58.8 |,
83l177.5laa-5 asl235915g.0
84l178. 5044711 4423690593

« 851170.5145.01  451237.9159.5
86[180.4/ 45.2‘{ 46/23%.6 59.8
871181.4145.41 471239.6|60 0
88182.4045.71l  4%|240.6{60.3 |/
89|183.3(45.9]| 49]241.5l60.5
90{181.3 .;»t_i_.z 591242.5(60.7
191[185.3146.41 2511243.5l610
92[186.2{16.7 2(244.4/61.2
93187.2146.01  531245.4161.5
94(188.2147.1 §41246.4161.7
95[189.2147.41  551247.4l62.0
96[190.11.47.61|  56{248.3162.2
97|191-147.9)|  57|249.3/62.4
98|192.148.1]  58j250.3152.7
99[193-045.41  §9i251.2162.9 |
200{19.4.0l48.6{| 60}252.7163.2
201[1935.048.8Y 261]253.2163.5.
©2(195.9149.1%  f2l254.1163.7
©5]196 9l49.3!  6sl255.1163.9
04]197.9{40.0}  64{256.1]64.1
05]198.9/49.8]  65/257.1161.4
06[199.8/50.1| 66/258.0{64.6 .
071200.8,50.3| 67/259.cl63.9
o¥{201.850.51 68|260.0/65.1
0y{202.7[50.8)  69)260.9/65.4.
10[203.7153.0{ 70{261.965.6
231{204.7[51.3.| 2711262.9{65.8 |
12{205.6/5 1.5 72/263.8[66.1 -
13,206.6151.8. 731264.8/66.3
1.4:207.6/62.04 74:265.8/66.6 |3
15i208.6152.27 75/266.8[66.8

161209.5 267.7|67.1
17:310.5)5 268.7/67.3
18i211.8 269.7167.5
‘19'213.4 27¢.6:67.8
20|213.4 271.6/68.0
b it paind
2232144 1[272.6,68.3
273-5168.5
274.5(68.8
275.5:69.0 !
25[118,3 276.569.2
26{219.2 277.4169.5 1}
27(220.2] 278.4169.7
28231.2 279.4|70.0
29l222. 70.2
30[223.1 70.5 §
:;”22.1‘..1 .3[70.7
3z225.C 2|71.0
2712
2|74

[For 62 Points.




Tssee L. Difference of Latitude and Departare for 11 Points.

I Dift.| Lat. |Dep.jDiit.) Lat. |Depej Duft.| Lat. \Dep.lIDigt.| Lat. {Dep.yiDikt.) Lat. .Dep.
1} 01.0{00.3] 61 17.70 121f81s5.8(35.0 181 |73.2152.5 241[230.6 70.0
2| 01.900.6| 62 8.0  22]116.7[35. 82 17+.zi52.8 42 231.6170.2
3| 02.9l00.9] 63 18.31  23{017.735.710  83§175.1153-1 43231.5170.;
4 o03.8lor.2] 63 £8.6)l 2p0018.7136.0| 84]176.153.41| 44{233-5{70.8
5| o4.8lor.3"| 63! 8.6t 25}119.636.311 $5177.0153.7]| 43]23+-517L-1
€| os.7lor7) 66| 63.219.2 26{120.636.61 86{178.054.0) 48]235.4714
7| 06.7l02.0] 6 9.4l 2-{i215i36.0)1 82 |7S.9}54.3 47{236.4,71.7
8| 07.7l02.31 68 9.5 28fr22.5[37.2)| $8}179.954.6l 48]237.3172.0
9] 08.6/02.6( 69 20.00  2¢l123.4[37.4]] 8g{180.9:54:0) 49}238.3/72-3
__ 10} 09.6 02.9! 70| 20-30  30l124.437.7)| 9of181.8i¢5.2)| 50{239.2/72.6
11| 10,5 o_;.z: 71 20.61 131]t25.4138.0)| 191}182.8{55.4]| 251[240.2{72.9
12| 11500351 72| 120-9lt  324126.3138.31]  924183.7i55.7|  52[241.1)73.2
13 12.403-3[ 73 ofzr.2  331127.3)38.6]| 931184.7156.0[1 §3]242.1{73.4
14] 13.4004.11 74 2551 244128.2138. 94{185.6/56.3|] = 54{243.1|73-7
15) 1330441 75§ 218 351129.2139. 95{186.6{56.6/f 551244.0{74.0
16 15.3j03.61] 76| 22.1)  364130.1]39.5)| 96{187.6[56.9|| 56]245.0{74-3
17} 16.3104.9, 7 224l 371131.539.8)| 97|188.5[57.2)] s57{245-9|74-6
18| 17.205.2ff 78 22.61 38{132.1040.1)l 98|189.5|57.5|  58]246.9{74-9
19} 18.2j05.511 7 22.91 39]133.0140.31 99|190.4{57.8] s9l247.8/75.2
29! 19.10035.8]| 80| 23.24 40 134.040.6! 200[191.4{s8.1{] 6 75-5
21} 20.1{06.1|| 81 5]23-5| 141]134.9[40.0f 201{192.3{58.3)| 261}249.8{75.8
22 21.1,06.4] 22| 23.81 42{135.9l41.2) 02]193.3/58.6|] 62{250.7|76.1
23 zz.ota&y 83| 79.42+1] 43]136.8l305]l 03(194.3{s8.9]| 63}251.7{76.3
23! 23.0007.0[i 84 244 44137.8141.8)y ©04f195.2]59.2]| 63}252.6{76.6
23| 23.9;97.3, 35 2390l 45{138.8l42.1] osli9b.2|59.5|| 65]253.6[76.9

26) 23.0l07.5|l 86 3125.00  461130.7{42.41 06]197.1159.8]] 66{254.5177.2 l
27| 25.8j07.81 87 z;,;‘ g:-1140.7142.7t  o7jtg8.1j6o.1}| 67}255.5{77-5
28| 26.8108.5)] 88 . 2,‘.;| 48]131.643.c5  08169.0/60.4]] 68]256.5i77.8
29 27.808.4/| 8o| 85. z,'.sl 49122.6/43. 200.060.7f| 69{257.3178.1
8. .1 143.5143- 201.0/61.0[] 7c|258.4}78-4
144.5]43 301.9i61.3{] 271]259.3|78.7
145344 1 20291615l 72{260.3|79.0
31146.404+-4] 13]203.8/61.8|] 73{261.2]79.2
sol147.- 47l 141204.862.1f  741262.2{79.5
s5{148.3l45.0! 15[205.7{62.9]] 75{263.2§79.8
56{149.5145.34 16{206.7[62.7)f 76{264.180.1
4 s7]150.2045.6]] 17]207.7163.0} 79]265.1[80.4
s8{1su.245.9ll 18208.6/63.3|] 78]|266.0{80.7
59152.2]46.2]| 191200.6[63.6]} 79/267.0[81.0

60{153.1|46.4l| 20}210.5l63.9lf 8%1267.9[81.3 ||
161{153.1{46.7]| 221}211.564.2]| 281)268.9[81.6
v 62f155.cl47.0)| 2z2212.4164.4} 821269.9/81.9
L 631156.0017.31)  231213.464.7)] 83;270.8{82.2
64156.9147.6/ 241214.2:65.0) 84l271.8/82.4
650157.9/47.91 25}215.365.3 S;Izyz.7 82.7
66/158.9148.211  26/216.3,65.6]| 86/273.7]33-0
67(i59.8 48.5' 27}217.265.9)  87|274.6 83.3
68160.8]48.8]l 28]218.2,66.2)f 88l275.6[83.6
69[161.7]10.1|| 29[219.1/66.5|] 89l276.6{33-9
70]162.7149.3l1  30/220.1|66.8]] 9o[277.5]%4.2
b 101{163.649.611 2511221.1(67. 8} 291|278.5{34.5
72{164.6(49.9) 32{222.0/67.3 92|279.4{84.8
25[165.6]50.2] 33]223.0{67.61 93{280.4{85.1
74[166.5150.511  3.8223.9/67.0)f 94{281.3/85.3
751167.5 50.8] 351224.968.2)| 95[282.3]85.6
76!168.4i51.1j|  36{225.8168.5[ ¢61283.3]85.9
s7:169.453.9ll 37]226.8168.8] 97]28.4.2[36.2
78]170:3 sryf| 38[227.8i69.1ff 982852186,
gy 79{17L.3 gz.ol 39{228.7,69.4){ 99[286.1{86.8
60| 357.4{17.41 29| Soir72.2152.3  40|229.7169.7]| 300l287.3187.1
Ditt.! Dep. !,:r.‘ Dift. ALat {|Dift.? Dep. 'Lat {iDift.| Dep.|Lat.

[For 6L Points.




Tasre J. Difference of Latitude and Departure for 1 Points.

'IDill. Lat. Dgp.Dift.) Lat. : Dep. 'Diit.[ Lot. | Dop. Dift, Lat. [Depp Dit.) Lat.

0.9 100.3]| 61| 7.4 20.6| 121{113.9] 40.8 [181f170.0l61.01 244|226y
01.9{00.7lf 62 58,& 20.9i 22{114.9| 41.1} 82lr71.461.5)) 42/227.9
oz28/oro] 63f 59.3] 21.2)| 23[115.8] 414 85l172.5161.7) 43|228.8
03.8. 0r3 64] 60.3] 21.6{| 24]116.8] 41.8/| 841173.2[62.0/l 44229.7
o4.7|01.7 65| 61.20 219l 23{117.7 4214 85i174.2[62.50  451230.7
05.6:01.0 66| 62.1] 22.2|| 26[118.6 42.4)| 86[175.1062.7 46/231.6

06.6;02.4- 67 63.1] 22.6] 27]119.6] 42.8|| 87{176.1]65.0 47|232.6 83.2
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07.5‘02.7‘| 68 63.0 22.0ff 28[120.5] 43.1]| 88{177.063.3]| 431233.5] 83.5
9| 08.5/03.01 69 65.0 23.2lf 2u]121.5| 43.5]| 89|r78.0163.7 4912344 83.9
10! 09.4:03.4] 70| 65.9| 23.0]| 30|122.3f 43.8| 9c|178.0/64.0] 501235 4] 4.2

11 |0.4i°3.7 71| 66.8] 23.9y 131/123.3] 44.1[1911179.5/64
12} 11.3:04.0 9y2| 67.8] 24.3)| 3:z|124.3] 44.5l| 92{130.8[64.
13] 12.2/04.4] 73| 68.7] 24.6| 33|125-2] 44.8]f o3{181.765.0] 53[238.2) 85.2
14 13.2,04.71 74 69.7] 24.9li 34{126.2] 45.1 oy 182.7165.4 s54|239.2| 85.6
15| 1451053 75 70.6) 25.3  35|t27.0 455 95]183.6/65.7  55|240-17 85.9
16} 15.1705.4]| 76] 71.6] 25.6( 36[128.0 45.8}| 96[184.5,66.01 56{241.0 86.2.
17| 16.0505.7| 771 72.5) 25.9f| 37|v29.0 46.2|| 97]185.5!66.41 57j242.0] 86.6
18 16.9:06.1)| 78] 73.4 26.3] 38l129.9{ 46.5|| 98]186.3,66.7]| s8242.0{ 86.9

3l 251/236.3 84.6
7| 52{237.3; 84.9

I 19| 17:9:06.4 79| 744 26.6/l 39[:30.9] 46.8) 99[187-4167.00 s59i245.9| 87.3
20; 18.8 06.7]| 80| 75.3] 27.0) 40{131.8 47.:@}@138.3 67.4] 60i244.8f 87.6
21 19.8,07.1) 81| 76.30 27.3| 141{¢32.8] 47.5{201 184316778 261]245.9| 87.9
22} 20.7{07.4| 82| 77.2| 27.6} 42{133.7] 47.8)| 02190.268.1}i 62;236.| 88.3
23| 21.7,07.7% 83| 78.1f 28.0f| 45l134. 48.1; 03]191.168.4) 63[247.6{ 88.6
24 21.6{08.1\ 84l 70.1| 28.3)1  44[135.6] 48.5'| 04{192.1168.7]1 64[248.6| 88.9
25l 23.508.4) 85| 80.0] 28.6)1 45136.5] 48.8]f os|193.ci60.11] 651249.5] 89.3
26 24.5i08.xl 86 81.0 29.0 46{137.5 49.2f O 19.4.069.4'| 6S|250.5] £9.6

87| 81.9! 293l 47138.4] 49.5'1 07{194.9{69.7|| 67]251.4f 89.9
28 26‘4109.4\ 88l 829| 29.6f 48{139.3 49.9'] 08[195.8j70.1) 68|252.3] 90.3

85| 83.8| 30.0)| 49[140.3 50.2 ) ogl196.8[70.4]l 69l253.3} 90.6
30| 28.2;10.1]| qof 84.7{ 30.3]| solr41.2| go.5] 10[197.7]70.7| 70|254.2| gL.O

31 29‘31‘10‘4! 91| 85.7 151[142.2 0.9 [211[t98.7i70. 10} 2711255.2( 91.3

32] 3c.1{10.8)| 92| 86.6 s2l1a3.1] sr.2d 121199.6[71.40 72|256.1f 91.6
33 3l.lill.li 93] 87.6 s3|14.1 51.5: 13[200.5[71.8)}  73l257.¢ 2.0
34 3’.‘..0:!L5 94| 88.5 s4l145.00 51.9i] 14l201.5)72.1fF  741258.9] 92.3
351 3301131 95 89.4 55|ra5.9] 52.2]f 151202.4f72.4]  751258.9! 2.6

36| 33.9.12.11 96| 9O.4
371 34.8:12.51 97] 91.3
38| 35.8112.8] o8] 92.3

56[14b.9] 52.6: 16/203.4|72.3 76/259.9 93.0
571147.8] 52.9)| 17|204.3|73.1]  77:260.8) 93.3
! | §8[148.8] 53.2:f 18[205.3173.4)f 782617, 93.7
39| 36.7;13-11 o9l 03-2f 35.4l golt49.7| 53.61 19/206.2173.8} 7gj262.5} g4.0
40 37.7:21.2&_; 60|150.6| 53.9]( 20[207.174.111 80[263.6| 94.3
1 41] 38.6:13.8} 101] 95.5) 34.0ff 161|150.6] 54.2)|221(208.1{74.5} 281|264.6 94.7

42] 39.3/14.1)l 02} g6.0 62{152.5] 54.6] 22|209.0[74.8]| 82]265.5 g35.0
43| go.5|14.51 03} 97.0f 3 63015351 s4.0ll 23j210.0l75.1 83266.5¢ 953
44 41a148] o4l 97.9 64115441 55.2|| 24210.9175.5]|  84267.4) 95.7
45 42.4/15-2) O 98.9; 65155.4] 55.6. 25211.8)75. 851268.3! g6.0
46 43.3,15.51 06| 99.8 66156.3| 55.9!1 26/212.8[76.1|| 86]260.3] 96.4
47 44.3115‘83 07{100.7 67137.2| 56.3)1 27]293.776.5li  87|270.2{ ¢6.7
48; 45.2,16.24 o8licr.y 68{158.2] 56.6)} 28/214.7]76.8]l 88271.2| ¢v.0
| 46.1]16.511  09{102.6

49 69|159.1 29/215.6/77.11  8gj272.1; 97.4
501 47.1/16.8] 101103.6 70[160.1 90{273.0{ 97.7
51 48,0017 2 IH|1°4-5 17116 1.0 291 27;—9 98.0

52! 49.0[37.5k 121105.5]
53 49.9/17.9, 15,1964,
54 0.8 18.2j1 1401073

724161.9 ;7,9! 320218.4)78.2)  g2[274.0] 984
73)162.9) 58.3t 331219.4178.¢] 931275.9 98.7
74{163.4] 58.6:1 341220.3]78.8) 94l276.8] gg.0
55t 5081851 15lio8.3 75[164.8] 59.01 35(221:3179.2]l 95l277.8} ¢9.4
56 52.7|18.91 16109.2 761165.5] 59.3| 361222.2]=9.51  ¢6l278.5| 99.7
57] §3.7)19-21 17,1102 39,45 770166~ §9.6}| 371223.1179.8| gvla%q.61100.4
583 54.6 lg.s‘l 180111 39.8 38|224.1(80.2}!  ¢8{280.6{100.4 ]
59' §5.6/19.91 1I9i112.0{ 40.1 39{2235.0180.5)1  gg28.5l100.7

60 56.5/20.2| 20!113.0] g0.4f! | 4ol226.0[80.0li 300|>82. ¢lior.1
Di:. D.p.i Lat. i Dep.! 1, ot.liDirt. | Dep.) Lat.. 1Dt Dep 1Tar 1107 T
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Tasre I Difference of Latitude and Departure for £ Points!

{IAR.{ Lat. | Dep. ‘ Dift. \ Lat. ' D:p.-l')iﬂ.; Lat.. Dep\ Dif} 1. at.

f | e —t—s -
1] 00.9] 00.4 61, 56.4y 23.3) 2111181463 181 2227
2{ oL.% 00.8 6"\ 57:3 23.7)] 22ir12.7146 7! 82| 2}223.6
3] 02.8) on.1i 631 58.2f z4.1|| 23/113.6147.1f 83 31224-5] 93.
4} 03.°} OL.5. 64 59.1f 24.50 24114.6/47)| Byiryo.of 7o.41 4412254 93.4
5| 04.6f o1 gw 65] 60.1) 2490 25/115.5147.8|| 85l170.9f 708} 45}226.41 93.8
6l 05.5] 02.31f 66 61.0f 25.3|| 26[116.4/48.2]| 86;170.8| 712\ 461227.5] 941
71 06.3 oz,‘ 67f 61.9] 25.6)| 27{117.2|138.6]l 87{172.8] 71.6} 47{228.2] 93.5
8] 07.4f 031 68 62.8| 26.0 281118.3|39.011 83|173.7 71.9E 4R81229.1} 94.9
9f 08.3f 03.4| 69: 63.7] 26.aff « 29]t19.2149 4/l 8al174.6] 723} 49{230.01 95.3
10} 09.2] 03.8i 79 64.7{ 26.8] _30[120.1l49.7f{ 90|175.¢ 72'73..5_5 231.0{ 95.7
11{ 10.2| 04.2i| 71| 65.6] 27.2{| 131{12].0{50.1 lgl 176.5) 73.11f 251{2371.9} 96.1
12| 11.3) c3.6] 72| 66.5] 27.61 32{122.0)50.58 921774 73-5; 2232.8} 96.4
13} 12.0f os.0ll 73| 67.3t 27.9ll 331t22.9]50.9| 93|178.3| 73.9% 53}233.7| 96.8
18] 12.6 054l 744 68.a] 28.3) 34/123.850.30 gH17g.2) 74.20 s4l234.7) 97.2
135, 15.] 03711 75| 69.31 28.7)1 3sir24ls7il 9slt180.2f 7460 5s5i235.6) 97.6
16} 14.8] ob.1| 76! 70.2| 29.1)| 36]125.6l52.0)| 96[181.1] 75.0} 56}236.5) 98.0
7] 15.9] o6l 77| 71.1] 29.5]l 37[128.6l52.41 97]182.0) 75.41 §7}237.4 98.3
18] 15.6| o6.gll 78] 72.1} 298]l 38127.5152.8]| 98]182.9] 75.8;} 58{258.4] 98.7
191 17.6; 07.3{1 79! 73.0f 30.2ll 39[128.4/53.2/l 99|183.9 76.2/f $91239.3| 99.1
20| 8.5} 077 80| 73.9 30.6 49(129.3 53.6 200 l_g.Ls 76.5ll 60 2492 99.5
21| 19.4] 0B.0f 1] 74.8 31.0 141]130.3154.0(|201]185.7 769' 261f241.1| 99.9
22| 20.31 o8.4)| 82| 75.8] 31 42{131.2{34.3] 02/186.6| 77.31 62{242.1]100.3
23 21.2f o8.8lf 83| 76.7 31.8 431132.1154.70 02]187.51 77.7}} 63}243.01100.6
24 22.2{ 0g.2( 84| 77.6 32.1|l 43]133.0{35.3}} O 188.5] 781} 64}243.9/r0r.0 1
26} 23 1| 09.6l 83| 78.5) 32.5|| 45/134.0155.5)1 05/189.4 "35 65j244.8101.4
28| 23.c] 0g.9) 86 79.5] 326 46134.9]55.9 &
29 24.9) 10.3)1 87| 8o.3! 35.31 47|135-836.3
28} 25.9} 10.7{| 88} 81.3f 33.7| 48;136.7{56.6
29{ .26.8} 11.1}]] 8| 82.2} 3411 49:137-7[57.0
30| 277} 1us|l 99| 83.1) 344} 50j138.6/57.4)

I

31| 28.6] 119 91| 84.1| 34.8)} 1511139.5
32| 29.6] 12.2] g2 85.0[ 35.2, 52{140.4|
33} 30.5) 12,6 93| 85.9| 35.6] s3j141.4
34| 3141 13.0| 94 86.3| 36.0F 54
Mo3s) 3231 134 93] 87.8] 36.4)
35! 33.30 13.8| 6] 88.7] 36.7
37] 342 142}l 97| 89.6] 373] 57/1435.0
375
37.9
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38 35.] 4sf 98 go.5
39] 36.0| 14911 99[ 91-5| 37 )
43| 37.0 15.3] 100} 924 38.5] 60 147.8

207 2
411 37.9] 15.7] 101] 93.3] 38.7} 161]148.7(61.6
42} 38.8] 161}l o2f 94.2{ 39.9] 62}149.7(62.0
43) 39.7) 16.5| ©3f 95.2] 39.4), 63150.6/62.4
a4 3071 16.8| oy 96.1) 398 641151.6162.8
4s{ 41.6] 17.2]] o3| 97.0f 40.2| 65{152.4/63.1
{ 46i 32.5] 176/ 0G| 97.9] 40.6f 66|153.4163.5
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Taste I Difference of Latitude and Departure for 2} Points.

iR L ot TDep [V Lat. | Dep, DIl Lar. Dep. Dify Lar_ | Dep. j Dift ¢ Lut. ) Dep,

1} o.0f o0.4i| 61 55.1}1 26.1{{121]109.4] 51.7} 181[163.6] 77.4 T241|217.9/103.0
2j or.8 00.9}) 62 sb.0| 26.5H{ 22f110.3] 52.2)| B2f16q.5] 77.8]| 42|218.4103.5
3l oz7) o3| 63f 57.0| 26.91] 23f111.2] 52.6]] 83l165.3] 78.2(] 4s5{219.5103.9
4l 03.6) 01.71 64| 57,01 27.4|| 241121 53.0!f R4l166.5) 7871 ga{z20.6l104.3
h :O4.5 0204 65l §8.8) 2780 25|t15.0 53.4| 85]167.2] 7y.v)j asf221.5104.8

05.4 02.6 66| 59.7] 28.2]| 26{r13.9] 53.0[| 86{168.1] 79.5{| 4b|222.4/105 2
06.3 03. °i 671 60.6| 28.6[1 27]113.8] 54.3)| 87{169.0f 80.0f| 47]223.5105.6
07.2{ 03.4t 68} 61.5) 29.1[1 281r15.7] 547l 881i6g.5] 80.4{| 48[324.2106.0
08.1] 03, 8| 691 62.4] 29.5| 29]116.6! 535.2 8gl170.0} 80.81] 49]|225.1106.5

09.0 04.51¢ 70| 63.3 29.9|l 39]117.5 55.61 9oj171.¢| 81.21| 50|226 0j106.9
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6|

7

8

9

1o -

110 09.91 0474 71] 63.2| 30.4l[137(118.4] S6.c| 191]172.7| 817}l 351|226.9[107.3
120 1081 05.31 72l 651} 308 320119.3 56:4) 92/173.¢| 8z1]| s2l227.8107.7
13 10.8) 05.61 73] 6h.0{ 31.2]| 33}:20.9] $6.9 93i174.5] B2.5]  g3l228.7{108.2
14 127 060 74} 66.9] 31.6{ 33itar 57‘l 921175.4] 82.9]| 54{229.€{108.6
1§

16}

17

18]

19

20|

13.6] 06.41 75l 6;.8] 321} 35[122 $7.70i 95176 3| 83.4]1 §51230.5/109.0
14.5] 068 76| 68.7 325t 36li22.0| §8.3)i gbli77.2| S38|| 56/231.9]109.5
1541 07.34 77| 69.6 32.9] 3-1123 §| 38.6 97l178.1] 84.2)| §7(|232.3]109.9
16.3] '3‘/\71 78( 7050 333 3%{124.5 So.cll ofli7g.c| S5 §8[233.2{110.3
A 081l 7ol 74l 335 39hi2sol Soql ggiizo.of 851l 592341107
18,1] 08.6 Ral 72.3 34211 401126.6] 59.9200{180.4] 85.51) 60Of235.¢]111.2
23| 19,0 09.0\| 81| 73.2| 34.6] 141{(27.:| Gora

3 g 45113111 62.0f 0s5{185.31 87.6{] 651239.6/113.3

26] 23.5 11.1 86 4hli32. 62.41 06!186.2| 83.1 66(240.5{113.7

274 24.4) 1h.gn 87

471132.¢] 62.g9] o7187.2] 88. 671241.4{114.2
28] 25.35| 12.0l1 88 % i 9 2o : 3

6| 481133.81 63.3( 08l188.c| 88.6|| 68|242.31146
1
5

73.2) 34.6] 141}127.5] 60,3520 [181.- ¥3g 261(235.0/111.6
22) 19.90 00.4it 82 4| 351 420128.4] 60.7l| 02!182.6] 86.;1] 62[236.8/112.0
23( 208 09.31 5:3 75-01 35.5) 431129.31 61.1) 03(183.5] 86.8]| 63{237.7{r12.4
2y 20of 0350 84l 759l 35,9 44)130.2] 61.6| 03'184.3] 87.2 64233-7”7-~9
231 22.60 10,5t 85§ 76.% 3
777
78.6!
9.6

29f 26.2{ 12.41) 8q| 80.3 49113471 63.7] 09/188.4{ 89.4{| 6yl243.2{t15.0
39{ 27.3) 12.8l] gqof $1.4 51 _504135.6) 641} 10]18g.¢{ 8g.x 70|24 1|11 5.4
3 28.cf 13.3} gt 82.3] 38.9] 151 1365 64.6;1—1 .;E? go.2{] 271[245.¢cl115.9
32 2891 13.7)| 92| 83.2| 39.3] 520137.3 65.c|| 12[191.6] go.6]| 72|245.9|116.3
33} 29-8] 1404 93| 84.1f 39.8] 53 138,31 65.4) 13]192.5] 911 73]246.8]016.7
341 3071 15l g4 Bs.0f 4021l s4l139.2| 658l 130193.5] 91.5|| 7247|172

331 31.6) 1508 93| 85.91 4061 55\140.1) 66.30 15l194.4] 91.9]| 73|248.6[117.6
36| 3250 15.4) o6l 86.8] y1.0l S6iigrc 66.:3 ‘g195~3 92 4|| 76l240.51180
37 33.4) 1580 g7 87.9) qrs) goliqnof 6704 o 196.2} 92.8]| 77l250.4/118.4
| 3B} 34.4f 162} ok 88.6 41.9| 58lt42f| 67,6 18{t97.1{ 93.2|| 78l251.3118.9
139 35:3] 1670 g9l Sa.5) 42.31 59143+ 6R.cfl 19]1g8.c] g3 9|252.2|119.3
i_i.: 382 170} 109 904} 428 _5'346 6.4t 20}198.9{ 94.1 0j253.{119.7
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44 398 18.8) oyl 940l q45|| 64l148.3) 01|l 2ylzons| 95.8]] Bi236.s|12ra
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46) 41.60 19,70 o6] 95.8] 45.3] 71.cl| 26[204.3} 96.6 861258.5/122.3
47| 42.5] 20,1 07f 96.7} 43 s1.4ll 27l205.2] 971 8~1259.4{122.7
48} 43.4) 20.5] o8] 97.6] 46.% 681151l 71.8ll 28[206.1] 97.5!| 88260.3 123.1
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28.1 124.51 92,311 15l172.90128.11 7:|22¢.9]163.8
23.9 125.3] 92.9f 16l173.5128.541 76[221.7]164.4

7| 29.7 570026, | 93511 1711745112951} 77[222.5]165.0
30.5 8126.9{ 9.4.1f| 18] 1753 129.4} 78}223.51165.6
31.3 127.71 94.7] . 224.1(166,2

128.5 93.3 224.9/166.8
129.31 954 ' 7]167.4
130.11 g6_5 132 51168.0
130.91 97.1 3 a3z 168.6
13071 97,7 20,179.9/133

4

85]228.91169.8

132.54 98.31} 25;180.7113 3
; 801229.71170.4

133.31 98.9|| 26{(81.5/¢34.
13419 99.5{) 27j182.31135.2i| $7]230.5{171.0
t34.97100.1f| 28183.1)135.43| 88j231.3]171.6
135.71100.54| 2¢}183.9{136.4|} 8gpa32.11172.2
136.54101.31| 30l184.50137.clj 92f232.91172.8

i 84]228.1{169.2
t

51 137-3%i01.g| 231} 1855/ 137.6||293{233.7 173.3
52 138.2h102.511 320186.3]138.2)! 921234511739
$3 3}139:l103. 1 35\ 18703881 931235311743
54 €59:81103.511 341t88.01139.41 94236.1]175.3
35 51140-6104.2)1 351188.8]150.cly 9351236.91175.7
56 141.41104.51] 36{1184.6 140.6% 96,237.71176.3
5% 142.2}105.411 3-1190.41141.2:0 97|238.6}176.9 !
¢ flrg3.cliobcl| 3t1greasr.t | 98)239.41177.5
50 5i1.43-811006.6{] 36{192. 0‘14'»41 ggl240.2|178.1
6¢] €] AR 144 € lO" 2i_sclia2. ‘(1147 m,o., 24!.5?17&7
D | ool Lo J{D &) Depl Tar l .

o i oot oy



“Tasre 1. Difierence of Latitude and Departure for 3% Points,
—

Dift | Laty Deppindy Lat. Dep.JiDift, Lat.| Dep.||Dift] Lat. |Dep. IiDitt} Lat.[Dep.
T 00.81 oo.o] o1f 47.2] 38.7/t 123} 93.5] 76.8[1181|139.9[t54.8]|241[186.3|152.9
2| or.5] OL.3 62] 47.9| 39.3|| 22| 94.3 77.4] 82]140.7v15.5|| 42(187.5}153.5
3} 0z.3| or.gl] 63] 48.7 40.0l 23t gs.1] 78.0ff 8314151163 43]187.8[154.2
4] 03.1] oz.5( 64 49.5| 4.6l 241 95.9f 78.7(1 S4ft42-2{116.7[t 44{188.61154.8
5| 03.9] 032 65] 50.2| 41.2)| 25 96.6] 79.3)1 85l1a3.clr17.4]f 45289.4)155.4
6l 04.6] 03.8| 66 s10f 419l 26/ 97.4f 79.9f 86{143.8 118.0]| 46{190.2[156.1
7} 05.4] 01.4f] 67) 51.8] a25|l 27] 98.2 80.6f 87i144.6]118.6}1 47|190.91t56.7
g} ob.2] 05.1]| 68] 5.6} 43.1{l 28} 3.9 Sr.2fl 88lr45.30r19.3]1 481191711573
of 07.0| 05.7|] 69| 53-3| 43.8| 29| 99.7] 81.8] 8Bg|rab.1)t19.9]| 45 192.5[158.0
1¢ 077 06.31| 70 §4.1 44-4f| 30/100.5| B2.5|l 9o|r46.9120.5 50]193-3758.6

11| o3.35] 07.0l| 71} 54-9| 45.0f 131| 101.3} 83.1lisg1|147.6|121.2][251/194.0159.2
12) 09.3] 07.6|! 72| §5.7| 45.7|| 32|102.0 83.7|| 92[148.4)r21.8)| 52194.81159.9
33] 10.0f 08.2} 73 56.4] 46.3] 331502.8 84.4l| 93]149.2j122.4) s3{195.6[160.5
13} 10.8] o8.9f 74} 57.2) 46.9(| 34103.6 85.0/l 94ft50.0(r23.1)| 54f196.3}161.1
xs s1.6 09.3)! 75| 58.0| 47.6) 35|104.4 85.61l g95l150.7|1=3.7}i 55{197.11161.8
16] 12.4] 10.2)] 76| 58.7] 48.2§ 36/105.1) 86.3l 96l151.5l124.3] 56{197.9{162.4
w9} 13.] 10.8) 771 59.51 48.81 371105.9) 86.9l g7|152.3125.0]f 57{198.7}163.0
18} 13.9] 11.4{ 78] 60.3 49.5]l 38/ 106.7 87.5[l 98[153.sf1256 58199.4}163.7
19| 14.7) 12.3]| 79] 61.5f s0.1ll 39l107.4 88.2/f 9g[r53.8|126.2} 59[200.20164.3
20 155 12.7|] 8]61.8] 50.8] 40| 108.2| 88.8|i200{154.6{126.9| 60|201-0(164.9

| 16,20 13.3|| 81| 62.6] s1.4/ 141]109.0 89.4[| 201|155.4{127.5(201[201.8]165.6
22} 17.0] 13.0/| 82| 65.4] 52.0/l 42{109.8] go.1|l o2fr56.1f128. 1]l 62]202.5}166.2
23 17.8] 14.6]| 83 64.2 52.7] 43/ 110,50 go.7l O3(t56.9[128.8]} 63]203.3}166.8
240 18.6] 15.2] 84] 64.9) 53.3| 44 111.3) 914l 04[e57.7|129.4]] 64[204.1]167.5
25} 193] 15.0]} 85| 65.7| $3.9ll 45/ t12.1) g2.ofl O51i58.5j130.5)} 65/204.8/168.;
26f 20.1) 16,5y 86] 66.5) 54.6|| 46{112.9| 92.6[ 00[159.28130.7]| 66[205.6/763.,
2| 20.9 173}l 87| 67.3) 5.2 47 113.6) 93.3} O7|160.cj131.3) 671206-4]169
24 21.6] 17.8]1 88| 68.0 §5.8|| 48 114.4] 93.9]f 08[160.5132.0[ 68|207.2j170.¢
29] 224} 18.41] 8y] 68.81 6.5 49 115.2) 94.5] 09[161.6/132.6} 69{207.9]170.5
10| 23.2| 19.0|} 00| 60.6] 5711l s0l116.0 95.24 10]162.30133.2{| 70{208.7}171.3
31| 24.00 19.7(1 911 70.3 §7.7[1 1520 116.71 95.80211}163.1}133.9][271|209.5i175.9
32) 247 203[1 92| 71.0) $8.41 52{107.50 96,4} 12{163.9d134.5] 72|210.3}172.6
33] 25.5] 20.9 93} 71.9] 59.0}| 53| “8.3 97.5ff 13 164.7 135.1]| 73]288.0}173.2
3l 26.3] 21.6]] 94| 72.7] 59.6; s31139.0] 97.7l 14]165.4)(35.8( 74}211.8]173.8
335} 27.1] 22.2] 95| 73-4 60.34! 551119.8) 98,30 15166.2]136.4!| 75t212.6[174.5
36} 27.8] 22.8]| 96| 74.2} 60.9j! 56{120.6] 9g.cfj 161167.c]137.0,] 76[213-4{175-1
571 28.6] 23.51] 97| 75.0 6151 57|128.4f 99.6) 171167.7(137.7]1 77|214-1175-7
380 29.4 24-1); 98] 75.8] 62.2} s8122.11100.2f 18[:168.5}138.31f 78|214.9]176.4
3¢t 30.1] 24.7|| 99} 76.5! 62.81| s9li122.9[100.9] 19|169.3138.9i 79|215.7]177-0

' 47| 30.9] 25.4/[100f 77.3! 63.4f] 60j123.71101.5]] 20f170.1}1309.61| Roj216.4(177.6

| 1l 307 20.0[101] 78.1] 64|l 161]124.5[102.3]|221[170.8)140.2{[28 1 |217. 2[178.3

I 42} 32.5] 26.6][ 02| 78.8] 64.7 62|125.2102.8]f 22[171.6{130.81] 82/218.01178.9

i 43| 33.2| 27.3]} 03] 79-6{ 65.3|t 63]126.0(103.4 23}172.490x41.5|| 83]218.8}¢79.5

P 44t 34.0] 27.9] 04| Bo.4) 66.cll 64 126.81104.08 23{r73.2]142.1]} 84f219.5{180.2

i 45| 3.8 28.5]| o3| 81.2| 66.6)y 65{127.5h104.5)] 25]173.9/142.7]| 85l220.30180.8
48] 35.6 29.2| 06] Br.9] 67.2)| 66]128.31105.3 26]174.7[143.41| 86[221. 11814

35.3| 29.8}f 07] 82.7} 67.9]| 67 129.11105.9}l 271175.5]144.0{| 87)221.9}182.1

37.1| 30.5]| 08 83.5] 68.5|| 681129.0[106.6]| 28[176.2|144.6| 88[222.6/182.7

37-9 09| 84.3] 69.1] 69}130.6[107.2ff 29[177.0]145.3]] 8¢[223-4]183.3

K |_10] 85.0f 69.8 31.4{107.8{1 30[177.8}145.9]| 9c|224.2184.0

sl 39.4] 32.qfluea] ¥5.3] 7o.40i170)132.2)108.5]1235[178.6|146.5 ;_;;zz+.9|84.6

2| 40.2| 33.0f| 12| 86.6] 71.1}| 72/133.00109.4 32{179.3(142]| 92{225.7|185.2

53| 41.0 33.6/ 13} 87.qf 71.7|| 731133.7]109.8[f 33[180.1|147.8]] 93}226.5/185.9
saf 4v5| 343|| 14| 88.9) 7230 74134.5|110.4] 34/180.9]148.4[ 94f227.3]186.5
53| 42.5] 34.9if 15] 88.9f 73.cli 75/135.3{t3r0f 35/181.7|149.1{} 95{228-0/187.1
56| 43.3] 35.5) 16] B9.7} 73.6) 76/136.01t1.9( 36(182.4|149.7]| 9b[228-8]187.8

7| 44-1] 36.2)) 17) 90.4) 74.2)| 77/136.8{112.3{ 37183.2[150.4]| 97[229-6]188.4

58| 448 36.811 18] gr.2f 74.9f 78137.6|r12.9 38118%.0151.c]| g8lz30-4{189.0
59l 45.6 37.4|| s9f 92.00 75.5]| 79|138.4J113.6l 39/184.7[151.6{| gg[231.1]189.7
6| 464 381f| 20/ 928) 76.1) Roi139.3jt1g.2]| 43)185.5152.5)/300)231.91100-3

Dat| Dept Lat |[Dit] Depyf Lar.{IDitt] Dep.| Lac, [IDi]Dep. | Lar. [junt} Dep. | Lat.

(For 4% Poiats.
R

-,




Tante 1.

Difference of Latitude and Departure for g} Points,

M Lat. } Dep B:_ﬂ Lat. I)LP Dift) Lat.(T Dep. || Dif[ Lat. | Dep. ([Dift] Lat. Dep.
1 co.7} co.7i| 61 45.2) 410 121} 89.7/ 81.3|| 181{134.1|v215.6 f241]178.6/165.8
2 or.s or.3( 62 45.91 41.6(1 22| go.4l 81.9l| R2l134.9{122.2] 42)179.3162.5
3| 02.2f oz2.cf| 63| 46,7} 42.3)| 23 911} 82.6{| 83l135.6/122.9 || 43]|180.1163.2
4) 03.0 o2.7|l 64) 4741 43.0|| 24} g1.g| 83.3]| 84|136.3{123.6 | 44{180.8163.9
5| 03.7| 03.4| 65} 43.2 43.711 25| 92.6| 83.9|| 85l137.3{124.2 || 45181.5|164.5
6 04.4] 040l 66 48.9f 44.31 28| 93.4] 84.6]| 86{137.8/124.9| 46]182 3(165.2
7] 05-2 oa.7(| 62 49.6 45.0|f 27| 94.1] 85.3!| 85{138.6{125.6 || 47|183.0/165.9
8] 05.9 05.4|l 68| 50.4] 45.9]| 28] 94.8 85.0)| 8¢139.3[126.3 (| 48]185.8]166.¢
9| 06.71 o6.0ll 69 st.1| 46.31| 29! 95.6| 86.6|| 8of130.0126.9]| 49/184.5]167.2
10| 7.4 06.7|i 70| §1.c| 47.0f| 20| 96.3| 87.4]| gc|140.8}125.6[| s0185.2{167.¢
13} 03.2 07.41l 710 52.60 47.71i134] 97.1| B0 11| 141.5/128.3 |j251[186.0]168.6
12 o8.90 08.1if 72 53.3 48.4}1 32| 97.8] $5.6|! 02| 142.3128.5(| 52/286.7/169.2
131 09.61 08.74 73| s54.1 49.01| 33| 98.5| 89.3|| 935143.0120.6[| 53(187.5169.9
14 1044 09.41 741 54.8) 49.7{] 33 99.3] go.of| 94143.7|130.3|| 54{188.21170.6
Lsf 1nap ro.xy 750 55.6] 50.4|| 35[100.0f 90.7{| 9¢144.5231.0]| 55[3188.9[171.2
16} 119 10711 76 56.3) S1.0| 36(100.8| 91.3 o6l 145.2{131.6| 56[189.71171.9
.g 12.6 114l 971 5701 s1.9)) 3-lior.l gz.0l| g 146.0|132.3|| 57|190.4/172.6
18 138 1200 78} 5.8 524l 38023 92.9]| o8 146.7[133.0|| s8jror-2lizs3
Tol 143 12,81 79f 58.6) 531} 39 103.0} 93.31{ 95/147.41133-6}1 59:191.9/173.9
201 14.8 13.41| 80l 50.5 53.9 _400103.7) 94.0||20c| 148.2]134.3{|_60!192.61174.6
24} 15.6] st ll 81} 60.| 4.4} 1411045 94.7||[201|148.9]135.6][261(1934]175-3
22} 16.3) 14811 82 60.8| 5511 42fi05.2] 95.4|| 02|149.9135.7]| 62[1031|175.9
231 17.81 15.41| 831 61.5| 557\l 431106.0| 96.0l| 03 150.4/136.3]| 63l194.9[176.6
24| 17.8) 16.11| 84} 62.2} 56.4l 43]106.7] 96.7|| o3| 131.2137.0]| 64]195.6{177.3
25} (8,51 16,80 Bs 63.c) 7.1l 45(107.4] 97.4][ o3 151.0[137.7]| 65|196.4]178.0
261 19.31 1751 86 63.7] 57.8|| 46/108.2] 98.0 o6{152.6{138.3]] 66/197.1{178.6
271 20.0 1811l 871 64.5| 58.4| 47|108.9) 98.7{| 074133-4]139.0]| 67|197.8]179.3
28] 207} 1881t 88} 65.3) 5g.1 48(109.71 99.4| 08l154.1{139.7]|| 68[198.6/180.0
291 215 19.51 89| 65.0 59.84 49{110.4]100.1]] ogl154.9120.4 69|199.3]1%0.6
30} 22.2) 20.1{| 90| 66.7 604 sofr11.1{100.71| 10|155.6]141.0(| 70|200.1|181. 131.3
31| 23.0 20811 911 67.4] 61.1 151|tin.9l101.4{211|156.3|141.7 |27 1]200.8[132.0
321 23.7 21,51 92| 68.2) 61.8] s2|r12.60102.1|| 12|157.1|142.4 72[201.5(182.7
33 245 22.2i} 93} 68.9f 62.5/| 53[113.4{102.7|] 13]157.8{143.0 73]2023}183.3
34] 25.2| 22.8| 94f 69.6] 63.1| s4ix4.1]103.4]} 13]1358.6]s43.7]| 73{203.0/184.0
351 25.91 23.51| 95| 70.4| 63.8( sslrag8lr04.1}} 15{159.3]144.4]] 75|203-8184.7
36] 26.7| 24.21 96| 71.1 64.5|| 56/115.6{104.8]| 16]160.0(145.1 (| 76|204.5|185.4
371 27-4f 24811 971 71.9] 65.1 S7li16.3}105.4]| 15{160.8|145.7{| 77]205.2}186.0
38} 28.2) 25.5]1 081 72.6| 65.8] 58]r17.1]106.11 18 161.5/546.4|| 78|206.0(186.7
39] 28.9| 26.2)| 99| 73.4| 66.5{| 5or17.8]106.8]| 19162.3[147.1] 79}206.7/187.4
40| 29.8] 26.91[100| 731} 67.2]| Golr18.6{107.4{| 2c|163.0)147.7 80j207.5]188.0
411 30.4) 27,51 1103} 74.5] 67.8To1|119.3{108.1||221[163.8]148.4][281]208.2]10%.7
42] 31.3] 28.2(] 02} 75.6 68.51 62|120.c]108.8| 22]164.5/145.1]| 82{208.9189.4
43} 31.9| 28.9|| 03 76.5] 69.2|| 63(120.8{109.5|| 23]165.2[149.8|| 83]209.7|1g0.1
44| 32.6] 29.51| 04 77.1) 69.8)| 64[r21.5[110.1}| 24/166.0(150.4]| 84|210.4]190.7

1 451 33:3) 30.2|| 08} 77.8 7050l 65lr22.3110.8]{ 25{166.7\151.1| B5/211.2/I91.4

\46 34.11 30.9{| 06| 78.5} 71.2) 66 123.cltrL.5(] 26]167.5{t51.8{| 86211.9:192.1

i 47| 3-8 316 o7] 79.3} 71.9 <670123.7[112.2}) 271168.2{152.4]| 87|212.7192.7
48| 356 32.2{| 08) 8o.0f 72.5)l 68]124.5|112.8]] 28)168.9[153.1{| 88]213.4193.4

| 49| 363 32.9/] o9 80.8] 73.20l 6aj125.2|113.5]| 29|169.7]153.8] Roj214-1|194.1

' 0| 37.¢] 23.6]f 10] Br.g| 73. 3 t14.2f| 3chi70.4l154.5]) gof214.97104.8

i 51} 37.8] 34.2(115] 822 74 “trig8i|230f171.2}rg5.1 1291 zxsfx]n,,‘;
52{ 38.5 34.9|} 12} 83.c} 75. 115511 32/171.9[155.8|| 92[216.41196.1

' 531 39.3| 35:6|] 13] 83.9] 7%, 11624 33j172.6{156.5|: 93217 1“968

[ 54| 400l 36.3| 14} Basf 6. 116.9| 33}173-4]157.1 || 94f217.81197.4
55| 40.8) 36.9]} 15| $5.2] 55. Sluagsif 35|174-9|157-81] 95218 61193 1

I 56{ 41.5) 37.6|| 16| 86 ¢ 77-9l| 76[130.4{t18.2} 36{174.9158.5]] 96|219.31198.8

! g7t a22f 38.3)1 17) 86.] 78.64 77liz1.1|18.0{| 35|1y5.6]r59.2]] 97]220. 11199.5
s8] 43.<| 39.0) 18 87,40 79.2} 7813 0.¢[t19.5/| 38|176.3}159.8]} of 22082001

159 43.7] 39-6]| 19] 88.2 79.91l 791132.6{120.21| 3ci177.1]160.5 || 9g[221. ;2008

' 60| 44.51 40.31| 2c| 88.o 80.6! Rolr33.a{120.9|] ac 177.8,161.2 |30c{222.3 201§

Ligloep. | at. JiDutilep. {Lar. | DityDep. | Lac. |} DitijDep. | Lac. 1[0 )oep. | Lat.

i

(For 4% Points.




Fasie I

Difierence of fatitude and Departure for 4 Pointé

P— )
s ity Tat T ep. DIty Lot yDep. || Dity Lat. | Dep. [1D.fe| Lat. | Dep. [[DI[ Lat Dev |
E 1 00.5f co.7{| 61} 43.1f 43.1}|121} 85.6] 85.6 § 181{r28.0]128.0]| 241{172.4[170.4
z- On.4f o014} 62f 43.8] 43.8] 22f 836.3] 86.3§ B2j128.7]128.7}f g2jryraji7x.a
3{ oz.af o2.1] 63 34.5] 44-5|| 23] 87.0] 87.0} 83li20.4{120.4]| 43}171.8 171.8
4 02.8] 02.8} -64] 45.3} 45.31| 24| 87.9] 87.7% 84l1z0.10130.1{! g4}172.5]172.5
51 0251 03.51f 65] 46.c) 46.611 251 88 4| 88.4 | 85ir30.8130.8{| 4541732[173.2
i . 61 04.2) o4.2{f 66f 46.7] 46.7]| 26/ 89.1| 9.1} 86J13r.5l13n5]l 464173.6/175.9
71 94-9f 04.9 ﬁ' 47-4) 47-411 27| 89.8] 89.8 ¥ 87Mh132.20132.2] 4
8l o551 0571l 681 48.1} 48.1 ]| 28] go.5| go.5 ¥ 88lr32.9}r32.9]| 48
gl 06.9f cb.41| 6o} 48.8) 48.3)1 29l g1.2| 91.2§ 801133.6{133.6]| 49|
Io1 o) 0711l 70 49.51 #9511 39 ot-g] 91.9) 90(134.41134-4]| O
11} 07.8 07.8] 71 50.2) 50.2 {131] 92.6} 92.6 J 1g1135.1|135.1]| 251
12/ o8.5{ 08.5l} 72| 50.0] 50.9 2 93.3} 93.3§ 921135.8{135.8 1 52]
13} 09.2 0g.2| 731 51.6] 51.6][ 35 04.0 94.0} 95:136.5136.54 53
141 09.91 09.911 74} 52.3}) 52.3! 34 94.8 94.8§ 941137.21137.24 54
E5p 1061 10.61 75t §3-0f 53.0i] 35 9551 95-5] 95{137-9[137.9]t 55
16| 1.3} 1138 76 53 7) 55.7 ) 36} 96.2] 96.2¢ 96{138.6|138.6}1 g6
171 1200 12.0) 77} 54.4) s+4{ 37 959 - 7
18 12,50 120 78] 55.2f 552 38} 97.6
190 134 1340 79l 55.0f 5590 39 93.3
200 144 141 Ro| 6.6/ $6.6 I 49 99.0j
2y 1481 148l ¥5f 57.30 57.3 141 99.7
22 15.6f 15.60 82 58.C gs.ol 420120.4]
231 16.5[ 16.3% 83| $8.7] 58.7 | 431011
24| r17.0] 17.00F B4] 59-4| 59.-41 44fr151.8]
23| 17.7] 17.7)f 85t 60.1f 60.1{l 4s5h102.5
26| 18.4] 18.4|| 86 60.8‘ 60.81| 46{103.2
27! 19.1) 19.3]f 85| 61.5) 61531 47]103.9]
28| 19.8] 19.8} 88f 62.2] 62.21] 48{104.7]
29{ 20.54 20.54 89} 62.9f 62.91| 44/105.44
39| 21.2] 212 _93-63.6 63,61 sci106.1
3¢ 21.9] 21.9) g1f 64.3} 04.3111511106.8
32 22.6] 22.6|} 92] 635} 65.1[1 ¢2l107.5
33| 23-3| 23.3{| 93] 65 8] 65.8)1 s3l108.2)
34 24.0] 23.0 94| 66.51 66,511 54{108.9
35| 24.9) 24.71 95| 67.2] 67.2f 551109.6
B 360 23:50 255 96] 67.¢| 67.941 s6/110.3
»i 20.2| 26.21 97| 68.6} 63.6]! s7i111.0
F 38| 26.9| 26.91 98| 6g.3} 69.3|| s8|re1.7
39| 27.6| 27.6§ 99| 70.Cf 70.01| syf112.4
-4} 28.3] 28.3}100 70.~] 7071} 69 1131
41 29.0] 29.0|104| 71.4} 71-4{|101 113.8
2l 29.7} 29.7{ 02 72.3} 72.3 62| 1 14.6]
4t a3l 30.4] 30.4% o3t 72.8 72,81 631115.3
44] 31.1] 311l o4] 73.5] 73.5|} 64{t16.9)
4sf 308 31.8% o5 742} 742 63}i16.7
46} 32.5] 32.5) 06| 75.ct 75 0]| 66i117.4
47| 53] 33.2) o7l 757} 757} 67y
481 33.9 33.9 o8] 76.4} 76.44 68}118.8
49] 34.60 3.6 ogl 771} 77.1} 69}119.5
<ol 3¢.4| 35.4f 10} 77.8 ﬂ_?l _Topt20.2 162.6
s1) 3oa} 300111 78.5} 78:5{[ 171} 120.9| Q .
32| 36.8] 36.8)) 12} 79.2} 792 72i21.6l121.6 52i164.cl164.0 2
531 37.5] 3750 13f 79-9] 79-9|| 73y 22310223 331164.£1164.811 93
st 38.2] 3821 14] 806 80.6] 74]123.01123.011 341165.51165.54 9H
55l 38.00.28.91 15} B1.3] 8u.3 4 7sit23. 7237l 35 166.2]166.2[} 93
361 39 6| 39.6) 16 82.0f 82.0] 7612450 124.5 1 36:166.0[166.9]] 96
57l 40.3] 4038 17 $2.71 82.74l 7-ir2s.2{125.2 ) 37{167.6}167.61 9=
580 4t.of 4i.0f 18 83.4) 83.41 7§ 95 =34 98
sof 447 4t-7l 19 843t Ra 76 I 99|
69 42.4] 42.4)| 22| 849f B40]| Scir2 | 300j212.1:212.]
DutiDep. | Lat Dia{Dep. | Lat.fiDimi{Dep. DitiDep. | Lar:
- (For 4 Points.




Tasie 11, Difference of Latitmie and bcparture for 1 Degree.

e e
Dift| Lat.\Dep. ,Dift)Lat. [Dep. | Ditt.( Lat. |Dep. JDife jiers >Dep W Dift.) Lar. | Dep!
1| or.c| co.0ff 61) 61.0| o1.1|] 121|121.0] O2.1 T81]181.0 03.2 24114|.‘o‘o4.2"
2| 02.0] 00.0| 62] 62.0f or.1f| 22{132.,0] o2.1| §21182/0| 3.2/} 42{242.0/04.2]
3| ©3.0] co.1)| 63| 63.0] or.1 23i123.0f o2.1] 83}183.01 03.2} 43|243.0/04.2]
4] o4.0f 00.1|| 64| 64.0{ or1.1){ 24]124.0] 02.2} 84|184.0f 03.2]] 44|244.004.3
5| 0g.c] oo.1/f 6s5i 65.0 or.1)| 25{125.0] 02.2| 83/185.0] 03.2]| 45|245.0/04.3
6] ob.o| co.1{| 66] 66.0] o1.2|| 26/126.0] 02.2] 86]186.0] 03.2| 46!246.004.31
71 07.6| co.1i| 67| 67.0 o1.2 271127.0] 02.2( 87[187.0| 03.3] 47|247.0[c4-3!
8/ 08.cf 00.1/ 68| 68.0 or.a|| 28{128.0f 02.2] 83(188.0] 03.3]| 48[248.0/04.3.
9f 09.0 002!l 69; 69.0| o1.2]| 29|129.0| 02.3| 839|189 0| 03.3]| 49]249.0/04.3 ]
_10]_10.0 00.2| 70| 70.0| O1.2|| 30/130.0 02.3| 92|190:0f 03.3| §0/250.0/04-4
11| 11.0| co.2it 73| 71.0| o1. 134131.0[ 02.3 |ig1{191.0 . 2517‘,514004.45
12| 12.0] 0o.2{ 72| 72.0| o1 320132.0f 02.3] 92[192.0 521252 0044[
2.3

13] 13.0 00.2{| 73| 73.0| o1.
14{ 14.0} 0.2 74| 74.0} o1.
15| 15.0| 00.31f 75| 75.0| o1.

1340| 02.3| 94|194.0] 03.411 s54|254.004.4:
: 351135.0[ 02.4{ 95[195-0f 0341l §5/255.004.5

q 16f 16.0f 00.31 76| 76.0f o1. 36'136.0| 02.4] 06/t96.0] 03.4ll 56]256.0/94.5
17| 17.0) 0.3 771 77.0f O1 37(137.0| 02.4'| 97[197.0] 03.41| §7{257.0[04.§
18] 18.6} 00.31| 78| 78.0f or.4)f 38138.0] 024 98198.0 03,5} s8j258.004.5
19! 19.0f 00.3) 79| 79.0[ O1.4|| 39|139.0| 02.4]-99|199.0] O3.5|| 591259.0[°4-5
20| 20.0j 00 3i 80| 30.0] o1.4f| 40'140.0| 02.4|200[20¢.0 03.5|| 69j260.0l04.5
21] 21.0 004 31| 81.0 oty 1311410 02.5|Z01|201.0| ©3.5|| 261]261.0{04.6
22) 22.0] 00.4)| 82| 82.0f or.4i| 42!142.0] 02.5| 02|202.0} 03.5 62,262.004.6
23| 23.0| 0c.4!| 83| 83.0| or.ql| 43'143.0] 02.5] 03{203.0] 03.5]| 631263:0004.6
24] 24.cf 0o.4ll 84) Bg.0f or.s|| 44f144.0] 02.5 04204.0] 03.6/1 64]264.0/04.6

03.3
05.4
33:133.0] 02.3 93{193.0| 03.4; §3|253. 00441
03.4
03.4

W Lo W N
“w
+

25| 25.0] 00.4 85| 85.0f or.5l| 4sligs.0f 02.5| 05i2095.0] 03.6|[ 65|265.004.6
26| 26.c] 00.5|| 86] 86.0| 01.5|| 46]146.0] 02.5!| 06]206.0| 03.6/ 66]266.0/04.6
27{ 27,¢] 00.5|| 87| 87.0l ov.5ll 47l147.0f 02.6i] 07{207.0] 03.6 67]267.0l04.7
28] 28.0| 0o.5l| 88| 88.0] or.5|| 48[148.0] 02.6!) oBl208.0] 03.6l 6%4263.0[04.7
29| 29.¢| 005l 89/ 89.0] 0r.6|| 49|rag.0] 02.6!} 0gl209 of 03.6 69]269.0l04.7
_30] 300 00.5i| 9ol 90:0 01.6]| s0l150.0 02.6!| 10[210.0] 03.7|| 70|270.6(34.7

!
§

68[168.0f 02.9ll 28[228.0 o4.0ff 88f288.005.0
49! 49.c| 00.9{] 09[199.C| O1i. 69}169.0| ozg' 29(229.0| 04.0| 89|28¢.0l05.0
_{2 50.0| OC. ql ].OIIO-O& 701170.9| O3.0-iozio_.f) 04.0; 90| 190.0?_{:
51| 51.0| 009; wifii.of or.g —FI—' 171.0 53.0ll231|231.0] 04.0l] 291{291.0[05.1]
52| §2.c] 00.91 rzf112.0} 02.0lf 72l172.0] 03.0] 32{232.0 04.Cli 92{292.0{05.1
53| 53.c] 00.9'f 13}113.0| 02.0] 73{173:0 03.0( 33]233.0f S4.1l| 93|293.0105.1{}.
54] 54.C| 00.9if 14}114.0; 02.01| 74{174.0} o;o 34/234.9] 04.1 94{294.0[05. 1
§5: 35.-| 01.0} 154115.0 ;‘..o{ ,75{175.0] 03.1i] 35{235-0f 04.1 93]295.0[05.1
56! 56.c| onoll 16116.0] 02:0]- 76t76.0| 03.1)| 36/236.0] 04.1 - g6 zgé.ocg.z
57| 57.¢| or.o|| 17{117.0[ 02:0'l 77|177.0| ©3.1| 37|237-0 04-1]f 97|297.005.2
58] 38.0 o1.0f 18|r18.0 02.1'| 78lt78.0 03.1i| 38{238.0] 04.2|l 98208.005.2
59| 59.c| ©1.0)| 19]119.0 O2.3i 7g{r79.0' 03.1i| 39/239.0| 0424 991299 0[057.
60| 60,0 01.0] 20{120. c 0z. 021 8oj180.0 0% 1| 49 240.0| 04.2| 5.2
Dmﬁ:}f Lac. [tk Dcp La( Am Dep.  Lac. i |D:ﬁ t Dep. | Lat. "D .
Lo \ (For 89 Degrees. .

48] 48.0| 00.8} 08l198.0{ O1.

34 31.cf 00.5| 91f 91.0f OL.6]} 151{151.c| O2.6,{211{2L1.0] 03.7); 2711271.0[94.7
32| 3z.0] 00.6!| 92| 92.0| 01.6 s2)152.¢| 02.7]] 12/212.0] 03.7) 721272.0094.7 i
33| 33.0f ©00.6)| 93| 93.0] 01.6 §31153.0] 02.7/} 13|213.0} 03.7 73 273.0[04.8
34| 34.0] 00.6!| 94 94.0 01.6|| sali33.0| 02.7| 14]214.0| 0371l 74274.0[04.8
35| 35.0] 00.6{[ 95 95.0l o1.7|| 5|155.0] 02.7|| 152150 03.8]l 75]275.0[04.8
36| 36.c 00.61 g6 96.0| 01.7|| 5blr56.0} 02.7]| 16{216.0| 03.8 761276.0[04.8
37| 37.cf 00.6]} g7{ 97.0] o1.9|] 37157.¢| 02.7)| ‘17[217:0| ©3.8) 77|277.0[04.8
38| 38.0] 00.7|l 98} 98.0f or.7|| 38]r58.¢c| 02.8]] 18/218.0] 03.81 78[278.0/04.9
39| 39.c] 00.7l] 99 99.0| or.7l| sg|159.0| 02.8f 19{279.0f 03.81 79]279.094.9
40| 40.0 00.7/[100[100.0} O1.7 6ol160.0] 02.8!| 2¢|220.0] 03.8]} 80{280.0[04.9
41| gi.c| co.7||torfr01.0] 01.8}1 161 [61.0| 02.8||z21|221.0] 03.9|l 281[281.0/o4.9
43| 42.0| ©0.7|| ©2|102.0] 01.8 62{162.c| 02.8|| 22{222.0f 03.9| 82{282.0[04.9
43 43.0] 00.8]| 03|103.0[ or1.8|] 63]163.0] 02.8] 23]|223.0f 03.9] 83(283.0/04.9
44| 44.0 00.8|| 04{104:0| 01.8|i 63/164.c| 02.9]l 24{224-0] 03.4l| 84|284/0c5.0
45| 45.c| 008l osi105.0] o1.8)i 65|165.0} 02.9|| 25/225.0] 03.9 851285.0[05.0
46| 46.c| 00.8|j 0b|106.0| o1.8[| 66]166.0| 02.9|| 26{226.0 03.9l| 86l286.0/05.0
47| 47.0| 00.8} 07{107.0! 01.9 7]167.0} 02.9)| 27|227.0f 04.C 87{287.0l05.0
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Tanre If.  Difference of Latitude and Depatture for 2 Degrees.

Dift., Lat.[Dep. (Dift, Lat.|Dep. fDiftf Lat, [Dep. Dift.|Lat, | Dep.yDiftfLat. | Dep.
11 01.0 co.ofi 61] 61.0] 02.1{l1211120.9] 04.2|| 181]180.9) 06.3 '241(240.9; 08.4
2| 02.0] 00.1| 62} 62.0] 02.2 22121.9] 04.3]] 82[181.9] 06.4]i 42{241.9| 08.4
3| 03.0] 00.1} 63| 63.0] 02.2| 23|122.9f 04.3 31182.9| 06.4} 43{242.9] 08.3
4} 04.0] 00.1l] 64 64.0| 02.2 24{123.9 04.3] 84{1835.9] 0b.4] 44]243.9] 03.5
s} c35.0 0o.2]| 65! 65.0 0231l 25/124.9| 04.4]| 85/184.9] 6.5}l 45244.9| 08.6
6| 06.0f co.2f 66] 66.0] 02.3|| 26[125.9] 04.4) 86/185.9] 06.5|| 46]245.9 08.6
7| 07:0] 00.2f 674 67.0] 023l 2-1126.9] 04.4l 87|186,9] 06.5ll 47]246.8] 08.6
§| o8.0] 00.3} 68| 68.0] 0z.4)| 25i127.9] 045 83[187.9f 06.6{ 48i247.8 08.7
of 09.0] 00.5}, 69| 69.0 02.4) 29128.9| 04.5] 89:188.9] 06.6}| 49]248.8| 8.7
10| 10.0f 09.3) 70| 70.0| 034} 30125.9| o4 5| 99 189.9] 06.6{| s0{249-8] 08.7
{11} 11.0] 71| 71.0] 02.5{131}130.9| 04.6l 191]igo.g| 06.51i251{250.8] 08.8
12} 12.0 72| 72.0| oz.5} 32{131.9] 04.6! 2l191.9] 06.7)i 52|251.8) 08.8
13] 13.0] 73| 73.0] 02.5}i 33|v32.9! 04 6] 93l192.9] 06.-]! 53l252.8] 038
14 14.0) 78} 740 026 34133.9| 04.7]f 94i193.9] 06.8} 541253.8 03.3

15.0} 75| 75.9] 02.6 33 134'9| 037!t 95l194.9] 068}t 55254.8 08.0
26| 76.0] 02.5]| 36{135.9l 94.7]] 96]195.9] 06.8| 5b|255-8] 08.9

771 77.0} 02.7]| 3-]136.9' 048] 97{196.9] 06.gfi 57{256.8| 09.0

78! 78.0] 02.7)| 38{137.9' 04.8}] 98}197.9] Ob.gll 58{257.8; 09.0
~9l 79.0f 52.8{ 301138.9} o4.9!l gg|198.9| 0.9l 50|258.8 09.0
80l 80.0f 02.8]| 30139.9| 019l 2001199.9] O7.0) 60f259.8] OY.1,

-l 81} 1.0} 0z.8[141{140.9; 019/ 201|2c0.9| 07.0ll261 og.t;
82{ 82.0] o2.9] 42[141.9] 05.0] o©2{z01.9| 07.0}l 62 09.¢!

260.8]
261.8

83| 82.9] 02.9! 43|132.9] c5.0ll ©03)202.9f 07.3}} 63[262.8} 09.2;
263.8
264.8]

84] 83.9f O2.9|| 4.4{t43.9] 05.0 ©04]203.9} 07-1}} 64f 09.2,
831 84.9] 03.0f 43{144-9| 05.1|| ©05204.9) 07-2]1 63 09.2,
86| 85.9| 03.0f 46|145.9] 05.1]| 06/205.9| O7.2f| 66/265.8! ©g.3'
87| 86.9] 03.0 47[146.9| 05.1}| ©7{206.9| 07.2}} 67]|266.8] 09-3,
$1147.9| 05.2] 08}207.9| 07.3‘ 68]267.8| 09.4

148.9] 05.2] 09i208.9] 07.3} 69{268.8] 09.3;

149.9] 05.2j1 10l209.9f 07.3ll 70|269.8; 09.4:

150.9] 03.3[] 211]210.9 07.4{|271[270.8 09.5}

156.g) 05.3)f 12)211.9] 07.4l 72{271.8] 0g.5

152.9! 05.3 13‘212.9 07.4]j 73]273.8] 0g.5:

'53~9’ os.4ll 14213.9| 07.5) 74273.8) 09.5:

154.9 054fl 1521491 07.5]| 75]274.8| 09.6'

155.9) 05.4)i 16;215.9] 07.5| 76(275.8] 09.6!

5-lrsb.of 0550 17|216.9] 07.68 77{276.8 09.7;

157.9] 05.5/i 18|217.9] 07.6{ 78j277.8) 097!

138.9] 05.51 191218.9 07.6{| 79|278.8| 09.7!

159.9| 05.6l 20l219.9} 077l 80[279.8f 09.8!

41| 410l or.4|1o1{100.9} 03.5/|161{160.9! ©3.6] 280.8| 0g.8;

i 42 42.0| o1.5 02/101.9{ 03.6{ 62|161.9! 05.7 281.8( 09.8
! 43| 43.0f o5l 03i102.9! 03.6" 63]162.9] 05.7 282.8} 09.9
i 44| 44.0] o1.5| 04,103.9{ 03.6. 64/163.9] O5.7 283.8] o9.9
i 431 45.0] 01.6}] o5i104.9] 03.7 65!164.91 05.8 284.8] 09.9
46] 46.0| o1.6 06,105.9} 03.7] 661165.9, 05.8 285.8) 10.0,
47| 47.0| 01.6{ o5j106.9] 03.71 67166.9! 05.8 286.8| 10.0'
k 48] 48.0] o171l 08:107.9] 03.8i| 68{167.9] 05.9] 287.81 10,1}
49| 49.0] o1.7] 0¢'108.9] 03.8i 69|163.9| 05.9 288.8| 10.17
__5C] §9.0] o1.7! _10.109.9 03.81 70|169.9| 05.9 ng.XJi.x;
st} s1.0 OLSI;IH;IIO.Q ©3.94171{170.9} 06.0] 290.8| 10.2!
52| 52.0| 01.8) 12/ 111.9] 03.94 72|171.9| 06.9) 291.8] 10.2;
531 53.0) 018 r3ixi2.9] 03.9] 73172 9| 06.0) 292.8] 10.2:
§4] s4.0f or.gl 13/113.91 04.0f 74i173.9) 061 293.8] 10.3}
55| 55.0| org 1519l 04.0] 75tt=4.9) 0.2 294.81 10.3;
56} 56.0] c2.0f 16'115.9] 040 76i175.9; 06.1 295.8] 10.3;
57| 57.0 02.0| 171116.9; 041 77I176.9] 06.2) 9-1296.8 xo..)!
58 58.0, oz.0i 18117.9f 04.1} 78{177.9] 06.2 297.8i 10.4
| 19'1:8.9] 04.2)] 79l178.9} 06.2 293.8] 10.4!]"

! 2011g.9| 042 80!179.9] 06.3: 40! 299-8) 105,

Lar. UDift|Dep. {Lat, |iDit.i Dep. 'Lat. |

3 I—)T(—}]Dep.

|
(For 88 Degrees. t
. |




Tasre 11,  Difference of Latitude and Departure for 3 Degrees,
Dift.y Lat.j Dep. D Lat. Lat. \Dep. Bift"jLat. 1 Dep.
Hor.of 00.1|| 61| 60.9] 03.2} 121}120.8 063 3' “181[180.8] 0y.5| z41(240.7] 12.6
2lo2.0] 00.1]| 62| 61.9[ 03.2] 22[121.8f 06. 41 820181.8) 09.5 42l24t.7f 12.7
3{03.0[ 00.2 63] 62.9l 03.3!1 23[122.8] c6.4l| 83182.7) 09.6] 43|243.7) 12.7
log.0| 00.2|| 63 63.9] 0331 24}123.8 b5 84[183.7) 9.6} 44243.7] 12.8
slos.c| 0o.3ll 65| 640 03.4ll 25i124.8) ob.5ii 85 184.7] 09.71  431244.7| 12.8
6lo6.c| 00.3]| 66| 65.9] 03.5]l 206]125.8| 06.6]l 86]185.7] 09.7) 4b6245.7} r2.9
7{07.0| ©0.4] 6-| 66.9] 03.5/l 27]126.8f 06.61 87|186.7 09.8| 47(246.7] 12.9
8loS.of 00.4|f 68| 67.9! 03.6|| 28]127.8] 06.7!! 8b 187.71 09.8] 48i247.7| 13.9]
l09.0| 00.5)| 69| 68.61 03.6{ 29)128.8 068l Byl188.7) 09.61 49 248.7( 13.0
10{10.0] oc.5ll =o| 69.9! 03.7]] 30{120.8{ 06.8 go|i189.7 99| 502497 30
11{11.0] 00.6 71| 70.9) 03.7|l 131{130.8] 0b.9 191|190.7} 10.0| 251|250.7 13 1
12|12.0] 00.6| 72| 71.9| 03.8| 32{131.8] ob.g 92|191.7| 10.0] s2f251.7} 33.2
13113.0] 00.71) 73| 72.9 03.8|l 33(132.8 o7.0f 93{r9z.7| 0.3 5312527 13.2
13)14.0f 00.71l 74{ 73.9} 03.9|| 34|133.8] 07.0)l 94i193.7) 10.21 54/253.7} 13.3
15it5.0] 00.81| 751 74.9) 03.9ll 35/134.8] o1l 951947 10.24 5512547} 13.3
1616.0] 00.8]| 76| 75.0| 04.0|| 36/135.8) 07.1)l 9bi195.7| 10.3] 561255.6] 13.4
17]17.0] co.gll 75| 76.9] 04.0 37{136.8] 07.2 o~ 196.7] 10.3] §7]256.6| 13.5
18118.0} 00.g|| 78] 77.9] 04.1]| 38l137.8 o7.2]l ¢8|197.7] 10.4] 5BI257.6) 13.5
19)19.0] or.0lf 79| 78.91 o041 39|138.81 07.30 99/198.7) 10.4] 59|258.6| 13.6
20}20.0] 01.0lf 80| 79.9| 04.2) 40{139.8] ©7.3i 20c|199.7] 10.5] &0[259.6! 13.6
21]21.0| O1.4| 81} ¥o.gj 04.2{] 141]140.8] 07.4] 201[200.7] 10.5| 261{260.6[ 13.7
22]22.0 or.2}| 82] 81.g] 04.3) 42{141.8] 07.4] o2]201.7] 10,6} 62{261.6{ 13.7
23|23.0] or.2ll 83l 32.9! 04301 43|142.8| 07.5] o03]202.3 10.6] 63 262,60 13.8
2424.0] o1.3|| 834 83.9 01.3] 44|142.8 07.5] 04{203.7| 10.7] 64|263.6] 13.8
25f25.¢f 0131l 85| 84.9] 04.4:1 45|744.8] 07.6] 05}204.7] 10.7 65|264.6] 13.9
26}26.0] o1.4|| 86{ 85.0f 04.5| 46/145.8] 07.6] 06|205.7| 10.8| 66}265.6] 13.9|
2v[27.0] o1.4]| 8] 86.9! 04.6] 45{146.8] 07.7] 07|206.7] 10.8] 67[266.6{ 14.0!
28]28.0] o1.5]| 88| 87.9| 04.61 43]147.8] 077 ©%|207.7] 10.9] 68|267.6 14.0
2g9]29.0] o1.5]l 8¢ 88.9; o047l 49{148.8) 07.5] og 208.7} 10.9] 60!268.6| 14.1
o| o1.6/| go| &¢ 89.9 047} 50 149.8] 07.9]l 16j209.7{ 11.0] 70[269.6{ 14.1
31]31.0{ O1.6)| g1 909 O 5‘ 151]150.8 07.9! 211{210.7] V1.0 271{270.6| 14. 2]
32|32.0 o1.7| 92| 91.9] 04.8| s2i151.8f o8.0l 1alziny| K1 2{271.6 14:
33)33.0 or.5l| 93] 92.9| 04.9] §3l152.8 o8l r3lzizpf 1ra 7302726 14.3]
34i34.0| o1.8]l 04| 93.9] o4.91 s4f{153.8) o8.th rgl215.7] 11.2p 74{273.6) 4.3
353500 o8]l g5l o4.9/ 05.01 ssi154.8] o8l astzrgg| 13l 751274.6] 14.4]
36{36.0] or.9ll 96| 95.9 05.01 56 155.8] o8.211 16{215.7 11.3] 76{275.6] 14.4
I 37136.9] o1.9{l 97| 90.9 o5l 57 156.8] oB.aif  17|216.91 11.g| 7~276.6] 14.5
38]37.9{ 02.0] 98| 97.9, 054 sRirgy.8l o8.31 18j217.70 114 78]277.6] 14.5]
39[38+9] 02.0i 9ol 98.91 05.21 s59[158.8] 08.3f 19{218.7] 11.5l 79|278.6! 14.6
40{39.9| 02.1(|100f 99.9) o;.z} 60]159.8| o8.4ff 20l219.9] 11.5] 8ol279.6] ¥4.7|f
o 40.9} 02.1[101]100.9| 05.3: 161{160.8] 08.4 221|220.7| 51.6| 281]280.6 14.7
42141.9| 02.2]| o2|101.9| 05.3 62/161.8] 0.5 222257 11.6] 82[281.6] 14.8
43l42.9] 02.3]} 031102.9| 05,41 63[162.8] oB.5l 23]222.9] yr.9| 83[282.6] 14.8{F
4443.9] 02-3|| 04{103.9] 05.4] 64]163.8] 08.6) 24|223.9] 11.91 841283.6] 14.9
45l44.9| 02.4{] 05104.9{ 05.5| 65/164.8] 08.6!l 2512247 11.8] 85:1284.6] 14.9|F
46/45.9] 02.4| 06{105.91 05.5| 66{165.8f 08,7l 26;225.9] 11.8] 86/285.6] 15.0
47]46.9] 02.5]| 0|106.9| 05.6| 67]166.8| 08.711 2712267} 11.9] 87:286.6] 15.0/¢
48147.9] 02.5il 08107.9! 03.71 68/167.8] 08.8% 28/227.7| 11.9] 88{287.6) 151}
49 48.9] 02.6)1 0g[108.9| 05.7] 69{168.8| 08.8 29[228.7] 12.0] 8g/288.6] 15.1(}F
50l49-9] ©2.61t 101109.8 05.8] 701169.3| 08.9 301229.7| 12.0] 90j289.6/ 152§
51|50.9f 0z.7|kisat110.8] 0.8 171]i70.8 “08. 91 231[236.7] 121 '?9”1 290.6] 1§.2 9
§2{s1.9] 0z2.7}] 12{r11.8} 05.91 72/171.8} 0g. 0( 32§2309) 12.1) g2{291.6{ 15.3
53[52.9) oz.&l 131128} 05.9| 73[172.8; 0.1} 33{232.7] 12.2] 93l292.6) 15.3 s
‘ 54153.9] 02.8|L 14{133.¥ c:o().ol 74{175.8) 0g.1j}  341233.7| 12.2| 94{293.6 15-4i}
55154-9) O2-9|f r5i114.8 06.07 751174.8) 0g.2 35123490 12.3] 95204.6] 15.4
56]55.9] 02.9(F 16|115.8 06.1| 76(175.8] 0g9.21 361235.7| 12.3 96/295.6] 15.§
57{56.9] ©3-0f| 17|116.8) o6.1)] 77i173.8} o9. 3 37236.7 12.4) 97{296.6} 15.5
58l57.9{ 03.0l) 18|117.8 o&z} 781177.8] og. 3 38 237.9| 12.5] 95]297.6] 15.6
59's8.9! 03-1{[ 19|118.8} 06,2 79{178.8 og. 4’ 39{238.7] r2.5} g9|298.6] 15.6)
50‘59 59-9 0‘! 1l 20}119.8| 06.3| _-83 179.8) ©q. 41 49]239.7| 12.6] 300/299.6] 15.7
Din.‘Depd - Lat ||DitDep. |Lar. \Dit.|Dep. | Lat. Dift. Dep. |Lat. | Dift. Dep. ‘Lar-
(For 87 Degress.  ib
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Tazie I1.7 Difference of Latitude and Departure for 4 ﬁegrees.

ift. Lat. jLep. Dik.! Lac i Dcp.‘ Dify Lat. | Dep.|Dift_Lat. | Dep.| Difty Lat. { Dep.

3 ! ©4.31,121{120.7, 08.4i 181]180.6] 12.6[ 241|240.4{ 16.8

04.31 22f121.7] 03.5l| 82|181.6] 12.5 42[241.4] 16.9

ol 23l122.9 08.6!| 84(182.6] 12.8{, 43242.4 17.0

.81 0351, 24!123.7} 08.6/ 84)183.6] 12.8)! 44{243.4| 17.0

48] o450 25122.7] 087l 8¢li84.| 12.9f} 45|244.4] 171

5.8) 4.6l 26{125.7 08.8)| 86/185.5} 13.0f! 46{245.4| 17.2

5.8| 047 27(126.7] o8.9[ 8711865 13.0|| 47|246.4] 17.2

7.8 0471 28127.7] o8.9)l 881187.5 13.1) 48(247.4| 17.3

8.8) 04.8{ 20{128.7| 09.0|| 89[188.3] 13.2|] 49|248.4] 174

23 1297} 09.4| 9o 180.3 133l sciodo-4 17:4

1307} 09.1{1g1{1g0.5| 13.3|251(250.4] 17.5

1317} 09.2[ g2l191.5) 13.4l 52(251.4| 17.6

132.7] 09.3)) 93]192.5) 13.5] 5§Jz;z,4 17.6

133.7] ©9-3} 94/193.5| 13-5: 54{253.4) 17-7

511347 09-4; 95{194-3| 13.6811 55]254.4] 17.3

135.7} ©9-5) 6]195.5| 13.7)i 562554 17.9

711367} 09.61) 97]196.5| 13.7 5-1256.4) 17.9

£37.7] 99-6i| 98}197.5 13.8} 58|257.4 18.0

138.7] 09.7i| 99]198.5] 13.9)| 59{258.4) 18.x

cli39.7) 09.8!20c]199.51 14.0; 60(25¢.4| 18.1

130.7| ©9.8;201/200.5 13.0},261|260.4) 18.2

- 2i141.7] ©g.9}| 02)201.3| 14.1f} 62]261.4; 18.3

9} or.fif 1142.9] 10.0] 034202.5) 14.2)| 63[262.4 18.3

9| °*-T’i . 143.6f 10.0] 04{203.3] LMT 64]263-4] 18.4

9; or.7 . 144.6] 10.1}| 051204.3) 14.3)) 65264.41 18.5

9, 01.8 . 145.6] 10.2f ©6|205.5| 14.4| 66[265.4] 18.6

271 26:9 o1.g . 146.6] 10.3] o7l206.5] 14.4: 67|266.3] 18.6
28| 27.9; 02.6" 88| 87.8; cb.1 481147.6 1034 08{267.5] 14.5 6%]267.3 18.7
29| 28.9| o2.c|l &g 88.8 cﬁ.z! 46{145.6] 10.4l] 0y[208.5 14.6’ 69268.3} 18.8

' 30 26.51 021l o9 Sq.8l r6.3) qolugvé 10,5y 10{209.54 14. _ﬁ=693ﬂ
1 31 399 . ‘1515150‘6 10.5{l2114210.5} 14.7} 271{270.3 18.9
! - 32 319 -4f; 32,151.6) 10,6 12{211.§ 14.Xl 72|271.3| 19.0
i 83] 32.9 8 353!:526 1071 13{212.5( 14.901 73[272.3| 19.0
34 3349 -6l 54015 . 19.1
_ 35| 349 6l 55 19.2
36] 35.9) || 56 19.3
371 369 -8 57 19.3
38| 37.9 5 19.4
3¢| 389 19.5
40| 39-9 195
41| 40.9] 02 gf 101}100.8, 19.6
42| 41.9]-02.9}| ©2l101.8 19.7°
43} 42.9] 03.0f o3li02.7 19.7
a4 43.9 031l oisozal . 19.8
45| 44.9] ©3.L1 og104.7( 07. iLs 5 19.9
49 4§,g 03.5; ©6,105.7| 07.4 ublﬁsé 11.6! 26{225.4| 153 361323 ;.g.g'

47| 4. - . . 15 7(286.3] 20.
48 47.2 15.9/| 88{287.3{ 20.x
49| 43.9 16.0!| 89[288.3( 20.2

. s0l 19.9 16.0| qcfz89.3| 20.2 ;
LY 16.1j293{290.3} 20.3 i}
i 52| Sig X 16.2)| g2|291.3] 20,4,
53] 52.9 . 16.3)| 93[292.3] 20.4
54} §3.9; 03. . 16311 94)293-3| 20.5
551 §+.9{ 03 . 16.41 g'5l294.3| 206!

I, 56| 55.9] 03. . 16.5| §6{295.31 20.6 ;
57| 56.9] o4 . . 3l 3 16.5)| 97{206.3] 20.77
i 58] s7.9) Eofl 18ix19.7] oR.2|| 781177.6| a2.4) 38|237.4] 16.6)| ¢8l297.3 20.8i
s9| 58.9f o4.1fi 19 118.7] ¢8.3]| 79/178.6) lz.;' 39{238.4] 16.7| 99|298.3 20.9
60o[ 59.9! 04.2fi 20'v19.7| 08.4fi Bolr7g. 12,60l 4ol239.4| 16.513001299.3| 20.9
Ditt.IDep. | Gar. | Dift.! Dep.l Lar. | 1211t Dep. Lar. I[Tﬁ Dep. | Lat. i Dep.) Lat.

(For 86 Degrees.
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Tante I, Difference of Latitude and Departure for 5 Degrees.

Dif. Lat.} Dep, Dift.) Lat.| Dep. |Dift] Laty Dep.!iDiftj Laty Dep.}Dify Lac, Dep.
1] or.0| co.1l| 61 60.8] o5.3 12K[120.4] 10.5l{181{180.3t 15.8: ;fx 240.1{ 21.0
2| 02.0] 00.2|| 62| 61.8] 05.4| 22[{121.5] 10.6]] 82{181.3] 15.9]l 42[241.1f 2¢.2
3| 03.0] 00.3|| 63| 62.8 05.5} 23]122.5] 10.7]l 83[182.3] 15.0ff 43j242.3} 21.2
a| 0a.0] 0o.3ll 63| 63.8] 05.8' 24{123.5] 10.8| 84|183-3] 16.0) 44]243.1} 21.3
5| 05.0 00-4’ 65| 64.8] 05.7il 25|124.5] 10.9!| 85]184.3] 16.1] 45]243.1 21.4
6| 0b.o| co.5ll 66f 65.7| 05.8]l 26{125.5 11.0ff 86/185.3) 16.21| 46245.1] 214
7] 07.0| 00.6|] 67| 66.7} 05.8: 27[126.5 11.1][ 87{186.3 16.3] 47\246.1f 21.5
8] o8.o 0o.7|l 68| 67.9| o5.9!| 28j127.5 11.2| 88|187.3) 16.4)l 48/247.1 21.6
o] 09.0] 00.8|| 69| 68.7| 06.0! 29]128.5| 11.2] 89|188.3] 16.5] 49|248.x} 217

10| 10,0} 9.9 70| 69.7 06.1{_32129.; 1.3 9ol189.3] 16.6]| s0i249.0] 21.8
11| 710, ©1.0|| 71| 70.7] 06.2.|131|130.5| tr.4/|191|790.3| 16.8]|231|250.0] 21.9
12| 12.0] oroff 72} 75| 06.3!| 32{131.5| 1r.5'| 92ir9r.3| 167}l 52|251.0 32.0
13| 13.0] orall 73t 72.7] o6.4l{ 33{132.3 11.6)| 93|192.3f 16.8)} 53)252.0 22.1
14] 13.9) ot.2il 74l 73.7| 06.4!| 34/133.5) 11.7| 94193.3] 16.9) 54253.0 22.T
15| 14.9| on.3ll 7s] 74.7] 065l 35(134.5] 11.8] 95|t94.3| r7.0ff 5sfz54.0] 222
15 15.9) o14] 78| 75.7] 06.6l| 36l135.5l 11.9)\.981195.3) 17.1}| 562550 223
17] 16,9} ox.5lt 77 76.7] 067 3701365 17.9| 971396.3| 17.2]| 57|256.0) 224
18] 17.9| 01.0/l 78| 77.7] 06.8 38|137.5| 12.0]| 98197.2} 17.3)} $8/257.0] 225
19 18.9) orgll 79! 78.7] o6.qlf 39|138.5| 12.1| 9ol198.2] 17.3|f Sol258.0] 22.6

20} 19.9{ O1.7 80| 79.7| 07.0||_49[139.5| 12.2,{200199.2| 17.4{| 65(259.0 22-7
21| 20.9! 0181 81| 8o.r| 07.1|1411140.5| 12.3[201}200.2] 17.3l|261]260.0] 22.7
22| 21.9) O1gll 82| 81.7| 07.1]] 42[141.5) 12.3] o2]201.2| 17.6]f 62)261.0f Z2.8
23] 22.9| 02,0l 83| $2.9| 07.2] 43|142.5| 12.5)| o3jz02.2] 17.7]1 63[262.¢] 22.9
23| 23.9] 02.3)] 84] 83.7] 07.3] 4+4|143.5| 12.6] 04203.2] 17.8
25| 24.9] 022} 35| 84.7] 07.4| 43]144.4] 12.6] 0gj204.2| 17.9,
26| 25.9{ 02.31 86| 85.7] 07.5| 46liag.4| 12.7)l 0b205.2] 13.0
27| 26.9| 02,41 87| 86.7] 07.6!| 471146.4 12.8 o07{206.2] 18.0
28] 27.9) 02.4)l 88| 87.7] 07.7l] 48{147.4] 12.9/| O8jz07.2) 18.1
29| 28.9) 02.5| 89| 88.7) 07.8|| 49/148.4 13.0/| O9i208.2| 18.2]

_ 39| 29-91 02.6) 00| 89.7| 07.8)l_59)149.4 13.1)| rolz09.2] 18.3
31| 30.9[ 02.7] 91| go.7| 07.9||154{150.4f 13.2]2111210.2] £3.4
32| 31.9| 02.8]] 92| g1.6! 08.0|l S2|15v.y 13.1,: 12(211.2] 18.¢
33| 32.9] 02.9| o3| 52.6] o8.1{| §3jr52.4! 33.3]| 131212.2 18.6
34| 33.00 03.0ll o3| 93.6] oR.2]l 54lr53.4! 13.4)| 14f213.2 187
351 34-9) ©3-5] 93] 94.6] 08.3]] 55[154.4 13.5: 15]274-2] 18.7
36 35.9] 03.1]} 96| 95.6] 08.4l| 56|r5s.ql 13.6] 16]215.2] 18.8
37} 36.9] 03.2i1 97| 96.6] 0B.5ll $71156.4 13,7, 17(216.2] 18.9
38] 37.9 03.3l1 98] 97.6] 2.5l $8&|r157.4) 13.8]] 18f217.2 19.0
39| 38.9! 03.4lf 99| 8.6 08.6)| 59l158.4 33.9.1 1912282} 1.1
40| 39.8] 03.51 100] 99.6| 08.7)| 69159.4j 13.9'| 20|219.2| 19.2,
41| 40.8] 03.6] 101]100.6| 08.81461]160.4 14.0!l221220.2| 19.3
12| 41.8) 0371 o2lrc1.6] 08.9l| 62]161.4] 15.1lf 22}221.2) 193
43| 42.8) 03.71] ©03|102.6] cg.0l| €31162.4 14.2] 237222.2| 19.4)|
a1 43.8] 03.8| o04|r03.6f og.1i| 641163.4] 1457} 24[223.3] 195
45| 44.8, 03.9! 051104.6] cg.2,| 65|164.4 14.4| 2512241 19.6
46] 45.8] 04.0y 06/105.6 cg.:l 661165.41 14.5 26{2235.1] 19.9
470 46.8] 041l 07l1c6.6} 09.3!| 07]166.4 14.6!| 27226.1] 19.8
48] 47 81 0q.21 08[107.6{ 0g.4!| 6% 167.4] 14.6]| 28{327.1] 19.9|
49| 48.8] 0431 oglic8.6| cg.5i| 69[168.4] 14.7:] 29i228.11 20.C
50| 49.8] 0a-4ll 30f10g.6, ©9.6|_7|169-4 13.8] 30{229.1) 2z0.c! . 3
51| 50.8 04.4/| 111(110.6! 09.7|[171]170.3] 14.9'|231{230.1] 20.1 291[2b0.¢ 25-4
52| 51.8) og.5lf  12{rr1.6l 098 72|171.3! 350 321231.7] 20.2}} 92 200.9] 25.4
53| 52.8] 04.6' 1301126 09.8! 731723 15.01] 33j232.3) 20.3) 93j291.9f 25.5
54] 53.8) 0g.7l xa[r13.6] og.9'l 74/173.3) 152 34[233.2) 20.44 94202. 23.6
55| 54.8] 048] 1siri.6l 10.0 75[172.5} 153" 35[234.1) 20.5 95293.6] 257 |
56| 55.8 049l 16{115.6) 10.1]| 76]175.3" 15.3]] 36{235.1f 20.6 96[294.9] 25.8
57| 56.8) 0s5.0i 17]116.6] 10.2)f 77}176.3 15.4] 37[236-1) 207} 9712956 5.9
58| 57.8} o5.1ll 18jr17.6 0.3 78[177.3, 15.51 38]237.1) 207 9%|206.¢f 26.0
59! 58.80 o5.1'| wgli1B.s| 0.4 79|178.5 15.6] 39;238.1 2244} 99j297-¢ 26.1

i 69} 59.8! 05.2] 20[119.5 105, _{*_C_’ 179.3) 15.71 40[23g.1| 20-¢ 3002331; 26.1

Ditt.! Dep.i Lac.Dit.] Dep.| Lat. 'Dit! Dep.| Lat. Wif i 4L




 Tazrell.

Difference of Latitude and Departure for 6 Degreas,

ensm———
Qiﬁn Lat.{ Dep., Dift.| Lat.} Dep.j|Dift; Lat.j Dep|Diftj Lat.| Dep.]|Dift Lat, _[iep_ l
il 01.0] 00.1 61 60.7| 06.4 121{2120.3| 12.6{{181j180.0] 18.9{/241]239.7| 25.2
af 02.0} co.2]| 62f 61.7] 06.51| 22{r21.3| 12.8|] 82{181.0] 19.0}| 42/240.7f 25.3
3} ©3.0] 00.311 63] 62.7{ 06.6|| 23{r22.3f 12.9|f 83|182.0| 19.1}| 43{241.7[ 25.4
4| 04.0] 00.4|| 64) 63.6{ 06.71 24{123.3| 13.0f 34]183.0{ 19.2|| 44/242.7] 25.5
5l 05.0f 0co.sll 63} 64.6] 06.8]1 25l124.3| 13.5{| 85]184.0 19.3}| 45|243.7] 25.6
6} 06.0] 00.6if 66| 65.6] 069l 26{125.3| 13.2[} 86]185.0| 19.4|| 46{244.7] 25.7
7| 07.0] 00.7|| 67| 66.6] 07.0/| 27|126.3| 13.3]] 87(186.0] 19.5| 47[245-6] 25.8
8| 08.0 00.8il 68| 67.6{ 07.1]| 28|127.3] 13.4 88{187.0] 19.7 48/246.6] 25.9
9| 09.0 00.9lf 69| 68.6f 07.2]| 29|128.3| 13.5|| 89[r88.0 19.8|| 49|247.6 26.0
10| 09.9{ ot.0ff 70| 69.6| 07.3|| 30{129.3| 13.6]| 9o{18g.0] 19.9|| 50! 248.6{ 26.1
12| 10.4f ota|| 71 70.6] 07.4l{131 1—333 '1—57 191{190.0] 20.0}l254{249.6 26.2
12| 11.9) 013l 72| 71.6| 07.5]] 32|131.3] 13.8|| 92/190.9] 20.1|| 52{250.6] 26.3
13} 129l on.4ll 73| 72.6] 07.6|| 331132.3 13.9|| 93(191.9] 20.2)| 5312516 26.4
U oxgf 13.90 onsli 74l 73.6) 07.7|1 34{133.3| 12.0f 94]192.9| 20.3]| 54{252.6] 26.6
v sl 14.90 016l 75| 74.6| 07.81) 35{134.3] 14.3}| 95(193.9] 20.4f| 55253.6| 26.7
©o16| 15.9) or.vft 76 75.6] 07.9l| 36[135.3) 14.2]} 96|194.9] 20.5} 56 254.6; 26.8
i 17} 16.9{"or.8)t 77| 76.6; 08.cl| 37[136.2| 14.3)| 97|195.9] 20.6}} 57 255.6] 26.9
18f 17.9} or.gli 78| 77.6| 08.2|! 38{137.2| 14.4{] 98l196.9] 20.7]| $8[256.8 27.0
, 19] 18.9] oz.0ll 79| 78.61 08.3{ 30|138.2| 14.5l| 99{197.9] 20.8)| 59}257.6] 27.1
20| 19.9] 02.1]f 80| 79.6 08.4|| 40|139.2| 14.6][200{198.9| 20.9{| 60{258.6| 27.2
21 20.9] oz.2) &1] 80.6| 08.5/t141j140.2| 14.7{|201|199.9] 21.0[|26% 259.6] 27.3
. 22f a1.g] 02.3]] 82/ 81.6| 08.6/| 42{141.2} 14.8]| 02[200.9| 21.1]| 62{260.6| 27.4
23] 22.9] oz.4l| 83| 82.5] 08.7)] 43{142.2{ 14.9]] 032019 21.2{| 63[261.6 27.5
©o24] 23.90 o259l 84 83.5{ 08.8]] 44(143.2 15.1}] 04]202.9] 21.3| 64 262.6{ 27.6
¥ 25] 249/ 02.6]j 85| 84.5} 08.9]] 45/144.2| 15.2]] 0s5[203.9] 21.4]} 652635 27.7
! 28] 25.90 02.7)| 88} 85.5] 09.c!| 46[145.2| 15.3]] 0Bj204.9| 21.5| 66{264.5 27.8
i 27] 26.9 02.8)] 87| 86.5) 0g.1j| 47{146.2] 15.3]| O7j205.9| 216} 67|265.5] 27.9
| 28 27.8 ozl 83 87.5) 09.2i| 48{147.2 15.5|l 08]206.9; 21.7 68|266.5 28.0
' 29| 28.8] 03.0/l Sg| 88.5] 09.51| 49|t48.2] 15.6{| 0gi207.9| 21.8] 69[267.5] 28.1
30| 29.8 03.1(| 00| 89.5] 09.4|| s0|r49.2] 15,9 10/208.8] 22.0f 70/268.5] 28.2
31{ 30.8 03.2 9l| 90.5} 09.§[11 51 lso.z_.;;; 211{209.8; 22.1|271/269.5] 28.3
32} 31.8 03.3]| 92} gt.§ 09.6( 52[t51.2 15.9| 12[210.8] 22.2| 72[270.5 28.4
330 328 03.4]| 93 92.5) 09.7f} §3152.2f 16.0]| 13[281.8] 22.3|) 73]271.5] 28.5
34} 33.8 03.6l 94, 93-5| 00.81} s4l153.2] 16.1]] 14j212.8] 22.4{ 74{272.5] 28.6
35} 3+.8 0351 931 94-5] 09.9|| s5{153.2] 16.2ff 15[213.8] 22.50t 75/273.5) 28.7
. 36 35.8| 03.8 96i 95.5| 10.6{] 56}155.1] 16.3]| 16]214.8] 22.6 761274.5 28.8
L, 371 36.8] 03.9) 97| 96.5] 10.1|} 57[156.1] 16.4f| 17{215.8] 22.7]l 77{275.5| 20.0
38} 37.8) 040l 9% 97.5) 10.2 581157.1] 16.5|| 18]216.8] 22.8}| 781276.5| 29.t
' 39| 38.8] 0q.1f| 99 98.5| 10-3]| s9l158.1] 16.6]] 19[217.8] 22.9ff 79:277.5| 29.2
49| 39.8] 04.2|| 100l 99.5| 10.5|} 60l159.1| 16.7)| 20[218.&] 23.0 10.'.‘7&5 20.3
- 41] 49.8] 04.3]] 101;100.4f 10.6{[161]160.1{ 16.8}221|219.8 23.1)281:279.51 20.4
42| 31.8] o441 ozl101.4f 10.7 6201611} 16.9 22[220.8{ 23.2| 82/280.5| 29.§
i 43| 42.8 o4.5|| 03,102.4] 10.8}} 63[162.1f 17.0] 23l221.8] 23.3)) 83/281.4] 29.6
< 44| 43.8 04.6]] 041103.4| 10.9| 64}163.4] 17.1f 24{222.8] 23.4]f B4[282.4) 29.7
45! 443 o4.7|| ©5:104.44 11.0}| 651642} 17.2] 25]223.8} 23-5[ 85{283.4] 29.8
46| 45.7] 04.8]l 0611054} 11.1]] 66{165.1} 57.4] 26l224.8f 23.6] 862844 29.9
47| 46.7] 049 o7l106.4 112l 670166.1] 17.5] 27]225.8] 23.7) &7 285.4y 30.0
48] 47.9] os.0fl 08i107.4| 11.3}| 68{167.1} ¥7.6] 28]226.8) 23.8}| 88{286.4] 30.1
49| 48.7| os.fl ©0g'108.4] 11.4|| 69[168.2f 17.7] 29[227.7 23,91 89/287.4] 30.2
50| 49.7| 05.2fl 19l109.4f 11.5 _70|169.1| 17.8] 30[228.7 24.0fl §0|288.4f 30.3
51| 50.9] 053l s1nrtou] 16f|171):70.1) 17.9F231j229.7] 24.1[291|289.4) 30.4
52| 517 os.4ff rrnraf 1ol 72({r70] 18.0f 32{230.7| 24.3)] 92{290.4] 30.5
53t s2.7) os.sll 13itiz.g) 1is)l 73072 18] 33)2310.7) 244 932914 30.6
54 53.7] 05-6F Y4134 1L.9l} 741173.0 18.24 341232.7] 3458 9H292.4( 307
ss| 547 057 15,114-4] 1201l 75ft74.0] 18.3f 35l233.7] 24.6}) 95(293.4] 30.8
56! 35.7] 0s5.9 16|ug.4 21| 76{175.0] 18.4] 36]234.7} 247} 96{204.4f 30.9
57| 56.7| o6.off 171364} 12.2)] 77]176.0 18.5| 37{235.7| 24.8{ 97/295.4] 31.0
58] 57.7| 063 18in7..; 12.3) 78}177.cl 18.6{ 38{236.7] 24.9]i 98i296.4} 31.1
59| 58.9| 06.2 191118.3 12.4{t 79|178.0f 18.7)l 39{237.7| 25.0} 99{297.4] 313
60| 59.7| 06.3]f z0:119.3] ¥2.5)i 80l179.0] 18.8]| 40[238.7] 25.1 E.‘les:"ﬂi
Ditt.| Dep.' Lat.|IDitt. Dep.l Lat, !Dutl Depl Lar.|Dittl Depdd Lat.} Diif} Dep.| Lat,
) {For 84 Degrees.
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Tazre 11, Difference of Latitude and Departure for 9 Degrees,

—

Lat.| Dep. Tift.| Lat.| Dep,
o1.0] 0o.1|| 61 60.5 07.44

B

Di Lat,) Dep/[|Diff] Lat.| Dep.
121(120.1] 14.7}:181]179.7] 22.1][241239.2| 29.4
02.0 co.2|| 62| 61.5) 076! 2z2|r21.1] 14.9]| 821180.6] 22.20l 42|240.2} 29.§

3

2]

3} 03.0] 0o.4f| 63} 62.5) o7.7lf 23f122.1] 15.0|| 83 181.6] 22.3[ 43(241.2{ 29.6
4 0a.0 co.s|| 64) 63.5) 07.8)1 24l123.1) 15.1]| 84[182.6} 22.4] 44|242.2| 29.7
5| o5.0l 00.6]] 65] 64.5| 07.9]] 25|124.1{ 15.2|| 85|183.6] 22.5) 45243.2} 29.9
6] 06.0] 0o.9|| 66} 65.5| 08.0 26/125.1] 15.4| 861184.6 2271 46244.2] 30.0
7| ©6.9] co.9|} 67| 66.5} o8. 27{126.1] 15.5]] 87[185.6] 22.8§ 47|245.2| 30.1
8] 07.9' ono|| 68 67.5] 08.3l| 28]127.0 15.6]| 88/186.6] 22.9f 48]246.2] 30.2
o| ©8.9] or.1l} 69| 68.5 08.4]l 29{128.0] 15.7}{ 89[187.6] 23.cf 49{247.1] 30.3
10} 09.9' or.2l| 70} 69.51 08,51l 30/129.0 15.81 90[188.6] 23.2) 5¢§248.1] 30.5

11} 10.9| o1.3{| 71| 70.5] 08.7|| 131{130.0 16.0} 191 189.6] 23.3]|2511249.1} 30.6
orsl| 2| 71.5| o8.8| 32[131.0] 16.1[! 921190.6] 23.4f s2i250.1] 30.7
orbll 73| 72.5 08.9]| 33|132.0] 16.2!1 93]r91.6} 23.50 532511 30.8
14 13.9/ o151 74 73.4-09.0| 34{133.0 16.3}| 94]192.6} 23.6] s4{252.1 31.0

18] 15.9 o1.9|| 76| 75.4| 09.3l 36j135.0f 16.6f 961194-5] 23.9
17) 16.9, 02|t 77| 76.4f 0.4l 37|136.0) 1671} 9711955} 24-
8 17.9' oz.2l] 78] 77.4 0g.5|| 38{137.0| 16.8]} 9Bl196.5| 24.1
19| 18.9 02.3j] 79| 78.4| 09.6]f 39[138.0] 16.9]! 9911975} 24-3
20| 19.9 0z2.4: 80| 79.4| 09.7 | 24.44 69
23| 20.8 02.6| 81| 80.4] 0g.gl| 141{139.9] 17-2| 201]199.5} 24.5}2611259.1 31.8
22 218 o2.9i} 82| 81.4] 50.0ll 42{240.9) 17.3|| oz}200.5] 24.6
23| 22.8, 02.8!] 83| 82.4 10.1) 43]141.9) 194 o3jz0r.5] 247}l 63261.0] 32.1
24| 23.8 o2.9!| 84| 83.4 10.2f| 44)142.9| 17-5}l 04{202.5} 24.9] 64262.0) 32.2
251 24.8! 03.0| 85| 84.4] 10.4] 45|143.9] 17-7¢ ©05203-5 25.0 65]263.0] 32.3

12) 11.9|
' 131 12,9
| 18| 1490 o8l 75| 744l 0gall  35)334.00 165 95]193.5 23.8
|
I

. 26 22- o03.2!] 88| 85.4] 10.5|| 46{143.9 17-8i 06|z04.5 25.1]} 66/264.0] 32.4
i 27) 2.8 03.311 87| 86.4] 10.6) 47|145.9] 17-9]| ©7{205-5] 25.2) 67 265.¢{ 32.5
28| 27.8 03.41 88| 3¢.31 10.7]| 48|146.9 18.0f 08j206.4! 25.3) 68]266.0 32.7

29| 28.8 o3.51l 8g| 88.3 10.8) 4911479 18.2| 0g}207.4 25.5| 69|267.0 32.8
30 19~3‘,£3_.Zi 90| 89.3} 11.0/ 50148.9! 18.3 10{208.4| 25.6 _7_162 32.9
31] 30.8 03.8/{ g1 90.3] 11.1|| 151}149.9] 18.4] 211]209.4 25.7[ 271{269.0] 33.0
32| 31.8 03.9 92| 91.3| 1L.2|] 52{150.9 18.5]0 12[210.4| 25.8 72270.0] 33.1
33] 32.8 04.0/] 93] 92.3| 11.3:] §3/151.9 18.6] 13]211.4] 26.0] 731271.0| 33.3
34, 33-7"‘ Oq.l‘ 04| 93+3] 11.5)] 54,152.9] 18.8) 14[212.4] 2610 74/272.0} 33-4
351 34.7: 0431 95| 94.3| 11.6 551153.8 18.91 15213.4f 26.2]} 75|273.01 33.§
36 35.7] 044 | 96| 953 11.7]| 56/154.8 19.0| 16/214.4) 26.3§ 76/273.9 33.6
37] 36.7| o4sl| 97| 96.3] 118l $71155.8] 19.1] 27|215.4) 26.4¢ 77/274.9] 338
38 377 04.6| o8l 97.3| 11.9|| 38[156.8) 39.3} 18[216.4) 26.61 78l275.9] 33.9
39 38-7! 048 9o 98.3| r2.1f| 50l157.8] 19.4) 19{217.4 26.7)| 79[276.0) 34.0
49| 397, 04.9!] 100 99.3| 12.3]| 60{158.8) 19.5/ 201218.4| 26.8) foj277.01 34.1
41} 40.7; 05.0{} 101{100.2| 32.3i| 161{159.8] 19.6) 221{219.4 26.9)|281]228.9] 34.2
47| 41.9] o5.all ozito1.2f 12.4]] 62 160.8) 197 22{220.3} 27.1 821279.9| 34.4
43) 4290 05.2] o3l102.2| 12.6| 63(161.8| 19.9)| 23[221.3} 27.2) 83]280.9} 34.5
44] 43.7) 03.41| o0al103.2| 12.7]| 64{162.8 20.0) 24[222.3} 27.3 841281.9{ 34.6
45| 40.7] 5.5/ oshog.2] 12.8] 65[163.8 20.)t 25(223.3] 27.4]l 851283.9] 34.7
45 45.7, 05.6/) ©6105.2 12.9, 66{164.8] 20.2 26]224.3] 27.5lt 86]283.9] 34.9
47| 46.6 ©5.9] o7|10b.2] x3.0 67(165.8] 20.4]l 27{225.3} 27.7) 7|284.9] 35.0
48] 47.6. 05.8{| o8j107.2 13.21f 68;166.7) 20.5 28{226.3] 27.8if 8%}285.0f 35.1
49! 43.6! 06.0 ogllus.z 13.3] 69l167.7] 20.6]t Z9|227.3} 27.9|| 89|286.8) 35.2
50} 49.6' 06.11] 10109.2) 13.41| 70[168.7, 20.70 30 228.3] 28.cll 9o[287.8) 35.3
51| 50.6; 06.2|| 111{110.2] 13.5{| 171(169.7] 20.8}231}229.3 28.2i291288.8} 3
52! 51.6, 06.5] 1a'trn.2| 13.6)° 72{170.7 21.0f, 32{230.3 28.311 92{289.8{ 35.
53] 52.6! 06.5|] x3i11z.2] 138l 73]171.7) 2007 3312303 23.41l 93|290.¢| 35.7
54 53.6i 06.6]| 13113.2| 139l 74fs72.7| 21.2] 34j232.3] 2854 94f201.8) 35.8
55l 54.6' 06.7|}  rglinga| 140l 75/173.7] 21.3} 351233.2 28.6]| 95/292.8[ 36.0
56| 55.6, 06.8)] 16;135.1] t4.af} 76[374.7| 20-4 36]334.2] 28.9 96293.§ 36.2
57, 56.6] 06.9/] 17116.1! 14.30) 7710757 21.6] 371235.2] 28.9ll 97[294.8] 36.2
58| 7.6 o1l 18117.1| 14.a{ 781767 21.71 38[236.2) 29.C)1 9¥l295.7) 36.
59! 58.65 07.2] 1911181 14.;} 79l177.71 21.8] 39[237.2] 29.1/| 99 296.8} 36 4!
562 59.6. 07.31| 20[119.1} 14.6/| 8ojr78.7 21.9 io"_s_’_‘__f,_’ﬁ_’ﬁ 297.4] 36.6
DU Dep Tar| B Depat Lat. D! Dep.Lat.| Dit] Dep.l Lae. i) Dépl Lac,
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Taste I1.  Difference of Latitude and Departure for 8 Degrees;

iy

il
Dift.tLat. y Dep.) Dift, Lat. | Lat.{ Dep, {Dilt] Lat. ‘Dep |{2ify Lat, [Dep.
e [ 2 e S| e ] ] [t e ==
"1 oro| 0o.5{| 61] 60.4} 08.5)[121]t19.8! 16.8 1idul179.2 25.2 )-4! 238.7] 33.5
2| 02.0] 00.3l} 62| 61.4] 08.6|! 22}120.8} 17.0] 82|180.21 25.31 42 239.6! 33.7
3| 03.0f 0o.4|] 63| 62.4] 08.8|| 23121.8] 1y.17} 83118t.2 25. 51 43]240.6 33.8
4| 04.0} 00.6|} 64f 63.4| 08.9 24]122.8] 17.31 84/182.2| 25.6 44 241.6] 34.0]
5| 05.0l co.7l| 65 61.4] 09.0l 25123.8f 17.4| 85|183.2| 25.7/f 45 242,6| 34.3
8| 05.9| 00.8|} 65 65.4 09.2|| 26i124.8) r7.5) 86!184.2) 25.9]| 46 243.6] 34.2
7 oro|] 67 66.3] 09.3)| 27]r25.8) 17.711 87/185.4! 26.0/ 47 244.6] 34.4]
H ot.1]| 64 67.3] 09.5| 28126.8| 17.8]] 88/186.2( 26.2!| 48(245.6| 34.§
9 o1.3|| 6g| 68.3] 09.8]| 29]r27.7| 18.01l 89|187.2| 26.3|| 49/246.6] 34-7
10 or.4i| 7¢| 6q.3 09.7 _3{2128.7 18.1 ‘93188,7. 2644 <] ﬂ_é 34.8
13 ors|l 71 70.3 09.9131{t29.7| 18.2{l191|18g.1] 26.6|{251(248.6] 34.9
12 ory{l 720 71.3] 10.0f 32/130.7] 18.4]| 92(190.1| 26.7| 52{249-5] 35-¥
13 or8ff 73 72.3] 102 33[131.7{ 1851 93l191.1} 26.9j| §3;250.5) 35.2
14 or.gff 74f 73.3] 10.35 34/132.7 18.6]| 94{192.1} 27.0ll s4l251.5 35.3
15 oz.tlf 751 74.3] 10.4}l 35}133.7) 18.8}} 9slre3.1] 27.1)f s5{z52.5f 35-5
16 oz2.2|} 76| 75.3| 10.6ff 36|133.7} 18.9lf 9bl194.1| 27.3t $6{253.5 35.6)
17 oz4ff 77} 76.3] 10.7]| 37|:35.7] 19.1)1 97]s95.1} 27.4lf s7|254-5} 35.8
18 o251 78] 77.3| 10.9]l 38}136.7| 19.2f| 98f196.1 27.6!| 58|255-5] 35.9
19 02.6|l 79l 78.2f 11.2f} 39|137.7} 19.3)\ 99]197.1] 27.7f §9{256.5| 36.0
20 028} #2) yg.2f 11.1f| 40[138.6| 19.5|[200]198. 1] 27.8)| 6ojz57.5) 36.2|
21 o2.9| 81} 80.2| 11.3[!141[139.6] 19.6}|201{199.0] "25.0{|261238.5] 36.3!
22 03.1}f 82f 81.2| r1.4|| 42{140.6] 19.8|| 02/200.0f 28.1}| 62]259.5 36.5
23 03.21] 83| 82.2) rr.6lf 43l141.6] 10.9| o3}201.0| 28.3l| 63]260.4] 36.6
24 03.3(1 84 83.2] 11.7]] 44{142.6] 20.0|| o4lz02.0 28.4f 64]261.4 36.7
25 03.5/| 85| 84.2 11.8} 45|143.6] 20.2| 05|203.0| 28.5] 65[262.4 36.9
26 03.6|] 86| 85.2 12.0| 46,144.6] z0.3|| 06 204.0/ 28.7 66 263.4] 37.0]
27 c3.8)] 87| 86.2] 12.1f| 47145.6] 20.5|| 07205.0] 28.8)| 67[264.4 37.2
28 c3.9/| 88] 87.1} 12.2f! 48/1.36.6] 20.6| 08/306.0| 28.9|| 68;265.4| 37.3
29 04.0{] 89| 88.1] 12.4]| 49|147.5| 20.7)| ©9{207.0| 29.1[| 69|266.4{ 37-4
30) o4.2/} gol 89.1f ra.5|i 50i148.5| 20.9]| 10]208.0} 29.2j| ~o[z67.4] 37.6
31 04.31] 91} 90.1] 12.7|}151|149.5] 21.0ll211208.9 29.4{|271|268.4] 37.7]
32| 04.5[] 92| 91.1} 12.8)] s2|150.5| 21.2f 12|209.9( 29.5l{ 72[269.4 37.9
33 04.61 931 92.1] 12.9]| §3frsr.5 2t.3]f 13{210.9, 29.6)| 73|270.3} 38.0
34 og.9|} 94t 93.1} 13.1| 54{152.5] z1.4)| 14j211.9] 29.8Y 74{271.3] 38.1
35 o4.9l} 95| 94.1] 13.2|| 55l153.5) 216}t 15la12.9 29.5)| 75[272.3| 38.3
36 05.0lf 96| 95.1] 13.4{] 56[t54.5] 21.7]| 16{213.9] 30.3]| 76]273.3] 38.4
37 os.al} g7} 96.1f 13.5)| 57ir55.5] 2r.9f 17]|212.9] 30.21 77[274.3] 38.6(}
38 05.31] 98 97.0] 13.6}| 58|156.5] 22.0 18{215.9] 30.3( 78|275.3 38.7
39 336 05.4| 9o} 98.0] 13.8]| s9|r57.5] 22.11 19[216.9| 30.5{l 79 276-3| 38.8
19| 39.6] 05.6{1100] 99.0} 13.lf 6olrsB.3} 22.3) 20{217.9f 30.6{| 8c|277.3] 3 I
41| 40.6 05.711101[100.0] 14.1][101}159.4 22.4]|221/218.8] 30.8[|281[278 3
42| 41.6 05.8}| ozfro1.0} 14.2]| 62{160.4f 22.5|| 22]219.8 .30.9] 82]274.3
43| 42.6] 06.01] 03]102.0| 14.3| 63}161.4} 22.7{| 231220.8| 31.cli 83 280.2
44] 43.6] 06.31] 04]103.01 14.5| 64{162.4¢ 22.8l 24{221.8 31.2ff 84 281.2
45| 44.6] 06.3] 0st10g4.0] 14.6] 65]163.4f 23.0l 251222.8} 31.3]| 85|282.2)
46| 45.6] 06.4/} 0bf1og. | 14.8|| 66164.4] 23.1)| 26/223.8] 31.5/| 86/283.2
47 46.5| 06.5|] o7l106.0] 14.9|| 67)165.4] 23-2i| 27 224.8] 371.6} 87[284.2
48] 47.5| 06.7]| o8|r06.9| t5.0]| 681166.4f 23.4i| 28j225. 8 31.7][ 88]285.2]
49| 48.5] 06.81 0gl107.9} 15.2]| 60167.4| 23.5l| 29]226.8 31.¢]| 89{236.2
50| 49-5|_©7-9) _1‘5108.9 15.3]] 70[168.3} 23.7 30]227.8} 32.c{| 90{287.2]
51| 50.50 ©7-4llciafiog.gf 15.4171{169.3] 23.8]1231]228.8) 32.14]29. 288.2]
521 §1.5] O7-2[) 12|110.9f 15.61] 72{170.3) 23.91 3%229,7| 32.3}} 92 189.5
53] s2.5f O7-4| 13{111.9) 15.7]} 7311713} 24 Il 331230.7 32.41 93{290.1]
4] 53.5) 075} ralexagl 15.9l| 74fi72.3; 2421 34i231.7| 32.6}f 94{291.1
ss| 5451 ©7-7|] 15]113.0f 16.C}} 75¢173-3 244/ 35|%32.7) 3274 9s|=92.1
56 55.5] 07:3|| 16it14.9] 16.1f| 76{174.3) 24.5 36/233.7 32.8{ ¢61203.1
571 56.3 ©7-9l1 171159} 16.3| 77}175.3] 24.6| 37/234.7] 33-0f 97[294-1
58| 57.4] O8-3)| 18}11b.g] 16,41 78}176.3] 24.8 38(7.35 .71 33-3j] 98]295.1
5ol 58.4-08.2|| rolir7.8] 16.6] 7011773} 34.9| 39'236.7) 33-3] 99{296.¢
62| 59.4| ©8-4] | 20 (tR.8} 16.9|| 80{178.2] 25.1j| 40'237.7; 33- 4‘300 297-1
Diitd Dep.| Lar.|{Dit] Dep.i Lat| [5ie} Dep,! Lat.fout Dep.iLat. IDit|Dep.

(For 82 Degrees,
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Tasce . Diference of Latitude and Departure for g Degrees.

Diftf Lat.,Dep. “Dil}. Lat. |Dep. {|Dift.[{Lat. (Dep. {Dift.{Lat, |Dep. Dift{Lat. ;Dcp.l

o1.0| oo. 61 60,2 0g.5|| 121{119.5! 18.9} 181717%.8] 28.3]l241|23%.0] 37.71
02.0] 00.3|| 62 61.2 09.7|| 22t20.5{ 19.1f 821179.8] 28.5]l 42)239.0 37.9]
03.0f oo.5|f 63] 62.2] 09. 23(121.5] lg.zi 83/180.7 28.6|( 43}240.0 38.0]
04.0] 00.6l 64 63.2) 10. 24|122.5] 19.4 84}181.7] 28.8|| 44i241.0/ 38.2
o4-9] 0o.8} 65 64.2f 10. 25{123.5] 19.6] 85]182.7] 28.9]| 45]242.0] 38.3
05.9| 00.gll 66/ 652 10.3! 26/124.4] 19.7)f 86{183.7| 20.1}f 46]243.0] 38.5
ob.gl or.1l 67| 66.2{ 1o.5l| 27l125.4] 19.9) 87|184.7| 29.3|| 47[244.0; 38.6
o7.9| or.3[ 68| 67.2| 10.6] 28}126.4] 20.0f 88[185.7 29.4)| 48]314.9| 38.8
08.9{ o1.4/| 69| 68.2] 10.8] 29g{t27.4] z0.2]l 891186.71 20.6/ 49{245.9( 39.0
19{ 09.9] 01.6{ 70| 60.1! 1.l 30[128.4] 20.3] 90}187.7] 29.7% 50|246.9] 39.1
11| 10.9| or.7ft 73] 70.3| ¥1f] x31{129.4] 20.5)| 191}188.6| 29.¢{l251}247.9] 30.3
12f 11.9{ ong|l 72| 711 su3ff 32[130.4] 20.6)f 92{r89.6[ 30.0f 521248.9| 39.4
13] 12.8) o2.0l| 73| 72.1| 1. 33{131.4] 20.8]| ¢3]190.6| 30.2}| §3{249.9! 39.6
14} 13.8 oz.2)l  74f 73-1) 1.6 34]132.4] 21.0l 94f191.6 30.3|| 54]250.9| 39-7
13 14‘8 02.3 750 741 117 354133.3] 21.1 95 |9z,6 30.54| 55]251.9 39.91
16) 15.8] casfi 76[ 75.1[ 119l 36{134.3] 21.3)l 96[193.6 30.7]| 56{252.8 40‘0‘
17] 16.8] 02,5l 77| 76.1] r2.0f 370135.3 21.4|| 97/194.6| 30.8§| 571253.8] 40.2
18] 17.8| 02.8)1 78| 77.0f 12,2 38{136.3] 21.6f 098li1g5.6| 31.0ll 58|254.8] 40.4
19| 18.8| 03.0f 79| 78.0| r2.4ff 39|137.3] 21.7| g9|196.5| 31.1|| 59[{255.8] 40§
mﬁﬁ,_l -E 79:9| 125 40{138.3! 21.9|| 200{197.5] 31.3[| 60|256.8{ 40.7
21| 20.9] 03.3l| 81| 80.0 12.9l 141{139.3] 22.1]| 201{198.5 31.4)261|257.8| 40.8
22| 21.7} 03.4|| 82| 81.0 12.8[ 42{140.3] 22.2] o2|199.5| 31.6{ 62{258.8] 41.0
23| 22.7] 03.6!| 83| 82.0] 13.0fl 43jt41.2} 22.4) o3l200:5] 31.8)| 63]259.8f 411
24| 23.7 03.8| 84| 83.0 130 44|142.2] 22,51 o3 201.5{ 31.9}f 64}260.7| 41.3
25| 24.7] 03.9{ 85| 84.0) 13.31  45]143.2f 22.74 0s{202.5} 32.1)] 65l261.7| 41.5
26| 25.7 o4,xi 86] 81.9| 13.5]l 46[144.2f 22.8% 06]203.5] 32.2|| 66]262.7] 41.6

O 0 O b B -

27| 26.7[ o4.2f| 87| 85.9| 13.61 47(|145.2] 23.0f 07{204.5| 32-4}} 67]263.7] 41.8
28] 27.7] 04.4| 88| 86.9| 13.81 48[146.2) 23.2)f ©8|205.4] 32.5|| -68}264.7 41.9
29| 28.6 04.5I 89| 87.9| 13.9 49|147.2| 23.3)l 09|206.4| 32.7|| 69[265.7[ 42.1
301 _zif_:)iy —iﬁisj.lil ~591_48~.z 23.5)  10[207.4] 32.9]| 70]266.7] 42.2
31} 30.6] 04.8] 91| 89.9| 14.2f| 151[149.1f 23.6]] 211[208.4) 33.0[|2711267.7] 42.4
32| 31.6) 05.0| 92| 90.9] 14.4|f 52[r50.1] 23.81 12]209.4| 33.2)| 72([268.7] 42.6
33| 32.6] 0s.2f 93| 91.9| 14,5l s3|ISLaf 23.91 13]210.4] 33.3|| 73|269.6 42.7
34| 33.60 05.3l 94] 92.8 14.7)l s4fr52.1] 2440 14|211.4] 33500 74l270.6| 42.9
35| 34.6 os.5l 95| 93.8| 14.94 §55[153.1] 24.2|] 15|a12.4| 33.6] 75{271.6] 43.0
36| 35.6( 05.6[l 96| 94.8 15.0l 56{154.1} 24.4[] 16{213.3 33.8| 76[272.6] 43.2
37| 36.50 05.8 97} 95.8| 15.2h s7(155.1( 24.6(l 17}214.3 33.9]| 77|273.6] 43.3
38] 37.5] 05.9|| 98] 96.8] 1530l $8l1s6.1| 24.7|l 18i215.3| 34.1){ 78{274.6] 43.5
39| 38.5} 06|l 99( 97.8] 155l 59[157.0) 24.9f 19216.3) 34.3|| 79|275.6] 45.6
_4‘0_39;;_02,-3 100| 98.8| 15.64 60[158.0 25.0fF 20[217.3| 34.4| 80[276.6| 43.8
41| 40.5] 06.4{ 101]| 99.8| 15.5l 161|159.01 25.2(| 221|218, 6{|281(277. -0
42| 41.5( 06.6| 02(100.7| 16.cll 62(160.0] 25.3/ 22 2,9_3 37 82 2;;5 ﬁ_,
43| 42.5) 067} 03jrory) 16.1fl 631161.0 25.5)l 231220.3] 34.91| 83(279.5| 44.3
a4} 43.5) 06.9ll o4l102.7[ 16.3)1 64/162.00 25.7)l 24i221.2] 35.00 84]280.5| 44.4
45( 44-4| 07.0|| ©5[103.7] 16.4| 65{163.0 25.8|| 2}222.2 35.1w 85(281.5| 44.6
46| 45.4| 07.2) 00[104.7) 16.6/f 66(164.0f 26.0ll 26[223.2} 35.4| 86|282.5| 44.7
47| 46.4| 07.4]! ©07[105.7| 167} 671164.9] 26.1) 27|224.2{ 35.5| 87(|283.5| 44.9
48| 47.4} 07.5 0Bltob.7| 16.gll 68]165.01 26.311 28l225.2| 35.7| 88|284.5| 45.1
49| 48.4f 07.71l 09|107.7| 17.13) 69]166.9] 26.4 29]226.2| 35.8| 89|285.4| 45.2
50} 49-4| 07.81 10|108.6] 17.2) 701167.9) 26.6|| 30{227.2| 36.0ff 90|288.4| 45.4

51| 50-4| o8.0f| 111/109.6| 17.4l} 171}168.9| 26.8|[ 231|228.2| 30.1]291|287. .
s2f sr.4] 08.11l 1201106 1751 72[169.9] 26.9!| 32[229.1 35_3 gz zgg: ii;
53| s2.3{ 8.3l x3|r10.6) 17.701 731470.9] 27.1|| 33|230.1| 36.4]| 93]289.4] 45.8
54| 53-31 o8.qll rajrrz.6f 17.80 74l171.9| 27.20 334|230, 36.6| 94l200.4] 46.0
55| 54.3] 08.6] 15|113.6 18.0| 75|172.8] 29.4)| 35|232.1] 36.8) 95 291.4] 46.1
56| 55.3) o8.8ll 161c14.61 18.0)|  76]173.8] 27,5l 36|233.4 36.9li 96|292.4] 46.3
57| 56.31 o8.0ll 171115.6l 185 771174.8] 2a7.7(| 371234.5] 37.3]\ 97]293.3] 46.5
581 57.3) og.1)l 18i116.5] 185 78j175.8) 278l 38l235.3| 37.2| 98|294.3] 46.6
59| 58.3 09.2)l 19|117.51 8.6l 79|176.8| 28.0 30|236.1| 37.4 99!295.3] 46.8
601 59.31 o9.all_ 2011185 188 ¥01177.8) 28.21 40|237.0) 37.5)300|206.3| 469
DiitlDep. |Lac, IDuit.1Dep. | Tat.VDitt. Dep. |Lat. |Difk. IDep. |Lat. 'DiftDep. 1Lat.

( For 81 Degrees,
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Tasre 11,

Difference of Latitude and Departute for 16 Degrees.
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16.7]
17.7
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19.7|
20.]
2175
22.7
23.6
24.6
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27.6|
28.6|
29.5

oo.2|| 61] 6c.1
00.3{[ 62] 61.1
00.5{ 63] 62.¢
0o.7) 64| 63.9
oo.9f 65 64.0
or.ofl 66; 65.0|
or.2fl 671 66.0
or.4l 68} 67.0
o1.6) 69| 63.0

oL.7ll 70| 68.9

| Lat,|

Dep|

orgll 71| 69.9
02.31 72| 70.9
0231 73| 71.9
o2.4} 74| 72.9
026 75| 73.9
02.81 76| 74.8
03.9 77} 75.8
3.1} 78} 76.8
03.311 79| 77.8
95| o) 76
0361 31| 79.8
03.8] 82; 80.8
04.¢[ 83| 81.7
04.2)i 84| 82,5
04.3)1 85| 83.7
04.5i| 86| 84.7
o4.7} 87| 857
04.9/ 83| 86.7
©s5.0 89/ 87.6
052}, go| 88.6]

142,

15.6

et
D

30.
315
32.5]

364

47.3)
48.3
49-2
50.2]
51.2
52.2|
§3.2
54-
551
§5.1
57.1
581

0.9

§9.1

Dep.

05.4/ 91| 89.6)
05.6: 92| 90.6
o;.ﬂ 93| 91.6]
03.9] 94 92.6)
06.11l 951 93.6
063} 961 94.5
06.4% 97 95.5
06.6]l 93 96.5
06-35 99; 97-§

i100| 98.5

16.8
17.0

17.4

Lat.

119.2f
120.1
121.1
122.1
123.3
124.1
123.7
126.1
127.0
128.0
129.0
130.0
131.0
132.9
132.9
133.9
134.9
135-9,
136.9
1379

Dep.

21.0!
21.2]

138.9
139.8
140.8
i41.8
142.8
143.8
144.8
145.8
146.7

_50)147-7

148.7
149.7
150.7
151.7
152.6
153.6
154.6
155.6
156.6]
157.6

07-111011 99.5
o7. 3] 2{100.§
07. 5] 3]101.4]
07.6/ o4{102.4
07.8) o, 103.4
08.0l 06|104.4
o8.2t 07j105.4
08.31 08ic6.4
085l ogl107.3
o8. 087l 19 108‘3
‘o8.g 9i it 109.3
09.0§f 12{110.3
0g.2)t 13l118.3
09.4)f 1¢i112.3
09.6{ 15{113.3
09.7 16{114.2]
09.91l r7l115.2]
0.1l 18/r16.2
10.2f| 19i117.2]
10.4{! 20 118.3]

17.5
17.7

18.1
18,2
18.4]
18.6
13.8
13.9
191
19.3

19.6
19.%
20.0
20.1
20.3
20.5
20.7
20.8

Lat.|/Citt. Dep.

Lac,

158.6
159.5
160.5
161.5
162.5
163.5

711645

165.9
166.4
167.4
168.4
169.4
170.4
1714
172.3
173.3
174.3
175.3
176.3
177.3

26.2]

Diflf Lar,

1811783
82(179.2]
83/180.2
84{181.2]
8¢j182.2
86} 183.2
871184.2
881185.1
89{186.1
' 9c|187.1

191/188.1
9218g.1
93} 190.1
94/ 191.1
95{192.0
96{193.0
97|194-0
98 195.0|
99 196.C
20c|197.0
201[197.9
o2/1g8.9
031199.9
04{200.9|
O5{201.9
06[202.9
07|203.9
081204.8
0g{205.8
1¢|206.8
211|207.8
12/208.8
13|209.8
1412107
15281.%
16[212.9

27. ¥
27.8;
28.9)
28.3
28.3
28. 5|
28.7
28.8
29.0]
29.2]
20.3
295
29.7
29.9
30.C
30.2]
30,4
30.6,
307
39.9
3.1
313

15j213.9
182147
19[215.7
2¢(216.7

221/217.6
22[218.6
23f219.6
24§220.6
251221.6
26222.6
27[223.6
28k224.5
29[225.5

10{226.5
231227.5
32|228.5
33[229-5
34/230-4
351231-4
36|232.4
371233-4
38[234.4
3913354
4¢{236.4,

Dep.{|Dif}

Lat.

31.4{|241
31.6{| 42
31.811 43
32.0|| 44
32111 4§
32.3}| 46
32.5{ 47
32.6|] 48
32.8|| 49
33.9| o

33.2|251

37.011 73
37.2|} 74
37.3|] 75
37.5{| 76]
37711 77
37-9|| 78
38.0|} 79
38.2|| 89

237.3
238.3]

239.3; ¢

240.3
241.3)
242.3
243.2]
244.2]
245.2]

246. 2|

247.2)
248.2)
249.2|
250.1
251.1
262.1
263.1
254.1
2551
256.%
257.0
258.0
269.0
260.0)
261.0
262.9)
262.9
263.9)
264.9
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2659

266.9
267.9

263. 9|
269. 8|
270.8
271. 8]
272.8)
273.8
274.8
275-7

38.4/[281
38.5|| 82|
38.71 33
33.9]| 84
39.1{] 85
39.2{| 86
39.4]1 87
39.6|| 88
39.8/{ 89
39-9!| 99
40.1]291
40-311 92
40.5|f 93
40.61} 94
40.811 95
41.0/| 98
i} 97
] 98
i 99
300

D) Dep.

La |

Ditf Dep.

276.7
277-7
278.7
279.7

280.71 .

231.7
282.6
283.6
284.6
285.6
286. 6|
287.6
288. 5
289.¢
290.§
291~5
292.5
293§
294-§
2954

595
50.7
509
§1.1
§T.2
514
51.6
527
51-9
52.1

Lat. | Distl

Dep.

Lat.

(For 80 Degrees.




Tasre 11, Difference of Latitude ind Departure for 11 Degrees,

——y
Dift] Lat.| Dep gDit| Lat.] Dep.yDift) Lat { Dep. DifYy Lat.| Dep.rft Lat. | Dep.
1] or.0| 00.2|| 61} 59.9] 1r.6jrz1{118.8) 23. ({li81]177.7) 34.5|241[236.6 36.0

2| 02.0] 00.4)| 62] 60.9} 11.8]| 22|119.8} 23.3}1 82178.7] 34.7)} 42[237.6] 46.2
3| 02.9] 00.6|| 63| 61.8} 12.0(| 2311207} 23.5)} 831179.6] 34.91 +3|238.5| 46.4
4| 03.9] 00.8}| 64 62.8] 12.2(} 24{121.7} 23.7 84{180.6| 35.1]| 44[239.5! 46.6
5] 04.9 o1.0]l 651 63.8] 12.4i| 25j122.7] 23.9 851181.6| 35.3) 45]240.5] 46.7
6 05.9| o1.1]l 66] 64.8] 12.6]| 26/123.7] 24.0i 86{182.6/ 35.5)| 46/241.5) 46.9
7] 06.9| or.3|{ 67) 65.8] 12.8|| 27]124.7| 24.2|| 87]183.6] 35.70 47[242.5] 47.1
8| 07.9| or.5|| 68 66.8] 13.0|| 28[125.6! 24.41| 88184.5] 35.9)| 48[243-4] 473
of 08.8| or.7{l 69 67.7| 13.2|[ 29|126.6 24.6|| 89{185.5| 36.1} 492444} 47.5
10 09.8} O1.9|| 70| 68.7| 13.4{] 30{127.6| 24.81| 90[186.5] 36.3|| sC[243-4f 47.7
11| 10.8] 02.1| 71| 6g.7| 13.5{l131|128.6] 25.C[|i91}187.5] 36.41251240.4| 47.9
12} 11.8] 02.3l] 72| 70.7] 13.7|| 32{129.6| 25.2{| 92[188.5| 36.61 52247.4] 48.1
13{ 12.8] o2.5|l 73] 71.7] 13.9|| 33|130.6] 25.4]| 93[189.5| 36.8 53 248.4 48.3

Il 14) 13.9] 02.7| 74| 72.6] 14.1}| 34{131.5] 25-6]] 94{190.4] 37.0ff 54|49-3| 43.5
15| 14.7] 02.9|{ 75| 73-6] 14.3[| 35[132+5| 25.8]i 9s|1g1.4] 37.2§i 55|250.3] 48.7
36 15.7} 03.1{| 76! 74.6] 14.5][ 36{133.5| 26.0]f 9b6i1g2.4] 37.4ii 56/251.3| 48.8
17| 16.7{ 03.21{ 77} 75.6| 14.7|| 37[t34.5| 26.11| 971193.4) 37-6)1 571252.3| 49.0
18] 17.7] 03.4{] 78] 76.6| 14.9{} 38}£35.5] 26.31 98|1o4.4] 37.80 $81253.3| 49.2
19| 18.7] 03.611 79| 77.5] 15.3|| 39|136.4] 26.5]| 99|195.3) 38.0 5G{254-2] 49.4
20| 19.6{ 03.81] 80| 78.5| 15.3}| 40|137.4] 26.7}|200{196.3 38.2)] 60(255.2} 49.6
21} 20.6] 04.0(| 81| 79.5| 15.5{[143{138.4] 206.9]j201|197.3] 38.4]|261]256.2) 49.8
22| 21.6] 04.2]| 82| 80.5| 15.6]| 42{139.4{ 27.1| 02{198.3] 38.5} 621257.2} 50.0
23] 22.6 04.4/| 83| 81.5| 15.8[{ 43}140.4] 27.3] 03(199.3} 38.7)| 63{258.2| 50.2
24] 23.6] 04.6(| 34| 82.5| 16.0[| 44{141.4| 27.5{| 04]200.3] 38.9)i 64]259-1} 50.4.
25| 24.5) 04.8]| 85| 83.4] 16.2|| 435|142.3] 27.7{| o5|201.2{ 39.1)f 651260.1} 0.6
26] 25.5] 05.0(| 86! 84.4] 16.4|| 46143.3] 27.91) 06|202.2} 39.3}| 66[261.1] 50.8
27| 26.5| 05.2{ 87| 85.4] 16.6{| 47|144.3| 28.c|| o7|203.2| 39.5 67|262.1] 50.9
28] 27.5! 05.3|1 88 86.4] 16.8)f 43{145.3] 28.2{ o8l204.2 39.7|t 681263.1} s1.1
29| 28.5 05.5/f Bl 87.4] 17.0|l 49|t46.3] 28.41 0g1205.2| 39.9] 69/264.1) 51.3
30| 29.4] 05.7|| 99| 88.3} 17.2|] sO[147.2 2%.61 10]206. 1] 40.1l] 70[265.¢} gr.5
31| 30.4] 05.9|| 94 89.3| 17.4f[1511148.2] 28.8}]2111207.1] 40.3 271l206.¢] 51.7
32| 31.4] 06.1|| 92| 90.3| 17.6| 52149.2| 29.0|| 12/208.1] 30.5| 72{267.cl 51.9
33} 32.4] 06.3l| 93] 9.3} 17.7]| §3[150.2] 29-2{} 13}209.1 40.61] 73263.C} 52.1
3H 33.4 06.5 94| 92.3| 17.9]l S4{t51.2| 29.4}1 14{210.1 40.8 7.-,269.6 52.3
35| 34.4] 06.9[| 95| 93-3] 18.1}} s5l152.2] 29.6i 15l211.0] 41.0 75{269-9| 52.5
36| 35.3] 06.9|| 96| 9+.2| 18.3]| 56|t53.1 29.811 16212.0| 41.2 76/270.6} 52.7
37 36.3 o7.1]] 97} 95.2] 18.5|| 57[154.1] 30-0| 17[213.0f 41.4} 77|271-9} 52.9
38 37.3] 07.3|] 98] 96.2] 18.5}| s®|t55.a| 30-1} 13l214.0[ 41.6{| 78/272.9) 53.0
39| 38.3} 07.4{| 99| 97.2| 18.9f[ 59{156.5| 30.3}) 19|215.0) 41.8)} 79273-9] 53.2
49| 39.3} 07.6[j100| 98.2| 1g.1{| 60|rg7.1| 30.51l 2¢{216.0) 42.0l! 80/274-9| 53.4
41| 40.2] 07.8|[101] 99.1| 19.3l[101]1358.c] 30-7|j224(210.9] 2.2 281|275-8] 53.6
42| 31.2| 08.0|| 02{100.1} 19.5]| 62|159.c| 30-9|} 22{217.9] 42.4] 82]276.8} 53.8
43| 42.2] 08.2| o3|ro1.1} 19.7[ 63{160.c] 31-11] 23]218.9] 42.6]f 83 277.8} 54.0
44l 43.2] 08.4l o4f102.1] 19.8]} 64l161.c] 31-3|| 24{219.9] 42.7} 841273.8} 54.2
435} 44.2| 08.6[) os5lr03.1] 20.0]| 65j162.c) 31-5|| 25[220.9f 42.9: &5 279.8! 54.4
46] 45.2} 08.8|| 06{104.1| 20.2{| 661163.c| 31-7|| 26{221.8] 43.1 34!280.% 54.6
47] 46.1} 09.0[} 07{105.0| 20.4 67163,9 31.9{ 27{222.8] 43.3,| 87 281.70 5.4.8
481 47.1{ 09.2|| 08]106.0] 20.6|; 68i64.¢) 5 282.7{ 55.0
49] 48.1] 09.3|| ogl107.0] 20.8} 69165.¢| 7 NIRRT
50 49.1| 0a.3|| 10]108.0| 21.2|| "Ol166.¢ 9! 71 §%-3
51| s0.1] og.7j|it1}109.0| 21.2[|171[167.9 5.7) 55-5°
52{ §1.C} ©g.gi| 121109.9| 21.4f 72[168.8 .6 55.7
53] 52.0] 10.1|| 13{€10.9] 21.6:] 73[169.8 6! 55.9
s4f 53.0] 10.3]] 14frrc.gf 218 74j150.8 .bj 56.1
55t 54.¢f 10.5}} 15fr12.9} 209} T3l171.8 .6} 56.3
56 55.0f 10.7[} 16{113.9) 22 01f 76728 .61 56.5
s7 6.0 10.9}f 17{itq.9f 223 75 73" 5! 56.7
5%l s6.9} tr.al) x8lrrg. ) 22.50 787471 340} -5 569
59| 57.9] r1.3)] 19{116.8 22.710 79|t75.7]) 34.2 -5t §7.%
60] 58.9] 1t.4)l 20117 S;‘ 22.9lf 80{1-6.7 _144‘ 40]235. 01 572
Diel Drp. Tat. JD d| D po) Lar{iit] Dep. | Lat. {ED dj Dop. Lat.

(For 79 Degrees.




Tazre II. Difference of Latitude and Ieparture for 1z Degrees,
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59-7
60.6
61.6
62.€
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65.5
66. 5
67.5
68.¢

118.4
119.3
120.3
121.3]
122.3]
123.2]
124.2|
125.2
126.2
127.2

25- 2
26.4)
25.6
25.8
26.0]
26.2
26. 4
26.6
26.8
27.0

181
82
83
84
85
86
37
83
89
[\[e)

1774C
178.¢
179.0
180.0
181.0
181.9
182.¢
183.9
184.9
185.8

(28,1
129, 1
130.1

34)131.1
51132.0]

133.¢]
134.0]
136.G
136.0

1136. 9

s6ji52.

59155-
6o|156.

621158,

137-9]
138.9
139-9

44}140.9
51141.8]

142.8
143.8]

8l 1.44-8

1357

147-
148.
149.
t50.
5L

153.
5.

A N SN

157.

(v

159.4)
160. 4
161.4
162. 4

27.2|

27-7
27.9
28.1

146.7] 31.

191

27.4/l 92

93
94|
95
96
97
98
99,
200

201
02|
03
04
o5
06
07
o8

33
34
35
36
37
38
39
40

186.%
187.8
188.8
189.8]
190.7
191.7
192.7
1937
19471
195.6)
196.6]
197.6
198.6
199.5
200.§
201.5
202.§
203. 5
204.4
205. 4
206. 4,
207. 4]
208.3
209.3
210.3
211.3
212.3
213. 2]
214.
215,

2!
210.2
217.1
218.1
219.1
220. 1
221.1
222.0
223.0
224.0
222.0
226.C
226.9
227.9
228.9
223.9
230.8
231.8
232.8
233-8
233.8

37-6[|241]235.7| 50.1
37.8) 42[236.7| 50.3
38.0l 43|237.7 50.5
38.3)| 44{238.7| 50.7
38.5)1 43[239.6] 50.9
38.7|| 46|240.6} 1.1
38.9l| 47]241.6] 51.4
39.1|| 48/242.6| 1.6
39-3)| 49|243-6| 51.8
39.5|] 50]244. 5] 52.0
397125 Y245-5| 52.2
39.9ll 521246.5| 52:4
4031l §3{247. 8| 52.6
40.3]| 54|248.4] 52.8
40.511 55124941 53-0
40.8|| 56/250.4 53.2
41.0 57|251.4f 53-4
41.2)| 581252.4 53.6
41.4)| 59253-3 53.8
41.6/[ 601254.3] 54.1
41.8)12611255.3! 54.3
42.01 62(256.3| 545
42.2|| 631257.3) 54.7
42.4] 641258.2| 54.9
42.6|[ 65(259.2| 55.1
42.8|| 66[260.2f 55.3
43.0ff 67261.2{ 55.5
43.2{| 63|262.1| 55.7
43-5[f 692631 55.9
43.7 _72264.1 §6.1
43.9|1274]265. 1| 56.3
44.1]f 72{266.1| 56.6
44.3|| 73|267.0| 56.8
445}l 74[268.0| 57.0
44.7)| 75|269.0f 57.2
44-9]f 76270.0} 57.4
45.1 771270.9] 57.6
45.3)f 78)271.9| 57.8
45.5)| 79|272.9| 58.0
45.7] 80[272.9| 58.2
45.9‘11.51 274.9, m
46.2)) 320275.8 58.6
46.4 83]276.8] 8.8
46.6{| 841277.8] 59.0
46.8| 85[278.8{ 59.3
47-0ff 86[279.8 59.5
47-2)| 871280.3| 59.7

47-6]l 8¢l282.9| 60.1
47-8} 90(283.7] 60.3

43.0291(284.6] 60.5

43.4|} 93[286.6| 60.9
48.71l 94/287.6] 61.1
48.9) 95{288.6| 61.3
49-3{ 96{289.5| 61.5

3| 97)290-51 61.7

-5l 98{291.5| 62.0
49-7l 99|292-5f 62.2
293-4] 62.4

Dittl D.p.) Lat- Dol Dep.l Lac,

(For 78 Degrees.

47-4| 88|281.7! 59.9 ||

48.2|| 92{285.6| 60.7 |

s



Tasie II. Difference of Latitude and Departure for 13 Degrees.

—_—_—— = i —— m—— o g g ey g
. | Dep] % Lat. _I?:}{ Difl| Lat. {Dep. |IDifif La», | Dep. D—i-?! Lat, y Dep. I
Qo.2f| 61] 59.4| 13.7)itz1)117.9] 27.2(]181]170:4) 40.7

241(234-8] 54.2
00.4| 62| 604| 13|l 22[118.9] 27.4]] 82)177.31 40.9|| 42}235.8] 54 4
00.7}) 63| 61.4{ 14.2}f 23]179.8| 27.7i 83l178.3] 41.2] 43[236.8| 54.7
00.9]| 64 62.4) 14.4f| 24{120.8! 27.9]| 8a{179.3] 41.4f 44{237.7| 54-9
or.af] 65 63.3| 14.6) 25{121.8] 28.1]| 85{180.3] 41.6} 451238.71 55.1
B on.3l] 66 64.31 14.8] 26{122.8| 28.5]] 86[181.2] 41.8] 46[239.7] 55-3
5] 01.6] 67| 65.3; 15.1r 27{123.7| 28.6{| 87]182.2] 42.1f 47|240-7| 55.6
on.§|| 68 66.3| 15.3] 28{124.7| 28.8|| 88[183.2] 42.3] 4t[241.6] 55.8
oz2.0|| 69 67.2] 15.5| 29|125.7] 29.0]| 89{184.2| 42.5| 49|242.6f 56.0
02,2 _‘2._6&2 15.71 30[126.9] 29.2|| oc|185.1 42.7) 50]243-6{ 56.2
oz.51| 71 69.2{ 16.cfi31|127.6] 29.5|[191(186.1} 43.0{251{244.6
oz.9|| 79 70.2| 16:2] 32[128.6] 29.7{| 92{187.1] 43.2] 52[245-5;
oz.g|| 73 71.1| 16.4} 33|129.6] 29.9|| 03[188.1] 43.4} 53/246-5;
03.1|| 741 72.1} 16.€] 34]130.6] 30.i|| 94{189.0f 43-6f 54|247-54
03.4)l 75 ¥3-1{ 16.9 35[131.5| 30.4]| 95{190.0} 43.9} 55|248.51 .
03.6l| 76| 74.1] 17.1]] 36|132.5| 30.6|| 96l151.c| 44-1] 56|249-4| 57-6
03.8] 77| 75.0 x7.38 37|133.5| 30.8{| 97)192.c} 44-3} 57{250-4| 578
os.cil 78 76.0| 17.5)i 38[134.5] 31.0)| 98]192.9] 44-5} 58[251.4] sB.0
5| 04.3)| 791 77.| 7.8}l 30[135-a] 3131 99l193.¢] 44-8} s0i252.41 3.3

-5|_04-5]1_8c|_27.9] 18.c|l 4¢(136.4) 31.5]|200/194.cf 45-0f Goj253.3] 585
o4.7]} 31| 78 o] 18.2)141{137.4] 31.7]]201]195.8| 5.2} 2611254-3 $8.7
o4.5(| 82 79.9] 18.4] 42[138.4| 31.9] c2[196.8 45.4] 62(255.3] 58.9
os.2{| 83 80.9f 18.9[ 43]139.3] 32.2|| ©3[197.8} 45.7f ©€3]256.3 592
05-4| 84| 81.8] 18.9 44{140-3| 32.4| 04198.5f 45.9) 64|257-2] 59-4
o5.¢|| 85 82.8) 19.1 45}141.3] 32.6 osl199.7| 46.1} 6s5l258.2] 59.6
05.511 86! 83.8] 19.3] 46{142.3| 32.8|| 08]200.7] 46.34 66|259.2] 59.8
ob.i|| 87 84.8| 19.6) 47|143-2| 33.1] o7[201.9| 46.6] 67(260.2 601
06.3|| 88| 85.71 19.8] 48[144-2] 33.3| o&j202.;| 46.8] 68|261.1] 60.3

2
2|

U A
\.l\’l [- - -
E R

06.5|| 89| 86.7] 20.0| 4g|145.2| 33.5]] 09l203.6| 47-¢| 69262.1] 60.5
06.711 9c| 87.7) 20.2)| s5c|146.2| 33.7}| 10]204.6| 47-2] _2.2_6‘3;) 60.7
o7.c|l 91| 88.7] 20.50151]{147.1] 34.0[|211]205 €| 47.5]271|264.1 61.0
o7.2|l 92 89.6] 20.7l| 52|148.1] 34.2|| 12{206.¢| 47.7) 72{|265.0 63,2
07.4]) 95 90.6) 20.91 s3l149.1| 344} 13)207.5| 47.9f 73|266.0] 6.y
07.6|| 94 91.6] 21.1) s4150.3] 34.61 14 208.5| 48.1] 74]267.0 61.6
o7.9l| 95| 92.6] 21.4]] Ssliss.cl 34.9] 1s{2c9-5| 48.4] 75{268.0] 61tsg

o8.1{| 96l 93.5 152.0] 35.1{] 16]216 5| 48.6[ 76{268.9] 62.1

08.3)| 971 94-5| 153.¢| 35.3( 17(211.4] 48.8] 77(269.9] 62.3

o8.5li 9¥l 95.5] 154.0] 35.5[ 18[212.4] 49.0f 78]270.9] 62.5

08.8|| 9¢l 96.5] 154-9] 3.8} 19[213.4| 49.3] 79 271.8] 62.8

_40] 39:0 og.cllroc) 97.4) 155.6| 36.0) 20214.4] 49.5] 80l272.8] 63.0

09.2[|101] 95.4| 22.7} 101|156.9] 36.2(1221]215 5| 49.7]281 273.8] 63.2

09.4]| 02| 99.4] 22.9j 62{157.8 36.4|| 22|216.3] 49.9|| 82 374-8] 63.4

ag.7{} 03j100.4] 23.2)| 63]158.&f 36.7( 231217.3] 50.2 R31275.71 63.7

09.9l| 041013} 23.41 64[159.8| 36.9ff 24(218.3] 50-4 841276.7{ 63.9

10.1]| o5|102.3| 23.6|| 65[160.8| 37.1]| 254219 2| s0.6) Bs|277.7] 641

10.3]| 06[103.3} 23.8] 66{161.7| 37.3]| 26[222.2| 50.8)| 86{278.7] 64.3 ;

471 45.8 10.6|| 07]104.3] 241 67]162.7] 37.6]] 27|221.2 51,1} 87/279.6] 64.6 ;
48] 46.8| 10.8]| 08]105.2| 24.3] 68]163.9( 37.8]l 28|222.2 51.3| 88)280.6] 64.8 !
29| 47.7] 11.c|| oof106.2| 24.5f 65164.7] 38.0|| z0|223.1) 51.5{ 89]281.6 65.0!
_so 43.7] 11.9] 10}107.2| 24.7 7¢{163.6! 38.2| 20{224.1| §1.7]i 90|282.6] 65.2 '
51 49.7] r1.5{[111]108.2] 25.0ll171[166.6 38.5]231|225.1] §2-Cjj291 283.5] 65.5 |
52} 50.7| 11.7|| r2f109.1] 25.2f 72/167.6] 38.71 321226.1) §52.2} 92 284.5] 65.7 1
530 51.6] 1x.0f| 13{150.1] 25.4 73[168.6] 38.9)l 33|227.c| 52.4| 93[235.5| 659 ;
s4] 52.6] x2.1|| salix1a] 2506 74]169.5 39.1]] 34)228.¢] 52.6|l 94|286.5) 66.1 |
sliizaf 25.0 750170.5| 39.4]| 35]229.¢f 52.9) 95|287.4} 66.4
113.¢f 26.10) 76{171.5| 39.6|| 36{230.0] 53.1(| 96[288.4] 66.6 (;

rac| 26.30 771172.5] 39.8)| 37]230.5] 53.3|| 971289.4| 66.8 |
11s.cl 26.5l| 78[173.4f 40.clf 38(231.) 53.5) 981290.4) 67.0 )
176.0] 268} 79l174.4] 40.3]] 30}232.9| 53.8] 99(291.3{ 67.3
116.9) 27.0lf 80[175.4] jo.5| 40}233.8] 54.0(3¢0]|292-3 67.5 |

[ot! Dep.! Lat. ¥Dit'Dep, JLac. i) Dep | Lat. Dit] Dep. | Lat. |
(For 77 Degrees.




-Tapie 1L - Difference of Latitude and Departure for.14 Degrees, -

g
3

'6\9 oo~y Ow-\.hwn-'

11

Lat.

01.0|
or.9
02-9
03-9]
04.9
05.8]
06.8]
07.3]
08.7
97
107
11.6]
12.6)
13-6/
14-6)
155
15.§
1745
18.4]
19-4]
20..4
21.3
22.3
23.3
24.3]
25.2]
26.2)
27.2
28.1
29.1
30-1
31.0
32.0]
33.0
34-0
349
359
369
37.8
38.8
39.8
40.8
41.7
42.7
43.7
44.6
456
46.6
47:5
s
49-5
59-5
514
524
53-4
543
55:3
56-3
57.2
58.2

00.2]f o1
00.5| 62|
0o.71 63
01.0( 64
or.2
o1.3
or.7i{ 67
or.9
02.2]| 69
02.4l 79|
02.71 74
02.9(| 72
3.1} 73
03-4t 74
03.6f 75|
03.9|| 76|
O4.1 11 77
04.4 78
04.6 | 79
04.8 || 80|
os5.1 ] 81
05.3 11 82|
03.6(| 83
o5.8| 84
06.0ff 84
06.3 |} 86
06.5t 87
06.8(! 83
07.0]} 89
07.3]! a2
O7-5) 9¢
07.7( 92
o8.0fl g3
o8.2{] 94
08.511 95
08.7(} 96
09.0|} y7
09.2|| 98
09.41 99
09.7]{130
09.9 [fe))
10.2)| 02
10.4}| ©3
10,6 04
10.011 O3

11.4|l 07
11.6]| o8
11.9f 09
12,1t 10

12,3011
1261 12
12,8 13
13.14) 4
1530 15
13.5( 16
13.8]1 17
1400 18
1434 19
14.4]l 20

Dep yDifyy Lat,

11.1f 06

39-2]
60,2,
61.1
62.1
63.1
64.0
65.0
66.0
67.0
67.9

Dep.

.| Dep,

Dift

Lat |

14.8,
15.0]
15.2]
15.5
15.7
16.0
16.2]
16.5
16.7
16.g

29.3
29.5]
29.8
30.0]
30.2]
30.5
30.7|
31.0|
312
31.4)

181
82
83
84
85
86
87
83
89
90}

175.6}
176.6
197.64
178.5]

63.9
69.9
70.8]
71.8
72.9]
737
747
75-7)
76.7,
774
78.0
79-6)
80.5
81.5
82.5]
83.4)
81.4
85.4

17.2
17.4
17.7
17.9)
18.1
18,4
18.6
18.9
19.1
19.4]

19.6])

19.8
20.1
20.3
20.6
20.8
21.0|
21.3
2[.5
218

29.0)

R R R NN

Dep.

wat . ‘!m

cp.l Lat.

Duit

317
31.9]
32.2
32.4]
32.7,

191
92
93

I 94
il 95

32.9 96

33.1

97,

33.4]} 98
33.6) 99

v
3
10,
™

34
33

2.6 36

-l 42.8 37

38
39

48.4]

40232,

Dep,

43.8
44.0]
443
44.5
44-8
45-0f
45-2
45-5
457
46.0]
46.2)
46.4
46.7
46.9
47.2]
47-4
47.7
47-9
48.1

48.6
43.9)
491
49.4)
49.6
49.8
50.1
50.3
50.6
50.8
51.0|
513
515
518

Dift
241
42
43
44
45
46
47
48
49
50
251
52
53
54
55
56
57
58
59
60

201
62
63
64
65
66
67
68
69

70

271
72
73
74
75

76
77
78
79
80
231
82
83
84
85
. 86

Lat.
233.8
234.8
235.8
236.8
237.7
238.7
239.7
240.6
241.6
242.6
243-5
244-5
245.5
246.5
247-4
248.4
249-4.
250.3
251.3
2§2.3
253.2
254.2
255.2
256.2
257.1
253.1
259.1
260.0
261.0
262.0
263.0
263.9
264.9
265.9
266.8
267.8
268.8
269.7
270.7

Dep.
58.3
58.5
53.8
59.0
59:3
59-5
59.8
60.0
60.2
6o.5
60.7
61.0
61.2
61.4
617
61.9
62.2
62.4
62.7
62.9
63.1
63.4
63.6
63.9
64.1
64.4
64.6
64.8
65.1
553
65.6
65.8
66.0
66.3
66. 5
66.83
67.0
67.3
67.5
67.7
63.0
68.2
68.5
68.7
68.9
69.2
" 69.4

69.7.|F

69.9
70.2

70-4
70.6
70-9
701




Tanre 11, Difference of Latitude and Departure for 15 Degrees,

S

Lat.\Dep |DiyLat. (Dep. 19in[ L
01.0| 00.3{| €1} 58.9 15.5{]121
or.g| co.sl| 62| sg.9] 16.cl| 22
oz2.9] 00.¢{! 63f 60.9] 16.3{| 23
03 9| oncl| 64 61.8 16.6/] 24
04.8) o1.3}{ 65| 62.8 16.8]| 25
048] o1.6{| 66| 63.8] 17.3f| 206
06.8] 01.81 1 671 64.9) 17.3{| 27¢ 8+118c.6| 48.4(| 47/238.6] 63.9
07.7]| 02.1]1 68| 65.91 17.6]| 2t 8£1181.6| 48.; 48’239.5 64.2
o8.7] 02.3[ | 69| 66.6] 17.9|| 2¢|124.6| 33.4|| 89|182.6] 48.9}i 49/240.5[ 64.4
&7&_6 70| 67.6| 18.1(| 3c|125.6| 33.6|] 90!183.5] 49.2) <01241.5] 64.7
1] 10.6| 02.8}{ 71| 68.6] 18.4{|131)120.5] 33.9i[191121¥4.5) 49.4] 251242.4 65.0
12| 11.6] 03| 72| 69.5| 18.6|| 32|127.5] 34.2|| 92{185.5| 49.7}f 52243.4{ 65.2
53 12.6] 03.4]] 73] 70.5| ¥8.9| 33|128.5| 34.4]| 93{186.4] 50.C}} 53|244.4; 65.5
14| 13.5] ©3.61| 74} 71.5| 16.2|| 34{129.4| 34.7 94{187.4] 50.2{t 54/245.3] 65.7
15 14.5] 03.9|| 75} 72.4| 19.4|| 35|130.4] 34.9}|-95/188.4) 50.5)] 55|246.3} 66.0
18 15.5| 04.11| 78| 73.4| 19.7|| 36|131.4] 35.2|| 96189.3) s0.7{l 56/247.3) 66.3
17) 16.4| o4.4l| 77| 74.4] 19.9|| 37)132.31 35.5|{ 97{190.3] s1.cll 57|248.2] 66.5
18 17.4] 04.7|| 78] 75.3 20.2|| 38[133.31 35.7] 98[191.3| 51.2)| 58l249.2] 66.8
19l 18.4] 04.9l| 79| 76.3 20.4f| 35/134.3) 36.c|| 99j192.2| 51.5|| §gl250.2) 67.0
20| 19.3] 05.2|| 80| 77.3| 20.9|| aclizs.2 76.2{200'103.2) 51 |f fol251.1] 67.3
21) 20.3| 05.4i| 81 78.2| 21.¢6{|141)136.2| 36.5{|20111v4.2] 52.Cll201j252.1] 67.6
22f 21.3) 0571} 82| 79.2] 21.2|| 42{137.2] 36.8|| ©02195.1] 52.3|| 62{253.1] 67.8

23} 22.2] 06.0[| 83| 80.2| 21.5|| 43]138.1] 37.c]| 03j156.1] 52.5|l 63|254.0] 68.1

24| 23.2] 06.2|| 84] 81.1| 21.9|| 44|139.1] 37.3|| 04{197.0| 52.8|| 64/255.0 68.3

25| 24.1] 06.5|| 85| 82.1] 22.0[| 45|140.1] 37.5|) 05[198.0 53.1|| 65/256.0] 68.6

26| 23} c6.71| 86| 83.1} 22.3|| 4€{141.0] 37.8}| c6|199.c] 53.31 6b|256.9| 68.8

29| 26.1) 09.¢|| 87] 84.¢] 22.5|| 4:{142.0] 38.0/| ©7(195.9| 53.6| é5i257.9] 69.1

28 a7.c| 07.2|} 88] 85.0] 22.5]| 48[143.0] 38.3] ©8200.9] 53.8[ 68]258.9| 69.4

29| 28.c| 07.5]| 89] 86.c] 23.0|| 45|143.9| 38.6{ ©9|z01.9! 54.1}| 69j259.8| 69.6
_ 3% 20.0f 07.8]] 9ol 86.9] 23.3|| scit44-9 28.8 ’Ezoz.s 544 =0]260.8! 69.9
31] 29.9] o8.c|| 91} 87.9| 23.6||153}145.9| 39.1||211{203.8} 54.6{271|261.8} 70.1
32| 30.9| 08.3|} 92| 88.9] 23.8]| 52{346.8] 39.3|| 12{204.8} 54.9| 72{262.7| 70.4
33| 31.9| 08.5f| 93] 89.8] 24.1{| 53{147.8] 39.6[{ 131205.7] 55.3l} 73(263.7| 70.7
34) 32.8) 08.8|[ 94] 90.8| 24.3|| 54(148.8| 39.9|| 14{206.7| 55.4i{ 74[264.7 70-9
35| 33.8] 0g.1{|-95] 91.8] 24.6/| 55/149.7| 40.1[] 15}207.7} 55.6}] 75[265.6 71.2
36| 34.8] 09.3|| 96 92.7| 24.8]] 56{150.7| 40.4{] 16{208.6] 55.¢ 76[266.6| 71.4
37| 35.9} c9.6|| 97] 93-7| 25.1]| s7|151.7| 40.6{| 17/209.6] 56.2|| 77[267.6] 71-7
38 36.7] 09.8]| 98] 94.7| 25.4f| 38}152.6] 40.0|| 18j210.6[ 56.4| 78]268.5| 72.0
39| 37.7] 10.1]] 99} 95.6] 25.6|| 50[153.6] 45.2{[ 19|211.5| 56.91| 79[269.5| 72.2
40[ 38.6] 10.4] 100} ¢6.6] 24.9|! 6clr5q.5] 41.4 20|212.5| <6.9|| Boj270.5] 72.5

. yDiffLar. (Dep. {iD @il at. |Dep.
1811174.8] 46.5l]2411232.8] 62.4
82|175.81 47.1)| 42.233.8{ 62.6
830176.8| 47.4)1 431234.7| 62.9
841177.7| 47-6|| 44235.9| 63.2
8511787 47.9] 45236.7| 63.4.
8¢(179.7] 48.1] 46[237.6| 63.7

lg
e | 5D

O\ 00~3 S bt B

-

41| 39.6] 10.6/{101] 97.6] 26.1|{161|155.5] 41.7||221]213.5] §7.2|251|271.4f 72.7
42| 40.6| 10.9)| 02| g8.5] 26.4|| 62[156.5] 41.9]| 22|214.4| 57.5|| 82|272.4] 73.0
43| 41.5| 11.)| 03} 99.5] 26.7|| 63l157.4] 42.2{| 23(215.4] §7.7|| 83]273.4| 73.2
44 42.5] 11.4]| o4l100.5| 26.9|| 64|158.4] 42.4|| 24]216.4] 58.0] 84[274-3| 73-5
45| 43.5) 31.6) osl1o1.4] 27.2{| 65[150.4| 42.7|| 25(217.3} 58.2]| 85275.3| 73-8
46| 44.4] 11.9|| 06l102.4] 27.4| 66{160.3| 43.0]] 26j238.3{ 58.5| 86|276.3] 74-0
471 45-4] 12.2|| 07]103.4] 27.7| 67]161.3] 43.2(} 27}219.3} 58.8) 871277.2| 74.3
48] 46.4] 12.4]| 08{104.3] 28.c|| 6%{162.3] 43.5|] 28]220.2} 59.0|[ 88[278.2| 4.5
49] 47.3] 12.9]| 09}105.3] 28.2!| 6g|163.2] 43.7]] 29|221.2| 50.3|| 80|279-2{ 74-8
51 48.3{ 12.0/{ 10]106.3| 28.5|] 7¢|164.2 44.0[| 2c|2?2.2| 5g.5|l oC 280.1] 7¢.1

51| 49.3] 13.2|[111]107.2] 28.7|{171}165.2] 44.3]]233]2=3.7| 59.R]lzg1]281.1, ;5
52f so.2| 13.5|| 12}108.2{ 29.¢|| 72{166.1 44.51] 32{224.1| 60.c|| 92[282.1] 75
53| su.2| 13.9]{ 13}109.1] 29.2|| 73[167.1] 44.8;| 331225.1} 60.3|l 43{283.0] 7
s4] 52.2| 14.c]| 14jrxoa| 29.51| 74,168.1| 45.0|| 34{226.0f 60.C1 g4i284.¢] 76.
550 §3.1! 1q2|| rshirra| 29.41 75l169.0) 5.3} 35{227.0] 60.8{] g4|284.9} 76
56! 54.1] 14.5{1 16{112.} 30.c|| 7€[170.C 45.6‘ 36|228.0 61.1{} y6/285.9| 76
571 55.1] 14.8]] 197|113 30.4|| 77l171.c] 45.8]] 37 228.9] 61.3)] g7286.9] 76.9
58} 56.c] 15.¢l| 18]r1a.c| 30.5]f 75171.9] 46.1;] 381229.9| 61.6ft o¥|2By.¥] 77.1
59| 57.c| 15.3]} 19{114.cf 30.8 7¢}172.9] 46.31] 36|230.9] 61.gll gc|26R-8| 77.4
60| s8.c| 13.5/l 20{t1g.c|] 31}l 8elir3.9l 46.6 1 acl231.2} 62.3ilacc|2Py.-81 ~~.6

DutDep. | Lat. | Dift!Lep. liar. 1:Du 1)19.1227:1EBIITpI| Lat |jf] Dep. ‘AI.‘

(For 75 Degreess




Tasre II. Difference of Latitude and Departure for 16 Degrees.

=
|

‘OOO‘JG\\-A.&N»-&"

, il

2 46.3] 13.2

48.9] 13.8

Lat, [Dep.

Difl[Lat. | Dep.]

Dift} Lar.| Dep.)iDift

Lat,

or.0f 00.3
Or.gf 00.6
02.gf 00.8
03.8] or1.1
04.8} 01.4]
05.8} 01.7
06,7} 01.9
07.7} 02.2]
08.7j02.5
cg.6[ 02.8

10.6} ©3.9]
11.5] 03.3
12.5} 03.6)
£3.5] 934
14.4f04.1
15,41 04.4)
16.3]| 04.7
17.3] 05.¢]
18.3] 05.2]
19.2} 05.§
20.2| 05. 8]
21,1} 06.1
23.1] 06.3
23.1] 06.6|
24.0{ 06.9¢|
25.0[ 07.2]
26.0] 07.4]
26.9{ 07.7
27.9} 08.9
28.8| 08.3
29.8] 08.5
30.8{ 08.8
35.7| 09.1
32.7] 09.4
33.6| 0g.6|
34.6] 09.9
35-6{ 10.2]
36.5] 10.3]
37.5{ 10.7
38.5] 11.c
4| 11.3
4} 11.6
31 1L.9g
3| 12.1
3| 124
2| 12.7
2| 13.9]

47.1] 135

49.C] 4.1
59.0) 14.3
50.y| 14.6
519} 14.9
52.9f 15.2f
53.8) 154
548 15.7
53-8} 16.0|
§6.7] 16.3

5 o) 164

61f §8.6/ 16,8
62} 59.6 17.1
63} 60.6f 17.4
64] 61.35 17.6
65| 63.5] 17.9
66] 63.4) 18.2
67| 64.4} 18.5
68| 65.4) 18.7
69| 66.3] 19.0
70| 67.3] 19.3
71 68.2{ 19.6
72} 69.2| 19.8
73| 70.2[ 20.1
74| 71.1] 20.4
75| 72.1f 207
76} 73.1] 20.9
79] 74.0] 21.2
78| 75.0] 21.5
79} 75.9) 21.8
80| 76.9| 22.1

H 37/131.7] 37.8

121f116.3| 33.4
22{117.3| 33.6
231118.2| 33.9
244119.2[ 34.2
25120.2} 34.5
26[120.1 34.70
27122.1f 35.0
28123.0| 35:3
29/124.0] 35.6]
3¢|123.0] 35.8¢
131]125.9) 36.1
32{126.9] 36.4]
33|127.8} 36.7
34i128.8| 36.9
351120.8| 37.2]
38130.7} 37.5

38jr32.7] 38.0
391133.6| 38.3
401734.6 38.6‘

94
95
96|

181]174.0]
821174.9
834175.9
84j176.9
8sh177.8
861178.8
8y1179.8
8811 80.7
Sopr81.y
qoh 82.6

191)183.6

184.6

93f185.5

186.5
187.4
188.4
189.4
190.3
191.3

192:%

31| 77.9 22.3
82| 73.8] 22.6
831 79.8] 22.9
841 8oug| 23.2
85! 81.7 23.4]
86| 82.7f 23.7
87| 83.6! 24.0
88| 84.6{ 24.3
89| 85.6! 24.5
qo| 86.5| 24.8

91| 87.50 25.1
92| 88.4 25.4]
93} 89.4] 25.6
94| 90.4 25.9
95 9.5 26.2
96| 92.3 26.5
97| 93.2| 26.7
98l 94.2 27.0
99| 95.2] 27.3

jio1] 97.1 27.8]

100} 96.1] 27.6

oz 98.0] 23.1
03{ 99 0f 28.4
04{100.0f 28.7
05l100.9| 28.9]
061101.9] 29.2]
o7]1o2.9| 29.5
08]103.8| 29.8
©9{104.8} 30.0
10]105.7 30.3
tiijiso.7] 30.6
12;107.7f 30.9
13{108.6/ 31.1
14/109.6 31.4
15le10.5] 31
16y 11,5} 32.0
17fr12.5) 322
181134 32,6
19f154.4) 32.8
22540 331

l:)rp—j Lat.

1414135.5 38.9i
42136.5] 39.1;
43}137.5) 39-4
44{138.4| 39.7
451139.4} 40-0
46}140.3] 40.2
47[141.3| 40.5
48|142.3] 40.8
49{143.2| q1.1
§0[144-2] 41.3

1193.2

194.2
195.1
196.1
197.1
198.0
£99.0

1199.9

Dep.

e
49-9)
50.2

50.7
[ §1.0f
b 513
51.5
i 1.8
521
x4
5246
§2.9
§3.2
533
537
54-9)
54:3
54.6,
54-9
55-44
55.7
56.0
56.2
56.5
56.8
57.1
573
57-6

200.9]
9
201.9

1511145.2] 41.6
52146.17 41.9|
531147.1] 42.2]
54/148.0 42 4
55]149.01 42.7
561150.9] 43.0
57115091 43.3
5815101 43.6
sof152.8) 43.8
6¢1153.8 44.1;
1611154.8 44-4]
62(155.7) 44.7
63]156.7) 44.9
64]157.6} 45.2
65[158.61 45.5
66¢r59.6] 4.8
63{160.5! 46.

68]161.5] 46.3
6glr62.5| 46.6
7¢{163.4] 46.9
1711164 4! 471
2[165.3] 47.4
73[166.3) 47.7
74j167.3| 48.0
751168.2] 48.2
761169.2| 48.5
77117011 48.8
7811711 491
79{172.1} 49.3
8ci{173.0| 49.6}

202.8
203.8
204.7
205.7
206.7|
207.6
208.6|

209.6

57.9

53.2]

so.qt

R

241
42|
43
44
45
46)
47
48
49
50)

251
52
53
54
55
56
57
58
59
60

261
62,
63
64
65
66
67
68
69
70]

271

58.4]
58.7]
59-0]
59-3
595!
59.8
60.1

210.5

20(211.5

221f212.4

213.4
214.4

24{2715.3
25]216.3
26[217.2
27{218.2
281219.2
2¢4[220.1
30221.1

231{222.1
32{223.0
3312240
34{224.9
35{225-9

36[226.9

37/227.8

39
40

228.8
229.7
230.7

mll)ep.l Lat.

Digt

Dep.

60.4]
60.6
60.9
61.2|
6r.5
61.7
62.0]
62.3
62.6)
62.8
63.1
63.4
03.7
63.9
64.2|
64.5]
64.8
635.1
65.3
65.6['
65.9
(‘fnzl

Ladl

72|
73
744
75|
76
77|
78
79
8¢
281
82
83
84
8
86,
8y
88
8
[
241
92
93
94
95
96
97
98
99
300

Lat.
231.7
232.6
233.6
234+3
235.5
236.5
237.4
238.4
239-4
240.3
241.3
242.2
243.2
244.2
2481
246.1
247.0
248.0
249.0
%49.9
250.9
251.9
252.8
253.8
254.7
255.7
256.7
257.6
258.6
260.§
261.5
262.4
263.4
264.3
265.3
266.3
267.2
268.2
269.2

270.1
2711
272.0
273.0
274.0
274.9
2759
276.8
277.8
278 8
279.7
2%0.7
281.6
282.6
283.6
284.5
285.5
286.5
287.4
228.4

Din

D.p.

Dep.
66.4
66.7
67.0
67.3
67.5
67.8
63.1
68.4
68.6
68.9
69.2
69.5
69.7
70.0
70.3
70.6
70.3
711
7n4

AL/
759
72.2
72.§
72.8
73.0°
73.3
73.6
739
741
744
747
75.0
752
75-8
75-8
76.1
76.4
76.6
76.9
77-2
77-5
777
78.0

733
78.6
78.8
79-%
79-4
79-7
79.9
8o.2
8o.5
80.3
81.0
81.3
81.6
819
82.1
82,4
827

Lac.

|

Duitl Dep ! Lat.

(For 74 Degrees.

e




Tasre II.  Difference of Latitude and Departure for 17 Degress

-
Dit.) Lat Dep. Dl Lat.; Dep. Diff Lat.; Dep. ,Difyj L
1| 01.0] 00307611 58.30 17.% 173.1] 52.91|241] 250. )
2| O1.9f 00.6)| 62 59.31 18.1 174.0| 53.2|| 42/231.4| 70.8
3| 02,9 00,9l 63| 60.2| 18.4 175.0] 53.5]| 43/ 232.4] 71.0
4} 03.8) or.2l 64 61,2] 18.7 i76.0] 53.8{] 441233.3] 71.3
5| 04.8f or.5ll 65f 62.2) 19.0] 176.g| sr|| 45]234.3] 71.6
6| 05.7| o8| 66 63.4f 19.3 177.6] s441| 46[235:3] 719
7| 06.7| oz.0f 67| 64.1) 19.5 178.8 54.7‘ 47} 236.2] 72.2
81 077 02.3y 6% 65.c| 1g.g 8/ 179.8] 535.01] 48] 237.21 72.5
9| 08.6) 02.6]| 69| 66.c| 20.7 X 180.7| §5.3 1 49| 238.1¢ 72.8
__101 9.6 02.9}| 70| 66.9/ 20. 1233 38. 181.9f 55.6{| 5ol 239.4f 73.1
i t1] 105 03.2) 71l 67.¢| z0.5[131(125.3] 38-3/193|182.5| 558|251 24004 734
| 12) 1150 03.50 72 68.c) 21.1)f 3a[126.2 33.6|] 92[183.6 56.1]| 52| 24104 73.7
|13 124 03.5) 75 69.8) 21.3)| 32|127.2) 38.9]f 93184.6| 56.4: s3;24179( 74.0
14f 13-4 043l 74| 70.4 21n.0ff 34]128.1] 39.2/f 94{185.5] 56.71] 541 242.94 743
18] 1430 04.9% 75| 71.5) 2r.¢|| 3<129.1] 30.5i 05l 186.5] 57.0]f 55) 243.91 7.6
18] 15.3] 037 76 72.3f 22.2) 34(130.] 30.8| 96187.4] 57.3|] 56] 244-8| 74.8
171 16,31 05.0fl 771 73.6] 22.5]f 3-l131.0] 40.1][ 97{188.4{ 57.6| 57]245.8] 751
181 1724 05530 78 74.6) 22.|| 38l132.c| 40.31| 98/189.3] 57.9'1 58| 246.7] 75-4
19{ 18.2 05.6/l 76} 75.5| 23.1 36]t32.9] 40.6{] 9yj190.3| 58.2}} §9|247.7| 757
20| 19-1| 05.%|| 0| 76.5| 23.4|| ac{133.9| a0.g|{20¢191.5| 5851l 6| 248.6) 76.0
io21] 200 o6l 33] 7751 23.70l15 311348 41.2|201] 1g2.2| 58.8[1201] 249.6 | 0.3
[ 22| 21,0 06.4]| 82 78Aj 23,.2 L.i;‘,x .;'Lg 021;3.: ﬁgl 62/250.61 76.6
1 23] 220 06,7 831 79.4 24.3|| 4.)136.8] 41.8]| 03lroq.1| 59.41 63125151 769 1
. 24| 23.9 07.04 84f 8o.5| 24.0[| 44]137.7{ 42.1]| 04|195.1| §59.6|f 64]252.5) 77.%
‘ 251 23.9) 07.3|| 85! 81.31 24.0} 45]138.7] 42.4|| O35{196.0{ §9.9]| 65]253-4| 775
I 26] 24.9] 07.61 88| 82.2| 25.1(| 4€|139.6] 42.7|| 06{197.0| bo0.2 66{254.4] 778
27] 25.8] o7.9]1 87| 83.2 25.41| 4v1140.6| 43.0]| 07|198.C 255.3| 781
28] 26.8) o8.24 88 84.af 25.71| gulig1.s] 43.3]] ot]198% 256.3 78,,4
28] 277 08.5/| 89| 85.1) 26.0if 4ol142.5| 43.6]| 0611999 257.2| 78.6
i 30| 28.7} 08.8] 9o| 86.1 26.3) soft43.4) 439l 10}2008 258.2| 78.9
1‘ 31] 26.00 0g.1lt 91| 87.C zOAbeTxxH..; 34.1}j2104{201.8 259.2| 79.2
| 32 30.60 09.4| 92| 88.0] 26.9i| 32}r45.4| 44-4| 122027 260.1{ 79-5
| 331 316 0g.6i 93| 88.9| 27.2{| 53{146.3] 447} 13|z03.7 261.1) 798
I 34| 325 09.9] 94| 89.9f 27.5 . 204.6 262.0| $0.1
| 335] 33-5| 10.2]f 95| 90.8] 27.§ 205.6 23.0( 30.4
t 36 344 10.5] 96 91.8| 28.41 206.6 263.9) 80.7
l 351 35-4f 10.8f 97| 92.5] 28.4 207.5 264.9( 81.0
381 36.30 11.1]f 98| 93.7| 28.7 208.5 265.9( 81-3
1 39| 37.3| 11.4] 99| 95| 28 209.4 266.8} 81.6
|__4<] 38:3] 1r.7froc] 95.6] 292 210.4| 6. 26781 81.9
{41} 39.2] 12.0101) 96.6| 29.5|1161}154.0f 47.1]|221f21 1.3 268.7{ 82.2
! 12| 0.2 12.3] 02| 97.5] 29.8 62li34-9 47.4l] 22|212.3 269.7| 82.4
Y 43) 41.1) 12.6] 03] 08.5] 30.13 63(t55.9| 47.7]| 23|213.3 270.6} 82.7
L 44| 429] 12.9) 0a4f 99.5| 30.41 63{156.8] 47.9!| 24{214.2 271.64 83.0
¢ ac] 43.0] 13.2f] 05]100.4] 30.7]] 65{157.8] 48.21 2¢l215.2 5| 272.5 83.3
I 460 43.0f 13.4] 06[101.4] 31.0l| 66]158.5] 48.5|| 26[216.5 273.5 | 83.6 1§
47| 449} 13.7] o7|102.3] 31.3|| 6(159.7] 48.8]] 27|217.1} 66.4| 87]274.5| 839
4t| 45.9| 13.0 08103.3] 31.64 68]160.7|749-1]| 28|218.0) 66.7 1 $8{275.4| 34.2
491 46.9] 14.3]| ogl104.2 319l 69{161.6] 49.4l] 20[219.0] 67.0{| 39| 276.4] 84.5
50f 47-8{ 14.6] 10[105.2| 32.2|| 70l162.6{ 49.7}| 30]220.0] 67.21 g0 2773 _Ei_’f
51} 48.3| 14.9111[106.1f 32.51171]163.5] 50.0[|231{220.0] 67.5 [291|278.3] 85.1
521 49.7| 15.2|| 12{107.1) 32.7]| 72]164.5] 50°3i| 32[221.9 67.8{ 92| 279.2] 85.4 I
s3] 50.71 15.5{ 13]108.1) 33.0] 731165.4] 50.6(| 331222.% 68.111 93 280.2{ 835.7
saf 51.6] 15.8)] 13]109.c] 33.3]| 74{166.4| s50.9|| 34l223.8] 68.4:| 941 281.2] 8GO
55| 52.6 16.3]) rsfiro.cl 33.6) 75{167.4] 51.2|} 35l224.7 68.71‘ 95;282.1| 86.2
56| 53.6] 16.4] 16{t10.5[ 33.91 76}168.3 S1.5|} 3612257 | 6g.01] g6} 283.1 364%
57| 54.5| 16,70 15{rrng) 34.2)| 771169.3| 51.7]| 37|226.6] 69.3'| 97|284.01 86.
-58) 56.5) 1y.0ff 18{112.8) 34.5 78170.2 52.0/} 3ti227.6| 69.6 | 98 285.0| 87.1
5ol 56.4] 17.2]] volr13.8] 348} 76l171.2) 52.3}[ 30l228.6] 69.9 | 99|285.9 87.4
60| 57.4] 17.5)| 2c|114.8| 3511l 8cli72.1] §2.6/j acl229.] 70.2 [300 286.9 | 87.7
Dint | Dep.| Lar.domil Dep Lat. D Dup.mt‘. It Depet Lae, 1due Dep. | Lat
(¥or 73 Degrees.
p

(E) Tas.



Tasre 11,

Difference of Latitude and Departure for 18 Degrees,

Eﬁ. .| Dep. Efi\ 1‘“'19& FE}__L_&&]PGP.' Dify Lat.} Dep.(|Dify) Lat.y Dep.
1 E 3 s¥.ci 18.9ll121|115.1) 37.4 ts1j172.1) 55.9]241]229.2
2| 01.9] 00.6|} 62 59.0f 39.21 22{116.0) 37. 7I 8211731 ;6.2!' 42 z;g.z ;‘:153
3| c2.9| co.gi} 631 50.9t 19.51 23j117.4 38.0f B3{174.cf 56.6f 4312312} 75.1
4| 03.8 o1.2|} 64! 60.91 19.8{ 24{117.9} 38.3/1 83|r75.c 56.9' 445232} 75.4
é 04.31 o015}t 65 61.8] 20.1] 25}118.9] 38. 61l 85)175.9t 57.:! 451233.0 75.7

035.7| o1.y|} 66 62.& 20.4{] 26{119. 38.9ff 86/376.9f 57.5|| 46(234.0 76.0

71 06.7] oz.2| 67| 63.7} 20.7,| 27{120.8] 3q. 2| 871177-4 57.81l 47)234.9] 76.3
8} 07.6] a2.5|| 68 64.7) 21.0]| 2li21.7] 3.6/ 88!178.Y 58.1fl 48235.91 76.6
gy 08.6] 02.8|} 69i 65.600 21.31 29l122.5} 30.0ll 89/179.7f 584l 49|236.8| 76.9
10} 09.5| 03-1{i_<Oi 66.6| 21.6l 301123.6] 10.2! qclRO»? 587 59 "178 773
11] 10,5} 03.4|] 71} 67.5} 21.9|1 13111246 40.5 191 131.7] 59.f 254 2387 776
12| 114 03.71| 72} 68.5| 22,2 33125.5] 4080 92(182.6] 59.3| 52239.9| 77.9
13 12.4) 04.01} 73f 69.4] 22.6/ 33[126.5] 41.1]} 931383.6] 59.6]| 53240.6| 78.2
14] 13.31 04311 74f 70.4f 22.01 3n127-4f 4141 0418481 59.9) SH241.6{ 78.5
15) 1430 O4.611 75t 713) 23.2]) 3sl128.4f 417 95855 60.3) §5j242.5| 78.8
16 15.21 C4.9il 26 72.3} 23.51 36[129.3) 42,01 96{:86.4 60.6l 56243.51 79.1
17 16.2) 05.314 79[ 73.2} 23.8{ 37[130.3] 42.3]| 97}187.4 60.9 57/244.4] 794

" a8l 17.1) 05.61F 78] 74.2f 24131 381131:2) 42.6)| ¢81488.5} 615.2) 58245.4} 79.7
19} 18,15 05.91f 79| 75.1 24.4]| 39{132.2] 43.3 99i189.3| 61.5 59/246.3} S0.0
20} 19.0) 06.2|| 80| 76.1] 24.71| 4¢|¢33.1] 43.31l200l190.2} 61.8] 6c4247.3{ 80.3
21| 20.0f 06.5t 81].77.0] 25.0i1141|134.1] 43.6/1201j191.2[ 62.1] 261]248.2} 30.7 3
22} 20.9| 06.3!} 82| 780 25.311 42[135.1] 43.9|| 021t92.1] 62.4] 624249.2} 81.0
231 21.9t 07.1i1 83} 78701 25.64 431136.0] 44.2{| 031193.1 62.7% 635250.1] 81.3
24} 22.M 07.4;| 84} 799 260} 447137-0] 44.5)| 04}194-¢| 63.0i OH25%.1] 81.6
2{5’ 23.8 017;'7 zz go.: -'2? 421”789 41-8] 05]195.¢} 63.3] 65252.0] 81.9
26} 24.7| cb.0 .8 26.6Y 461:38.9) 45. .
an| 2571 08.3¢ 87 B2.71 26.6)| 47139.8 . %
28} 26.6| 08.7!] 88! 83.7 27.2{ 4%[140.8 .3k
20} 27.6] cg.0f| Sof S4.6; 27.5] 49jr140.7 =
3o] 28.51 09.3 1] oo} 85.6f 27.8[1 (cjrg2.
3t} 24.5) 09.61| g1f db.5p 231 151|143
32| 30.4| 09.¢!| g2 87.5 1.44.6) .
33} 31.4{ 10.2|1 93| 88.4 1453 s
34f 32.3) 10.5]1 94 89.4] 2 146.5 203.
35| 33-3} 10.81 95| 94 147,41 47.9}} 15}204.5f 66441 751261.5¢ 85.0
36f 34.2f 11.1]} 9bf 91.3 348.41 48.2ff 16]205.4] 66.7F 761262.5| 85.3
37} 35.2) 1.41] 97] 92.3 X 119.31 48.5)t 17[206.4} 67.111 77{263.4] 85.6
38] 36.1) 11.74) o8t 93.2| 30.3]1 581150.5| 18.8)) 181207.58 67.41f 7812644} 85.9
39| 3%-1| 12.3{} 99 942 30.6( so|r51.2] 49.1|| 19|208.3; 67.7| 79/265.3| 86.2
4° zXo 12.3{1100| 95.1] 30.9|| 6C|132.2 494 | 2012092 6803‘32663 86.5
41 390 12.71 101 96.1} 31.2}1610153.1 49& ‘}.l 210.2{ 63. 3];\1 267.2] $6.8
42 39.9] 13.0[} 02 97.0] 31.5| 62[154.1 50.3]| 22f211.1} 68.61 ¥2]268.2} 87.1 i
43| 20.9] 13-3]] 03] 98.0f 31.8| 63li55.00 s0.4ff 25[212.1] 68.9} 831260.1] 87.5 |}
43} 418} 13.6;| o4 98.9} 321! 64}156.0) 50.7)| 244213.0 6g. 2 84|270.1} 87.8
45] 42.8] 13.9|1 o5] 99.9| 32.4f 65[t56.9] 510l 25[214.01 6g.5)| 85f271.1F 88.x
46] 43.7] 14.2|| o6[100.8} 3288 66l157.9] 51.3)t 26[214.¢ 69.8|| 86jz72.cf 88.4
47} 44.7| 14.5|] o7100.8] 33.1f 6-1158.8] 51.0) 27|215.9] 70.4l| Bz273.0f 8R.7
48] 43.7] 1481 | 0810274 3341 28-598 28{216.8 ;gg gs 2739 ggo

6.6] 15.11[ 0gl103.7] 33.7] 6a 7 9|27+9} 89.3
'28 17_5 ,?;.; 13104.6 340|l 70 71-1)| 90f275-8( 89.6
St| 43-5| 15.8[1rsf105.6] 34.3[ 571 71-4)291|276.3] 899
2| 49.5| 16.1]} 12]106.5| 3461 72 717} 924277.7] 0.2
53 s0.4] 16.4]f 13}r07-5] 349} 73 72.0|; 931278.7] g0.5
53l s1.3f 167 ] 141084 35.28 74 5t 72-3([ 94279-6! 90.9
35| 52.3) 17.0l} 15|100.4) 35.5| 75 5} 72-6(| 9si280.6{ g1.2
56) 53.31 17-3|| 16}110.3] 35.8] 76 H 72-9] 96j281.5 91,5
5°] s4.2| 17.6]) 17jr11.3f 36.24 77 73-2{| 97{282.5} 91.8:
58} 55.2) 17.9(} 18f112.2f 36.5 78] 73-5l| 98283.4 97.1‘
5] 56.1f 18.2]] 19[1¢3.2] 36.81 79] 73+ 9 99{284.4] 92.4 .
60| <.} 18.5]| 20{t14.1] 37.1]| 80 3| 742 300285.3 92,7}
Lat ({51 | Dep.| Lat. IiDust | p Lat.lIDit] Dep.

(For 72- Degrees.

L |
]




Tanre I, Difference of Laiitude and Departure for 19 Degrees.
it | Lar.| Dop. )l DI Lat.; Devyi iy Lat Dep. ([P Lar. |Pep.

1f 00.9[ 00.3([ ©1] §7.7} 19.9]i t124] t1gq| 39.4f|18:]1712

2| or.gl 00.7]] 62f §8.6! 20.2{ 22 115.4] 39.71| 8-J172.1] 59.3

3| 02.8 orcff 63] 59.6] 20.5]| 23|116.3| 40.0|| 83]173.0 59.6

4] 03.8) or3il 64l 63.51 2081 24l 117.2| 40.9!} 84{174.0] 59.4!

5| o4.7| or.6]f 65] 61,5\ 21,2l 26| 1182 30.7|| 85]t74.9] 60.2!

6 05.7 02.0fl 66] 62.4f 2151 26|11g.1] 41.0]| 86{175.9 60.€

7} 06.6/ 02311 671 63.3| 218/ 27120.1] 41.3|| 8:|176.8] 60.¢,

gl 07.6 o261l 681 6431 2201 28] 121.0| 1.7 8¢t77.8] 61.2

o 08.5 029l 6gf 65.2f 22,51 2g{122.6f $2.01| By[178.5| G1.5f
|10 99-5] 0331 79| 66.2} 22.8| 5¢| 122 42.3]| o¢ 179.6 614

1y 1ol 03.60 71l 6744 230131 123.9 4”" 191 mo.u 61~

120 11.3] 03.9|{ 72| 68.1 23.4{1 32[124.8 43.9| 92181. 5 62.,[‘

13 12,3 og.2il 73| 69.08 23.8] 3311248 43.3'] 93/182.5 62.8

14 13.2 o461 7af 70.0f 2 L0l 34} 120.9( 43.6;] 94)183.4] 63.2

15| 142 049 75| 70.9] 244/ 3slu27.6f 44.0/f 95 184.4) 63.5

16 15.1) 05.2{1 76] 71.9] 24~ 36[128.6] 44-3!] 96185.5] 63.4

170 16.1] os5.5)f 7] 72.8] 25.2] 3- 129.5] 44.6/] 97]186.3] 641

1b] 17.00 05.9|l 7% 73.8] 25.4] 3K 1305 44.9]] 5¢{187.2) 644

19l 18.0 06.2 70f 74.5| 25.5(| 3913044 435.3]| 99]183.2| 64.8]

20| 18.9 | 06.5 8¢ 73:6] 26.g 49| 132.4f 456 zoc&%n 65.1 2453

21] 19.9 06.8|| 31} 76.6] 26 31 141 1333 3.0l [Fo1[190.¢] 63.4|261]240.5| $5.0

22 22.% o7.2)| 82| 77:5) 265 42| 134.3] 46.2| 0191.c] 65.8) 621247.7| 8.3

23 205 o7.5)1 83 78.5] 27.0ff 43| 135.2] 46.6{] 03rgr.gf 66.1| 651248.7| 85.6

24f 22.7 07.8)] 84f 79-4f 27.3]| 44{136.2} 46.9|] 04 192.9] 66.4} 64{249.6| 86.0

251 23 6 o8 8¢ 80.4) 27.7| 45|137.3] 47.2{] 03]t 93.§] 66.7

26 24.6/ o8.5l1 86 81.3) 28.0ff 46|133.c] 47.5|| 06]194.8] 671

27| 25.5) 08.8) 87) 82.3] 283l 47)139.c] 47.9|| O7|195.7| 67.4

28) 26.5] 0g.1]f 88 B3.2f 28,711 48[139.9 48.2[| 0¥[196.7] 67.7

24} 27.4} 09.41 89t 84.2] 29.0/l 49| 130.0] 48.5!] 0gl197.6] 68.0

30| 2%.4f 09.8! gof 8s5.1 29:3||_59) 141.8] 48.8}| 10{198.6] 68.4)

31| 29.3 10.1! 91| 86.0f 29.6f151) 142.5( 49.2|{211]199.5] 6.7

32| 30.3| 10.4 92| 87.0 30.0( 52{143.7] 49.5!| 12[200.4f 69.0]

33) 313 1070 93) 7.9} 30.3|! 53l v44.7] 49.8)| 13|201.4f 69.3

34] 32.3] 1.1)l 94 88.91 30.6{ 54|145.6] 50.1]| 14/202.3] 69.7

35| 331} 11.4] 95| 89.8f 30.9ff 55[146.6] 50.5/| 15|203.3] 70.0

360 34.00 11,71 96] 99.8] 313l 56 147.5) 50.8]f 16{204.2f 70.3

371 35.0| 12.0|| 97{ 9271 3L.6)l $7/148.4] s1.i[f 17]205.2f 70.6

38] 35.9[ 12.4|l 98] 927 3r.9f 58| 149.4| 5r.4f| 18|206.1] 71.0]

39| 36.9f 12.7)0 99| 93.6{ 32.2)} s9/150.3] 51.8|{ 19|207.1] 71.3

4¢| 37.8 13.0|| 100] 94.6| 32.6/| 60151 .1]| 2cj208.c| 71.6

41| 38.8 13.3| 101) 95.5) 32.9}1101]152.2 52.4/[221]209.0] 7202
I 42 30.9| 13:7] 02| 96.3] 33.2f| 62 153.2] §2.7.| 22[209.9f 72.3
| 43} 40.7) 140\ 03] 97-4] 33.5{ 63|154.1] 53.1!] 23]210.9} 72.6
! 44f 41.6] 13.34 o4f 98.3) 33.9)l 64 r55.1| 53.4 242118 72.9) 84]268.5] 92.5
" 45| 29| 14.7]| os| 99.3] 38.2) 65|156.0 53.71 25(212.9] 723 92.8

46] 43.5[ 15.01 06{100.2} 345k 66|157.0] 54.0|f 26|213.7] 73.6 93-¥

47] 44-4] 15.3]] o7fror.2f 34.8{ 67157.9| 54.4 | 27|214.€] 73.5 93-4
i 48] 45.4 15.6[f oBl102.1] 35.2] 68]158.8) 54.7] 28}215.6] 74.2 3| 93.8
i 4] 46.3] 16.0[ o9{103.1] 35.5ll 69| 159.8; 550 29]216.5| 74.6 941
I scl 47.31 16.3 _10j104.0 ﬁ.i?‘lﬁcj <<3 16{217.5] 74.9) 9+4

5] 48.2) 16.6ff 111jros.0f 36.afl171] 1657 55.7[251]218.4] 75.2 947

2| 49.2f 16.9]f 12[r05.9) 36,5l 72| £62.6] ;5.0‘ 32219.4] 75-5 951

53| 50-1| 17.3]| 13|100.8] 36.8)| 73|163.6 36.3]] 332203 75.9ff 93[277.0 95-4

s4f s1.1] 17.6|| 14{107.8] 37.1)| 74{164.5] $6.6:] 34]221.3] 76.2|| 94f278.0[ 95.7

551 520 17.9lt 151108.7] 37.4/l 75165.5[ s7.0] 35{222.2] 76.5|| 951278.9] 96.0

56l 529 18.2|| 16|109.7} 37.8ll 76,166.4] 57.3:| 36{223.1] 76.5f| 96|279-9] 96+

57| 53.9] 18.6)| 37lr10.6} 38.4f 77|167.4] 57.6}f 37[224-1] 77-2f| 97(280.8] 6.7

58] s4.8] 18.9f| 18[rr1.6} 38.4l 781168.3 58.0ff 38|225.0] 77.5|| 98{281.8] 97.0

9| 55-8] 19-21 19j1125f 38.7(| 79{169.2) 58.31| 39]226.0f 77.5)) 99i282.7{ 97-3
|62 56.7) 19.5f] 2c|it3.<f 39.11 Bof170.2] 58.6]| 40|226.9] 78.1430c|283-7] 97.7
Ditt. Dep.’ Lar.l! Dut'Dep. | Lar.l'Dist! Dep. ! Lar. #Dwildep. | Lat. WD) Dep.! Lat.

{For 71 Degrees.

—



Tasre W. Diflerence of Latitude and Departure for 20 Degrees,

iDift.] LatDe; . ll)ill. Lat. Dep‘“Di‘- Lat. Dep.
1| 0o.of co.3ly 6:] 5.3 20.0it121|113.7 61.9
2l org} oo7l 62 58.3] 21.2)| 22[114.6) 62.2] 421227.4| 82.8
3] 02.8 owrol] 63| 59.2] 21.5}| 23(r15.6] 62.6§ 43{228.5} 83.1
4} 03.8 as.4)f 64| 60.1] 21.9f| 241116.5] 62.9]i 44{229.3| 83.5
gt 047 oLyf] 65| 61.1| 22.2)f 2511975 63.3] 45{230.2 83.8
6] 05.6f oz2.1l] 6] 62.0} 22.6{| 26/118.4 63.611 46{231.2} 84.1
71 06.¢f 02.4]| 67} 63.C{ 22.9][ 27|119.3 64.0f 47[232.1{ 84.5
$f o7.¢f cz.7f| 6%| 63.9 23.3] 28|120.3 64.31 48]233.0] 848
of 08.5] 03-1|] ‘69| 6.4.8] 23.6]| 2g;121.2] 64.6{ 49{234.0| 5.2
1) 0.4l 03.4i] 7| 65.8] 23.9|l 30j122.2 65.0| 50[234.9] 85.5
1] 10,5 03.8]] 71 66.9] 243h135}123 1] 4 65.30251/235.9] ¥5.8
12f 1L ot 72| 67.7] 24.6f] 32(124.5 65.7|l 52[236.8] 862
13) 12,3 Ol 73f 63.6] 25.0/f 35{t25.C 66.0] 53i237.7| 86.5
14 1520 04 81 73] 69.5] 25.51) 341125.9] 66.41 541238.7| 86.9
ioas)oraa} o5l 75| 79055 25.7| 33(126.9] 4 .66.714 551239.6] 87.2
16] 15.0] 05.5:] 6] 71.4; 26.G{f 36[127.8 67.0{ 56(210.6{ 87.6
17} 16.cf 058 73] 724 26.31] 37/v28.7 67.4: §71245.5| 87.9
18] 16,y 06:2f| 78] 73.3| 26.71 38}129.~ 6770 581a42.4] 33.2
19] 17.¢f 06.51[ 7ol 7.2 27.0i} 39lr30.6 68.1]" 351243.41 88.6
22| 18.4) 06.¥] o 75.2] 2 golrz1.6 68,4! 60j244.3| 88.9
2| 19.7} o7.2(] 1| 76.2f 25.7]; 411325 68.7]:2611245.3] 89.3
22 20.5] o7.5]] 82| 77.1| 28.0| 42{133.4 69.11i 621246.2| 89.6
23| 21.6] 07.9!] 83] 78.0] 23.41! 43[13.4.4 69.4)} 63i247.1) 90.0
2| 22.6) 08.211 83 78.9} 28.7|| 44{135.3 69.8]' 64,24%.1f 90.3
250 23.} 08.6]] 85! 79.9{ 29.1){ 45[136.3 70.1|| 65'239.0] 90.6
26 24.4f 08.gf 86| 80.8] 29.4]t 46J137.2 70.51' 661250.0 g1.0;
27) 25.4] 09.2f| 87| 81.8 29.8}[ 47138 70.8|
28} 26.3] 09.6| 8% 82.7} 30.1{| 48}139.1 7I1y
29 27.3] 09.9| 89| 83.6{ 30.4i 49}140.0 75 5f;
33 28.2) 10.3|] 90| Ra.6) 30.8|] s0{141.0 71.8
3v] 29.1] 10.6]} gal B5.5| 3n.ap{5utig1.g 722§
32} 30l 106} 92l 86.5) 31.5l} 5201438 72.5
33| 3rcl 13l o3 8.4 31.8)) 5311438 729
34f 31.0] 116} 94] %8.31 3201} 541347 73-2
35) 32.9f 12.]] 93] 89.3| 325} s5lrds.? 73§
33.81 12,31 g6} go.2} 32.8)] 56[146.6 739
§i 37) 348 1270 9=t 9r2) 33.2) 57145 742
38 3500 13.cf obf 9211 33-5|f 5811485 24»5
39] 36.6] 13.31{ 99| 93.0] 33.9}| 59/149-4 49
40f 3-.6] 13.7il 100! 94.0] 34.2 60{150.4 752
41} 38.5] 19-0ff 101} 94-9} 345 i6ij1g1.3 75.6
42] 30-5] 14.4]] ©2] 95-5) 34.9{| 6211522 7589
43{ 400y 147 03] 96-5| 35.2|} 63153.2 6.3
43| 413} 1500 04l 97.7] 35 6|t G.ysat :
43| 42.3] 1.4 osi 98.-1 35.0)1 6511550
46F 33.21 16.7,] ©6] 99.6) 36.3} 661156.0
4" 44,4 16.1|l o-{roo.5] 36.6f 67t156.9
48] 453} 16411 o8jronst 36.g .
49 46.c| 16.8[ c9jroz.4f 37.3 72-3.
<56 47.¢| 17.1}f 10jr03.4| 37.6 78
51| 37.0F 17.31] 1111104-3] 38.0 79-0
)2 139 17.8! 12{105.2} 3%.3 zg.g
53] 49.8] 38.97] 13]106.2 38.6 79-7
54( 50.7] 18.5if 14{107.7} 39.C : $0.0
55| sr.-| 8.8l yghoS.a| 39.21 7511644 3 g"-fk
36| 52.6| 19.2| 16}109.0] 39.7(| 76/165 4 3 80'/)
53] 5360 19.5] 17[rc9.9] 40| 771663 3 s“
52} 5450 19.8]] 18110.09f 404 781673 3 8.'44
5o} 55.4] 20.2f] rgfrrn8l 407 79 168.2 39 1.7
60} <b.4] 20.54 20{112-] 41.¢cfl 80|rbg.1 422 82.1 ’__022_8__{_2 02.0
B Dep.l Lat. | 0w |Dep.| Car.||Diit] Dep.! Lar. it Tac. Dt Dp. | Lat.
(For 70 Degrees. _




Tasre 1. Diflerence of Latitude and Departure for 21 Degrees,

Dy Lat, Dep. WD) Larf Dep.y Doty Lav) Dep.
1] 00.¢| 00.41 61] 56.9] 21.9lliz1]i13.0] 43.4|181{169.0} 644
2 or.¢f 00.7,| 62| 57.0 22.2{| 22{113.9] 43.7 ]| 82{169.9} 65.2
3] 028 onrii 63] 58.8) 22.6|( 231 (.b] a4.1]] 83[170.8] 65.6
40 35| ongl 64 59.70 22.9|| 24{116.8] 3444 Saf171.8] 65.y
5lo 47| or.8 | 65! 607} 23.301 25{116.| 448 8slr72.7f 66.5
60 5.6/ 022} 66| 61.6] 23.51 20{117.6| 45.2 (| $6{173.6 66.7
7{06.5} oz.5/| 67| 62.5] aj.0fl 27{118.6] 45.5 | 37{174.6| 67.c
8loz. s 02.91) 68l 6550 24.3|| 28/119.5] 45.9| 88/175.5) 67.4
9{08.4] 03.2/| 69 643 24.7]| 29{120.4] 46.2 8¢/t76.4 67.7
101 00.5§ 0561 70 65.4f 25.111 20[121.41 46.6{ 90l177.4| 68.1
11 10,51 03911 71| 66.3) 25.4/131{122.3] 46.9[[191{178.3) 68.4
. . .2t 25.80) 3zi123.2] 47.31] 92{179.2| 68.8
26.2|f 35/t24.2( 47.7]| 93|180.2] 69.2
26.5 1257 485| 94f131.3f 69
X 126.0] 48.4] 95/182.0] 69.5}.
127.0{ 48.7 /1 ¢6j183.0f 70.2
127.91 49.1t 97[183.91 70.6
128.8] 49. 98[18.4.8) 71.0
129.8] 49.8 | 99[185.8] 71.3
50. 186.7 71.7
5 g 131.6] §0.51{201,187.6] 72.0]
o3} 07. 132.6] 50.9 ]} 02{188.6] 72.4
f.5) 8. 133.6] s1.24f 03/189.5 72.7
24| 08, 134.4] 51.6}} 04]190.5| 731
35 2 511354 52.0(| O5{19L.4f 73.5
+3| 09:3 136.3] 52.3 1 06[192.3| 734
5.2) cg.7|| 851 8. 137.2| §2.7 || 07{193.3| 742
28{ 26.1 10.0} 88 82.2f 31.5|| 48[138.2) s3.0l 08|194.2| 74.5
29| 27.1| 10.4, 89| 83.1].30.9/f 49{139-1f $3.4} ©9|195.1} 749
._3_2&.(: _:&xl 99| 8.4.¢f 32.31] 50|140.0 53.8 1 10j196.1f 75.3
I 31} 28.0) 11! gif 85.0] 32.6{1151{141.0} 54.1 [ 211|197.0] 75.6 35 .
32| 29.90 1.5l g2t 5.9 33.0) 5214100 5.5 121197.9f 76.0(| 72{253.9; 97§
33| 30.¢f 10551 g5t 86.8] 33.30 s3{142.8 S48 13ro8.9f 76.3)| 73|254.9 97.8
34| 319| 1224 o4t 87.80 33.7|| 54{143.8] 55.2 | 14199.8] 76.7)| 742558 932
35| 325] 12.5]0 95| 88.9| 4.0l s5iraa-7] 55.5 0 15[200.7) 77.Cl 75256.71 98.6
36] 33.60 12.91 96| 89.6| 34.41; 561145.6| 55.9 i 16]20L.7} 77.41 76257.7) 959
37 345} 13.3) 97] 90.6| 34.8|| 57[146.6| 56.3H 17]202.6{ 77.811 77/258.6] 99.3
38 35.5) 13.6]} 98} or.5| 35.1(| 58[147.5] 56.611 18]203.5 78.1]| 781259.5( 99.6
39| 36.4] 14.0li 99l 92.3] 35-5l| 59{148.4f 57.0{ 19}204.5| 78.5 79|:bo.5 100.0
1 40| 37.3| 14.31 100 93.4] 35.8{| 60[t49.4] 57.3|| 20[205.4] 78.8) Roj261.4100.3
411 38.30 1478 1001 ou.3] 36.21{161[i50.3 §7.7 [[221]2006.3] 79.2{ 2¥1i262.3}100.7
2| '39.2] 15.1! 02l 93.2| 36.6| 62f151.2 58.1)| 22|207.3] 79.6] €2]|263.3101.1
43| 401} 15.41] ©3] 96.2| 36.9|| 63l152.2f 58.4] 23i208.2 79.91 83:264.2/101.4
44f 410} 158l og1 9.1 37.3 641153.1f 588 24/209.1] 8031 842651 101.3
45| 42.c| 16.1)] o3| 98.c| 37.6|| 65[154.0 59.1 25|213.1] 80.6] 85266.1{102.1
46| 42.9] 16.5)| 06} 99.0| 38.0|l 66155.c| 50.5 26{211.0} 8rc| 86l267.¢1102.5
47| 43.9] 16.8]l 07| 99.9] 38.3]| 67/155.9] 59.8}l 27htr.gf 85.3f Syl267.9,102.9
48[ 44.§ 17.2!] o8{100.8| 38.7[ 68[156.8 60.2 ]| 28[212.9 81'-t 881268.9/103.2
49| 45.7] 17.6! ogf101.8] 39.1|| 69]157.8} 60.6 | 29|213.8]-82.1] 89|269.8103.6
50| 46.7 17.9 10/102.7| 39.4 _1915847 6o.9 {i 30{214.7| 82.4f 002_7_D<_'r'19i?
51| 47.6) 18.3!1 111103.6] 39.8{{171[t59 6| 61.3 [l251{215.7| 82.8] 291|271.7]104.3
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Tssre 11, Difference of Latitude and Departure for

23 Degrees,
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23] 21.2| og.0l| 83| 76.4
24 22.1) 09.4!| 84] 77.3
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Differsnce of Latitude and Departure fof’ 24 Degrees,

=1t
ES

OO 0N Sn by B -

-

rtoosciood]
OO 0 NV £ o N =

ADep. lLat.

TDIf| Lat,

JLat. | Dep | Dit Lat. Dep. wom Lat, | Dep. |l | |
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4.8 29,209.2] 93. I' 89
15.7 £90.5) 44.7, 5-3| 69-1fi _30j210.11 93.51 90
T(R 22.7[ 1141014 4) 1l1714156.2 69.6[| 231;211.0) 94o| 291
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Taste 1L Difference of Latitude and i)cpartui’é for ¥5 Degreds.
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1} 00.9 | oo.4] 61 55.3| 25.8]j121 199.7] 51.1|[181[164.0] 76.5/1241{218.4|101.9

2| 01.8] 00.8) 62| 6.2} 26.2]! 22{¢10.6 51.6|| 82{164.9} 76.9(} 42|219.3|102.3

3] 0z.7} o1.3f[ 63| s7.1| 26.6[} 23{s11.5] 52.0|| 83]165.9] 77.31] 43|220.21102.7

4] 03.6] or.7|l 64 §8.0 z7c| 24 112.4} 52.4{| 84{166.8] 77.8}1 44]221.11103.t

sf o4.5 021} 65 3.9 27.5|\ 25}113.3] 52.8/[ 85/167.7 78.2|| 45{222.0]103.5

6 05.4f 02.5)| 66| 59.8 279l 6i114.2) 53.2| 86/168.6| 78.6]| 46{223.0/104.0
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13.6] 0b.31 73| 68.0] 31.7|| 35|122.4) §57.1|} 95|176.7] 8z.4]] 55[231.5/107.8
14.5| 06.8]| 76| 68.9| 32.1]| 36]123.3] 57.5|[ 96]177.6] 82.8] 56/232.0] 108.2]
15.3] 072 77| 69.8] 32.5]l 37|124.2 57.9|[ 97|178.5] 83.3]| 57[232.9108.6
16.3) 07.6|| 78| 70.7] 33.0f| 38|125.1| 53.3{| 98|t79.4] 83.7{| 58]233.81109.0
17.2 08.0|| 79| 71.6] 33.4]] 39[126.0 58.7}| 99|180.4| 84.1|] 59]234.7}109.5
18.1] 08.5| 80| 72.5] 33.8|| 40{r26.9| 59.2||200/181.3} 84.5[| 60 235.6{109.9
21| 19.0] 08.9|| 81 73.4| 34.2{141|127.8] 59.6||201|182.2| 84.9| 261]236.5{110.3
22| 19.9] 09.3|l 82| 74.3| 34-7{} 42|128.7| 60.0]| 02[183.1| 85.4 62{237.51110.7
23] 20.8] 09.7| 83| 75.2| 35.1}f 43{129.6| 60.4l| 03]181.0f 8.8 63|238.4{111.1
24 20.8) 10.1]| 84| 76.1 35.5| 44|130.5} 60.9|| 0.4]184.91 86.2 6.41239.3/111.6,
a5} 22.9] 10.6)| 83} 77.0| 35.9|| 45]131.4) 61.3)| 05]185.8] 86.6]i 65[240.2[112.0
26 23.6] 110l 86| 77.9] 36.3|| 46{132.3f 61.7|| 06{186.7] 87.1j 66[241.3j112.4
27| 24.5( 11.4f| 87} 78.8] 36.8|| 47{133.2| 62.1l| a7|187.6| 87.5| 67[242.0] 1128
28| 25.4] 15.8]| 88] 79.8] 37.2|| 48{134.1] 62.5]} 0B[188.5] 87.9ll 68|242.9]113.3
26| 26.3f £2.3)| 89| 80.7) 37.6]} 49]135.0 63.0l} 0g|189.4] 88.3} 69| 243.8]113.7
_30| 27.2f 127 90 81.6! 38.0 _50[135.9 63.4|{ 10[190.3] 88.7|] 70{244.7{114.}
31| 28 13.1]] 1] 82.5] 38.5{|t51[r36.9f 63.8{|2a11{rgr.2} 89.2{1274{245.6114.5
32| 29.0] 13.5|| 92| 83.2] 38.9{| 52{137.8] 64.2|| 12]eg2.1] 8g.6|| 72|246.5]115.0
33t 29.90 13.9]l 93| 84.3] 39-3| 53|r38.7) 64.7|| 13]193.0] 90.0)| 73[247.4{115.4
34] 30.8) 14.3] 94| 85.2] 39.7] 54[139:6 65.1|| 1.4{r03.9] 90.4| 74[248.3}115.8
351 31.7| 14.8]| 95| 86.1f 40.1]| 5511405 65.51] 15|194.9[ go.9]| 75/249.2{116.2
36 32.6] 15.21| ob| 87.0 40.6) 56[141.3| 65.9| 161195.8f 91.3|| 76/250.1{116.6
7] 33.5] 15.6{| 97| 87.9| 41.0| 57|542.3| 66.4|| 17|196.7] 91.7)i 77|251.0[117.1
34| 34.4] 16| o8| 83.8f 41.4]| 581432} 66.8| 18]197.6] 92.31] FB|252.0[117.5
30| 35.3] 16.5|| o9l 89.7 41.8]) 59]144-4| 672l 19/198.5} 92.61| 79|252.9;117.9
4c| 36.3] 16.9 100| 90.6| 42.3  60]145.0) 67.61| 20f199.4] 93.cf| 80|253.8/1182
4V 37.2] 17.3[| 101] 9t.5f 42.7 161} 145.9] 68.0]1221|200.3| 93.4]|281]254.7]118.8
43] 38.) 17.7|l 02f 92.4] 43.1 621146.8] 68.51 22]201.2} 93.8| 82/255.6{119.2
43| 39.0 18.2{l o3| 93.3] 43.5§ 63]147.7 68.9]| 23 20%.1) 94.2}] 83/256.5}119.6
44| 39-] 18.6[l o4} 94.3] 440 63{148.6 69.3]| 241203.01 94.7} ¥41257.4{120.C
43| 40.8] 19.6)l o35 95.2| 444 651495 69.71f 25|203.9f 95.13| 835258.3]120.4
26| 41.7] 19.4)| 08| 96.1] 44.8] 66150.41 70.21| 26{204.8] 95.5¢| 86i259.2]120.9
47| 42.6] 19.9]| 07| 97.0) 45.2§ 6711514 70.6]| 27]205.7| 95.91 87|260.11121.3
48] 43.5] 20.3)] o8| 97.9! 45.6 68]152.3] 71.0|| 28{206.6] 96.4}| 88[261.0]121.7
49| 44.4] 20.7]] oy{ 98.8] 46.1 69|153.2| 71.4)| 29|207.5] 96.8]| &g{261.9j122.1
scf 45.3] 211]) 10 99.7L6._5 | 79|¢54-1| 71.81) 30|208.5| 97.2 lo.zﬁz.Slzz.b
s1] 46.2) 2164 113 100.6] 46.9|l1741£55.0] 72.3/(2331209.44 97.611291|263.7{123.0]
52| 47.1| 22.0 12{101.5| 47.3 || 72[155-9] 72.7{ 32{210.3 98.0|| 92{264.6}123.4
53| 48.0] 22.4)| 13[102.4) 47.8[ 731156.8) 73.1]) 33|211.2) 98,5} 93265.51123.8
54 48.0 22.8|] 14]103.3] 48.2]1 741157.7| 73.51| 34212.1 98.9l| 94/266.5l124.2
ss| 49-8 23.2(] 15{104.2 48.6] 75|158.6] 74.0| 351213.C| 99.3|f 95 267.4{124.7
6| 50.8] 23.7|] 16/105.2] 49.0) 76|59.5| 74-4 36(213.9] 99.7(| 96]{268.3}125.1
57| st.7| 24.1f| 17|106.0] 49.4 77 160.4 74.8]] 37|214.8100.2|} 97/269.2{125.5
58 52.6) 24.5|| 18]106.9] 49.9] 78|161.3 75. 2. 38l215.7}100.6|| 98|270.1{123.9!
59| 53-5) 24.9|| 19{107.9{ 503 79[162.2] 75.6:| 39[216.6{10t.0| 99'271.0|126.4;
6ol 54.3| 25.4f| 20|108.8f 50.7| 80[163.1 76 l{ _40|217.5101.4{1300'271.9126.8
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Difference of Latitude abd Departure for 26 Degrées,

Dift.y Lacd Dep.iDift.{Lac. "Dep.lEi_ff Lat.
"1} 00.5| 00.4jl 61| s+.5| 26.7j{121,108.8
2} o1.8| oo.gll 62| §5.9] 27.2 zz‘xog.‘;
3] o2.7| on3il  63] 56.6] 27.6/ 23 110.6
4].03.6{ 018} 64 57.5) 28.11) 241115
§| O4-51 02.2)1 63l §8.4 28.51 2511123
6| 05.4 02.6) 66| 59.5 7.8‘9;’ 26{113.2|
9| 06.3] 03.13 671 60.2 19,41; 271141
8| 07.2| 03.5)| 68| 61.1] 29.8:} 28ir15.0
g| 08.1) o3.9) 69| 62.0| 30.2 29iu5.9
50{ 09.0} 04.4f) 79| 62.9| 30.7:| 301116.8
11] eg.gf 048l 71} 638} 3L.11431[117.7} §7.4
12| 10.8] 053 72| 64.7) 31.6/ 321118.6/ 57.9
13| 1871 057 73 65.6| 32.01 33|119.5) 53.31 93[173.5
13| 12-6] 0641 74! 66.5; 32.41 34|120.4) 5Bl 94|174-4)
15| 13.5] 06.6] 75| 67.41 32.9: 35(i20.3] §9.2)) 95]175-3
16| 14.4] 07.6l) 76' 63.3) 33.3!| 36|122.2 .59.6f| 961176.2
1°f 15.33 075l 77; 69.2 33.8]} 37j123.1 60,34} 97{#77-1
18{ 16.2] 07.9 '78: 0.1} 34.2(] 33[1240] 60.5}| 98 178.0
119} 174 08.3 79] 71-9 34.6]} 39{124.9] 60.9}| 99|178.9
20 180 o3[ _Bo yuigl 35| soltzs ¥ 6r4fiacoiire?
21 —15—9 09.2 81 72.8} 35.5|[143}126.7] 61.8f1201]180.7
22| 19.8] 09.6{| 82 73.7] 35-9 42[127.6| 62.2)| 02[181.6]
23| 20.7] 107 83! 74.6 36.4 4‘3128.5 62.7] 0_3182.5
23} 21.6] 10.5]| 84 75.5] 36.8]1 44{120.4] 634 O 183.4]
4| 37.3|| 45[120.3| 63.6{| 05/184-3
37.7|{ 46{135.2| 64.0! 06l185.2
38.1|| 47[132.1] 64.41) 07]186.1
38.6i| 481133.0] 64.9ff 08{186.9
39.0|| 49{133.9f 65.31| O9l187.3
39.511 501134.8| 65.8}| 10]18R.7
39-911151|£35.7] 66.2]|211]389.6{
4C.31) 52{136.6| 66.6{| 12(190.5
40.8}) 53(137.5| 67.1|| 1311914
41.2{| 54138.4 67.5)) 14]192.3
41.6{| 55[139-3| 67.9}f 15/193.2
42.1|} 56[140.2] 68.4)! 16[194.1
42.5|| 57{141.1) 68.8} 17|195.0
43.0|| 38|142.0 69.3} 18{195.9
43-4|| 59]142.9 69.7if 19{196.8
43.8|| 60{143.8] 70.1|l 20[197.7
44-3{[161144.7) 70.6[|221{198.6
44.7]| 62.745.6] 710} 22[199.5
g5.21] 63]146.51 71,511 23/200.4
45.6| 64{147.41 71.9[| 24/201.3
46.01| 65[148.3) 72.3}i 25/202.2]
46.51] 66[149.2/ 72.8| 26/203.1
X 46.9} 67]150.1] r3.2}f 27(204.0
pt . K 47.31] 68/151.0 73.6[ 28{204.9
40| 44.0] 2.5} Q| 47.81] 6gl151.9! 74.1l] 29(205.8
sol 44.9) 2190 10} 98.9f 48.2 _m_x;z.x 745 .3?25’.7
51| 358 22.4)) 111] 99.8) 487111711537, 75.0]1231{207.6
52| 467 22,81 121007 49.1} 721154.6] 75.4} 32|208.5
53| 47.6) 232 13,100.6] 49.5]) 73)155.5 75.8)| 331209.4
54 48.5] 23:7]] 14,1025 50.0, 74i156.4 76.3]l 34{210.3
i 551 49.4; 24! 15110341 504 5 .31 76.7]1 3s5{>11.2
i z0.30 Z+3 ! . 1358 77.2|p 36j212.%
77i439.1) 77.6f} 371213.0
78]!60.-3 ~8.0if 38/213.9
7_9.:63.9 7851 39]214.8
801161.8] 78.¢f} 40[215.7
RIDITH Dep.! Lat. 513 Dep.!

zx7.5i
218.4

221.1)
222.0!

225.9]
226. 5,
227.4!
2283

5{229.2]

230.1

712310

231.9
232.8

6012337

219.37107.0
45l220.2

222.9/108.7
223.8{109.2
1224-7

1063
106.5

107.4
107.8
108.3

109.6
110.0
1105
110!
un3'
118
12.2
112.7
1131
113.5
114.0]

234.6)
235-5
236.4]
237.3)
238.2]
239. 1

+]240.0}

194.4)
114.9]
115.3!
115.7
116.2
116.6
117.6

100.4
100.8;
1013}
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102.1
102.6
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103.5
103.9
104.3
104‘8; 99
104.2/{3001

Lat.H|Dift] 1

12, !n 9
241.8
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244-5
245-4
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248.1
1249.0

250.8
2517

267.9
268.7

249.9!

117.5
£17.9
118.4
'118.8
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'119.7
‘IZO.I

120.6
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i122.7|
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Tasre Il Difference of Latitude and Departure for 27 Degrees.

<p.1Difly Lat.( Dep.
2}|231{214.7]109-4]

6| 42{215.61109.9

I

5

Lat,| bgg,;;Diﬁ] Tac) Dep.iift.) Lat., Dep.aDift} Lat.) D

00.9! 0.3 61 54.4 121{107.8] 54.9/1181{161.3] 8

Q1.8] 0o.g|| 62 55.2 22/108.7) s5.411 8al162.2) g
8

02.7| o1.4]| 63| 561 23{109.6 53‘3| 8301631 42l216.5[110.3
03.6] or.8l] 63 57.0] 29.11] =24f110.5} 6.3} 841163.9 4aj217.4]110.8
04.5] 02.3}] 65| 57.9] 20.5]| 25[r114 56.7! 85ir64.5] 84.cfl 45i218.51r1.2]
05.3] 02.9]] 66| 58.8] 30.0(] 26;112.3} 57.2! 86)165.7] 84.4ft 461219.2j111.7
06.2] 03.2l| 671 59.7{ 30.4| 27|173.5f 57.71 871166.6] 84.9l 47j220.1112.1
07.1] ¢3.6/] 68 60.6] 30.9]] 28j114.0] §8.1, 88|167.5| 85.4 48j221.0|112.6
o8.0f 04.1)] 60| 61.5] 31.311 29]114.9] §8.6i 89|168.4 85.¢|| 46f{221.9{113.0
10] 08.g] 04.5]| 70! 624 3.8 30l114.8 ﬂftlo'(’i*_gﬁ’_:‘ sol222.8113.§
00.8 05.0(| 71| 63.3] 32.2][ 131]116.7] 50.5° 159111702 86.7|251}223.6/114.0
10.7] 05.41| 92| 632 32.7[] 32{117.6} 50.9!| g2l171.1) 7.2yl 521224518 144
1.6 os.gll 73| 65.00 33.1f| 33j118.5) 60.4| g3]172.0] 87.6) 53|225.4114-9
i 12.5] 0b.4y| 74| 65.9 33.61| 34]119.4) 60.81 941729 88.1]| 54226.3/115.3
13.4] 06.81| 75! 66.8] 33.0[f 3sl120.3] 61.31] 95(173.7| 885t 55 227.2{115.8
14.30 07.3|| 76! 67.7] 34.3]| 36121.2] 617, 96|174.6 89.01{ 56 228.1|116.2
15.1) o771l 77] 68.6] 35.0l} 37li22.0) 62.2'] 971755 89.4il 57{229.0/116.7
16.0| 08.2/| 78! 69.5] 35.4}| 38|123.0; 62.7;| 98{176.4} Bo.gt st[229.91117.1
16.01 08.6!| 79| 70.4] 35.9|| 39/123.8] 63.11 99;177.3} 99-31 59 230.8/117.6]
17.8} 0g.1]| 80| 71.3] 36.31| 30|124.7] 65.6'|200|178.2) 90.8 60l231.71118.0
18.7] 09.5|| 81| 72.2| 36.8]{ 141{125.6] 6+4.0}{201|179.11 91+3 261/232.6/118.5
19.6| 10.0]| 82| 73.1] 37.2|| 42i126.5] 64.5| 021800 91.7 62/233.4/118.9|
20.5| 10.4)| 83] 740| 37.7| 43l127.4] 64.9)] 0338001 92.2)1 63)234.31119.4
213 10.9)| 84| 74.8] 3811 44/128.3) 65.4 04{181.8| 92.6)| 64]235.2{119.9
22.30 13|l 85{ 75.71 38.6{1 4s51129.2) 5.8} Of 182.7| 93.1f} 65{236.1j120.3
23.2] 11.8{| 86| 76.6] 39.0{1 46j130.3] 66.3 061835 93-5| 66/237.0120.8
24.1] 12,301 87] 77.51 39.5{] 471310} 66.7i] 07 184.4] 94.0|} 67]237.9|121.2
24.9] 12.7|| 88] 78.4| 40.0|[ 48/131.9| 67.2:f OF 185.3| 94-4|| 681238.8]121.5]
25.8( 13.2{] 89| 79.3] 40.4f| o|132.8| 67.6/| 09]186.2f 94.9[} 69{239.7}r22.1
20.7) 13.6/|_0o! 80.2f 40.9i| s50/133.7 68.11} 16{187.1] 953 50]240.6{122.6)
27.6] 13.1|| 91} 81.1] 41.3)| 151i154.5] 08.6}J211{188.c 95-8l271{241.5)123.0
28.5] 14.5]| 92| 82.0 41.8 2|135.4] 69.0]] 12{188.9] 96.2|} 72!242.41123.5
29.4] 15.0l} 93| 8a.9| 42.2}| 331136.3| 69.5[| 13 189.8] 96.7]1 731243-2{123.9
30.5 15.4] 94 83.8] 42.9|| §3li37.2| 69.9;| 14{190.7f 97-2|1 741244- t}124.4)
312l 15.91] 95} 846 4301l g5h38.af jO.4 150191.6] 97.6){ 7512435-0f124.8
32,1} 16.3'| 96| 85.5) 43.6]| 6[139.0] 70.8/1 16{192.5 98.1]| 76]245-9{1235.3
33.0 16.8| 97| 86.4| 43.0{{ 57:139.9] 71.3 17[193-3 48.51| 771246.8|125.8!
33.9] 17.3 981 87.3] 44.5] 58'140,8 71.7{l 18}194.2 99.9 781247.7126.2]
347 17710 99] 882} da.9l]  Solrgr.sl v2.2t) rgtres.1l 99-4 791248.601 26,71
35.6 196.0| 99.9/1 80[249.51127.1
36.5 166.9]100.3 [281]250.41127.6
37-41 ; 1 197.8{100.8!| 82!251.3{r28.c
383 19.5!1 031 91.3] 198.7|i01.2{] 83l252.2128.5
39.2] :o.o‘ o4 92.7 199.6/101.71| $4l253.0{128.9
40.1] 20.4,1 ©5{ 93.6 200, 5|102.1!} 8351253.9}120.4
41.0] 20.9!] 06] 94.4 201.4{102.6} 1 86/254.8/129.8]

2.
3.
3.

@wvo«maws-‘?

41.9] 2|‘3i 07} 95-3 ~|202.31103. 13} 87{2535.7|130.3
32 § 21.8| 081 ¢6.2| 203.1{103.3|{ 88{256.6]130.7
43.7| 222!} 09l 97.1 203.0[194.0]| 89i257.5|131.2
44.6 ﬁ._?! | 19| of.c 204.9{104-41| Gol258.4/131.7

205.81104.91{291i259.3}132.1
! 206.71165.3|| 92(260.2{132.6
7.3} 240 x3iloo,7 105,811 93l261.1j133.9]
481 24,;} 14101.6 ; 106,21 941262.90133.5
49.0f 25.0/| T§|102.5 . e 209.4{106.7(] 95i262.81133.9
49.9] 25.4} 16{503.4/ . 8 .g'| 36!210.3[107.3{] ¢6/263.7
so.8 25.91| 171942 5341 47157.7] Bo.4| 37|211.2107.61] 97(264.6
i 517 26.31| 18|105.1] 53.6 78‘1;&6 80.8!| 38l212.1{108.0|] g8)265.5
59! 52.6/ 26.8]| 191106.0 5401l 7qligg.s| 8131 39[213.0)108.51 ggi266. 4
6ol 5351 273! 201106.9) 54 5ll gofiho.al 81.7i| 49213810901 r000267 .3
Didr | Dend Lat.i Dl Dep| Tar Dov.| Tac.liDit Dep.] Lat. I}t Dep.

54| 232|111 9%l 50,
46.3 23.6l 12! gy.8

-
ep——




.- Tanrr II. Difference of Latitude and Departure for 28 Degrees;
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Dt Lary Dep.(DifYy Lat.Dep.yDift Lat. | Dep.)Diti|Lat. Dep.|(Difij Lat. | Dep.
00.g} 00.5{} 61} 53.9| 28.6)121/106.8} 56.81{131|159.8] 85.0]|241[212.8| 1131
o1.8} co.gif 62| 54.7{ 29.1fl 22}107.9] 57.3] 82[160.7 85.4]} 42{213.7|113.6
02.6) ¢1.4| 631 55.6! 29.6ll 231108.6) 57.7]| 83|161.6] 85.9]] 43| 214.6{114.1
G3.5] or.gt} 641 56.5| 30.0|| 24{109.5| 58.2{| 84]162.5] 86.4] 44{215.4{114.6
0441 02.311 65 57.4| 30.5| 25{r10.4] §8.7)| 85{163.3] 86.9|{ 45|216.3]115.0
6.3 02.8;1 66( §8.3| 31.0f 26/r11.3| 5g.2| 86/164.2( 87.3|| 4bl217.2 1155
06.2| 03.3{( 67| s9.af 31.s|| 27lr12.3) So.6l 87]165.1f 87.8[{ 47)218.1}116.0
07.1} 03.8}| 63| 6o.0f 31.9/l 28|113.0| 60.1]| 88|166.0| 88.3}{ 48f219.0l116.4
07.6} ©4.24} 69 60.9 113.6| 60.6]| 89|166.9] 88.7{| 49|219.9[116.9
o_&_b 04711 70} 61.8 114.8( 61.0[| 90[167.8] 89.2}| sc|z20.9| 117.4
11 ©9.7{ 05.2{| 71| 62.7 115.7} 61,5 191168.6.8?,'7' 2511221.6117.8
12| 10.6| 05.6{| 72[ 63.6 116.5| 62.0f| 92{16g.5| g0.1}{ §2{222.5{118.3
13} 1rsf o6.til 73 64.5 117.4) 62.4] 93(170.4| 90.6}} 53|223.4{118.8
14| 12.4) 06.6!f 74 65.3 118.3] 62.9ll 941171.3| 911}l 54|{224.3/119.2
15! 13.2} o7.0lf 75] 66.2 119.2| 63.4)1 95[172.2 or.s5|! 55l225.2  119.7
16] 14.1} 07.51] 76} 67.1 120.1} 63.8)| 961173.1] 92.0| §6{226.0] 1202 ||
171 15.0] 08.0,| 77| 68.0 121.0 64.3] 971173.9] 92.5|| 57]226.9| 120.7
18! 15.9] 08.51 78] 68.9 121.8] 64.8}| 981174.8} 93.0|| §8{227.8| r21.1
122.7) 65.31 99175.7] 93.4|| §9]228.7121.6

19, 16.%| 08.9/1 79] 69.8
20, 17.7| 09.44] 80| 70.6 123.61 65.7])1200(176.6| 93.9|| 60|229.6{122.1

OO 001 D Ju . B ™

-

l

21 155§ 0g.9f| 81f 71.5 124.5] 66.2412011177.50 94.4][261|230.4| 122.5
22| 19.4| 10.5}} 82| 724} 38.5|| 42|r25.4} 66.7|| 02l158.4] 94.8{| 62|231.3|123.0
23; 20.3 10.8]} 83| 73.5 39.9|| 43{126.3] 67.1]| ©3{179.2] 95.3i 631232.2{123.5
24 2h2| 113 841 74.2| 39.4| 44|127.1] 67.6]] 041180.1} 95.8!] 64233.1{123.9
2§ 2250 11,7 851 75.3) 39.9i| 45{128.c] 68.1/[ 051181.0 96.2i| 65{234.0{124.4
26 23.¢} 12.2!| 86| 75.9] 40.41] 46{128.9| 68.5)} ©6181.9 96.7]| 66|254.9]124.9
27} 23.8) 12.7]1 87 76.8] 40.81] 47)129.8| 6g.0t 071182.8( 97.2|| 67]235.7|125.3
24.71 131, 881 77.7) 4u.3)l 48{130.7] 69.5[! 08]183.7| 97.7i| 68[236.6{125.8
29| 25.6! 13.6} o} 78.6] 41.8]| 49]131.6) 70.0/i 00j184.5| 9B.1}] 60f237.5[126.3
26.51 14.11| 90} 79.5] 42.31| 50[132.4 70.4 :_9185.4 gﬂ_(_) 70(238.4|126.8
31 27.4| 14.6'| 91] R0.3} 42.5]}151|133.3 70.9|(211{186.3) 99.1{|{271|239.3{127.2
32, 28.3 r;.ot 92{ 81.2 43.:' §2{134.2 75.41| 12{187.2| 99.5]} 72|240.2(127.7
33} 29-1) 15.51 93} 821} 43.7)[ 53]135.1] 71.8)| 13]188.1}100.0|| 73[241.0!128.2
34| 30.0] 16.0|| 94 83.0] 44.1!} 54/136.0] 72.3| 14]189.c|r00.5|| 74l241.9/128.6
35] 30.9| 16.4{| 95} 83.9} 44.6]i 55{136.9] 72.8]| 15|189.8]100.9| 75|242.8[120.1
36 31.8) 16.g}| 96| 84.8] 45.11f 561137.7| 73.2}] ¥6|190.7[101.4| 78]243.7]126.6
371 32.7| 17.4l] 97]'85.6] 45.5]| §7[138.6] 73.7(| 17|191.6101.9]| 77(244.6{130.0
38| 33.6| 17.8| 98| 86.5] 46.cl| 58]139.5| 74.2{) 18f192.5/102.3|| 78]245.5|130.5
39 34.4| 18.31) 99| 87.4] 46.5/) 561140.4] 74.6|| 191193.4]102.8|| 75|246.5{131.0
40! 35.3| 18.8/1100] 88.3} 46.9|| 60i141.3] 75.1}| 20[104.2{103.3}] 80l247.2| 131§
41 36.2} 19.2{101 89.2] 47.4{[161}142.2] 75.6!|222{1¢5.1{103.8 281{248.1{131.9
43} 371 19.7(1 ©2{ 90.1| 47.9!( 62/143.0f 76.1|| 22|196.0/104.2]| 82/249.0{132:4
43! 38.0} 20.2/] 03] 90.9] 48.4) 63(143.9] 76.5|| 23|196.9|104.7{| 83l249.9]132.9
44 38.8) 20.7!| 04] 9u.8] 48.5/ 641144.8} 77.0| 24{197.8]105.2|f 84]250.8|133.3
45! 397} 2x.11f 05| 927 49-311 651145.7] 77.5/1 25|198.7|105.6(| 85251.6{133.8
46| 406] 1.6 06| 93.6| 49.8/ 66{146.6} 77.9ll 26]199.51106.1|| 86i252.5]134.3
470 41,5 22.1f) O7] 945! s0.2)] 67(147.5| 78.4]] 27[200.4/106.6]| 87 253.4/134-7
48] 42.31 22.5]) 08 95.4] 50.7]| 68[148.3] 78.9| 28l201.3]107.0/| 88 2§4.3[135-2
i 49| 43-3] 23.0| 09f 96.2| 512l 69i149.21 79.3)1 29(202.2{107.5|1 89i255.2]135.7
50 4411 235 10| 97.1) 516]| 70)150.1) 79.E 501205 11108.9) 90iash.t| 1361
T 45.0| 23.9!/j111] 98.0] s2.1[[r71|rg1.0] 80.3||231{204.0]108.4!|291|256.9[136.6
52! 45.9! 24.31 12} 98.9] 52.6| 72|151.0} 80.7|| 32|204.8]108.91} 92|257.8137.1
53] 46.83( 24.9|] 13} 99-8] 3.1} 73|152.7} 81.2]| 331205.7|109.4{1 931258.71137.6
sa| 47.-1 25.4l] 13)190.7] 33.5]] 74{153.6] 81.7]| 34]206.6/109.9]| 94|256.6]138.0
551 48.61 25.8!| rglror.s| 54.01l 7511545} B2.2f 35]207.5f110.31| g5l260.5}138.5
56! 19.4f 26,311 16j102.4] 54.5|] 76{r55.4} 82.6f 36[208.4{110.8]| 96[261.4{139.0
T 37 50.3] 26.%|] 15/103-3] s4.9f| 77|156.3] 83.x1|| 37[209.3f111.3]| 97|262.2]139.4
8! si.2f 27.2) 18|104.2] §s.3{l 78]r57.2F 83.61 38|250.00111.7)| 98|263.1{139.9
59} s2.1f 27:7|} 19{105-1| 55.0ll 79]158.0f 8400 38j211.0[112.2Hf gol264.0{140.4 |F
60} 53.0] 28.2} 20 ﬁ‘f&? _&‘_ﬁ? 84.5i|_4c|211.gi112.7)130¢|264.9 w
Dot {Dep. ! Lac.! Dift Dep. t Lat JIDitiDep. | Lat.iDuift!Dep. tLat. HDig!Dep. | Lat.

(For 62 Degrecs. }
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Tasre 11. Difference of Latitude and Departare for 29 Degrees.

a—

{

Diit.| Lat.] Dep.y|Dift., Lat.{ Dep. {Difl| Lat. Dep.||Ditt| Lar.| Dep. Diil Iat Drp
1| 00.9] 00.5|1 65| 53.4] 29.6§12) 106.3 §8.7{11%81|rg8.3 87.8 z4| z1oXubS
2} o5.7] or.el| 62} 54.2} 30.1% 22[106.9] 59.1|| 82i159.2] 88.2 gal21r.7017.3
31 02.6] orsi| 63| ss-1] 30.5f 23|107.6| 59.6]| 83|160.1) 8Bl 430212.6117.8
4] 03.5] 01.9|| 64f 56.c] 31.0 244108.5f 60.1|| 84{160.9] Bo.2} 44l213.4118.3
5| 04.3] o2.4]| 65| 56.90 31.5) 25]109.3| 60.61| 85(165.8 89.7] 451214.3118.8
6| 05.2] 029!l 66| §7.7] 32.0) 26{110.2 61.1| 86[162.7} 9O.2)| 46|215.2/110.3
9| 0b.1| 03.4]| 67] 58.6] 32.5)j 27111, 61.6]] 87]163.61 go.7I| 47 11601197
8| 07.0| 03.9{ 68| 59.5 33.0| 28112.0f 62.1|| 88{164.4] 91.14 48[216.9!120.2
of 07.9] 0441l 69 60.3 33.5li 26{112.8 62.5]| 89{165.3) 91.64 49{217.8120.7
10| 08.7] 04.8]} 70| 6r.20 33.6} 3c|ir3.7] 63.0|l 90|166.2{ 92.1|! 50i218.71121.2
11| 09.6| 05.31] 71f 62.1} 34.44131|114.6] 63.5||391|107.1] y2.6, z;:zlg.g"uzl.')
12| 1o.5) 05.81t 72} 639 34.9 320115.4] 64.0/| 92[167.9 93.1]| 52[220.4'122.2
13) 11.4] ©6.311 73] 63.%8 35.4) 33{116.3] 64.51| 93]168.8 93.61| 531221.3/122.7
14) 12.2) 06.311 74) 64.7 359l 34r17.2) 65.0{] 94{169.7] 94.1]! 54/222.2/123.1
15| 33.3) 07.31) 751 65.6 36.4ll 3511811 65.4)( 95/170.6] 94.5) 55|223.0(123.6
16| 14.0] 07.811 76| 66.5| 36.8]| 36/118.9| 64.9/| 96{171.4] 95.0]| 56/223.9/124.1
17| 149} 08.24 97} 67.3 37.30 35i19.8) 66.41| 971172.3] 95-5l} §71224.8124.6
18| 15.7] 08.74] 78] 68.2 37.8| 38f120.7 66.9]! 98173.2; 96.0l/ 581225.7{125.7
19| 16.6] 0921 79! 69.1} 38.3[' 3¢fr21.6] 67.4/1 99[174-0' 96.5]| 59!226.5|125.6
20| 17.5 09.7 80_12._9 38.8]: L 4cj122.4] 67.9/1260 17490 97.c] 601227.4/126.1
21| 18,4 10.2{| 81} 70.8 393‘141 123.3] 68.4]{201}175.8) 97.4]{261|228.3/126.5
22| 19.2] 10.7{| 82| 71.7 39% 42[124.2] 68.8]| 02|176.7] 97.0l| 62/220.2[127.0

23| 20.8 1t.2ll 83] 72.6] 40.2li 43125.1] 69.3]| ©3|177-5| 8.4} 63|230.0/127.5 {
24| 2100 11.6]1 84) 73.5) 405 44{125.9] 69.8| oH178.4] 98.¢il 63i250.9l128.0
25{ 21.9] 12.1)] 85| 74.3| 41.2) 43]126.8] 20.3{| ©5/179.3| 9g.4i| 65/231.8|128.5
26| 22.7| 12.6]| 86| 75.2] 41.5]! 46[127.7] 70.8]| 06{180.2| 99.9ll 661232.6|129.0
27 23.60 13.1|l 871 76.1) 2.2/l 47]128.6 71.3]] @7j181.0{100.4]} 671233.5{129.4
28} 24.5] 13.6{l 88| 97.0| 42.7 a%l129.4] 71.8|| 08|181.9|100.8)] 68'234.3{120.9
29! 25.4 141|] 89! 77.8] 43| 4¢J130.3] 72.2{} o9{182.8/101.3 6gl235.31130.4
30| 26.2) 14.5)| 90 ~8.70 43.6) scl131.2[ 72511 10[183.9010¢ 236.1{130.9
31| 27.1| 15.0 91i 79.61 44.11 1591e320] 93.2{j211]184.5 237.0[131.4
32| 28.0| 15.5!| 92! 80.50 44.6] s2|132.9| 73.7;| 12]185.4f 72{237.91431.9
33| 28.9] 16.c|} 93) 81.3| 45.3) 53{133.8]