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WOODS HOLE OCEANOGRAPHIC INSTITUTION 

WOODS HOLE, MASSACHUSETTS 

January 15, 1951 

Dr. 'alter 11unk 
Scripps Institution of Oceanography 
La Jolla, Calif. 

Dear ·alter: 

· Thank you very much for your long and thoughtful 
letter and comments of a few weeks ago. I hope you had a 
good sea trip. 

There is a matter which occurred to me yesterday 
which I would like to mention casually to you, just to get 
your off-hand impression as to whether it is a screwy idea 
or not. 

-As you know, the secular lengthening of the day 
by about 1/1000 of a second per century, as determined ~/~~~~ 
from lunar theory, is usually accounted for by the dispersal 
of the rotational energy of the earth through the mechanism 
of tidal friction. 

Jeffreys and Taylor have studied the dissipation 
of energy by tidal friction in very shallow seas where the 
currents are strong and the dissipation of tidal energy 
largest. The numerical data seems to suggest that the fric
tional dissipation of energy in the Bering Sea accounts for 
the major portion of the necessary loss of rotational energy. 
About 1.5 x 109 hp is calcluated as being lost in the Bering 
Sea as compared to 2.1 x 109 hp, as computed from Fotheringham's 
study of ancient eclipse records. 

Now, it seems to me that tidal energy could also be 
dissipated by lateral friction, especially in the areas along 
the western sides of the worlds' oceans, where there are large 
lateral eddies developed in the strong currents there, or 
possibly over the entire deep ocean. · 

·uppose we consider the magnitude of frictional terms 
on the tide in the two instances. For shallow water, where 
vertical friction predominates, the rate of dissipation of en
ergy per unit volume is of the form 



. . -

r . · alter 1unk - Page 2 . 

In the case of the deep~ ocean, the rate 
of energy per unit volume is of the form 

/" '- {b ILL ~ I;;>?(} 1. 

of dissipation 

where fA--, is the vertical eddy viscosity and f<- t is the hori
zontal eddy viscosity. 

The volume of sea water in t he shallow seas over which 
the vertical friction dissipates tidal energy can be repre
sented by V, . The volume of water in the deep ocean, where 
tidal energy is dissipated by· large scale eddies associated 
with ocean currents is V"'- ; the average depth of these t wo 
different domains of dissipation are 1--1, and f-J ,. respectively 
and their surface (geographic) areas and SL . 

I 

Very roughly speaking, we can evaluate the magnitude of 
the velocity gradients as follows: 

; ssuJne first in the shallow water the velocity gradient 
to be constant, and the maximum flow at the surface to be AA. o 1 
we obtain 

- . -
L 

{ fLlo, / H, ) 
In the deep ocean, if we assume the wave lengt h of the tide 
to be i\ , and the maxirn.um velooi ty of the current to be 4/o'L , 

we obtain ()It,(., / l>~ )-,, ~ {,u "l. 2 rr/7a} l.. 

owever, the quantities lf.lo, and ~~are not entirely independent 
because of mass continuity, and therefore are related roughly 
by 

/-/, ,;-- A< o -i. I-I 

Therefore, the ra_tio of total tidal dissipation by vertical 
friction in shallow seas to that by hor i zontal friction in the 
deep oceans [ ~ i'-'-_!.. L 

V2- L ;, 1' __, 

is v, i ' 

3 
I 

• -------s 
( 

L f
/ 



Dr. Walter Junk - age 3 

~ '2... 

108 cm2sec-1 r, - /0 ~ S -«!: .... Suppose that fL - --

t-lL -p, - 5 X 104cm -

,-1, - 104cm -

r - 5 X 108om -

Then the ratio • 1S 
S2 1 -
81 30.0 

This means, that for the dissipation due to lateral 
friction to play a role of equal magnitude to that of ver
tical friction, the area of deep water dissipation needs 
to be about 300 times that of shallow water (Bering Sea). 

Now, do you think that this could possibly be the · 
case? Only about 3% of the whole ocean is shallow, and the 
Bering Sea is only a fraction of that. 

Do you think this idea is worth pursuing further? It 
would be a big job to do carefully. 

Sincerely yours, 

Henry Stammel 

HS:ds 

/} (, ,1' ( 

___ , 



WOODS HOLE OCEANOGRAPHIC INSTITUTION 

WOODS HOLE, MASSACHUSETTS 

February 2 , 1951 

Dr. ; alter I . ·;unk 
Scripps Institution of Oceanography 
La Jolla , Cal if. 

Dear alter: · 

Thank you very much for your last letter. 
I am inclined to agree with you that it would be 
next to impossible to carry out an estimate of tidal 
energy losses over the world's oceans due to lateral 
eddy viscosity. As a matter of fact, upon looking 
over Jeffreys' treatment of tidal friction in 'The 
J:!;arthn 1 am rather surprised now that I think of it, 
that he was able to convince himself of the precision 
of· his results . I wonder if it might not be a worth 
while thing to bring up this question in a one para
graph letter to "Nature" . 

. 
Yes, I did receive an invi tation to the 

Atmospheric Turbulence in the Boundary Layer Sympo
sium. I will have, by the time of the Symposium, 
enough qualitative information on the occurrence of 
wind streaks on shumet rond under varying conditions 
of ind;insolation,;evaporationJ to make an interesting 
presentation. 

t present I am spending the first three 
days of every week in lew Haven teaching a dreadfully 
elementary course on 'eteorology and Oceanography. 
j 

1he rest of the week I am at home at ~loods .L ole . 1-
though it is something of a nuisance to have _to go 
down to ew Haven all the time, it is great fun to 
see Gordon and the others there . On the other hand, 
the Bingham Laboratory is so quiet and peaceful, as 
compared to T,{ • .b.. O. I., that I get a lot of work done 
there. 

HS:ds 

Hy best to you all at Scripps . 

Yours very truly, 

Henry - tommel 
central Bureau 



1 

i r; ~ 
.rood . 
·ood 

e 

( 

ar 
oce 
lie 

out 

LA JOLLA: SCRIPPS INSTITUTION OF OCEANOGRAPHY 

1, 

I no 1 • that 1n ~. I 
he ur 

n 
on 

2'1 

1 n, 

ur o en ie - t 
t r. 

1 

1 n oe 

UNIVERSITY OF 0ALIFORNIA-(Letterhead for interdepartmental use ) 

t ' 

r 

to 
th 

1. 

od. 

ion. 



~ .-

LA JOLLA: SCRIPPS INSTITUTION OF OCEANOGRAPHY 

t- ,to-...el-- !.win 
2'1 Feb 19 l 

-2-
erely th tit is not com r · sad~ at 

o ld have to dream up some y to p11t the 
(known) • ea ot ressure betore could 

is no ti . , but 
would me t t 
surt ce under 
tind ut he er t · ere w . · tim present. I dont feel very .. a .. 1 

with a hydrotilm 1balano at sea. bout or 1n 

To comet the oint: ,do you think it· ould be a sound 
idea to inve tlgate the presence or .· b enoe ot ti · , on the sea 
bJ a un1torm method on the .tlantio an the aoitic *• and it 
so, would you be 1ntereeted in joinin ., .... ,1th us in this . study. 
~Jalter and I ex. eot daily to ear that have some . 11'torce 
money to study the . bys1os and Che ·istry r the ' ir Sea Boundary 
and sow m1ght b ble to help finance th ork on the tlantio. 
ne problem on your side interests me ver7 inuch. During O erat1on 

Cabot• ill Kielhorn took aom.e remarkable photos trom the air 
th t showed the ult atream water· muoh more ruffled than the 
adjoinln sloe ater. The ditterenoe could be due to the 
presence ott{ ti on the ore produo·t .1 ve elope water which 
mi ht damp out th ri plea, or the d1fterenoe might be due to 
the existenae ot a boundary-layer ot stable air over the 
oo-lder slope water which protects the wate su1'tace trom. 
r1 pling by the turbulent wind. It .ould seem possible to olear 
up this p int quite quickly by observ t1ons on the spot. 
'l'b1e, byte way, ha some oss1ble m111tary slp1t1oance that 
we need not dwe-11 on he -~a. Some time I• 11 · 1 te to the Central 
Bureau about it and r rward the letter by armoured car. er.has 
we oould combine the L ngmuir balance and th,e method ot i\clam 
using a Langmuir tro h to oomr••• a sam le or ae a~er bl 

~12 . :'2tim =,;s,%1i,t2,i~},tJ,:.i:227:;,,,~2~,1~~ a• 
,il.t.6 t. The dvanta _e would be that the tension would be 
measured be a system not othered by t aooelerations ot a 
bouncing ship. other ay might be to measure ho . mu.oh the film 
has to be compressed to damp out standard rip lea generated 
by a tun ng for~t: This trick has been ua~d. by Gorter & F4eeder 
( ollo1d--zeitsohritt 58:257•2f)O (19.32)) and gave pretty ood 
quantitative results.· yway 1 let me-have your ideas. It seems 
somewhat tool1sh tor us to . ursue- this independently or one 
another it we oan get more s1 n1t1oant results by a common 
ettort. -

By 09lno1denoe, while I was writing the above alter ca.me 
in with your latter ·to him ot the 19th. He says to tell you that 
there is masa transport saoo1 ted 1th c illary waves. It 
seems to me that _as you say there must be some ,genoy compressing 
surtaoe film lf it is to dam out ripples. fJ.'h basis of my 
internal w v work just this that the internal w ve oan 
sometimes do the trick. But there must be other agencies e uall7 
or more etteotive 1 partioularly the ind t hi her inds eds. 
~ at we must t1nd 1s some agency exerting dj1t~,e;g:en..t1al stress 
on the sea surface, otherwise no oom re• s1on 'occurs. I don't 
see ow o ·pillary · ves oould c m z·esa the r1_ as a whole, a · 
. imagine you are considering the looal eompreseion at the 
crest of each little wave. Yvette ~ardman me sured _the drop 
in surtaoe tension at the crests of rllvit. · aves. antt I have 
repeat d t observ tion. It is · uite e ily see by dam's 

UNIVERSITY OF CALIFORNIA-(Letterhead for interdepar tmental use) 
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WOODS HOLE OCEANOGRAPHIC INSTITUTION 

WOODS HOLE. MASSACHUSETTS 

December 12, 1951 

Dr. alter l 'unk 
Scripps Institution of Oceanography 
La Jolla, California. 

I am very glad to hear how well your work is 
coming along. I am engaged in trying to run three 
projects at present. The first is the study of estu
arine circulation. I think Harlow Farmer and I have 
really come quite a long way and are writing a report 
on two layer flow and other topics, which is growing to 
telephone directory size. 

I am including in this let t er a partial table 
of contents, and I a.rn sen~ing by slow post a few of the 
sections which are in more or less final form. There is 
still plenty of experimental work to do in the flume, 
but I believe I pretty well understand most of the phen
omena in the first four chapters anyway. I have worked 
out a lot of examples, especially for Chapter 2, which 
are not quite ready yet for duplicating. I will send you 
these, bit by bit, as they come off the Multilith press. 
Eventually you should have a full copy. · I imagine the 
final form of _this work will not be ready for about six 
months. 

I am also working very hard on the Infra-red 
these days, but have not gotten very far yet. 

There is a new man by the name of David Frantz 
working for me now, who is going to try to put instru
ments out in the deep ocean. Our program is roughly as 
follows: first, to put temperature recorders out on the 
Continental Shelf for a year; second, to put a current 
and turbidity recorder on the Continental Shel-f in a ca«
yon (shades of Kuenen! ), and thirdly, to place temperature 
and pressure recorders on a seamount, more or less in the 
path of the Gulf Stream. This program, we believe, is 
planned in steps of ascending difficulty. (The primary 
difficulty, of course, is to get the instruments back-
not to design or build them). 



Dr. ~: alter ~ unk - Page 2 

Michael Longuet-Higgins and I did some work on 
the · theory of the G.E.K. while he was here. I hope you 
will get him to give some talks on it at Scripps- -say a 
four or five lecture series. Melvin Stern here has done 
a beautiful job on the solution of the G.E.K. theory for 
an ocean current of rectangular section, and also has dis
covered some very important integral relations from which 
one can obtain the total transport of . an ocean current 
from surface G.E.K. and Loran measurements . 

Sincerely yours, 

Henry Stammel 

HS:ds 
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ON YrlE NATURE OF ESTUARINE CIRCULATION 
by 

Henry Stammel and Harlow G. Farmer 
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- Offshore phenomena 
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The transition from flow in the channel to geostrophic 

flow along the coast 
Effect of mixing on the offshore current regime: 

steep coast line 
Shallow coast line 
Tl1e dynamics of the . frest water "cloud" 

- Time-dependent phenomena 
Effect of stratification on tidal currents 
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Transient solutions to the flushing problem 
The weir effect in estuaries with small inlets 

PART III Description and classification of estuaries 

(A very brief, comparative description of about 30 
different estuaries) 
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)Ir. Henry StOlllllel 
Woods Bole Oceanographic Inatitutioa 
Wood.a Jlole, Naaeaehuetta 

Dear lank: 

Ne.120, 1958 

Wear all Yery curiOUtt Whether you have ha4 :,our ot'fapring yet. 
Pl••• b aure to let ua know. 

Iva• ~ coune terribly arT'1 ·t -o have aie · ou in WUhingta .• 
Your .e1,• M&:ry ot th Gult Stream. theory •vaa well vrttttm am we received. 
My anl7 ob~eotian 1• that ya11 were Of'erly modest with regard to 7our ovn 
vork. 

- !bank you tor pending • _ t1 with Bill Tan · -• · -11• ~-
bac 1'roa Wood Bole With hie aorale an4 • u..-oont14e ce uprated.. lte 
talked to you about a ·p01sible loan of a long per1o4 CUlT nt. meter. I 
-eho\114 e int reated 1n _ 1.Ag· IOIII· •••ure•nt during t oom1ng tall 
a4 winter tor a period -or .about thre llOnthe and voul.4 tberitor very 
1111eh like to borrow the current · ter aQllllt ti .. t 1• ets• atr so that ve 
can gain •owe experience with its u • y, au pose that we might 
carry out a aod1t·1cat1on vti.reby temperature aight be :recor4e4 t the 
eeae t!ae an on the -a - . tilat 

What I would l ik - to do 1a to oar th current met•l:' .a ·out 100 •· 
bezieath the surtace on the aetern aide ot the C 11tom. current and 
11eaaure the ehorevard - 447 tluz ot 111011antwa &nd heat. I voul4 hope thia 
would throw ecae light .on the actual proce _ a invol 4 that 1. e4 to -
n,nnet-1cal value1 of ,107. Two Coa t Guard otrtcere, vho are student• he.re, 
ar interested. -1.n thi1, ·ant! .I thtnk th1e would be a very good problem tor th••· Pl a e let ~ hear your r9act1on. 

There 18 alao a matter v.ith regard to a propo•ed 1yapc.,e 1\Ull on 
ooeaaograph1c inat:r,dlel'ltation, aponeored by OD, in whi I va• invi-4 
to ••rT . •• aoderator on the topic _ ir•Se ..,..,..,...ary ,....,~ •••. " I -ia-l;Ui-,., 

no earthly r . uon wh7 they have -• 1. t 4 _ r h ·•, but ae I haYe not 
turne4 th .. down •o tar I _ atrai;d .I ehall ha•• to tr, best. OM 
principal r eon tor b ·iDg v llins to accept th1• vu that I was informed 
b7 Nr. Gibba that 7ou and Al t,oo4cook and lob lle14 re t~ be the dia
cueante. I hear troa IUl that you were ¥ha unc rta1n whether JOU 
would cOJl8, not haTing been 1DY1tekl 1 du courae. I aight &44 that the 
way 1n vhich I Nce1Te4 all 1ntox-.t1on .ao tQt 1• b7 a few fora letter• 
an4 that I . have ha4 no part 1n t<>rll\alattna the program or Mllirlg the 41a\OtW 
cueaanta • Bovever_., I do hope ver7 etrongly that you oan come amt not let 
ect1e tr1•1al bureaucracy 1nt•rtere with 1fhat coul .tT-- out to be rather 
uaetul. 

Tour•, 
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W )OS HOLE OCEANOGRAPHIC INSTITUTION 

WOODS HOLE. MASSACHUSETTS 

Dec mber 4, 1952 

• 

I sent you anuscript recently in which I 
tried to work out disper. ion law· for me nders in 
t e Gulf Stre . m. Yn talking over this idea with 
a thamatioi nth oter d y, I found that I Hlade 
a ter r1 ble mist ke in evaluating the roots of the 

quat on on page 7, o that the t ble of p se 
velooi ti s and · owth r ·a tes is all wr n • Equation 

_ ,~.. 7D {>-p + .f L =., 
{i-f J ---=Y----... --- ,f.'U .. 

is very interestin however . Unless I have mad · 
another mista e, I think it shows that there is 
only an rrow- range of . avelengths whioh permit 
inst:bility. This range centers around the wave 
numb r 

--
and . ave much lon er or shorter are ~at ble .• •Curiously 

nough, the limiting conditions at which the eander 
of waveaallger ko is t e only unstable wavenu b r in the 
hole speotr is that 

---
This r sult is so simple that I onder if I have not 
been orkin on a trivial solution so ehow, and will 
h ve to reinvestig te the hole matter. I'm afr id I 
have otten ·11 mixed up and confused , and I 11 rite 
you a a.in la tar if I e·ver get th.inga strai t . n d out. 
·n pro lem has i ta t lons in me though no tor sure . 

ours truly , 
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1. Introduction 

Henr:t ;Stommel 
December 17, 1952 

. ul t· , ire a ion 

I intend to sketch in only the broadest strokes a possible mechanism 
by which meanders may be produced by, and in turn, control certain features 
of the wind-driven circulation of an enclosed ocean. The model of-the 
ocean considered is only a very crude approximation to the true state of 
affairs and can be justified perhaps only by the exploratory and suggestive 
nature of this investigation. 

The point of departure of our study is the fact that Munk: 1 s (1950) 
value of the total transport of the Gulf Stream is independent of the 
lateral eddy viscosity A over a large range of values of this parameter. 
For small values of A the velocities of that part of the circulation in 
Munk 1 s solution which corresponds to the Gulf stream are much too high and 
the stream is too narrow as compared to observation. On the other hand, 
large values of Pr cause a broad slow Stream. Munk has chosen A == 
5 x 107 cm2 sec-1 as a value which gives a cross stream profile of trans
port most nearly in accord with observation. There is little other ground, 
·however, for choosing this particular value of the coefficient of lateral 
eddy viscosity. Mu.nk: 1 s theory does not deal explicitly with a stratified 
ocean. 

Rossby (1951) has shown that dissipative forces acting upon a current 
in a stratified medium tend to produce a concentration of velocity at the 
surface: in particular, in a two layer system (densities J)_ and f' - ~f 

) in which the upper layer is moving with velocity U , and the 
bottom layer is at rest, there is a tendency for the interface to slope 
upwards downstream and the velocity to approach a critical value 

u c:, -

where J) is the thickness of the upper layer. The role of this critical 
condition at transitions in open channel flow has recently been studied by 
Stammel and F·armer (1952). We will now proceed to develop. the perturbation 
theory for meanders in a stratified medium and will show these perturba
tions are all stable (and hence unlikely to develop into observable mean
ders) as long as U <i Uc. . When 1l approaches Uc. a very ri.a.rrow 
range ·or wavelength of perturbation becomes unstable. It is a remarkable 
fact that this unstable wavelength corresponds closely to the observed 
dimensions of a meander growing into an eddy (Fuglister and Worthington, 
1951) and that this meander is stationary, which also is in accord with 
observation. 

# 
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2. A simple meander tl1eory 

Suppose that there are two layers in the ocean, the lower of density p , 
and the upper of density ..:f - "1:..f'__ • The lower layer is vecy deep as com
pared to the upper, so that we shall assume that the accelerations and hori
zontal pressure gradients in it are vanishingly small at all times. 

In the undistu·rbed state a steady current of velocity U flows in the 
~ -direction in the upper layer. Associated with this is a hori zontal 
pressure gradient transverse to the stream 

where ~ is the elevation of the free surface above what it would be if 
there were no motion. We denote the depth of the upper layer by .l) . From 
the assumption of no motion in the lower layer we see that 

--

or 

} 

We now suppose that small perturbations 4--t, , 1r' , the velocity com-
ponents, and ~ and -A.- 1 , the elevation of the free surface and dep1'ession 
of the interface respectively occur. We assume further that these quanti
ties are independent of 'd" ( ! ) • The perturbation equations are written in 
the form 

~ + U ~ .f11r - - d d{. 
llA-- -- -

at. d?( 0 ~ 

(a~ -1-V ~) ttr- t- -t/J.A.. - 0 --

( b} -1- U o~) (~+-It'} + .D 
dtlA_ +~ dD ...... 0 -
2,?l a~ 
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If we assume the perturbation to be of the form 
obtain the following frequency equation 

~ c ,-r> -

where 
I ' It 

= r -f ,, 

we 

==-0 

•,, 
, the real part rj of 

which is the ratio of velocity of the propagation of the wave, and the imagi~ 
nary part f II of which gives the instability of the wave motion. 

For the particular range of parameters involved no one of these terms is 
small compared to the others. It is convenient to rewrite the equation in 
the form 

where 

and 

1!+Z 

--

-._.. 

1+ 

I 

· SAL~~ 
e 

~--3 

(,-,,) 

The roots of this equation are all real provided .JE 2: g , thus there 
are three types of stable wave possible. If .Jt <. 3 there is a region 
of unstable waves. It is, perhaps, these unstable waves which interest us 
most because they seem to be the most likely to form on the stream. If one 
regardsJf as a function of ~-a. (for the moment -I, , J). , and -Y being 
regarded as fixed) we see by inspection that T passes through a minimum at 
some value lo , which presw.nably corresponds to the most ·uns~able wave, 
and is found to be 
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and in the case of marginal stability 

----
Substituting these conditions for the "just-unstable11 wave into the frequency 
equation we obtain that ?' 1 = O , thus the wave is stationary-. 

3. Application to Gulf stream theory 

A realistic value of ·l)f /.f' is 2 x 10-3, and we may take the depth of 
the thermocline in the stream as 1J = 200 meters. The critical velocity 
is 200 cm sec-1 • At this velocity a meander with a wavelength of 180 km be
com~s unstable and begins to grow. During the process of growth this meander 
diverts momentum of the stream in a direction normal to its mean course. If 
the eddy detaches from the main . Stream this momentum is dispersed in the 
flanks of the stream, and from mixing length ideas we may calculate the or
der of magnitude of the local gross coefficient of lateral eddy viscosity 
due to this eddy: 

1 

= 3.6 x 109 cm2 sec-1 -
\~ 

win 

This value is much in excess of the value used by lv.lunk. If it is recalled, t 
however, that Munk has assumed a uniform viscosity over the entire length • 
of the. Gulf ·strerun System, where~s .the ,observat~ons of the ?ABOT cruise it:dicate~~ 
the existence of only one detaching edu.y, the discrepancy is not so glan.ng. ': J 
If the value of Ae. (acting on 011ly 90 km of the length of stream) is aver- ~ 
aged over the entire length (about 4500 km) of the Stream a value of 7 x 107 " 
cm2 sec-1 is obtained which agrees well with Munk' s average value 5 x 10 7 • 
cm2 sec-1. 

This theory imposes a very great stability on the climatological mean 
Gulf Stream because if on one hand the eddy viscosity diminishes the Munk 
theory- requires the velocities to increase, but this causes unstable 
meanders to appear, and hence increases the lateral viscosity; on the other 
hand too much lateral turbulence tends to broaden the Stream and diminish 
the velocities below the critical, so that unstable meanders cease to form~ 
thus reducing large scale lateral eddy motion. Although I am fully aware 
of the extreme crudeness of the theory employed here, I think perhaps it may 
provide a basis for reconciling the ideas of Munk and Rossby and that it may 
provide an understanding of the role and mechanism of Gulf Stream meanders. 
The Rossby theory describes the instantaneous picture of the Stream (the 
width of the instantaneous stream being a consequence of Rossby 1 s critical~ 
condition and Mun.k's fixed transport). In this theory- the meanders are part 
of the mean motion -(not turbulence). The Munk theory is an average picture 
only, considering meanders as turbulenc.e. Perhaps it is a mistake to try to 
force the width of the current profile from Munk to be that of the instan-
taneous stream. If we simply assume A to be larger than 5 x 107 we can 
obtain a broader, weaker mean strearn which fits the average Gulf Stream 
cha·rts better. 
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Dr. W H Munk SIO 

La Jolla California 

Dear Valter 

April 8 53 

j 

In regard to · the telephone conversation yesterday ••• 

In decing what values of parameters to use in Mr. Veronis' transi .ent 

wind-driven ocean circulation theory it seems advisable to use the numer

' ical values given by you in the 1950 J. of Met. paper so far as possible: 

width·or ocean 6500 km 

A= 5 x 107 cm2sec-1 

~ as 1.9 x 10-13 per cm per sec 

Mr- Veronis is using a wind stress distribution of the form 

-- w~ 

where is the stress, is t _he annual average amplitude, is 

the annual perturbation amplitude, is the wavenumber. What values do 
· you suggest for these three constants, and where would you place the 
northern and southern boundaries of the ocean? . 

As to the two layer model ••• Do you think that the d~pths of the 
two layers might be 500m and 4000 km and ~p/p = 3 x 10-J? Please sutgest 
other values if you think these are not q_ui te the thing. Will you 

1 plea·se communioate your thoughts oh these ma.tters to 
\ · Mr. George Veronis, Grad. Div. Apllied Mathematics, 

Brown Univ~ Providence J, R.I. 
The computations are suffieiently intricate to preclude the likelihood 
of ever seeing the results for a wide variety of choices of the paramete·rs 
so we ought to make the best possible choice of numbers right at 
this time. 
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Dr . Walter H. Munk 
The Scripps Institution of Oceanography 
La Jolla, California 

Dear Walter: 

During the month o~ March I tried to make some measurements of the 
surface currents set up by the wind in the deep ocean remote from land 
under circumstances which as nearly as possible were similar to those 
assumed for the Ekman spiral . As you will see rom the enclosed memo
randum, which I certainly do not intend to publish until I have obtained 
very much more data, I ran into technical difficulties involving the 
relative size of ship and waves which made it impossible to gather enough 
data to be at all useful . Ho ever, I was able to obtain enough informa
tion to become surprised and somewhat dismayed by the complexity of the 
water motions in a region which at first hand should appear most simple . 

Most of my effort at present is going into trying to devise methods 
and means of getting continuous series of data of the wind- driven cur
rents offshore of Bermuda. These are purely engineering problems, and 
although somewhat formidable, I think can be solved; but this preliminary 
information that I have obtained, as woefully incomplete as it is, does 
suggest that even if I do obtain a continuous series of measurements of 
wind-driven currents in the deep ocean, I will have quite a lot of diffi
culty in explaining them in a rational way. 

The-primary difficulty, as I see it, is the presence of what appear 
to be irregular inertial motions of the upper layers of the ocean. These 
we are led to expect from Fredholm1s transient solution of the Ekman 
p oblem in which the momentmn. imparted to the water by the wind is gradu
ally diffused downward and gradually the transient inertial motions are 
damped out by vertical friction alone . In the Ekman model of the deep 
ocean where the latitude is everywhere the same, these inertial motions 
should al ays add up to a simple rotating (cum sole) vector with a period 
of 12 pendulum hours, and although we see some evidence of such rotary 
inertial motions such as sho m in Figures la and lb of the enclosed memo
randum, the inertial motions are often apparently aperiodic as shown in 
Figure le, Figure 2, or as might be inferred, although not certainly so, 
from the peculiar mess of observations in F.igure 3. 

ow it seems to me that the complex, nearly-random nature of the 
motions in the upper layers might be explained by the dispersion of 
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inertial motions originating from areas of the ocean of different latitude. 
After all, the wind is not uniform over the whole ocean and it seems to me 
in the case where the wind stress is 1applied to only a certain area, even 
in an infinite ocean, that inertial motions should disperse from that area. 
This is not, strictly speaking, a generalization of the Cauchy-Poisson 
problem to a rotating plane but it appears to have some of the properties. 
If these nearly-random features of the inertial motions are a common feature 
of observations as I accumulate more of them, I shall really be at a loss 
to discuss them quantitatively. Therefore I wonder if you have any idea ., 
of whethe1~ or not some of the more recent results of meteorological think-
. ng might be useful to me. For example, I have heard indirectly that in 
the practical problem of numerical weather forecasting a good deal of atten
tion has been given to the study of the spread of a point disturbance in 
various simplified models of the atmosphere. Perhaps some of these models 
are similar to a homogeneous ocean and the work that has been done on them 
might shed some light on the physics of the dispersal of inertial motions 
in a homogeneous ocean. 

I certainly do not mean to press you for an immediate answer. If any 
suggestions or ideas do come to mind, however, I should certainly like to 
hear of them. 

Yours very truly, 

Henry Stormnel 

HS:ep 
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WOODS HOLE, MASSACHUSETTS 

Dr . alter H. ~ 
Sc ipps Institution of Oceanography 
La Jolla, California 

Dear vJal ter. 

May 22,, 1953 
j 

Just a note to thank you for your letter about wind-driven surface 
currents. :(: most certainly hope that this background kind of surface 
velocity is not the result of the super position of a number of travel
ing dispersed inertial disturbances . It will 1nal{e everything so com
plicated if it is. There is always a possibility ho ever, that in the 
period September~October we might get some nice clear-cut motions dis
persed from a hurricane passing near to Bermuda.. 

During the months October through January I run hoping to make a con
tinuous series of current measurements within a radius of 150 miles of 

ermuda . I will use an anchored buoy and also some drifting ones . The 
chief problem is securing enough boat time so that I am in hopes of being 
able to release drifting buoys near the island of Bermuda and then having 
them radio in information for a period of several weeks, during which 
time they will drift far away from the islanct( anct then they will be surtl!;.} 

Since I have such difficulty in getting the use of boats for any 
protracted period, I think it will be easier to release a number of these 
drifting buoys in sequence and not try to retrieve them. In that ay T 

hope to be able to get inforMation on currents some distance from Bermuda 
without having to go out there We will have our first full dress buoy 
test by the end of June v-hen I get back from making the Azores cable 
measurements • 

It is very interesting to hear about your study of the col1erence of 
surface currents made on CAPRICORN with G.E . K. on two vessels . 

Best of luck on the annual changes in sea level . Gordon Groves was 
here and told_ me some of the baffling mysteries encountered such as the 
large amount of missing ocean water . Maybe there is a drain hole in the 
bottom of the ocean, after all . 

_Yours truly 

HS•ep Henry Stornmel 
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