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I. THE RESEARCH-VESSEL PHYSALIA

The R/V PHYSALIA of the Marine Laboratory, is an 83-foct sonverted

Coast Guard cutter. The following facts give sufficient information on the
capabilities of the vessel, and on the facilities on board. Only permanent
eqGuipment is listed.

enployed, and partly by new techniques, and on the basis of new ideas.

2 main engines: GM Diesel; No. 671 with 70 mm injectors.
2 gasoline driven generators: 220-V, A.C,; 12.% KVA, 60 cycles
1 75~watt RCA ship to shore radio set
1 RC. Fathometer Jr.
1 UQN-1 Navy Fathometer, (EDO)
1 Loran - ID gb/iPN-L
1 eleciric signal system and speaking tubes
1 heavy weight lifting boom
Ground tackle:
3 Yacthman anchorss:s 200 lbs; 120 1lbs; 100 1lbs
2 Danforth anchorst 80 1lbs; LO 1bs
1 1500«watt soareh light
1 electric range: 220.V, A.C.
8 bunks
6~fan blower systen for v*ntilation
2 hydro winches: Aumerican Hoist Company with the following
approxinate capatities:

6000 ft. of 7/32" wire

3000 £to of 7/32" wire (no> wire at present)
1 A-frane and accunlator
1 electric BT Navy i/inch plus outboard boon
1 Nansen bottle rack with 12 bottles capacity
1 Anemometer

II. FLORIDA CURRENT STUDIES

The Florida Current has been studied partly by methods previously
Since,

in the main, available finances were devoted to the equipping of the R/V
PHYSALILL and for the Grand Cayman Cruise, the regular Florida Current field
studies were relatively limited during the period of this report. These will
be reported later, in connection with further field studies of the Flcrida

Current.

At this time, only scme of the most recent results (which ar¢ nec-

ossarily preliminary) of the theorctical studies will be given in the follow-
ing paper on the velocity structure and the transport of the Florida Current.




. It is felt that in the future fluctuations in the Florida Current,
. as a possible origin of the mcandering of the Gulf Strsam, and cbhanges in the

velocity structure and transport of the Florida Current, must be studied ex-
v tensively by this Laboratory, which is ideally located for such studies,

FURTHER STUDY OF THE VELOCITY STRUCTURE
AND TRANSPORT OF THE FLORID.. CUTRENT, I.

by
Frank Chew
ABSTRACT

—— . “———

Dnad a2 q

Certain relaticnships between the sign of time change in the trans-
port of the Florida Current and the sign of the transverse component of the
current were assumed. 4 simplified vorticity equation was then employed to
arrive at the conclusion that for equal transport, an increasing transport in
the Florida Current tends to increase the vorticity of the cmrrent, while a
decreasing transport tends to decrcase its vorticity.

INFRODUCTION

It was suggested by the writer (195h) that inertial movements along
isentropic surfaces may be an essential mechanism in the local time change of
transport of the Florida Current (hecreafter, F.C.) off Miami. /An abbreviated
Bjerknes equation for inertial oscillations was used to ascertain the probable
direction of the transverse current. Inferences were then made that when the
local time change of transport of the F,C., is positive the longitudinal current
speed east of tho current axis is higher than that west of the axis and vice
versa, In the inference process, use was made of the gecstrophic relation;
inasmuch as the time change of the F.C. was studied, there is reasonable doubt
that the relation is applicable. In this note an attermpt is made to derive
the equivalsnt conclusions without resort to the geostrophic relation,

8

The writer is indebted to Prof. R. S. irthur of the Scrinps Insti-
tution of Oceanography and Dr. Ilmo Hela for advice and encouragement.

VORTICITY .ND TRANSPORT CH..NGES

4 vight handed coordinate system with the positive x axis pointing

e eastward is chosen. It is assumed, for the precsent purpose, that when the
transport of the F.C. is increasing the transverse current component, u, is
oo positive, and when the transport is decreasing, u is negative; or
s &( \
-&E)vdxdz>0; u > 0 (1)
5 / /
R)}vdxdz ~<0; u< O {2)
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Equations (1) and (2) differ from the earlier suggestion that when the trans-
port is increasing u is positive east of the axis and negative west of the
axis and vice versa, it is iow believed that (1) and (2% are more likely ic
be true; discussion of this aspect will be made another time,

The equation fgr the individual change in the vertical component of
the absolute vorticity (%a) in horizontal motion is

%
T H%v . @), + WeF, )

While the horizontal component of the isoteric-pressure solenoidal effects arc

large, its vertical ccmponent may be safely neglected as is generally done in
meteorology; or

@x% 0 . (L)

The third term on the right hand side of {3) is the vertical component of the
curl of the frictional forces which include wind stress on the ocean surface
as well as the lateral friction duec to the presence of the walls of the Flo-
rida Straits. The width of the F,C. off Miami is less than 80 kilometers and
the wind stress may plausibly be taken to be uniform over this relatively short
distance. The lateral friction on the Miami side imparts positive vertical
vorticity to the F.C. while that ~t the Cat Cay side imparts negative vertical
vorticity; on first approximation, it is assumed that for the F,C. as a whole
the positive vorticity cancels completely the negative vorticity; or

(&P, &0 (s)

The assumptions are also made that in the vicinity off Miamis

ga 0 (6)

Peo Q)

where 7 is the vertical component of the relative vorticity, Thc plausability
of (6) and (7) remains to be tested by observations.

Substituting equations (L) to (7) in (3), one finds

_5"& u é;a af . du
5t + &— Vv W - _ja ro (8)
where f » 2% sin 4, the Coriolis parameter. Now

Y S
V'ﬁ ) 2w;osév (9)




where r is the radius of the eartn;
and bﬁ d X )
- w7 - (10)

and %3;<u}’£)-%§-+<a)§ o

Hence on considering equations (9) to (A1), equation (8) becomes

g_?.- éx( o %) -2‘.‘Icosé

r (12) -

In words, the equation (12) states that the local time change of the vertical
component of relative vorticity is the negative of the sum of the inertial and
latitude effects, '

Because of (1) and (2) and the constraining effecta of the walls of
the Florida Straits, there is 2 point west of the current axis, where, at a
constant dspth, the magnitude of u is the same as that at a point east of the
axis, In fact, there are numerous such pairs of points which may be labelled
according to the scheme in Figuwre I and where the position pairs B, by, and
so on, are taken as fixed in spacs.

axis

FIGURE I
A scheme for:-labelling positions hawing equal u

let equation (12) be integrated from x = By to X « b; and from the bottom, o,
to the surface, h:

h bl h
/ /
%E\ dxdz = ‘[z uz) ..(u%)b-]d'z
/ SR
o B 0 - . b by
= r<:os:e { é-vdxdz
° A (13)

The integrant in the inertial tern may be rewritten as




e e

uBl( f+§)31-ubl( f.;)b’_ - “bl(fBl -7b1) .(1!4)
since B, 7 U, o

New Z i1 is pusitive and 7 pq is negative always; hence the factor
in parentheses ‘on the right hand side of equation (1) is always positive.
Equation (13) states that when u is positive, the vorticity of the current in

the interval By to by is increased by the inertial effects and decreased by the
latitude effects,

Let M and C be the x coordinates of the walls of the Straits at the
Miami and Cat Cay sides respectively; and let B be a fraction of a kilometer
east of Miami and b, be a similar distance west of Cat Cay, Since u 1s zero
at ¥ and C, it is reasonable to suppose that Bj and b,, where up, equals uy,,
be found at similar distances from M and C. Let equation (12) be integrate
from xj = M¢By to xp = C - b, and from the bottom to the ocean surface, h: then

taking (i4) inlo consideration, one has
h x, h h
3 / f < ..2'.‘Jcosé/ vixdz (15)
bef (fo < ) [ G fo] o 2
y s

0 o

Since the width of the F,C. is some 70 kilometers, the interval of
integration along the x axis in equation (15) is essentially the total width
of the F.C. Vith this in mind, the conclusions implicit in equation (15) are
tabulated in Table 1. .

TABLE 1

Vorticity and Transport

Locally increasing total Locally decreasing total

transport ( u > 0 ) transport ( w0 )
Inertial effects Local time increase in Local time decreasz in the
greater than the total vorticity of total vorticity ol the cur-
Latitude effects the current : rent and at a rate greater
( A> B ) than when A < B for equal

transport
-e s -
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Vorticity and Transport

(cont'd,)

Locally increasing total
transport ( u>> 0 )

Locally decreasing total
transpert ( u<0 )

Inertial effects
less than
Latitude effects

(ALB)

Local time decrease in the
total vorticity, but at a
smaller rate than when

u <0

. Local time decrease in

total vorticity but at a
greater rate than when

. 11j>.0

Another statement of the conclusions contained in equation (15) iss

tEnas iliCruase ble

Ve advand WO

vorvicity ot the current, while a decreasing transport tends to decrease its
vorticity. A gain in positive vertical comporent of vorticity in the F.C., im-
plies a decrecase in the spatial average of the longitudinal spend west of the
current axis or an increase in the avcrage spped east of the axis or both,
While a gain in negative vorticity in the F.C. implies an increase in the aver-
age speed west of the axis or a decrease in the average specd sast of the axis
or both, Hence equation (15) is in consonant with the conclusions reached in
the previous work and in fact the present conclusions would be the same as the
previous ones if such gain or loss in vorticity were to act over a sufficiently
long period of time and at sufficiently high rate to mask the vorticity in the
current acquired earlier in its life history.

DISCUSSION AND' CONCLUSIONS

The use of the vorticity equation has brought out two important
points previously omitted. The first point is that when comparing different
profiles of the longitudinal speed of the F.C, in relation to its time change
in total transport, the comparison is meaningful only when their total trans-
ports are equal. The second point is that the gain or loss in positive vorti-
city due to inertial movements may be overshadowed by the vorticity acquired
by the current earlier in its life history; hence in the application of equa-
tion (15) care must be taken to avoid period when the anplititude of transport
fluctuation of the F.C. is relatively small, where the vorticity history of
the current is unknown,

The integration limits of By and by in equation (13) and x; and xp
in equation (15) and the discussion in between appear, offhand, to be unneces-
sary. Actually the boundary layer problem was involved there. For a viscous
fluid, such as wnter, the kinematic boundary conditions at a fixed rigid wall
are generally teken to be that both the normal and tangential components of the
current is zero. That these boundary conditions do not strictly apply to study
such a3 the present one is indicated by a consideration of the sea iavel change

= 6 =
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due to standing oscillations in a rectrngular basin. For a rise in sea surface
at the vertical wall of the basin there must be a vertical tangential current
at the wall, yet, by the above boundary condj*ions the wertical tangential cur-
rent does not exist. The complex boundary layer phenomenon is far from being
well understood; it is mentioned here only to explain the choice of the inte-
gration limits xy and Xz

Certain relationships between the sign of time change in transport
of the Florida Current and the sign of the transverse component of the current
were assumed. A simplified vorticity equation was then employed to arrive at
the conclusion that for equal transports, an increasing transport in the F.C.
tends to increase the vorticity of the current, while a decreasing transport
tends to decrease its vorticitye.

Hela, Ilmo, Frank Chew and Lansing P. Wagner. 195L. Some Results of the
Florida Current Study. Marine Laboratory, University of iHami. CL-7.

III. GRAND CAYMAN CRUISE

INTRODUCTICN

The field studies made by this Laboratory in the Straits of Florida
have shown that the fluctuations in the velocity structure and in the trans-
port of the Florida Current, i.e. a pulsation, are essential characteristics
of this current, GEK cable measuremonts between Key iVlest and Habana show this
distinctly. The studies performed by the oceanographers of the A. & H. College
of Texas have shown large regional fluctuations in the location of the current
pattern north of the Yucatan Channel., Recent studies of the Woods Hole Oceano-
graphic Institutio:. in the eastern pa.'t of the Caribbean Sea have given clear
evidences for an arhythmic fluctuation of the water transport into the Carib-
vean Seca. Finally, von Arx'! model studies indicate that there exists, in a
northern portion of the North Atlantic Anticyclonic Current Eddy, a fluctuation
now widely known as the meandering of the Gulf Stream.

Of the discrepancies in the results of several previous studies on
the currents in this general area, the following local problem is worthwhile
wentioning, since this discrepancy is introduced, apparently by the pulsation
of the currents. Parr (1935) states that .  « the Caribbean Current after en-
tering through the Yucatan Channel merely takes the shortest possible path
directly to the Straits of Florida, without deviating on the way. Sverdrup
(THE OCR\NS, 1542) states that., . . a strong current passes through the Car-
ibbean Sea, continues with increased spesed through the Yucatan Channcl, bends
sharply to the right, and fiows with great velocity out through the Straits of
Florida. Jccording to surface current charts for Central Amcrican Waters (H.O.
Misc. 10,690; 1-12), the surface current cntering the Gulf of Mexico through
the Yucatan Channel seems to continue in the nerth-northwesterly direction for
roughly 150-250 miles and then bends sharply towards the Straits of Tlorida.
This is confirmed by Fuglister (Average Temperature and Salinity at a Depth of

= 0 o=
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200 Meters in the North Atlantic, Referonce No. 53-58. Woods Hole Oceano-
graphic Institution.) Both the average temperature and the average salinity
charts require a distinct gradient in the region of the swiftest current, We
believe that this apparent discrepancy between the different results is, to a
main extent, due simply to the pulsation in the currents: The Caribbean Cur-
rent, after entering through the Yucatan Channel, probably merely takes, at
times, a relatively direct path to the Straits of Florida; at other times, the
samo Current may bend towards the north before entering the Straits of Florida,

The pulsation of the currents in question can be studied, to a cer-
tain extent, as one of the following more limited problems.

Fluctuations in the velocity structure and transport in the Straits of Florida,

This problem Ras been, and will continued to be, approached by the Marine Lab-
oratory botn in the field and as a theoretical one. inother effort towards the

rama gnal i2 made Y Werthodim b moans of coble botween Koy West and Habana.

Possible variations in the water amounts brought from the Sargasso Sea into the
Tlorida Current through the Uld Bahama Channel, over the Bahamas Bank and
through the Northeast and Northwest Providence Channels. This problem will be
approached by the Marine Laboratory when funds permit.

Fluctuations in the velocity structure and transport of the Caribbean Current

in the northern part of the Caribbean Sca and in the Yucatan Channel. The

nain goal of the Grand fayman Cruise was to obtain tentative information for
later studies of these fluctuation. Connected with this study must be the study
of changes in the position of the main branch of the current between the Yuca-
tan Channel and the Straits of Florida, These studies have also been begun by
the A, & M, Collsge of Texas,

A more complete report on the Grand Cayman Cruise of the Marine Lab-
oratory will be given later when the material of the hydrograrhic stations has
been analyzed and when the problems will have been given thorough scientific
consideration. '

STATIONS
The original plan called for the following hydrographic sections:

(a) Punta Camaron - Grand Cayman

(b) Grand Cayman - Banco Jardines
(¢) Banco Chinchorro - Isla de Pinos
(d) Yucatan - Cape San intonio

(e) 23°45'N.; 850000, - Cayo Jutias
(£} Florida Keys - Habana

In addition to the above, the following indepcndent GEK-BT scctions
were plamned:

{g) Along the western edge of the main current (?) in tho Car-

- 8 -
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ibbean Sea

&hg‘ Cape San Antonio - Isla de Pinos

1) AMlong the western edge of the main current (?) in the Gulf
of Mexico

(j; 230L5tN; 85°00M, - Cape San intonio

(k) Florida Keys - Habana

Due to the Marine Laboratory'!s limited funds for hydrographic work,
the program was cut down by the elimination of hydrographic section (c) and
GBK-BT sections (g) and (i)e A stormy sea forced reduction of hydrographic
section (d) to a GEX-BT section, and last minute failurc of the GEK made¢ it im-
possible to run section (Jj).

The actual program can be seen in Figures 2 and 3. Between Isla de
Cozumel and Cape San Antonio, and also between Puerto Mariel and Key West, the
BT wag uged every half hours however, only the hourly statiosn with a GFK fix
and BT are indicated on the Figures.

OBSERVER DUTIES

The arrangements of routine work on the Grand Cayman Cruise can be
seen from the following list of observer duties prepared for the cruise. iis
the 1ist shows; the emise was actually a combined hydrographic-acoustical
cruise, of which, however, only the hydrographic portion will be reported here,

Observer Duties on the Grand Cayman Cruise

I. BT Watch

1. (a) Take BT on hour and half hour unless informed otherwise. (Take

BT also on each hydro station.)

(b) Take surface temperature with bucket thermometer,

(c) Mark fathogram at this time with time and number of station.

(d) Make meteorological observations.

(e) Mark BT slide and log sheet.

(f) Plot temperaturc-depth profile.

(g) Fix BT slide.

2. (a) Make GEK fix at quarter past the hour with threec minutes on each
fix course when ncew course is steadied,
(b) Mark fathogram with tinie and number of statiun.
(¢) Compute velocity and direction of current,

II. Hyvdro Statlon Watch

1. Preparation

L. Hydrographic Work
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{a) Have predetermined the desired depths of bottles, estimate the
probable wire angle, and decide on the reading of the meter wheel
at which bottles are attached.

(b) Compute and mark 1/Qr,. for each depth with unprotected thermometer.

(c) Check on condition omeansen tottles. Close petcocks and air vent:
of bottles,

(d) Check on condition of thermonmeters. (Whon thermometers are re-
versed in the air they ought to record the same as the auxiliary
thermoneter, roughly.

(e) Get sample bottles ready and record numbers,

(f) Turn off GEK, mark time and hydro station number, and (after having
inforned the man at wheel; pull in cable leaving the electrodes
soaking.,

(g) Mark fathogran with tine and station number and record sonic depth
on hydro station log.

{h) Record tine "Start" of the stztion,

(i) Take BT.

B, Acoustic Work
(dg Check r ecording equipment.
{b) Mark fathogram with time and station nucher.

~

e _O_n_ Station

A, First cast

(a) Nansen bottles down. Record time "Stop" when done.

(L) Record wire angle. Estimate from the wire angle and note true
depths of bottles with unprotected thermormeters.

(c) Wait S minutes.

(d) Send nessenger. Record time "Mzss™. Aliuw time for all the mes-
sengers of the cast,

(e) Nansen bottles up. Record time "Up" when starting and "In" when
finished,

(f) Check D = (T, - Ty} x {1/Qr.;) for each bottle with unprotected
thermometer; if results mainly erroncous, repeat cast,

(g} Take surface temperature with bucket thermomcter.

{h) Take surface water sample,

(1) Make meteorological observations.,

(3) Secchi disc, if used,

B. After the first (Accustic work)
sa Quiet ship. Turn off ship's gencrators.
b) Record sine wave and white noise calibration signals.
(c) Record ambient noise at 20 and 200 fooi depths.
(1) Log all pertinent data.

C. Before the second cast
(a; Draw salinity and oxygen sanmples.
(b) Oxygen determinations,

{¢) HRead temperatures after a half hour,
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Second cast 12 the sq-nie Tashion as the first cast,

3. Alier the final cast when leaving the station

(a) Stream GEK cable (after having informed the man at wheel), tern
instrument on and mark time.

(b) Draw salinity plus oxygen sanples,

(¢) Oxygen determinations.

(d) Read temperatures after a half hour or at convenience.

III. Special Hydrographic Duties

l. Plot the course on working chart and enter positions on the BT and
GEX logs and hydrographic logs,

2, Correct the thermometer readings and plot temperatures against depth,

3. Plot oxygen-depth profile,

IV. Special Acoustic Observations

1. At all times tend EDO and Fathometer Jr. to bring in scattering layers
and bOttm.

2. Vhen approaching suitable banks, run noise profile recording (3-5 hours

3. In a selected shallow (25-50 fms shelf arca record depth dependence of
noise {2-it nhours).

L. Record noise when possible during

(a) Approach of rain squall
(b) Thunderstorn
(c) Approach (1} nile, to 5 miles) ships.

Ve Plankton studies

1. Suriace tows whenever possible,

2. Bottom to surface plankton tows. If possibla these tows will be made
in two flights, one from bottomn to mid-depth point and another from
nid-depth to surface,

3. Dip netting with night-light whenever possible,

In the hydrographic field work this Laboratory uses the log form
(appearing &5 page L) for the original and corrected hydrographic observations.
Other forns, used for the hydrographic computations, are forms for computation
of: anomaly of specific volune; anonaly of dynanic height; relative currents
between stations; volume transport between siaiions. These forms, which night
be of practical value to soue readers'of these reports, will be included as
part of the next semiannual report on this contract.

The following persons took part in the Grand Cayman Cruise:

-13 -
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Dr, Ilmo Hela

Mr. Lensing P, Vagner
Mr. David O'Berry

¥r, Kou Walter

Mr, Jugust Pirts

Mr, Jack Best

Mr. Clarence P, Carpentecr (Miami to Isla de Pinos)
Mr. Joseph Richard (Miami to Belize)

Mr, Paul Ferris Snit (BG.L.LM., to Hiami)

TENPER,TURE-DEPTH PROFILES

B s et

On pages 16 - 20 the temperature depth profiles, obtained from the
900 foot, bathythernograph lowerings, are given for the following sections:
1703h.R1 N, R3%23. 51 W, 18022 01 N, 82011 0t ¥, [Mhroug

Ry ;6&1 ullc

néin branch of the Caribbean Current close to Swan Islands.) (Figure L)
Isla de Cozumel - Cape San Antonio. (Yucatan Channel.) (Figure 5)
23°451 N., 85°00! W. - Cay Jutias. (Northwast of Cuba.) (Figure §)
Marquesas Keys ~ Habana. (Figure 7)
Xoy Yost - Puerto Mariel. (Figure 8)

L1l observations are referred to a straight line, relatively accur-
ately perpendicular to the main direction of the ourrent., As an abscissa, the
distances are given in nautical riles along the above projuction line; the
scale is the same in all these drawings. s ordinate the depths in feet are
glven,

The maximum slope of the isothermal surfaces at 200 meters! depth is
roughly the following:

1.13 x 1073 (Close to Swan Islands)

1.05 x 10-3 (Yucatan Channel)

No slope (Northwest of Cuba)

2.86 x 103 (Between Florida Keys and Cuba)
3.90 x 103 (Between Florida Keys and Cuba)

Although these results are based only on temperature observations,
the dissimilarity between the Caribboan Current close to the Swan Islands or in

the Yucatan Channel, and the Florida Current (in the Straits of Florida) is
clearly deronstrated, On the other hand, there is a renarkable sinilarity in
the temperature distribution in the main branch of the Caribbean Current near
Swan Islands, and in the Yucatan Channel. it least, the temperature disiribu~
tion betwaen su:rface and the depth of 300 feet seems to indizate that there was
nothing like an eastbound current northwest of Cuba between Cayo Jutias and the

- 15 -
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point 239 454,, 85° 00V W, We shall return to this particular in the follow-
ing pages. The axis of the Florida Current is apparently rather close to the
Florida XKeys during April 1 - 2, but south of the micddle portion of the Straits,
LApril 21. This change, as an indication of the pulsation, will also be consid-
ered later in this report,

GEK CURRENT VECTORS: TEMPERATURES AT 200 METERS

On pages 22 - 28 the regional distribution of the surface current
vectors, neasured by the geomagnetic electrokinetograph (GEK) is given as
Figures 9 - 15, To check the reliability of the direction of these vectors,
the isotherms at 200 meters depth have been indicated. In general, for an
observer facing downstream, the temperaturcs ought to be higher on the right
side of the current. As cai be seen fron the Figures, the direction of the GEK
vectors in alnost every case coincicdes very well with the most probable dir.-
ection of the isotherns, Actually. this was trne sven in those exceptional
cases where weak currents and a rough sea made steady steering of the vessel
difficult,

The magnitudes of the GEK-indicated surface current vectors are sys-
tematically less than actual, since the K-factor has not been applied, It
night be correct to assume that in the open Caribbean Sca the K-factor is re-
latively small, and therefore the given speeds are too low by only 10 or 20
per cent. In the Yucatan Chamnel the error night be a little larger, and in
the Straits of Florida the true speeds must be at least 30 or LO per cent lar-
ger than shown, The K-factor could not be computed, since it was found that
either the hydrographic stations made estimation of the average drift of ves-
sel inpossible, or the current was too small compared with the windage, and,
further, the actual distance from land to land was too long. Only in the last
GEK-BT ‘section between Puerto Mariel and Key West would an estimation of the K-

factor have been possible. Unfortunately, rough sea made it impossible in this
case, dlso.

Ir a1l the Figures giving the GEK currents, the scale of the speeds
is the same, though the geometric distances are not the sanme, making the speeds
comparable., Anocng interesting details are the following, The main branch of
the Caribbean Curcent passes the section between Honduras and Grand Cayman
north of Owan Isiands and probably south of the Misteriosa Bank, The direction
of current is roughly 280°, and the naximun current slightly above one knot.
Another relatively swift current sccms to exist along the longitude 829, towards
3L40° roughly., However, a cyclonic counter current runs around the Grand Cayman.

In the Yucatan Channel the main branch of the Caribbean Current vory
cloge]y follows the edge cf the shallow western portion of the Channel. The
naxirumn observed speed is roughly 2 knots, or slightly less. In the eastera
portion of the Yucatan Channel the waters flow from the section south of Cuba
gouthwest or west-southwest,




N
.

850 840 830 82’ 81°
20°
68°
69°
70% ¥ . __|urand
! "-\ \“‘.‘:‘:;:..’ ggaqun
| -
D [ 19°
Misteriosa 3 "'“: f“jﬁj\y;vlév
Bank : \ -y i 6_90 “\ _‘)—; ?S-o
s "y el = 58.0 X N\ f‘-'\ \‘ D
L 67) '\ s - 70
: "Yf 69°
862, N
S i T N BER 18°
. e M N
ot l
0—& 7
. 650 o 0 50 100 150
Ia;ard e - -— 64 ) | ' }
Islerds = &1
i — 30 cm/sec
ﬁ
630 __%2/ - §8"
_‘“‘“‘":'d.'ﬂ “__y/ s - 17°
637\ Uncorrected GEK curren:
\.‘5' e .. Isotherms at 200 m
? "“"’: ,___100 - e ' '\ depth.
f’v . * H.O. Cl'wrt No. 5487.
é Vi | . April 11-13, 1954.
: e - i’ \
o ! '
ta 16 \ .
Cama¥on—-~\_ | . \
Hondzvu rAs L Figure 9
\;«‘\‘\\\ - 22 -
"'\-:‘\\
\‘1‘_“/\) ."‘\‘\
o S ETATTT R T T
e e S - g B, e e e
4 ot H H= ' e -



Banco | Jardines

-, 3 )
/{/'\—- =5 5 Ve &
T i 100
s B 8 ///

LA
i
7
/
€9°
0 50 100 150
, .
i-\-. /—n n:
vily DG
Uncorrected GEK currents.
Isotherms at 200 m depth. 69°
ISC&GS Chert Noa. 1002. \
April 8-9, 1954. \
Figure 10
-23 -
82¢
P e T K e ';‘d‘._f‘ﬁ_"..—:.:-. ~.._. R e T ST

S ! T e et




omm\ao

on..n o..,r oﬁ o_:_nﬁ

* 834

66T ‘02-6T TTadY

| *9960 °ON 3aBUD °*0°H
o9 W 002 3% swWJIeYl0s]
alamo )IH Pejdoeaaoou)n

" \ [ o\m | usgsoNny
5 1
ra d uwd v
b \ /
Ly 7 r om.m A
%. \\..\WTV om / /
o891 A \ L
69— e
7 ,
| ! !
o | g
\#m\. -/ & )
N4 y_om.m cwm o&m

- IRNTT

L

R




!
t2 .
o . 5 W
*H66T ‘L-9 TTady L
*Giflz "ON 3I8U) *0°H e
.ﬁwwu W 00z 98 SWIGU3OSET
*sjupIIMO YUH PO3OeJL0dTI
oes/wd
- : i .
0L ow 05T 00T 05 o
W e R, S’ 2 pra— co
g R e
A\ ! 1
—" ) i ,me : // \/ . ”
A //, A,,/ o : N\ /4; ' ..OON.
sOouwTd \ _ // \ \\\\mm —_
N Tl N ) —— . N..,H‘\ \..Tull.nnW\f
\ o M, e TR TN Y
ep : Gta i Y 3 /\Wk
,/. \ bm \ @ 3
T \ — K
\ opuoguy’ usg *O
/ " s i !
l..l.l.,“ _.../.,; P r/..l\\\\\\\\\rﬂ'l \“
22 e e \\\.\ :
s] N I /I.\\\...,.___ \\\ \..
/ e -
0¢8 o'l8 f )7 o
sqnyo - y

e
C Y
e LY

SO e RE S
)
]

- -~

) e




)
24° 85° 84
AT 72°
s
/ >'
4
72°
e /
. o i
20 Ty
. &i\
\ -.\‘.\\.'\/
TR
\
me
\
‘l\'\' Q%
L3 < -
N
~ ] 720
- \ . 71°
0 50 160 150 T A ~
! } ! l ‘/ A -
cm/sec % g
// 7 ’ O, ‘///~
Uncorrected@ GEK 710/ Pk >\Cféyo
Figure 13 currents. , ~Titins
' Isotherms at 200 100~ - A
- 26 -~ i depthe. . ~J
H.U. Chart No. 2145. -
!Qril 4-5, 1954. /C udba
4
: ; e L T R i
U SRR e S S : i B .




T

82°30°* 82° , P;°3o*
: . Key j ‘//‘
II&EE‘:? s8as We St __\.4
=y e
. ) 24°30¢
AN}
24°
23°30'
X Uncorrected GEXK currente
Isotherms at 2(G0 m depth.
H.0. Chart No. 2145. h .
April 1-2, 1954. o 50 10U 150
| cm/sec
X
sl ————"—-—;_:—’: :'-——,:\\ ‘‘‘‘‘‘‘‘‘‘‘
x = S
-~ Habans. 5 R
_____ 2 Cubdbasa ! R o o
"Puerto i 23
Mariel
Figure U
S G X R
- TR MR B 0 o S



0zt
82930 82° t§1°30'
Merousses Key AR
Ko Weat'___'\_.,..l/ :
e e i
R— 24°30! l
~ |
e
T\
- / 1
e B _ - - =100 R o B e T :
- - e = = 500-—__ﬁ‘ i
X J
/’\'
X A
EOC\ /
4 0 1
X - 2 — \‘ ol __2'_40
3_0\‘:\ L T
\ - - —52°
X 54 ™~ R o
|—‘=l=%"""53
X £69 e
Xagor= [ 7 55°
00 ~— U
o —
A T~ o> 59°
51*&, N B0 -
S _‘:\‘ ~—— -~
N e 23°30"
NN R |
S i, S L
68 T > ~ gnJ
e ] SO 0 50 100 150
_ — —~ Uncorrected GEK currents.
77 2 :.-:—:_Z_;’—-'——:‘_\lsothama at 200 m depth.
=7 B e
L o e H.0. Chart No. 2145 s
2o Habace April 21, 1954. |~
e e e e e Y/
P.lln..rtﬂ c u b & ~=7 0
Marisl 23
Figure 15
] it WL RV ‘ S S e e Gl U e e .
E { i ."‘“'.ﬁ fapon 4 'l e :'i .!; G "'L. :'i v
e J; "-:‘*15 ._'.\P- e S T 0 - ’ﬁi (3 i i



Northwest of Cuba, at least during April L4 - 5, and between Cayo
Jutias and the point 239 L5' N., 85° 00! V., the surface waters were mcving
west, though relatively slowly. There is no indication whatsoever of ai east-
erly current,

As to the currents indicated by the GEK between Florida Keys and
Habana, the most remarkable phenonenon is the transfer of the axis of the
Current fron the northern portion of the Straits on s4pril 2nd to the southern
part of the Straits on April 21st. On the 21st, a distinct westerly counter-
current was found along the Keys and it is important to note in this connection
that the wind was easterly and rather strong,

CONCLUSIONS AND SUGGESTIONS

The nost probable surface currents for April 1 - 5, 1954, and for

April 19 - 21, 1954, between Florida Keys and Habana, are given in Figures 17
and 18. The change in location of the nmain currcnt from the northern part of
the Straits of Florida to the southern part can be seen from these Figures and
fronm Figure 19, where the temperatuvres at 100~ and 200-m. depth are shown. The
nost probable surface currents of the northern Caribbean Sca during the period
in question is shown in Figure 16, which was based both on the GEK-indicated
currents and on the BT readingse

The technique of using the geomagnetic electrokinetograph with reg-
ular Bathythermograph rcadings and, if possible, with accurate and frequent
pesition determinations, makes it possible to survey the surface currents over
large areas rathsr rapidiy. This is shown frequently elsewhere, and as can alsc
be seen from this preliminary report on the Marine Laboratory. Grand Cayman
Cruise. The rapidity of such a survey also makes it possible to follow the dif-
ferent types of pulsations in the current systen,

The hydrographic stations, which will be reported in the next semi-
annual report, will furnish additional important information on the currents,
especially subsurface currents and, of course, on the T-S correlation, and so
forth. lowever, the existcrnce of current fluctuations, or an actual pulsation,
nakes it neocescary to try to make the regional studies as synoptic as possible.
For this purvose, if only nmajor surface water movements are of interest, we feel
that, several rapid GEX-BT sections during a certain period of tinme can give
nore information than one single hydrographic section covering a longer period
of tine, The only observations needed in addition to the GEX-indicated surface
currents and BT readings are the subsurface currents; the bathypitotmeter secus
capable of solving this problem. In this Laboratory the idea of towing two
electrical logs at different depths has becn developed to obtain reliable ob-
servations on subsurface currents. It is hopedthat this new technique can be
tested at sea during the coming semiannual period,

In general, this Laboratory fcels that, besides proper theoretical

studies, the tims is ripe for rather extensive ana really continucus studies
of the water movenents, for exanple, in the Yucatan Channel, or betwesn
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the Florida Keys and Habana, or between Miami and Gun Cay. The financial lim-
itations have made these studies practically inmpossible so far; nevertheless,

we believe that this is the goal towards which we have to work. Otherwise, tha
true character of the fluctuations in the current systems cannot be understood,

PERTINEN'Y INFORMATION OF THE GEK FIXES

On the following pages the GEK surface current observations are give
The K-factors have not been computed; actually, in nost cases we had no method
of corputing the rean value of the K-factor as we are accustoned to deing be-
tween Miami and Gun Cay. Therefore, the true surface currents are slightly
greater than indicated in the following tables,

fruise Date Tine Station Lad., fonp, Bpeed@ - Dir, Obs,
EST No. N. W, e/ sec True
=420 IVl 1624 5 i — - - #
1855 6 2 12.5 82 21.7 60 136 Hogee
2200 7 24 05.5 8223.5 79 100 -
2245 8 23 59,2 82 26.5 80 094  Hydro
Iv?2 0150 9 23 53,5 82 2.5 113 087 s
0300 10 23 k9.2 82 31.0 114 095  Hydro
0857 11 23 46.0 82 25.2 91 083 -
1008 12 23 h1.3 82 32.0 86 082 Hydro
1615 13 23 39.5 82 27.5 82 102 e
1720 1 23 35.8 82 33.7 57 104  Hydro
2200 15 23 26,5 82 2%.0 52 099 -
2333 16 —— — = - Hydro
IV 1850 20 22 48.0 84 01.5 L7 2L3 Hdro
2045 22 22 51,0 84 08,0 Lé 2Ls -
2227 23 - — = —— —-—— Hydro
IVS5 0220 2L 23 02,5 34 26.0 L2 278 .
OIJ06 25 - —— - — e - Hydro
o TR 23 16,3 BL.LS.T 60 333 -
0850 27 23 23.8 8L 54.5 32 308 Hydro
1630 28 23 32.7 84 57.7 27 2L6 -
1725 29 23 39.5 8L 58.7 33 237 Eydro
2145 30 23 31.0 85 02.0 i [ 202 =t
Iwé 1 2 21 57.5 85 00.5 23 335 -
1190 33 21 L9.5 8L 58.5 21 277 -
115% 34 21 k6.2 84 53.0 30 271 _—
1300 35 21 5.0 84 47.0 3k 308 -
1400 36 21 Lh,0O 82 L1.0 36 268 -
1500 37 21 k2,5 84 34.5 68 261 —
1620 39 21 41.0 84 26,0 74 255 -
1715 Lo 21 39.5 8L 19.0 83 2u5 s
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Crnise Date Time Station Lat, Long. Speed Dir, Obs.
EST No. N. Ve en/sec True

P-420 6 1815 IhE 21 38.0 84 12.0 72 260 .
1920 L2 21 37.0 8L 05.5 62 276 —

2030 L3 21 35.7 8h 00.0 58 302 -

2130 LS 21 3k.5 B3 5i.5 g0 kol -

2230 L6 21 33.0 83 u7.0 1 328 -

2330 L7 21 31.2 83 39.0 25 347 -

Iv7 o005 L8 21 30.¢ 83 31.5 27 003 -
0115 L9 22 28.3 83 2L.0 25 08 .

0235 50 2 27.0 8317.0 19 082 -

0345 51 21 25.2 83 10.5 13 9L -

0500 52 21 24,0 8300 31 142 -

IV8 2015 53 21 32,0 81 39.0 9 52 o
2040 Sh 21 30.0 81 39.0 L 264 Hydro

vy 0035 55 21 19.3 81 L1.0 10 108 e
0155 56 21 09.0 81 41.3 15 320 .

0315 57 20 59.C0 &1 42.0 31 302 A

0830 59 20 39.0 81 LS.3 21 2443 -

0950 60 20 27.5 81 k2.0 28 20l —

1110 61 2017.5 81 k.0 3 269 -
7 1235 62 20 06.8 81 38.0 19 174 Hydreo
1550 63 19 55.5 81 38.0 33 194 —-—

1650 6l 19 47.5 81 37.2 51 207 -

1810 65 19 37.5 81 36.5 29 202 s
2207 66 19 28.c 81 31.0 13 17¢  Hydro

IV1 o06Ls 67 19 13.5 81 25.5 9 012 =
—— 68 —— s — -— Hydro

1150 69 19 06.0 81 31.0 7 102 s

1210 70 18 59.5 81 Lo.5 29 089 o

1310 n 18 53.5 81 Lb6.5 17 052 -

1410 72 18 47.0 81 2.5 27 002 T

1510 73 18 40.5 81 58.0 W 32

1610 T4 18 34.5 82 0L.0 51 338  Hydro

2000 75 18 32.0 82 11.0 3 203 -

2100 76 18 26.5 82 17.0 17 247 e

IV 12 0000 78 18 09.5 82.35.0 1 312 B
0100 79 18 ok,o 82,0 24 34k Hydro

0510 80 18 00.0 82 50.0 39 305 -

0610 81 17 sL.0 82 56.5 52 280 &

0700 82 17 L9.5 83 01.0 Al 259 -—

0750 83 17 Lk.5 83 06.5 31 286 -
o845 8L 17 39.0 83 12.5 Lh 292  Hydro

1330 85 17 34.5 83 23.5 36 271 -—

1430 86 17 29.0 83 29.5 3L 271 -—

1530 87 17 23.5 83 35.5 18 272 —

- 35 -
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Cruise Date Tine Station Lat, Long. Speed Dir, Obs,
EST No. N. : cn/sec  True
P.420 IV 12 1615 88 17 19.0 83 1.0 11 235 —
1700 89 17 4.0 83 L6.5 18 232 Hydro
2215 o0 17 08.0 83 53.5 16 268 -
2320 91 17 02.0 84 00,0 i 258 o=
IV 13 0030 92 16 56,0 8L 06,0 9 302 -
0200 93 16 47.5 8L 1L.5 5 293 —
0325 ol 16 39.0 84 22,5 L 175 Hydro
o6U5 95 16 28.5 84 33.0 11 050 .
0815 96 16 18.5 8L UL2.5 8 288 -
o9L5 97 16 10.0 84 51,0 24 296  Hydro
IV 19 1615 104 20 39,0 86 47.5 L3 3L9 -_—
1715 106 20 43.5 86 Lo.O 59 356 -
1815 108 20 L7.0 86 32,5 63 021 e
1915 110 20 51,0 86 26.C 81 037 -
2015 112 20 5L,0 86 19.0 5L 016 =
2115 i1k 20 59.0 86 12.0 26 079 -
2215 116 21 03,5 86 0oh.5 15 095 —
2315 118 21 08.0 85 57.0 31 339 -
IV 20 0115 120 21 13.5 85 U7.5 L9 002 -
0215 122 21 18.0 85 Lo.5 19 269 -
0315 124 21 22,0 85 33.0 15 268 -
oL1s 126 21 25,0 85 26.% Lé 2Ly e
0515 128 21 27.5 85 19.0 39 231 e
0615 130 21 30.0 85 12.0 60 238 —
0735 132 132.5 85 03.5 70 233 -
0907 133 21 L1.5 8L 56.0 £o 28 —
1010 3L 2i 48.8 8L 57,5 27 345 -
IV 21 0855 135 23 08,0 82 L47.5 21 063 -
1000 137 23 4.5 82 13.7 61 082 .
1100 139 23 21,0 82 39.5 72 097 —
1200 i3 23 27,0 82 35.0 118 115 -
1300 13 23 33.5 82 30.0 121 095 —
1400 145 23 39.5 82 22,5 149 10k =
1500 147 23 L6.0 82 11.5 130 104 -
1600 1L9 23 52,0 81 59.0 37 oL -
1700 151 23 58, 61 53,0 oL 134 —
1.800 153 2h 04.5 31 L8.S 16 010 —
1900 155 24 11.0 81 Lh.3 25 039 (?)
2000 157 24 16,5 81 LO.7 Lo 291 (?)
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