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According to the terms of Contract N6onr—2 77, Task
Order No. 1 NR ..083-.004, the work to be performed by
the Contrao~or shall consist of the following:

1. The Cont ractor shall furnish the necessary per sonnel
and fac ilities for, and, in accorda nce with any instructions
issued by the Scientific Officer or his authorized represen-
tative shall

(a) conduc t surveys and research, end analyze and
oo~~ile data and technical inf ormation, prepare
material for charts , wn’el~ and reports, andfoster the training of military and civilian
personnel in the following fields of oceanography:

(1.) permanent currents ;
(ii) interaction of the sea and atm osphere, including

wind waves, swell and surf;
(iii distribution of organisms;
(iv characteristics of the sea bottom and beaches;
(v tides, tidal currents and destructive sea waves;

and
(vi) physics and distribution of sea and terrigenous

ioe*;

and perform the following work in particular:

(1) (Confidential)
(2) collection of analyses of bathythernograph

obseryatione**; an4
(3) conduct of a wave measurement program in the

Atlantic.

* Research in connection with the relations between North
Atlantic sea-ice and Arctic weather was transferred to Task
Order No. 5 of Contract N6onr-.277 on May 15, 1949 and will
be reported in a separate Periodic Status Report.

** The tabulation and filing of bathythermograph observations
was transferred to Task Order No. 6 of Contract N6onr-277 on
May 15, 1949. Observations received and processed during the
th ird quarter of 1949 have been reported in a separate
Periodic Status Repor L overjj r 3 ~ Order No. 6 (Ref er.no.
No. 49-45). [
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This report contains a quarterl y s”~~~”y of work
carried out A r ~~~mtr , t  lb -ITT, T~.k -8~&o.~ Ik~ • t
by the Woods Hole Oceanographic Institution under the
following headin gs: —

~~~

~~~Papers submitted for pub1ioation~ ~
‘~~~ Prel t~n4n~~7 i’s Ort O~~ATLANT~~~Crd1se 157~ ~ . 2
—

~~ 
Deep water in the Browason Despj~ 5
Oceanography of the Med iterranIàn Sea ;-, /6
Oceanographic surveys off East Coast Of U. 8.

between Miami, tlorida , and Cap. Hatteras 6
—

~~~ 
Arctic oceanography; , 6

~~ Salinity titratio ne and calibrations of thermo-
metere~)

Sea surface wave inveatigationI~) 8
—• Current measurements J )  9 ~

- -
~~~ Theoretic al studies ~ lOi

— Unattended oceanogra phic instruments ~ 3,2
Assistance to Rydrographic Office .. ‘1.3

— ~~ Assistance to the Naval Research Laboratory ~ -) ‘14
~~~ Bathythermoohronogrsph~,
_

~~ Gulf Stre am investigation - HJL C.S. NEW LISKEARD~~~j ]4
- 

.
~ Personne3.Ø~~~~~~ 15

Panere submitted ~~~ 
nublicatio n

“Notes on determining the depth of sampling in
serial oceanographic observations ” by Mr. Pollak has
been submitted to the Journal of Marine Research for
publication.

~~~~~~~~~~~ reoort 2R1 ATLANT]3 Cruise ~z
1. 5n~~~ry of work done on Cruise.

(a) Hydrography. Seventy-four hydr ographio station s
were made during the cruise. Some diff iculty with large
wire angles was encountered at the edges of the Gulf
Stream, but all but three of these stati ons reached below
th. depth of the main thermnooline. Approxi mately 1,500
water samples were taken for the analysis of salinity
~hioh baa not yet been made. The positio~~ of the stations
are plott ed in ligui’e 1, with th. track of the ship.
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Fourteen records were obta ined with the 10,000 foot
3~. Eleven of these were satiafaotory . Thi, instrument
is very useful on the edges of the Stream. It can be
used as a substitute statio n when it is difficult to
lower Nanaen bottle , satisfactorily.

(b) Chemistry. In*rgenic Phosphate samples were taken
at all stations . Other chemical data were taken on
alternate crossin g. of the 8treaz; •.g. , dissolved Ozygens
and Silicate. on one crossing and total and particulate
Phosphates on the next. The ~nalysee of Oxygeni and
inorganic Phosphates wee satisfactory . At the outset ,
s~~ difficulties were met in the Silicate analyses but
these were subsequently ironed out . Samples of total
and particulate Phosphate wer, brought back to the labora-
tory but have not yet been analysed.

(a ) Geology and Geophys ics • The Tathcmeter was kept
in constant operation throughout the cruise . The records
are at present at Columbia Univers ity. One sea mount was
f ound in Latitude 47”.45’N and Longitude 41 30’W with a
depth of 1320 fatho ms .

No cores were obtained on the first section of the
cruise ; on the third attempt the entire coring rig was
lost . The rig was replaced at St. John’s, Newfoundland,
and during subsequent sections 12 cores were obtained.
The Ewing coring device was used thro ughout . The positions
of these cores are marke d on Figure 1.

Bottom reflootivity studies were made dur ing the f irs t
two sections of the cruise. During the l ilt section ,
Sofar bombs were drop ped for the receiving station in
Bermuda .

The Magnetometer was towed for an aggregat. of one
day. It. use was discon t inued after repeated oable
failure.

2, Objective, of the Cruise .
Ths major objectives of the cruise are listed in

Periodic Statu s Repor t No. 12, July, 1949, in the form
of a memorandum to the Chief Scientist. While the results
are incomplete without salinity data , it is possible on
the basis of temperature alone to give tentative answer s
to sons of the qu..tiona posed.

(a) Is the meandering a local ph.ncmenon or does the
Stream continue to follow a snake—like course in mid—

j r~i.~~~
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Atlanti c?

Meandering appeared to be prevalent throughout the
cruise. Th. depth of the l0’O. isoth.rm derived from
hydrographia and YZ data taken on this cruise i~ plotted
in Figure 2.. In the ~~~1n portion of the diagram, the
f irst end second sections of the cruise ar. used. A
pert of the third section is included in an inset. Over-
all it shows considerable similarity to the preliminary
chart of Ut. depth of the 3.0’ isotherm. It does, h~~gv.r,
establish that meanders exist as far as the 40th asridian,
and are marked at the tail of the Grand Banks where the
contours curve from southeasterly to a northerly flow.
To the north, the flow of contours is si’Alar to that of
the preli~ InRz’y chart but variations from it seem likely
to be meanders • Previous study of meanders has been con-
fined to west of the 60th meridian.

(b) Is the bottom topography the oontrolling factor
east of the Grand 5~ n1r?~~~

A cursory er*lnination shows no clear correlation
between current direction and bottom topography.

(a) Does the steep slope of the main thermooline con-
tinue to underlie the abrupt change. in the surf see layer?

Work completed so far indicates that it does. For
the first section of the cruise, the BT prof ile has been
plotted super imposed on the deep hydrographic profile. In
no case do any important changes in the temperature of the
deep water take place which fail to be reflected in the B’?
profile.

(d) Is the branching of the Quit Stream east of the
Grand Banks real and i, it related to bottom topography?

The answer to this question imiat be deterred until
salinity data become available. Thermal data do not
show any clear out split , but it is understood that
important salinity ohenges take place in this area.

Ce) Is the preliainAI’y char t of the 10’ isothermal
surface a good surface current chart? - :

Considered as a chart of average oondi~ona it is a
good current chart. Tariation from it in the shape of
meanders is shown in Figure 2. No changes in the basis
pattern were encountered in this cruise. No ship’s driftdata have been compared to date.

~~~~~~~~~~~~~ 
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(t ) Does the most northern branch of the Gulf Stream
continue as a swif t narrow current?

Apparently; Loran coverage in the nor thern section
of the cruise was not good enough to afford any accurat e
current measurements , but the hydrographia and Ni’ profiles
show the same abrupt descent of j eotherme as characterizes
the edge of the Stre am off the New England coast. Probably
the velocities are somewhat lower as the number of inotherms
involved is ei~~11er.

3. Secondary purposes of the cruise are also listed in
Periodic Status Report No. 12.

(a) To fill in the gaps in the network of deep hydro-.
graphic station s.

Two—thirds of the stations made on this cruise fall
in degree squares where no previous stations have been
made.

(b) To provide data for Sofar .
Eighty—eight per cent of the stations reach to a depth

below that of the min i~miun sound velocity . In general ,
Naneen bottles were spaced at 200 meter intervals around
the depth of the Sot ar channel.

(a) To add to the o~ ro of chemical data from the
Atlanti c.

This has already been eiinin~rized above .
(d) To extend the deta iled bathythermograph aurvoy to

an important area.

Hourly B’? observations were made while underway andcontinuous temperature/depth profiles cons true ted • These
profiles ar e a great aid in understanding the hydrography
of the area , particularly since nearly all the observations
reach the full range of the instrument.

222k ~~~~ ~~~ ~~ownson ~~~~
An investigation was carried out of the deep water inthe ~~~~~~on Deep, north of Puerto Rico. Th. vertical tem-

perature and salinity struc tur . show almost homogeneous
water bslow the rim of the trench . Althou gh en analysis
of the potential. density structure showed a slightly

— 
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unstable stratification , a more precise computation of
stability by means of the.Besaelberg-.Sverdrup method
indicated a stable structure. The source of the deepwater appears to be Anta rctic Bottom Water from the
South Atlantic , modified during its northward flow by
mixing with North Atlantic Deep Water. A paper for
publication on the results of this study is now inpreparation by Mr . Pollak.

- 
Ooeanogra Dhy of the Mediterranean Sea

A study of the structure and circulation of theMediterranean and Aegean Seas was started. The water
• exchange with the Atlantic Ocean via the Strait of

Gibraltar is being studied as part of the problem. Some
preliminary computations of the volume transport through
the Strait proved inoonolustve. This work is being done
by Mr . Pollak.

Oceanographic surveys of f ~~~~ ~~~~~~ of U.S. between?Ilami, hon da, ~~~ _ _ _ _

The data collected in May and June by CARTN, Cruise
7 and ALBATROSS III, Cruises 18, 19, 21 and 22, mentioned
in the previous report, are being studied. The tem-
perature profiles for these cruises have been completed.
Only the CARYN salinity data Iuve been drawn in section,
the ALBATROSS III salinitjes still being in the hands of
the analysiats. The study of this data is under the
supervision of Mr. Bwnpus.

Arctic oceanography

In late June, orders came through for Mr . WilliamButcher to go to Point Barrow, Alaska, to continue the
work boing done at the Arctic Research Laboratory. Hearrived there early in July. His worked oonaiated of
assisting Mr. Bates from the Hyd rographic Office and
making various observations of the geology of the beachesin the region. The report of his and Mr. Bates’ workwill be drawn up by the latter.

In August , it was decided that Mr. Lloyd Roadley andMr. David Owen would go to Point Barrow for the October-
November period. Mr. Roadley finished work on the light-weight Arctic winch and also worked on the develorment ofa time—lapse motion pictur e camera for aerial reoonnaiaeanoeof the Arctic Leo.

£ ~~~~~~~~
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• A conference with representatives of the Hydrographic
Office and the Office of Naval Research was held early in
September . M r . Hoadley and Mr. Metcalf attended from VtR OX.
Shortly after this conference , Hoadley and Owen departed
by air for Point Barrow.

Mr . Martine nu and Mr. Iliohena departed from Boston
on the USS kDISTO on 15 July for a cruise in the Greenland-
Canadian Arctic region. They spent the latter halt of
June and the first h Al-f of July being briefed by Mr .
Metcalf and getting equipment ready for the trip. The two
men returned early in September with temperature data ,
salinity damplea and many photographs of the region . These
data will be worked up in a routine u~ nner. Mr. Martineau
and Mr. Hiohens have returned to New York University.

Salinit y titration a and calibrati ons of thermometers

The f ollowing groups of salinit y samples have been
titrated:

ALBATROSS III, Cruise s 18, 19, 21 end 22 247
ATLANTIS Cruise 154 245
Barnatable Harbor 147
GARTH Cruise 7 580

“ U  10
“ 1 2  521

U. S. Public Health Service 173.
ASTERIAS - Raritan R iver 400

• 2,izl

This work has been carried out by three full—
time teohnioiana under the supervision of Mr. Penrose.

The following groups of thermometers have been
received for calibration:

University of Miami for calibratio n ) 12
Hydrographic Office “ 1 12

for repair ) 24.
U S .  Coast Guard (for 00 check and return

to Hydrographic Office ) 6

USS MAURT (f or calibration and return to
Hydrographic Office ) -

Index calibrations have been completed f or the
following groups of thermometers:

fl1~ Tft!5BJB —
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~~~i—--—---~ - ~~~- • - - -



S 
- — 8 —

Fish and llildlite Service 18
Hydrographic Of f -ice 16Universi ty of MIami 6
Institut e of Pishe ries Research

(University of North Carolina ) 2

Pressure factors have been deter mined on the
following thermometers :

H.ydrographic Office 9
This work has been carried out by Mr. Penrose.

• 
~~~~~~~~~~~~ investigatio ns -

1. Field

Wave gauges were installed at Cape Cod locations of f
Highland Light and Nauset Light about one-quarter mile
offshore . Daily recordings were init iated early in the
aumaer and continued for about six weeks, after which theywere reduced to about one per week.

2. Dat A nalysis

During this quarter investigation has been pri~~~ ily
concerned with char acter istics of the auto correlation
functio n and of the resul ting oorrelograma , both for
natural data and syntheti c models. The statistic al pro-

- : perties -of natural t ime series which underl ie the com-
putatio n of the auto corre lation coeffic ient , such as thevariance, mean and length of . series , are being studied in
detail , end results are now available which serve to
define some of the factors limiting prac tical computation.

Synthetic time series are set up so as to consist of
various oombinat tons of controlled tri gonametrios, auto-
regressive and r andom functions . Their statistical pro-
perties are then investigated in relation to the proper ties
of their correlograms. The results are throwing con-
siderable light on the practical interpretatio n of oorrslo—grams of natural data . One important practical resultbrought out by the invest igation is that the sea surfaceroughness patte rn appears to consist sometimes of seaswell
of two different periods and az~plitudes . Although this isnOt the usual rule , a few oorrelogreas of sea surface wavedata from the North Atlanti c havv pr operties chara cteristicof the presence of two independent trigoncmetr ios. The

- 

_ _ _
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• periods cannot be identified from the oorrelogram itself,
and it is only the lower period which may be estimated.

3. LleOhanioal auto correlator
The mechanical auto correlator , constructed during

the previous quarter, has been improved and is now in
constant use • The machine has been described , pub—

• lication - of which is to be expected in the near future.

4.. Publications

One manuscript resulting from this work , “Principles
of Time Series Analys is Applied to Ocean h ave Dat a” , baa
been published in the September issue of the Proceedings
of the National Academy of Sciences .

Current measurements
* Mr. von Arx, assisted by Mr. Bail, has been preparing

for publication a description of the geomagnetic eleotro—
kinetog raph and the results achieved with it to date • It
is expected tha t this manuscript will be completed early
in the next quarter. -

Dr. Edmond Watsun of Queen’s University , Ontario ,
again worked at the Institution dur ing the sumeer . With
the help of Mr. Robert P3.ante , he reconditioned his deep
current meter designed and built before the war specifically
for the problem of determining the layer of ~~~~~ motion• in the open ocean . This instrument provides a continuous -

reoord of velocity and direction , and is capable of working
down to depths of 1,000 meters or more .

The experiment undertaken this suwner woe as follows.
The GARTH was allowed to drift with the surf ace current
for several days in an area centering about thirty miles
south of the outer edge of Georges ~enlr. A dstal led
record of her drift , as determined by Loran fixes, was
mainta ined . During much of the time, surface velocities
as high as three knots wore observed. The current meter
wee at the same t ime operated at various depths down to
the oxygen minimum layer in order to determine (a) the rate
of change of velocity with depth and (b) the motion of the
oxygen min1m.ii~t layer, whore, according to the German
oceanographers, the flow - should be at a mini.~~~~

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _- - - - -~~~~~~ —~~~~ - —
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One short section of the record, which ~~~ . Watson
was able to study before returning to Canada, indicated
that with a surface velocity of about three knots the
water at the oxygen minimum layer was moving at about
one knot.

This is a very oritical type of observation at the
• present stage of physical ooeanography. It has been

attempted here several times in the past , both from
anchored and from drifting vessels, but with inconclusive
results. The new factor which Dr. Watson could exploit
is Loran. He will have time this winter to A nalyze his
results and it is hoped that they will yield a oonvinoing
result. -

Theoretical studies
Recent observations of velocities and of temperature

in the region of the Gulf Stream have shown large changes• of the position of the current in general and of the
sharp shear zone on the left side (facing the direction of
the current ) in particular • Jurthermore, obeervat ional
evidence shows the frequent existence, east of Cape Hatteras,
of wave-like patterns of the shear zone with wav, length
of the order of 250 miles. No - such formations have been
observed southwest of Oépe Hatteras where the shear zone is
in close proTl=.ity to the continental shelf . Dre. Panofsky
and Haurwitz of New York University investigated whether
this so-called “meandering” of the Gulf Stream oem be
explained by instability of the current system so that it
i. stable while close to the continental shelf , but unstable
when it moves farther away from the shelf north of Cape
Hattera s. The models which were considered consisted of
vertical slabs of fluid extending without limit in the
ourz’ent direction and having a finite width in the direction
normal to the current. The current flow was assumed to be
constant in the slabs repr esent ing the waters outsid, the
Gulf Stream and linearly increas ing and decreasing , re.-
peotive]y, in the direction normal to the flow throughout
the two interior slabs representing the Gulf Stream waters.
In agreement with the actual observations the son. in which
the current velocity increases has been assumed to be mich
more narr ow than the zone in which the current decreases.
The current velocity was assumed to be continuous, and only
the current shear shows discontinuous changes. ml density
of the water was considered as unif orm, so that only the
effects of the shear and distance from the continental slope

• on the stability and instability of the current system were
taken into consideration . It is believed that these are

Rr~TR:cTI n
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the important factors while any possible effects of gravi-tational stability play a very seooMary role. Theinfluenc, of the earth’s rotation has been allowed for ,but the Coriolis parameter was assumed constant sino• th•curvat ure of the curr ent prof ile ii so large that it metcompletely overshalow any effects of the var iabilit7 ofthe Corio]is par ameter . Zn add ition to the 4-layer systemsome simpler systems with only two or three layers werealso considered. it was found that under cert ain condit ionsthis current model of the Gulf Stre am can be unstable ,that is. waves s1’ntlar to those observed can develop spon—toneo uely. However , if the zone of stro ng current shearis very close to the rigid boundary of the model no unstablewaves exist. This result suggests why no meandering of theGulf Stre am is observe d south west of Cape Hatteras where thecurrent is close to the shore .
Both Dr . Haurwitz and Dr . Panof sky spent same timestudy ing the results and the mer its of the Ocean WaveAnalyzer construc ted by LTr , X3ebba and comparing it withthe auto—correla tion method.
Dr. Panotsky studied mainly with the aid of actu alwave records how much the resu lts of the Wave Analyzeraro modified if there are slight changes in instrumentalchara cteristics , such as changes in speed or circumferen ceof th ’ ~~~el on which the recor d is mounted , and if oneand t k j  same record is analyzed with a alight addit ~ion ofdat a at one end and corresponding subtractio n at the otherend. The ~e.ult. of these exper iments showed changes inthe frequency diagrams produced by the Wave Analyzer , ofa nature as might be expected .
Dr. Naurwitz, with the vc.ry substantial assistance ofDr. Seiwell’s group, ~nalyzod various art ificial record.constructed from tabl es at random nucibers and tram - simplemathe matical functions which ind icated that cons idez’abledoub ts may app ropriat ely be enterta ined concerning theinterpre tation of the freq uency diagrams given by theWave Analyzer until an ordi nate scale is definite ly estab-lishod and until more is known about the response of thisanalyzer to record, with very similar period..

• Dr. Charney , a mathematic ian at the Ina titutefbrAdvanced Study, spent about a month at V11I0I this su~~~r 
-

familiarizi ng himso].f with the probl ems of dynamicOceanography. -
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Unattended o~e ~~ rjWh~to instrwaent~s

In the course of work for the ~ireau of Ships , )Ir.
Arthur fle bba had given some thought to the design of
instr~aents that could obtain continuous records over
considerable periods of time. Some prel iminary teats
of a “hydraulic clock” gave promise of obtaining records
of several years duration with only a smAll electrical
power drain. Since continuous records are very badly
needed in oceanography, early in the mimer on a part-
sin. basis , Liz’. IOebba began to take up this work more
seriously under the present contract.

To be effective, aush instruments would have to
b3 used in quantity and inevitably a fair percentage
of then would be lost. Thus , the first consideration
is how cheaply can the recording and timtrig system be
built. Two instruments have been under consideration:
a temperature reuorder that can operate for three
years and a current meter that can operate for one
year.

1. Temperature recorder
The first model of a temperature recorder has been

completed. It iø to be used by the Woods Hole Oceano—
gra phio Institution ’ s Uarine Z~eteorolotjy group f or a
three month recording of temperature off the tip of
Cape Cod. The cost of comercial oomponents and raw
materials is approximately Q4.3 • 00. A second model in-
corporating certain f undamental changes is now nearing
completion • At tar drawings have been made, the instrument
can be duplicated in quantity with interchangeable part..
Under these conditi ons, the instrument should cost about
C180.oO.

2. Current meter
The present plan under oonaideration is to photo-

graph a compass dial on 16 i film inside the current
meter. This is believed to be a fairly simple matter,
the only elements needed being the compass, a lens , and
a tape drive. The film is to be driven continuously by
a clock work 5tm (1~ z’ to the one in the temperature
recorder. The “propeller ” of the current meter can be
magnet ically coupled to the inside of the case as in the
Roberta’ current meter and can drive a worm reduction.
Upon the completion of a pre determined number of
“propeller ” revolutions , a set of contacts can close for
a pr edetermi ned exposure time which in turn can actuate

_ _  

- 

_ _ _ _ _ _
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• a light baib and i1l1m~1nRte the compass dial. If it is

found necessary , a simple shutter may also be used. It
should be possible to use a standard roll of 100 feet of
l6~~~~fi1m for a period of one year. Reading of the film
can be done in standard editing devices for 16 ma film,
The compass readi ng i~ always oriented so that the
observer can read it directly. The speed of the current
would be inversely proportional to the distances between
readings. Photographing the compass will make the instru-
ment much less complex. L~oet current meters require
massive compass magnets. In each case, the compass device
is a special one which requires a great deal of balancing.
In addition, it met be handled very carefully because of
its mass and suspena ion. The arrangement described above
can be handled without any regard for  suspended or pivoted
masses in the instrument • A typical record which the
instrument can produce would look like this:

V 0 0 0

W 24 24 ~ I 24 ~~~~ i $ t5 15 12
• I I IH I  I $ I I I ~ 1 1 1 1 1  I L I l

0 • 0 0

.t2, flrdro~raphio Oft ice

Mr. ~impus accompanied the U.S .8. SAN PA~~0 as
Technical Advisor during Oruiss 3 of Task Unit 1~9.415,
a part of Project AMOS.
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D~~ing the cours , of an investi gation of sound velocity

asur ”ise.ts conducted by BR!. aboard the U.8.S. KALOY and
the PCI 849 in the Bermuda triangle of the northwestern
Atlantic • correlating oceanographic data were obtained on
each station. 181 batbythermogz’aph slides aM 145 water
sample. were obtained while on station. Water samples
and slides were tak n underway iiith the au rtliary sea
sampler in addition to the station data.

T.~1f~hourly Loran fixes were made aboard the MALOY.
During each fix a position was also obtained from the
Dead Reckoning Tracer. By comparing the fix with the
dead reckoning position, the set and drift affecting the
ship will be plotted.

~~j Bathythermoobrono~rauh
Two successful lower inga of the bathythermochronograph

were made aboard the ATLANT3B on Cruise 157. The instru nt
consists of a standard batbytheraogreph with the addition of
a t1~ ”ig element containing a circular smoked glass slide
which records both pressure - vs time nod temperature vs time.

The instrument should be useful in the study of
internal waves and other phenomena when a comparatively
short period of time i~ involved. icr example, three of
these instruments placed strategically on a wire oould be
lowered into a tbermocline to determine the amplitude and
period of an internal wave possibly occurring there.

Gulf ~~~~~ inveetii~ation - fl~U.C.S. ~~~
Subsurf ace data obtained with the sea sampler during

the cruise (NL16 ) of the N~~ LThKIARD have been studied
in collaboration with the Naval Research Iatablishment in
Halifax. Sections of temperature, salinity, si~~a—t ,
density and oxygen have been drawn and are being snelymed.
Analysis ii also being done by means of T$ correlation
to define the sources of the water (0400 meter.).
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