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After fifteen years I am attempting to write s brief
outline of the work done at the Woods Hole Oceanographlc Insti-
tuti&n, more or. less in conjunction with other research
laboratories, during the war years. Beocause of the lapse of
time, I am sure some problems will be overlooked and nany
persons' names unintentionally omitted - for this I apologlze,

When the contract work was started it was quickly
broken down into small projects gnd given numbers for inter-
office use. Therefore each project will be listed chronologi-

cally,

(Eventually reports, both published and unpublished, will follow

each section.)



In the event of war the Woods Hole Ocesnographic
Institution realized that their basic research sctivities would
be drastically curtailed by shortage of manpowsr, by the res-
trictions of the vessels and by the fact that "Copehhagen 154/
Standard Water", the standard water by which all sea water
samples are compared, would become impossible to obtain., In
cooperation with Mr. Floyd M. Soule and Dr. Clifford A. Barnes
of the U, S. Coast Guard, a large amount of such water was pre-
pared. Large quantities of water were collected from the Gulf
Stream. It was filtered, stored in large glass-stoppered carboys
for 9 months, tﬁsn mixed and sealed into pyrex glass tubes.

On July 1, 1940 Woods Hole Ocegnographic Institution
began its first contract with the Navy WHOI, Proj. #l1) towards
the defense effort of the United States,

An aggregate staff of about 20 persons were busy
throughout the war period in studies designed to improve the A
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understanding of the performance of antifouling paints, and to A

increase knowledge concerniﬁg the distribution and rate of growth
of the fouling organisms. Dr. Ketchum and Dr. Ferry worked
primarily on the physical chemistry of paint systems while Dr.
Hutchins and Dr. Deevey were concerned with the biological aspects
of fouling.

On the technical side the main objective was to develop
a quicker and more reliable method of testing the antifouling
characteristics of paints. First, one had to learn how the

paints prevent fouling, From this study it became possible to



develop chemical methods of measuring the leaching rate of
antifouling paints in the laboratory, independently of the
avallability of fouling organisms.

Once the Iimportance of the rate of dissclution of
paint was demonstrated, the next step was to examine the physical
and chemical properties of the toxles, and organic matrix in-
gredlents, and of the complete paint system so as to be able to
control the process,

The need for detailed information on the tendency for
various naval installations to foul led to the collection of
meny samples of the growth from navigation buoys and their
mooring chains from all parts of the coast of the United States.
The study of this material provided much new information on the
depth and distance from shore at which fouling is to be expected,
the relation of temperature to its rate of growth, and the geo-
graphical limits of the occurrence of the various species.

At this time, with the exception of the officers of
the U,S.,S, SEMMES, there was practically no liaison between
oceanographers and the Navy department or its facilities. The
meaning of the words "ocean" and "atmosphere" seemed to be little
more than "water" and "air", Realizing the general lack of under-
standing of physical oceanography and its possible relation to
wartime problems, Dr. C. O!'D, Iselin, the Director, prepared a
memorandum (enclosed) for the National Defense Research Committee
of the Office of Scientific Research and Development, pointing out

many of the practical applications that oceanography held for the



Memorandum written by Dr., C. 0YD. Iselin on August 5, 1940 to
the National Defense Research Committee entitled ™Msmorandum
concerning the research facilitles available at the Woods Hols

Oceanographic Institution."

"The Woods Hole Ocsanographic Institution, an endowed
corporation, has been engaged in oceanographic research since
1931, This memorandum sets forth some suggestions as to how
the personnel and equipment of this laboratory can better be
utilized for the national defense, for it seems likely that the
training &nd experience of ocemnographers will enable them to
attack successfully various problems having a navel consequence,

During the last ten years oceanograsphy has become a
highly developed field of science, due largely to the efforts of
a few specialized institutions in Germany and Scandanavia, but
the knowledge gained is not readily available to American naval
officers., While expanding so rapidly oceanography in this
country has not had as close a contact with the Navy as might
have been desirable. Not only is the Navy unaware of the moderm
developments in this field of science, but the handful of
oceanographers only very Imperfectly understand the naval problems
for which their specialized knowledge might prove valusble. This
does not seem to have been the cmse in Goermeny where for the last
five years a relatively large group of oceanographers, as far as
we can tell, have been working on a number of naval problems,

The staff of the Woods Hole Oceanogrephic Institution
at present consists of some 21 investigators and techniciang. The

ma jority of these people also hold teaching positions in various
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unlversities. It is only during the summer months that the
whole staff is at Woods Hole; at which time, inecluding their
assistants, about 50 people are at work. Only three staff
members and four technicians have been employed by the insti-
tution on a full time basis., However, as a team this staff is
able to bring to bear a very wide range of lknowledge on mmrinse
problems, both biologicel and physical.

The laboratory has not been entirely without contactas
with naval research, 1In 1937 we cooperated with the officers of
the destroyer "Semmes™ in an investigation of the stratification
of the surface waters near Guantanamo, Cuba, and off New London,
Connecticut. This was in commection with supersonic methods of
detecting submarines., As a result of our very limited experience
with this problem, we developed an instrument for measuring tha
gstratification of the superficial layers from a moving vessel.

More recently we have had a contract with the Bureau
of Construction and Repairs for work on certain phases of the
fouling of ships! bottoms., At the present time the Navy is
financing our bacteriological department which is almost entirely
engaged in this very practical ressarch.

The facilities for marine research st Woods Hole are
unique 1n this country. Ample laboratory space and living
accomodations are available throughout the year. The library,
which specializes in all branches of science connected with the
sea, is the best in the world. In addition, a fully equipped

ocean goling research vessel is maintained. Indeed one of the
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beat arguments which can be advanced to support our plea for a
part.in the movement towards increased national defense ia that
the staff of the Woods Hole Oceanographic Institution includes =
number of men fully trained in practical.work at sea, Several
members of the staff have for some time been in the Naval Reserve
and others are applying for admission.

It is most difficult for one who has not been tralned
as 8 naval officer to make specific suggestions as to just how
oceanographic knowledge can be utilized in naval research, but
the following genersl considerations seem suggestive.

1) Through its director, increased use could be made of the
Woods Hole Oceanographic Institution as a consultive body. It
is hoped that the Navy will feel free to seek our advice on any
matter involving geographical, physical, chemical, biologilcal or
meteorological considerations. Oyr staff includes specialilsts
in all the major fields of science connscted with the ocean. In
problems where several fields of science are involved only an
oceanographer is able to correlate the different factors.

2) Naval officers engaged in special research or requiring
training for research might profitably spend some time at Woods
Hole. Not only are laboratory facilities and a library available,
but by working at Woods Hole the officers would gain some idea of
what oceanographic methods and knowledge the Navy could utilize.
The U, 5. Coast Guard has for a number of years had such a policy
and it has worked very well.

3) There are not doubt several problems on which an immense

B



amount of work has been done by the Navy, but the knowledge
gained has never been oritiecally analyzed by sclentists. The
fouling problem provlidea a good example of this. No Naval officenr
could digest in a few yearal time the file in the Burewu of
Construction and Repairs dealing with the thousands of inves-
tigations and observations which have been made. It is suggested
that this whole mass of material might be eritically studied by
a small group of qualified scientists and a manual be prepared on
the subject, In this way the chaff could be separated from the
wheat snd the future problem of research could rest on a firmer
foundation of truth, Such an undertaking would require, it ism
true, several years, yet in the end some order could be brought
out of a great mass of haphazard observations. Other handbooka.
for the use of naval officers could in the samé way be prepared under
the editorship of the staff of the wbods.Hole Oceanographic Insti-
tution in close coopseration with the competent naval officers.

ly) We have good evidence that German oceanographers made
detailed studies long before the outbresk of war of the currents
in certain critical areas., If it seems advisable, the men and
the instruments are also available in this country for such an
undertaking.

Beslides the currents, the thermal structure of the

uppermost 300 feet of the ocean seems to be an important factor
in submarine-detecting methods., The stability of the surface
layers changes seasonally and even from hour to hour, neverthe-

less it would be possible to make a detailed study of a number



of typical areas and thus develop a better understanding of
the principal faotors governing these phenomena.

5) There are many improvements which can be made in instru-
ments useful to the Navy. Such companies as the Submarine
Signal Company are doing excellent work, yet their business
does not warrant oceanographic research. We have cooperated
unofficinlly with the Submarine Signal Company and have taken
their men to sea and have helped test and develop certain instru-
ments, yet both from out point of view and from theirs the
necessity for secrecy sets up barriers, They feel that they canw
not tell us the whole story and we feel that we should not make
too many suggestions, If we could learn what sorts of instru-
ments are needed, there is no doubt that for the experimental
phase in their development the Woods Hole Oceanographic Institution
could do useful work, We have at least two extremely able instru-
ment men, Just by chance we have suggested the Bathythermograph and
the Barochronograph to the Submarine Signal Company, but no doubt
other useful instruments could be devised, if our physicists under-
stood the needs.

6) Meteorology at sea presents many special problems to the
Navy, Fog seems to be a good example, The predictiqn of fog at
sea is not well handled in any meteoroclogical textbook or course
of instruction because few meteorologists have been at sea. We
have three meteorologists on our staff who would be glad to look
into this or any other problem from the Navy's standpoint,

7) Finally, it is suggested that the research vessel "Atlantis"



1s avallable for exploratory work in any part of the world.
There may well be questions in distant regions whish the Navy
would like to look Into without attracting attention and in
soms cases a scientifiec vessel can be succesgaful in such missions,

It seems ummecessary to go into further detail at the
present time. Enough has been written to indicate the sort of
work which could be handled by the Woods Hole Oceanographic
Institution., The followlng members on our staff seem to be
particularly well qualified for what might be termed Naval
research in oceanogrephy:

Meteorology:

C.-G. Rossby
Athelstan F. Spilhmus

Physical Oceanography:

R. B. Montgomery
C. 0'D. Iselin

Chemistry:
Norris W. Rakestraw
Bactericlogy:

Selman A, Waksman
C. E. Renn

Physioclogy and Marine Biology
George L. Clarke
Alfred C, Redfield
Gordon A, Riley

Instruments:

Maurice Ewing.



If the technicians and the essential men on the
"Atlantis" be Included, the list would become much longer. De-
pending on the sort of problems we are assigned,; some of the
men listed above may have to be relieved of teacﬁing duties.

It seems best that each case should be handled individually, if
and when the need arises. However, should the various univer-
sities involved not be willing to continue teaching salaries, the
Woods Hole Oceanographic Institution will have to be provided with
additional funds.

For the most part the staff of thils institution is
made up of men wheo are young and all are keen to get started on
research which has a practical goal. It is for this reason that
a number of them have sought commissions in the Naval and Army
Reserve. However, if used as a research team, it is believed that
they will be much more productive than as individuals, especially
as there is good reason to believe that modern oceanography is a field

of sclience of no little importance to naval strategy.

C. O'D. Iselin
Director
Woods Hole Oceanographic Institution®
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Navy. In response to this memorandum, on August 5, 1940, the
NDRC awarded to the institution Contract NDCro-40 which, although
having been taken over by Navy sponsorship, remains in existence

today under cognizance of Office of Naval Research and the Bureau

of Ships.

Proj. 2. Sound Transmission. This contract began in October

of 1940. By Pebruary of 1941 the first major report "Sound Trans- B
mission in Sea Water™ written by €. 0'D, Iselin and Maurics Ewing 740
was published and served as the framework for miech of the ensuing
work., In this, they discussed: development of the art of sub-
marine signalling, physics of sound in sea water, oceanography of
the surface layer, range and intensity of the direct beam, and
variations in the thlickness of wind stirred layer.,

As a result of the earlier work of the R/V ATLANTIS
and U.S.S, SEMMES near Guantanamo in 1937, Dr. A, F. Spilhaus
invented the bathythermograph, an instrument designed to graph
temperature against depth on a grid while being towed from g
ship underway. Although this instrument was impractical at the
time, Dr. Ewing, with his assistants Allyn C. Vine and J. Lamar

Worzel, perfected it, and by 1942 it became standard equipment
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on all research vessels anéjhany escort ships., About 200
bathythermographs were made and calibrated at Woods Holes before
they were manufactured commercially. In the first four years
of ita use, over 60,000 records were mccumulated and processed.
From data collected by these, and later by the submarine bathy-
thermographs, new fields of sound transmlission phenomena were
opened,

Submarines and surface ships alike were playing tricks
on detection and evasion that baffled the Navy., From the basic
research data accurulated at the laboratory since its beginning,
from the studies made of this phase of sonar at Guantansmo, and
with the aid of the BT supplemented by a WHOI refraction slide
rule, WHOI persomnel began to instruot Naval officers at the
Sound School at Key West, Florida, and in the Caribbean area,
Robert J, McCurdy was the leader in instruction aboard ships,
while Gordon A. Riley and T. A. Austin spent many months as in-
structors at the Sound School, From 1941 through 19lJ; more than
600 ASWIS officers were given 1 to lj week courses in oceanographic
aspects of antisubmarine warfare at Woods Hole by Dr. G. P.
Woollard and Mr. Richard Geyer. In the meantime WHOI personnel
were making cruises on escort ships, making reverberation records
and studying the variations in the structure of the water; alse
cruises covered areas from Key West south to Trinidad, west to
the Mississippi River and north off the coast of Maine,

Mesasurements were made on the sound field of standard

echo-ranging equipment under many operating conditions and studies
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carried out to evaluate the relative importance of the various
oceanographic factors that influence maximum sonar range gear.

The bathythermograph and newly developed refraection
g8lide rule made it possible to construct ray dlagrams so that
one could better understand the refraction effects. It was slso
found that the operational range 1imit of echo ranging equipment
could be reasonably well predicted from these records. Then an
effort was made to correlate this with types of bottom,

C. O'D, Iselin and A, H. Woodcock worked on the range
prediction of diurnal heating which occurs nesr the sea surfaece
causing a serious reduction In the range of submarine detection,
which 1s called "afternoon effect". Mr, Phil Church and Dr, C.-G.
Rossby of the University of Chicago made additional observations
in Lake Michigan. Again Mr. Woodcock made a short atu@y of solar
heating in surface sea water in order to obtain a seriss of me asure-
ments which would indicate whether or not it would be possible to
predict the reduction of range on a given day in terms of heat
exchange across the sea surface.

Many cruises were made for the study of reverberation
to help determine the causes and magnitude of reverberation in the
open ocean, -

To help in the prediection of ranges by submarines on
surface ships a submarine model temperature-depth recorder was made.
This instrument evolved into the submarine bathythermograph and was
Installed on all submarines. Six such instruments were built here

prior to commercial manufacture, The SBT served two practical

1943

1943

/9%
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purposes: (1) in the predictions of listening and echo ranging
conditions, and (2) as a guide for maintaining proper trim during a
dive. Starting in 1943, WHOI representatives gave submarine bathy-
thermograph instruction in all major U.S. Submarine bases, also
Instructing the orews of the submarines during operations. In

the spring of 1941 this training was extended to advanced sub=-
marine bases in the Pacifiec,

Using photographs and actual bottom samples, Mr.

Henry €. Stetson, head of the Geology Department at WHOI, was able

to construct sediment charts for the continental shelf off the Aﬁ?
Atlentic and Gulf coasts of the United States. These charts were

made showlng the acoustic effect of the bottom character in water

iess than 100 fathoms, For most of the shallow water areas in the
Atlantic theater of operations charts were completed at Woods Hole

and then published by the U. S. Hydrographic Office and the U. 8.

Coast and Geodetic Survey.

In 1943 Mr. Wm. E. Schevill made a trip to England to
secure data on bottom sediments from the files of the British
Admiralty and to obtain a picture of the scope and purposes of
oceanographic research in British war activities. While there he
ﬁlso obtained data to supplement and further our work on submarine
and surface ship operation and performance., This included the
geographic aspects of submarine warfare.

After Dr. Redfield's initial start with the Bay of
Bisoay, submarine supplements to the sailing directions for the

west coasts of Spain, Portugal, northwest Africa and off-1ying
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1slands, the Jmpanese Empire aresay western troplosl Pacific and '
South China Sea were made from data compiled in England, at e
WHOI,and SIO, under the supervision of Mr. Wm. E. Schevill.
These supplements became the primary means of explaining to the
submarine operating forces how, on ths average, refraction due
to near surface temperature gradients would influence the assured
range of detectiong as did the sonar charts in terms of surface
tacties,
Realiziqg that ocesnographic conditions had important
eff'ects on diving operations, Dr. Alfred C, Redfield, Dean F.
Bumpus, Allyn C. Vine, and Wm. E. Schevill made intensive studies 942 3
of the factors affecting the buoyancy orf submarines, due to the
me Jor influences of density changes ms shown on = bathythermograph
grid., A density meter wes devised as an aid to diving. Some time smys
later hundreds of hull compression tests were made and recorded. ﬁ:ﬁig??%
Mr, F. C, Fuglister supervised the conplillation of data
and made charts of the hydrography of the Western Atlantic west of
the 60th meridian showing the average subsurface and surface e
temperatures and salinity In that area. At that time the data
were unevenly distributed, both in time snd in the geographilcal
sense; however, by combining observations from somewhat larger
areas 1t was possible to follow the seasonsl changes in considerable
detail,
During 194} Dr, R, B. Montgomery and Mr. Richard A.

Geyer made soundings in the lowest 100 feet of the atmosphere over

Buzzards Bay. The primary purpose of this phase of work was to
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agsist in the studies of the effeocts of verticesnl gradients of
temperature and humidity on the propagation of short radio
waves in the atmosphere,
Beaco
From the many oceancgraphic observations made before
the war, charts were prepared at WHOI showing sound ranging 1943
conditions in the following areas: North Atlantiec, North?Pacific,

South Atlantie, South Pacific, Indian Ocean and Mediterranean Sea,

The meximum range of sonic detection in sesn water, both
by echo ranging or by listening, depends upon many factors.
Demonstreting some aspects of this, meny examples of sound beam
patterns were constructed from the standpoint wf the aﬁerage vesssl
and of a submarine at periscope depth.

Later about 400 ray diagrems, showing the extent of the
sound field and the sound intensity distribution for the common K
temperature-depth patterns encountered in the ccean were constructed
and made available to the Navy for practical estimation of sound
conditions, These diagrams covered the upper 300 ft. of the water
column. This work was prosecuted undsr the supervision of Dr., Gsorge

P, Woollard.
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"4 Manual of Oceun Waves, of Surf and of Beaches" was
194
written by Dr. Henry B, Bigelow and Mr, Henry ¢. Stetson, which was #

later publlshed by the U, S, Government Printing Officy.

Dr, G, L, Clarke mads observations and measurements of
waves, surf, and shore conditions on beaches of Martha's Vineyard
and Cape Cod, studying the characteristics of waves as they approach
the shora., The possibility of employing changes in wave character- 194¢
istics=to determine water depth from aerial photographs was explored.
Photographs were made simultaneously from the ground and from the alr.
Martha¥s Vineyard Naval Alr Station, Army Alr Force Proving Ground
Command, Eglin Fleld, Florida, and Photographic Interpretation
Center, Anacostia, D, C, cooperated in this study, as later did
sIOo,

Dr, Kenmneth C, Reynolds extended this study by making
laboratory experiments of wave charascteristics as they approached
beaches,

A report entitled ™Trial Forecasts of Breaker Helght on
the East Coast of the U. S." was prepared by Gardner Emmons and 1995
G. L., Clarke, using data obtained between Cape Hatteras and
northern Massachusetts,

From these studies here, and at other marine laboratories,

fairly accurate predietions of sea and swell conditions in the
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open oocemny end the charaocteristics of surf on given beaches,

could be prediocted.

H‘!f‘*: Proj, 3. Explosive Method. (A. P. Grary and R. W. King) ({JaJﬂ(fH&‘:m)

H;i*; Proj. li. Signsl Corps. {Crecelius)

Observations with QC gear on range and reverberation
were made at the mouths of harbors in order to determine the
effects of turbulence on bottom hydrophones used in harbor defense.

Carlyle Crecelius, in cooperation with the Signal Corps,
worked on the problem of sound detection in waters nemr the coast,
as oceanographers had found that many variable factors play a mich
more important part in shallow water than they do in deep water.

A current meter was developed to help in this undertaking.

%M?MW 7




j&#{ Proj. 5. Submarine Témpersture-Depth Revordsy.
a

A suiteble submarine bathythe rmograph was developed by
Dr. Maurice Ewing and A, C, Vine through a seriles of seven models
made at Woods Hole and tested =mt Ke& West and New London., The’
final model was put intv production by the Bristol Company. g%éLA.
e Tl SBJT _fhcos T 2
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b brh T &7 o o W 2ol
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45 Proj. 6. Underwater Csmera.

-
Dr. Maurice Ewing, Allyn (. Vine and J. L. Worzel designed

and constructed a series of cameras to tsake p;gizzés underwatar.
A hydrofoil was then adepted for carryinglggé;;instrumenﬁg‘ By
lowering it on cables to any desired depth, or by towing it near
the bottom, it was possible to identify sunken ships and mines.
For oceanographers this gave them their first view of the ocean
Floor. Where before they had believed that the ocean depths were
stegnant, they now saw ripple marks indicating that there were
currents present,

Dr. Edw. M. Thorndike developed a transparency meter to
be used in conjunction with the cemera. This meter enabled one to
make quick measurements to determine the maxzimum distance at which

Successful photography could be used.

1943
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Tests were made by Dr. Kirkpatrick on the use of
underwater ﬁelevision (orthicon) as = means of observing submerged
mines and wrecks, Although by noc means = f&%lure, in that stage
of develepment, too much work was needed tO'justify further
experiments at that time.

Two models of underwater perlscopes were made and tested

at the lsboratory.

H;;’ Proj. 7. Underwater Explosives.

This project was started at Harvard University under the
direction of Dr. E. Bright Wilson, but because of inadeguate occesn
facilitles nemrby it was transferred to the Woods Hole Oceanographic
Institution in 1942, Although at the beginning it was entirely
divorced from the normal scientific ametivities of WHOI, long before
its termination in 1948 it was found that occeanography and under=-
water explosives had much in common. Dr. Arnold Arons of Amherst
College and WHOI continues to investigate these phenomensa.

Here the great concern was developing gauges for

measuring the pressure wave produced by an explosion, Although




smell charges were sufficient for calibration and evaluation at
the start, in a short time larger and larger smounts of explosive
materials were needed.

At the termination of work here, all of the reports
pertaining to this project were sent to the Princeton Library.

]

jqya-45 Proj. 8. Bubbles.

In order to study ship wakes for echo ranging and
listening purposes 1t was important to understand the role of
bubbles in the acoustic properties of wakes. Dr. Jeffries Wyman,
first with Dr, Redfield and later with David Barnes and Wendel
Lehmann, studied the mcoustic properties of the scattering and
absorption of sound by the wake of a small propeller and them
by the direct role of bubbles. These experiments lasted for about
three years, the results indicating that bubbles were formed in
sufficient abundance in surface wskes and luast a sufficient

length of time to explain quulitatively the observed acoustic

properties of such wakes.

%,Mq%?

, qg.ﬁ Proj. 9. Wake Visibility and its Suppressien.

This project was undertaken by Dr. A. C. Redfield and

G. L, Clarke. Using 2 DUEWs, observations and measurements were
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made both in Woods Hole and Florida watera to ascertain the
ability to suppress wakes,

o
ﬂ*yﬁ) Proj. 10. Underwater Camera Constructien. From Dr. Ewing's

prototype, about 15 cameras were constructed at WHOI for the
Bureau of Ordnance before they were manufactured commercially.

A few non-magnetic cameras were also made for close-up work on

mines,

-  Proj. 1l. Fouling of Mines and Buoys.

R

Inasmich as Dr. Louis H. Hutchins was working on the

biological aspecta of fouling on Project 1, it seemed quite natural

that his interest should also include the fouling of mines. Hundreds

of samples of the growth of barna¢les from navigation buoys and
their mooring chains from all parts of the coast of the United
States were collected and exmmined.

Here the concern was the practical Importasnce of fouling
in relation to ship resistance, the functioning of underwster sound
equipment, mines, nets, and salt water pipe systems. A description
was given of the common fouling organisms, their methods of
development and reproduction, their geographical distribution and

seasonal incidence, and relevant aspects of their pPhysiology in-
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cluding thelr senaitlivity to toxie substances.

ﬁ;A§ Proj. 12, Smoke Screens.
) From his studles of alr turbulence and convection over
the air, Mr. Alfred H, Woodcock became interested In the performancs
of smoke screens over the water. As the program progressed Dr.
Jeffriea Wyman became supervisor of the project. AWSLWQ
Extensive studies were made to help determine the scals ZQPQ%HZL
of the convective motions under various conditions of wind and air-
water temperature differences.
With the aid of the alr thermograph and othpp standard
instruments, analysis of smoke screen behavior could be placed
upon a physical basis furthering an understanding of lower air
motion, which gave a much more complete physical plcture of the
air-sea Interrelationship, Following this, new recording instru-
menits were devised to be used on low flying aeroplanss, It was
believed that in this way studies of the lower atmosphere in the
course of long flights over the ocean could be studied; also, with
the cooperation of n plane and surface ship, heat exchange could
be more fully understood.
After studying the behavior of smoke near a coast and
over the open ocean with great success, assistance was soughi by /?g%

the Navy in the behavior of amoke munitions as used in landing
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operations, Tests of this nature were made in Florida, Puerto-
Rico, and Pearl Harbor area, using field equipment under mctual
operating conditions.

Shuke generetors, when used by vosenographers, provided
the first clear plcture of convectlon over g water surface.

The smcope of the work In comnection with this pro jeot
had grown beyond that originally anticipated, and in 19l a new

contract was ewarded feor that project alone.

P
éi3ﬁé Proj. 13, BT Instruction.
]
Because of the tlme and number of personnel involved,
and also the amount of traveling required, a special project was

set up to expedite these needs.

/
1%5)P Proj. 1. Current Gredients, Dr, J, L, Hough and P, Osborn,
\a

using Dr., E. E, Wataon's bathyclinograph, made many records of

water velocity versus depth,

5] 4§ otudies were made to determine the drift of the moorad

¢
1 type mine under various wind and current conditions, both by the

movement of the water and by the wind, The first consideration was
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of the patternm of drift bottles, as they are of the same order
of magnlitude as that of a mine, st the same time bringing =all
existing knowledge of the gener&i c¢irculation to bear on the
problem, Observations made relmting the leeway of the mine
studies to the movement of m standard 15 ft. current pole us s

funotion ef.wind drift estmblished the minor compllications.

(7. B

Dr, Tlarke and Mr. Henry D. Russell madse a library study
of the transparency and color of ocean waters around the Japanese
Islands and East Indian regions to determine the feasibllity of

making photographiec surveys of the water in that area.

?’?p Proj. 15. Drifting.
About 45 series of tests on the wind drift of four types
of Navy rubber rafts and two types of Army rafts were made, These
were made in Buzzards Bay, off Gasparilla Island near Boca Grande,

Florida and in the northeastern Bshama sarsa.
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';34» Proj, 16, Short Range Sound Transmission.

Having made suceewsful seismic memsurements in
Chesmpenke Bay, off Barbados, off the Orinoco River, and In the
Gulf of Pari:, Dr, Maurice Ewing snd J. L, Worzel obtained definits
ovldence as to the thicknesas of the unconsolidated sediments. These
records clarified many problems of the transmission of sound waves
both in the water and through the bottom.

Using these deta, Dr. C. L. Pokeris completed a theoreti-
oal study which established a definitive and detailed explanation
of the observed dispersion in terms of bottom structure and the
depth of water.

Since it is very important in sound field measurements
in shallow water to kmow the exact role played by the bottom, Dr.
G. P. Woollard studied samples of mud bottoms in the quf of Maine,
the Mississippi Delta region, the Gulf of Panama, the ares north of
Trinidad, the Baltic Sew, the Black Seam, the Adriatic Sen, the
Ionian Sesn, and the Aegean Sea.

Dr. Leonard N, Liebermenn perfected an instrument for
recording reverberation (at 12 and 2l ke) at sen.

A memorandum was submitted entitled "Sound Transmission
et 12 and 2l ke in Shallow Water". The observations used were
obtained under the supervision of Dr., Maurice assisted by D. E.
Kirkpatrick, and L. N. Liebermann assisted by D. A. Wilson and
M. W. Arsove,

Dr. L. N. Liebermann and Dr. D. A. Wilson studied the

attenuation of sound in water by the decay method at frequencies
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between 16 and 22 ko; extended by Dr, Llebermann to the study of

the reflection of sound from the sem surface,

RAFOS

© ‘
IQ** Proj., 17. Long Range Sound Transmission (SOFAR)

This project was generully considersd to cover sound
transmission problems involving path lengths of hundredsa of miles.

Dr, Ewing realized that at mid-depths over large areas of
the ocean there exists a layer where the speed of sound is at a
minimm, forming a so-called sound channel., Over most of the
North Atlantic the minimum velocity layer 1s at a depth of about
1300 meters. DBecause of refraction effects, signais emitted in
this layer can travel very long distances without having to under-
go elither bottom or surface reflection., Thus acoustical trans-
misgion in this layer is relatively efficient and w receiver
located et similar depth can record signals originating several 42?
thousand miles away. A small bomb, devised by Dr. J. L. Worzel, Q;zaz;a
was fired and the differences in the arrival time of that signal <
at three widely spaced receiving stations established a fix. In
order to study the feasibility of this means of communication a
recoiving station was established on Eleuthera Island, and wasa in
operation for nearly a year, having received signals with a maximum
range of 3200 miles. Dr. Wm., S. von Arx, from the U. 5., S, MUIR,

found that Bermuda and the surrounding shoal area created a

"shadow zone", obstructing transmission of sound through the



Great Circle route,.

Studies, from availaeble information, were made on the
nature of the bottom of the ocean off the coasts of Californla
and Hewaili adjacent to the proposéd SOFAR stations In the Paclflc
Ocean, the best probable locations for the hydrophones, the
probeble arcs of reception, the positions of fixed land control
pointa, and other information that would facilitate the estab-
lishment of an efficient monitoring system on the west coast.

Dr, Woollard and Mr, Barbour prepared a report and
manual on SOFAR theory, setting up stations, and prsparing maps.
Dr. George P. Woollard carefully analyzed earlier data obtained by
the USC&GS on transmission of explosive sound, attempting to
determine some of the influencing factors of underwater sound
transmission by seasonal variations in temperature and salinity.
Later he wrote the manual "A Summary of Factors Governing Sound
Ranges", This was prepared in cooperation with the Anti-Submarine
Warfare Instruction School at Boston, and supplemented manuals
already published by the Buresau of Ships and the Hydrographic
Office,.

]) Ve
et

Proj. 18. Smoke. (Transferred to a project of its own.)

Tests wers made by Mr, F, delW. Pingree con the performance
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of life rafts used by U.S. ocean flyers to provide a more com-
prehenslive coverage of raft problems than had as yet been made.
He also made observations for the prediction of the drift of 1life
rafts and other objecots having various amounts of freeboard aﬁd

drift under the combined action of wind and current,

£ S

qu‘ Proj. 19. Scouring of Mines.

Henry C. Stetson, with Jack L., Hough, George D. Kellogg,
Jr., Kenneth C. Reynolds, and David B. Ericson, made tests during
19l and 1945 to discover the behavior of ground mines under semn
conditions on different types of bottom and to determine the effect
of currents on the scouring of them., Work was done in the waters
around Provincetown, Vineyard Sound, and Buzzards Bay.

To study this more closely scale models of the Mark
25 and Mark 12 mines were observed in a flume 8 feet long, 2 feet
wide, and 2 feet deep. A window was set in the side of the tank

8o that the movement of the models could be observed under water.

¢

-
Y
,q#Fq Proj. 20. Services of Expediting BTs and SBTs.

Having designed and constructed over 200 bathythermographs
and 6 submarine bathythermographs in a shop barely capable of

producing one such instrument, the Navy decided to have them



manufactured commercially. A great smount of time and effort
was spent in selecting a suitable manufacturer, because of the
great amount of preclsion required. The Bristel Compuny of
Waterbury, Gonneoticuf wgs chosen, and work on specifioamtions
and development contimied for many months, under the supservision

of 4, C. Vj.Ii.e'.

,ﬂg.% Proj. 21. Chlorine toxicity pipes

Thls was an ocutgrowth of ProjJect 2, to find means of
preventing the fouling of salt water lines in ships pipe systems.
Experiments were made on the toxicity of chlorine and pentachlor-
phenate on marine organisms including a series of tests of the
effectiveness of injections of these poisons into pipe systems
in which sea water was flowing., These latter tests were conducted
by Harry Turner at The Ethyl Dow Company plant at Kure Beach,
North CTarolina in cooperation with the International Nickel
Company and Wallace and Tiernan, Ine., The work is described in
Contribution 380 of the WHOI. Later experiments were made at
Woods Hole and Kure Beach using chlorine generated electrolytically
from the flowing sea water. The biological results were en-
couraging but such chlorine proved to induce corrosion in the

piping.
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B y4b
4" Proj, 22, Construction of 3 sir thermogrmpha

This mechanical Instrument, which can be raised by a
kite or balloon, greatly facilitated measurements of vertlical
temperature gradients at low elevations of the.atmosphere. It
wes designed primarily to be used in the smoke scresn operations

end meteorologlical work, under supervision of Mr. David Barmes.

,J%L Proj, 23. Diving Characteristics

A concentrated study was made on the diving charagteris-—
tics of submarines as to the compressibility, the components of the
dynamic forces at different speeds, and the rate of thermal ex-
pansion or contraction under different conditions.

Wm., E, Schevill and A, C, Vine made quantitative tests
on the east coast and at Pearl Harbor in an effort to determine
the effect of rudder and speed changes on trim and depth contrel
of submarines,

By adding a simple instrument to record temperature as
a funotion of depth, diving officers were shown how to move more
rapidly, more safely and more quietly, from one depth to another.
They were also shown how to balance on density layers, and where
and when these would be available., By explaining the refraction
of sound due to vertical gradients of temperature and salinity
it became clear that in many circumstances there was a besat

depth for evasion,
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6.

H*b Prog, g&._Uhderwater_Sound Instrumentation (Develop.
of Density Recorder.

Work was Intensifled on developing and perfecting
Instruments to be used by both surface vessels and submarines.
0f prime importance was an instrument to measure and record
density and sound velocity versus depth.

Dr. A, C+ Redfield, Dr. Wm. L. Ford, John F, Holmes,
A, C. Vine, and Wyman C. Rutledge spent considerable time on
this problem. The deck mounted temperature-salinity recorder was
developed and a special salinity corrected BT was built by the

Bristol Company along lines initiated at Woods Hole,

l#gb Proj., 25, Marine Meteorology

Upon completion of studies of the behavior of smoke
screeny, Dr, Wyman, Mr. Woodoock, Mr, Barnes and Mr, McCasland
turned to the study of vertical air motion over the sea., Insofar
8g 1t was bound to involve studies of the vertical distribution
of temperature, it wes alsc expected to yleld results relevant to
the problem of radar transmission.

Although the first problem undertsken was the study of
the relatively small scale convective motions thought to be
characteristic of the lowest thousand feet of atmosphere in the
Trafle Wind area, attention quickly turned to the problem of the
convective motion taking place on a large scale, involving the
goenesais and decay of the large masses of cumulus clouds which

are a characteristic feature of the Trade Wind area. For these
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studles, many instruments were adapted for use on ships and on

relatively slow aeroplanes,

m'g"ﬁ Proj. 26. Modification of Tidal Currents
Dr, W, T, Edmondson studied the available current pole
measurements secured by the U.5.C.&G.S5. 1n order to determine
the average tidal cycle at emch atation as a factor in air-sea

rescue ovperations,

¢é4b Proj. 27. Photomicrographic Techniques
m*f This work was done by subcontraect to Western Electric
Company to permit us to supervise the work of a man at the

Research Laboratory of the General Electric Company in New York
who had developed a technique for sectioning and photographing

paint coatings adhering to steel as an aid to determining the

structure of such coatings,
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I‘l‘f-’?' L Proj, 28, Assistance 4o Govermment Labore;tories ~ USNUSL
"The U,S., government requested WHOI to provide
assistance, facilities mnd personnel, in oceanographic problems
of mutual interest, to U,S., Navy mctivlties and to contractors
of the Nmvy Department which had been approved by the Hydro-

gfaphic Office,

%d+L Proj. 29. Shallow water locating
1.*

q .
l Late in the war there was a heavy loss of ships in

training carrier borne night fighters. In order to help locate
downed aviators the fqasibillity of an acoustic detection system
to locate small explosive charges in a.local area of some 10,000
square miles was attempted. Such a system was determined to be

feasible, but no operating system was set up.

f) L Proj. 30, Smoke Screen Dats Analysis
L
mqf With the great amownt of data obtalned from the smoke

screen tests, personnel had to be trained to process them, in

order to evaluate and make them ready for oceanographic use.

134# Proj. 31. Training in Usa of Smoke
1945
At the request of the Commander-in-<Chief, U.S. Fleet,

a group of officers representing the Bureau of Ships, Bureau of
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Ordnance, and Bureau of Yards and Docks cama to Woods Hole to

formmlate a working digest of the material on smoke scresns

availeble here for use In the fileld.

qL Proj. 32. Wave Characteristics

1q 45~
During the study of waves it was found that propenr

devices to measure and record tides, swell and waves wers lacking.
This project combined the continued study of waves with the

adaptation of the necessary tools to make this work practicable.

Proj. 33. Development of Wave Meters

e
/q'ff‘#

Arthur A, Klebba developed the Woods Hole shore recording

wave meter which was used in the wave observations in Vineyard

Sound, He also constructed a wave period analyzer to take the MBS
record from his swell recorder and resclve the frequencies of the

various wave trains msking up the swell. Experimental wave

recorder stations were set up at Cuttyhunk Island and at Bermuds.

Special tilde gauges were also made for wave research. Thsse

were light in weight so that underwater swimmers could put them

on the bottom of the ocean,

The wave period analyzer is a photo-electric scanning

device which automatically gives the wave periods, combining to



cause the observed sea conditions. The associated wave recordsr
presents the bottom pressure fluctumtions caused by the swell.
One can read this record directly for wave height and for the
more pronounced wave periods. The period analysis is then
quickly oarried out in detail by the wave period analyzer.

By observing the change in wave velocliy or wave
height off an unknown beach, by means of aerial reconnaissancs,
it became possible to calculate the underwater topography with

surprising accuracy.

i;AL Proj. 3li, Surface Vessel BT Field Engineers.

A graat deaml of time was spent preparing a "text book"
for persons using the BT, 014 reports, memos and manuals were
revised and combined into one set of instruction, to help per~
sonnel interpret the effects of water conditions and factors on

sonar performance,

6

Mﬁ&#B Proj. 35. SBT Engineering. The same work as on Proj.

3y was done for SBTs,
Although A. C. Vine and Wm, E. Schevill directed the
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work here, both of these projects were under the amuspioces of
the Bureau of Ships, Code 9)10; later being integrated with the
writing group at UCDWR in San Diego.

st

Proj. 36, Technicians on NOrd-9500.

(%_%)%&ﬂ?

a#*" Proj. 37. Plankton Feeding.

Dr. George L. Clarke made experiments on the use of
marine plankton as a possible food for men under emergency con-

ditions at seasa,
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gl
1 Proj. 38. Submarine Supplement Western North Atlantis
and Nor, Lantlc Uceanography.

While many submarine supplement charts of the western
North Atlantlc were. prepared during the war there were some
sections, where, before the war, observations were too scarce
to meke charting practicable, With the accumulastion of war

data this, to a degree, was corrected.

et

3
I“*§Ab Proj. 39. Development of STD Recordsr.

In order to determine the feasibllity of a salinity
corrected submarine bathythermograph, the Bristol Company in
cooperation with Pmsic—tr=Redfizld=sxd-A, C, Vine; constructed
an experimental model for deck use on a ship, which continuously
recorded temperature, depth, and salinity at a remote, cable
conne cted probe. The testing of this instrument was done by
Dr. Wm, L. Ford, who also made many oceanographic studies with
the instrument. Mr. John Holmes worked on design of the equip-
ment and from these efforts the CXJC salinity corrected submarine

bathythermograph was made.



;a#, Proj. 40. Sonar Analysisa.
Brrirn bnw -

In preparation for the oceanographic research activities
at Bikini Atoll, Dr. Wm. S. von Arx constructed and operated =
hydro~kinematic model of the atoll at this laboratory. Here the
circulation due to wind, tides and oceanic flow was studied. Dr.
von Arx also devised a current meter that was used at Bikini,

From these studies au whole new branch of physical

oceanography emerged - experimental oceanography.

End of year 1945
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10,

11.

12,

13.

1k.

15.
16.

17.
18.

Inventions

Methods of Sea water Form
Suppresslon and Apparatus

Propellor Wake Cover
(abandoned)

Bow Wave Spray Curtain
(abandoned)

Bathythermograph
Submarine Bathythermograph

Mo thod and Apparatus for
Controlling Hydrofoil
Depth

Method and Apparatus for
making Grids (abandoned)

Wet Englarger (abandoned)

Transparency Meter for Flulds
(rbandoned)

Density Meter (abandoned)
Bottom Hardnesa Messuring
Device (trans. to Sub.

Signal Co,)

Underwater Camera Housing and
Rig (abandoned)

Bottom Identifying Devise
(trans. to Sub. Signal Co.)

Roefraction Slide Rule
{ abandoned:

Method of Sound Transmission

Tide Gauge

Carbon Paper

Improved Submarine Bathy-
thermograph

Inventors

Alfred C. Redfield and
Allyn C, Vine

Alfred G, Redfleld

Alfred C. Redfield

Maurice Ewing and Allyn
C. Vine

Maurice Ewing and Allyn
C. Vine

Maurice Ewing and John L.
Ewing

Maurice Ewlng

D, E, Kirkpatrick

E. M. Thorndike and D, E,.
Kirkpatrick

A. C, Redfield

Ralph F., Shropshire

Maurice Ewing, A, C. Vine
and J. L. Worzel

Ralph F. Shropshire
Maurice Ewing and A. C.
Vine

Maurice Ewing

Arthur A, Klebba, A. C.
Vine and Maurice Ewing

Maurice Ewing

A, C, Vine, A, C, Redfield,
A, W, Jacobson, J., L, Russell



19,

20,
21,

22,
23,

251
26 -

27-
28.

29.

30.

31,
32.

33l

3kh.
35.

36.

37.
380
39.

Inventions

Method and Apparatus for De~
tonating Explosive Charge.

Wave Meter

Eleotronic Voltage Step
Funetion Generator
(abandoned)

Coulomb Calibration Circuit

Use of Air Bubbles as an Anti-

foullng Device
(abandonment advised)

Device for Integrating Functiona

Free Plston Impulse Gauge
Square Integrator
Cable Compensation Network

Amplifier without Phase
Reversal

Electronic Time Delny

High Resistance Meter

Lineur Diede Voltmeter

Regulated High Voltage Supply
(abandoned)

Coupling Circult for Electro-
static Pickup

Displacement Gauge

Spherical Sector Flash Charge
(abandoned)

Depth Indicator
Ocean Bottom Hardness Tester
Momentum Gauge Piston Stop

Timer for High Speed Movie
Camera

Inventors

Maurice Ewing, J. L. Worzel

Arthur A, Klebbn
Richard M. Brown

Robert H. Cole
F. G. Walton Smith

James S, Coleg and
Richard M. Brown

William E. Gordon
Allyn C. Vins
Robert H. Cole

David 3. Stacey and A. C.
Redfield

Robert H. Cole and David
S. Stacey

David S. Stacey and Donald
F', Hornig

David S, Stacey
Robert H. Cole

Robert H. Cole

Robert H. Cole

E. Bright Wilson, Jr., Paul
M. Fye and John M. Eldridge

William S. Butcher
William S. Butcher
William S. Shultz

Roger S5, Kuhn and George
K. Fraenkel



40.

L2,
43.

L5.
Ny
L7.
18,
9.

50,
51,
52,

53.

5l

55.
56.
57.
58.

59.

Inventions

Underwater Flare (abandoned)

Bottom Sampler
Tidal Current Meter

Air Thermograph

Accelerometer

Implosion Nolse Source
Bottom Firing Detonator
Bomb Arming Devise
Preasure Measuring Devise

Piezoelectric Pressure Gauge

Current Profile Recorder
Tool for aupplying Wire Clamp

CThart Drive for Long Time
Interval

Optical System for Wave
Recording on Photographic
Paper

Me thod of Solving Fundamental
Relationships of Sem Water
Variables

Conductivity Cell

Geomagnetic Electrokinetograph

Method of Recording Buoyancy

Simplified Buoyancy Recorder

Temperature Measuring Device
(abandoned)

Inventors

Ermmest L. Patterson, Paul
M. Pye, James S. Coles

J+ L. Worzel
William S, von Arx

Joffries Wyman and David
F. Barnes

A, C, Vine

Je L. Worzel
Jde L. Worzel
J. L., Worzel
J. L, Worzel

Arnold Arons and Clifford
Frondel

Edmond E. Watson
James R. Sullivan

Arthur A, Klebba

Arthur A. Klebba
A. C. Vine

A, C, Redfield
William S, von Arx
Allyn C, Vine

A, C. Vine, John F. Holmses,
Wyman C. Rutledge

A, W. Jacobson



- UNPUBLISHED REPORTS

Oceanographic Observations from the SEMMES, Jan. 1l—
Feb, 1l, 1941, :

Sound Ranging Experiments at Key West, July 1941.

Sound Transmission in Sea Water. Feb. 1, 1941.
By:C, 0'D, Iselin and Maurice Ewing.

Average Summer Sound Ranging Conditions Based on
Tempersture Observations, June 1 - Sept, 15,
By C. 0'D, Iselin and R, H, Fleming, Mar. 31, 19)2.

Average Summer Sound Ranging Conditions in the
Mediterranean Sea, April 13, 19Lh2,.

Doanard Tilt for Sound Projectors of Surface Vessels.
1942,

Echo Range Observations of the USS SYLPH. By M. Ewing,
Sept. 10, 1942.

Gulf of Maine Sound Contact, May 27, 1942. By C. O'D.
Iselin, July 1, 1942,

The Hydrofoil Camera. By M. Ewing. December 1, 19,2,

Instruction for Installation of Submarine Model BT. No. 8.
By M. Ewing, May 21, 1942,

Instruction for the Installation and Maintenance of the
Submarine BT, By A. Vine, 1942,

Instructions for the Installation, Operation, and
Servicing of WHOI Model BT and Equipment. 1942.

Instruction Manual for the Refraction Slice Rule. By
M. Ewing, October 17, 19,2,

Memorandum from Dr, Spitzer to Dr. E, Hutchisson. Suoj:
Variation of Maximum Echo Ranges with Wind Strength in
British Asdic Trials. June 2, 1942,

Memorandum for Dr. Morse - ™Oceanographic Factors Entering
into Harbor Protection by Underwater Sonic Devices.
Jan, 21, 19,2,



1942 (cont'd)

Trip by Dr. Maurice Ewing Resulting In Discovery of an
01d Wreck. 1942.

Memorandum to Dr. Tate -"Oceanographic Factors Entering
into the Selection of s New Base for a Sound School.
Jan. 20, 1942.

Oceanography in Relation to Subsurface Warfare. By
C. 0'D, Iselin, June 15, 1942.

Oceanography of Submarine Detection. 1942.

On the Importance of BT Observations, By C., 0'D, Iselin,
Oct. 8, 1942,

Performance of BT with Hand Winch. By A. Vine and M,
Ewing. May 5, 1942,

Prediction of Range by BT, June 23, 1942.

Preliminary Report on Cruise 6B of the NDRC Sound Ranging
Project. By M, Pollak, July 21, 1942.

Preliminary Report on Instruments for Measuring the
Density of Sea Water from Submarines. Oect, 29, 1942.

Preliminary Report on Possible Methods of Eliminating the
Foam in a Periscopels Wake. June 20, 192,

Preliminary Report on the Prediction of "Afternoon Effect”.
By C. 0'D, Iselin and A. H. Woodecock, July 25, 19,2,

Photography of Submerged Wrecks. By M. Ewing and J. L.
Worzel. Sec. No. Ch-sr31-135, July 21, 19,42,

Prodiction of Echo Ranges from Submarine Bathythermograph
Observations, Instruction Manunal for Submarine BT Observers,
Part II. Sept. 1, 19l2,

Report on Laboratory Tests Submarine Model BT - Serial #C.
By M. Ewing. Mar., 17, 1942,

Report on Preliminary Tests of a Submarine Model Temperature-
Depth Reccerder. By R. J. MeCurdy, 1942,

Report on Work aboard USS SYLPH, New London, Conn. - June
15-23, 19h2. By L. V. Worthington. July 1, 1942

Reverberation in the Open Ocean. By R. W, Kind, Jan. 22, 1942.

Reverberation Cruises, 1942.



UNPUBLISHED REPORTS - J

Sadiment Charts for the Contlinental Shelf off the
Atlantic and Gulf Coasts of the United States. By
H. C. Stetson, 1942,

Sound Ranging Experiments at EKey-West, July 1941. 1942.
Summary of BT Observations. Jan. 23, 1942.

Summary of BT Observations from the Westerm North
Atlantic, Oct, 1940-Dec. 1941, By C. O0'D, Iselin.
Sec. No. Cl-sr31-44j23, Nov. 5, 1942,

Summary of Comparstive Data on Sound Transmission in
Sea Water at Various Frequencies., By R. J. McCurdy,
July 23, 19i2.

Supplementary Progress Report on Underwater Photography.
The Use of Color Filters. By E. M. Thorndike, May l,

19,42,
Tilted Projectors. Jan, 6, 1942.

The Use of a Density Meter as an Aid to Submarine DPiving.
Dec. 11, 1942,

WOEds Hole Bathythermograph Instruction Manual. Apr. 3,
1942.

1943

Factors Affecting Long Distance Sound Transmission in
Sea Water. Sec., No, 6,l=sr31-426. Mar. 30, 1943.

Preliminary Report on 0.I,M, No. 105 - Study of the
Vertical Distribution of Current Veloeities. By J. L.
Hough and P, Osborn, Dec. 15, 1943,

Role of Bubbles in the Acoustie Properties of Wakes. By
J., Wyman, Sec, No., 6,l-sr31l-l437, Feb. 18, 19,3,

Stereoscopic Use of Underwater Cameras, By D, E,
Kirkpatrick. Sec. No. 6,1-8r31-755, Aug. 25, 1943.
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3 July 194k,

Echo-Ranging Date, Miami Arem. By L, V, Worthington and
H, 3, Magee. 5 July 194,
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Application of Shore Recording Wavemeter. By A. A.
Klebba, Dec, 12, 1945,

Attachment for Standard Bathythermograph for Making
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Echo Range Data, Key West Operating Arem, 16 June to 13
October 194y, By G. A. Riley, T. S. Austin, H., S. Magese,
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By R. A, Geyer and H. T. Bauerle, Jr., USNR. Sept. 8, 1945.
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UNPUBLISHEDP REPORTS ~]]—

1946

Attenuation of Sound in Water by the Deoay Msthod. By
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UNPUBLISHED REPORTS ~13~

Preliminary Instruetion Book for Experimentel Trim and
Range Guild Equipment Model CSJG-1. WHOI and Bristol
Company., 1946. ’

A Summary of BT Observations in the North Atlantie, Oct.
1940-Dec. 1941, By €. O'D. Iselin

Prediction of Sound Ranges from BT Observations
Instruetional Manual for BT Observers. June 19&2.
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