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THE WHITE HOUSE
WASHINGTON

January 13, 1942.

TSEeRET....

MEMOR-NDUX FOR THE
DIRECTOR OF THE BUDGET

FOR RECOMMEUDATICN.
FeDuRe

Letter to the Pres. from Vannevar Bush,
Director of Office of Scientific Research
and Development 1/9/42 re Civilian
ocientific Corps and the mobilization of

same .

DECLASSIFIED
By Deputy Archivist of the U.S.

FEB 3 197

By W. J. Stewart Date
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" From the Office of

V. BUSH\QN/ March 16, 1942.
e |

Mr. Rudloph TForster,
The White House,
Washington, D.C.

I hend you a report for the
President. Tt contains secret and
confidential material which should
be securely guarded, for much is
here summarized.

T have thus far transmitted
no copies of this report, and I
will appreciate it if you will ad-
vise me if the President indicates
his wishes in this regard. He may
wish to see me to have certain
points expanded, and, 1f so, I am
always at his call. This week T
plan to be in New York on Wednesday
and Thursday, but I can always
cancel when needed.

277 .

V. Bush.



THE WHITE HOUSE
WASHINGTON

March 20, 1942.

MEMORANDUM FOR
DR. VANNEVAR BUSH

I have read your extremely
interesting report and I agree
that the time has come for a
review of the work of the Office

for you to lock as I think
it is probably be fer that I
should not have it in my omm

F. D. R.



OFFICE FOR EMERGENCY MANAGEMENT

OFFICE OF SCIENTIFIC RESEARCH AND DEVELOPMENT
1530 P STREET NW.

WASHINGTON, D. C.
VANMEVAR BUSH

March 16, 1942,
. ‘rgnklin D, Reesevelt Livrary

' DFCLACSIFIED
The President, /45‘5 T Dirscio¥ s
The White House, 2=t

Washington, D.C.

Dear Mr. President:

T transmit herewith a report on the operations
of the 0ffice of Sclentific Research and Development.

This consists of a brief statement of the status
ot research on new weapons in various flelds. The
opinions expressed in regard to relative importance and
promise are my own, not the results of study by a group.
Medical research is swmmarized very briefly: the prin-
cipal point here is that the work is proceeding entirely
harmoniously. Appendices give the usual summaries of
organization and operations.

Nearly all of the relations of my Office with
the Armed Services are on the tactical level, and are
psordial and effective on this basis. Much is being done.
In my opinion, however, the time has come for a complete
review of the work of this 0ffice on new weapons, for
the sclientists of the country skilled in the necessary
ways are limited in number. This review should be on
the strategic level, to determine emphasis and be sure
that striking opportunities are not being overlooked or
inadequately pushed. If there are steps which you wish
me to take in order to bring this asbout, or if you
would care to have me express more completely my thoughts
on the matter, I await your instructions.

Respectfully yours,

V. Bush,
Director.






OFFICE FOR EMERGENCY MANAGEMENT

OFFICE OF SCIENTIFIC RESEARCH AND DEVELOPMENT
1530 P STREET NW,
WASHINGTON, D. C.
VANMNEVAR BUSH

July 16, 1941.

The President,
The White House,
Washington, D.C.

Dear Mr. President:

I have the honor to submit herewith a report
of operations of the National Defense Research Com-
mittee for the first year of its existence during
which I was Chairman of the Committee.

This I have purposely made brief. The de-
tailed reports of results obtained from the Com-
mittee's activities are placed in the hands of the
Army and Navy &8 rapldly as they are obtalned, and
the full detailed record is thus available, I have
hence confined this sumary report to the more im-
portant programs, and have treated these generally.
I shall of course be glad toc extend this report to
any extent you may wish,

The scientists of the country realize keenly
thelr responsibilities in the present emergency,
where the adequacy of new and sometimes Intricate
techniques have already profoundly influenced the
course of events. They continue to be anxious to
put forth their best efforts under your leadership.

Respectfully,
.—-/ - v BRY 117
WIS PRPES  Ganid, Py . Vannevar Bush,
Franklin D. Boosevelt Library Director.
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l. Scope of the Committee's Activities.

The Order of the Council of National Defense
of June 27, 1940, charged the Committee with the duty
of supplementing the activities of the Army and Navy
in the development of instruments of war*,

In carrying out this duty the Committee has set
up an organization, divided into Divisions and Sec-
tions in accordance with subject matter, in which are
ineluded a large proportion of the outstanding secien-
tists of the country, eapecielly in physics, chemistry,
and allied sciences’. These scientists, like the mem-
bers ol the Committee, serve on a voluntary part-time
basis without pay. They are alded by a small number
of pald Technical Aides. They take the responsibility
for formulating and guiding the programs, and for ren-
dering the results avallable to the Army and Navy and
to the British. They are in constant close touch with
skilled officers of the armed serviusa#.

The method of operation is by means of contracts
with colleges, universities, scientific institutions,

and industriasl laboratories. These contracts are on

* Complete text on p.61.

Lists on p.38.
# System of liaison on p.LE.



a cost basis. It has been the aim to provide arrange-
ments by which university and other laboratories may
proceed energetically, without galning or losing finan-
cially in the process. The laboratories are in general
contributing the use of thelir facjlities, and are often
making other contributions, as by the services of
senior scientific staff for consultation and advice.
There about 200 contracts in effect* covering a large
range of effort. In the interests of speed, and to
gather scientifiec groups of diverse talents, it has been
necessary in some cases to concentrate work in unilver-
gities and institutions heving large facilitles, but
the work is spread all over the country. The Committee
also utilizes the services of government laboratories,
notably the Bureau of Standards, and transfers funds
to provide for such work.

Great care has been taken to ensure proper
secrecy in regard to operations. Many of the matters
with which the Committee deals are of such nature that

{nformation should be securely guarded. Sclentiats and

* List on Prﬁ&t



others are carefully investigated before being taken
into the organization, Highly secret matters are
handled by carefully restricted special groups. There
is a rule that no man in the organization learns of
confidential matters except as 1s necessary to his
proper functioning. Proper rules in regard to the
handling of documents, etc., are enforced, There has
been no evidence of any leak of important information
through the Committee's operations.

In the Sections of the Committee there meet to-
gether scientists and engineers especially skilled In
the subject matter with which the Section deals, to-
gether with officers of the Army and Navy having know =
ledge and responsibility in the field under study.

This has resulted in desirable interchange between

s

the two services in numerous instances. It alsc ensures

that problems are approached with a due regard to the
practical military needs. The Army and Navy have wel-
comed the organization of the Committee, and have co-

operated wholeheartedly with it.



The Committee has close relations with the
British Central Scientific Office., It alsc maintains
a London office, and sends sclentists there to inter-
change information with British sclentists and to study
problems under field conditions. This interchange has
proved to be highly importent.

While the Committee has carried on research on
a wide variety of problems, 1t has kept keenly In mind
the necessity for concentrating effort on those matters
of great and pressing importance., 0On these it has
strained every facility to obtain vpractically useful
results in time. Research, by its very nature, takes
time; and there are many steps from the conception of
an idea to its practical utilization. The task of com-
pressing into months a development which, in normal
times, would take years is strenucus. Nevertheless,
out of the work of the Committee, there are already
coming some results which can now be applied in prac-
tice to great advantage. More are on the way, and the

effect will become cumulative as the work of the Com=-

mittee proceeds,

De



2, Summary of the lMore Important Programs of Research
and Development and Progress thereon.

The subjects chosen for summary are the
Tollowing:

8. Alreraft detection, and its result-
ing developments. + « « s = s s s« sDs T

b. Gun conmtrPol. o o « o o o s o o » o & «Psl9.
0., Proximity TUBEB. . o o « o « & » = « +Du2h,
d. Anti-submarine devices . . « « « + « +D.28.
6. Explosives and gases . . « « « « « s« «Pa3l.

f. I-}r&niumi - - - - - - - - - - - - - - .P.ahl



Aireraft Detection and its Resulting Developments

When the war started both the Army and Navy had
already developed radic devices feor aireraft detecticn
in thelr own laboratﬁriea, and so had the British, These
were all very similar.

It 1= exceedingly fortunate thet this was the
case, When the alr assault upon England occcurred last
summer and fall, as a prelude to invasion, it was re-
pelled with heavy losses because of the ef'fectiveness of
air defense. No small part of this was due to the fact
that the British were forewarned by their detectors of
each assault, and could order their fighters intoc the
most advantageous position to intercept it. This ex-
perience impressed all thinking men with the importance
of radio devices of this general nature, and there has
been rapid development since that time. It also con-
vinced the Committee that it could contribute to de-
fense in an almost immediate mannér by concentrating
on this problem. Hence this field has been the one in
which the Committee's efforts have been greatest. The
cutstanding scientists of the country, of such back-

ground as to work effectively in this field, have been



gathered together, largely at the Massachusetts In-
stitute of Technology since the best facilities for
their work were already there, and supplied with or-
ganization, materials, and technical assistance. The
gzreat electrical research laboratories of industry have
worked eclosely with this group. This has occurred, not
in the usual manner where each commerclal company pur-
sues its independent development, but on a definite
basis of pooled information, and a subdivision of de-
velopment for its meost advantageous distribution. Close
liaison has alsc been maintained with Army and Navy,
and with the continuing work of their laboratories.

Tn nine months a new art has been advanced to
a degree which would ordinarily have taken years.
The matter has now progressed to the point where both
the Army and Navy are placing large production orders
for equipment of this type, much of which is of a form
which was unknown & year &go.

Tt is a remarkable thing that a radio pulse de-
tector can work at all. A radio station, somewhat
1ike a broadcasting station, sends out a pulse of radi-

ation lasting for only about a millionth of a second.
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A Tew millionths of a second later it "hears" an echo
come back, reflected back to it from an airplane in
the distance. That this can still be done, and the
echo distinguished from all those coming from the im-
mediate neighborhood, when there is to be detected a
single small airplane 150 miles away, is uncanny. Yet
physicists can compute and design such equipment, and
be sure that it will work. The equipment can be suffi-
ciently rugged and reliable to operate under practical
conditions in the fleld. From the elapsed time before
the echo returns, the distence of the planecan be pre-
cisely indicated, and its direction can be found from
the direction from which the echo returns. It is even
possible to obtain a measure of the altitude at which
the plane is flying.

All this was accomplished before the Committee
came into existence. There was, however, one great
difficulty. The apparatus worked on relatively long
wave lengths, and was hence cumbersome. There were
many evident applications, if the equipment could be
rendered compact and very precise, such as to use it

for direct control of the firing of guns. There is a



general relation that, the shorter the wavelength,
the smeller the corresponding equipment. Ience it
was highly necessary that devices be developed which
would enable the wavelength to be reduced tec about a

tenth of that then used. Herein resided a serious

10.

difficulty. Equlpment for these ultra-short wavelengths

was Indeed known in a few laboratories and by a few
men, EBEut it was wvery feeble, and great power was
necessary for success. Moreover the entire behavicor
of electric circuits at ultra-high frequencies was
not understocd, and the parts of it that were known
were treated by only a few scientists whereas the com-
bined work of many was necessary for success.

Fortunately the early interchange with British
scientists gave the subject a great impetus. It ap-
peared that the British had gone far on transmitting
tubes, whereas the Americans had produced advanced
recelvers.

The rest of the story is one of hard scientific
analysis, experiment, and test. Inventions have been

made, numbers of them, and been freely made available
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to all investigators. But this has been no sudden
brilliant flash of an individual., It has been the
result of teamworkaf the highest order.

As soon as egqulpment can be made compact and
rugged for field use, many applications appear.

One of' these 1s the ground control indicator.
A plece of this radio-reflection equipment constantly
scans the entire sky about it, Wherever it detects a
plane 1t autcmatically places a dot on a map to indi-
cate its position., The map 1s the top of a cathode ray
tube, and the dot is & small glow of light. Other
equipment, used in conjunection, can reveal whether
any particular dot indicates a friend or foe. A series
of such stations, which have a lesser range than the
simpler long-range detectors, can cover an entire area
with their maps overlapping,with telephone communica-
tion so that knowledge is passed on from one to the
next, and to a central control station. Auxilliary
devices also provide for obtaining the altitude of
any particular plane under observation. The device

works just as well at night or through clouds, as in



full daylight. No plane can fly higher than it can
reach., Such devices are now in use, mostly at high,
but not ultra-high fregquencies. The present effort

is to render them more powerful, smaller, more precise,
and this is best done by increased frequency. Their
great use is of course to control the defense fighters
so that they may intercept the enemy even at night,
They can, by radio communication with fighters, bring
them into the general neighborhood of the enemy under
the most advantageous conditions for contact. Some-
thing more is needed at night for the final contact,
and more on this appears below. Advanced gauipment

of this sort is ready for final engineering aftantinn
and production.

The same general sort of equipment is also of
great value at sea. Tn fact it is rapidly revolu-
tionizing the strategy and tactlcs of naval warfare.
When & warship can know the precise location at all
times of every ship out to the horizon, and apparently
even somewhat beyond, in night or haze, with directions

somewhat approximate, and range very precisely, there

12.
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ere evidently new conditions and it is important to

be in the forefront of advance. More on precise di-
rection will be stated below. Again, the slituation is
one of development for compactness and power, for the
Navy has long been working on this matter. A recent
test on the Semmes, using ultra-short wavelength equip-
ment which is readlly installed at the top of the mast,
and which scans and plots positions automatically, has
given excellent results, and the improved equipment is
moving into production.

Evidently, if a plane's position can be preclsely
determined from the ground, a navigating system is avall-
able, especially over water. The need here is for very
long ranges, and so the device is modéified somewhat from
the usual echo scheme. This has not been as pressing
& problem as some others; however equipment for this
purpose will be tested this summer and promises well.

It has long been realized that it would be ex-
ceedingly valuable if devices of this sort could be
built to be mounted directly on aircraft. This has in
fact been done in England using high but not ultra-high
frequences., With this equipment a pursuit plane, placed

in the general neighborhood of & bomber by ground control,
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can then "see" the enemy. The device has indeed al-
ready produced striking results. With the usual frequen-
cies, however, there are strict limitations. In par-
ticular the field of view is restricted and the bomber
can evade pursuit by meneuvering, ir 1t realizes it is
being followed. The need Tor more compact apparatus, of
adequate range, automatie secanning, and large field of
view is hence intense; and these results are best at-
tained by going to ultra-short wavelengths. The Com-
mittee's work has concentrated on this prcblem more

than on any other. Two leads are being followed, one
at 10 em. which produces equipment which will readlly

go in the nose of a two-engined fighter, and the muech
more diffﬁcult task at 3 cm., which holds promise of pro-
ducing equipment which can even be placed in the wings
of a single-engined fighter. The research and develop-
ment work on the former is practically complete, and
what remains is engineering refinement and production
which can proceed simultaneously under orders being
placed. Sets have been tested in this country and

England. With one of these, when the pilot is put



within a few miles of his target by ground control,

he sees & dot on a screen which tells him the target
location in elevation and azimuth, and its distance
away. He can "see" through a horizontal angle of lBDu
and a vertical angle of EGG, and can hence readily
maneuver into position. When he gets c¢lose enough he
can often actually make out the target against the sky
and fire. Here there is a hitch. Tt would be prefer-
able if he could, at the final instant, get the exact
direction and range with sufficlient promptness and con-
venience to be able to fire without taking his eyes

off of his instruments. The laboratory is intensely
engaged 1n an added auxilliary which promises to accom-
plish this very thing. Even without it, the the 10 ecm.
AT set, as it is called, 1s capable of rendering it
exceedingly uncomfortable for night bombers. It 1s
being pushed to the utmost.

An suxilliary device which promises well in this
connection has very recently appeared from another sec-
tion of the Committee's work. This is & night glass,
which appears to be a radical advance over anything

previously available. with it planes can be seen on

15,
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dark nights much further than before. It 1s the result
of combined efforts of optical scientists and experi-
mental psychologists. Right now it is undergolng its
first tests. If completely successful it will supple-
ment rather than supersede, radio devices.

The mounting of radio echo devices in alrecraft is
of as great importance to the Navy as to the Air Corps.
In particular it is of great importance for combatting
submarines. 7In fact, the location of submarines on the
surface by patrolling airerarft is one of the most pro-
mising methods in sight for overcoming the submarine
menace. The Navy has long been alive to this matter,
and has developed energetically. The successful use of
extremely short waves, in the Committee's laboratories,
supplements this work well, for the eguipment becomes
more compact and versatile. Devices embodying the most
recent scientific results are now moving into produc-
tion for this purpose.

The devices described give the direction of a
plane or ship only somewhat rougzhly. Tt is entirely
possible to construct devices along these lines which
give direction with considerable precision, in fact with

sufficient precision to directly control gunfire. Such
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devices have been built, and are in preliminary use.
The same considerations as to compactness, ruggedness,
and power apply. Recently there was constructed an
ultra-high frequency device for this purpose which,
when directed at a plane target, will autometically
conﬁinue to point at that target with sufficient pre-
cision to control anti-aireraft fire. The plane cannot
evade the beam, once it is directed on 1it, by the most
violent maneuvering, and of course it would not ordi-
narily know it was beling followed at all. Such devices,
now approaching wide use, are capable of greatly im-
proving the effectiveness of anti-aircraft fire, The
ultra-short wavelength types are being energetically
developed.

The use of such devices at sea 1s of evident
importance, and is being similarly furthered.

Tt would evidently also be useful to mount this
sort of equipment on planes, to aid in controlling
their fire. One aspect of this has already been men-

tioned. Other aspects are still in embryoc.
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In spite of the fact that much has been accom-
plished in this field of radio pulse reflection, the
whole science and its applications are in the early
stages of' a great development.

In particular, it must be remembered that counter
measures are often possible. Thus, if a ship uses a radio
range-finder, it is possible for the opposing ship to
Jam this and prevent it from being used. Tt is also pos-
sible to so design the range-finder that jamming is very
difficult, and perhaps practically impossible., A4 target
can hardly jam the equipment by which its direction is
indicated without setting up a radio disturbence which
itself renders location in direction relatively easy.
Thus as the art advances, if adversaries are both sci-
entifically and technically able, there will occur a race
between techniques., It is important to be somewhat
ahead. The Committee has recognized this aspect of
matters. Early in its development of radiation de-
vices it set up a separate group of sclentists with
instructions to develop equipment aimed at counteract-
ing the efforts of the main group. Increasing atten-
tion to counter measures will become necessary as the

work proceeds,



It is, however, entirely evident that there is
no counter to radioc devices as a whole. Thﬁy will con-
tinue to increase in importance., They will probably
constitute the outstanding new military device of the
present war, They are already completely modifying
methods of fighting.

b. Gun Control.

Some of the modern radio aspects of gun control
have already been mentioned. There 1s, however, an as-
pect beyond that of merely knowing the target's posi-
tion at all times. This i1s the job of applying the
corrections to the gun control soc that the shell and
the target will arrive at the same position at the
same time.

This matter has a long history, and there are
industrial laboratories which have been in close con-
tact with Army and Navy along these lines. Hence the
cormittee's activities in supplementing have been to
perform auxilliary tasks of analysis and scientific ex-
perimentetion, rather than to launch new broad develop-
ments. Nevertheless, there is important work going on

under Committee ausplces.

19.
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The automatic predictor for long-range naval
fire has been highly refined over many years. The
advent of the airplane brought in a parallel develcp-
ment of predictors for fire against high-altitude air-
craft. The use of the alirplane at low altitudes, and
for dive bombing, requires very rapid predictors and
flexible gun controls. Fortunately the correcticns do
not need to be highly refined for this short-range work,
and hence the devices may be relatively simple. They
are, however, needed in great quantity, and they must
be sufficiently fast and accurate for their intended
purpose.

The field may be divided into three ranges. First
there 1s the point-blank range, under which & simple
sight, aided by tracer bullets, suffices. This has been
the usual condition thus far in plane-to-plane fire.
Second there is the intermediate range, up to two or
three thousand yards, where rapid fire cannon are still
éffectivu, tut where corrections are highly necessary.
Third, there is long-range fire, with complete correc-
tions, which is an advanced art. In the intermedlate

range there is now rapid development.
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The simplest and most interesting development
in this field is the device by which the line of sight
is itself shifted, by means of a small gyroscope mounted
directly on the sighting bar, in such manner as to give
the approximately correct lead. There is an interest-
inz British development alcng these lines, and several
in this country. The precision is good enough for re-
latively close-in machire gun fire, or the control of
alreraft turrets. Range can be inserted roughly, and,
for aircraft work the correction for tralil, or the ef-
fect of the plane's own speed through the air. These
devices are ready for production, and will be useful. They
are an improvement for use in the borderland of the
point-blank field.

More complete correction 1s, however, necessary
in intermediate ranges. For use on land, against low-
flying aireraft, the British have an excellent device,
centeining a much simplified predictor. With a special
use of tracers it is effective., Known as the Keriscn
director if provides a device for this purpose which

can be produced readily in quantity.
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When used on shipboard a more elaborate device
is needed. Angular changes need to be referred to a
gyrosccpe instead of to the ship, and the servo mechan-
isms which move the gun need to be rapid and precise
enouzh to overcome the ship's roll. For intermediate
ranges the device can be simpler than the elaborate
mechanisms used against high-altitude targets. There
are excellent developments of such devices, and what is
needed is their production in quantity. They are highly
necessary for ship protection against low-flying aircraft.
The placing of adequate controls of this sort on
alreraft is of great importance. A plane which can
fire accurately at 2000 yards may never be forced to
conduct close~in firing. The problem is difficult but
can be solved, and a complete solution might be highly
significant in connection with control of the air.
Both the Army and Navy are engaged in developments
along these lines, There are involved gyroscopically
stabilized sights, adequate but simple correction com-
puters, and servo-controlled turrets. The Comnmittee is
aiding in this work by bringing scientific talent to
bear on analysis of the problem and in other ways. This

type of device 1s of such importance that it should be

expedited in every way.
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Ultimately it is to be expected that, in con-
nection with all devices of this sort, visuasl sight-
ing will be replaced to some extent by automatic radio
sighting. There is close contact between the scilen-
tifiec groups working in the two rlelds.

Mechanical predictors, especlally of the com-
plex type needed for long-range work, are expensive and
hard to produce in adeguate quantity. The Cormittee has
hence instituted a development of electrical predictors.
It appears possible to secure adeguate precision in this
way, at decreased cost and decreased burden on manu-
facturing facilities. The development 1s in a relatively
early stage.

Rocket fire against aircraft has been greatly de-
velgped in England. The Committee is cooperating with
the Navy in rocket development for this purpose. The
advantage is, of course, that a rocket device is much
easier to build than a gun and 1ts ammunition, for the
same calibre. The disadvantage is lack of precision
and range. This development will be again mentioned

below.
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¢c. Proximity Fuses.

A proximity fuse is a device incorpecrated in a
shell or the like which will detonate it when it 1is
in the proximity of the target.

This would be a very significant device, if it
could be successfully developed, to improve the effec-
tiveness of anti-aireraft fire. A high explosive shell,
in order to wreck an aircraft, must go off within a
short distance of the plane, However, with ordinary
tfusing, the indeterminateness of the fuse 1s such that
the explosion may occur anywhere along a thousand feet
of the shell path, so thet, even if all other factocrs are
favomble, the chances of a hit are low., If it cculd be
arranged so that the explosion would occur at just the
right point, high-altitude enti-aircraft fire might be
ten times as effective, perhaps more. Where, under
the best conditions today, about 2500 shells are used
per hit, this might be very much reduced, and anti-alr-
oraft fire might furnish such protection that it would
not pay to fly bombers over protected areas adequately
protected by anti-aircraft batteries capable of effec-

tive fire to the maximum altitude at which planes fly.
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With other improvements in anti-aireraft artillery and
controls that are coming into use or in sight, this sub-
ject of proximity fuses takes on great importance. Hence,
even although it appeared exceedingly difficult, if not
impossible, to attain the desired result, the Committee
early instituted a considerable program aimed at this
objective., Success 1s now in sight.

The difficulty resides, of course, in construct-
ing sensitive instruments which can stand the enormous
stresses imposed by gunfire. When it is realized that a
piece of equipment, weighing an ounce, will be subjected
to a forece of over 1000 pounds during the accalaraéinn
of the shell in the gun, the magnitude of the diffi-
culty becomes apparent. ;

In splte of the difficulties in the way the pro-
gram was launched with the thought that, even although
success with shell was not attained, the devices might
be used in bombs and rockets where conditions are less
severe, In fact a device haslbaen produced which oper-
ates successfully when tested in bombs, and it is beling
applied to rockets. The use of the bomb against forma-
tions of alrecraft has diminished in importance as tacties

.

have altered. The rocket still seems to have real im-

portance,
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There are several ways in which a device may
be caused to become actuated when in proper proximity
to a plane. Methods depending upon the noise of the
plane, or its electrostatic charge, have been examined
and abandoned. Thers remain the photoelectric and
radio types, both of which have been very considerably
developed.

The photoelectric type "watches" the sky, by
means of a plastic lens and photocell, and gives its
impulse when the plane cuts off part of the éky light.
It is hence limited to daylight use, and only at proper
angles to the sun., However it is relatively simple and
has been developed first. It is this type which has
been successful in bombs.

The radio type is of two scrts. In one the shell
carries an asctual radic transmitter, snd the reactions
of this when near & plane provide the impulse. In the
other the shell carries a radic receiver, and it is
get off at the correct instant by & radic pulse from
the ground. Both types are of interest, and each has

its own advantages, so they are being developed together.
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The Cirst task was to develop redic tubes and
batteries which would stand the shock of shellfire.
ATter much effort this has been successfully accom-
plished.

Next it was necessary to incorporate these inte
a rugged radio set small enough to go inside 2 shell.
The present units are about half the volume of an ordi-
nary 12 oz, bottle, containing tubes, batteries, and
the rest of the equipment of a radic set,

To determine whether the unit was sufficiently
rugged one of them, arranged as a transmitter, was fired
in a 5 in. shell. During its flight the signals it sent
out were successfully recelved on the ground.

This proved that the most difficult part of the
problem had been solved. The arrangement of the equip-
ment to detonate the shell at the right distance from
the plane has also been tested under static conditions.
Hence, while severe problems undoubtedly will 8t1ll be
encountered, a successful outcome is now probable.

For this reason the work is being expedited by increas-
ing the scientific group at work on it, and in other
ways. It is hoped to have units for actual test in

two months,



d. Anti-3Submarine Devices.

One aspect of hunting submarines, by means of
radio devices on ships or planes, to detect them when
on the suriace, has been mentioned above.

The principal method of detection has, however,
been the use of supersonic echo devices. These were
developed in the years before the war, both in this
country and in England. When interchange occurred the
two developments were found to be very close together.
The supersonic device 1s excellent when it works., Un-
fortunately, under certain conditions of the water, it
works with extreme difflculty or not at all. This
gecurs when the water i1s much disturbed by propellors,
or especlally by depth charges; but it slso occurs when
the temperature gradlents in the water are severe,

The Committee early instituted oceanographiec
work on the subject of temperature gradients in this
connection. It is desirable to know the conditions in
various ocean regions at various times of the year, in

order to be able to predict in advance the likelihood

28,
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of successful operation of supersonlic devices in the
region. An instrument has been developed which will
take the necessary readings without stopping the ship,
end these are being installed on many ships to collect
the desired date in the course of their regular activi-
ties. This instrument will also enable the commander of
a ship, equipped with a supersonic device, to determine
whether the absence of a signel means that there is no
submarine in the vicinity, or whether 1t may mean simply
that conditions are unfavorable for detection.

About two months ago the Navy requested the Com-
mittee to greatly enlarge its anti-submarine investiga-
tions. MAccordingly, scientific groups are starting work
in connection with two new Navy stations for anti-
submarine investigations, at New London and San Diego.
Tt is of course tco soon to expect results from this
new effort, where many new lines of research are being
started.

However one result has recently appeared from
work started by the Committee at Woods Hole in connec-
tion with the oceanographic study. It has been found

that, in deep water, it is sometimes possible to detect



the presence of a submarine by simply exploding a
small charge under water and listening with a suit-
able microphone. There 1s much indication that this
will work even when conditions are unfavorable for
supersonic searching, The position of the submarine
can be determined by using two charges. Tests so far
has been made with the listening ship stationary, but
this may not be necessary after further development.
It is too soon to know whether this device 1s capable
of f111ing in the blanks left by supersonic searching.
If it will, it is of such nature that it could be built
relatively rapidly. The study is being pursued vigor-

ously.

The submarine depends entirely upon concealment
under water, However, sSound will penetrate water, and
there are many kinds of sound and devices for deallng
with them. There are alsco possible optical methods,

Moreover, the submarine comes up to breathe, and it

can then be detected on the surface by radio means which

can sweep large areas in a night. When once found, ir

it can be followed with assurance, and its position



accurately determined, it is realtively easy to de-
stroy. By a sufficient development of devices of
various sorts the submarine can undoubtedly be over-
come, provided there is sufficient time in which to
develop and get into operation devices to supplement
in one way and another the excellent devices already
in use.

e. Explosives and Gases.

A valuable military explosive must meet many re-
quirements., It must be capable of production in large
quantity, it must be reasonably safe to handle, and 1t
must not deteriorate too rapidly. There are explosives
known whiech are more powerful than those in present ex-
tensive use, but they are deficient In other respects.,

It is not possible in a brief non-technical sum-
mary, to treat adequately the research being carried on
in this field. The Committee has many chemists at work
on various phases. Apparently there were very few
chemists indeed in this country having e knowledge of 3
military explosives, which is quite a different subject

31-
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than commercial explosives. Hence it has been neces-
sary for organic chemists to learn é somewhat new art.
The work concerns the stabilization of materlals other-
wise apparently satisfactory, and the investigation of
new methods for producing the materials out of which
explosives are built.

There has been developed a theory of exploslives
which appears to offer a means for determining in ad-
vance the properties of suggested substances. Alsc
there has been organized, in cooperstion with the Bureau
of Mines, a station where explosives can be adequately
tested. The means of production of explosives of pro-
mise has been examined into.

Propellants have also been studied. This 1is
of importance, for one reason, in connection with
rockets., At present there is no good Amerilcan source
of some of the best propellants for this purpose, and
these may be of value in connection with assisted
take-off of aireraft, as well as for rockets used

against low-flylng aircraft.
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Fortunately in this war, thug far, gases have
not been used on a large scale, However it would be
very unwise to assume that they will not be.

The work of the Committee along these lines is
concerned with possible new gases, and new methods of
using old gases, as well as with methods of protection.
New absorbents, methods of rendering absorbents in-
effective, and methods of preventing this from cccurring
are being intensively studied, in close collaboration
with the Chemical Warfare Service. It would be a very
serious matter if there were gas attack methods agalinst
which the gas masks in use would be ineffective. Much
attention is being devoted to this angle of the subject.

The chemists associated with the Committee have
carried on many researches outside of the fields of
explosives and gases, One of these has to do with
oxygen supply for aircraft personnel and submarine
ecrews. In particular, in collaboration with medical
men and physiologists, there has been developed an oxygen
mask for use at high altitudes which appears to be a
distinet advance over mesks previously available. It
is so arranged as to avold difficulty from the freezing

of exhaled molsture.
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f. Uranium

Early in the war the question erose whether it
might be possible to obtain large sources of power from
atemic fission, or even to create an explosive of tre-
mendous power in this manner, The subject is highly
abstruse, but one tning is certain: if such an explosive
were made it would be thousands of times more powerful
than existing explosives, and its use might be deter-
mining.

‘When the Committee was formed there was already
in existence, in collaboration with the Wavy Department,
a special committee under the chairmanship of Dr. Briggs
of the Bureau of Standards dealing with this subject.
The Committee has continued this work under Ir. Briggs'
direction.

For some time it appeared that the possibility
of a successful outcome was very remote, The Committee
was faced, on the one hand, with the responsibility of
expending public money on what might eventually appear
to have been a wild search. On the other hand, it was
known that much work on thls subject had been done on

the continent of Europe, and it was felt to be highly
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unsafe not to acquire knowledge concerning the under-
lying physios of the process, The Committee dld not
feel justified, in view of the apparently remote chance
of success, in diverting to the work the efforts of
scientists in considerable numbers, in view of the
scarclty of highly qualified physielists for its other
important work., It has therefore carried on a careful,

but not an elaborate or expensive program.

The subject is too complex for brief summery.
There has appeared recently, however, new knowledge which
makes it probable that the production of a super-explo-
sive may not be as remote a matter as previously appeared.
A program to determine this adequately would be exten-
sive, and expensive in the time of scientists and in
direct costs. The subject is being intensively studied
in England. The Cormittee is now making a reexamination
of the matter. Tt is of sufficient importance so that
the whole matter should be placed before the President,
if this present study indicates any probability that

super explosives are possible.



The 1ist of contracts appended* shows a wide
range of effort. Many more programs, while not as
extensive as those treated above, might be similarly
summarized. The full details are in the hands of the
armed services, The Committee will be glad to report
to the Commander-in-Chief upon any of these matters,

and to the extent that further information is desired.

Vannevar Buah,

* List of contracts, p.56,
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NAVY DEFARTMENT LIAISON OFFICERS
Navy Department Liaison Officer
Comm. R. F. Briscoe
Burogu of Ships Neme Room  Exbt.
lleseurch and Development Capt. Lybrand Smith 3350 972
yonmunications and
Direetion Finders-Radio Lt. Comdr. L.B.Bley- L309 520
Microwave lock
(Lt.Comdr.3.M.Tucker L4314 2491
It. H. ¢. Owens 4307 204
ILt.Comidr.F.D.Kine L316 24,91
Paints and Plasties Lt.Comdr.I.A.Ingram 3349 753 or Y72
Ship Models-Model Testing Capt.Lowis B.McBride,
Carderocl: Model Oliver 8436
Basin
Mognetiec Detection and
Mine Sweeping Lt.Comdr.E.C.Craig L203 72 or 692
Underwater Sound and
@  isv Devices Lt.Comdr.M.K.Kirk- L303 770
Patrick
Burcau of Ordnance
Recsearch and development
(Direector) Capt.G.L.Schuyler 314 286
Rocket applications and Comdr.G.C.Hoover ) 314 735
ballisties Comdr.S.R.S3humaiker)
Aviation Ordnance Comdr.M.F.Schoeffel 2615 215
Explosives (Lt.(Jg)F.R.Drake 3145 2127
}Lt.Cumﬂr.J.A.Ennakan—
berg (ordercd)
Fire Control Lt.Comdr.M.E.Murphy 3146 2128
Fire Control, Microwave
Applications Lt.HBoraelo Rivero 3123 13
Guns, Mounts end Turrots Lt.Comdr.H.B.Brumbaugh 3145 2118
Subsurface warfare Comdr.J.L.Xing Ord.Temp.Bldg.l9

Burceu of feronautics

Rescarch and Development

(General) Comdr.L.C.Stevens 2835-4 533
Microwave and Communica- Lt.Comdr.G.B.H.Hall 4933  L48
‘ tions Lt.J.A.Morcno 4933 LL8
Lt.Comdr.M,P.Hanson 4933 LLa
Matericls Comdr.D.S.Fahrney 2829 2268

Lt.Comdr.J.E.Sullivan 283L 257
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Microwave and Communications It.Comdr.F.R.Furth

Codes and Signals Lt.Comdr.G.B.Myers
Specinal Liaison
(Frogqueney Allocation) Comdr.J.R.Redman

Neval Rosearch Laboratory

Wary Dept.Liaison Officer Comdr. R.P.Briscoe
MLorowove Lt.Comdr.D.R.Hull
Communications Lt.Comdr.W.B.Goulctt
Chemistry,Metallurgy, and

Mochanies Lt.Comdr.R.¥W.Dolo

ol

2630 838
2628 117
4813 555

Lincoln 8076
L] "

" "

" "



NATIONAL DEFENSE RESEARCH COMMITTEE
1530 P Street NW.
Washington, D. C.
June 1/, 1941

TO: All Conmittee Members, Division Viee Chalrmen,

Section Chairuen, and Techniecal Aides

SUBJECT: Supplemental List of Navy Department Lialson

Officers

This memorandum is supplemental to the list

of Navy Department Limison Officers (as of May 1, 1941)

sent to you with Office Memorandum No. 34.

Div. of Fleet Training and

the Interior Control Board Name Room Ext,
Surface Gunnery Lt. Comdr. C.II. Lyman 2307 328
Antiaircraft Gunnery Lt. Comdr, P.E. McDowell  23l1 L57
Fire Control Lt. Comdr, M,E. Miles 2310 393
Lt. Comdr. A.B. Legzett 2810 393

Lt, Comdr, C. H. Lyman 2807 328

Optical Rangefinding Lt. Comdr, P.E, McDowell 2811 57
Alrcraft Ordnance Lt. Comdr. E.C. Ewen 2811 L57
Sound Lieut, J.R. Waterman 2817 365
Interior Control Lt, Comdr., M.E. klles 2810 393
Lt. Comdr. A.B. Leguett 2810 393

Mines and Minesweeping Lt. Comdr. R.S. Moore 2805 L90

The name of Lt, R.L. Densford will replace
that of Lt. Comdr. G,B. Myers in the O0ffice of Naval

Operations, Codes and Signals.

IRVIN STEWART, Secretary

L )



PROVISION FOR INTERCHANGE WITH BRITISH SCIENTISTS

The full exchange of sclentific information with the British has
contributed greatly tec the effectiveness of NDRC's work. BEy this means,
American scientists have been enabled to attack defense problems with a
background of battle experience snd the knowledge of present day tactical
requirements. Moreover, they have been handed the accumulated results of
the research and development done by the numerous teams of Britlsh experts
working on battle-tested devices. In return, our scientists have been
gble to give all possible aid from their present knowledge, and much needed
help on urgent prohlama.. Even more important is the opportunity to divide
the burden, leaving American research men largely free for the vitel task
of perfecting those instruments of technologiecal warfare on which next
year's battles may depend.

This exchange of scientific information with the British, Canadian,
and Australian Governments has been handled by the Liaison Office of NDRC,
and by its London Mission. The latter consists afrn smell permanent staff
at the American Embassy in London, which maintains close relations with the
British Ministries and their ressarch establishments, as well as with the
American Military and MNaval attaches in London, Relays of experts from
various divisions of NDRC have been sent to England for direct comsultation
with British scientists. There is alsoc continuous interchange by report
and cable, In Washington, very close liaison relations exiet with the
Central Scientifiec Office of the British Supply Couneil. Also exchange
of information with the Canadian and Australian Governments is handled

largely through this same office. There are many exchange visits by



Page two

Canadian and NDRC scientists. By these several means, research workers in
this Country are kept fully informed concerning work in these British Countries
and pertinent results obtained here are quickly communicated to the British,
In charge of the Liaison Office in Washington is Mr. Carroll L.
Wilson with Dr. C. P, Haskins and Dr, F, S, Cooper as Assistant Liaison
Officers. At the request of the President, Dr. James B, Conant headed the
first NDRC Mission to England in February. The most cordial cooperative
relationships were established with members of the British Government and
with British scientists, and these have been very competently maintained
and furthered by Mr. Frederick L, Hovde, who is in charge of the London Mission.
‘ Since February _,nfithia';raar,‘fif‘tann% experts from NDRC have
visited England in smell groups for periods of about a month, establishing
contacts with British research workers in their specialized fields. These
exports have consulted frequently with the Military and Naval attaches, and
each group has been able to be helpful to the other. Experts sent thus far
heve covered such subjects as explosives, war gases, chemical defense, radio
detection, fire control, proximity fuses, and anti-submarine developments.
The British Central Scientific Office in Washington, of which Dr.
Charles Darwin is Director, succeeds S5ir Henry Tizard's British Technieal
Mission. Both personally, and through his technical staff, Dr. Darwin is
in touch with NDRC work and can bring to this work the benefit of the
British experience. The Liaison Office also has close relationships with

the National Research Council of Cenada, and with the Scientific Attache

') at the Australian Legation.



Pare three

One of the greatest handicaps to effective liaison with the British
has been the delay both in transportation of personnel and diplomatic mail.
Although few sea-borne pouches have been lost, the time for transit between
Washington and London has been from four to eight weeks., The recent es-
tablishment of adequate air-ferry service should greatly reduce delay.

There is also a growing realization of the mutual benefits to be
derived from British-American interchange on the part of American scientists
and of the Service people with whom they are associated. This has resulted
in an inecreasing number of personal contacts and of visits by NDRC personnel
to British laboratories. Coupled with eased conditions of tramsport and
communication, this attitude should lead to an even more effective exchange

of technical and scolentific information in the future.



Contractor

Academic

Brooklyn Polytechnic Institute

Brown University

Californla Institute of Technology

Universlty of California

Carnegle Institute of Technology

Carnegie Institution of Washington

University of Chicago

College of the City of New York

Columbia University

Cornell University

Cornell University Medical College

University of Delaware

Drexel Institute of Technology

Franklin Institute of the State of
Fermsylvania

Harvard University

University of Illinois

Iowa State College

Johns Hopkins University

Maaaachusupta Institute of Technology

University of lilchigan
University of iinnesota

June 28, 1941

lHumber of
Contracts

[
o
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liumber of
Contractors Contracts
University of kissourl 1
National Academy of Sclences 3
University of lebraska 1
University of New Mexlco 1
lliorthwestern University 3
Ohio State University Research Foundation 3
Pennsylvanla State College 5
University of Fennsylvania 3
Princeton University 10
Purdue Research Foundatlon 1
Hensselaer Polytechnic Institution 1
Unlversity of Rochester 2
Rockefeller Institute for ledical Research 1
Universlty of Southern California 1
Stanford University 3
Unlversity of Virginia 2
Wesleyan University 1
Universlity of Wisconsin 5
Woods Hole Oceanographic Institution 1
Yale University 2

i1 Contractors = 155 Contracts



Contractor
Industrlal

Alr Reductlion Company, Incorporated
American Locomotive Company
Bakelite Corporation
Carson { Carson
Central Sclentific Company
Ethyl Gascline Corporation
General Electrlc Company
jeneral Radlo Company
Gulf Research and Development Company
Hazeltlne Service Corporation
Monsanto Chemical Company
National Cash HReglster Company
Folarold Corporation
Precision Castings Company
Raytheon Production Corporation
RCA Manufacturing Company
Standard 011 Development Company
Edward Stern & Company, Incorporated
Union Switch & Signal Company
United Shoe liachinery Corporation

Western Electric Company

Weatinghouse Electric and Manufacturlng Co.

22 Contractors = 52 Contracts

Number of
Contracts

S Y I VR = N = A S T I S
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Academic 1 contractors 155 Contracts
Industrial 22 Contractors 2 Contracts
Total 63 Ea'i"

In addition to the signed contracts listed
above, the Committee has authorlzed contracts
covering approximately 100 additional 1items
contracts covering which are now belng
negotlated.

These contracts cover the development of a
varlety of new equipment and reports upon

a wide range of subjects related to mechan-
lasms and devices of warfare. Among the more
important subjects covered by the contracts
are the following:

Mlerowave equipment
Antl-submarine devices
Fire control equipment
Uranium

Rockets

Terminal ballistics

Fuses

Explosives

War gases

Defense against war gases
Oxygen storage and measurement
Fuels

Communication devices
Improvements in tanks
Bridge designs

High intenslty sounds
Recognition devices
Infra-red equlpment

Night vision devices



BTATUS OF CONTRACT FUNDS
June 30, 1941

Allooated to National Defemse Research Committes §6,500,000,00
Appropriated through June 11, 194)] meeting:
Chairman's Offiee

Uranium $187,000.00
Cryptography §0,960.00
National Assdemy of Sciemses  20,000.00
Lenden Missiom - 40,000,00
Comtrast Travel: 30, 000,00
Division A 880,489,00
DMvision B 1,104,985,00
Divisiem C 778,582,00
Divieion D _3,471,910,00
Gress Tetal Apprepriated #6,570,816,00

Lesst Amounts restered through cancellatiom
of suthorizations or through writing
sontrasts for less than authorised
mounts 275,189.00

Net Total Appropriated G 6,199, 047.00
BALANCE | ¢ 12,388.00




OHDIA TSTABLISHING THY N.TIOMaL DIf 337 175 HCH COMMITTTE

Pursuant to authority vustad in it by section 2 of the _.et of aupust 29,
1916 (39 Stat. 649), the Council of Nationsi D:fenze, . ith thz aporovul of the
President, hereby estsblishes as a subordinate body of the Council a committes
to be known as the National Defense Reszarch Committze., The folloiing persons
shall be members of the Comuittee Dr. Vannevar Bush, vho shsll be Chairman,
Jr. James B, Conant, Dr. #ichard C. Tolman, Jr. Kierl T. Corpton, Dr. Frank B.
Jewett (as President of the 'lational Acadeny of 5Scisnces), Conway P. Coe (as
Commissioner of Fatents), one officer of the army to be desigmated by the lecre-
tary of Ver and one officer of_ tha ¥avy to be desienated by the Secretary of
the Nevy. Vacancies occurring in the membership of the Committee shall be fil-
led by appointment by the Council -4th the approval of the President. The mem-
bers of the Comnittee and of such subcoamitteses as may be formed by the Commit-
tee shazll serve as such iithout compensation but shall be entitled to actuel
and necessary tranasportation subsistence, and othaer evpenses incidentzl to the
perforicnce of their duties.

The Comnittee shall corrslute znd supnort scientific research on the mech-
enisns and davices of werfare, except those rel:ting to oroblems of flight in-
cluded in the field of activities of Nationel .dvisory Jompittee for Acronau-
tics. It shall aid and supplement the experinentzl and research activities
of the Yar and Navy Desertrents; and ney conduct raesearch for the creatiun and
improvement of instrumentalities, methods, and materials of warfare. In carry-
ing out its functions, the Committee may (2) utilize., to the extsnt that such
facilities sre aveilable for such purpose the leboratori.s, ecuipment and ser-
vices of the National Bureau of Standerds and othar Governriznt institutions;
and (b) within tlie limits of aporopriations allocated to it; trensfer funds to

such institutions, and enter into contresets and agreements with individusls

bl



educational or seientific institutions {including the Nationel Academy of Zei-
ences =nd the National Research Council) and industrial organizations for stud-
ies, experimental invostieations, and reports.

The Committee shall promulegnte rules and regulations for the conduct of its

work, which rules and regulations shall be subject to th: aparoval of tae
Council and the President.

Louis Johnson

heting Secretary of wWar

Lewis Compton

Acting Seeratary of Navy

r Harold L. Ickss e
- Jecratary of Interior

H. A. Wallace e
Secretary of Agriculture

Harry L. Hopkins
Seeretary of Commerce

Frances V. Porkins
Sazcratary of Labor

Approved:

Franklin D. inos.velt
The White House

June 27, 1940
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