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ORGANIZATION OF RESFARCH & DEVELOPLENT FOR ¥ATIONAL SECURITY

SEPTEMBER 19, 1946

CAPTATN WORTHINGTON :

Admiral Redford, distinguished guests, officers of the Industrial
College: This morning The Industrial College of The Armed Forces is greatly
honored to have Dr. Vammevar Bush give the second of a series of lectures on
Research and Development.

As all of you know, Dr. Bush-~the inventor of the differential unaljaew

the former Dean of Enginesring of M.I.T., and the Prasident of the Carnegic.
Institution——wag Director of the Office of Secientiflc Research and Develop-
ment during the entire war pericd. In this capacity he was responsible for
the larger part of the national research nrogram which was conducted on a
scale hitherto undreamed of. FHe played an extremely important rcle in major
wartime developments from the "duck® up through the proximity fuse to the
atomic bomb.

Dr. Bush is now the Chairman of the Joint Research and Development
Board.,

The subject of his lecture today is: "Organization of Ressarch &
Development for Hational Security.”

DR. BUSH:

“entlemen, the subject of the "Organization of iesearch and Dsvelopment,
even wien we confine ourselves to ressarch that is connected with military
atters and think abou u'respﬂrah firom the standpoint of governmental
organization, is such a broad guestion that in a single lecture I can only
hone 1o tonch some of higl oaoc,. I do, however, plan to try to cover
a considerable amount as well as leave pl
quéstions; if I touch tmlmgs lightly, I hnpe that that will inspire
questions are of real interest to you.

enty o7 tine for

First, I thi
is often defined
of research that. in

Regearch

or the titl

I would like to defipe research in a very broad fashion as the ordered
Dursu]t of new knowledge. HNote, unveVGr that this ludes library work
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Sready exlsting, but

2
that is merelr the gabthering in one wlace of data a
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would not exclude the gzathering of such information provided it resulted in
a new formulation, a new law of nature, or a new relationship cf any sort.

-« ot

(D

Development, on the other hand, is for our ourpos s the creation of new
instrumentalities ready for production for use. From a military standpoint
I think that will °uffLﬂe) from an industrial standpoint, one would make ¢t
a littie broader.  The split between these, therefore, *s falw‘" clear and
this is fort unate, because the methods of handling the two are quite
different.

I shall not spend a great deal of time in saying why I think the subject

of research and develovment in the military ¢ ig important today, because
I don't think T need to. We are in a new era. Scientific research in the
natural sciences and their applicabtions is now established as an essential
element of national strength. Lvery country is going.to put great weight,

in the future, on the natural sciences, rescarch in the fundamental 1
and on the applications There is no doubt that the world is entirely
awakened to this fact, "her@ is no doubt that it is going to result in an
extraordinary stimulation of activity ithroughout the worl a. Thare is,
however, surely gO“? to be a gresat change in the way in the matter is

Y »

handled because it

t has bhe cone, for the first time, a ¢JCOWHIZGH aavter of
national imporvance from the astandpoint of

~
national security,.

- Now there are dangers. There is danger
nart of n q—sc1eptﬂstu that mam unoalaace tne
applied phases. A -

- .

TREL S curvunLLy Peing
great Importance from the

. 24, 1370
had anything 1atever to do with natlonal security, yet that was a direct
ster toward the atomic bomb,

Who can sey whether some blolozist today working oratory on a
new problem in genetics may on a pard of a2 pregram which a

generation hence may be excee 1t in connection y the national
security? I, therefore, this word of cautlon: our premature
Judgmend as to what 'is an not important i TOUS .

that laymen will try to
We are bound to have a

Allied with this
dictate to scientists
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great deal of Federal support. Support and control often go together, Hence
‘there is the real danger that control may be overdone and may rob the
sclentist of that freedom which is an essential in creative research., 1
think these dangers will be avoided, but I must point them out.

Before I comment on the way the government is or may be organized in
this regard, let me state one or two principles which I think are rather
fundamental, Whmhcmm,ﬁbnemmnmmw,andwhwhaﬂaWﬂTto7@w>rlmuﬁ.
Industry 1earned in regard to the organization of research, fairly well and
some time ago, that to place research under production, or under the purchas~
ing denariment, or under sales is to wreck it. This is not fully under-
stood, even today, even in industry, certainly not in government. The only
way in which regearch and development can prosper is to have indenendent

_ status and to be coordinated with these other branches of activity by an
individual #who understands all of them. That means that research, in an
_industry, needs to be indapendent of production and independent of sales,
anc that the conpany'wplch a3 a chief executive who understands all thres
will proceed rapidly and effectively.

In military affairs, research and development. must.be.ab the, to
echelon with procurement and be coor linated by men who understand both fullv,
and the ﬂifficu?tv, oL course, 18 the scarcity of men who do understand
fully such diverse Brancbca of effo+§h§§,§bggg,

S sy

In order to get results in organizing a research program, we have a
very simple formula: find the right man and give him his head, That is the
ull text of internal research organ¢zwt¢on. Charts, diagrams, flow charts,
all the rest of the paraphernalia that go with the organization of many
things and produce their effects are entirely subsidiary to that principle
when it comes to a research organization.

There are plenty of corollaries, One is if you don't have the right

man, you cannot possibly get the results whatever you do; arnd another
corollary is if vou secured the right man, you would get the resullts In

spite of bnund r, you, or anyhody else.

Findlly, let me say one thing which I think is quite immoritant today.
It 1s that the valuable results almost never coms from medicere teams:; and
when they do, it is an accident. Ve have as a ﬂr“n07pal national resource a
certain number of men capable of carrying on-ressarch effectively, Ve have
a national program of research in government, in industry, and in the
universities, A% the present time, these are nod correlated. And I
Hel~evo, although I can't prove it today, that we have a orogram far in

xcess of the capabilities of available manpower. If we have, the result
will be what, in my superience, it has always been: 1o force ressarch into
the hands of mediocrs teams.,

-3
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That leads me to the next point. IDesearch and develon
! ey e STaSErteT

and essential tools for progress, They are also a poter ;
The Tate &L which morey il be wasbed in research and ue“elonme“u increases .
as one proceeds from fuidamental research to applied rsssarch, development,
‘engineering, and Tinally toward experimental production and ugus. I
believe, therefore, that in this country today, we need to pay a good deal
of “attention to trying to carry on a program in which we will not exceed our
natural rescurce of properly skilled manpower, force ourselves into
mediocrity, and thus into waste and discredit the whole affair.

t are powerfu

Before we come to detailed discussion of how we can get it, let us
reckon what we actually need in this couvntry. OF covrse,_the vigorous
program of basic research is princinally in universities, and principally,
from our standpoint, in the natural sciences. Today, on the necessarily
expanded ccals, taxs requires a gsound system of federal support. Second, we
neezd a sound and exitensive program of research in industry. If industry in
this country is healthy, such’ a program will be carried ony and 1f Industry L
this country is not healthy, thsré rlll e no such progra: The national
sgcurity of this country Mth]" ] iy ind ustm.a"l ation.
We need a sound progressi ' ! o
research,.drawing on un;ver51tles dﬂd
ity of bouh as it does so. This qur“ﬂ b@ Dlwﬁaﬁijy
gservices but supnlemented by a civilian org a“*zatﬁoa.
P'l&;lj among _andavanvul nesds, there mast be an

great deal to say. Fi
aaequate supply of well-trained research men.

oo,

How where do we stand conceraing these needs as we, look toward the
* future? : T

: First, we have a deficit of around 100 OJL,Lf&]Q@1 sclentlists |
enginesrs as a result of short-sighted draft policies., ¥We were the only

.._'( e
Lie .;.L reseiv

nabion so blind to modern trends as to sacrifice the future for
to guch an extert. Lence we enter the nost~war neriod with an exceedingly
seri us deficit in ftrained manpowér,

nded nlans for research in nniversjtﬁes, industries,
>ayond, I think, cur capsbilities,’ :
/”JW Finally, have a thoroughly swalkensd aporeciation on the part of the
[ people and their government of t}c 2 lue of raesearch in the natural
f sciences, but & commernsurats u adﬁ i a tendency - of .course -
§ always to pay undus attention to th he superiicial,
| :

Fow from the sia
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think, a very sound basis. I won't go intc this phase because you are to
have lectures tlat will diseuss it explicitly.

Second, we have vigorous programs in mosit important fields, in both
Servicess A tendency exists to sell thess to the public and hence to
Congress by publicity from various sources, which carries with it a very
great danger to security. For instance, I picked up a New York Times this
‘morning and read about a piece of work that was partly done under my organi-

zation during the war that ]S now lectured abouu. The worlk was the develop-
ment of some mew toxic materials of very high potency. I don't think it

does this country any good for such information as that to be put before the
general publice The object of such publicity might be to scare the public

as though it were not sufficiently Scared alreedy. The object mi vtt be to
secure funds for further support of "the particular job. If so, 1 think that
is urnecessary, and an unwise procedure. I was aghast to read that particu~
lar story, and I have been aghas* for similar reasons a hundred i'.es in the
past twelve months, I think that such puiklicity is zoing to backiire,

2et1rn1n to discussion of O“*&Fl”&tlhn” of ths military for military
research, we have the National Advisory Committee for “elonav*lbs which has
been in existence for a generation and which supplements the work of the Army
and lavy in the field of asronautics. By agreement w1u‘h the Army and Havy,
it pays attention to hasic research whercus they put their attention on

dev elobﬁeﬁ That division wnrevents overlepping and duplication to a very
cons¢aergble emtent. The HADA has a governing body made vv of Army and Navy

officers plus rsprésentatives of govermament depariments olus a group of
independent civilisns. I have been aszsoclated with it for a long time. I
have never seen it subjected to political pressure in any way that was
injurious to it. I en 1t really knew

e

It has naver seemed to sharve for funds 1

what it was trying bo do. It “as been a salutary agency. T think that its
preseince has aided greatly in the past gencrabtlon in bringing us to the fore-
front in the aeror”ucica¢ f¢°1d, primarily because HNACA has kept emphasis on
bagic research which might ctherwise have Leen lost on the shelf.

the wear the O

- K
sort of ‘ulng

, alnost entire in the appli

mow, we drew on our sciertific c:
evervthing we knew Low to aopl: n't fook
course, is thet in the basic ;

r ctherwise would net have been and
Lo atch up. The Office of 3Scient
has not yet gone out of exlst@q g anl»

learing its final contracts,
work. The work that it carried on has
to the Army and ¥avy and ths rest of i

e

4

develonnen,
ransferred

5
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In the past session of Congress legislation was pronosed for the crea-
tion of a National Science Foundation that would, if created, bring federal

subsidy to basic research in this country. It would include & section

devoted to military research. The status ﬂf that legislation I do not need

to go into at length. It failed of passage in the last session of Congress
imply for lack of time. There was considerable disagree

0 f~'~
w0

Py in Congress on
details -~ for exarple, on whether the board éhonLc cerry ‘the pcwer or should
become simply acviso”y to an administrator, the quaestion o e ha clllg of

- patent clauses and contracts, the *ncluulon cf the social sciences, and a

" nurber of other points. 1nere was enough division of opinion so that tﬁe
vote of the Senate was very close on the form of the bill but overwhelming on
passage of a bill and the House, when it was suppossc to.have acted on the
bill, simply did not have time after the Senate zot through. Ve will have
legisliation for a ¢oapdatﬂon, perhaps, in the next session of Congress, and

I believe it will be sound legislation. Though it mey not agree with all of
iy own ideas, there are very capable men in both Houses who have given the

matue“ their earnest attention. That means that we will get a sound act.

o

When it created, the Foundaltion can do several th
increase our supnly of avallable mennowe the sciences
standing st Doiwg this ie very necessary Lo the n o} .
seem revolut] the nd of hcw we conventionally handie our
educational sy J't the pring continual selectlon and continual
subsidy, all ttf*vﬂv r‘]""ow.ﬂ the : of educ atkonj cores to ug from
clear hack in the days of Thomas fferson. It he into effect
thus far in this coantry only in the schools of and has
been effective, Now it nay wise cbended,
Seconc, the Foundation can RF“ will subaidize , the
wniversities. - By doing so it w eep our unlversities healithy and

’Tr

S
able to train gnd1V¢ nals becau nable the universitlies o compete

with govermment and with industry - he best men—-which they must be able
. ~F
RE

to do and which they cannct do 2 ba and their
income, and the ot scale of research.

on will have )
tne work of the Army and

resear - purpose of guppl i
Newys importanta

a bop—xaw "ory co
Services thcmuemves. Thaa
fine develonmert and 1t has

ies at just the c ey co 1dn '™
131 t Lo LT rease nIever the
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trained personnel from dropping out and going into the other fields. Both
the Army and Haiy have done that very well indeed. I think that is temporary
and is a stop-gap because I believe that u1tinately’the f;ow of fece?al funds
for basic fundagggﬁal reuearch can oceur in a better v
Serv1ce§;fﬂ?m%elleve that the Services, once a full qysten is ectawllokou,
should Put their concentrated abhe ntlon on the applied phases and develop-—
mert. As a temporary matter, however, the present scheme is salutary indeed,
1end I believe it will carry over until the Habtional Science Foundation can
gtaxe up the load.

As a last item in this survey of national organization, we have, at the
present time, no single national program of military ressarch and developmend
in any important field, and this is exceedingly important. As a result of
that lack we have over—expansion and duplication in many fields, “ie have
the staking of claims. We have uncontrolled competition and we have appeals
to the public. Bubt we have means now at hand for resclving this matter. It
is an experimental means -- the Joint Research and Development Board is a

new ¥ind of board. Yhether it will worl: out successfully or not remains to
be seen, but it is a new venture in the matter of bringing together diverse
interests in the Services in this sxzceedingly important field, which in my
opinion, is the central featurs in our whole program of security during the
next generation. The Doard is constitubed so that 1t can't become dead-
locied., It opﬂrateo by majority vote. I,s decisions have the effect-of
orders by the two Secretvaries in the two departments. kence, it has the

pﬁ sibility of going through with decisions in regard to res Uonsibjlities in

a way that I feel is highly necessary if we are to have a nationally

integrated 7ro~rmm on some of ths important matters that we face, such as the
whole field of atomic energy or guided missiles. "It is operating by
constituting Dubo*dinaﬁ bodizs to which, however, it i1s delegating extensive
1y so that 1t will give fhoao bodies the support they need in the way of
¢lerical help, 21d frem consultants, full information, budgetary and other-

wise, to pul together a uooruﬁh4tcc progran that makes sense--a program for
the nation. One obther thing: If those bodies disagree, they can get a

prompt and binding decisicn.

ive minutes more befors T omex
mnatter of govermmental org
b the guestion of

T see that T have about
could not very we treat - hJ
research and

CT

') "“)

Ser) Lv‘

of the Armed Forees, This iv gencrality is not our subi:

b owrould be very difficult Dhcl uﬂe-for me to treat the vv%uufch and
dewclopmanL aspect of it as a Q@gafatc erntity without getting into the whole
affair, for which I ¢

srtainly have not time.

have been takon in the mast months
for beuter oentralizcd cognizance in each service of rescarch
the Servieces and, second, Tor authoritative means for

TP
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resolving differences and national nroblems. The result of these steps coule
be carried over without the slightest difficulty inte any form of merged
department that I have examined and could thereby be effective, if the
merg@d department is effective at all., Tt would in fact be more effective
because. of the 51m0]er organization than would otherwise result for the same

PUrposes,

B

One of the vprimary arguments, of course, for a merger is tha'
today has become such an entwined affair that it can't be separate
as research and develonment of military devices for the future is
that is most certainly true, Lt is clearly within the interest of ;
Vo primary branches, and if every branch has an interest in the field, ther
must be means for coordinatiom., This means more than a unanimouvs agrésment
brought about by irncluding everything that everybody is interssted in, that
is more the type of thing that comes out of a debabing society without
avthority. ‘e need, and “must have, an autheritctive, definite, effective
system for bringing about vnity of action, coordinated effort, elimination
of vnwise duplicati on, perpe tuation of competition where 1t is really
desirable and effective, 1f we are going to have that nart of cur national
security in sound shane, As I see it, if the wmresent board is successiul,
it can produce much of that result, but it can be nroduced also under a

O]

NCE

combinatlon which brings sim*War unity in ot f]nldf I believe the
present efforts toward organization the servi 3

a later

coordinated effort in +he Joint Board could form a tran la
form without great jar and within the compass of any proncesal for merger

that has been sincerely advanced.

Now,, gentlemen, that has taken me just a half houwr. I have talled abou
a greab many things, covered a lot of grownd, as I know, very sunerficially,
and I nlanned to do just that becauvse eve that the most valuable part

of sny such sesslon as this comes in the question period. I don't know just
how you concuct your guesiion neriod—-—

CAPTATI WORT

Go right shead, sir,

- will be glad to troat anything within

-~ - Ty o
anythving about,

liow questiong from the floor,
the scope of the subject that T Imow

A DTLJJJ 0T s

n)
,_J
4,
G}
"

When does duplication in the rosear
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‘Then it becomes-wasteful, ol course.

o

That is.th. point; we couldn't tell when it becamne wastefuli

Well, tire are very few good ressarch directors in thi
course, directing a research program is an art rsther than a sc .
uhat'is the th the research.director of a large organization is up

gainst,

rill say this, 23 2 , researct evalcp-
e use of a new device 8 Ul ;3 first, the
he Tung 'y 2t J grounﬁworL new
dvances; reh which draws on t!at then
with totypes. 40” productions
oduction, rest.

Wow as one proceeds down that nath, it becomes more and nore expensive
The basic research may mean no more than subsidizing some ci who uses
nencil, paner, and brain, ets enough money or and doesn't need
any assistance of Lvy-kinc Lyﬁbs, it may cost Lwe
million dollars a shot and

nay ﬂuvd a number of them., Therefore, dupli-
cation of effort can be re?atively inexnensive in the early stages and very
expensive in the later stages. £&nd by the same ran it can be very bene-
ficial in the fa“lv stazes and 1t is not ne ely to be beneficial ir

o is sound to
nlately nebulous
he effect of
ng o 11@H the »ath that will go
ond it really starts the show going in a

‘dtO sbages. lilence, as a general gulds,

te competition din the : s

nd peopla are looking for gooa
three or four groups of zce

somewhere. That doesn't cos

“hurrys

It is very seldom.that srobtobypes are bullt for production in a

competitive fashion, By that time 1% ought to be nogsible to decide what is
Wa“tGQ and hulld that. '

Does that cover what vou had in mind?
A b“”DEN

Yes, sir. You shouldn’t dupnlicate in the development?

RESTRICTED
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DR. BUSH:

Very seldom in the later stagses of development.

You spoke of subsidizing students during college years. . 1 understand
that is the prac ’ce of Standard 0il, DuPont and several of the large

organizations noi.
DR. BUSH:

Yes, it is done by scholarship funds. The Rockefeller Foundation has a
lot of programs geoings The Guggenheim fellowship program has bheen very
salutary in this country; there is a'Westlnghou 38 program wnderway; severad
others have been formulated; universitles do it tHOﬂ elves under private
funds. But there is not flowing into that fis in the aggregate, more
than a tenth of the money that this country ouv% to spend for that
purvose and 1 don't nelieve it could come out of private funds.

A STUDENT :

=3

My QuestL01'was, 31p ce incdustry can afford to jgy more than govermmen
can on Civil Service wage scales, do you thinlk 1t nscessary to make a
rGVW ion of the Civil Serﬁi y Laws in order to permit nlbncr scales?

DR. BUSH:
Now walt a minube, so can industry pay more than universities can
'aFfomﬂ to pay. When you are talking about research men, remember thab
salary is only one element.that 1 ncy coq01q0ﬁ wheﬂ tﬁey'wanu to work and
operate.

T have seen time after time, when T was in university work, Ley'men
al

Q
)
H
@ -
i
[
b

thiee times what the universily was paying and industry led to
get them. The freedom and the possibility of going shead in ta° plofession

D
by becoming natio
consider when he

1ly known ere glements which any youngster ought to
iinds oub where he is going 4o be.

The chap who takes four thousand a year at the university may go to

the head of his pfOLGSS’@W wnere if he stepped out and took sight thousand
in industry he would b -oomﬂ a cog in & very large wheel and never bDe heard
on a national basis. It is nobd universally true, but it is an exceedingly

important element.

~10-
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T think therefore that there Is no need--no need whatever--for the
university saelaries of the sclentific persomnnel to he on a par with what
industry will pay . wo”those sane men, because industry of necessity, by
reagon of its nature, by reason of what it is trying to do, has to impose
restriction on freedom of action that the universities deo not impeses Thers
are plenty of good. scientific men in the country who Jonld rather have

lower salaries and freedon. x

Nowr =g epplies to Civil Service, you have oDenCd a very large gquestion,
indeed, becauvse you have opened the entive question of SCleﬁtlpuu in govern-
ment. T would like to give a lecbure on it, bub wouldn't want to answer it
in one questlons -The same elements come in, of course '

«

A STUDENT:

It ssems to me that intelligence, technical and scientific, of foreign
services plays an important part in organizing a research and development
program. - Would you care to comment on our present organization and what
you think the possibilities are, and how they could he improved?

DR, BUSH:

T wouldn't want to attempt offhand to ge Lmrouck the analysis of what
our present intelligence organization is in this country, becauss it is a
subject that is rather controversial. But certainly it is true that
intelligénce today, on the subject of weapons, cannot be carrisd on ade~
quately without close particination on the part of men who are hl”blv
competent from a scientific or technical standpoint. The nroblem of how to
integrate such men into an intelligence organization is guite difficult.
The reason why we carry on intelligence, however, is not usually to aid our
own research and developmentd program but te know whether or not we are
zhead of the competing country in a narticular scientific or technical
development. We certainly ought to be ahead of what can be found out about
thelr affairs through any concelvable intelligence system, so that the
purpose is hardly fo ald our own nrogram.

As an iliustration: If inévgt lal deveWO)dont is underway, the

company concerned will follow issue patents ery keenly in that field butb
usvally not for the purpose of flqdlqo out how to cdo what the patents

isclose. They will be well ahead of that. The things that they would like
to consult are in the form of applicatiens which will not be available for
several years, if you are concoarnszd with that aspe They will consult the
factval situation because from it they have o ma wp out thelr program as to
where they go in competition..

1
(=]
]
S

Similarly,'our-intellip@ﬂce progran which has its very important
purposes in regard to overall program planning nseds to have great atiention

~11-
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today on technical progress in various fields made all over the world, for
example, on atomic energy. But one should not expect the uninitiated to
learn anything that will Qreatlj help our scilentists and technicians.:
Hence, the problem of bringing in the scientific point of view, the scien-
tific knowledge, into that type of effort 1s a different problems Ve do
not need for that purpose men who are creative scientists in their own
right. We need :en who know science, and those are men that can be brought
in and are being brought in. ’

A STUDENT:

We have heard arguments for and against the methods that were used in
the atomic energy development., I vronder if you would comment on the method
a5 I 3
of compartmentalizing activities of one individual in one field,

DR. BUSH:

Compartmental organization--security information, well, you gentlemen
ought to be thoroughly famililar with that. I ought to be a neophyte at it.-
There is a fundamental principle of security: The nan working in any field,
nlg‘ v classified field, 1s given that information which he needs to do his
job and no more, “Now whether that wag violated in the conduct of the
atomic energy Jjob, whether or not we were holding information from men who
needed 1t in order to carry on their work, I very much doubt; and I very
much doubt if it was viclated in tne other way of giving to men information
that they did not need but which they merely wantsd for purposes exterior to
their jcbs, curiosity or tLuLw1so. I think the Lbnﬂi_ng of compartmental
organization of information on our research and Gxuluymout during the war
was acceptec by the bulk of soind SCL? ntists in this country and carried out
with their full colleboration--their full UﬂdOWSbaH’lfg. SJ”CG the war, I
have hsard a few squawks. And I think 1f you consult ths narty of men who
really did the job you will fird that they themselves pub the system into

gffect and that ufuy bslieved in it thoroughly, in spite of. inevitable
errors in detail in carrying it outb. )

Y

[O VIR

LTEUTEUIVT COLON L TAYTOR:

his is a course on economic mobili
ajor sconomic or dndustrial sbep
reapon developments during th

Dr. Bush,
b oon wwhat

»"‘
in the iight «Ff
, Z i

DR. BUSH:

Well (pausing), csrtainly we are talking zbout economic mobiliz
future. We must first specify'when that war is
an

for the war of the f i
occur, because our plans would be ubterly different & wen"ing upon wha'

.Jr’
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pradictions are in that regard. If thers is going to be a war in a few
years, we would : ost certainly approach the problem of our econonic
mobilization ¢n the basis of a slight extrapolation of where we stood on
weapcns abt the end of the war. That weuld mean attention to some strange
ta1n~“ because there are a few affairs that are just opening up beyond those
that were actually used. '

On the other hand, if we are planning for economic mobhilization for war
that is going to vceur twenty years hence, I haven't a ghost of an idea as to
how to go at it, because I haven't a ghost of an idea what Vlna of war that
is going to be.

The principle that I would have fully in mind is this: delinite
formulation on a short term basis, based on the situation when we stopped at
the end of the last war, extrapolated, with careful afttention to the point
that the next war will certainly be different from what the last one was,
but not what the last one would have been in a year; combined with great
flexibility because of the changing nature of the whole affair.

A STUDENT:

What is your evalvation of the methods and eitome of dissemination of
scientific and developmental information now. I am thinking, for sxample,
of the Office of the Publication Board of the Department of Commerce as
- something more needed°

Dii. BUSH:

Of course, at the present time, they have coripletely hogged dovm. An
enormous amount of information was dammed up for five years, and thsn a
great part of it “;as suddenly released and the nublicabion facilities in -
this country can come nowhers near coping with it. HNHoreover, 1f they could,
nobody could possibly read ail the meiterial sc we are iust in 2 log jam.
Ultimately, that will sort itself out without any qusstion but consider for
example one little element in the field of radar--ihen L groun in the
radigtion laboratory at MlIT finished up and planned to juo¢1sh the things
that were in the clear from the security sta nduoipt they oroposed & program
of 54 volumes of meonographs. hen they wrote the +ecl nical historical
account of what occurred, they wrote 500,000 words to llnk the thing
togethser.

New that is inevitable. If several thousand very active men who are
conducting rescarch aggressively in a field for four or five yesars do not
" publish it, what is going to happen to it? Well, McGraw Hill is going to
publish the monographs. ILittle Browm is going to publish the summary.
‘There will be a lot of it getting out. From the other standpoint, take the

~13-
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young fellow just graduating from 001104“; he is going to get mental
indigestion for some time to come., It will take a long time for this mass of
material to become the accepted oprinciple in the art known by everyone.

' So while we recognize that our programs, for example, of getting
information obtained from Germany into the hands of our scilentific men are
moving very slowly, I recognize alsc that the bulk of it is such that it is
an enormous Job to get it cut at all. And I call attention to the fact that
even though the rate of publishing is slow, we zre probably keeping up with
the abillity of the counbtry to digest it.

A STUDENT ¢

Doctor, how far de you feel the Services should try tc go in the educa-
tion of their verscnnel to act as technicians as oprosed to administrators
in this program?

an adninistrator? I don't
f something happens to me,
i son 1is on

1@11, why oppose those? Why ceass hecoming
have To become a technlicilang at least I won'ts 1
I think I can go back to the bench and earn a living. Your conpaﬁ

the wrong basis. llow far should the Services go in atbompling to introduce
armong them men of genuine professional attainments in the fielo-o; science
and technelogy? 1 say, Just as far as t} ey possibly can in this kind of a
worid. ¥e most certainly wovld not 1 ant our entire Army and Navy to b@
fessional enging .

staffed oy men who are professional scier t 505 or proif
On the other hand, the fighting of a war or the plp‘
obviously, in view of the developments of the 5 7
only by groups that conbtain men who can think adequate
and tec%nlca7 fields as urofe351ona1 men of compete
there must be a sprinkling of man, bafulcu‘arl\ at & 7l
have +Hooe gqualifications and who are accepted in thi oountrv o sc”uqthts
and engineers generally as colleagues and partners. And T eve that with
the best attempts in the world we can't vos&1¥lv zo too far in that dirsc-
tion because while we need only a portion of our peopls thus trained,; that
portion ig great enough so that in the natural course of svénts we won't
exceed 1t.

[

¥

L

e
¥

Wow you would say, why cannot the thing be done by calling 5
consultants, men who are thus scientifically snd technically qualif
cann do it that way, dDut you can't do it well. The real solution is
Army and HNavy themselves in time shall contain, part10u1 rly in the
echelons, men who are accepted throughout the population as men of

.v

th

f st
in diverse sc1¢ntlfic'1nd,téchnical ficlds so that when they do call f
consultation they will talk to consultants as professional partner
get somowhers.

¥

[&]
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COLCOWEL GODARD:

Dr. Bush, bearing on your last QLG%t’Ou, T helieve there is a tendency,
an increasing tendeﬂcy, ont the part of the Services to dintrude or. venture
into the field of basgic¢ research and away from the fields in which they
stayed so long, namely, developments  Some people are disturbed by that
tendeney,. I would like to have your comments 1f you will give them to us.

DR. BUSH:
No, I am not disturbed by it because, as T say, I think it is &
lubary passing vhase. If we were going to stop it, if this was the end of
thb path, then T would be disturbed because I think the natural field for
the Services is in the plunt aspects and in development, 1"”n1wv cn funda=-
mental work done alsewhere.

But in this interim right now, when we have finished with the svpport
my organization was &bl@ to give, and before we have a “a““o~al Sciénce
Founda t101;_thL Serviceg very fortunately have come to the support of basic
research and they have done it very WU]L. They have done it very intelli-
gentlye They have done it without alisnating the gscientists or attempiing
to control in arbitrary ways the thing they should not control. I regard
this sort of functicning by the Services as a temporary bubt salutary .thing
which in the next few ypars will certainly give »lace to another form wlure
the universiti and industrics will ba carrying on the fundamerital research
and the Szrvices' major attention will be on development and use. 1 hope
that this present interlude will lead to that separation's being mads in
such a manner that the Services w111 in no sense lese conbact. And L am
quite sure tloy will not.

One of the wmost important facts is that in this interim we ave ‘ontinu~
ing a very close community of interest bhetween sclentists through
coua, v and the oervires that existed during the war, - It is very ess ptial
that that be perpetuated well into the peacs.

TONEL McCARTHY
Would you be kind enough to comment on the orogress that has bsen mad
and. that you exp pcct may be wads, in the use of atomic cnergy knowledge and

material in uhu feztm“”t of discase?

D

DR+ BISE:

“Yas. Tarould be quitc w1¢]1n“ to commont on that, although, 2s you
know, I am not a medical man. Of course, in tho t placa, that progress
i k9] b
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medically. But because atomic energy was developed during the war in the
way it was, we now have an adequate supply or can have an adequate supply of
a very-large variety of radicactive isctopes’. The direct application of
the t fact is interesting; the indi“ect~applicatioﬁ of it is decidedly
stimilating. On the direct side we have the possibility, for exemple, that
in the attack on cancer it might be possible among the hundreds of uhous =¥olok:!
~of organic compounds to find a non-toxic substance which, if introduced into
the system, would become corcentrated on cancer tissuve. It is not unreason-
able to expect that that might occur becauvse we can, for example, introduce
compounds that will becoms concentrated on one of the glands almost com-
nletely; note lodineg, compounds and the thyroiﬂ Now any one of those
compounds can boday be ﬂado radiocactive and, moreover, with very great
flexibility the intensilty and duration of the radicactivity canibe con-
trolled. J

Let's see what that mesns. One of the princinel attacks on cancer, in
the past, as you know, has been by radiatiorn methods, using radium and high
voltags X-ra;s. And that has bcen known to do damage to the cencerous
tissve., Since it doazs a oraaﬁ sal of damage to the system generally, the
only reason it has bheen use t 1zt the ncermal tissue recovers a little
faster than the cancer. UA“ce yo knock the whole system down a nend on
the balance between normal and cancerous growith. On the ofher k‘ _
selection compound were discovered and made radioactive, then radiation
could be applicd on just the point necessary so that hndreds of times the
effect could be secured on cancerous btissue. This might change that balance
very imnortantl

That is one of the direct Llines down which we c now go because of the
development of atomic energy. L don't predict its success. It merely looks
very attracbive at the outsebt. But, I know Dlat such an approach may be
very important Tl

()

o
3
=

For years in medical work and in organic chemistry, we have made
nrog reus because of the fact that by using radloactive isotopes we can tag
nolecules and sese whare they zo. DBy that means we have sorted out many a
oroblem in organic science. Today we have tagging waterials for that purpose
in gquantity and we cén use the technique on a scale never belore possiblae.
That, T am sure, is a ﬂ"ca* Por example, if you haoppen to be
farmor, <o you know 1 you putb fer ilizer in the soil? ?e]ls
nobody else does. t you can tag molocules of the stuff, gzo around with a
simple trument find it a month or Two later, whether it is in your -
cattle, in the ground, or in the water supply. You get the ond of a story

in a very simple manncr :That is a rather crude illustration, but it
roughly parallels what is now going on in hundreds of laboratories.
16~
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A STUDENT:

Getting back to your earlier question, at what stage or what level of
coordination does there now exist machinery for deciding when duplication
becomes wasteful; does it exist in your Joint Board or a lower boeard?

DR, BUSH:
. It exists in the Joint Board and in the bodies subordinate to it,
DR, WIZLIAMS:

Dr. Bush, would you comment on the proposal to include the seocial
scientists in the Wational Science Foundation?

DR. BUSH:

That is quite a story. When President Roosevelt called on me for the
report that was submitied to President Trumen after President Roosevelt's
death, his call explicitly pertained to the natural scientists; and, hence,
my report applied entirely to that.

AT the time of Priosident Roosevelt's request, I made it clear that if
he wished a similar program worked out in the field of the social seciences,
he should make his call for that purposc on the social sciontists, which he
did not do. Hence, when the matter came before Congress, Congress, in my
opinion, quite appropriately formulated the thing fundamentally around the
natural scionces. I advocated that the question of the manner of inclusion
of the social scicnces should be studied by the social scientists and gone
into only when & definite program had beon thus formulated.

Wow it would bec possible for that legislation to put the social
sclences in at the cutset as a division, or to enable the Board to introduce
them after rroper study and at thoir discretion, or it would be possible for
the legislation to exclude them entirely, I have adveocated the sccond,
intermediate path because I think it, on the onc hand, avoids dding things
hastily bofore therce has been an adequate study, and, on the othor hand,
avoids oxclusion, Congress, however, I am rather sure, would now take the
third path and drop thom out, That, in my opinion, Qocs not mean that they
cannot bte included later under special legislation, but I am dcad surec that
if they arc thus to bo included later, the social sciontists themsclves, of
whom I am not one, must producc a study, a program, that will draw support,
and I don't beliove that that has beon donc yet.

17
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A STUDENT:

Will you comment on the feasibility and methods of coordinating private
ressarch for the benefit of the military?

DR. DUGH:

Private research for the benefit of the wmilitary is very easy. If the
military research is seli~coordinated and owrivate research is beimg carried
on for the Services by contract, of course, then that is straightforward,.
If it is not thus under contract but is quite independent, you can't
coordinate it excent by persuasion becauss there is no control at any point,
that is, if it is entirely inderendent research at the wniversity. The only
wey of coordinaj hat is the way in which highly independent entities
have coordl affairs for generations and that 15, to ‘get together
in the scientific organizations and argue ebout them. That zoes fairly
well, as a whcls. It avoids duv“iﬂaTiOh_vrettf'woll because chaps will
find out what the other fellow is doing. They will find cub who 1s ahead
and shy off and let the fellow in the lead stay there, rather than enter a
race where they would be sure te come in second. It alsc causes a consider—
able amount of baclkscratching, give and take,., The lmportent issue is, if
military men are going to purtlvioate- then they have got to share in the

narty. fhe only way to share in the party is by send: _ At. There
Sare many scientis sts in the Serv1ces now; I hope there will be more,
' ' 3

.. — . . h . -
LAP"’AJ“ WORTHTINGTON ¢ PR

.

Dr. uﬂsh T am afraid we have Imposed on you long enough. ‘e
certainly &?OTGCLatL the splendid talk you have given us.




