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RESEARCH AND DEVELOPMENT IN ELECTRONICS 
4 December 1947 

CAPTAIN ROWLEY: Gentlemen, ~0 far in the course most of our lectures 
on the subject of technological progress ihave been rather broad and have 
cut ~cross the ~ole field pretty much on a functional basis. 

This morning, however, we rare going to pin-point our attention on 
research and development in the field of electronics. To deliver a talk 
on that subject we have been very fortunate in obtaining the services of 
Dr. Stratton, who has come down from }~ass~chusetts Institute of Techno- 
log-J, where he is the Director of the Research Lab0ratory of Electronics. 
He also holds the post of Chairman:of the Electronics Committee of the 
Research card Development Board. 

I take great pleasure in presenting Dr. Julius A. Strctton. 

DR. STP~TTON: [Captain Rowley and gentlemen; I have been asked to 
discuss with you this morning the relation of research and development, 
in the field of electronics, to the nation~l security. I~,~ediately I am 
confronted with the extremely difficult task of stating exactly what I 
understand to be the scope of electronics. Certainly I should bc at a 
loss to give you any concise definition of the term. An airplane is a 
t~ngible object th2t Can be described in terms of operating characteris- 
tics or costs of development and ~9nufacture. Even though you ~ay never 
have had occasion to deal ~th a guided missile directly, the word cer- 
tainly conveys a concrete idec ~;nd you ~xill find it relatively easy to 
grasp the essentials of our N~tional ~,{issile Progro~m, though perhaps you 
may not alwa.ys concur in its wisdom. 

But electronics is not something that flies through the :~.ir or drops 
like a bomb. Rather, it is a v~<st multitude of intric~ e devic~:s that • 

. . n~,~rly every major enter into the production,-test~ and oDeration of ~ ' 
weapon of ws, r, and v~ich are playing aft increasingly dominant role in 
our so-called mechanized era. • .... 

To a very great extent, the pri.~y function ofelectronic devices 
is that of communicating:intelligence. We c.sn classify our ;field, per- 
haps, according tothe nature, of this intelligence.omd the m~nner in 
which it is obtained. .Telegraphs and telephones deal vd:th c~de, word, 
or voice si~.~uals that tr:msmit con~nand or information from point to point.. 
This is con~nunicntions in the restricted, convcntiOnc.l sense. 

Or, ag~in, thc~ presence of a distant object may be disclosed by a 
~.L(IS to navi- reflect~d s~gnal, ~-n echo; this is rad~r, R:~dio and rndnr, ?"'  

gation, constitute ~nother group of devices for. transmitting intelligence 
tl ~ 2 to the navig&tor, some bro~.dc~stlng it autom~<ticnlly -and some rcspondlng 

to the challenge of a pilot, 
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Finally~ all the devices which belor'g to th~ vastl7 important field 
of elec.tronic control ~Serve, in •fact, .t° co.nmuaicate inlellig~-nce of one 
sort or another. Fo~~xampl@, a sl~n.~.l m.~y report the f~.ct that ~n 
indicator needle has 8eviated. from a prcsot positiofi, This. signal, by. 
actu~'_:ting a serve mcchanism, ~¢ay restore s gun to its target ~or ~: .o~r- 
D.lanc to its course, 

The heart of all electronics is the e~ectron tube itself. In recent 
years, these tubes have been developed in many forms and produced in 
stupendous, qus.ntitiee. They s~rve as generators of electromagnetic waves 
up to frequencies exceeding, say, st.xty billion cycles per second~.as 

.. "] ~ . amplifiers of infinitesimal currents by f~ctors of many ml..l~ons~ as recti- 
fiers of alternating currents, and for a host. of other purposes. The de- 
velopment and design, of such tubes preoccupies an' increa~.ing .number of 
physicists and engineers. This is becoming one ofthe Ve~.importsa~t. ' 
parts of the national .industry, .. .... 

To operate effectively for a given purpose~, an electr.on or vacuu~m 
tube is associated v, ith a circuit containing resistsmce,, conductance., "~und 
capacitance, The .design and production of these circuit elements com- 
prise another vast division of the electrical industry, 

Finally~ the actual, transfer of intelligence or ~nformat.iOn requires 
ttsnsmission lines that carry electromagnetic energy from one poin$ to 
another~ .or .anteni~a systems that facilitate its radiation into space, 
The design and development of th~tse antennas, or radiating systems, con- 
stitute-another v~ry h~-o~%~nt p~rt ,:,f t h , ,  ~;l~ctrut.ic industry, 

I have endoavorcd t o convey to you ve~/ qhickly a first idea of what 
constitutes the fie].d of electronics by indicating the function~l ?r:,ble:-~s 
with.which one has to deal. Had I the time, I ~ould e!aborate by an 
historical account of' the evolution of reseerch and development .in the . 
field of electronics since the time of Edison. 

• ! 

also wish that I had time to say a few words about the extraordin- 
ary accomplishments of electronics during the recent [%~orld Lar, parti- 
cularly in connection with radar. But since vee have to limit ourselves, 
I think it will be r~f more immediate •interest to. you ~%nd of m6re i~mmediate 
benefit if I' confine ~%~self to a- d~scussion of. the current "situationo It 
occurs to me that I can do this most easily, by enplo~/ing, as a means of 
classification, the :pattern of the Research end D ev:clopmen~ Board itself, 
I ~ sure you arc all familiar v~th the structure and the purpose of the 
original Joint Research and Development Board ~nd the nc~ form it is ex- 
pected to take as s.n ~- ~ency of the Secretary of Defense. 

• 
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The board, as you l~iow) d o e s .  its work, in the first place, through 
an extraordinarily effective seCrets~riat; that i~ really the thing that 
r.~akes it work. And~i s~Cond, through a group of technical committees. 
ihesu technical comm2ttees, inthe order of reseat.rob and development 
funds for which they are •responsib2e,~ are the Co~littee on Aeronautics, 
the Co::~mit.tee on Electronics~ . t h e  Co~ittee onGuided }(issilcs, m l d  the 
C o m m i t t e e . .  on.  O r d n a n c ' e .  " 

i d ~ . ~  of the ~mounts of. money i a m  going to talk To give you som~ " ~ 

about, let me s~ that the ceiling budget for the fiscal, y0ar. 19h9, for 
all military services--the N~S the Army,. snd the Air Force--is about 
~77 million dollars. Although there is ' a  supplemental budgot, for pur- 
poses of comoa~ison i Shall refer to.the, ceiling. " ' 

Of this h77 million dollars~' there was allocated to the Co~mnittee ~- 
on Aeronautics approximately 126 mill.~on dollars; to the Co~..ittee on 
Electronics about 116 million dollars ; the Con~nitte~ on Cdlided ~.~issiles..;.: 
is responsible for resesmch s~nd development to the extent of about 7~ 
million; £inally,the Co~aittee on Ordnance, 67 mii!i~n dollar~, or a 
total of these four co~ittees of 3~& million out of a total ' o f  1477 imil- 
lion dollars. ' . . . .  

-The co.~nit.tees, in tur~, in order to do their wQrk, appoint techni- 
cal psu%els and the.panels proliferate s-ubpaneis, and this process .seems 
to continue, like an epidemic, until very shortly it appears that almost 
all civilian engineers, and most of the military, wi!i be engaged in 
R&DB corm.~ittee i, ork. The situation in this regard in the EgLectronios 
Con~mittee is par tiC.ulariy bad. Ther~ are now dssociated v<~th the Com- 
mittee on Electronics, for one.reason or another, about three;hundred 
people, This. staggering multitude simply reflects the great• complexity 
of the field o.f e.lSctf0nies, to which. I referred at the outset.. 

I#~.ediately after setting up the Com_~nittee on Electronics, we agreed 
~iong :ourselves that ~.:+-e "should reduce the nur~ber of pane;!s 'to a bare ~ . 
minimum. The manpower oroblem wao, 8nd is, cxc<~c~ingl~ suriouoi .. A±ter 
all, people Cannot Spend their time gaing to meetings. So, the list of 
panels was reviewed With the ~tmost care. iBut, even so, as it now :stands 
we operate ~ten technical panels. Let, me nsune them for you--there is a~ 
panel on acoustics, a panel on bssic researc5; a panel on communications; 
one on components; another on electronic countermeasures; a panel on 

electron tub~s; one on infra-red; ,% panel on ra@ar'; a panel On rndiating 
systems; an6, finally , sn exceeding!y, import?nt p~nel on navigation. 

iNov< th~ ~ork Of each of these ten panels, is, •I think, from your . 
point of vie~';, not equally imoorts~nt in its relation to the industrial 
potential of the country or in its beoring on the problems, of devmlop~nent, 
manufscture, and distribution. I should like, therefore, to co~mm~nt in 
greater detail on the work of, say, three or four panels. 
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I mentioned first g~ p~nel on acoustics.. It is questionable ~:hether 
the E!ectroniCs Co~nittee should be responsible for that field--if there 
is a question of jurisdiction.. Acoustics involves, of c0urse~ the very 
important and vital field of submarine ~rfare; but ithas also to do with 
s~! the so-called transducer equipment concerned ~ith.trsmsforming elec- 
trical energy into acoustic energy~ and the like; many acoustical problems 
related to telephone transmitters and receiver;and such proble~ as loud- 
speakers~ ~hich are transducers of a kind ~d related -~o the subject of 
electronics. And so, acoustics happen to fall in the Electronics Com- 
mittee for no particularly good reason; but certainly we do have a vcrx 
great interest in it. !~usll pass quickly over that one. 

i~uch as ! "should like to spend the remainder of the ]uorning ts!king 
to you about the basic reseErch panel, I also think ! should !oass rather 
quickly over the activities of that group. I ,~m~. s:~are that earlier 
speakers in this series, par tlcu!~rly Admira~ Lee, Dr. Bush, and Dr~ 
V~aterm~, have impressed upon you the importance of pure research to our 
entire industrial effort. 

I should, perhaps, pause to comment on the question of ~.~hether our 
nresent basic research effort is adequate F~ ..... ~.-Iv that i~ a question 
I hardly know hey: to ans~.,:er. I want to speak about this question of 
adequacy a little later. 

~r~mk sued oure!y personeli:feeling is that basic research in 
electronics at the present time is ~iolly adequateo i am sure that some 
of my scientific collea~aes ~kould be very unhappy to hear me say this. 
But I think there is a verY effective amount of basic .rese~rch being 

• 

done throughout the country. Iris also my feel~_ng that although it is 
entirely adequate at the presant time, ine~itab!y that effort ~.,~il! be ~e- 
dueed in the comin~ years That is the future ~.~e s~_;:~, ly ha-¢e to face. 

At the present time~ so far as we c.-on determine, about s~xteen per- 
cent of %he total f~.ds available for research andd~ve!opment in the 
field of electronics is being applied to projects that are termed "basic." 
l'Jo~.,~ you sa~e familiar ~:,ith this kind of statistics. You are aware of the 

• • ~ ± It great difficulty of saying, "This is basmc sand that ms develop:.!en~, just 
as it becomes difficult or impdssibld to sa~;~ :'This is dew~!opment ,~d 
this is design engineering." I ~. quite sure 'if ~:e examined carefully to 
find out ~;hich are basic projects among the sixteen percent, we ~.~ould 
find. many of them might as ~,rell be csl!ed "dew~lopment." There is really 
no sharp dividing line. 

But that represents a fairly Imrge effort expe~ded by Service l~bora- 
tories~ ~nd by industry s_ud ilniv4rsities through contracts with the 
Services. I think this is going to b~ reduced, so far as the universities 
are ~oncernedj for t~o reasons: One is that the effectiveness of the 



present Program , at least in the universities,, is thanks to sponsorship 
by the Na~,~, the Army and the Air Force. 

I would like to testify at this point to the very enlightened policy, 
formulated perhaps under the leadership of the Office of Naval Research 
but backed by the Signal Corps ~d the Air Force, under "~bich this spon- 
sorship takes place at the present time. I cannot believe t~st ~'.~e shall 
ever see from many points of vie~e~ a more satisfactory sponsorship of 
funda~.enta! science th-ca~ that ~-hich is n~,v enjoyed by a numb~.~r of our 
universities. 

I feel t~at that -~.~Imost inevitably will change. Probably there ~d!]. 
be a science foundation; also I think that a science foundation must in- 
evitably operate under a totally different policy. 

Inthe second place, it is also inevitable that ?;he budgets ~'~Ii be 
reduced S.nd that under such circumstances research, however desirable, 
,has to give way to the burden of mainta~ing operations. 

In concluding my cermet.ants on b~sic research end its' adequmcy~ I think 
I should say, v:ith an avo~'ed intention of being provocative, that !mn not 
at all convinced that the support given to pure rese~,~rch by in@,ustry is 
sufficient or in ~ny "'~'. ~.,: adequate, b~,ny industrial orgcnizations carry on 
some ~mount of basic research; particularly have they done so in recent 
years. Comp~nies like RCA~ the Bell Labor::.'.tories, and GE do rmqkc splendid 
contributions, but I do not believe that the industr.y jointly does its 
share in the support of pure research t'.~roughout this country. If in- 
dustry objects to militc.ry sponsorship, or feder~;~l sponsorship~ perhaps 
the remedy lies very close to home. The fields of industry :~ust be tilled 
and fertilized and cultivated as ~,~el! as harvested. 

No~ ~ to pass on to the panel on co:mmunicaticns, it is on tiuis one, 
perhaps~ that ! v~ould like to &,rel]. longest. .It deals ~.,~ith the problem 
of transmitting co~unand s~d informatio~ by ~ire and radio. Communica- 
tions, in the restricted s~nse, is, by ~..~II odds, still: the dominant in- 
terest of electronics. Historico.lly, it ~'.'as, of course, the first (going 
b~.ck to }~orse's telegr,v.ph) and is no~" the grc<;',test in terms of n'<v, bers a.nd 
variety of components, voluble of production, number of installations and 
operatin~ personnel, both mi!itcmy and civil. 

But in su.ite of 211 this--and this 'isj n~:~in, purely a personal vicw 
to z~rovokc your interest-~it lacks at t'he pres~.~t time tlne imaginative 
effort in research and development that has been placed on other br~ches 
of electronics. Imaginative mesearch and development--the breaking into 
entirely nev~ concepts and ne~v fields, particuls~ly v,~th regard to military 
cor~munications--is ~.~holly inadequate in terms of its importancet 
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It would be pres'muptuous for me, sn ~:mteur~ to explain to yeu the 
importance of excellent com~munications in nmilita~ry oper~tions. All his- 
tory is full of illustrations of that f~et. You r~i-:z recall the celebrated 
pages of Tolstoy's account o£ the Battle of Smolensk, in "War s~d Peace," 
about 1812~ how c~'efu].ly the plans for each p~.%rt of the opcr.o.tion ,.verc 
l~_d and now, once the ener: V- was engazed , the command lost s3!! contact ~E.th 
v/qat ,uas going on and herr the ~.~.ole battle proceeded in quit~ a different 
fashion from what was ever contemplated, 

And one cannot re~d ag~in the accounts of the lon;', campaigns across 
the river here some'SC, years 9.go~ between the army of :the ~o~or':ac and the 
Army of Northern Vir~inia, without being Lmpressed time .~nd t~.ue ago.in 
with the fact that i£'a co.-.man~Jer had received promptly inforration t]~at 
was in the h-~nds of his subordinates, or if his subordinates had known 
what action vras to be c~ried out, the tide of ba5t].e would hnve been 
turned irrevocab]_y. But too often the decision hinced upon a luck~ ,~ g~css, 
~?~de without a grue knov:led~e of the actual disposition of either force. 

The recent vrar is too close to all of us for me to need to take mar<T 
eXC-r~ples f r o ~  i t ,  I : :Sght  . j u s t  m e n t i o n  i n  pass. in~:,  h o ; r e v e r ,  tK, a t  i f  you  
w e r e  t o  exa:~J.ne t h e  e a r l y  d<.,;s o f  t h e  .:~tisub:.".'.arin~-) c.'~-<~)ci~n., you. w o u l d  
f i n d  i t s  i n e f f e c t i v e n e s s  was  . f r c q u c n t l "  7 due t c  l a c k  o f  p r o p e r  co-:r..::'.mica- 
t i o n s °  The f a i l u r e s  i n  t h i s  p e r i o d  w e r e  b o t h  "bechn'.c.':! '~nd org~,miz~-tion,.<].° 

Another exa:up!e ,.':c ~ght lock at i s tl"e r<thcr sh,?,.ky efforts at sir-. 
t.~l~ gro.-.no, sup~ort, p,.~t.~ou]._:.. ~.~. ~.n the ~:~ ~-~_;, ~nart of .... Tt,.~,~ i~~-. ........ c..~. ....... ,~,,_~.._~..,n~- 

~.,.~hen t a c t i c ' . : l  a i r  w.'..'.s n o t  u s e d  e f f e c t i v e ] . ~ ;  bcc-".msc o f  t-~< c ..... ~.mo,al~_~s i n -  
{ ' --  " t~"~ re!red in tro~smittins b~,ck c.nd _...~t ..... neccsss~ry information° 

.,1.._ o f  t h i s  ~.s s i m p l y  t::  s~.]r th~qt i n  w~.un-ng .. ,,,~s.r, c o m : m m i c a t i o n s  
i s  v i t a l l y  i m p o r t a n t ,  

During the past war the effort ,"e p l a . ced  i n  t h e  reso:.~rch and.dc- 
...... -~.~n~-~ It ,.'ms co ~ "-'~""."~ ol-,ly to th~,t of t-~.e ve!onment of r,.qd:~ t~-':~s tr .... ~ ......... , . , .......... 

~c.uhatt...n District. _T w.mtdre tc suggest th,t'..t Lf , ~'. siz~,ble .~.~'ou~±.. of the 
effort that wcs :~laced on r,;der hr.d ~,~ __ . , .~. , . . .u ~s.~o].i~d to co~:..un'.c':%ions, '..'ax'y 
lives iTou!d h.~.ve bcert  s'-.vcd and much time a p e . r e d .  

Tcchuicc.lly, the bcsic preble:~ of comm~muications is Lhc.t of ~ ....... 
ul,,: :;l~s',i~JJ~ ~' * of " e .... ~4 o in %b~ .... ; '"~ .... mitting ...... .=~,oun~ In~o] ....... u._,n ..... n ....... m~ tic;e, using the 

s:uol!est band of ~-'r, -~ ~ ..... c.v~,i!..'.~'le r,,., ..... frequency, I m.: simply scying we .~,~<.. 
o_,;].y the rcd:[o frequency_ spectrum~ in f&tct, v;c ....:,~v,o e.v:.:ilablc only.certain 
c~ts of it bec.9.usc its use deu~cnds unom the dist'.:mce of-tr~Lns):~ission card 

a number of other purely tecl{nicc.,! f{ctors, " 

G 
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The radio frequency spectrum is becoming tremendously congest<x~. 
The problem of obtaining channels is gro~d.ng incre~sin~iy difficult. So 
our technical effort-~and this, I should s~:y, is the prob!em to ~vhich 
resee_rch in co~nunicaticus is no~,~ - being applied--is that of determining limits 
to the tr.~ns~ssicn of intelligence, Herr c~u:~ we send this ns~2.m~ rnoun't 
of information in ~. minimum of time~ and v:ith ~ degree of security; security 
not only tna~ lhe ene.ny ~.~nn't be able to decode it, but also th~,t you rill 
get it o~d get-it in time to be of some i~.portance. 

I might suggest also in passing that in thinking ~,bout communice.tions 
from, v.~hat i conc~iw~ to be, your point of vie';,;, it would be .... ~,~.~_ to study 
our relations with and tlr~ dependence of ~pilitary co~un_c,~t~.o.~s~ ~ ~z upon AT&T, 
the Bell System. We are extremely fortunate that the country possesses as 
one of its industrial resources such a splendid organization, it is proper, 
indeed~ that v~e should draw upon it~ probably more th~ we have in the past. 
But ! should like to say also that I think ~ perhaps there is a tendency some- 
times to deoend too , ~ much upon the techniques developed by Bell ~ ~: ~Lnu its 
procedures. Let us use them to the very best "~ .... ~ ..... ~<~V<~Lt~:~,e ~d Certainly no 
industrial organization has given more ,~ene~ ou.s]..~ of its time and resources-- 
but I "oelz.,ve" e there are ..problems in battle co.,~mnications %hat are not 
norms]By__ encountered in the d%v-by-day ooerations, of -,-i,:~:T'q~'°. 

! think we should give a ].ot of attention to the problem of v/nat is 
called "flash cor~qunications," or transmJ~ssion pre~rsngement and by 
proper technique of a very large sunount of infornation from one point to 
another .securely and in a very short time. One exam~!e was the "use by 
the Germans of "flash con~uunications" to get information from their sub- 
mar in e s.. 

In su:m~ary, i should like %o place perhaps my msxim~t~, emphasis in 
tbzis talk on the subject of co~.lunications because i believe that, although 
there has been a tremendous effort in turns of production, ~.ve really are 
somewhat in a rut; ~ze have a long v:ay to go ~nd I recom.~end the problem 
to your attention. 

Going on n~v to radar. This story of radar during the late "~,~[~ is such 
a fascinating one that I dare not @,:ell on it lest I be carried a-,-ay by the 
magnificence of the v,Juole achievement. To me, it represents -an unparalleled 
exs-up!e of tcchnic~,l development follo~:ing closely upon the heels Of rapid- 
ly evolvh%g tactics stud strategy.. 

Let me just pause to make that point cl~ar. In ~" ~:._~.~<in~ ~.bout radsr~ 
one tends to discuss the various 'kinds of rodar that v,'ere developed from. a 
tecb~nica! point of viev:. But ~" u~e truth of it is ths, t the evolution of 
radar during the v:ir follov;cd exceedingly close upon the chgnges, let us 

i • say~ in the con,:,uct of the v~ar~ 
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First of all, in 1939 the British construeted radar ~ " ~ ' "  ' ~ ,  

along the Channel Coast in view of the ~nticipated da~d~ght attacks by 
Germ~n bombers. That v:as the be~innin~ of air z, arnin{. We, of co~n~se, had 
corresponding projects in this country, ~ Derm:ps even e.'.<rlier, They~ un- 
fortunatel~, ~, had to use them first. : . 

After the Battle of Brita-im~. dar~d.igh-t bo:ubin~, f,..ii,~ ~ , ed and the O~ ........ ::=~.~ 
shifted over to night b0mb4_ng, " The British had fore~ee n that. They had. 
• developed their night ..fighters to a high point of efficiencyi .But in order 
to attack and shoot do,.~m German• bombers at night it ~'~'<s necessary to have 
. something more th~n ground-control ra£ar$ something more precise. 

So the problem became one of developin~ airborne, search radar .for 
"'" . :1...  O r o ~, < = v ~  night-fighter interce~)tion. As a matter of fact, t~m first ~ ~ . . . . . .  , 

,.oroblem. that cane to this country ~.'+~.s exactly ~-~ .... o of airborne intercep-_ 
tion~ put to the Radiation Laboratory in 19~0. ' 

No soon had progress been made in the mastery of nig~it-fi~hter radar 
than the submarine ~':arfare took on increasing importance, psrtic'ularly 
for this country. So rad_<r w<.~s developed for .<--.irborne purposes in "the 
search ~ ~ o~ subm~n~ines. 

You see, the time a].lo~.,red for development of a totally ne~,, thin~ ~..~as 
exoeedin~ly small° Then, with the submarine ~'.~arfare begim~.in,{ to be under 
control and the strateg~F chancing~ -,re beg-om~ bombing> at night s.a~d through 
the overcast. This re~!y vm.s simply <~ evolution of submarine-search 
.ac,~,r.~ ~ ,~e~ found out that by ~o~ a corn.outer., we cot,'..~u" -~ ~ro~' " our bo~os 
automatically on the t,-~get. 

Finally, the-re ~'.~=>r~ the invasions of Africa, Ita].y~ and Jormm~dyj 
sa~d the period of the great l~u-sd, bottles. Ver~; quick].y the importance of 
r~.ir-_~round .coooerati6n bec~<e ~vmd~.:~. resG.ly the hardest problem, 
! think, that was ever put to ro.d~; certainly it ".,'.,-as not satisfactorily 
solved. But rado<r should become one of the most important adjuncts to the 
coo]0eration of a tactical air force o_nd ground troops. 

There ~as, then, this ra].~id evc!ution.. ! have c.-.:itted in po, ssiug 
some other developments, such as fire-control r,~,m< ~<~.,r, n<~t=;,,,t_.on~ " ~. ~ - <~<- " and 

~e,, v, Oroo But all of this -book ~Go~ ~,nu see t.<.'ithin <: ~" ~:eriod of four 
or at the .,~:ximun five~ years, L,mboro.tory St':~ffs were able to modify 

:<e,:~. mace with ~' ~ ' de ,,,~op~..mnt of equipment. 
But in order for this to be of e~y us~,, the (.n~,.~ne~_': <-4, :~"~.,.n o~ ~<:~4,..~.~.. .... ho.d to fol. 
low and the ~ : ..... be e q ' t J . ~ - , ~ m . ~ n ~  h~.d to msnuf~ctured. I h~~w~>n't time t o  @m-ell on 
~xv,=L point, mut~ ~n~..,e r:,~t.in~. T ,~,~,,~ a sug{est theft._, for some of ~_ur~.,-,, 
semin<trs you m~v, f,t one tfane or ~'~ots~<_, ~,'rrnt to -" -" 
of the production policies durinz %,he vs<r in connection with radon. 
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One cannot help but have the feeling it .~.n£ght haw~ been better, on 
certain occasions, to li~nit much of it to model-shop production, lt seems 
after v~'e had done the engineering development and d,ssig.n t~'erc elaosed 
alv,~rs a, period of e:!.~ht.,_~en, months--no matter .... ~;n...t" '" ~ou~. did t.h,~ro w-as ..~3,'~o~-~-.y~ 
ei~ntcen mo:_'~ths--bcfore the wheels" of industry/ beg;an to roll ":.he stuff out 
in vast quantity,. By that time, the char,ucttr of the year had changed and 
you @id not need fighter-intercepting radar, but something else, So this 
orob!em of geo~rin~', production in the proper quantities to rapidly-eve!ring 
strateg3~ is a very imoortsnt one, indeed, 

Our ~ntnu~m ......... for the possibilities of rade~ vras boun,~!ess,, and. the 
effort, of course, v:~:<s stuDcndous. In 19h4 alone it is estimated that 
about one billion :~o3..].ars' v;orth of militarTi r{zdar "~,~s produced, i have 
heard that during:] the entire "~Tar the production s.-~ounted to so uet]~__ing be- 
tv,cen t~,ro ~.-,ll].o:, and four billion, clef!ores. 

in "retrospect, it r~.ocears to . . . . .  .... m~.-L, of us that some of this hu~se effort 
mi~t better have be{;n expended in giving life to other problems. For 
exau:u>]_e~ tl~e Radiation Laboratory st,~rted out on Armistice D~-..- 191.~0, vrith 
somev,-here between el.:-:ven o~d fifteen people, ]~:hen ~' , ~n~ laboratory -~vas 
terminated 31 ece.,:cer lOhS~ tner~.~ ~.,,,ere just under four thouscnd on the 
stoi'f, inc!udinc tcchnlcioms, Senior staff members, sa~d ,~-,! the) rest, 

..... ~do physics and electrico.l very Lqrg.e fraction of .ti[! the best ""~' ~ in 
engineering of this country ~v,.~s concentrated there, 

,..~ .% ?. 1 ~  ° . 

As 7 S~,~ j I t~_mnk Derhaps ~,.,e would have been better off iL some of 
that ~<,_~-~, had been ap.{o].ied to comum~ic'~.tions and possibly, to other 
we:2pons of war. There is m reck!in[ ~r.ong a n'~m.ber of people--and this is 
one th~.t I shy'e--that prob:2.bly radsa ~ h.us be~.n over-researched, The • 
o~ns-~:er to. this question ~.._,.~.l.~c~ directly to problems ~ ~,ou ~,;ill meet, 
either i.u connection with your studics or in your ovrn ~rofessicnal work. 
It bears on the question of vd-~ether "..ve should al!~,.~: present momentum to 
6arty us fo~','.~rd :.';itS'. the further development of rad'Lr~ or Whether ~,re 
~4ould not do better to consel.Ldate first the -bec]-mical .~mns~" ~'~'~o,~,..u v,'~:~re made 
durinc, the v,~:.r and capi~"~!ize on them thrc.u~h, c~sscntial].y, the -aoclifica - 
tion of present equipment r_qther th~!n th.s development of entirely ne'.~- 
r~'.dar. 

m.rtmcul,.~rl>, there is t~-c question of o r..ad .~- ~.',~rn~.n[< netv,-orlr, for 
n.s.tionc.l defense~ >~ ".oroblem. ~h..~u T am suxoe ~r:~_n.~- of ,.v°u- are, or v.d!l ..be, 
concerned :~:ith.. You knev~, thot there ")re .'_'. m:mbcr of such ,~-~ under ~ c . - '  . t , D  

discussion.. Almost ~:!I, or ~ny th~.t I have ever seen, involve :?~:ntastic 
sums of mone,y, It has been oro~os~;o.. ~ thqt },.~. .... erect -'~ chain of ~..~',~-~: "~w]mn- 
in~ st'~tions c.!on~: the Arctic 06cr':q~ or t,~rou..~o,~t northern Ct~nada~ or 
surrounding certain first-priority areas. 
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The question of what .we ~o with such earl?,, ";~arnin< if we had it is~ 
d~f.~cu~t to .~nswer. R , . L O , : , r s  h . o . v e ,  been sug- of course, an extremely " ° "  ~ one .~  ~ '  . 

g.,ested and p.reliminarv. .. designs made for ~,.~-~.~r.~_n~ ~ ~ ~ .~ of oncomir_.C ~..~o]~ .......... ~ or 
perh-?.ps even a n~arze ~uided missile, at n dist<nce of 800 to a thousand 
miles. " " 

A recent report indicated that tile only ,~vay. of achieving the neces" 
sary security would be to stop ~Ii procurement of present eq"~pme.~t.~ *~ ,- to 

tn~.t present rt~dar equipment ~,r~..s obsolete and to ~ ~ "' agree ' ~ . ,  c~.cen~r,~e on the 
development of such v~-~.,, lon~-~.e rad,:'ms I think that such a conclu- 
sion vrould be exc .ea~n~l.~ damherous ° If we take the rado_r ths.t v~s de- 
ve!ooed at the end of the ~ " °  . ..~.r in essentially its existing form ant. then 
apply many of the deve!o~}ments tn:..o were in "bre~.d-board" form, in the 

t ~In~< vJe loboratory at ~n~.t %ime~ I '-" ~ shall have e~uip:0.ent whzc~' " ~.s" fo~ more 
advanced than aiD..• the other weapons and aiS.s we:'~] ! use in conjunction 
with " ~ 

It isn'it that it would not be fine to have this long-rance r'zdar; it 
is sLmplx the fact that we are not in a position to back it up v~th m 
complete defense .system. It seems questionable whether we sho~.!d expend 
that amount of money and manpower~ p!acins a tremendous loo.d on our nation- 
al eeonov.y , if the result is only goi~g to be a sort of l:aginot Line. It is 
very well to talk about long-r~nge rad:'~r on the Arctic 0cec:a or on the 
Conadi~ Bord,er~ but the real questipn is, v:h~n they have pickcd~m the- 
guided missile approo.chln~ at, say~ three thousand miles an hour, what are 
you going to do with the information? 

That means you m.,ve to consider the communication net ~ -~ ,~..n.~ the. whole 
proble:.~ of ha ,~ ~, ~ " -~ " n.~l_~ L intelligence and a!sp~.tchlng fighter groups or homing 
missiles that really home, bec,_~use th{-. ~ final desi:~ud r,~su]:% is to ~rovent 
that missile or that airplane from exploding, over your o'.,~n territo,.~y. 
±.llS . .  question on what to do o.bout ~ r ~ ' + ~  ~ - ~  . . . . .  ~ , " ' "  " 
of themost, difficult sand one o:C the most complex v~,.~th ".:,~hich we hsve to 
deal o 

~D I sh~_l pass rapidly over the problems of countermeasures, but feel 
I should point out certain questions 6f princi[91e, It seems to mc that. 
countermeasures ~....I_, very mucl~ into the co.tcgory of life ~~ud fare insurance. 
You would be in o. ver~y bad situation, probcbly~ if ~.~ou c~ried no insuro~ce. 
But, on the other hand, it is dead certain if you buy ell the ins ur~mce 
that the solesm~n .wants to sell you--for very good reasons~ apparently-- 
you--~7 zo bankrupt. Tne"s~e thi_n~i applies, to some extent, to counter- 
measures° if you try. to construct om.d ho~\~e -- ~ ~c:<av a countermcs.surc for 
every possible attack~ or every .~ossib!e electronic weapon, you will go 
bankrupt~ ~t least industrial!~/o 
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"~£hat w e  need very ~m~ch, it see~:,s to me, is o~ sound policy on counter- 
mec.sures~ a policy for determining to v~.at extent we v,~ill continue Ln time 
of peace a counterme~'sure progr.~m--cert-~-inly v.~e must do som6~thing to keep 
alive the counterm~asurc techniques learned durinc the v.~ar; and a cle.~~r 
p!~.~n on how and to what extent we shall suddenly expand this countermeasure 
progrm:q on the outbreak of v~.r~ 

I mm-saying a number of thtngs in this talk this mol~ing that ex~press 
only m$.~ ov, m persona], opinion, fr'~'nkly to be provocative cad c<use you. to 
oha!!enge-certain acceptedideas, Thus, I ~ inclined to sooj~ s!though . I 
m~ by no means s. eodntermce.sure expert, tho.t ~ve over-did some of our 
counterz~easures durin~,the w,e~ we did not get <~ adequate return'-! mm 
speaking now of radar countermeasures--and should not have exy.;ected ~n ado- 

• ...mtt~e is a quate return for our effo~t, ~':~hether v~,e did too much or too ~" ~, 
problem to be investigated. It is one, I think, the.t requires: very great: " 
study because once v.~e are com~,r.itted to ~ plan of developin# countermeasures 
and have on the ~he!f countermeasure equipment for .~ii the. things that the 

• ~ ,bt develo~,~ we arc nS ' " ' " enemy !s knov~ to poascas, or .... g. .. Su?.mng ~m ~normous,. 
industrial burden. ~ : • 

I see~ with .some dismay~ that m~: time is gettin!~ rather short. But' 
. . . . . . . . . . .  c:: ~ " ~+ ~ ~ to I would like to co~,~'~ent on smother psm~c! "~'~.~ ~" is _nt~m~kly re!~ted 

the problem of co~uunications and radar. It is one of thc most ireportent. 
T refer to the problem of n~.~m~at~o~. 

At the very outset of the formo.tion of the Rese.Orch and Development 
Board, consideration was given to the proper hsa~dlir.g of the prob!cm of 
air navigation~ ~.~nd in a broo.dcr sense navig~:tion on both land[ and sea. 
It w'as rather difficult to say just hey. ~ this should be approached. Some 
%hou[.[ht possibly a sep~.~r~'te committe.e should be s~t up for the purpose of 
coordinating all reseamch on aids to navigation ~.md" for that of proposing 
pl~s for a n?.~ional syster., Others ~uscested another p.~e]_ to the Co,m- 
::}ittee on ~lect~ on_cs, 

" " ~ u:ms problem ~ao~' ~,l-~ ..... be placed u~nc~er There v~as flna~l~ agreement thc.t ~'" 
o ...... ~t~u on Electronics. The Co~m~.qittee accepted the juri.sdiction of the C ..... ~- ~-~ 

it w.ith very great r~-lucto~nce; first~ beccmse it is sn old problem in- 
volving ~mmny difficulties thmt are political rather than technical; and~ 
seco.nd~ because it was felt that although electronics entered into the 
problem of air n~vi~ation very int~.atel?,r, nevertm~less there arc invol~ed 
mo~y other vitr~ aspects such .ms the airplane itself, !o~udin~ fields, 
lights, sm~.d other <.ids of a nonelectronic ch{?.racter. 

But the basic difficulty is that the l~'[ilitory Services CsLnsot handle 
it as an indepcndent problem. The .~[i!itary Forces can t?.ke such a problem 
as fire control or guided missiles, and agree amon~ themselves h~v it should 
be trested. They can also implement that agreement. No one c!se is 

--•\~|" "" " !F ",~li~ ~ ~ : ~ q ~: 
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concerned, No other civil ~,,~ ~ ~e~.cy is cbncerned v:ith the monner ~n which 
~ ° ~ ° 

your. oumdeo missile or ordnsnce program !s org:~.nized, 

But that is definitlely not the c,~,~o~,~ in connoction with air~ no.vi~.~=tion, 
Certcinly the Resoarch snd Development Bos~rd, ~,'~hich is responsible for the 
no~tional Security, is obligated to deal ~.~ith this orob!en of.nir ~ "'~~ _ ~..,Vl ~:~ ~~- 

tion; but it cermet set up requirements or estoblish ~.~ research and dcvclop- 
ment progrcc.u v,-ithout taking account of the intorest of civil aviation. 

Just how to do justice to this jcint interest has been ~. vur~f ~ 
cult matter~ indeed. A.first steo has been taken bythe ~.~.ppointmcnt of a n  

ad hoc co~uitte@, under the ch,_=~r~._~..nshmp of I,~r. Raloh Do.men, not for the 
purpose of..gs.tab!ishing directly a navigation system, but for th: "+. of 
findin:~.., out the nr~ture, of the ~roole..:.., hou" it relates to the ~+~,.~, .,...,~,~-~_~ se- 
curity; how it is related_ to civil s.cronautics; also, to examine the present 
research and development progrom of the ~,(ilit.~r~; Services and to o~, ..... • how 
c]~ these interests "'~ • - c~ be reconciled. 

One point is f?.irly clear. On the one ~.nd it is. improbable that the 
Nation can su~'.:,ort in time of pe~:.ce ?~ adequate air.-~.~arning system th.ot 
serves no other function. It is also somc~:~h~t difficult to say ~,,~hcther the 
country, whether Congress~ "~:ould subsi~,ize an ~:kr-navigation system for the 
solo purcose of~ let us s':~y, civil acronautics~ or solely as a measure of 
security for use in ti::.e of v:aro But if it v~cre possible to join these tv,~o 
together and to develop a complete system ~;:hich could be converted in time 
of emergengy to a ~v-~rnin[~ end control system ~ud employed in time of pet.co 
as a national air-navigc~tionsyste:~, the cost of th,~., investment mi!zht vrell 
be just~ied. 

I' ;.uust needs skip over the activities of a number of the other p~cls. 
But i want to conclude by saying th'~.t bec~.use of the vast ~xtunt of 
electronic interest and the ir~icrent!y diffuse n':turc of the subjcct~ I 
have endeavored to sketch for you the broad scone in rv, ther quick strokes. 
Many matters I have touched upcn only li!.;.ht!y; :~y questions. I h::.ve not 
~nswercd at all. Hov~evcr, I trust I hs'.ve conveyed to you e. cleverer vievr 
of the magnitude of the curront effort in th~ field of electronics end the 
extent to which it is woven into our entir~ f.obric, of national defense. 

I ~';ish I might say to you that the.Co~mnittee on El-~ctronics of the 
Rese6.rch end Development Board is convinced that the present re:~e~.rch snd 
development effort in this field is adequate. Fr_~unkly~ the cor:~li~tce does 
not knov: that. I, for one~ do not-see hc.~,r we, or any other technical 
body~ c~,.n possibly an~,,rer such a qu<:stion. The question of c_dequacy hinges 
on , . .  ~ delicate baled_co bet., ~ ' ~ , - ~ , ~ n  the n...tl.~n~,l~' " ~ ~ economy ~n,l_~, the threat of 
forei~cn ~..~_~,~r..ss~oL,-~ ~ Except in ti~uc of ~,~-o.r, funds ~llec!:ted to research 
and development must al~,vays fc.l! short o" v:h':.t the planners }.sk for, "~nless 
the country is intellectucJ~iybc~]~uDt: Engineers can a2~.::ys think of ~:.ore 
thin.gs they would like to do than v.'e Cc~ .p~y~ mOro~ That is why v;e have 
ceiling budgets end supp~ementa-I budgets:. . 
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But if it isn't entirely within our prcvJ~ce to dctcrmin,~ the absolute 
expenditure, we can a% !cost endec.vor, to apply 41~c f:~_uds avai]Scle fcr 
research ~d development in the v:iscst possibl~ mo.nncro This~ I believe, 
the board is le~.rning to do, and in so doing~ ~ think it will perform an 
unprecedented service to ~the people ef this NatJ.o~. 

,Th,~nk you very much. 

CAPTAII~ RO~V~EY: Are you re!~dy for a few questio.ns I Dr, Str~tton? 

DR. STPJ~TTON: !'I! do the best I c~ to ~swer thc::}~. 

QUESTION: ! have two questions:' First, how can industry be induced 
to tPke en a gre:.ter research load then it ~]oes o.t pres~:nt in view of the 
probability that the military budgets will need to bc decre~scd in the 
future? And, second, hew Con the educational field induce industry'to 
take on a !-~re~.ter load? 

DR. STP~TTON" I ~s~v~- seve!'~'.l questions th~,t :~.~ight be osked~ just 
before this hour. Theft wasn't cmon!~ them. (L~uchtor) 

Thc.t is about one of the hardest you could possibly put to me. 
Fr~kly~ i do not !.~ow° It seems to me I made se~e passing rc.~:~ar1~ s~out 
the support of research by industry. One cannot ~xpo}ct industry to be~r 
the entire burden, or even a large fraction of the burden of subsidizin~ 
pure rese:~rch in the ~ univsrsities° They are doini~ a considere.ble s~eunt 
in their ovum laboratories. ! do not think, frankly, ths:t the m.~o.unt of 
basic research that is ~One by in~?m~stry~ even by Bc!l~ RCA and GE~ is quite 
so large as is" s~m'cti.,~ ,b<~lieved° Inevigab!y it must be dirc~tsd, to a 
considerablc degrec~ to-their end-producto 

In the first p!acc~ if a p~ticu!ar cor, pany were asked b2 a university 
for support the answer might well be~ "::e!i~ we h'~ve avt.i!cblc just so much 
money in this oompo~y fo}~' reseorch° ";.'e hs.ve decided~ mS o~ matter of p~'licy~ 
that we sho&l operate a research l~foorator~>,° it only makes sense that theft 
:~eney be placed there rather than ~ som~} ~miversity," 

That is perfectly true° Yet~ the industry as a who~e depends on re- 
search in the fi~Id of electronics for its future ~rkcts. 

It seems to me ~hat the crcanizatJcns comprising the industry as a 
whole must meet t~is cost jointly--! should say on a ccrte], basis ~cre it 
not for the Trus+J la~s. Together they shou!~ ass~e the comti:~.ucnce cf a 
healthy o~nonnt of pure resec rch in ~heir ~.,,w best int(.rcsts~ Almost every 
mc~ufaeturing company in the field cf electronics ~t th'~ present" time de- 
pends heavily upon military ~rders° .~a%, ~.'rc in ~ better position now than 
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ever to support research in vmew of &cnn .times,. ~.h,..~ is goin~ to n~..pp,m'" " , 
of course, is thor o.s the OoveThm[t:nt budgets :.~.re cut br'c'k, our resegrch 
e f f o r t  i s  go ing ;  t o  s u f f e r  m c c o r d i n c l y ,  

I h a w  n o t  ans~%=rcd :.ro~n' q u e s t i o n  f u l l y ,  I i~ow~ b u t  th.?. t  i s  . ' : b o u t  a s  
close as i c c . n  c o m e  t o  i%, 

°' • ° r~ 

QUESTION: You ~r:d].c~t'o,.., I b.~-].ieve, that the transfer of s~o.~sc~ ~ .~"~l,zp 
of the No.tional Science F.ound2.tion would adversely s2fect "the p r o g r n . : ' ,  

' , : o u t d  you expand on .that? "- 

DR, STIU<TTON: Did I say "o.dverscly olfcct"? I ssic] the adr-inistrc:.tion 
and policies inevitably would be different, 

(~:~ftor a p.mlso) "~ "~ " ' lh=.> zs one ! n'.'.turnlly wgnt to think 6vet for just a 
moment, 

I 

]~'[y cone.tel feelimc is this: The objectives of <q no.tionol science 
foundation in. the suppnrt of research must, I t~ink, be different from 
those, let us s o~ of.tIie Office of Nay<! -o " ~ose~rch, The i..{ilit~rv o _. . • , ~ , ._ ~ ocrvJ.CUS 

were impressed ~,~th the mmport,.nu bu~.z~n~ o~ ~.~ r ..... a_~n ~ffo~ % ..... r~n;~ 
the w~:uDon the .~ctu.n! " " " " . . . .  < ~ " i c ']  7 ~ 7 7  ~ . ' ~  4- e ' , ' [ '  . , m  . . ~ 4 - ~ - ~ .  - r ~ - ,  - r ~ r ,  ~ . y ~ o .  , - . ~  ~ ' "  o -.l~l__l, ,.<,n .... R._~I.~,,..._j r,~,.~tllre ..... nto, ...... 1.1u..rlm 

~:-~" . .  _ .  . . _ _  ~n._t effort, me.:'.sure ~ i;.he~ st,~,omed ~n to assure ~he continugnce ~-? ~ 
t 

':~o well recognize ~hnt the ~,~_.!.~tr~r~. Services. sl!?u/d not be the: ultimate. 
.L.t. ~roocrlv the function of soonsors of pe.~cotime r~ur~ r e s e s . r c h , .  'f>~ is moce 

q science foundctiono , :... , : 

• It is, for ex.zmplc;, in the ..~p~n-. ~:_~:o:~ .... of 0.N.R.; .excemdin~ly imoort£nt 
5o the i"Ic.v 2- to have cert~in .kind~ of reamo.rch, done, 'O.N,R, at present is 
in o. •position to ~o out "to try to bu.?i tl{at reseg.rCh~ so %0 spo<l>~, in those 
places whore it thinks it will ~ct bhe job best done, _ 

" I u~ not think, that immediate effectiveness of its projects is the 
pr-,~:~<:•r) c o . o c t  o f  t n e  N s t i c ,  n a l  S c i e n c e  F o u n d ' : . t i o n .  I b e ! i ~ v e  i n e v i t r ~ b ! y  i t  
~-' ~" It must c-nco~ag~ t'o n ~r .... Lr extent the ~:~.a__~ stud must sprmad its funds, . :-. ~ ~., 
development of research in mQn~J centers throughout tize country. 

Do I r~.ke r.?/ point clec~? Tb.~ S.-~ .... . . . .  ~ . . o  . . . . . . .  s:r:~ ~ _'t buttcr position to 
ad}iinister thei2 money more efficient!y, in t a-tins c)f i~medi<.tO results, 
This mD.y not be the most effici0nt manner fro:: the n~i:~ional point of view. 
I think thT:t th?<t is the s txlndp0int thc.t the e • ocmcnce i"cund<".tion would t?.ke: 
thc.t in the lon~< term, it ~"i <.'~,-~ be bettqr to concentr<:%e le~s money mn the 
lar<.Ter univers'kties and industrial or~"o.r~izc.ti,ons and p9..% nero ?.bout the 
country, 

CAPT£!N ROTLEY: Dr. Sl.<:ttcn~ tee c..£ficer askinq %he n(nct question is 
chairm~ of the co-~.~ittee working on this subjecto 

lh 
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QUESTION. ~ To what extent do you consider that the ,.~v.~.ml.'.bmls.ty of 
sufficiently quo!i'fi~d technical men in the field will act as a real 
lim~tins factor on th~ introduction of new nn~] ever <~ore increasingly 
complies.ted electronic equip?,ent? 

DR. STRA.TTON: A" great deal has bec~n n~mde of the point that ~'~e ~re 
short of technical personnel, Much has Been sai d--p~rhc~ps it v;as in your 
mind--to the effect that there won't be cnou~%h people to op~r~te nil these 
devices produce~ by mn~.~ustry. 

! think that situotion is b~.~ing rectified very rapidly. The universi- 
ties at the present tim~> and the engineerinc schools are ,_.~I~. to Dour out 
men trained in the field of electronics in enormous numbers: I think it is 
abet~er bet that the ~rkc:t will be glutted three years from no~,~ than that 
there ~II b'e a scarcity, unless the pace of n~; develop,.ncnt •proceeds 
f.~ster than at the present time. This ~ a point_ I ,~Jou!d b~ v~r~ ~l~d~ ~ to 
exm~..ine further. I might be quite wrong. I "don~t feel the sAarm that 
was current, I think~ ~.~ year ago, 

Let me take a case in Point. There are at the present tL~o in the 
~Eiectrical ~igineerin[~ DepartmEnt at ~.[IT just a thous'cn(~ Students ; ths[t ' 
is, fresh~en to gm~duate students. That is a lot of peopl~ ,~:ith elc~'ctri- 
col engineerin[~ traininc. I think tlm s&~.~e thing probably app_].ics }&]. 
the ~'.qy d~.~ throuzh tcchniciom_g~ and so on. So, i om not [~t ~.]. con- 
vinc6d that thi's ms one of our most serious problems .~t the present time. 

Q[?ESTIONER: I ~,~,.s thinkin;~ more in t~rms of men on the lo~ver level 
fgr maintaining the equipment on the ship snd in tl~e airplane. 

DR. ST~TTON: That is a little differant point. The ans',~r %0 that 
would de'pond a gres.t deal upon our engine,-:rin~] design c.s ~'Jcl]. ~,s upon the 
nL~mber of men available. 

During the recent ~Lqr production equipment ~ro.s so close to the brcad- 
bo.qrd sta~e., in the l~..~..:,~,n~+, ~~.~ ..~j, that there ~.~'.s practically noboc~y. . ~r~o~- 
unders~cod ho~r the: thing worked e:<cept the r:..om. ~.'hc made it. The tr?~ining 
problem ~\,as simply s'tacgcrin; C, It s~,cms to me the best w.'~y to me','~,t this 
difficulty would be b~I miniaturization of col?ponents; th.: use of such 
things as printed circuits, ~}~d the like. if we continue" the ~>Id m~mer 
of design~ it ',,,'ill be out of the qucstiom to try to supply t~chr~ical help 
nec,ssso~y for maintenance. But it is pcrfect!y possib'!<., it seems to me, 
to make sll your ,~n!:in(~ering dcsi~n in such ,.~ ~;.}, that .almost onybcdy cs~ 
be trained in a very short time to apply some simple test and to ms.ke re- 
placements rather tho~ repairs. 

$ 

CAPTAIN RU.<~LEY: i think his question could bc broadened into something 
along the lines of what you said: If eith<;r side is ~-~in~ to use electr:~nics 
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i n  ~ worn t c  ~ m u c h  . ~ : ' r o a t e r  ~ ,& .~ t . t~  p . u ] . t i o ! i e : i _  .,'~evkc_•. • t e n  o r  o.,,;c~%,,-,,].<~ 
how c : n  w e  f i f l h t  s u c h  ~. w q r ?  Thor : . ,  w o n ' t  b<: a n y b o d ~ /  t o  d,:; ~ n . ~ h i n g  b u t  

o 1 -  • ^ Duo.~ t h e  s i m p l e s t  b u t t o n s  t h s t  a r e  :."..?rkeo v...<th ~< r ' n d  B ,  

"r ..,-. -,. 4r] "° " ' "  So1"!-0 oT t ] ' IC o ' r : ' " b ' 1 ( ~ ; " S  Q,JE,~T].C,~'~: Do ,~ t c , r  v r c u l d  , , ~ '  , " ~ , ;  ~?.s. \ ; : : :r , : t ._ .~ 
. . . . . . .  , ,~ou~_: ....... t i n t o  pr<'.f, u c t i < - n ?  i m  t h a t  _, o o ~ l ~ . , ; d  i n  s del~.y i n  c e t t i n g  y ~ , u r  ,. ,. " f  . . . . .  _ 

o t h e r  w a r d s ,  y o u  s p o k e  o f  t h e  e i ! : - h t e e n  . ' : ' . -mths '  t i m e .  

DR,  S~zuk~O-~ :  I t i ~ i n k  t ~ m ~  t h e  p r i ' n c J . ~ a !  r e s s o n  u 'as  t h e  r..:~,~, r r e -  

. . . ,~z._] . t~es ~ t h e  rather Ar.~ric~n c o n c c r ; t  s t r i c t , : ! :< ] ,  a m c , u n t  o f  m o d e . I - s h o p  ~ ' ~ "  " -  a ] . s . t  
w e  m u s t  d o  ew~r~%hJ .n ,  Z i n  e n o r m o u s  q u a n t i t i e s °  

! ' ~ " ~ ~  i r d u s t r . v  i s  t o : ) ! e d ~  a n d  . c u r  t h i n k . i n <  ,..~ . . . .  ~n~...~-, +~,~ t c  o r c f . u c t > e n -  
l i n e  m o t h : ) d s ,  T h e r , : : . f o r e ~  ,,,then y o u  build a nov:  car, yc, u ]_s. 2. o f f  ew:r?/::;o.'},y 
f o r  s e v e r a l  v , c c k s  o r  : a o n t h s  9.nd [~:o t h r . o u s h  :,t p r o c e s s  e f  t c , : - l i n - ] - u p .  ; , h e n  
t h i n g s  f f i r "_ , r ! !y  s t e . r t ,  t-hel!," d: :  p - : u r  o f f  i n  t r c m o n . : ! o u s  n u m b e r s °  B u t  t h s ,  t 
t : ) - . : , ! i n g - , , p  p r o c e s s  i s  -a v e r y  l o n 3  o n e ,  p a r t i c u l a r I y  w h e n  ,you h o . v e n ~ t  a n y  
l a s t  ye< . . r~s  m o d e l  t,.'.. : f o l l o w ,  

~resur-mbly~ the prime'cont~o.ct went to T;est,:::rn El.;:.ctric, GE, :::,r at. 
• or:.Tanization cf which the whole philosophy is bqs:~d on thgt ef Ior~;o- 
qu~rtity production. Encine,~rinz dro:,=,Sm3s "~;er~-~ made first in the _'._Rbcr,'.~- 
t o r y °  T h e y  :m~st  t h a n  b c  r e d o n e  %) _.meat t h e  ms~_uf-Act~.~rers  s t a n d " . r £ s ,  " t ! l  
t h i s  h a d  t h e n  t o  l:>~ s u b c ' : . n t r < , . c t ~ : : d  o u t  o v e r  t h e  c o m r b r g :  t o  p e o p l e  vj~o h a d  
n e v e r  s e e n  e ~ y t h i n g  .'.)f t h i s  k i n d  L-of  o r e o  A l l  t, h o s c  s t e p s  r e s u l t e d  i n  a 

,.~. t i m e °  I t h i i : . k  i t  ] .s  r c m a r k f t ! ; . R ; ~  £ c t u a i ! 2  ~ t h R t  
t h e  p e r i o d  v:z~s o n l  x c i g h t c ( . n  m o n t h s ,  

B u t  t h e  i@.@c I f i s h  t o  su~ '<~cs t  . . . . . . . .  i s  t h a t  : " r e - ~ t c r  u s e  o f  , m o d e l  ,~,~:,;po~ i n  
~ ~ _ 0 . j  i n  9. p e r i o d  ~.'J~ich y o u  w ~ - u ! d  N o t  o u t  t h . i r t ~ , :  o r  J . ~ . f t j  p i c c e s ~  o r  m a y b e  9 ,3 

c f  t h r e e  c r  f o u r  .'.months -,~ -~ ~ "- ~ - , ~  '- . . . . . .  :n ~ h a v e  9 de._..], t o w a r d  .... -- ~ n.,J . :i..>n(. ~.:rc :.. ~ ]r-)r  c ,. i n  ...... , ,  
t h e  w a r  t h r m  t b  h ~ . v ;  p o r t . a n  o u t  1 % 0 0 0  e i i d ~ t e e n  i.%t.nt, h s  a f t e m ; . ' : ~ : : d °  ?.low I 
h a v e  n e  c r i t l c i s . ' . . ' ,  o f  t ! ' c  e i c h t e e n  < . ' . ' n t .~s ;  i n  f n c t ~  l t h i n k  i t  i s  c- r c -  
m~:rxc.o] .e  ~ c h ' ~ v r . ~ e : ' ~ t  r ~ r o v i d e d  ~ . u r  o b j e c t i w ,  ~.s 10~0, . )0°  T , . ~ - ; u c s t n . : - : n  
v , ; ! - e t h e r  w e  w e r e  : v i s e  :~.!wnS.-s i n  s e t t i n j  o u r  s c a l e °  

Another reactor ~'..'es the frequ~nt chang,< in procram° In rc.d.~m, for 
cx.umo!e~ vm st~.trt<:d out wit~- lO-ecntimet,'.r equipment. Then it bcce~t:,.e 
apparent that it wgs possible t:) mcccmp].ish- a batter r,!~su].t ~,~_th 3-centi- 
meter equipment° Ycr. could set ~reatcr rcso!vin< pov~er usinj smclIcr 
antcnnas~ whick w'<s very imp.::rte.:~t° Without qucsti:m this was a [~roat 
a4ve.nce in th-~ art° 

t h e  e n t h u s i a s m  o f  ~ - ~  " ' o *  B u t  t h a t , ,  pn : . , smc z o  ~s -''~,,,n=c.~ ~ ~ f,g_ff.ov.,'ed t h e  l a b r : r q t - : ; r y  
" ~ . . . . . .  ~-  . . . . .  = ...... ,-~ wp.s s u c h  h . imt  e p r o p : : . s e l  w n s  ma.rk; t o  c o n -  c o n q u e s t  .of ± - c o . -  0 = . u c t c r  + '  ~",',-" q~ ....... 

v e r t  much  o 2  the ;  r~ ' .d&r 2rc.£'.rg..<~ t o  t}r ' . .s  n<,v, w < v e  l e n i ! . ' t h .  
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The problems of production arising from changing of plans were 
Sremendous. A n~mber of our people were .reluctant to take into account 
the magnitude of t.he .task. In other ~.,~ords, technical progress went 
ahead so fast that .equipment appeared obsolete before manufacturing was 
complete. This Certainly complicated the production problem., 

' Q[~ST!ON: Your statements tie in very. closely to the question I 
had in mind, that in production you are interested in converting develep- 
me'nt to usable aquipmcnt in quantities. 

But anen't ~,~ rurming tqc same danger in organizing our research 
probably, on the s mme basis? You look back in history. Cur greatest 
advances, actually, Our gr-~atcst fLmdamental discoveries, '~ m.~ve not boon 
found in the. universities or under organized rcasearch, but "Ln small 
olaces, i~k~, for exa~mple, men lik~ Faraday, ~o~le, and the rest, and 
their discoverieS. Aren't '~','e ru~ming into danger of reg:Luenting our 
science too much in tho.t sense? 

. . . . . . . . . . .  "~s sir; I think v-e are. DR. c,!RAL_~DN: ±~ , 

But it is a little more complicated than that L~<plies. There is 
a very real d:'nger ~nd in that I think concerns a great m:ny 2eopla. 
The difficulty is thct contemporary Science is a very much more complex 
t>.ing than it vz?s in the dhys of Boyle, Fsr-day, :nd the r~st. It is 
a very much ~'oro complex thx~<~, thsn it was, let us s._y, even in 1935. 
Even in the univ,:;rsittcs in that oeriod (1930 to 1935), yo u could tI-~]'Te 

gr~d.u-te student ~ n d  you could , ~ I i V e  h_~l. ~ little bit of equipmcnt, 
out him off' so,~.et'h,;re.. , .nc: .he ::.~,.~h~. do .':: vcry good job. In the s:me 
~-.my, :n inshructor on your staff could bc ,ziven minim,av..tmo~unt of 
tcchnic-I help throu~h m-chine-sheDs "nd + .... b ~ . 
to conduct the ~csc:rch hL-..self. If he needed so:no v~cu,~ tubes, he 
possibly h~d to build them. He had to design his o~'~n circuits. He 
hFd in mind a c~rt::in object in c'rrying out the exporL~.~nts ~nd to this 
end he developed his own equipment. 

i?ell, it is just about impossible to do th:t at the present time 
bec:use of the complexity of ~lectronic devices, Look :.t the back of 
a television set, or just :.-n ordin:ry cloven-tube receiver, and you 
v,~il! find c m:ss of wire, coils, :nd condensurs. 

Now the tim.~ that this research man ,would h:ve: t'o put in, tve.~ if I 
he vms familiar "s,ith the whole busin.:ss, to construct ,~such a thing would 
~.bsorb a w~ry large ir:ction of his ~,~hole cr<:ative effort. Th~.t • tL~ao 
is simply not nvaiicble in the universiti6s and it is not profitably 
available in.any other ~.aboratory. Yet, in order to carry out some of 
th(Jsc cruci:.l experiments, which perhnps are of the seine character as 
those of Faraday, he needs just such complicat~ d instruments.. 

17 

"x 
H...J/:Lt3 ~:-~ I i r . . ~  ;Z il l:zl I; l j  



,:.~., i -~ . - ~  i~ ,i~'~;-.: ,i<',, "~ ~'; ,!":..:: i!.: ,~) 
[J ' ~  U-':.:z' •r~¢" C I~ '_ .<-:. ] m=:.:. =- .... 

This discussion co[~d easily develop into a thesis on the function 
of electronics. It is not only h:~portnnt in time .~f war, but it has 

reo~..rc.. The  become : :n indispensablb aid to tL~.ost all otLcr physical ~,,~ v. 
rcsco, rch worker, the Faraday of today, .~hcr.oforc, needs much ~Trc?.t-~.r 
facilities~ in terms of equipment, tech_.ticir.ns and "nachine ,shops, than 
he ever did in :'~ ~.n~ past o 

So o u r  m:.n h,.,., t o  ]occome~ t o  s o m e  C x t e n S ,  . o r ~ , : ~ . r ~ a .  
.member  o £  a %co...-.• One o f  t h e  t h i n g s  y o u  w i l l  n o t ~  i n  Z o c k i n .  ] t t h e  

c u r r e n t  .... , , s m e l l  o c r i o d i c ' ! s . . ~ s  t h a t  p a p . ~ r s  v ; ~ l i  r . p p c z . r  w i t h ,  s a . r ,  ,=~ve 
o r  t e n  n : m c s  o n  ther . t  i n s t c : d  6 f  j u s t .  On% .tb h e r e t o f o r e .  ""o~n.lo i s  
d .~s~,~r  ..... n4~• },b.ny p h ' , ~ s i c i s t s  f e e l ~  j u s t  , -s  y o u  i : . : o i i ~ d ,  ~h~. t  th~_s h i . ~ ' h l f f  
org'.nized type .of . . . . . . . . .  may sz .p ;  something that is individu_tl or 
e r e . t i v e  f r o m  t h e  . T r t i s  t h L . c . s e l f .  .., . ; . .  

In conclusion, lot re s~y that m:ny ~eople sh:~re your concern. But 
ig is not 9.~sy to sajr ho~': the problem is to be avoided. 

, - ~  [ : ~  O m  ~ ~"  M • ~ .  " w,.,~'~o~±,.-,:..: .. } : : . y . o u e s t i o n  ~ s  o n  t h e  t i m e  f r c t o r  i n v o l w d  i n  %h~ t ~ : s ~ i n g ~  
evalu0.tion, rnd acceptance cf prototjpes ..... 

• . ' ,  . 

m~,~  t!]c: N a v y  for ex[.mp!e: ~ . . . . .  _._K-~ ;~n~n the responsible burc(u hcs the pilot 
. . . .  " . . . . .  ~ "~ development ~'~~ ~',~ w h i c h  model completed, £ t  s ,~nds  it to the OlA, r - . ~ , o  .... I 

....... ~,,.K~ evaluation report, That puts it through the test. ',"u,-~ they ...... an 
go~s back to the bu_~ea~ and it is cith~r accu?tcd, furth.,:r developed, 

. . . .  n',:n whoru it is evaluated The CNO or susecndcd. Then it r<ocs up to .,:,.,., 
gives the decision w ~,-~ .,~.,~h.~- to go '~...~.~.c'" ' or not.. 

t q c .  ~ " ~" Is our system " o~s~ .}&; can .use, or is th:.;rc a .]x:ttor system, or 
can v:,c rmduce  t h e  tJ:{:c f a c t o r  .-,~,r ),~,_y.~ . . . . . . .  

~ i r ~ . T T C . . . .  ~n.wik _~ u -ziuch b e t t e r  ~,~o..t~ gon • , ~ . . . p ~ l ~  I ~ '  " j;.otl a r c  a 

to ansv,,cr that than I a:u. 

it does seem to mc 6~t ~' "~ ties in w;r7 closely.y,,'ith this . "~' 
, . 

of ::.ass production. That systes:., is essc_.n.;.~al ' , ,rou are ~c--I ~, with 
s., a l~mge nur.~ber of ite':s and caPm.o t  ~_.~ord to risk an. improperly developed 

product. 

What was so cxasper?.ting durinj the w:.r w a s  : ta  s~c th,'t s.~ne 
succession o- ~r.,c,~so,,~ ...... ll,d to de.vic,,s which wGr~ to be used invery 
s m : ! l  q_ u ~ n t l "  "~",,l~,~.o, ar,  d i r . : - - ~ d i c t u l v ,  i t  w a s  ~ -~±'~¢., t o  see a p i e c e ,  o f  

• ~'- Of e q u i r ~ : n t ,  rc~.d,r, . f o r  b t t i e  .,~.~i~ '<.. , t h r o u g h .  . : 1'.. ~ t u s t s  a t  t h e  v?.r.Lous, 
proving grounds throug!;out th~ country for - p~riod Of :.nether o'&,htcen 
montl"s, 

[ .,.]! -. t(.< h ,_.b~ , : "~ i ~' 
c:~ ; r  - ~  . .  " ~ ,~  , '1 : : - ~A  , , .  . , I ,  " • .  ~ . ,] 
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QU?~ST!ON: Doctor, in v£2".t fields de ' , o u  cons~_d,or resotrch "rid 
• ~ .'~ 

dov,~looment facl_l~._~s inrdequ~.t~? 

DR o ,~ ;~^~ .Teu .  In ~l~ctronics, you :uo'n o 

.,A" 

DR. ~o~̂ ~.,.=m ~ .... ~u:".~ : _T den't believe i could answer that; sorry. 

BU£S'~ION:;. _ You comu~nt~d on th~ acoustical panel. Uould ,"ou c~'e.-, 
+o cormuer~t on the infrared panel, their ,:ork'?. 

DR. S2T".?~T2DN: Yes; sumeiy..- 
£ 

A lJ.ttlo bit lik<~ the .... " ~" ....... ou.~tlc~.l panel, the infr?.red : - a n c : l  needed 
a homo. The ~.~ctronlcs ~ .... "~ , <~o~,.~,=~.e was set up before the CoP.r:].ttce on 
Physical Sciences, within which it ;:ould morc nat,~'a!ly fall. 

Lafrarcd ~'~as not devc!op(~d v~ry grcatiy in this c¢,~mtry during the 
war--or at least not to the smme extent it was in G,~rm~ng. ~<.~crthol~ss, 
it "~'~s b~¢n " .<iold of int,~rest .for m~, ~,~ ~u~'z's oven during {2rid ;~'r 
I. There vms the possibility of detecting ~'.n cirpl~ne b~; infr-r,.d 
u~issions from~th< exhaust, 

• , : ' . n o n ,  of course, ,n,~ us.~ infr~rod d~.'co~ro for v~rious <,urposes 
was cur.rent during ,-or o;',m )~m.r. In addition to these a~piic.-.ti()us to 

~ ) detection, v..~ry prebabl)~ infrared will b~ of T, ruz.t use ~ r iaterfi~t 
co~;mnications probl~2s, v~l~ro you %'ish to cocmmnicate with comolct~ 
~ssur~nco :~ou will not pass b~y,,nd a cert.'in li~r~t. I think th-t is 
c,n.., o f  the principal a~,plic&ticns. Present infrarc:d detectors ..-re not 
~itogethcr satisfactor$~, but prtgress is b~ing rondo. : ~ 

T~ ~ ~. q ' . QU~.,oTIO .... Dr. ~tratton, you h.~v~ ]mdicatud that you tn~nk r~s,:arch 
in electronics is probably ~dequat~. Uh~t about d~volou~:.ent ~nd 
~h~9 Do you think our effort to~'mrd r~lly offectin~ 'oc, d d{:~sign 
is .'o.equ~te? In other words~ are we :;.ak:_.n:~: the o~s~ o~.~.ort to keep 
from corDlic~ting our oq,:.i~nt needlessly? 

DR. oT:=_~P'~:,~: Yeu ..... 1.~.e how hard such questions are to :-nswcr. 

~ ' :  ~ ° ~ T  ; " ; ~  O ~  . " . . ,.~..L:,oz....0~A.,~;: YO~ spoke coymmnicat ions  ocuip..'2-ent p r t i c ~ 2 a r l y o  
That is 21so ::y field. You ..',re thc first p<;rson i .hav.~ over hoard 
suo~2~ with v.O.o~_~: I agreed i00 per cont. But our design of ~quipmont 
drying th~ v:ar was sot u~} to the standard that th~ article ~:,uld h/,ve 
per£~tted. 'J~ noedi~:ssly cc&pllc_~ mr.ny d~vicus cad our r~pair, :,nd 
maintenanc~ problem ran up ~.rr~ ~cally. 
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Unless we impose much greater r~strictions on design, if an 
engineer will design ~,:i~at hc ~'nts ~.nd lots his creative urge rim 
away v;ith hh~, we will have a heterogeneous mess nobody can :uake 
function ~fficicntly. 

DR. STRAT'IDN: You mske it easy for me to agree with you. Frankly, 
I do. 

C,'-.~ing' back to <'y statement about the 3 centL'.~.eter radar. ?~e 
would b_r..vo been better off peri~aps tc stick ¥~ith that and s~e hey; 
simply ~,e could ~_a'ee it. {r;e would have a lot re.ore sets working instead 
of a vrst n~ber sitting on the s4.de with no one kno~'.~ing how to repair 
them. 

Althour~b.,. if ,:.',~u~ ~.s!'. me ~i:hether the effort is adequate or not, 
<.~,. t ,_ do not .know how to "nswer. But I c'_n sty v,'z~nout, e.r4. ~ ~ . ~ < h e ~ - t i o n  

thot I believe a tremendous t:-tount along ~- tn,.oe lines .can be done. It 
is in the line of block rcplrcer.:ent and simplification of s.'.tainten_~:nce 

~h~t is v.,h~ i said, e.nd instrllations, ~nd all tht.t sort of thing. ~ ~ 
in conn~ctiou v..'ith our rad~_r progrmm, I am scmmwhe.t concerned to sos 
~'~ith '.,.hat .... .. ,, of en~:'lusla~m people talk ?bout ~e,-'"'"-' .<~lnus r~ar v;hen i think 
there r~e in the l.borrtories--at I ~-a~-t there w~re at the end of +i~-, 

-~'~ r.._qd ao~lTect to ~xm=~in~. radar war--so re'u<7 techniques th~_t could be uo...~ " " -~-"~',- 
to m.~ke them much more ~offective :.nd usabiu pieces ~..,.-~" equipment. 

So ! think your point . i s  entirely ,~,.'olI taken. 

,.4u~:o±:.c..~..: !,.{_<ny d,~.rs _~,o I vm.s ~:..Dr<.~ssed by th~ -act that state- 
.~-~cnts ¥:crE quite currc.nt--an4, very muoh so in t'i.'..: . . . .  field of ~d~c--~mat" "' 
developments were going on so f=.st even the export ccu.id not }[cop up 
~'.'it h them. 

Assm~,ing there v:ii! be trem,~ndous advances, could you'cos~.mtunt for 
a moment on the problem facing the sci~nt,ist in the fi~].d ef ~etting 
infor~uation o.u ¥~hat has already been done b,~fore so thst ~,hen war comes 
a Z.~,in ',~'~ can avoid duplicating sem~ very ~x~cnsive exQer~.~ents ~nd gc 
on fro~- ¥ , ' h ~ t  is th~n } . rnc ;wn? 

DR. STRAfTON: Yes I can do that. I ~ill try to :::-kc it short. 
i do not. think c~nough is being d om<~ along those lines. One of the 
sug~estions that h~s b:,cn :::ode vm~; reccnt!y is th:t this cocmtry n~eds 
a sort of h?.ndbook, such .'s ?:as put out in OEr~.r.!T orior tc th,~ v;ar, 
~:;hereby so'-:.eone or sev,~ral people ~:mde ~. r.;view--not a bibliography, 
?ou'D <.. r e v ~ _ o ~ ' - - o f  ~:~.c t ~ c n n l c a l  _ c o  . . . . .  1 . . s  . . . . . . . .  l t ,  o < . 4 . u r i n g  t l t , : :  p "  s t  y e a r ,  

v~ith sufficiunt references so one could oursue the subject further. 
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Now there arc t';¢o implic~.tions: i think that the circuits of 
r die sets ,Yre indeed becoming cem,:.lic~ted th_tt only <n expert 
technician c~n detect ~ f'ilure ~nd roo.-ir it. On the other hand, 
the develop:;~nt of principles do~:s not ~rocc.od th.'.t f~.st. T~.~se ~re 
the thin,Is we should be kupt uo to d at~ ~.,n. Then, h~v~n'~. ::~r~cd to that, 
we must have o.t our dispos~.], t w o  things: On~ of them is ~'- propur digest 
of the !iter.-ture, v.'hich I d~ n<~t tb~ink e~.cists ad~quate].y in this country; 
and, second, the point I ,.~adc cariier: you need tvchnicto.ns, whose 
job it is to kno~'.." how to put those circuits togcthcr when jeu explain 
what i~ is that you d~sire. 

.oAYT:-~I'~ ~<,...,I.E_: Our t ~  i s  abou t  up,  Dr .  S t r : t t o n .  I o.~r~.~..ln.,j 
want to th~.nk you, c n  b~h~.if of the C,o:.~:.and,<nt. and th~ student body, 
for bringing to:~uh~r and s',~nthesizing .all these studies intc~ a very 
infon..'::a tiv~ discussion. 

(7 Jo.nuary I~8--&50)S. 
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