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RESEARCH AND DEVELOPHENT IN ELECTRCNICS
Ly December 19h7

CAPTAIN ROWLEY: Gentlemen, so. far in the course most of our lectures
on the subject of technological progress hsve-been rather broad and have
cut scross the whole field pretty much on & functional besise

This morning, however, we are going to pin-point our attention on
research and development in the field of electronicse. To deliver a talk
on that subject we have been very fortunate in obtaining the services of
Dr, Stratton, who has come down from Masstchusetts Institute of Techno-
logy, where he is the Director of the Research La ebdératory of Elcctronics,
He olso holds the post of Chairman of the Electronics Committes of the
Research and Development Beards

I take greﬂt pluasure in presenting Dr. Julluu A Str‘tton.

DR, STRATTON: Captnln Rowley and gentlemen; I have been asked to
discuss with you this morning the relation of resecrch and development,
in the field of slectronics, to the national security. Imuedistely I am
confronted with the cxtremely difficult task of stating exsctly what I
wnderstand to be the scope of electronics. Certainly I should be at a
loss to give you mny concise definitlion of the term. An sirplane 1s a
tongible object thet can be described in terms of cperating characteris— -
tics or costs of deveclopment and manufecture, Ewven though you mey never
have had occasion to deal with a guided missile directly, the word cer-— '
tainly conveys a concrete ides snd you will £ind it relatively easy to
grasp the essentinls of our Nrtional Missile Progrhm, though perheps you
mey not always concur in its wisdom.

'

But electronlcs is not something that flies through thc air or drops
like 2 bomb, Rather, it is a veat multitude of intricd e devices that
enter into the production, test, ond operation of nesrly every major
wecpon of war, and which are pleying an increasingly dominaent role in
our so-called mechanlzed erts ' S

To a very grest extent, the primary funetionm of electronic devices
is that of communicating:intelligence, Ve can classify our field, :per-
heps, according to the nature of this intelligence-ond the manner in
which it is obtained. Telegraphs ond telephomes desl with code, word,
or voice signals that tronsmit command or information from point to po;nt.
This ig communications in the restricted, convcntﬂdnel SEN5Ce ,

Or, cgein, tho presence of o distont object may be dlSClO?cd by a
reflected signal, an echoy this is radar, Rodio end radar, rids to navie
gation, constitute nnother group of dovices for- transmitting intelligence
to the navigotor, some brosdeasting 1t automsticnlly and somc responding
to the challenge of a pilote.




Finally, 211 the devices which belong to the vostly importont field
of electronic control igerve, in fact, to COﬂmunlcmto intellizence of one
sort or anothcr. For example, a sisnsl may rcport the foct thet an -
indicator necdle hos-devinted from o prasst position. This glgnal, by |
sctusting a servo mcefrnism, may restore ¢ gun to its target or o nir-
planc to its coursc, :

The heart of a1l electronics ‘is the electron tube itself, In recent
years, these tubes have been developed in many forms and produced in
stupendous. quantities, They serve as generqtors of electromagnetic waves
up to frequencies exceeding, s&y, sixty billion cycles per second;, as
amplifiers of infinitesimael currents by factors of nany m111¢ons, as recti-
fiers of alternating currenis, ond for a host of other purposes., The de-
velopment and design. of such tubes preoccupics an’ 1ncre381ng number of
physicists and engineers, This is becoming onc of” the VLTj'lmpOPtunu
parts of the naticnal industry, .

To operate offcctlvely for a given purpose, an electron or vacuum
tube is associated with a cirecuit containing resistence, conductance, and
capacitance. The.design and producticn of these cireult elemcnts come—
prige another vast divisiocn of the electrical industry.

R .
Finally, the actusal trensfer of intelligence or informstion requires

ttensmission lines that carry electromegnotic energy from one point o

another, or antenns systens tht facilitate its radistion into spacce

The design and development of thise antennas, or rudis tlﬂg systums, con-

stmtutc anoth€r Vurv'iﬂ?‘rt nt “'rt of tho vloctrbhic nnuatr

I have endcﬁvornd to convey to you very qlickly a first iden of what
constitutes the ficld of sloctronlcu by indicating the functions: l rroblens
with-vhich one has to deel., Had I the time, I would elabor:zhe bv.an
historical eccount of the cvolution of ressarch and dcvclopmont in the,
field of e¢leoctronics since the time of Edison, ‘ : :

. I glso wish that I had time to say a fow words about the extbreordin-
gry accomplishments of electronics during the recent Yorld Var, parti-
cularly.in connection with radar., But since we have to 1limit ourselves,

I think it will be of more immediate dnterest to you and of mora immediste
benefit if I confine myself to @ discussion of the currcnt situation, It
occurs to me that I can d6 this most naqlly by emploving, as & mouns of
classification, the pattern of the Rescorch end Devielopment Board itsclf,
I am sure you src all fanmiliar with the structurc and the purpose of the.
original Joint Resecarch and Development Board ond the new form it is ex—
pected to takce as on agency of the Sceretary of Defense,
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The board, &s you know, does. its work, in the first placc, through
an extraordinerily cffactlvo secretariat; that is really the thing that
mokes it work, And, sscond, through & group of technical commitioos,
These technical commitiees, in the order of rese~rch and development
funds for which they are responsible,. sre the Comities on Acronautics,
the Committee on Elecb“onlcs the Committee on Cuided Fissiles, and the
Committee on Ordnence -

To give you somb idea of the amounts of noney I am going to talk
ebout, let me say that the ceiling budget for the fisenlr yeor. 1949, for
all military services=-the Navy, the Army, and the Air. Forcu—~1s about
477 million dollars. Although thbre is =@ supvlcmeﬁt 1 budset, for pur~
poses of .comparison. I shaTI refer to the Cbillﬂgov

of thlu 477 million dOllﬂfq, ‘there was allocated to tne Cownlttee

on Aeronautics approximately 126 million dollars; to the Comnitiee on ‘
Electronics gbout 116 mllllon dollars; the Commlttee on Giided Hissiles
is responsible for research and develommert to the extent of about 75
million; finally, the Committee on Oranance, 47 million dollars, or a
total of these four committees of 284 million out of a total of 477 mil-
lion dollars. ) ' o -

~The committees, in turn, in order to do their work, appoint techni-
cal panels end the panels vroliferate subpanels. and this process seex
to continus, like an eﬂiuewic, until very shortly it sppears that almost .
all civilian engineers, and most .of the military, will bhe engdsged in '
R&DB committee work. The situftion in this regard in the Electronics
Committee is particularly bad. There are now dssociated with the Com—
mittee on Electreonics, for one reason or another, about three rmundred
peoples - This. steggering multitude simply reflscts the grest complexity.
of the field of eldctionies, to which I referred at the outset.

Immediately after setting up the Comnittee on Electronics, we agreed
anong ‘ourselves tha t we snould reduce the number of panels te & bare
minimune The manpower problem vas, snd is, dxcceding gly serious. - After.
gll, pecple carnot spend their time going to méetings. So, the Yist of
panels was reviewed with the utmost care. -But, even s¢, as it now stands
we operate. ten technlcal panels, Let me. nane them for yvou-—-tlicrec is &
pancl on acoustics & panel on basic reszarch pancl on communications;
one on conponents; another on slectronic count mrﬂgaslr883 a panel on f

- zlectron tubgs; one on infra-red; 2 vanel on radory o panel on radisting
systemSJ‘and, finallv, an oxccod;nplv 1wport°nt panLI on n<v1ret10ﬂ.

ﬁNow th; work of cach-of these ten Jancl g, is, I thlrc, from your
point of view, not equally importent in its relation t¢ the indpstrial
potential of the country or in its ketring on thc problems.of -dovelopment,
manufecture, and distributions I should like, therefore, to comment in
greatsr detail on the work of, say, three or four pansls.




I mentioned first e panel on ocoustics. It is questionable whether
the Zlectronids Commities should be responsible for that field~-if there
is & question of jurisdiction. Acoustics involves, of course, the very
importent and vitel field of submarine yarfare; but it has also to do with
211 the so-colled transducer coudprent concerned with troensforming elec-
trice) energy into ccoustic energy, and the like; many ocoustical problems
related teo telenhone treansmitiers and receiver; and such problems as loud-
speakers, which are transduccrs of a kind ond re]atcd Yo the gubjeet of
clectronics. And so, ncoustics happen to fall in the Electronics Com-
mittee for no particularly good resson; but certainly we do heve & very
groat interest in it. Tdill pass quickly over thot once

Much &s I should likc to spend the remainder of the morning tolking
to you cbout the basic research nanel I also think I should »oss rather
quickly over thc activities of that groupe. I 2m owere that corlier
apeckers in this series, particularly Admirel Lee, Dr, Bush, and Bra
“”tcrmur, have impressed upor you the importance oP pure research to our
entire industrial effort.

I should, oerhabq, neuse to comment on tke guestlon of whether our
rresent basic research effort is sdequate. Frankly, that is a question
I hardly know how to answer, I want %o steuk about this guestion of
adequacy & little loter,

My frank and purely personel feeling is that basic research in
electronics at tne present time is wholly adequate, I am sure that some
of my scientific collengues would be very unhappy to hear me say thise .
But I think there is a very effective amount of busic resesrch being
done throughout. the country. Itis also ny feelirg that although it is
entirely adequate st the present time, inevitably that effort WllT be re-
duced in the coming yearse. That is tne future we simply have to facce

At the present time, so far as we ¢sn determine, about sixteen per-
cent, of the total funds availsble for resenrch znd dvelopment 1n tha
field of zlectronics is being applied to projeets that are termed “basic,"
Kow you are familiar with this kind of statistics. You arc aware of the
great ¢ifficulty of saying, "This is bosic and that is devslopment," just
as it becomes difficult or impdssihle to say, "This is development and
this is design enginesring.t I am gquite sure if we examined carefully to
find out which are basic projects among the sixteen percent, we would
find many of them might as well be called "development." There is really
no sharp dividing line, * -

But that represents & fairly large effort cxpended by Servico labora-
torics, and by industry end nniversitics through contracts with the
Servicess I think this is going to be roduced, so far as the universities

o+

ore voncerned, for t"o reasons: One is that the cffeetiveness of the
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present program, at least in the universitics, is tharks to &ponsorshi
by the Navy, the Army and the Air Force,

I wevld like to testify at this point te the very cnlightened policy,
formulated pernans under the leadership of the Of7ice of Havel Research
but bocked by the Signal Corps and the Air Force, under which this spon-
sorship tckes nlace at the present time. - I cannot believe thst we shell
ever see from many points of view, a more sstisfacteory sponsorship of
fundamerntol science than thet which is now enjoved by a number of ocur
universities. :

I leel that that =lmest inevitably will change. Probably there will
e & science foundation; also I think thet 2 science foundation must in-
evitably operste under a totally different policy,

In the second place, it is also ineviteble thot the budgets will be
) &
reduced snd that undey such circumstonces researchn, however desirable,
nas to give woy to the burden of maintaining operations,

in concluding my comments on besic reseerch and its adeguocy, I think
L should soy, with an avowed intention of being rrovocative, thot T am not
at all convinced that the support givin o pure research by industry is
sufficiont or in any woy adeguotes Many industrisl orgonizotions corry on
some amount of basic resecrch; particularly hove thev done sc in recent
yeerse Companles 1ike RCA, the Zell Leboritories, and GE do make splendid
contributions, but I do not believe that the industry jointly does its
share In the support of pure research throughout this country, If in-
dustry objects te militory sponsorship, or federal sponsorship, perheps
the remedy lics very close to home, The ficlds of industry must be tilled
end fertilized and cultivated 2s well as horvested.

Now to pass on to the pancl on communicaticns, It is om this ona,
perhaps, thet I would like to dwell longest, It ceals with the problen
of trensmitting comnand and infeormation by wire and radic, ODommunica-
tions, in the restricted scnse, is, by 1l odds, stil} the dominant in-
terest of electronies. Historicrlly, it was, of coursc, the first (going
ack to Morse's telegroph) and is now the greatest in terms of numbers ond
voriety of components, volume of production, mumber of installstions and

S

operating personncl, both militory and civil.

But in svite of 211 this--and this 'is, ngrin, purely 2 porsoncl vicw
to zrovoie your interest-~it locks at the presant time the imaginative
effort in research and developuent that has been vlaced on other tranches
of electronicss Inagirative research and developuent~~the breaking into
entirely new concepbs and new fields, particularly with regard to nilitary
cormunicabions-=is wholly inadequate in terms of its importance,
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It would be preswintucus for me, an anateur, to explain to veu the
importance of excellent com wullcatLonq in militory operationse A1 hig-
tory is full of illustrations of that fact. You may recall tihe celebrated
pages of Tolstoy's account of the Battle of Smclensk, in "War end Peace,"
sbout 18123 hcw careflly the plans for esch part of the oporation were
laid and how, once the eneny was engaged, the command Lost nll contret with
vt vos gelng on and now the viole battle proceedad in gquite a different
fesuion from what was ever contemploteds

And one cannct read sgein the accounts of the long campaigns acroess
the river here some 80 years ngo, betwoen the Army of fhe Febomac and the
Arryy of Northern Virginia, without heing dmpressed time and Sime agoin
with the fzet that if's commander had reccived promptly information that
wias In the hands of his subordinates, or if his subordinotus had known
whet oction wes to be carried oub, the tide of bubtle would have beo
turned irrevocab]y. But too o?tu“ the decision hinped upon & lucky gucss
made without 2 true knowledee of the actuzal disvosition of either Lorccs

The recent war is too closa to all of ug for me to need Lo tole many
§ !
grxroples frowm ite I odzhd dust -ention in passing, hovover, that 17 you

were to examine the enrly days of the sntisubrarirne emupaign, you would
find 1ts ineffectiveness was frequently due o lack of proper comomicte
tionse The failures 1n this pariod were hoth tecimicnl snd orgonizationsl,

Ancther exaarle wo might lock at is biwe rother shaky efforis at oir-
ground suphort, porticularly in the early part of the Itelisn corotipn
when tacticel cir wns not uscd elflfective ]v beeauss of the difficulties in-
volved in tronsmitting brck and forth tho necessary informstion,

AlY of this is sinply bto say that in winning o war, commnications
is vitrlly important.

During the past wor the offort we olaced in the resciren and. do-

ve10ﬁ“enu ef radar wis tresendouse 1t was commnerblo only to thnt of the

Menketion Districts I wvantare to suppgsst thnt 1 o sizsbla nart of the
effort that wos nlaced on rodor had been npplicd to communics tl)1u, many
1 )

Iives would have heern seved and smeh timz spored.

, sic pretlen of commnications is that of trins-
mitting the naxi-uan nt of inferriction in the 2 tdine, using the
smollest band of radic caueneye 1 o simply soving we hove ovoilable
only the radlo freguency spzetrumgy in foct, we hove ‘ﬂVHllablo only ccriain
ports of 1t becfuse its use devends upon the distance of transuission and
5 rumber of other pursly technicol Factors, '

Techniie=1ly, the bo
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The radio frequency spectrum is beconing tremendously convostou.
The problca of obtoining channels is growing incressingly difficulits So
cur technicol effortesrrd this, I shiould sy, is the problem to which
resecrch in communicostions is now being spplied--is thot of ﬁotcrmining lirits
to Lthe tronsmissicen of intelligence. How con we send this aoximem anount
of informetion in o minimurm of time, cnd with 2 degrec of 5“cur1uy; sceurity
not only that the cnemy won't be able to dosede it, but also that you w1l
get 1t oand get-it in Yime to be of some importance,

4

.

I might suggest nlso in passing thot in thirnking Shout comnicabions
from, what I conceive o be, your point of view, it would bs well to study
our relations with and the dependence of militory communicstions upon ATET,
the 3eil System, We are extremely fortunate that the country pcssesses as
one of its indusirial resources such a splendid organiue t$on. Tt is proper,
indeed, that we should drswr upon it, probably more than we have in the pasb.
But T should like to szy alse that I think perhaps there is & tendency some-
times to depend too mmueh upon the technigues developed by Bell and ita
procedures, Let us use them to the very best advantsage--and cert=inly no
industrial organization has given more generously of its time and resources—-
but I believe there are problems in buttle communicstions that are net

Atap m

normally encountered in the day-by-day operations of ATRT,

1 think we should give & lot of attention te the vroblem of what is
called "flash copmunications," or transmission prearvangensnt and by
proper techrique of a very large amount of informaticn from cne point %
another securely and in 2 very short time., OCne oxample wos the use by
the Germans of "flash communicabions to get 1nfovmatvon Irom thelr sub-
marines.

In swamary, T should.like to place perhaps ny nexipum enphasis in
this talk on th subject of communications because I believe thet, although
there has bzen a frerendous eflfort in teorns of production, we reslly are
somowhat in & rut; we heve a long wey to go and I ro conmend the n*oblbm
to your attention,

+

Coing on now to radar. This story of redar during the late wnr is such
T

a fascinating onc that L darc not dwall on it lest I bz carried awoy by the
ragrificence of the whole achievements To me, it rocpresents an J“pdrﬂll°led

exanele of technicsl developrment following CLOSle uronn the hecls of rapid-
v evolving tactics and strategye

4

Lot me just pausc to make that ooint c¢lwar. In ts2lking sbout radar,
ong tends t¢ discuss the varicus-kinds of rodar tnat were developed from a
technical point of view. But the truth of it is that thas evolutiorn of
radzr during the war feollowed exceedingly closc unen the changes, Lot us
8y, in the conduct of the wars

1




First of 2ll, in 1939 the British constructed radar warning systems
along the Channel Cosst in view of the anticipated darylight attbacks by
Cerman bomberse That was the beginning of air warning. ‘e, of course, had
corresponding projects in this country, perhfops even earlier. They, un-
Tortunately, had to use them flrut.

After the Battle of Britain, deylight bombing failed and the Gernons
shifted over to night bombing, " The Brlt“sh had foredeen thet, They had
developed their night fighters to & high p01nt of efficiency. But in order
to attack and shoot down German borbers at night it wns necessary to have

_sanetihing nore than ground-control radar; sometiing wmore nrecise.

So the problem became one of develeping airborne, search radar for
night-fighter interception. As 2 matter of fact, the first microwave
problem. that came to this country wes exsetly that of airberre intercsp-
tion, put to the Rediation Laboratory in 1540 ' .

o soen had progress been made in the mastery of nigitt-fighter radar
than the submarine warfsre took on increasing lmportance, perticulerly
for this country., Sec rador was develeped fer sirborne purposes in the
search for submarines,

You see, the time allowed for developient of a totally new thing wa
excecdingly small, Then, with the submarine varfare beginning te be uﬁder
control end the sirategy changing, we began homwbing i night and through
the overcaste Tais reslly wos simply an evolution of submarine-searcn
radar, o found out that by adding = compuiter we could drop our bombs
avtomatically on the targeb.

Finolly, there werce the invasions of Africz, Italy, snd Jormandy,
-end the peried of the great land buttles, Very quickly'the imnortance of
eir-ground ceoperation became evident, This was renlly the hardest problen,

think, that was ever put to rodar; certainly it was not ’qtlafﬁc orily

solved., But radar sheowld become one of the most imporitant adjuncts to the
cooperation of 'a tacticol air force ond ground itroops. '

There was, then, this rapid evelution. I have c*i+tbd in prssing
some other developments, such fis firs-contrel radar, navigaticn cids, and
‘o fow morc. But 211l of thils took vlace,you see, within & “ied of four,

Fal¥al

or at the mximun five, yesrs, T'Hbr"torv Staffe were able to no ifv

dasigns cnd lo Xeop pace with the necessary devolopment of cguilp ent,
But in order for this te be of any use, the cagincering design uud to fol-
low ond tho equimacnt hed to be usnufectured, I haven't time ho dwsll on

tnet point. But, there ngring T vmw“d suggest that Tor scrie of your
semintrs you m&y, &t one time or ancther, wont to examine wnd review some
of the productisn policies during t wer in connmecticon with rador,.

a
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One canrot help but have the fecling it mipght have boen better, on
certain occasicns, to linmit much of it to model-shop production. Tt seens
after we had done the cngincering dovelopment ond design thero clépsed
alviays o peried of elghtoen nonthse-ro matier what you Aid thsre wes olweys
eigihtcen nonths—--belore the whecls of indusiry hesen to rell the stuff ovt
in vest quantity. By that time, the charicter of the wir hed ehansed and
you 4id not need Tleter—*ntercepting rodar, hut something eWSe. So this
probler of gefring production in the propor quanbtitics to rornidly ovolving

K

strategy is 2 very imvortent oney indecds .

Our enthusizsm for the possibilities of roder was boundless, snd the
effort, of course, wns stupendous, In 194l clonc it is estimcted thot
2bout one blillion dellars! worth of militery rodsr wos produced. I have
hoard thot during the entire weor the phoduculon Tnounteu to souething be-
trreon twe billion and Four billion do¢¢“rg.

In retrospect, it ~prenrs to mony of us that some of this bubc cffort
night better hove beon expanded in giving life to otncr proble: For
example, the Ruadintion Loboratory stxrtbd out on Armistice Doy 1910 writh
soreviere betweenr eluoven ond fiftesn poople, Whon the lobors tor*'w"s
terminated 31 Decerber 30}9, there veore Just under four thousond on the
stalf, including ituchniciong, senior staff nemb*rs, end 211 the reste A
very large froction of rll the bast rinds in vhysics cnd electricol
engineering of this country vns concentraied theio, '

As T sny, I think soerhaps we would have becn better of f il sure of
thet effort had been npplicd to cormnicstions and possibly to other
weapons of ware. Thore is 2 fecling among o number of »eople-—-cnd this is

one that I share~~thot probably rader hos buun over-resenrched, The .
angwer bo. thls question oprlics directly to pro¥lens thol you will neet,
gither in conrection with your stulles or in your owm nprofessiennl work.

It bears on the question of whother we should alleow present nmomentun to
corry us forward with the further development of radar, or whether vie
would not do beticr to COHuClLthC fLrSt the tochniend gnins thut were wade
during the wor and capit<lize o them threough, cssentislly, the aedifica=-
tion of present equipment rﬁthov thian the developneant of entirelr new
rodar, o .

Particularly "thorce is the guestion of a radar worrning network for
natienntl defense, o preblem that I an sure mxy of you are, or will be,
concﬂrned withe  You know thet there arc o number of such plans under

iscussion, , Almost n11l, or =ny thrt I have ever seen, involve Tentostic
swis of moteys It hos been nroposcd thnt we ercet o chain of orrly worn-
ing stations along the Arctic Ocernn, or throuchout noriher uanada, or
surrounding certain first-priority sreas,




The guestion of what we do with such early worning if we had it is,
of course, an extremely difficult one te &nswer,  Radrrs L ove been sug-
gested and preliminsry designs made for warning of oncoming 2irplopes or
perhups even a larze guided missil e, ot o digtonce of 800 to a thousand
miles. :

A recent report indicoted that the only way of achieving the neces-
sory securlty‘wculd be to step 4ll procurement of present equipment; to
agree that prescot rodar equipcent wis obsolete and to concentrite on the
development of such very lorng-ronge radnrs, I think that such 2 conglue
sion would be exceedingly dangerous, I we toke the rador thzt wos de~
veloped at the end of the wor in essentially its existing form snd then
apply many of the dovelopments that were in "bread-board! fbrm, in the
loboratory at that time, T think we shall have equipment wiich is far more
advanced than ﬁl] the other weapons and alds we:will use in conjunciion

\Tluh .Lu.

It isn't that it would net be fine to have this long-renge radar; it
b »
is simply. the fact that we are not in & position to back it uwo with 4o
i ply. t frot that 2 t t to back it th &
€ ense .svstemn. seoms guestiorable whetbier wo should expend
complete defen tem. It ms guestiornable whetiher sh 1end
10 monay cower, blocing o tremendous o o whion-
that amount of meoney and mencower, _“ zat 4 lend ur n
e ; .L 8] esul S Ly E Fo UO g & gor .O.A. ::-f Tl 10 ‘-5—'....‘4.&‘;. - blS
ol economy, il the result is only goirng be @& sort wwinot I I
very well to talk obout lonz-renge raiar on the Lretic Ocern or on the '
o o i
snadinn Horder ut the resl guestion is, whan they have pickedmp the.
Conadion Bordegr, but tl g ti 5 1] julal T tr
snided missile sporonching ast, soy wee thougond miles sn hour, what nrc
cuided 1= ) R s b 1t 1 1 y
you going to do with the informeticn? ‘

‘

Thet means you have to consider the COﬁﬂHDJC«thP ret end the vwhols
problem of handline intelligence and dispeatehing fipghter srouns or homing
missiles thel renlly home, becnusge the Tinal O“erue result is to provent
that missile or that nirplens from exploding over wvour ovm territory.
This whele guestion on what to do chout £ nebtioncl worning systen is one
of the mest, difficult and ore of the most complaex with which we heve to
dao .

I shell pas s‘raﬂwal over the problens of countermcasurss, but feel
I should point out certnin questions of princicles It suems to me that .
counternetsures foll very muach into the cotugory of life and fire insurance.
You would be in 2 very bad situation, probobly, if you corried no insuronce.
Bot, on the other hand, it is dead certalu if you ouy il the insurince
that the solssman vanis to sell vbu——lor Vory good rensons, ampoarently——
vou will go bonkrupt. The some thing applies, to soms extent, to counter-
rensurcse  +f you try-to cohstruct arn v rendy & countermensure for
every possible attack, or every pogsible eleetronic wen poh, sou will go -
vanlrupt, ot least industricdly, : o

.
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What we need very mch, it scers to nme, 1s 2 sound policy on ccounber-
menguresy A policy for determining to vhat extent we will continue in time
of pence o countermersurs progronme--certtinly we must do somsthing vwe keep
clive the countermensurs technigues learned during the wory and 2 clotr
plen on how cnd to what extent we shell suddenly cxpand Uhls counlermefsure
program on the outbreak of war,

T am saying 2 nusbsr of things in this talk this norning thot express
only my cwn personcl opinion, fronkly to be provecative ond couse you to
challenge-cortoin accepted idess. Thus, I an irclined to say, £l theugh I

n by no menns & countermensurc expert, that we over-did some of our
countermcosures during the war; we did not get zn adegus te roturn--1 am

speaking now of rador countermessures--and should not hove exvected on ode-
guate return for our effort, Whether we did too mmch or too ittle is a
problem to be investigotods It is one, I think, thot requires very great
st“dy bHCuuse onca we arc comiitted to a plan of developins counteraersures
ond have on the shelf countormeasure equipment for all tze things thnt the
gnemy is known tc posscss, or “_gh develop, wo ore agsusing n enoruous
industrial burdun. . ' S .

I scu, with . sone disme vy thot my time ds gettﬁn"_ratﬁer shorte But
T would liku to corment on snother paonel which 1s intinatcly related to
the problem of comaundcations end radere It is onc of thic most importuint,
T refer to the ﬁroblc“ of ncvmgat*o“.

At the very ouiset of the formetion of the Resedrch and Develovment
Bosrd, consideration wis given to the proper handling of the problem of
air “ﬂv1v“tion; and in = brooder sense novigotion on hoth 1and ond sca.
Tt vas rather difficult to say just how this should e spproached, Sore
thought poseibly o soporete co;1¢t+ﬁe should be sct up for the purpose of
coordinating 211 resesrch on cids to navigotion ond for that of vroposing
plons for @ notional systen. Cbhers susgested another ponel to the Con—
mittee on Electronicss,. ' o :

There wos finally ogreeuent thot this problem shounld be ploced under
the Jurisdiction of the COﬂthtbL on Electronics. The Committes cccepted
it with very grest reluctance; first, becouse it is an old Ur\ﬁ"v in-
volvingz many defjcultlns tl ore political rother tonn tecLHLCMl,’and,
second, becousc it was felb tk“n although electronics entered into the
problen of oir nuwlg( ton very intimotoely, neverthceless there are involved
many - other vitol sspects such s the adrplane itself, londing fields,
lights, snd obher nids of & noneloctronic chorncters

Bat the bogic d'.¢"c1lty is that the Militory Scrvices cfnnot handle
it as ar independent problen. The Militar V~IOTCLQ can toke such a problem
a3 fire control or ﬂuldCu 1issiles, and aorec among themsclves hiow 1t should
be trectede Thoy «lso Implesent that agreesent. Hoe onoe olse is
o
frim, i
LI &

iy \'_I!E‘::J"‘Lf .




concerned, No othcr civil ngency is echnecerncd with the moner in which
vour . guided m1351le or ordnorice nrogron is orgnnized.

But thqt is deflnltel" not the case in cenncction with air navipotlon,
Certoinly the Reseorch ond Developnont Besrd, vhich is roes not31h1 for the
n2tional security, is oblignted to derl with this problaen of oir ﬂ“Vi””—
tion; but it c¢onnot set up requirements or estrblish o rosca rch ond develop-
ment progranm without toking nccount of the intercst of civil aviation.

Just ‘how to do JUathC to this juint interest hos heon o very diffi-
cult mottor, indends A first steo hes cn token by the appointment of o
ad hoc comaitted, under the chalrmsnshlp of My, Ralph Domon, not for thc
purnose of establishing d*rvctly o navigotion systen, but for thit of

finding out the nrturs of the problemy how it relates to the notionsl se-
u"lt“' ow it is recloted to civil coronoutics; :lqo, to exonine the prescent
resocrch ﬂnd developrient progrom of the Military Services and to suggest how
211 thesc interests can bo reconciled.

One point is firly cleorse On the one hond it is inprobohle thot the
Naticn can supnort in tine of percc mn adequate airswarning sysiom theot
serves no other function. I+ is alse somewhot difficult tr say whother the
country, whether Congress, would subsidize an cir-novigaticon syston for the
sole purposc of, let us soy, civil acronautics, or sclely os 2 mezsurc of
security for asc in tine of war, Bubt 1f it were pessible to join these two
together tnd to develop a completc system which could be converted in time
of emergency te a warning ond centrel systen and emmloyved in time of perce
ns g national cir-~navigation sysion, the cost of the investment micht wrell
be Justiied,

T must nceds skip over the activitics of o nuber of the cthor pancls.
But I want to conclude by saying thot beeruse of the vost oxtent of
electronic intercst and the inlerently diffusc nsture of the subjoct, T
have endecvored to skotch for you the brond scenc in rother guick strokes.
Moy motters I hive touched upcn only lishtly; wmoany guestlons. T hcve not
ansverced ot 211, However, I trust T hove conveyed to you o clenrer view
of the nagnitude of the current offord in the £icld of electrorics ond the
extont to which it is woven inte our entire Iobreic of attional dcfensc,

viish I mizht soy to you tant the Committec on Elcctronics of the
iaso“rch and Development Board is convinesed that the »resent rescereh ond
development effort in this ficld is adequote, Fr?pkly, the comalitee does
not know thots I, for cnc, do not seec how we, or any othor technicol
body, cin possibly answer such o quastion, The question of cdeguocy hinges
on o delicnte bolance betwoon the notional ecenony ond the threst of
foreien. agorossion, Excopt in tiunc of waor, funds tllcertcd to rescoreh
and dovelopnent must alwnys £o11 shert of whet the planners nsk for, unless
the country is intellectusdly boniarupnt, Enginesrs con alenys think of sore
things they would like to deo than we con pa j‘;,r. That is why we have.
ccillﬂg budgcts ond supplemental budgets, -
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But if it isn't entircly within ocur pravines to determine the shscolute
expanditurc, we enn 8% leost andesvor.to apoly bthe funds zvailatle fer
rescarch ond development in the wiscst possible monners This, I believe,
the board is leorning to do, and in so deing, I think it will perform an
wnprecedentoed service teo the poeople of this Nation,

Jhenk you very muchs -

CAPTATN RCGVIEY: Are voun rexdy for o fow questions, Dre Stroatton?
hd N q . ?

DRe STRATTON: I'1l do thc best I can to mnswer thou,

QUESTION: I nove twe guestions?t First, how con irdustry e induced
to toke on a grenter resegrch load thon it dess ot presont in view of the
vrobebility that the military budgets will need te be deerensced in the
future? And, sccond, how ¢on the zducrtional field induce industry to
take on o grester load?

DRe STRATTON: I sow seversl guestions that mirsht be asked, just
bafore this nour, Thet wfsr’t emens them.  (Loughter) ‘

That is zbout one of the hordest vou could posgidly put to Née
Frenkly, 2 do not know. It scems to me I made soe nossing rewnrk zbout
the support of resecrch by industry. One cannot axpuct industry to bear
the entire burden, or even & 1Q“FL froction of the burden of subsidizing
pure reseirch in the unive 1L1 They ere doing a considershble smount
in their own laboratcrics, I de n;, thwn<, frenkly, tiact the amount of
bugic research thnb is ®ione by industry, even by Bell, KCA ond CE, is quite
sc lorge o9 is sonic t'ﬁbslb lievede Inevitobly it must be dircetud, to o
considersinle degre L, to their end-product.

In the first pTﬂcc, if pﬁrtﬂ ﬂltr company ware asked by o university
for supuort the answer c
noney in this compony ¢
that wo Shﬂll cperote o
acney be Dl weed thbrr ¥

L

might well be, "eli, we hove aveilodble Just so much
o resenrch. EL have deelded, ns o matter of policy,
rosenrch loberatory, It only makes scnse thot t
ther than in somo dnlversity.“

. That is pGrfadtlv true, Yot the dndustry ns 2 whele deponds on roe
scarcit in the ficld of clectrenics for its fture mnrkeots,

It ssens to me thot the orsonizoticns eomprising-the industry 2s =
whole rust mect this cost jointlye-I should soy on o cortel bnsls were it
not for the Trust laws, Together tqa" should zsswie the continusnee of o
healthy amonnt of pure resecrcn in their own best 1n (r,rte Alnost every
menufacturing compony in the field of electronics ot th: present +1WO dow-

cs

a1
pends heavily upon nmilitery srderss They orc ip o beutb p izion now than
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ever to support rescarch in view of lonh times,, Vhot is geing to hoppan,
of course, is thot 2s the Govermment budeets ore cut brck, our research
effort is zoing to suffer zcecordingly. '

I heve not cnswered gour question fully, T imow, hut thot is chout as
close as I con comc to it ,

QUESTICH: TYou imdic ceted, I believe, that the tr’nofcr of sponsorship
of the Esticnel Science Feundotion would adversely affect the pros
vould you exnond on that? c s o -

DR. STRATTON: .-Did I sny "cdversoly affcet®? 1 sadd the odnindstrotion
and policies inevitably would he differen t. -

(After o prusc) This is one I noturclly wont to think over feor just a
mopent o o

.

My gonerel fecling is this: The ohjectives of o notione l seionce |
foundotion in the support of resecrch rmst, I think, be difforent from
these, let us soy, of -the Office of Novel Reseorch, The Hilitory Scrvicos
were impresscd with the imporiont beoring of  ths research ’ffO“D during
the war upon the rctusl fulfillrent of militory reauirencnts. 4As on 1%uﬁrlﬂ
neosure, they stopped in to 2BHUTE the 0dq+1ﬁaﬁncc (ari) tndt offort.

wo woell recesnise thot the | i‘ t“ry Services sHtu‘ﬁ nat be thie ultinate

spensors of parcctine pure rescarch,. . Thot is move hropcr] the fenction of
= sclence foundotion, - ' :

. - -t
It is, for example, In the opinion of O,H,R., oxceedingly imporiont

to the Mevy to hove cortnin kinds of roscorch dongs 0JNWRe at presont is
it & position to go out ™o try to buy that rescargn, se 9 sponl, in those
places where it thinks. it will ﬁct'thc Job bhest donc. ' ‘

I QO ﬂot thini thot inmcdint fchtlvrn,um off its projects is the
mory object of the Hotional SCILLC Founduticne I helleve inevitobly it
ag:ulg ond st sprﬁad its fundse It st sncourosa to'ﬂ'rr ober extont the
development of rescorch in-many centers thr~u¢touu the countrye

Do I mnke ry point clear? The Servigss sro in 2 botter position to
administer uhC“I moncy more efficicntly, interns of immedinte results.
Trhis moy not bhe the most efficient woenner frosm the ne%icnnl point of view,
I tnink thot thot is the standpoint thot the Scicneeo ECUH””tluA visuld taoke:
thot in the long berm, it might be bettqr to concentrsité less aoney in the
lerser universitics and industrial orranizriions and pab nore ~boub the
country, '

CAPTAIN RO'TIEY: Tr. Si.-otton, the of £
chairman of the committce working on this su

1
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QUESTION: To what extent do you consider that the avoilability of
sufficiently qualified technicsl men in the ficld will sct as » real
liniting factor on the introaductiscn of new ond ever nore increasingly
complicated electronic equipment? :

DR« STRATTON: A greot denl has beont made of the peint thet we . ore
shert of technical personnel, Much has been anide=-perhaps it wos in your
mind--to the effect that there won't be cnough people to opernte nll these
devices nroduced by industry.

. I think that situstion is belng rectificd very rapidly, The universi-
ties 2t the present timc and the enginecring schools are oble to nour out
nen trained in the field of electronics in enormous nunberss 1 think it is

2 better bet that the market will be glutted three yesrs from now thon that
tnsrb will Ye a scarcity, unless the pace of now devulcnwcnt nrocecds
fister than at the present tincs Thlu:B a peoint I would be very zlad to
exarine further., I might Le qulte wrenge 1 cdon't feel the alarm that
vas current, I thirk, 5 year aroe

; Let me tolke a cose in pointe There arc ot thi present tinme in the
Electrical Mipinecring Department et MIT just o theusend students; thot:
is, freshmen to groducte studentses Thot is o Lot of people with eloctri-
col engineering troinineg, I think the some thin:s probohly applices =12
the way down, throush technicisans, and so on, So, I onnot ot 241 con-
vinced that this is one of our most scrious probloms ¢t the present tinc,

QUESTIOKER: I wns thinking more in terms of men on the lower level
for mointaining the eguipment on the ship and in the airplone,

DRe STRATTON: That is 2 little different point. The crswer fo thot
would depend 2 gsrect desl upen our enpinecring desizn os well 75 upcen the
number of men uV“ll&ule. ‘

During the recent war sroducticon equipment wos so closc to the hread-
hoard stage in the lsborstory, that there wis practically nobody who
nnderstcood how the thing worked except the man whe mede it.  The troining
problem was simply stacperinge It scons to ne the best wny to meot this
difficulty would be by ministurizotion of componentss the use of such
things @5 printed circuits, ond the like. If we continug the nld nanner
of design, it will be out of the quastion to try to supply techrieal help
neccssary for naintensnce But it is perfeetly pos SiHlL’ it scems to ne,
to moke 81l your in 1n(Lan" design in such 2o woy thot almost anyhedy can
be trzined in a ve.r~r short time to apply some simple test ond to noke re-
rlacements rather thon repnirs,

a
'

CAPTATIN ROTLEY: T think his questizn could bev“r“”dcnud into scmething

along tne lines of what you saids If eilther side is going to use electreonies




in 2 wor tec o oamueh crooter extent, Mth*Dijﬁ
how ¢ n we nt such o wor?  Ther: won't !

i e
push tne sirplest butbons thot sro sorked Wl*h A rmd B,

.

QUFETICK: Dantnr, wenld you sind clebhoroting
thot rosulted in o delay in FLtt“D” FOuUr £au
other werds, you snoke of the cishtecn nonths!

Dite STILTTON: I toink thobt tho orincinal recson wos the rothor ro-
stricted amouant ﬁ” ﬂﬁﬂr]~ aop freilities; alss the rother dmericrn eroncunt
wo must do everything in cnoracus quantities,

Amrricon industry 1s tonled, ond cur thinkine oricnted te nroduc
linc nethads, Thercfore, when you mild 2 new cor, you loy ~ff overy
for several umwks sy omepths and oo thronsh a procoess of toolinc-up,

faf trrt, they 90 pour off in tremendous numbors, Sut thot
is e very long one, ertwqu“rlv whorn you h“vu"‘t ony
v Follow,

Fresumably, the prim contenct went to Westorn Elsctric, GE, or on
ercoanization of which the vhole philosophy on that of lnrcc—
aurntity production,  Enginecrine drowinnog

torye  They must then be redone to noet ; A*-
this hod bhen to he suhemtriacted cut over the country o poople who hod

never scorn oaythinge of this kind heforc., ALl thasc stops resulted in a
trevondous conswintim of times I think it is r'ﬂ“rP'TWu sctuslly, thnt
the period was only cijhtecn nonths.

But the iden I wish te susrest is that srector usce of model
vinich wpou would ool cut thirty or fifty picces, or maybe 200, in
of thres or four senths misht hove lsne 2 rront desl more Loward
the wor thon to hove potten cut 10,000 eirhteen m-nths afterinrd, How 1
have e criticism sirhtecn zontnss in foct, I think it Js o ro-
nerkeble achievonc provided your obhjechive i 10 GGe T In cuestirn
whothor we were wise o] in sctiing our sc 1 n

L"J

I

Py -

Another facter wrs the freguent chanre in oDrosran, In radﬁr,
exrmole, we stortod out with L0-—ccutimebor ‘Tip‘blu- Taen Lt heenmu
opnorent thot 1t wos pogssitle to neermplish o :Cttcr rieult with ,-CJﬂti—
notor cquipnonte You could ret ~restor resolving power using smsllor
?nuknn“s, which wos very importont. withoat gn "Htﬂ‘n tals wes o orent
advonee In the rrt.

Zut
conguast ¢
vert rueh of the r’”'r

hrsicists which Do)llaowed the laboroicory

1 tu tihils noew weve Llensttil,

veg such thobt o proposel wos nade to con-
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The problems cf production arising from changing of plans were
wremendous. A nutkber of our people were reluctant tc taize inte account
the magnitude of the task. In other words, technical progress went
ehead so fast that equipment appeared obsolete belore meaufactaring was
complete, This certainly compliceted the production provlem.

" QUESTICN: YOur statements tle in very closely to the question I
had in mind, that in production you are interested in coaveruing develcp—
meht to usable sguipment in quantitles,
. But aren't we running the same danger in organiszing ocur rcsearch,
probably, on the sume basis? You look back in history, Cur greatos
_advancus, cctually, our grectest fundamental discoverius, have not beun
found in the.universitics or under crganized reasearch, out in spall
oloces, Teke, for example, men ilke Faradey, RBoyle, Mnd the reet, and
thelr discoveriecs., Aren't we running inte danger of rezimsating ocur
sciznce tco much in that scnse? '
" -
DE. STRATION: Yes, siry T thirnk we are,
But it is a little more compliccted then thot implies, There is
& very.rzel drnger end in thot T think concuerns o great mony secple,
The difficulty is thot contemporary seicnce is o very much more complex
talng than it wes in the drys of Beyle, Frr-doy, ond the rost. It is
r. very much more complex thinz thon it wes, let us sy, wven in 1935,
Fven in Ph« universitics in that period (1930 to 1935}, you vould toke
= gredu-te student -nd you could sive him o little bit of eguipmont
nuk hlm of% some vhere, nd hoe might do o very good job, In Lhe stme
wey, ~n instructor on your staff could be ziven minimum cmount of
teehnicsl holp through mechine—sheps <nd technicisns ~ad be expected-
to conduect the rbscfrch himself., If he needed some v-cuun tubos, he
possibly hrd to buiid them., He hod to design his own circuits. ﬂe
n~d in mind ¢ cort-in object in c-rrying out the exporinents ~nd to this
end he devcloped his own eguiprmont.

Viell, it is Just sbeut impossible te do thet at the present time
2ecruse of the complexity of clectronie devigos, Look wt the bock of
televislon set, or Jjust rn ordinsry cloven-tube IbCu1V6r, end yeu

will find o mrss of wire, coils, 'nd eondensurs.,

Now the time thot this rescorch son would hrve to put in, oven 180
he was fomilicr with the whole %ugin*ss, to construct sucli o thing would
cbsorb o very large Iroetion of his whole cruntive eifort, Thet time
is simply nct ~vailible in the universitids and it is not profitodxly
avalloble in.any other "chboratory. Yet, in order to carry out some of
those cruciol cexperiments, which perhnps arce of the same chorectoer as
these of Taraday, he needs just such compliccted instruments,
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This discussion could casily develop into & thesis on ihe function
of electronics. It 1s not only imporinnt in time ol war, but it hes
beecome "n 1ndlspcn%:blé eid te ~lmost oll othwr physical resvarch, The
rescarch worker, the Poradey of todoy, tnurclfore, needs ituch gru:+~r

focilities, in torms of xquipment, technicicons th xochine sheps, thon
he ever did in the pe st,

So our mrn hos to become, to sopme cxtent nrgﬂﬁize . be maf beeomy
o membor of o tonm, (ne of the things you vxll rot. in lock vothe
current wihwvsierl neriodic-ls. is that papers wilt sppoor Wi th, a:;, Tive

or ten nrmes on ther. instesd ¢f just one, 25 herctefore, This 'is .
disturbing., Meny ohysicists fOxl, just rs you implicd, thot this hishly
orgrnized type of .VS'*rc“ M_y P stth*ng th -t is w_.f'ldlvma'“l or

ers tive from the friist elf

In corclusion, ict mc s-y thet mony people shure your concern. But
it is not ersy Lo say how the nroblem is te be avolided,

QUESTICH: . ¥y que

stion i3 on the time foctor invelved in +hu ,uuu¢ng,
evaluht¢on, 'ﬂd cceeptance of

protot pes,

T-ke thg Novy for ex-mple: When the rospensible burenu hos the pilot
nedel conmpleted, it sonds it te the oncroiional developrent fontery which
puts it through the tust, Thoen thuy moke on evelunticn reporvs Thot

gous tack to the hurcaa ond 1t 1s cither “ccnjtnh, further develeped,

or susncnded. Then it soos wp to CHO whore it is ovolunted,  The CNO
gives the decision whit! zo “hond or not.

Is our syatom the best we eon use, or is thure a botitor systom, or
can we reduce thoe time footor ony way? ‘ '

in a much better position
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in very clesely with this cuesticn

It ¢ tnst tics
of m2sz productlis systum is essensinl wihea you are donling with
¢ lrge auber of ltoers ond conngt offord to Tli’ an lmprgpbrly developed
o ‘ ;

N

¥hat wos ac cxesper-ting durlns the wrr wes te swo thet some
sion of processes onnlicd te deviees willch wWere t6 be usud ln very

succes
zurll auentitics, rod ircedictely. Tt was ¢ vity te sce o plees of
equipmoent re~dy for b tile =oins through - 1ot of tusts ob the voricus:
vroving srounds throushout the country for = period of criothor olghtoen
montns, ‘ '
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QUESTION Docunr, in whnt ficlds de »ou consider ruscrrch -nd
duvelonn cnb reil 1t1bs ln.deq be?

DR, rl‘i‘j\’r‘”’CI In ulgctronics, you e n?

2y

QUBSTIONW: I :m sperking »f cleor ncross the board,

U, STHATTON: T den't believe T could answer thot; sorry.

‘ QUSSTION: You eommoented on the acoustical poael, VWeuld ou crore
to comment on the infrared poncl, their work?

DR. STELTION:  Yes; surcly, - -

A little bit like the scoustical punel the Infrored -oncl nseded

o nomc, Tho Toctronics Conlttcoe was sct up before the Comslttoe on
Physlcal Scisnces, within whieh it would nore naturally fzll,

Infrored has not developsd very greotly in this country during the
wor——or ot leocst not to the some extent it wos in Goranny.  Hoesertiaclas
it hrs belin nLowic ln of interest for many recrs, cven during Jorid Wer
T. There wos the ressibility of detecting rn sirplone by infrer.d.
vmissicons fron: the oahazust,

fhen, of course, the uss of infrored detectors for vorious nurposes
wos currcent during cur own war,  ITn cdditicn io bhese arplicnticns te
doteetion, v.ry probobly infrared will boe of =rest ase Zor interfloot
cosinunlcoticas problasns, whore you wish te communicete with conplete
cssurcncw rou will not pass beyond & certrin rimit, I think th t is
rr. of the nrincipel applicaticns.  Present infrarcd detectors cre not
4¢uegcther sntisfactory, but progress 1s belng ncde. :

¥

UASTION: Dr. Strotton, you hove indicetud thet YOu. tugdw rusuerch
in eloctronlcs i¢ probably -deguote. Uhrt sbeut develomaent ond

aesign? Do you thirk our effort towerd roesily effceeting sced design

is cdequote? In othor words, are we .iokiny the best effort to keep.
from complic~ting our cguiuoment necdlossly?

DR. STEATICN: Yeuw reclize how hord such questions cre to cnswer,

ST IOHE Tou spoke of communications cquipment pirticularily,
Thet is =1so sy field. Yeou sre the first persen I hove over heord
spenk with whom I ggreed 100 per cent. Bubt owr design of couipment
during the wor -wos not up to the standord thot the artiecle would hrve .
perniitted, Ve needlessly cenpliestad nnny deviees 2nd our ropcir, ond
peintenance problem ran up terriiicelly, :

PO




Unless we impose ruch grocter restrictions on desdign, if
cnpincer will desizn whot he W.NSS -nd lots his creative urge run
awey with him, we will hove & heturcgensous mess nobody can take
function «ifficiuntly,

DRe STEATTON: Yecu mcke it easy for ne to agree with you, Trankly,

Coning back to my statement ckbout the 3 centimeter rodor. Sl
would wmve been better off perhops to stick with thrt ond see how
simply vie could noite 1t., ¥We would have o lot meore sats working instond
ef o vest nwber sitting on the side with no one kaowing how to rupair

LG,

Although, if rou 2sk me whether the effort is odequete cr not,
thet I do not know how to ~nswer, But T con sty without ony hesitrtion
shet I believe 2 tremendous rrsunt "lonT thase lines con be dones, It
is in the line of bleck replreerent cnd simpiificciicn of maintensnee
ond instrllatlions, cad ¢ll thot sort of thing., %hat is whr I seid,
in connection with our redor veogram, I om somowist concernsd Lo suo
withh vhat enthusiasn pceople talk ~bo ut new «inds of rodor Lhilnk
trhere rre in the loborctorics--zt lzast there wers of the end of the
wer--so mony technigues thot could be used nnd cpplicd to existing
to mtke them much more effective ond usablie picces of cquiprent.

is

vhen T

)

Sl

3
H
b

rodor

&0 I thing your peint is entirely well teken,
QU&STICHy  Litny yoors cogo T wios lnprossed by the ‘cet thot stete-
FUNTS vere guite curroat—-znd very much so in tho ficld of rodic--thot

dovelopmonts were going on so Inst even the expert could not kuep uap
with theun.

Assuzing therce will be traondous cdvances, coudd you’ comment for
moment on the problem foeing the seicntist in the ficid of zetbing
aforsntion on what has nlrecdy been done Lofore so thiot when wer comes
saln we ocon ovoel ﬂum“icating some very oxrensive oxperinents rnd e
n from wiact 1s then bnoewn?

DR, 3TRATTON: Yes T con do that, T will fry to ke 1% 3hort.
1 do not, tulﬂn cniougzh is being done zleng these lines, One of thac
suguestions thob hos buen oode venr recently is thrt this country nueds
e sort of Jﬁndbook, such ¢s was put out in Gormnny orior to »
whereby sonsone or several pconlc acde ooreview--rot o biblisgrevhy,
but ¢ review--¢f the technlerl zeeorplishants during T v
witn sufficlent refercnces s0 one cculd pursue the subject fu
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How therz ecre two impliesticns: 1 think thsot the circuits of

r dio sets ~re indeed becoriding cennlic-ted that only ~n cxport

technicirn con detect o f-ilure ~nd ren-ir it. On the other hond,

the developrent of principles docs not nrocc Ld thet f2s%, Those are

the things we should be xept up to date on, an’ hr v;nv sareed to that,
we rust have ot our disposzl twe things: One of thom ooproper digest
cof the litercture, which T de act think erists vdsquatelg in this country;
ard, second, the roint I mzde carlier: you need tochnicions, whose

Job it 1s to know how to put those circults together whon ~ou cxnlein
hat. it is thot you desire,

CAPTAIN UGVLEY: Our time is zbout up, Dr. Strotton, 1 esrocink
went to tnong you, on buhslf of the Comvondont cnd the student quy,
for tringing together and synthesizing il these studics into o very
infornotive dissussion,

(7 Jonucry 1948--450)8,
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