
/ --- . 
... 

Iw ay 22, 1946 

OBSERVATIONS ON T E PROu!OTIO OF TrtE P.ROCh.Et>S OF ~CHHCE 

L. t>zilard 

It is mostly taken forgranted these aays tha t scientific progress i s a 

gobd thing and that t he faster we can make ~ cience progress , the b e tter off we shall 

be. It is not at all sure t hc... t this thesis is correct .md it is doubtful whet her 

the majoritj of Uose who advoca te the:se d ys t ue prOI.:tCtion of s cience :::.r ::; re:..lly 

concerned --1bout science. I f you will patiently inquire just why t ney are ~o much 

in f avor of accelerating the progress of s cience , you will fre .1uen c.lJ get to hear 

t hat unless we do ::30 1 some other n :..J. tion rlill overtake us . Wrmt tne .. e men are inter-

ested in is science as a t ool--and 1-' articul ~rly as a tool whicll wi::.. l improve our 

position as a nation with re t.pect to otner n . tions . ~omehow t nh un..,wer of theirs 

fits much better into the gener~tl picture wnicn t uis century _.,r e..,en ts tn..rn coes 

the a ssumpt ion that their interest in science ib genuine. Tlw t nation ---ism iL one 

of t ne dominant f eatures of t h is century is certain--whe t her tne pur sui t of science 

fa _ls in u1is ca tegory is doub tful. There are as a matter of fuct, ~ome indic~tions 

that genuine , passionate interes t in science hc..s b een on tne decline in this century 

and that, generally speaking , it may be in the process of dying ou t . 

1-iistorians, looking back a few hundred years from now to t ni s fir s t nalf 

of t he 20th century, migl t find as its most out~ tanding f eature , a conspicuous decline 

of what mignt be c..t.lled the "religious a ttitude" in t he broad ;:.ense of the t erm. T11e 

apparent decreu.se in genuine cientific interest m_ght be tr-•ced by t nem to the same 

basic cau se, since the mainspring of science is a pas~ion~te interebt i n t.e rake-u~ 

of t he universe ~1d an emotion~l attitude t owards ti1e univerbe i 5 part of what we 

term the reli~ious a ttitude. 

Na tural science was inven ted a few centur les u60 • It has gat bered momentum 

in ~he followinJ cen turi e s and is being carried forward now b~ its mementum. Facilitie~ 

for scientific work nave of course tremendout.ly increased and also the total nwnber 

of persons who are engaged in what might be called scientific pursuit~ , but I am not 

sure t ill.:. t by-and-l:.a-ge , condiLions for scientific progress .... r e more f avorable to-dny 

t han they were fifty years ago . Rather than t alk in generalities, let us take one 

branch of the sciences and then t r y to discover what condl tions are f avor· able f or and 

what conditions are detrimentul to pro6I"ess . In k.e case of ph;yslc s we wi ll h~ve to 
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go even one step furtner and distinguish between experimenta l ~a u1eoretical physics . 

What are tne conditions neces tiary for t ne progress of physics? 

After the fir s t horld War, Germany was impoverished and a movement got 

under way t.o make avaialb1e large funds for the promotion of ~olen tific reseurc11 . 

A reporter, who, in order to be helpful in this drive, wantea to publish an inter-

view with Profcs..,or Eins tein, and asked Profe ::..:..or Einstein wnat f acilities ne would say 

a tneo1e~ical physicist needed for hi~ work . Profes or ~instein did not hesita te in 

naming those facili~ies : "a theoretical physici::,t 11 , so ne saia, "needs some pt.per 

and a encil." TL .:s a . ~wer wa s n ot of muct u oe to t.>e reporter and so he .... sKea if 

there arc not, ot1er tools ~mien t11eora tic .... 1 physicist.:; ;.1lso need . 110h, yes , " said 

Einstein, 11 t "ere i s one which is most important: the v.~ .... te;>u er ba sket . 11 I d o n ot 

kno r whetner tue r e porter unders tood what E-in s tein ... e .n:. but J. am sure tbt.. t you will 

!lave no dif1 . cu-ty in unaer s t .: .. ndin0 tn ..... t a ~neoretical physicist can , if ue wishes to 

do ::.o , sit. tU .Ibis desk and turn out pa~;er after paper which will be printed in the per

iodicals and will establi~h hi~ reputation us a sound worker . For this ~ctivity , he 

does n ot need a wastepaper basket; tuc scientJ.fic periodical fulfill very well the 

role of the wa.:stepaper b .... sKct . On t he ot1lcr umd, i.f Lle is rea.lly interes ted in the 

mysteries of nature , he w' ll do something different . re will grope around near t e 

edges of tae unknown . He will pick up an idea and ursue it to a certain lengt h 

and he will occasionally be successful , but mostly h e will not be successful . If t i1is 

i s the kind of a c tivity he pursues, he will h t..ve to watch out . he may build a 

beuutiful sheoretica l structure l.ut lf 1 e will only look closer, i.1e ma;y see a flaw 

and , if ne J1as tne courage to look ..,till closer, .he ay see t b t nis tneor;y is no 

good . rne less r eluctant ue is to throw his m....nuscrip ti in t.o t11e wastepaper ba sKet, 

the e....rlier lle will se t:. tLJe flaw, and the better it will be for him c..l d ever;yone 

else. 

Let us try to pursue the trend of thought of Einstein, ....nd complete the 

list of tno se fe~v thin,; whl.ci a v.lleore tical tJhysicist needs in order to be success

ful . Ap;aot !'rom pencil, c. per, and wa ste a per buskc t, ne needs l eisure. .ne cun 

have lei~ure only under two conditions. ffe must have financial security and must not 

be dependent either financially or morally on obtain ing 11 r e u l ts 11
• lf a theoreticcli 
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physicist has leisure and the world in which he l ives is indifferent to what he 

does, 1 e cu.n live nappil t and now and t 1en t uke an import.....nt s tep forward . If %his 

material advance ent depends on t ne results which i.e produces , then his ch.:mces 

for an outstanding discovery are reduced and t he same holds i f having once ach i eved 

faue, the world looks to im with ex,Jectation for further udvcmceb. To 4uote mr . 
Ein::.tein agu.ln , hi s hap,;iest time was w 1en e was an examiner in the Patent Office a t 

Berne, ~witzerland . e had enou6fl leisur e to think about what he liked to think 

about and was under no moral obligation to "lay golden eggs". 

There i s more t han one factor involved in the progress of p.t.ysics Cilld we 

snall try to separa te them by trying to analyze the picture presented by t he develop

oent of physics in Germ· .. ny between 1919 and 1933. One of t t.e f actors involved is 

of course the education of t e studentv of physics and, in tnis respect, the situution 

in uer any was rather f avor ble . 

In tne German Uni ver _ ty, a student wno studied s c ience usually decides 

ver~y e.u-ly Whether ne wants to become a tea cl1er and stand for t ne appr opria te exE.!llina

tions, or w.t1ether ne wants to ge t a doctor 1 s degree, wnic • wa !lt mo s t uni vars ities 

in Germany a degree in 11
• hiloso .._Jhy", J.f he decided to & tudy for t " .. e doctor ' s degree, 

there were no ex~in- tions of .:my kind or descri ... Jtion from t~re d .. y he ent ered t he 

univer sit;)- , usually o;.~. t t ue ge of 18, until the day w en he submitted nis t nesis, 

three, four, or five years l a t er. There were no re uirea cl...ts e s , .:md if during his 

studies , ue wan ted t:.o pay the tuition fee and miso all >lis cla sses, he was welcome to 

do so . The tnesis which wa.& ;:;ubmitted was ecrutlnized very carefully, ( with the ex

ception of a few universities of low reputa tion) and if it was found t ha t t he student 

really did an original sound ~ieee of work, he was given an or al examination t h· t was 

r a t er perfunctory . The only tning the univer sities were interes ted in wa whether 

the man wa s capable of original and r eliable rese...trcll work . · hey were not concerned 
whet er t here were lurge gaps in his knowledge in hi s chJs en f ield, t ua t is , they were 

more intere:oted to find out wnat he knew t hun what he did not know . ~ith such a system 

in opera tion you can n ..rdly say thut a man who has a doctor' & degree in physics can 

be expected to acquire the knowledge which £ e need for tl e work which he undertakes. 

Clearly 1 t he Lierman system i s not to be recommended if our ;.J.m i o:. to L_.ve a universally 

nigh level of tr ininti for students who emer ge with a degree from a university . but 

the system i ght n ve been in part responsible for the high proauct vi ty displayed 

at an e.....rly age bj- a number of Gerrn-Il t heoretic 1 .;?hy5icis t s . 
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We may contrast this with tralning of the student J.n the United tl t a tes who 

wants to obtain a Ph . D degree in physic • The major American universities offer ex

cellent gradu te courses and give graduate students a very t horough knowledge of 

t heir !iield . A thorou,;h tr •.ining for gr · dua te student~ undoubtedly produces t horough 

vmr..-:er"-' 1 but it is by no meens ~-ure th.~.t it acceler [>.t es the progres of science . 

"There s eem to be a number· of f .ctor s involved and a t best one of tnem can be illus

tr~ted by going from one extreme to anot1 er and comparing conditions in t he United 

St a tes with the cond..:.ti ons as r.hey exis t ed in Hungarian univer ;,ities towards the end 

of the fir s t riorld 11ar . 

In Hungary t here ~ a5 .fJr ~.ctlcally no in ustry W11ich needed physicists and , 

therefore, a young man interested i n physics would na.rdly go and s tudy physics , unless 

he wanted to become a school teacher. He would r 'lther ~ tudy either engineering or 

if it had to be science he would study c11emistry, since c 1emists were needed even in 

Hungar y . If l e really was interested in physics, he would occasionally get some 

glimpses of tllc subject in t he course of his university studies, pick uh in dis cussi0n 

with others , some elementary facts , and occasionally, get hold of a boolc de t..l ing with 

electro-dynamics or t ermo-d~1amics, or some of t he other clas~ic~l br~ches of physics. 

His hunger awakened and short of food, he would set out to solve t he pr oblems which in

teres t ed him, and occasionally he would find cert .. in re~.>u J.. t s which would inv r L.bly 

t~rn out to h ve been produced by others earlier . I f his passion f or physics wus 

re~ly grea t, he would leave ch emistry , or engineering, or ffied-cine, or whatever else 

he studie~ and try to become a physicist . Which incid~1t-lly almost inv~riably 

meant tlat he h.d to l eave Hungary, u.nd most of t he .Uungari--.n physicists who are 

interna ui.ona _ly m ovm, were ai3socL ted after t he Firs t World Vjar with some f t e 

GermJ.ll universities . Whetner t he '""uvant~tges of this ty .t::>e of educa tion outweighs its 

disadvantu.ges is difficult to say . It cannot be decided by comparing t he average 

contibution of lung .rian physicists to that of other physicists groups ana obviousl~ 

in tue case of rtungary . there is a trong f~:;. ctor of belection wnicn entero . Only the 

most ;?8-SSionu.tely intere ~.> ted ST.udents will overcome t ile aiffic"t;l ties of changing over 

from en5incering, medicine, · or chemistry , t .~ ~hysics , a fact wnich mu.£.es Ctir ect com

pw-ison ~vith other .t::>hysicist s grou,tJS difi'i cult . 
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In contr<...st to t is, an i•mc ric-n boy w1L i s intcrec:tea in • hy .... i c .:., c · ge t 

excellent end thorouJn tr .L:ining a t <... muc 1 e .r l ier · ge und will know much oor e t ban 

his rh.m15ari...n colleao-ue, but he will r-..rely h ve the op.Jortun.:.ty to dis cover :nd solve 

a ;>roblem before the rool ution of the t:;rob_em is .:-'re e.en ted t J him on the blc.ckboard. 

liis spir i tuw food sup~ly wil2. te so a tundc.mt ~-· .t u.t no time will ne f eel k te pangs 

of hunger , or have _n oppor-r.un i ty to Lake a 11 gre t discover~ " .m ... de pl·eviously 

by others). avin,; been eently led tnrough 1:.ne /"nown terri toric:o, Go the _·r inges of 

pre ... en t .t:nowledt,;e , he i s fina~ly told to JO elle d and be from tnere on onhis mm , when 

he ilas never been on Liis own bei'ore . 

£!is education Jrep .res him ore for solvin6 problems which 1.<...ve been formu-

l .... ted rather t han fo r formula ting 1.~roblems wl ich lLve remained unrecognized . 

Between the t v;o extre.tes re re~ented b;y t i e ph;y;:;icaess universities of Hungary 

Wld t ne overor g..i.llized curricula in ... Jilysics in t.ae United ~tc;. tes , the Germ::-.n univer .:;ities 

occupied a n ppy middle -of-the-road position und tt1is might. very well h ve been a 

f actor in Winging about t e 11. '-'h 5t nu~ rd of theoreticuJ. physics Wu ich WaS • ~intained 

in uermWly throu..,h :Jut the year ~ from 1919 to 1955. 

but wl ile thea~ etical ;>hysics was flourishing , ex erimen tal ~hysic s was in 

a stage of s t agnation in Germ-ny duri ng the ~.;ame perio - · .t1. number of fundamental dis-

coverie s were made in tile world during t hi s peri od but they i¥er e made in tne United 

St te ~ , England, and l'rance. None of them wa s oade in German;> . 

~hat were the significant advances m~de in physics during the period in 

which we are interested? THere was a dis covery by Rutnerfor d in .Cambridge, thllt ~toms 

con be disintegra ted by shooting al pha par ticles on t hem. This was found by l ooking 
1-:'fa. cks 

at ~ of alpha particl es b1 air made feasible by using a Wilson cloud chamber , 
I ~f II, 

There was a discovery by~a in Cambridge , ·t.c a t the s t able element of the periodic 

sys tem are composed of isoto es which opened up ~ new 011apter in pny i c s . Ther e was 

a discover:~-· ear ly in tL1e 2J 1 t. by .t~. , h . Com.t:l t on of an entireJ. ;y unexpected phenomena 

d · spl yed by x-ra;ys , the so-c-1lled Compton effect. l'nere wa s t he dis covery in li.merica 

of a posi tive electr on, found by Car: ·· der .... on , in Hlliken 1 s Ltbor .... tory c.t Pasadena. 

These positive electrons wer e founa to be pre- ent in large numbers in t he cosmic r adi-

ation :md could be easily observed . Tnere w _;;; a discovery by Jo: i ot in Fr ..mce, of 

t ne emisnion of positive e~ectrons by boob r aing libht elements •ith ~lpha ~1rtlcles 
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and thiti led Joliot and his wife in 1935 to the iscove ~ of artificial r diouctivity 

whicl marks the beginning of modern nuc~eur ~hysic • artificial r~dioact.vity was 

one of tLe ~wo most im )ort~t f actor le~aing to t e lil er~ tion of tomic energy 

r~ ich ... s a chieved d.ur ln5 U!e w2.r . ne otner importdnt f uctor w e di "covc.rJi of 

t e neutron. And a .;ain, the most imporvdllt ::>tep which _e to t e discovery of the 

neutron was m...uie by Joliot wno 1Jubli...ned a striking pneno enon tha.t could obviously 

not be exp.Lained on we bu.sis of the previously known article~ . The actuul re...J. iza-

tion tnat neutrons existed und were resp ns · v~e £or tne ~lenomena observed by Joliot 

~7~S """"de by (.)nadwick in the Cavendi-=>h Luboru.tory in l!.ngland. n.nother experiment 

le:...aing to an e.1 tir ely unex.Jected r e ;.,ult ~v s 1;erl'ormed by Ellis iu C mb ~ge , EilgJuind 
MC~..ttr, v'o 

und led w tile conce tion of tne nu tr ino. 

1'1e uermun advunces, a yuu see, are conspicuously mis:sing from tnis lit. 

Yet f c·lities for cientii'ic work in l.lcrmuny were good und tlcre fere a numb E..r 

of very good pn;ysicists insta._led in well-e'-1uipped laborutorie"'. he student of 

experimcnteU. phy~ics b enefited from t 1•e eaucution tl1eJ received at t .e univ€or ities. 

There w~s vi orous and well organized sc~entific life with fre~uent ll1formal meeti1gs 

among scientists making tne exchange of ideas and experience~ e sy anu pleasure le. 

In ad-tion ~nere was ~ mucn larger number of JJle en in Germ-ny acti ve 

in t .e field of paysics t .~..:.n in France and l!.ngland taken toget 1e • And yet none of 

the fundru11ental advances in • hyslcs c....me from Ger .ny Lut a nwnber of them came from 

France tl.D.d .l::.ngl and . 

If we ant to under f.. ti.ll d tne lack of productivity in experimental phy;;ic s, 

we must look for cuu~es micl1 ao not lie in t1e educati on of tle Gerrun ~hysicio ts 

tu~ r - t.u in the social pres u:re to whic He was exposed in tile ,~ e ar after be com-

plated uis s tudieo . ulos t young Lic..ru. n .JJllJ' slc.L.sts were dependent for their cu.r E..er on 

establishing a reputa tion r a tuer e ...1rly and in aint- ining tue r eJut::. t.ion by publishing 

~apers at not too di tant intervals . ln experimental phy ;.,ics , as long as you move near 

tne main ro~ds of development, where there i~ a theoretic~ conce_ ~ion to ide you, 

it is (iUl t e ea sy to pick UJ,J u problem t..nd ;you c~n be uru t .. t. y .:r:..1 wil _ eoerge 1·:i th a 

.... ound pat)er ,hl.cn ei tl1cr fits in witu t! e tlleory upon w.IU.hh stimulated it--which is 

nice--or it may prove t n t ~1e theory h~s cert--in defects--wbi~. i~ ~l~o nice und 

ignt even be int c.re .. ting. 
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~orne phjslcits mi6ht h ve felt tempted to pick on a problem which i s not ~o 

near t he ain ro d of' development and to follow some dark hunch l'<h ..:.ch might have led 

to a great discovery, but h~d one of them yielded to such an lmpulse, after two or 

three years work, he mi&ht nave found himself in a de-..d end street. he would not h .. ve 

kept up his r ep1t a tion ~d even his financial security might n~ve been pl~ced in 

jeppardy if he did not h ..1.ve tenure and few en b e low 40 had tenure. ·As such a man 

grows older, ac~uires financial s ecurity, ~ d more nd more f~c~lities av&ilable for 

his v;ork, lie fina lly becomes 11 free 11 to choose problems according to his he...trt1 s 

des .... re. But by tha t time , he usually had become a man of 11r e5ular nabits 11 and the 

ch~ces were t t1a t he would go on utting our. !-' _Jer s t tue accustomed r :..te. 

I have seen at close distance t .• is influence at work in Germ...my and I was 

convinced r·a ther early in tre ' 20 ' s tnat it would kill experimental ~hy.:.ics in Germany 

.:.n u very sl:..ort time. l be.l ieve tha t exper lmental J; hy...,ics was in fact dead in Germany 

well before 1933. In a sense you mi~t say tna t experimental physlcs in Germany was 

.. :llled by tne public apprccL tion of tne v..lue of s cientific results which l ed to a 

system th t rew~rded ~cientific re ~ults , by promoting those ~hysicists who produced 

a steady out-put of scientific results, as demonstr~ted by their papers . It is quite 

lir:ely that if the ~:s public a ttitude uad been uifferent-- if they considered the 

publlc .J.tion of scientific 1)aper s .s an unnecessarJ luxurJ.· e:nd did not permi t anyone 

to ublish, sa;y more than one paper in two yeb.rs , ..:.nd if in addition they would have 

made everyone pay for the cost of having his paper printed, we might have seen dis 

coveries made in Germany which were m~Lde el.. .. ewLere, or whicn v;ere pernaps m-de nowhere . 

It is doubtful that the objective va lidity of these views can be really 

convincedly demonstr,..~.ted just b;y looking at the result~ . 'Xhe number of peoyle who are 

res onsible for the major adv .nces ln physics in .t''r.:mce and England was very small 

and it is impossible to ar>ply btatistical considerations to such a small number . Only 

if one was in close wuch ~lt1 t.ne 5Cientists in tne different countries c m one in

terpret t ue otj ective d ta on the basis of the p.::.ycholot;;ical in::.ight whicn will be 

derived from such close cont~ct. Obviously, conditions in Fr~nce ~nd in Engl~d 

were r::.t 1.er different from conditions in uLr mt.ny . In .l:or...nce there were only a h::..nd

ful of 500d -to first-class- physicists active. 'l'hey formed a r a ther closely knit 

group and were reinforced by in terf.la.rriage between tne different f milics . Pos_ t iona 
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were hardly ~iven on t e b · sls of f c1m 'l;y reL.tionships unles~ the men met the stand

ards re u· red, yet in filling . osltions ther e was nardly mucn weight ,;iven t o the 

number c£ pa. .. ,ers wnicll .:nyone n ...td 1;ubli:-;hed. 

In Engl...,.n:.i much stress wus 1 :dd on , er .:.-on :lli ty Wld less stres~ on achi cve

..nent. ft • .:;.ny phy.,icists in .b.n,;land nad a se •~e oi· ~ecur i ty wnich mi.:> ht have origina ted 

earlier 9'lhen they u::;ed to 1.:....ve priv:.... t e incomes and t he feeling of securit-y m-y hive 

.:urvi ved the s.:r..1rce of inco e . 

It is difficult to b"' wo definite about t e ... e 1h in s as far [;.S .l!.ngland 

or as f ...tr as f r ....nce is concerned becau..,e of c.ne fact vh t the men 9who were re ;;;.pon

...,J..ble fer the iml)oztmt adv....nces arc so few in numper o..nd tL.erefore whc.:. t ;you mi ght 

call the s t . t lsticcl error i s r~Uler formidable. ln France pr ucti c:.... l l y all t he s ig

nifican t a teps werG ta1-cen bj one man , :...mely, Joliot,. fre uent ly working in col-

1 bor . tion with 11iz wife, I r ene ~rie. ln England prJ.ctlc:....lly al l of t he ~.u.jor 

important advances originat ed wi u tnree or four men , all of tne from Cc.vendlsh 

Labor a t or y in Cambridge, and for all we know, t hey may ..111 have origin ted with one 

man , Rutherford; who was a t th...t t time in ch-r5e of the Cavendi~h L..lboratory . 

Another consider tion sh.)uld remind u s of t he need for caution. Theoretical 

ph~ sicists were expos ed in Germ~y bj-....n-large t o ~1e same soci...tl pressures a s ex

periment!:l.l phydc ' s ts. Yev theoretic.:1l physics flourished in ller~;1-n;y a s well as in 

the r es t of Europe . Unless we c . .n ex,t>lain t 1.i s satisfactor ~ly, our inter pr e tation 

for the s t agn ~ tion of exper iment al • .)hysics will have to be abandoned. 

I t is our con ten ~ion h~ t the theoretic~l physicists were lesG sensitive 

to the social pr es .... ure wnicn was mentioned e _r :i.ler, al thou5h t hey were not entirely 

c,o tbem. A certJ.in ele 11er1 t of sektion may h:.J.Ve been involved . Theore t i c '--1 physics 

was no ~ractic:.J.l profession with which a man could count u pon e~rning a living. ~t 

was an addiction, r ather t han a profession. Tne men who chose it us a vocation were 

the few 1ho were so po.ssion .... tely interest.sd in t!le fiela thut they brushed aside the 

practic::..l consider tions ~1hich ~rcvented ot.hers fr·om .;oing into this field . Tnese 

men were willin,5 to t.~e rls.«:s, bu-r. on t he oth(..r ho.nd, the; ris: s w11icn theJ- h ·:td to 

t 3ke wer con~iaer~bly sm~ller than those wnich their collea5~es in exper imental 

ph;>-Lics wo ·ld .t.-Ve 11:1d. to t, e J 1e;y n:.~.a tried t o follow tneir exan,t>le . it is 

eus;y to under;:,t....n · v'ihy this iw wO o .-•;:, lone; a:., a theoretic .l ,t>hy:::;icist has l eisure, 

and leisure i~ nownere entirely in disrepute in E1..rope, it v1ill be possible for him 

to ~ursue any idea his He.....rt aesires, ..1 t l east for "" few 10urs, auys , weeks, and even 

mont ns . Ideas may come to lim in the morninJ wnen he wakes up . 
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He can certainly pursue them while he dresses, or in his batn , as Jong as he is 

willin5 to _permit himself t he luxury to let himself go , rather tn~ try to meet 

... cneaU:..es . After a few lours or days of thoug1t , he will m ow whether ne is on the 

right track . .i:.le can follow a unch wi tnout investing two or t nree years of experi

mentation und ten or twenty "thousand dollars in equipemnt a.:: ni~ colleague in ex-

erimental physics ma huve to do . ~oreover a theor.etical ~nysicist can work alone . 

11 he ha to risk ~s his own time ~d advancement . In experimental physics nowadays 

m....ny proolems re,_ulre tne work of a group of ,:-~eople t.nd this ean th t a young ex-

er in.en tal _Jhy ...,icist would hu. ve to per ... u....~.de a number of i s colleaJU.es to t ake the 

.... ame risks wh · ch 1e might be willin to take . Even if the otuers might be willing, 

the decision to sk others to take risks is a very difficJ· t one ~ I Anow of no one 

who feels th tt ne c~ make such a decision on t he basis of a hunch . Unless he is in 

tile pos .:.ti on to give fina.nc~al compensu.tion to his collabor i..l. tor :.. . Th .... t ~ s, unless ne 

1 as a means to work with _paid assistants . It would be a ratl er f ascin:J.ting ana in

structive t a sk to compare the uo.vances n..trle during tile war in England <:..nd the Uni t ed 

State~ in tne field of r udar and other fields of war applied ~ ci ence , but the 

history of wartime r esearch cannot yet be wr itten. Ye t , the balance is cle..J.r even 

wi tn t ne details still shrouded in the official fog. .n.nd the hi ghly or c:;ani<~ed re

se~rch under the OSRD in tne United btates wa by-and-large an efficient ac ine . It 

was eff.;.clent in solving problems which were a signed t o t nc various laboratories b;} 

committees set up for t h1... t !Jurpose . Problems were olvea peedily und efficiently 

~!«®gaixH~X but recognition of the pr oblems came almost invariably from men who 

were in t e s cientists orgunl£tion . A gre...1 t ajority of t 1 ... em c...une from l!.nglcmd and 

originated with just a few men who worked, you would say , under much lesb favor1...ble 

conditions , less favorable in every respect , except from t he psyc olo5ic~l ~oint of 

view. 

hat practical conc_usions should we draw from t ese considerw.tions--if 

vte huve funds aazailable and wcmt to use them f or the _rlrouotion of ~cience . lf <:l 

J: ~ tion 1 6c ience l<,oundati.on 11ere set UJ? a :, proposed in a bill now pendin5 in Congress, 

tne uovernment woul l probu.bl provide f irly large amounts :::.n u. lly fort is ~vowea 

ur1 o ..... e. ~3 fur a.:3 physic s una biola~ is concerned, believe th.:.. t t 1e best use of 

the~e funas v10uld cons~st in .:-u t tine; in to effect a sCheme of u.e followin~ ty ~e : 

irst of all , we would "1uve to pic.r.: out, as ec..rly ::;.., pos.si le, ~o ei t1ere between the 

ag~s of 26 and 30, eacn ye.....r ~ number of 1: en who 11 ..... ve ::. om that they ...re c pable of 
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independent thinkin6 and huve t he s tuff to b o good r e.se <lrch workers . T'ne s e .men 

cou d t hen be appointed for life '-e bellows o1.~ the Foundation . Eb..ch Fellow would 

u.r :..w a salar;> of perhaps ~12 ,000.00, ,:,enerously corrected upward or doY~nward, ac

cording to tr e numb er of hi s wives and children. 1acn of t he s e rr.en 1 oulc. be per

fee tly free to pick any problem . e wants to work on ana. , if !le · s will ing to invest 

ou t of his s~_ar;y a sum up to $5,0:)0 . 00, the Founda tion ~vould matcl ea.CJJ vl, OOO . OO 

he invested witAh anotLer C4,000 . 00. Thus, if a Fel low i s v1illing to live on $.7 ,000.00 

he would ha ve ~p25,000 . 00 (a ma.."Cimum under this scheme) avail able for hi s research 

work. He coul d go t.o nny universi -r;y or re ;:;e:-.rch institute , 1--res ent hi,., problem and 

sta te what fr action of his sal..u-~ he i s 5oing to invest, which according t o t he 

above deterrr.ines t he total budget th:.J. t he i bringing alon5 . I t may very v.ell be 

tha t i.Uite a number of t he se Fellows would r a ther loaf, retire to Calif :.rn ~'- , or 

50 big game hunting, ~md live on their full salary , r a ther t han ~~end a cent for 

c.heir research work, lf so, they are ~:;ooct riddance. l'he f act th tt they 11iill not 

clutter up the ld.bor .1torieo aml fi l l up t.he magazines Viith worthy , but unnecessary , 

p:.pers , will improve t he gener .l qu..Uity ana~ irit of the s cientific community . 

Sur pri t.ingly, some of them mit.:ht even produce extr ordin<>.rJ- re ul t:o. , d E.fter many 

;year :.> of gentlemanly leisure suddenly open u p somenew field of knowledge which pre

viously did not even have a n ....rue • 

.1Ul t he present .:..chemes V"l'hich were so f r discuss ed in connection with the 

Na tion.'.l .::.clence Foundation have the shortcoming of promotine; t ~e solution of recog

nized probl ems, r~ther than promoting the recognition of unrecognized ones . It is 

the last ty_e of a ctiYity, thou~n, dru.ch controls , under modern condit ion s , in m;y 

opinion, the ~peed a t wh ich· science 1)rogresse ;:. . Once a problems i s recogni zed there 

under modern conditions any nmber of people v~ilable to work on it . 
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