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THE NURTURE OF CRE~TI(VE SCliENCE AND THE MEN WHO MAKE liT 

M®hv'in Ca1lwin 

D~pax:tmemt of Chc:mhtr"y antd R.z.d~ati«>n i.ab©Irat@X:y 
UniV®'R'Bity of CaHforn~a9 B~rk.~T,ey" CalifoFnia 

May lio li~58 

Thb r®p@l't d®IH::rib~s 1!:h~ d~wtd©pment of w~X'k that began as an :h"N®stigati©n. 
IO!f photosynthesis and that continues in this dh:~cti(Qin" but which has as a new · 
pE'oduct some ~ntirely strange :E'esultso Photosynthesis" fuel pl'oceas upon which 
aU Hfe on earth today h ultimately dependent0 achieves the convell.·aion of d~ctro
magn<Stic enex:gy from th(!;l sun intO! ch®mkal en®rgy in the form cof plant m.at:erial 
by the reduction of C02 from the atmosph®r® with the liberation of 0 2 t@ th® 
atmosphere;, lit has been possible to desc:id.be in some detaH the way ~n whlch the 
plant ~CC@mplishes the D.'edUCti@tf! of CClX'DOfi dio:~d.de~ Ul'iliJ.n.g 'radioactive Ci>.lt'bOU as 
a tracero The status of O'Ull:" present knowledge" and how we attained it. togeth.e;r 
With a<Ome prttti!pectus· of the future and what we call!. look forward tov is the · 
principal theme (('iJf this d~.sctu::sil.@no 

One of the avenue a that we w~re pw:' suing for the photosynthetic work watl! 
the p«Hls~ble exploration of the path of hydE"ogen. from t:hli!l wate:r molecuh~ t@ th® 
sugar molecuhL To do this we fel.t H ueceasa.ry to grow Otl!.r plantro i..~rA h•z~a"Y'If 
water ~DzO}o This has led to aome ·entirely unexpected ai.'Ad new obi!!Hl!lFvaticms on 
the dfect of.deuterium tOn ceUulaK" development which may open a~~a averH~® fror th® 
investigation of growth and l'~production that ie complet®ly new to u&1o Another 
u.nantidpated deve].opment in the CO'Ul:'IS2 of OUX' invesfcigati©n of photosynthesilfl ha.s 
been the ®vtOlution of concepts of the eUectl'@nic behavior of mac:~ro~.·mol~cules which 
could lead~ on the oae hand15 to the creation· of organic solar convert~re a11d9 on 
the other.a to new thoughts on the relationship between micromoleculs.Jr~stJn.tctt!ii.'~ 
and visibhe macr©Jei:rmdure and.function in Hving OE'ganisrns. 

This wo?k.0 which hao been thlf.l pFoduct of the activities of m~ny people x:l:'om. 
many e:Jt:isting divisione of sdence-~physii.cs 9 chem.htry and bi©llogy--has led to a 
new synthe0isv ·not only in the OK'iginal artt'la of thought but p®:rhaps in oth~:rs R!U~ 
dream~cl of at its itm«::epti«:mo The background for this type of intelf-dhcipHm'\l'Y 
reseai.."ch activii.t:;~ is deacdbed.9 and the possible future of such resea,ll:'ch 
eata.bliii>hrn~nts in the United States is diecussedo · 
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~, THE NURTURE OF CR.EATXVE SCliENCE AND THE MEN WHO MAKE liT$ 

MeRvin Calvin 

Department of Chemistry and Radiati\.tl)n LaboFatoFy 
University of CaHfornia9 Be:r.:'kel~y. CaHforni.a 

May Ro 1958 

_]INTRODUCTORY REMARKS 

Mro Carmicha®l0 Mro Taylor 0 Ml'o Ritt~nb®rg. membe:~rs of the N~w 
Work Section" ladies and gentlemano lrt is a bit difficult to find ~he pE'®ciae and 
correct .words to express to you my {<i';eHngs at the momenta To accept this ( 
medal is an honoll.' indeed0 and 1 h@pe the years to come wiU justify Mll.'o Carmkhaell 
and his colleagues in their sel<i';ctiono As foli" Mi'o RHtenberg" I can only say that 
the thio':lght may have occurll.'ed at the time he suggests and in the way he sugg~~:Jtsa 

li do have one bit of information wblch Mr o RiUenberg 10verlookedo Xn fact" 
li am not at aU owre that any Fesearcher could have discovered this bit of infoR'mati@n, 
JL am not trying to describe to you the time at which the dedsiion to go into this 
work was mad® -.- that Mr" Rittenberg has alllfeady done" Jr wcu:ld Hke t10 describe 
to yol.\1 the mt~>m®rn.t 1ando c\l!.riously_ enough. it was a moment» wh~n the rec!()~nitioiia 
of one of the basic facets in the photosynthetic carb!()n dioxide cyde @CCU.E'll'edo lit 
BO happened that we didn rrt have a freezer in our house and lL had to go dowm0 very 
U.kelly& to a plac® where they have some detip-fre~ze eqW.pment· and wher~ my wHe 
kept certain items that we n~eded to keep fol!." a long period of time"· StJch as an 
occasional steak. One day we were down there collecting either th®! eveningus 
dbu1er Oli" the next mornilng us breakfast" and It was waiting in the car" X had. had 
for some months some basic info:rmation from the la.boratoll.'y which was incompatibh~ 
with everything that9 up until then9 X knew. ·I was sitting at the whe~l~ wallting 
while my wife went in t<.o get what she w~mt after 0 :lllnd I think X was pal'fked in th.® 
red zone VJ:Um n.@t SlU'e/}' · when the recognition @f the missing compound occurr>ed, 
Itt occurred just like that :o-quite s11>2ddenly- -and s~ddenly0 aho~ m a matter of 
eeconds the cyclic chal!'acter of the path of carbon beca.m® apparelfl!t to mev not in 
the detaH that you wUl see latero of cou.rse 0 ·out the !.)rigii.nal recognition of 
phosphog~yceric acid0 and how it got therev and how the acceptor might be 
Fegenell.'ated all occurred in a matter of 30 seccmdso So th~:re h ~uch a thh:.g as 
insph'atiOiilD K suppose. but you have to be ready for it. ! don 9t know what made we 
r®ady foi' it at that momemt9 except li didn at have anything ehe t11» d@" X had to sit 
and wait. and perhaps that in itself has some moraL lit is thiis kind of thing that 
K would like to ten yo'@ a little more abouto 

Your chairmal!l and yo~l!.F awards-committee chairman both emphasized the 
fact that Mro Nichols. in-establiirahing the medal. wanted to recognize basic and 
originaJ resear.ch in chemistryo Mro Nichoh was an industrialist and yet h!!!: 
zoecognized the need for basic re searcho 

w~ have heard much in the past months of the exhlting or impending eho:vrtage 
©f scientists and engiae®ra in @U:K' country and th® n®~d :lfor accelerating O:if 

= $T~~o;~-~~~~on of Nichoh Med-al Address. New Yol!."k Section. American Chemical 
Society, March 14. 1958" The preparation of this pap~n;' wae sponsoli.'ed by the 
U. So Atomic Energy C©mmhtHOlna 
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tl'ans!orming om!' educational program to producti them, li am q~.Rite confid't'int 
that m10st fl){ you her12 tonight will recognize, with mep that for today a~d foE 
the imm<'ildia.te f\l!ture at least" w~ do nolt lack scientific and fm.gineeldlllg man..: 
power of the typi:::: usually E'HJ.visag~d in these cries for ~moren. although we m~stv 
of. course" continue to e~pand O\ll.X' ability to px-oduce them for the long~r futil.tlre" 
Recruiting for industry in chemistry add physics has been c:cm.siderably mol!."~ 
selective this year than itil. the past few years, lin fact" some of may engineeldl.ng · 
colleagues teU me that entize engineering organizations are ready and waiting to 
undertake jobs when they aro given the wordo 

It ie my feeHng iliat what we lack today and are not providing f'!'Dr the fut\l!re 
h not the m.l!.mbers but the f~w m~n capable of generating th~ ®trAti:rely new and 
originali notions that could put these many scientists and engine®X's and organizations 
to work.. Itn oF'der to find these few peoplev there must be a dimate for the 
d®velopment of many. An essential. feature of this climate is aill atmospheze of 
CW'i@sity abotllt ilie natul"e (()[the world around us and the freedom to satisfy that 
Cii!lriiOsity 0 . My wery pre tHmce here tonight to receive the hoillor that yotll have 
bestowed tllpon m® is evidence of your X'egard ftoX' the p:roduct of such an a.tm©spher®o 

DltSC USSJtON 

Il would Uke to ten you the story of the development of the work that stall:'ted 
o\U\t as a~-investigation. of photoaynthe2is and that continues :in this dir€!lctiion. blllt 
which has many new ramifications and some entir~ly strange resultso Photo= 
synthe si s 9 th~ proce sa upon whlc~ aU life on ea "th t!Olday is ultimately d<l'lpendentv 
achieves the conversion of electromagn®tic en®rgy f:rom the s~n into chemical 
en~rgy in the form of plant materiaJv by the reduction of cali'bon dli~xiide fxo@m 
t:he atmosphere with the Ub<!!lration of oxygen to the atmosphere «and yo\11 wiU see 
a Htth: moX'e of that in a moment)o · llt has be~n possible to descdbe ·in som<1.'l 
detail the way_ in which the plant accompli she a the ?eduction of COz~ using· 
radioactive carbon as a tracero The sta~us of our prt~eent l<.nowledgev and bow 
we attaine'd it~ together with some prospectus of th~ futUl'e and what we can look 
forwa_rd to. is the prindpaJ. theme of this dhcussion, · 

Figure l w!U give you some idea 10f the problem as we faced itc The two 
moh~c1.1ieB that are involved. in the photosynthetic process in the beghmirt1g are 
the tw~ at the bottom--water on the left. and carbon dioxide on ili~ dghL . Light 
energy somehow breaks the water molecule 0 producing som®thing that evr.:t1.tuaUy · 
becomes 11fxygen0 with a seqtu~nce labeled A~ :B~ and Cv al"ad an active hydFogen 
~Hy of some eortp whkh acts upon carbon dioxide or a deFiva.tive of ca1fbo!ll dioxide 
pFodudng compot~.nds along the sequence X 9 Yo and Zo ultimately t10 form 
carbohydrate. that ie" reduced carbono 

When the wa:rt' was oveR' in 19450 radioactive carbon «·carbon~ 14) btac~.me 
available to \l!liJ in quan.tityo It could be foHowed through a series of tJt>ansfol'mations 
such al? we:r®. 'l!nknown and which al'e !abe led Xv Yp and Z in Fig, lL W<J!t 1lJ.ndex-took 
to foUcw that path of t:tacer carbon by f<eeding lab®l(!;ld carbon to the p!antv as shown 
ilill Figo 2." -Labeled ca:v:bctin enters thll'l leaf through a seli.'ies of compourtds~ ~nrentr,y,a.Uy 
coming 01illt aB am~g&X'o 1tt is eal!ly to a~<e that if'we W€ll'® to kiU the leaf· ~or stop th4!l 
procesta of photoaynthcsh»~ ~ wot>llld find those c@mpound.s t:hat were on th~ route 
flrom carbon dirpY..ide to sug;:u.' cl!)tttaii.mng the radii©«<l.ctivity f,iil.dic21ted by the blips 
on th@ detect~l's down below). Tb.of!l® comp@,JJ.nds that were not a.l@ng the path 
betwet;n cal'bon cl:i.o~rlde and sugar. ~&~t~ch as Q ht Fig. lv wo~ld not be !"adioactive,. 
a~d thliitJ §t wotald be ptHH~ible til} m.a.p the :r©~ute horn ce.rbon dio:dde on. the oo.e , 
ha&iHl tli:il oU;Et;<U.' @n t.b~ other hanit 
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Fig. 2. Schematic representation of C 14 labeling in the leaf. 
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In order to do this kind of experiment we had to have a plant material 
which was extremely reproducible in Hs b~havio:l:'. We had to beco:n::i\\'!i 0 !fa.rli."n~X's~'. 
but a epedial kind of farmeli'. We had to grow our plants in a x-eproducibLe way 
1!10 that they would diYl the same thing on Tuesday as the1r did li)O. Monday 0 but that 
is not simple with living orgaoisms unless they are speciaUy calfed f.or. So we 
had to devise our own "farm" on which we could grow the organisms we would 
use for this study :i.n such a way that we could depend 1U!.pon tb.eill' identical behavior 
from day to day. · 

Initially9 after the selflction of pure cultures and their maintenance in 
150-cc flasks, we gFew the algae in l-!iter shake flasks 9 as illuatli'ated in Fig. 3; 
this i8 the type of algae-cultu:r.e equipment that we used for many years;, up imtil 
about 3 years ago as a matter of fact. Our pli'~sent farm consists of a continuous~ 
tub® culture U~'ig. 4» of unicellular green algae whose density is controlled by a 
photocelL The continuous control automaticaHy feeds medium. into the cultu.X"e 
tube when the algae gets dense E.H'l.OUgh. When we. need the algae ceHs, we can 
harvest them in a ste:r.He manner. The biological matei"ial that we ordinarily 
u~e is the I!.Ulicellula:i: green algae Chlorella.t whose cultuJre can be con.troUed to 
produce a ve·ry reprochl!.dble organism. Figure 5 shows a photomicrograph of 
C-hloreHar and this will give you some idea of the size> the a:ca!ev aB you. can see 
is in microns -- the cells are very smalL The cup- shaped chlorcplaats which 
contain the photochemical apparatus «chloi"opbyUp ahow neal' the center. 

Having devised the "farm an and grown the algae, we then expose the algae 9 

in the "loUipopu «Fig. 6p to radiocarbon for various periods of time. FoUowing 
the exposure, the algae are killed in a variety of ways, and an. extract of the. 
algae whllch will be used for analysis is prepared by vacuum concentration. The 
method 10f analysis thait we use is paper chromatography and, in factp oulf entire 
operation is dependent upon this analytical procedure. A tlmaU bit of the exf:ract 
i's placed on a corner of a pil!':ce of filter paper which is huog in a t1rough «Fig. ·n 
and suitable solvent .added to the trough are allowed to run over the ,paper r thus 
separating tlie mixture of compovm.ds into their various constituents. This~ b done 
successively in both directions of the paper. We then find which coruiltituents are 
radioactive by exposing the paper to an X-ray film. Wherever there is a radio
active compound cr:»n the paperp the film becomes black. and we thu~m know where; 
the radioactive compounds are on the paper. Then we pli'oceed. to determ.ine what 
they are. From their position on the paper. we have a due to what they ali'c but 
not a complete identification. 

As a. result of this operation of paper cl'u.:·omatogr.aphy followed by· radio
autography we see in Fig. 8 a chromatogram showing what happens after 30 
seconds expoaw:e to li'adiocarbon, and you wiU see that theJ.re are about a dozen 
compounds that contain 1i.'adioactivity. Thirty seconds. then. is much too long 
an expos\U'eD and so we shortened the time; Fig. 9 showa a chromatogram of a 
10-second. exposuFe 0 and you can see one compound predominating. I might add 
that it·has taken about 10 years to identify the compounds whose spots appeax on 
Fig, 8, and there are stiU spots on the film whose identity ia unknown to us, 

The result of aU this. j,a an analysis of the path of cax'bon in photo-· 
synthesis. which is shown iu Fig. 10. X wanted to show you how detailed the patl1 
of carbon irA photosyntheei!i!i r~aUy was, We now know ~vel'y one of those compounds. 
To give :you a better ({and simpler) ideai of what we have d!i:nr,e, I have iilche:n.'l&tized · 
this entirca cycle inti!) a leaf «Fig. 11) which i a the cme Bh~wn in Fig, 2. 9 in which we 
had con11poun.dg.j labeled X:p Yp and Z, to show you what the cycle amo\\lm.\l:s to in 
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Fig. 3. Shake-flask apparatus for algae culture. 
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Fig. 4. Constant-density algae- culture apparatus: A, 16-liter 
carboy of medium; B, solenoid; C, glass tube with D, 
magnet; E, bubble trap; F, stopcock; G, cotton-packed 
air outlet; H, cotton-packed air filter; I, three-way 
stopcock; J, draining and inoculating tube; K, magnet; 
L, fin; M, encased algae culture; N, water bath; 0, 
magnetic stirrer; P, collecting graduate; Q, reservoir; 
R, jacket with eight fluorescent lights; S, pinch clamp; 
T, overflow outlet. Inset is cross section showing jacket 
with eight fluorescent lights. 
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Fig. S. Photomicrograph of Chlorella. 
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Fig. 7. Top view of chromatograms in chromatographic trough. 
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Fig. 8. Chromatogram of extract from algae indicating uptake 
·of radio-carbon during 30 seconds of photosynthesis. 
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Fig. 9. Chromatogram of extract fr.om algae indicating uptake of 
radio-carbon during 10 seconds of photosynthesis. 
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actual fact. The carbon dioxide <ante~ a th~ leaf at the upper right. and is 
combint!!!d with the s1\llgar. The sugar. in con1binaHon with the COz fol!."m.s 
an acid. Th&t add is then redta~ced to an:agar again. by the hydrogen whkh i!:he 
sun make a from the water. The sunlight is shown shining on. the water h'l 
Fig. H but it is, of course0 actually absorbed by chlorophyll aa shown in Fig. 12, 
FoUowing absorption. an 11active" hydl!'ogen is made and that ~.ctive hydrogen0 

following the arrow on the !ower :rdghte joins the acid and sugar, thus cttHl.verting 
the acid to a sugal!'. The sugar undergoes. a se:des of rea.rrangement and comes 
back again to the original sugar itself. and thua the cyde is completeciL You 
see we have mapped the path of Ca:l.'bon in photosynthesis in gX'eat detaiL J:.A.ore 
recently we set out to map the path of hydrogen. which is really an u!i'Aluu:nwn 
quantity. AU we know is that it ata~ts from water an.d ends ora the suga:rr. 

An early approach was to use deuterated .cells to follow the path of hydro
gen, but this was abandoned when it was'fcH.md that such ceUs showed diaiinct 
pathological character:istics and that the quantiti~s E"equ.i?ed for the detection 
a.pparatus 1iLi thie case nuclear magnetic resonance» would involve the uae rol 
large .;;tmounts of cen material and would necessitate the isolation of intermediateg 
on a large scale. For exarnple. th•<! unicellular green algae. Chlorena. when 
placed in watex- contad.ning as much as 30% deuteriu.mv while it conHn~es to 
grow. ceases ll:o divide. and aiant celh result. 

TheX'e remaill1ed the possibility of uain.g the radioactive isotope o{ hvdl"O~fH'l." 
tritium. to follow the uptake of hydrogen from radioaCtive watei'. by cells carry-
ing out photosynthesis. Ma\'l1f difficulties had to be overcome~ not the least of 
which was the very weak el!llergy of the beta-partiCles emitted by tX'ithm:~. and the 
la:&"ge amo'I)J.nt of dilution of the tJ<:acer by the EH'AOrmous amounts of wate~t whkh are 
inevita.bly present in any biological system. The expe:tim~nts with t:r:it:i.um weF"e 
performed eaaentiaHy in, the r:1ame way as the carbon expe:ad.ments descrii.bed ea.r.He:;r. 
This w:ork is etiHin the preli.minary Btagesv but the :~>'Geults so far h&v<.a shown 
that t::ritium is incorpiOlirated into a n:wm.ber of c.ompounds in the course o£ three H\ 
minutee. and these substances appear to be the same ones as thoee cot'ltaining C · · 
after the cells are exposed to C 14oz. though the t•elative distribution of activities 
is quite different with the two trace!' subetan,c~s. 

Otl!I' experiments with heavy water on Chlorella, which h1dicated. an inter
ference with cell divhion but not directly with gro'<'-Vth. suggested work on cancer 
ceHs whor.H~ characteristics are orie[(lted towa.t•d rapid divbio1:1 OT multiplication" 
We studied l:he effect of DzO on the surviva! of mice with ajgcites tm-nor. Mice 
inoculated with ascites tumor and maintained on 25o/o and 30<7o DzO drinld.ng .water 
showed <:.n impl'oved survival tim.e of a few days. whereas 40o/o DzO dlrinldng water 

. ~a toxic concentrai:itllHr.tb had no eHect on aur.vival time. It has been poetul.ated that 

J. 

the increased survival time of ilie mice maintained on the 25% to 30% D2 0 is due ~o . ./ 
a dec:reaeed rate of cell division. Th$.s inhibi:tory effect has theoFetical in~en.~est 

11 but no therapeutic va1,ue at the moment. 

,; 

Anothell" a:rea in which the property of inhibiting cell division might 
ahow is in fertility. cH"!d accor.dinglyv the control «normal» animals in tluf 
cancer atudy were mated and obaerved. This led r.o pell"haps the moet obviously 
interesting rtiHl\illlt of our eJ,per:h:nents with DzO which is the fact that m . .!1\l~ mice 
who receiv~ d:rinking wa'i:er c@nta.illing in tt up t@ 301% d~tllted"t.ll"lrJ are incapable 
of fertilizationo This effect is Jrevereible. f©r when tiuH.><r; mic0 are !*etm·n<ad to 
n©rmal w~:i:er they recoveX' their ability to ~E'I!t>~~h:J!J'c<3 '.!l!14'$pT1<ag ·h~ 
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Fig . 12. Photosynthesis of f ood f r om carbon dioxide. 



0 

-19- UCRL-Sl'n· 

about 65 days; this h 5 dayB to dear out the h~?Javy water, 40 day6 fop; 
spermatogenesis and 20 days for gestationo The importance oi thii!J last 
obs~Fvation With respect to the natull'e of growth and cell division and ita 
possible applicel.tion to a fundamental study of genic material. such as iH.Adeic 
add. has only begun to be e:neplored. 

The mechanism by which we believe ~this action occll.l"e has to do with the 
fact that moat of the giant molecules in the living organism :retain the parti
cular shape they have because of bonda within them formed by the hydrogen 
atoms of their structui"e. When these hydrogen atoms are replaced 'l:wi.th 
deuteriwn atoms. we may expect these structures to change markedly. This 
r.hould pX"ove to be an important to«?l in the investigation of these moat basic 
substances in biology. 

Another unanticipated development f:r.:'om our investigation of photosyntheai:b 
has been tlllee evolution of concepts of the electronic behavior of macromolecules 
which could lead, on the one hand. to the creation of OTganic solar conveX"tere 
and. on the other. 'to new thoughts on the relationship between micromolecula!· 
structure and visible ma.crostrvJ.cture and functiC~n in the living ox·gani.smo 

CONCLUDD.\!G REMARKS 

You can see how this v,;ork. which has been the product of the activitie~ 
of many people from aU existing divisions of science- -physics. chemis~ry. 
and biology--has led to a new syntheais. not only in the o:rdginal area of thought 
but perhaps in others 'Utldreamed of at its inception. 

In ordex- to foster this sort of thing. it seems to me our _methods of 
educating sc~entish must be carefully e~amined. This education muat be such 
as to enable the young scientist to explore deeply and weU gome particular ali'ea 
of natura! phenomenao Ther.e is no substitute for this s.ort of coi'u::entrated 
activity and concentration of thought. However 0 U: must be accompanied !by 
the conviction that the student is free to follow. and. in fact. halil the duty to 
follow. the exploration of ao.y natu:ral phenomena into whatever aTea ~he light 
may lead him. In this way wHl the c;:-eation of new b.orizoills overlapping eJdsting 
divisions of science be encouraged. Without it. we will be limited to the dasaifi
cations and subdivisions of acience developed during the 19th and early 20th 
centuries. and our thoughts. conceptions. and even practical developments wiU 
be ci::rcwmscdbed by the very wo:?ds and modes of expression which each scientific 
subdivision of today tends to useo . 

In order to avoid academic prejudice. I felt it encumbent on me to try a.illd 
find an external expression of what I wanted to say, and I found it in the words 
of HaTold Gershinowitzv the presid~nt of the Shell Development Company {alSo 
of CaHfo!!'niah 

"lt1 the large sense there ca1.1 be no such thi.ng as undirected re~earch 
in. industry. lt may lilt:ali'lt out thus. but eseentiaHy it is directed into 
types of activity tha.t the managters of v.:hat il"I.UJearch laboratory have 
confidence win at E.H>me time have appHcathm. Thmrefore 0 Jr think it 
is very important that thet.·e should be somewhere a p~ace in the ll.'esearech 
or.ganh;a.tion of the nation where TeaHy undirected imrest:i.gation can 
tak~e place. 11 



•Ji. 
' '-'!; 

:* 

D • 
~ 

•' 
't_J 

• ~ 
( 
~ 

-io 

-20- UCRL-82'1/3 

li would sugges~ that the creation of several dozen laboratories or 
institutes devoted to unrestricted baf'llic research «such as JJ: have deacr:i.bed 
t10 you) throughout the country. located. as they must be. at the universities. 
would be a partial answer, at least. to our p:&"oblem of px-oducing the creative 
thinking in all areas of sdeElce that we so eorely ne~cL The f~!f!da of the creation 
of the !!le laboratories may come from a variety of sources. Ii: would be highly 
desirable if they could come from the foundations ai!'Ad private cont:dbutitms. b1,1t 
it is difficult to see that amount of money necessary for the creation of sevell."ai. 
dozen of these laboratories to be foythcoming from such souTcea. 

One might expect that the managers .of our industrial complex would 
appreciate the value of such uncomitted :research estabH.shmem.ts outside their 
own reseaX"ch and developm~nt lab«Hatori,es 0 and help to Hnd ways and m.eans 
of providing the faciHtie s and continued support that they would need. However. 
it appears that the only siugle sourc0 capable of achieving the creation of these 
laboX"atoi'ies. and on the scale we need them. will be the people aa a whole, 
probably through the functioli!. of one or more of their Federal agencies. such a.e 
the National Academy of Sci~mces or the National Sciences Foundation. 

These instU:utes must be part and parcel of the fabric and development of. 
our universities. Their staffs could b!l! about one-third academic and p~:o-,·manent 
supporting per aonnel. on.~- third viaiting postdoctoral people 0 and. one-thh'd 
graduate students, The absolute numbers would depend upon the h1dividuals 
concerned and the areas of their work. One might expect them to vary from less 
than a d~zen to maybe 10 or 20 times that many. · 

We would thus not only provide the climate fo? the gen.elt'ation of new 
ideas but aho for the discovery and development of the young meltl capable of 

· producing them. Without these •. we as a. nation will not survive in the class in 
which we now stand. Unless we contribute in this la.:t"ge way to the development 
of the human race 0 we will have to sink back into a subsidiary position i~ the 
intellectual activities of the world. 

InfornHation Division 
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