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c gL,ps;L y&Lij ;JJ;y$ : Gentlemen,:down through the ages man has Zoo::nd that 
a diet of bread and meat.is,.not conducive to a full life; so :x3.;: developed 
t%e dessert. Ze developed the crearr; puff type and developed tl>e rob.Jst, 
f -!!,:Tjir,cT, $l.xm pudding t>Te. 1Po~ we are studying manpower and we are find- 
ing that just plain bread and meat are not enough. So we are ir;;:ecting 
in.%0 the course today a d.essert; and I will assure you it is not t>e cream. 
Txlf f type . It is the flaming, plum pudding, robust GFe of dessert. 

- 
. .!:>.. ,krd ITie,- opts no introduction to 422s school. iIe Las beon a friend 

of the school for a long time. So today we are going to fi~~wa-Lively and 
literally sit on the edge of our seats listening to Kr. J? Carlton 'L'ard, 
of the Fairc%ld %ngine and Airplane Cornoration. !r. Vard. 

:a;. VA23: Gentlemen, 1 thi.nk we had betl.er start off by getting 
ourselves sqtiared awa,y on 301~ fundamentals, The first and very obvious 
one 7 is l2la-c you 7on't be Iong discovertig that I am not a scientist. Years 
ago I :!:a? an engineering education,. and the.re are times when that devils me 
a little bit and I still. think I can think like an engineer. So actually 
-ore are i wsttg such or: a plane, most of us, bec$use, ever! t:?icuLgh there are 
no ~0u'o-i people among you $no are really, familiar with this ..;ubject, I am 
;; 0 in:; to as.sx2e .;tha il 
tka t vre are 

f for the most Tart we here today' are Eat scientists, '. 
a little hazy on our engineering. So I xi?_1 try t2 bring tl-;is 

s 1:-b ,j e c t< dor-;r: t 0 the cq:rehension of all of us. 

I think if I can accomplish one thing, enough will have been accomplished 
L' ,. or the day. That one thing ,.is to,bring to.211 of us these facts: That 
a%omic ene:rgv is not something that can be understood only by the Zinsteinsg 
=I&, further&ore, that it is _. something that is going to affect the lives 
3f each me of us and certainly the lives of our. children, 

I iersona2.Q believe.that the year lS96., which we will discuss a little 
more later or ., will be a year that will be studied by, schc~i. ch;‘ildren for 
t%onsands of years yet to COPE, or for millions of years, or, if you be- 
lieve the theory of genes, for the billions of-years during which the earth 
v;ill sti.11. provide a suitable habitation. for people like us, ,or ;?atever 
c>ix c:ss ce-ldx.%s tx..rn o.Yt to be under 'the Darwinian tceory, 3-L:j-ch again you 
gr j-1-k f :LpAcA 1 to be t,ra'cP&T~e to v-1"; -+-i ., d rcl~,m,ons in inheritaxe that are Lnfiuenced 
bv atomic energy. That sounds. a little ,fantastic, but, yen kno1.r that sci- 
e~tists car. change the se:< of fixit flies by X-rays, Sy. 3h~~sioc.~ler~istr:r, 
-b-J xxleonics 9 or whatever term you have to coin for Ycesc nex thin9~ CAJ. 
There j-3 a theorv 3ha-l new traits of y character a# near psrlxws because of 7, 
cosmic rays that xander around and hap;?en to hit that little ~delicate mecha- 
nism of inheritance' which we call the gene. You see I an already off my 
subject.. I had better get back to it. , 
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Zemiember that ~&en the report of that flight was sent out, the Ne:7 York 
T i.me s refused to wblish it; because it was too fantastic. 
pagers sould yJbl&h the fact' that man lhad 

cy$y ?, f eyf 
successfully accom~kkhad a con- 

tro'!.ied flight in the a-ir. That was 19037c. 

So the only ,point* to this timetable idea is to bring out clearly in 
your mind the fact that man is still in iAs infancy. To make that a little 
more dramatic, let me say this: Sir Arthur Eddington, the great British 
ast.rOnomer 9 has calcul'ated the length of ILife of the earth from here on? 
and he figures that it is about 500 billion years. -jy is; is ,zq+Jjq 
approaching that, you ca,n easily a?y;\rec,, >A ;?-te that we have not, even started 
on the earth. Yhere will atomic energy be in the year .a hilLion, 20 billion, 
or 200 bi?.lion from new? X-&n you start now by thinking bacll c:n i7here 
aviatisr. L3.s gone since 1.903, you can just imagine where atomic science is 
going to go in the next fort-j or fifty years.~ 

i &yf: ?ut 52 years ago as the birthday of atomic science. :,:oy.i 1 yfoui< 
Iike to get right do:z?nn ,to c&es and discuss >&at *has happened to atomic 
sccicnce since its birthday. 

Ve wiil -AiTite t11E?961f on this blackboard as the date wizen Becquerel of 
Yrance stumbled on atomic science. I say r'stuti~led~l because most of our 
great discoveries are ;,:ade accidentaily. He had in the bottom of a cabinet 
in his laboratory some.citchblende, a uranium-radium ore. ye xs sxperi- 
;!lcp.t~b~ :yi+Jh 'it. There y<as a dra:wr ti his cabinet in which there -firas a 
verv hea* bronze key, 
&s 

and on top of his cabinet he had. mrx inexpos e d 
$Gto;ra$ic plates, .)Vhen he 2;;en-t to use the plates, he fourid that 

there was a picture of ,Che key on them, although they had not'been used 
nor had they been near the key. Being a scientist, he ?:Tent to nork and 
by foolling around he f,ound that if he took the ore out of the bottom of: 
that cabinet, the pic~~e,.of tile key would not appear on the plates. So 
he then said, "There‘ Ls some'thing funny about that ore .I' 

, . 
Now, the next date in ou? timetable is 1898. In that year the Curies 

took that ore and fooled with it dhemically and isolated radium. In two 
years -they bad extracted radium from' the ore that had brough_t the key to 
life on the plates., $hen they discovered that radium principle, t?!ey 
discovered a nevi +enomenon. In other vrords, radium apparently T?ent on 
giving off energy; hiving off these pnetrating.rays, but nothing much 
ch&zd about the. radium. They couldn't find any difference in wzight, 
ccllldn't find any difference in character; and yet all. .the chemistry that 
VW known up to X98 indicateh that if you had an exothermic reaction, as 
ihcy CL?1 1 it, ~;~~ich is a heat-Siving reaction, sooner or later the thing 
runs dwn, it quits' giving out heat, quits giving out rad5ati.w. mbTEiTll, in 
time they discovel?ed that loss of radioactivity Froceeds according to a 1aT47 

w'i.ich is called the half life. I am going to define that wry brJ.efly, 
because it is vgry*fundamentai. in this thing. 

. 



mr ilie rjei:ty &.te y,rO might PiIt dOl;n here ijs 1934, r,hen a 3rLtish ~~~hysieist 
camed Chad~&k, a very young fellow, did a remarkable thing. Ze &scovered 
-the neutr’m. The reas0l-i that is ~artfcuiarly remarkable is because the 
neutror, bears no electi-icai ch,arge, and it is so small ttiat it is less than 

c?. :,,?,~VC -len+-~ nE ]&-&;t .:fl size 
trical ~!~rrko 

IL . You can’t see it. Since it >as no elec- 
U-A-AL;“I you canIt push it around with eleptro-magnetic l-jr electroT> 

static fieids. The usual aeti3ds OS’ exploration therefore i::erc not avail- 
,zljle ; so he did some of the sl!re”vdest Tzork that has ever’been done to prove 
the existence of some-t!-:ing tha t didn’t want to be brought out befcre the 
public. 

y&-J ,, the next discovery that came along was in 1939, :+en tx-0 Germans, 
-7 n* 3alri ana 3 zassmann, performed-an experime6.t in a cyclotron ,and got a’result 

that no, one had ever -anticipated. T ‘hey discovered atomic fission. But they 
didn ! ‘b ,J(naT;( J$+,ZJ” it ‘i;r?$ .,. lJ I . That is v&at saved us ‘&-I the war. 1% 7;~as tileir 
lack. of interpr’etat4.nn o? wht they had discovered.that allo~sd the news 
of. fiss.i.on to get out to England and the United States and the other allied 
countries. Scientists have this beautiful form qf underground intelligence 
t!;l.nt ;;oes a11 over the -i<orld. They cooperate on scientific discoveries. 
l3ad.tha-t discovery been bot$led up by the Germans, we might not have y;on 
the ,~;ar. But Ed-m and Strassmann thought this was Just a scientific freak 
that they saw in the cyclotron ,and so they told everybody about it. 

actually this is what it was: Thea fired one of these little atomic 
_nro,jectiles at the nucleus of an atom; and instead of buqCng the nucleus 
0u.t of ;:lace and meass;iri..ng 1x1~~ far the buqed piece -tent because of the; 
buql , d,c?ing t.:--~at an~lyticaliy by the ord3nary laws of mechanics that can 
reduce the reiativa masses of two ~:jarticlesk-a method that ;?hy&Lc*ist~ use 
for ~,~~<?,~lJy~.~ QT~~je Li tr Ettle qartic.le s--when they bum$ed.this nucleus, 
sever21 Lh.in~‘s a?ps~~d in various directions, Thejr had never noticed such 
;; tj-;i;:g before and didn’t, understand what it really v:as. ‘That ~r3.s the birth 
cf fission. 

In l939, as &u :vTl,l remedmr, all that Wnich business z.zdw ~hzt 
not 7~2s g0i.n~. on; and, fortunately, these German scient.ists le t’the infor- 
mation slip out, A Jewish woman named Meitner and a man named FrFsch mathe- 
matically reduced that experiment so they could explain it, and there it 
~.s, It was fission, or the enormous release of energy by this formula 
which B:r . Einstein brought out in 1905, That T+as the day that- it hccame 
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TO begin vdtg, most :pe.ople','for,get .,&at 
’ 

the y are.,onlJ animals 2nd .t-$.t ' 
t~'il~e 'J 3ave come. down the old,,tree,‘&@'A 
hanging by their 'tails; 

Darwin's .famiIy tree3 'vith monkeys' 
that they,,hzve .c.omG ,&n:this 'tree in a snc&ssion 

of biological-soorts. .I,thi&.tha3'is ;tkie' technicA term. A sport is a 
variation that &as not present'in the,par&ts 'and which cannot bc found in 
the ancestral chain .:,',Nhether ,$orts,'+re 'produced by'cosmic riys Is a 
question &ich we will*.forget]for the time being? 'V{e will just say-th:t 
Dwwix had"produced a theory ,tiicH seems to rati0nalize"an.d ex$eir? the& 
near forms of life that appear +ith&t inheriting characteristics of.'t';?oir 
ancestors. That means that our great-grandchfldren of the for,ty-sixth. 
generation may look very different from what 'we look ltie .no-ii. Doctors 
point to lo-h3 of ,Shings iii dtp'todies tlfl2.t we do not 'use, wh -'. c i-i ,+re inher- , 
ited from our ancfes t ors. Tie don't need all 'of &hem, and they a.Fa,atro#y- 
zing by degrees. :+me functions are ,dq~ogping out and new ones are cam-&g 
111. So it is not at all beyond'reason to assume that the funny 
in popular 

i;icturcs 
nqy.2 ines , t:=at,shoG g man from Mars or &ha't'npt, may look"like 

our great-grandchild of the nine"'y-sixth generation. 
diet, but it is fun trying to. 

I don't -3,nt to‘p&- 
s'o we are'going to have to recognize that 

you Ire only a h,?lf-devel$ped,specimen; .&at maybe you ,nre.not even half-, 
deveio~ed, 'T&t, term t'half2bake.d" might have more ms~ning, to it ths.n.me ' 
imagine,. : ., ., 

,.* .' . :' ,.( 
. 

NOT ,s ip you'-3,' 
point; 

~,&l,l &s.$me.that'much,.:& will go 'to the next iTport,~nt ' ,' 
Sveryth~%ng that Gre'normally.' think-iin,thosc of us :;:ho do-is :: , 

produced by impregsions.th$t register some-@erc &n our min& through our. ..'. 
five senses. In other words, vie 'think of things as. hard, soft, trnns-' 
?ZelTtj opaque; red u~,.gr,ei3n,'blue;.rough, smooth. ,,A11 those' things *are 
merely terms that have, 'come amboUt thzbugh our nersbnal ex,?cS.cnce. 

., ; 
yf& 

bump into a ,concrete $all‘when 'you'aro' running~ t,o' catch a fly and ho kno& 
t‘ne vrnll: is &de 

. " We: also~'say it is: solid,. ".We ‘also say the thin-g .iS.' 
static,,. that it is standing'there baiting for.us to run into it, 
prove in's minute that it' is not any of those things; 

I 1Gll 

p2r-L 'of t'fl& lect@e, .' : " 
Thit'ik the easiest 

' : 
I_ 

The point is that they, a>pe;r^r ,that.nay to us.. In pther Words; I zrn 
trying to make'the pointnow--1t'i.s the most impdrtant.one in today's, 
tnlk--that we s&the-,wo6ld only th&&gh"ou$ senses and' that. the world is 
not zt al.1 thc'@.y~ $e' s'e'e- it; '8e'ake 'goirig- t&try to dovelop ,ti-:?t in ,a ' . 
moment.'. 

,color-blind people. 
blind. 

They~might b;e.'~~rtially,'~bibr' blind or 
Statistics ~0uld favor the Ytp,artially.~~ But ‘iet US 

wz i-:nvc a totally color-blind person here today, He thinks 
r normal life, but it is not a normal life 'for a person who 

:? s s'ume thk t 
ho is living 
has color 



~Mow; -one of those things.tihich is aoparently irrational is light, 
Your Ficture of 'lighL'~rtioably'i~,:'that it'is si vibr.ation that comes'thLrough 
ir:te.rstellar 'space, of tihatever ,it may be; transmitted through some myster- 
ious mec‘rianism called the ether'. It has only a vibration, has no mass.' 
It has tie- characteristics :of'solid matter. 
EO:?J In?oi!'tthat light is-no Such thing. 

But 'all-that is not true. We' 
'We t&ought 'that w&2 What' it was', The- 

cause of our'limit~ed observatioris of.it.- -Actually, light has a dual person- 
ality, a ti, Jekyll and Ur. Hyde personality; -1% comes through soace in 
this mysterious vibration like you get'whenmyou wave a clothes line.: The 
wave goes on and onand' yet the clothes.-line'is still there. The ether 
would be the clothes line and the wave would be the light. So light is 
energy. according to 'that'method of approach,' 

a. "' ': : . 
'In most' of-the engineering-fotiulas you. can use energy terms for light 

* 'and explain its behavior. But along‘came the astronomers and $icked.up 
something that the energy concept wouldr,'t,explain. That was that when me AI 
had an eclipse', the- stars didn't ahpear where they should be in'the heavens. 
They moved. WeLi.1, it -vas" knovm that the stars didn't move; so what did 
move? It aas‘ the. image that moved. : Ir,' Other'vDrds,' the. light did- not come 
in a'straight line, Kc%, if light"%as a'true,wave, it had to come in a . 
straight line,. But it di&~t come &i a straight line. 'Why did it not come 
in a straight line? It was moved by.%he-gravitational effect of the moon 
or sun as the case maybe;.'In other words, light had' the. properties of 
mass, It could be attracted, it could be pushed and,pulled. You can't 
gush or pull s0mething.tha-t has no mass, '50 obviously light had' another 
~duali$y.of character. 'It 'had the pj?o@M,ie.s of mass. These facts are well 
known, They have been fully'studied and un&srstood, and 'the formulas for 
light non take 'into account its-duality; " ' I. . . .' _::_ .i'. .' 

We human+anitial+ can't i;magiine a thing' that has no substance at all' 
one minute and the next,minute behaves like a thing with substance. The 
reason 'is that our senses'do not equiputi to understand it, We don't.have 
sensitive enough biological instruments %b iexplain such.behavior; so,tie say 
it is irrational. But mathematics makes it perfectly:.rational, and Einstein 

. was the man who furnished the mathematics that translated mass into its 
behavior ,as energy. 'X,'am .going to drop that one right there m6rel.y to, 
leave' you utterly ccnfused; " ' . . .* ;. ,. ." 

" I hope I have,*made-one >point."that the world.is not at all'the way you 
see it'. I am trying to get pasttthis point so we.'can get over. to things 
that you will be able to more nearly apply. But it is so~important that 
1 don't :Nant to go further until you are reasonably convinced that what 
I have shid sd,far is true. " .I. ;. _,_. ., ,' r .I '. 

:: :. T,' ,^ . . .:. ,I , ,, I, i ,, . .., .: 
Let us"no$'expiain %&t'an'atom can be made to;lcok like' and how it " 

' behaves. Takc,the. simplest of .all-atoms‘,‘hydrogen. It happens that, 
hydrdgen on the periodic table ,-df the elements has a,mass of 1.'008, That 

'. 
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This Imodel op ']the ,&cm 'i~,.:a~~l~;l~~,~l:bur;k;~ p-$&men; but. it is .the kind 
of stuff ihat hs'$C3 :Qs,'tq ~&i&~stii.&&i;i~ .$i,si@i,~k .t,his. atomic energy busi-- 
ness. P-q? $0~ m~s,t-,rerig~~o~:tha$j'~~~:jsn't: k'&&+ s,o? because it isn't I. 
-acdordtig ~o,,mat@rr.a~i~s . . ~,~&+&jii&~~~~~~ i.- 3 :.t>f+.onP~ thini that rea~l.1~ ex- 
cla iqs f.t . You"'c'an se& from this-'crude example why no human eye., :Cth any 
kind of miscroscone ,knovqn. to man phi& .h$s t.o..us,e,.lig,h~;. can ever see that '. 
a t 0-m . $0 the -moci$ was de&sed ~ep.tii-el~..b~:'~~~~~c.g4s: $to: examined .,proper- . . :. 
ties of, %ile atom, recorded .$&em mat~-~lT;lticall~~,a~d,:p~~e.u~ .@t& that .pat- +: 
tern; 'It is now agreed't,h$t. this,..model,i,s not..'true,.,but +t. +~:3tiJ.l so 
useful' and exgla.&s ,sci;'m~dh“~~oout'a~~~ic.~h~~s,ics t&t it is still.being .. 
usesdi 7(Je are, going to.'us$ it het$, be~ause:.if;,Joui.rulderstand jt,,you can. 
underst$d a great 'deal about .aiomicC~physics. - But. please .remember: that 
this model is: nof~,,r$tl~~~. cprsec.%.,] I : " ., , : 'I ,... " ,I - 'I . .:. 

.:. 
. . .I, ,'." 

( , ,, :i : . . ', (, .c: 
i$c, Ha& theri t,i;?:,as.ii'e' ,of an' a&&of, hydrogen. ' &~r le t us see..&ha;t:, .'I I '-. 

these th$ngs inside .the atom are,,'like. key, now:wo ,really 'go to work, The 
'SiiZe i?lf' this“electrdn out here' is'expressed by &it&g th,e.t?ree signifi- : . 
cant figures 1.88‘and dividing them by 103 with 21 ciphers after'it. That 
figure has been checked in laboyatories all. over, the:wor~ld--ic..Ja~~aq, France; : , 
zi-i&lfid;:, Germ&y, &$t'Russia--by $-i$sicist "s &o ;never met each. other, using 
different methods.‘.': The 'answer. always. comes us' Edith. the., t@ee, signif.icant 
fi@reS tl-ia$ y0.v s'ie there. T~t,'S;~en,'Is.the,s,ize, of theeiectronr And 
it is, in centimeter,s; ,b;i the nay;.nit. that it makes,.any. difference.;- You '. .: cA:r_ r2.t a 'xkueh idea of how small, that 'electron.. is in a ,thing as :big as. .... 
thisaatom.- '1,said s."miilute"&go t&t the atom is small; .but it, is. big corn-:' '. 
p&ecj 'tg '.:;I ." t.15~ sue of the,'olectron.' :, ,,~ ,.,-_, . . . . . . . . ,' ,. ,: 1 ,.. ..' 

I '_'I - ,_: .,','_ : : :,/ 
A'S,'i.o' this. thing in. the center, 't*& nucieus,'.J~.am qot gjing..to give .I 

j+u the iize;' I am, going,to'giV.e jwu the .mass,, .The nucleus has roughly. 
~lSOO.'?iim~~ ;+e,,.r+a$s of the,.electron.,." &d:remomb&. that this,: is, the sim$sst 
a-b?-!?; -: "':; . ,,.,.' :: .,,,;'. . ...-, : :: .,I .)' 

, ,) . . . . . 

MOW let us for a minute f orget all these dimens.ions, ,, Leit us talk 
about the. &,& .ahd.h$e,‘ &y it is., so jm~ortant,"~o.'~,~u', ge.ntienep. as .miJitary 
og-;peys -1, as'citizen$~"a,nd,as fa,thers' of fu.ftu.r,o. generations, I_ ..; ). ,._% ,. /i. 

~0'ge.t a .p&t& of-the atom. in ‘~GUS minds:,*' d 
," . . 

1e.t us imagine a' $&de 
grouha’out .tlls$e. oh the~campu$ and say that the parade ground. is .t!?[o miles ., 
wide. Let us assume that you hold in your left hand a baseball and in 
ycur right hrtnd a green:;;ear!. Ypy. ygilk one.,mile .to the center of.that, ._ 
parade. gr.ound And drop the, b+seb.all. 3T,hen,you:kkep- .r$ght on ,wlki.ng, '. : 
anothel;.' fi$le' to the'-*outer, &~&2' &d~&'pg 'the. gi&n. peak ,~3cw:in very You&i ,. 
mopcrtioiis : ".I? ityl~ bf~~$drfg~fi figE~&: : =' b&eba'l'l.:‘i&. the:,'c.enter :of,:a ;?fecc:. w 
of gf_rb$-id--two miles in diatieter' witti ti .,gr&n "Ij;ea!. on, the outor. edge ' -* go*g 
around like Hades; ,That::is G-@ )?ind of.,stUff.t~~i.~~~~rld is made. pf3. : ::.. .I ; :__ . ..I :. .’ .j _. ,,...: l . . ‘T.‘. 

I,.. ,,.‘. j. .a.: *-.. ‘. ! L.‘,’ . . ._ .I : -. _l. ,. ,.i_. r . . . ~ . :. .:,,:. +..r:.--.y; ., : r :.. I SW’ Y .;: .,: , ,; . . . ‘- : 
(. .’ ., . . . * ,. : 

,,,‘,, ;.;.‘,;.y ,~ j ‘.,’ i: .,, ‘.‘.!‘, 1 
1l ‘: ,. 

- 
:.. ., 

., . . .c .,.:, ,.- --* -\ :. .I .- .. .;: .., 
‘..: 1:; . . ) 

.:. 
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neutrons than some other ig~top2 Of thjz same 
. 

isotopes. is tlgt, rlthough it is possible to 
nuclei;:. it is Just like trying 'io pck .-Loo 
single frame.house:- The hdusehold ,ususlly 

.get.s very ngitated. 'The result is that it gets rqdio:ictix;; ix nt?zr 
words , it is .s:ii.%ting out 'enorgy ell the timeM It is not '~1 quiet, happy, 
~WCEXU~ household.. Lobody puts cn'the cwpet~ slippers, unfolds the nexs- 
7?*7 rp y p".'?.' . , .?.nd sinks -into a chairb4. Such,,2 nucleus h.x an energy potential of 
a very high. or&r, c It I.5 ready t, n go pX~~.ccs ,y.nd do ti-d.n,;s . And it does . 
This mother--in-ls$ hns worn out her -;;elcome no sooncr tl;z.n s'no wosscs the 

, , 



I an:al~iays' tempted to further confuse. &erybody, SO' I will write 
"nei:tri.no.!' The ne~,tr+o is, another thing that is'necessary to explain 
the behavior of atoms . It &s never been seen, but it can be' calculated. 
It is mathematically necessary to 2rove hox'it works. No one-has ever 
found one. Th,e,re are any number of pb~sicigts looking in:all Z..nds of ' 
funny areas to 'find the neutrino, be&use-they,are, 2retty sure that he is . 
the black sheit?. of 'this vrhoie family. They can't seemto &cover him from 
his hiding place. Nobody has yet found hjm, " 

. 
I would like now to talk,ab.ut ener.ny'f$r'a moment. Let us come 'back 

to Einstein's formula, E 3' "IY:C 
3, .b.. 

, because. that hasmilitary significance 
of a very high order. These other things do,.too, but they are a little 

in the background. ._ 
.' 

30X-F: ," ,i 

Befcre we tackle this, ,l.et us* try to ‘lbok..at the aaphithe.ater Cn~hich 
n-e are sitting ardsee it with riexv eyes, not the ejres that are based upon 
normal wave 'lengths of light xhich dan only see big objects,, thj.ngs a 
hundred-thousandth part of an inch in diameter;gre~t.big things like that. 
We are going to try to see this room in its true form. 

By n'cq yo& seats ought to be.gettilzg hard. 'You‘gentlexnen' in your. 
seats ard pretty confident that you.',are sftt'ing on'something that is not 
only very quiet, 'but Betty solid, .and furthermore,: something that is at 
rest. So. you.are not worried, about the .sd,ats tha/. you are sitting on. You 
should b&'woTTied &ri one s,Gnsp ', bewise, they are neither quiet, nor so.lid, 
nor at rest. . . '. 

If' you now go back to &he hydrcyogen atom and remember the parade ground 
and the baseball and the 'green ,&a,. and remember 'that all other atoms are. 
combinations.that get more co.m@ex until. you g&t c,lear up to uranium, you 
xi11 begin to have a...be.tter understanding of these chairs. Tht: ,yra&m 
nucleus has ,either.238 or ,235 partibleq,' which mg,ans, tHis famil?y g&p in 
helium has become a clan i3 uranium, in which tbere'are 92 protons, arid 
either 143 or 146 neutrons' depending'on whether it is.uranium 235 orT238; 
a11 living iri one communal~ha.bitation ,in the 'center; That is a uranium 
par title , ?Jow;, ycu. ~ar'imagine the.'kind of, fights, bickering, and stress ' 
ycu getin a. pcarticle as complioated as that.',,,.!that 'is why yranium is a 
good material for rr;ass fission,processes, begause minen gou:get 'as many 
Feople living under' one roof as that, you tire bound to hatis'S few Sam- 
munists and possible causes of trouble. A$ the,same time- this uranium 
atom has 92 of those"&tle'electrons running -'around the outside. . . 

Cor$ng back to the chgir~,'t)i~t is';made & of.elements' reashnkif famil- 
i2.r to you. Carbon is one very imsortant one of"thec and oxygen is' another. 
All these elements are built out of this kind of structwre--great big holes 



I:o:Y you know that this chair is defjnitely ftill of holes. You also 
knol:~ that ,it ,is transparent; it is not solid, Also it is constantly in 
motion, because the green peas in the chair, depending on the temperature 
after you have sat on it'long enough, are going around in circles at vary- 
ing speeds. For the moment we Will say that. the, Tr are going aro~2cl at some- 
d2ere in the neighborhood.of 10,000 miles per second. ve.11, -*Then you sto? 
to thirk,that the f&itest air'platie that.we talk about, one that is faster 
than soiind, goes only one-fifth of a mile a second, you cnrealize that 
these e'isctrons are really bumping along. :And that is what you are, sitting 
on. So that chair is not quiet;. it is not solid; neither is it smooth, 
because how can a thing be ,smcoth that is made out'of these great big parade 

. grounds with green peas all wiggling around? I 'hope I haven't shaken your 
faith in the world as you think you see it. Therefore when you talk of 

, atomic physics, remember it is the other world you are talking about, not 
the one you see with your eyes. or f eel Cth your fingers. 

Let's talk. abcut where this atomic energy comes from. 'You are all 
familiar with what energy is, so I won't soend any time on that. Rut for 
all the years and years it has not been generally recognized that the 
energy you Save been dealing.witln. is .in effect a form-of chemical energy. 
It is seccndhand energ7, not primary eners at all. If you take coal out 
of, the earti;.or pum? oil or gas out and use them'as fuel, cr burn wood, or 
use water 'power. ,.you are in each instance merely freeing the energy of those 
.little electrons, ~J'?.ich is chemical energy> or seccndnand eneri;a. All 
chemistry is based on the behavior of the electrons, not of these atomic 
nuclei. So .ali that man has played with and all the science that he has 
done until recently was based on this little electron cut here, which is 
only one-eighteen 1hundredth of the size of this nucleus. Xkie~ ;rOU ?Ut 
chemicals together al?d there is an explosion and the thing goes llboom,'~ 
all you are doing is freeing the energy of these F'r!'itiiing gresn seas. You 
haven't touched this thing in the center, this nucleus, r&ere the big amount 
Of energy is stored. * I 

Xherc dc the green peas get all their energy? Vhy is it that through 
all the years they are the only things we have thought Ti;e could use, or 
that -ze have used, to get energ+ ?' J *. T'nis form.of energy can occur .as thermal 
enerr:r iJc!, electrical energy, chemical 'energy, mechanical energy, and so on. 
All 1.1ses of ecergy that y:e have been making.all,thess years have been simply 
'changing one form of, energy into another. Xhen an engineer burned coal 
wder a boiler, to make steam to push a piston or -i:rhirl a rotor, all he did 
v:as take energy in the fuel, these little electrons, put it through a series 
of pr?rocesSes by Chich it vias converted into some dxynamic .florm iike a fioi~- 
irig Btream of iteam or gas 0r"pressure in'a ,cylinder. Xe released the 
chemical energy in the green peas and converted it into.mechanicah energy, 
then yut the mechanical energy to work. Al?. he was doing T;:as harnessing 
these green psas. 

li 
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30 th;-:r& is the formula E % XC2. I.have toWyou. ho:F: the atom behaves. 
The thing i >laven,lt told you is how tiiis &nergy comes out'of' the r?tom and 
Floyd ii; is '):o never .dis,&overed it until recently. I 'have' explained that 
the first contact lnrith this business. was.~~atiame Curie's isol?,tion of r&m 
and stlc.d;;i of its bchavidr. The actual unlocking of the secret ncvcr oc- 
cured until that famous year 193G, when Ea!m ahd Strass:zann ‘txxx.d the 
Txcleus of :an atom with 8 _nrojectile 'c and the 'nucleus sillit and Lcrmzd a 
family of different Farts. .I did write on the board i*or you in t5:e e.arly 
p,Q*t o_iL1. this discussion that't? ,e wight of the.h~drogon nucle-s is 1.0130 
nnd of . the 4ielwzm nucleus 4iOO3 and I said..that if you could wmbine four' 
:.:toms -of hydrogen , youwoUld come out nith .029 missing. That miss ing 
7:,-f: -jg b is h" :::hc?i vould disappear if you could combine those four atoms. That 
;:TJLld COW Out ;IS 3anergy under the Einstein formula. it doesn!t look vary 
big to you, but if-you no-qr translate it into this enormous ficwe and &L- 
tiply it out, you ;:rould ,see, ti*zt the amount of energy you ::,euld release 
:.,rould be tremendous., 
four llI& 

If, you could ZerfQrm that atomic reaction of ,changing 
of hydrogen into one of helium , 2%~ ;yrould got that amount of 

enara77 " PJ (;zointing) rsle;?jed through,the. minute differonce in ~oight that 
results. 

Tiizt is the reaction that ocdurs all the tiTe in the sun. All along 
thrcug!: corJItkss years.w have had atomic retaction going on in front of 
our eyes and have net known,it. .Xvar=ythQg that oomes to the earth from 
the sun comes from that very reaction. The sun supports the earth. The 
earth is a satellite, Alone it is a dead body. It gets its life from the 
S’LXl. ' ..' . 

Sveryone.has wondered how.the'sun keeps on shining, zhy it constantly ' 
burns itself up but never burns itself out. Let us look at some figures 
tkat ':lavo to tio -iSit!? the sun. It has been calculated that the sun releases 
rs energy and cbnsumes under the Einstein formila, which we vrrote a sinute 
ago-- E = KC2~~40C,000 tons of its hydrogen per second. 3roqr second tho 
sun uses up 400,003 tons of hydrogen, But reme.mber, the sun is a large 
body* By f i~prsj: of this kind wrked backward the o?ya,icist w.:n determine 
the expected life of tha sun. It is on 23~~23. figures that the predictions 
of Sir Arthur Eddingtonabout genes are made. And tb:zt is the rwscn why 
tJio sun hs shone Ser. two billion years and is still a wry .zctivo enerey- 
.?ivirypo‘jt body. " 

No:;: 1~ t. us &-ayJ a 1c:rge circle and imagine that it is the sun, and a 
small circle and,,imagine that it is the earth. %e sunJs radiating 
energy in all, directions; You see t&t the earth-can intorccpt and cagture 
only a minute,fraction of'tho energy of those L+QO,OdO tom z second of 
hydr 0 izen. ~p&~ yy> d 
per sicond. 

do capture--m 1 am quoting those figures--is,30 pounds 
I.used that figure in .a le cturs 'a wh'l'le ?go 2nd someone cow 

monted that it should be four pounds.. .I took this from an aut9orite.ti.v~. 
source, -0hilc. the other ~:'n.s' state-d merely by a gc,ntleman who ettende'd the 
let tL%rc . So I am going to stick to 30 pounds because it is bigger and 



Mm, chlorophyll in that state can perform chemical operations which 
could not be performed by normal chemicals, and that in effect is how 
+aults $';r OW. Flants pick up inert matters in the soil, in fertilizer, 
an3 in t'ne atmosphere of the air, like carbon dioxide, and so forth; and 
by means 'of the sunlight energizing this material called chlorophyll, the 
c?~e:!:ical Frocess becomes so activated that it can take these inert materials 
that, man cannot join to,, ce'ther and can put them together, lirk them right 
together, by the energy of these electrical orbits. '&hen it dons that, it 
creates living matter. Th,is living mstter is one of those amino acid bases 
for protein on ;vhich man and every animal live, on wX.ch x:e cm all have 
grandchildren and great-grandchildren. 'Without that simple orocess of 
harnessing the radioactivity of the.sun, xe would not be here; nor would 
we capture much of the sun)s energy. It is captured by this ;xculiar 
mechanism. 

That is the process called radiation synthesis, v&ich means that by 
radiat.i.on you can synthesize com$ex materials not otherwise possible by 
chemistry or any other normal method kno?m to science. If you want to 
extemi your reasoning, y ou can ask yourselves this question: Will man 
f2VG13 be able to take the radioactivitjT that he is novi ler-lrning box to 
unharness from physically inert materials of the earth and join together 
chemicals into living matter? Ih other words, can man be a creator?" Mow 
you c.3ri b3gin to see k.kjT atomic energy is not merely a bomb, why atomic 
:nergy is not m,e-rely building poxor plants; At<-iaic er:argy is 2 T,e';i' x-,yj~ of 
?-se. It is cot a ousstisn of wring cancer,or of 'rndio:~ciive tracers to 
exglozx the course ck diseases in t'rle body or the metabclisn in human be- 
in@s, It is a nox understanding of the life processes. If man can harness 
t-so m ) his whole life ~;lrill be changed on this planet, Our children may be 
utterly unlike us. Nmr we say that xe really are what 7x arc by somle 
peculiarity of inheritxxo. Rut, as I have mentioned before, YE have been 
able by X -rays to chnnge the sex oA f' fruit flizs in the l?bor::tory, the 
X-ray being nothing more or leso than ;i xavo of radioactive cncrgy. 

1Jo:;~ yen bcgin to see a whole new pr:ttern of scicncs in its true light, 
insixad of as it ??i.as taught in my day. In physics in my C?.y you st,?rted 
out by studying light. Then you turned over that chaotcr and studied 
sounc, f,urp.ed th,?t OVCr and studied mechanics, thon electricity, then mag- 
nctism. Rut that can be no more,. All of these so-called separnte branches 
of scisnco r~~s;:and. to the same laws 2nd fundamentals. Eov they cm all be 
studied in ox- general chapter 'because of their int~rrrel,~.tion. X-x-q/3 no 
longrr are tzught as being paculiarly d?iffcrent from light, peculi;?rly 
different from radio xavos, peculiarly different from radioactivity. All 
arc; sisters under the skin; all are based on the same ;?rinciplo. So atomic 
science 3has f-,r more long-reaching, significant aspects than the simple one 
of energy. 
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C@LOMzL McrnGZE: Ur. Ward, I think we of the Industrial College 
zre T,vell aware of the reasons why your board of directors has elevated 
you from president to chairman of the board since your lzst appear>znce 
here. 13 behaLf of the Commandant and the facu.lty and students of the 
Industrial College, I w,ant to thazik you ‘f or giving us a lo&we which in 
your oym terms has brought the science of atomic energy dot;m to Language 
that :I:e c.an unders tar& I am sure we will never forget it. ,. 

(4 my 194%-450)s. 
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