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UNDERSTA¥DING ATOMIC ENERGY
14 pril 1948 .

COLOKEL VANAMAK: Gentlemen, down through the ages manr has found that
a diet of bread and meat.is not conducive to a full life; so man developed
the dessert. He devsloped the cream puff type and developsd the robust,
flaming, plum pudding type. DlNow we are studying manpower and we are find-
ing that jusi plain bread and meat are not enough. So we: are injscting,
into the course today a dessert; and I will assure you it is nct the creanm
ruff type. It is the flaming, plum pudding, robust type of dessert,

a friesnd
a%t vol and
rlton ¥Ward,

. Er.. iWard needs rno introduction to this school. He has b
of the school for 2 long time. So today we are going to fig
terallv s5it or the edge of our sesats listening to Mr. J. C

. 1’\

rchild Engine and Adrplane Corporation. ix. Vard.
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MR, WARD: Gentlemen, 1 think we had betler start off by getting
ourselves squared awsy on some fundamentals, The first and very obvious
one is that you won't be long discovering that I am not a scientist. Years
agn 1 kad an engi “eemﬂnﬁ education,. and there are times when that devils me
a 1ittle bit and I still think T can think like an engineer. So actually
we are prevty'mhch ort a plane, most of us, bechuse, even though there are
no doubt people among you wno are really fariliar V‘ﬁ this subject, I am
going to assume -that for the most part we here toaaj are not scientists,

that we are a little hazy on our engineering. So I will try to b”an ﬁ“vs
subject dowr to the ceomprehension of all of us.

I think if I can accompilish cne thing, enough will have been accomplished
for the day. That one thing is %o, bring to.all of us these facts: That
atomic energy is not something that can be understood only by the Einsteins;
arnd, furthermcre, that it is something that is going to affect the lives

of each one of us and certainly the lives of our. children.

I nersonally believe that the year 1896 wkick we will discuss a little
more later on, will be a year that will be studled by schiopl children for
thousands of years yet to come, or for millions of years, or, if you be-
lieve the theory of genes, for the billions of years cduring which the earth

s5till provide a suitable habitation for people like us, or wratever
our descendants turn out to be under the Darwinian tneorw vhich egain you
will £4ind to be traceable to variations in inheritance that are influenced
by atomic erergy.  That soUrda a little fTantastic, but you know that sci~
entists can changs the sex of fruit flies by X-rays, by. physiochenistry,
by nucleonics, or whatever term you have to coin for these new things.
e

There is a theory that new traits of character appear perhaps because of

< iy -~ -
cosmic rays that wander around and happen to hit that 1ittle delicate mecha-
nism of inheritance which we call the gene. You see I an already off my

subject.. I had bgtter get back to it,

=3
ﬁ
=)



1
14

,
=)
-
)
~t

=
fas
ERRY
(g
| animnt
o=
| alny
G
=]
o

Hemember that when the report of that flight was sent out, the New York
Times refused to publish it, because it was too fantastic. Only .'few
papers woutd Oubrwsh the fact that man had successfully : accomplished a con-
trolied £light in the air. That was 1903.. '

30 the only point to this timetable idea is to bring out clear l
your mind the fact that man 1s still 1n his infancy. To make that 1ttlo
more dramatic; let me say this: Sir Arthur Eddington, the great British
agtronomer, has calculated the length of life of the earth from here on,
and he figures that it is ubout 500 billion years. If it is anything
approaching that, you can easily appreciate that we have not even started
on the earth. Where will atomlc energy bﬁ in the year 2 bhillion, 20 billion,
or 200 billion from now? When you start now by thinking back cn where '
avigticn has gone since 1903, you can just 1mag1ne where atomic science is
going to geo in the next forty or fifty years. '

- k(

I have put 52 years ago as the birthday of atomic science. Low I would
like to get right down to cases and discuss what has happened to atomic
science since its blrthday.

We will write "1886" on this blackboard as the date when Becquerel of
France stumbled on atomic science. I say "stumbled" because most of our
preat discoveries are made accidentally. He had in the bottom of a cabinet
in his laboratory some . pitchblende, a uranium-radium ore. He was experi-
menting with it., There was a drawer in his cabinet in which there w
very hcavy'bfonae key, snd on top of his cabinet he had some unexposed

‘0

‘as a

nlass nhotographic plates. When he went to use the plates, he found toat
there was a pilcture Qf the key on them, although they had not been used’
nor rad they bean near the key. Being a scientist, he went to work and

by fooling arournd he found that if he tock the ore out of the bottom of
that cabinet, the picture of the key would not appesar on the plates. So
he then said, "There is sonethng funny about that ore

Now, the next date in our tlmetable is 1898, In that year the Curiss
took that ore and fooled with it chemically and isolated radium. In two
years they had extracted radium from the ore that had brought the key 1o
life on the plates., When they discovered that radium princivle, they
discovered a new nhenomenon. In cther words, radium apparently went on
giving off energy, givirg off these penetrating rays, but nothing much
chariged about the radium. They couldn't find any difference in weight,
couldn't find any difference in character; and yet all the chemistry that
was known up to 1898 indicated that if you had an excthermic reaction, as
they call it, which is a heat-ziving reaction, sooner or later the thing
runs dovm, 1+ quits’ giving out heat, quits blVln“ out radiation. “ell, in
time they dlscovnfeu that loss of raaloact1v1ty procgeds according to a law
wiich is called the half life. I am going to defins that very briefly,
because it is very fundamental in this thing. - ‘
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0ld alchemists who used to try to make gold out of mercury. To the atomic
scientists it is verfectly possible to make gold out of mercury, and it
is perfectly possible to make mercury out of gold: but this was the man

who discovered that method or process, and this was in 1919, It is obhvi-
ous that the scale on which he did 1t was s0 fantastically small that only
the mast delicate instrumert couwld show that he had done it It was 1ot a

"

process, or yeu would see a Alg factory within the Fairchild
ing gold oul of mercury,

The next date we might put aown here is 1934, vhen a British physicist

ramed Chadwick, a very young fellow, did a remarkable thing. He discovered

he neutron. The reason LQQt is particularly “emar?able is because the
neutror bears no electrical charge, and it is so small 1 hat it is less than
a wave length of light in size. You can't see it. OSince it has no elec-
trical charge, you can't push it around with e=lectro-magnetic or electro-
ic fields. The usual methods of exploration therefore were not avail-

50 he ¢id some of the shrewdest work that has ever been done to prove
existence of something that didn't want to be brought out befeore the

Now, the next discovery that came along was in 19;8 when two Germans,
Hahn and Strassmann, performed an experiment in a oyclot“cn end got & result
that no,one had eve anulclpaued. ney discovered atomic fission. But they
didn't know what Lt was,  That is what saved us in the war. It was their
interpretdfuon of what they had discovered .that allowed the news
on to gzt out to England and the United States and the other gliied
es. Scientists have this beautiful form of undergrceund intelligence

nat goes all over the world. They cooperate on scientific discoveries.
Had.that discovery been botiled up by the Germans, we wight not have won
the war. But Hahn and Strassmann thought this was just a scientific freak
that they saw in the cyclotron .and so they told everybody about it.

ACtlall& this is what it wase They fired one of these little atomic
projectiles at the nucleus of an atom; and instead of bumping the nucleus
out of place and measuring how far the bumped plece went becausc of the
bump, deing that analytically by the :rd&nary laws of mechanics that can
reducc the relative masses of two varticles—-a method that QHJDLCLQUQ use
for measuring thess little particle s--when they bumped. this nucleus,
several ihings appeared in various directions, TheJ had never noticed such

o thing before and didn't understand what it really was. That was the birth
of fission. : L

In 1939, as you will remember, all that Munich business and what
not was going on; and fortunately, these German scientists let the infor-
mation slip out, & Jewloh woman named Meitner and a man named Frisch mathe-
matically reduced that experiment so they could explain it, and there it
wase. 1t was fission, or the enormous release of energy by this formula
which Mre. Einstein brought out in 1905, That was the day that- it hecame
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To begin with, most oeople forget that thev are. onlj animals and that
they have come. down the old tree, Mr. Darwin's: *amlly treey with m onkeys
hgng*n» by their tails; that ‘they have come “ddwn this treé in a succession
of biological-sports, I thidk. that is the téchnical term. A sport is 'a
variation tkat was not’ orasent in the- Uarents and whlch cannot be found in
the ancestral chain, - Whether Sports aré produced by cosmic rays is a
question which we will’ forget for the time beingy We w111 just say that
Darwin had produced a theory Whlch seems to rationalizé qnd explain tngse
new forms of life that appear without inheriting charscteristics of “their
ancestors, That means that our great-grandchildren of tno fo ty-sixth,
generation may look very dlffermnt from what we look 1¢K€ now. Doctors
point to lovs of things inh our bodies that we do not uss, which are inher-
ited from our ancestors. We doH'™ need all of them, and tanw are. atrophy-
ing bj dcbrees. Some functions are dropping out and new ones are coming
in. . So-it is not ot a11 beyond reason to assume that the funny piciures
in . oowula“ naga zines, that show g man from Mars or what mnot, may look like
our great-ﬁrqndcnlld of the nlnetj—31xth generation. I don’t rant to pre-~
dict, but it is fun trying to. So we are going to have to rpcogniao that
you ﬂrc only a half-developed specimen; that maybe you are . not even half-
developed, Thﬂt term “hal¢~baked" mlghn heve more meaning to it than we
imagine, : _ T

Ngv i Jou w1ll “Sbhme that much .we will go to the nev* 1mportant
point, mverythlnﬁ that we: pormally thlnk—~1n those of us who do—is .
produced by 1mprD581ons thqt register somcwhore in our minds through our
five senses., In other mords, we think of things as. ‘hard, SOLB, trans—
parent;, opaque, red, green, blue, rough, smooth, All those' thlngs are

merely terms that have come about through our Derooncl experience. e
bump into a concrete Nall when you are running. o cateh & fly. and we xqow
the wall is hard., We a ]so sey it is: s0lid, " We also say the tblng g

sta tlc, that 1t is suandlng there waiting for-us to run into 1u. I will

prove in 2 minute that 1t 1s POU unJ of those thlngs. ”hqt is the casiest
pertof this lecture, ’ .

The point is that they appear that way to us.' In other words, I am
trying to make the point now--it'is the most 1mporuMnt one in today's.
talk--that we see’ tne vorld only through our sénses and that. the world is

not ot ald the way wt seer it _ de are- g01rg to try to devélop trat Lr 2.
mor Lx.,"lt. - )

If our seénses’! were. d1¢fcrcnt e Would see. tho world diffsg -ehﬁlyiv
common example is that in This ﬁudlenco st&tlsulcal¢j thare hould,be;éome'ﬂ
color-blind people. They might Ve partially éolor blind or Jotﬁlly'661or“"
blind, Stotistics would favor the "partially." But let us nssume that
we have a totally color-blind person here today. He thinks he is living
) normal life, but it is not a normal life for a person who has color



+Now; -one of those things which is aoparently irrational is nght
Your nlcture of light’ orobably is~that it is a vibration that comes through
1rterouellar space, or whatever it may be, transmitted through some wyster»
1ous mechanism called the éther. It has only a vibration, has no mass. ,

t has ne characteristics of 'solid matter. But all that is not true. e
now knov't1at light issno &uch thing.  We thought that was what it was, be-
cause of our limited observatiors of its ~Actually, light has a dual person-
ality, a Dr, Jekyll and My, Hyde personality, It comes through space in
this mysterlous vibraticn like you get when' you wave a clothes line.  The
wave goes on and on-and yet the clothes -line is still there. The ether
would be the clothes line and the wave would be the llght. So light is
energy according to. that method of aporoach e _

Tn most of* the engineering formnlas yOu can use energy terms for llght

‘and explain its behavior. But along came the astronomers and picked up
something that the energy concept wouldn't explain. That was that when we
had an eclipse, the stars didn't appear whére they should be in-the heavens.
They moved. Well, it was knowm that the stars didn't move; so what did
move? It was the image that moved,  In other words, the- light did not- come
in a straight line, - Now, if light'was a true-wave, it had to eome in a
straight'line.' But it didn't ccme in a straight line,  ‘Why did i% not come
in a straight line? It was moved by +the gravitational effect of the moon
or sun as the case may be, " In other words, light had the properties of
mass, It could be attracted, it could be pushed and pulled., You can't
push or pull something that has no masss So obviously light had another
duality of tharacters ' It had the properties of mass, These facts are well
known, They have been fully’ studied and understood ano the formulas for
Light' now take'Lnto account 1ts duallty. :

We hunmam anlmals can't 1maslne a thing that has no substance at all-
one minute and the next minute behaves like a thing with substance. The
reaoon is that our Sehses do not: equip us to understand it. We don't. have
sensitive enough biological ihstruments %o ‘explain such:behavior; so we 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. Tram g01ng to droo that crie rlgnt there marely to

leave Jou utterly confused. SRR :

I hope I have made one p01nt ‘that the world -is not at all the way you
- see it. I am trying to get past-this point so we ‘can get over to - things
that you will be able to more nearly apply. But it is so-important that
I don't want to go further untll you are reasorably conv1nced that what
I have Dqld so far is true. " ->y~» - :
Let us T now explaln What an atom tan be’ made to look 11K° and h@v it
" behaves, Take the 31mp1est of -all atoms, hydrogen. It Paooeno that.
nydrogen on the periodic table -of the élements has a mass of 1,008 That




This model oi the atqm 15 all'phre bunk, gentlemen, but it is uhe kind
of "stuff tn4u helnq us to Lndnrstand and v1suallze this. atomic. erergy busi-
ness. © Bub you mbst remember that it isy i1y so, becauge: it isn't
‘according to matperatlcs. thhemauics is the onlj thing 'that really ex-

rlains ft. - You ‘can ses from this crude examole uhy no human eye, with any
Kinﬁ of miscroscope known to man which has to use. light, can evor see that -
abom. 8o the moqel was devised entlrely Dv DhjSlClStS who. examined nrover-

ties of the’ atom, recorded them nathematlcally and.. -came: up with that pat-=

terns It is mow agreed thgt this, model is not.. true, but 1t is-still so
useful and ‘explains sormuch dbout’ atomlc physics that it .is still being .
useds - We are ; zoing to use it here, bécause: Af yous. understand it, you can:
understard a great ‘déal about atomic physicss . But nleage rameMber that -
-tbls modellﬁs not reallv correct.,,,,”,/_ o G e o

s e .

_ No have then the 31zo of an atom of throoen. hcw 1et us bee 'uat -
+hese thjnva_ inside the atom are. like.. ;Boy, now.ve really go to Nork.,;he
‘size of this electron out here is expressed by wrltlnv_the three sig nifi-
cant figures 1,88 and dividing them by 100 with 21 ciphers after it., That
figure has been checked in laboratories all over the: world—~¢“ Japan, France,
Erizland, Germary, and Ruscla——by physicists who mever met each other, using
dlfforent methods.. Tbe answer. always. comes up with the- t ree significant

gures that you see there. That, then, is. the size: of the. electrons And -
1t is in oennlmeteru, by the way;. not, that it makes anj difference.- You
“ean get a rough idea of Hhow smal¢ that e*ectron is in a thing as big as:

this atom.» I said & ‘mihute ago that. the atom is small but it is big com- -
pared 0 *re 81ze of ‘the, ‘electrop. R

PR

s to tﬂlo i nr in the center, the nucleus, I am not ﬂoxnw to glve |
vy““ tne s+ze, T am going to give you the mass., . The nucleug has roughly -
1800, ulﬁeo the ma 5S of the el ctron. And remember thau tbls is. the SlﬂDlPSt
atom, = -

Now 1et us for a minute forvet all these. dlmen51ons. Let us- talk
about the: atﬁm and sé ;wny it is so important to. you gentlemﬂn as malltary
of L*Ce;o, as’ c1tlzen 5 aﬂq as fathe s'of future ge eratlmno.

To cet a wlctprﬂ af The atom ¢n your wlnds, let us ;ma,1ne a rarade
ground out there on the' campus and say that the oarade ground. is. tfo miles
wide. Let us assume that you hold in your left hend a baseball and in
your right hand a green pea,. You walk ong mile %o the center of that

parsde gruuna and ar0p the baseball. ' Then 'ou keeo rlght on 1':tlklrw
' another i le to: the outer edge and. dron the green pea.  Now. in. very rough.
rroportions ‘an atom. of hydrogen has’ g'baseball in- the. ceptﬂr ‘of:a plece:
of ground “two miles in dlaneter with a green pea ‘on_the outcr edge g01ng
around like Hades. 'lhat 1s Lhe klnd of stuff the: worla is ‘made of

K
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Just remember. that that is 4he pattern of all the elements. “As you
so on up the scale, .the next one is Iithiume . Lithium has seven jiggers

in the center normally. Tt has: three nrotons and four neutrons. In other
“each time you add a profon you get a new chemicsl sleman

c‘!’
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o
rth ~ford did was this:z he knocked a little o-roton out of one
toms and therefore got a new s2lement or he added a rroton and

Ferent element, Vhen you were taught chemistry vou wers tauzht
-elern \r+ were - indivisible, that they were the smallest things

can m.ot retain their original properties. That is true. 3ut
Fou cnn chy 1 orlginal propertiss by changing the slemenis t;ewselvesr
- Rutherford was the man that~disc0Vereq how to .do ite :

- I% 1s dmportahit to h;dCTS and ha an ‘isotope ise. IFydrogen, 2s you
all ¥now, occurs in ftwo forms~-hezvy lhiydrogen and the ordinary kindes The
dify;rence is that in crdinary hy&rogen you have only one protorn in the
nucleus, but in heavy hydrogen you have one proton and one ncutron. The
neutson, ﬁotfil ving any electrical charge, doesn't change the character
wof the elom Tt i3 still hydrogen; but the neutron changes the mass,
almost do"oL 55 1t 50 jou have heﬂvy hydrogen. '

Wator made out of nnﬂvy nyc¢ogen is called heaV" water; You remember,

Ty ey - e - g
hanvy water was 1’”‘ N TWAY

beeasuse Norway was tkv orly source o; neﬂvy w;t“f. is 2 very
Wdetul cormodity if you are.going to make an atomic pover plnntzor borb s

It is a wvery good miterial to use for certain purposes. Its Importance’
led 4o cur bembing that famous nlant in. Norway--one of the meat strategic
missions that we had. The Germens tried to rebuild 1t azain to g@t'heavy
7ater out of Norway into Germany for their atomic beomb experiments, That
Is the thing they were trvjnv to get. Water made: out of that kind of hy~
drogen 1s stronger than water. made out of ordinary hydrogen.

» Now, when you add neutrons to the center of this atom, this baseball
or nucieus, you form isotopes. That is the meaning of tL»-Tor "isotope
~Tou run acvoSs‘it everywhére.. It means that it is an clement that is still

the some chemically, . bub it has a different arrangement in the nuclesus,
It has more ﬁehtrons or 1 38 neutrons than some other isctope of the same
o lom vnt.. & g '

TThe 1rt\¢‘)11n£ trait of isotopes isvt 1at, . although it is pessible %o
add another neutron to thesc nuclel, it is 1ust like trying to pack .toc

mony mobhers-in~-iaw into one single fr ame housb.~ The Housen@ld,uoually
gets very agitated. The result is that it gets: radloactlyc; in other

© words, 1t ‘is spitiing out ensrgy all the tlme, It is not 2 -guiet, havppy,
neaceful housshold., Nobody puts on the carpet slippers, unfolds the news-
paper, and sinks into a2 ehalrs. Such’a nucleus has an ensrgy po+ont al of
a very high order.. It is ready to go places and do things.. And it does,

This mo ther—¢n~l AT ha wnrn out. her welcome no sooner thmn she  ¢érosses the



I am always teugted to further con?uoe everjbody so T will write
"neutrino." The néutriro is apother thlng that is necessary to explain
the behavior of atoms. Tt has never bsen seen, but it can be calculated,

1 is mathematically necessary to prove how it works. No one has ever
found one. ”here are any number of phjSlClats looking in all kinds of
funny areas to nd the neutrino, because- they ‘are oretty sure that he is
the hlack shee“ of this whole family. “hey can't seem to uncover nhim fronm
his hiding place. NobodJ has yet founa hlm." .

I would like now to talk ab gut energj for a moment. ' Let us come back
to Binstein's formula, B = MC, because. that has militery significance =
of a very high order, These other thlngs do, - too, but they are a little
more in the background. ‘ B

Before ve. tackle thns, ]ot us’ trJ to Took at the am phitheater in which
we are sitting and. see 1t‘WLt new eyes, not the eyes +quu are based upon
normal wsve lengths of light which can only seée big objects, things a -
nundred-thousandth oart of an inch in dlameter, grest. bilg thlﬂgs like that.
We are going to try to see this room in its true form. o

B =

»

BJ el W'Vﬁur oeato ought 4o be retunz hard. You'gentlemen'in your -
seats are pretty confident that you are sftﬁing on something that is not
only very quiet, but wetty solid, and furthprmbre, something that is at
rest, Sovyou.srn not worried about the seats thd% you are sitting on. You
should be worried in one seénse, because, they are neither guiet, nor SOlld
nor at rest. :

If you now go back to the throgen atom and remember the parade ground
the bascball and the green pea, and regember %that all other atoms are -
binations .that get more complex until. you gét clear up to uranlum, you
vlll begin to hzve a -better understanding of these chairs. The uranium
nucleus hes either 238 or 235 “artlcles, which means this family g roup in
helium has become a clan in uranium, in which there are 92 “rotons, and
either 143 or 146 neutrons deveriding “on whether it is uranium 235 or:238,
all living in one commupal habitation .in the center, That is a uranium
particle, Now, you can imagine the’ kind of flghts,»b;Ck ring, and stress
you get.in & part*cle as- complicated. as that. That is why uranium is a
good material for mass.fission orocesses, bocause when you get as many
reople living under one roof as that, you aré bound to have' & few Com-
munists and possible causes of trouble., At the same time. this urc nlhm
atom has 92 of thosc Tittle’ electrons runnlng around tbe outslge.

»
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Coming back»tg the chaif, that is made u§ of. ~benﬂents reastmably famil-
iar to you. OCarbon is one very important one of them angd oxygen is another.
411 these elements are built out of this kind of structure--great big holes




Now you know that this chair is definitely full of holes. You also
<now 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, ¥YTor the moment we will say that they are going arcund at some-
vhere in the neighborhood -of 10,000 miles per second. Well, when you stop
to think..that the fastest airplane that we talk about, one that is faster
than sound, goes cnly one-fifth of a mile a second, you carealize that
these electrors are really bumping alonge. :And that is what you are sitting
on.  So Yhat chair is not quiet; it is nod 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? T 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 feel with your fingers. :

Let's talk about where this atomic energy comes from. You are all
familiar with what energy is, so I won't spend any time on that. But for
all the years and years it has not been gensrally recognized that the
energy you have been dealing with is in effect a form-.of chemical energy.
Tt is. seccndhand energy, not primary energy at all. If you take coal out
- 0f the earth.or pump oil or gas out and use them-as fuel, or burn wocd, or
use water power,.you are .in each instance merely freeing the energy of those
Little electrons, which is chemical energy, or secondhand energy. All
chemistry is based on the behavior of the electrons, not of these atomic
nuclei, So .all that man has played with and all the science that he has
done until recently was based on this 1litile electron cut here,. which is
only one-eighteen hundredth of the size of this nucleus. ¥When you put

chemicals together and there 1s an explosion and the thing goes "boom,"
all you are doing is freeing the energy of these whirling gresn veas. You

haven't touched this thing in the center, this nucleus, where the big amount
of energy is stored. :

‘ S

There do the green peas get all their energy? Why is it that through
all the years they are the only things we have thought we could use, or
that we have used, to get energy? This form.of energy can occur as thermal
energy, electrical energy, chemical energy, mechanical energy, and so on.
A1) uses of energy that we have been making all.these years have been simply
‘changing one form of energy into another. When an engineer burned coal
under a boiler, to make steam to push a piston or whirl a rotor, all he did
was take energy in the fuel, these little electrons, put it through a series
of orocesses by which it was converted into some dynamic form like a flow-
ing stream of Steam or gas or préssure in'a cylinder. He released the
chemical energy in the green peas and converted it into mechanical erergy,
then put the mechanical energy to work. - All he was doing was harnessing
these green peas.
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S0 there is the forrula E & MR, I have told you how the atom behaves.
The thing It vpn't told you is how this. énergy comes out of the atom and
how it is we hever .discovered it until recently. I havé cxplained that
the flrst contact with this business. was Madamé Curic's isolation of radium
and stvdy of its bchavior. The actual uﬁlocklng of the secret nover oc-
curedﬂuntil.that famous year 1938, when Hahn and 3trassmann ovm.u’

nucleus of an atom with a projectile and the nucleus split and
fanily of different ,art- I did write on the board for you in the ¥

part of this discussion that the weight of the hydrogen nucleus is 1.008
and of the helium nucleus 4,003 and I said that if you could combine four’
atoms of hydrogen, you would come out with 029 missing. That missing
weight is what would disappear if you could combine those four atoms. That
would coms out as energy under the Einstein formula. It doesn't look very
big to you, but if you now translate it into this cnormous figure and mul-
tlhly it out, you would se e¢ that the amount of energy you would release
vould be tremendous.. If vou could perform that atomic reaction of changing
four units of hydrogen into one of hollum, you would get that amount of
energy (roi ntlng) released +hrough,thepm¢nute dif ference in waight that
resulis,. :

l

l)

That is the rcaction that occurs all the time in the sun. All along
through countls ss years we have had atomic reaction going on in front of
our eyes and have not known it. Everything that ocomes to the earth from
the sun comes from that very reaction. The sun suvports the cwrth The
earth is a satellite. Alone it is a dead body. It gets its life from the
S“an' . . . . .

Everyone has wondered how the sun xeeos on shining, why it constantly
burns itself up but never burns itself out, Iet us look s soms figures
that have to do with the sun. It has been calculated that the sun releases
2s energy and- consumes under the Jlnsteln formula, which we wrote a minute
ago—--f = MC~~-400,000 tons of its hydrogen per second. =Zvery sacond thoe
sun uses up 400,000 tons of hydrogen. But remember, the sun is a large
body. By fizures of this kind worked backward the »hysicist can determine
the expected life of the sun. It is on such figures that the rr:ulctnons
of 3ir Arthur Eddington about genes are made. And that is the reascon wh
the sun has shone for. two billion years and is StllL a very ac i Ve ergf—
giving-out body. L

Now let us draw a large cirele and imagine that it is the sun, and a
small circle and imagine that it 1s the earth. The sun.is radiating
energy in all dirsctions, You see that the earth can intercept and capture
only a minute fraction of the energy of those 400,000 tons = second of
Hvdrngep. What ws do capture--and I am quoting thvsn figurss—-is 30 pounds
per sccond. I-used that figure in a lecture a while ago and someons com-
mpntvd thwt it should be four pounds. . I took this from_qr aufhoritative ”
sourge, while the other was stated merely by a gentleman k attended the
lecture. So I om going 1o stick to 30 pounds because it is bigger and
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Now, chlorophyll in that state can perform chemical operations which
could not be ner?ormed by normal chemicals, and that in effect is how
nlants grow. Plants pick up inert matters in the soil, in fertilizer,
and in the atmosphore of the air, like carbon dioxide, and so forth; and
by means of the sunlight energizing this material called chlorophyll, the
chevlcal nrocess becomes so activated that it can take thess inert mgterlaup

that man cannot join together and can put them together, link them right
together, by the energy of these electrical orbits, ¥hen it does that, it
creates 71v*n mather This living matter is one of those amino acid b_s
for protein on which man and every animal live, on whic¢h we can all have
grandchildren and great-grandchildren, Without that simple process of
%s““OQSLng the rad10a0u1v1ty of the. sun, we would not be here; nor would
capbure much of the sun’s eNergy. t is captured by this peculiar
mechanisme

C

=5
»

That is the process called radiation synthesis, which means that by
radiation you can synthesize complex materials not otherwise possible by
chermistry or any other normal method known to science. If you want to

ytena your resscning, you can ask yourselves this guestion: "Will man

¢r be able to tazke the radiocactivity that he is now learning how to
tharness from physically inert maierials of the sarth and join fogsther
chemicals into Living matter? In other words, can man be a creator?" Now
you can begin to sce why abomic energy is not merely a bomb, why atomic
gnergy is noit merely building power plantss Atomic energy is a new way of
life, It is rnot o question of curing cancer,or of radiocazctive tracers to
explore the course of diseases in the body or the meitsbolism in human be-
ings, It is a ncw understancing of the life processes. If man can harness
them, his whole 1ife will be changed on this planet. Our children may be
utterly unlike us. MNow we say that we really are what wic are by some
paculiarihy of inheritance. But, as I have wentioned og*o_,, we have bsen
able by X=-rays to change the sex of fruit flies in the loboratory, the
X-ray being nothing more or less than a wave of radicactive ecnergy.

low you begin to see a whele new pattern of scionce in its true light,
instead of as it was taught in my day. In ghysics in my day you started
out by stnudying light. Then you turned over that chanter and studied
sound, bturned that over and studied mechanics, then el cetricit by, then mag-
notism,  But that can be no moree. All of these so-called separate branches
of scisnce rospond to the same laws and fundamentals. HNHow they can 211 be
studied in ons gencral chaptsr becausc of thc1r interrelntions X-rays no
longer are taught as being peculiarly different from light, oeculiarly
different from radio waves, peculierly different from radicactivity. All
arc sisters under the skinj all are based on the same principle. So atomic
science has far more long-reaching, significant aspects than the simple one
of energy. '
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and there it is
: The minute it g
ses that hol

just like an unwanted relative coming into a household,
ets int there, things ‘begin to happens The proportionate
a thls nucleuo togethe” are dlsto ed

)
0O

=3

')

The neafékt you can chture 1t is this: It starts oub as a round :
nucleus, After it db:orbu this little particle, that rount nucleus begins
to vibrate. It begins to constrict at the. center,. to vibraste i )
like an elastic ‘”nd. A1 of a sudden this goes too far, the opposite ec
come together in the middle, and the nucleus .snaps in two. These Ytwo hal
Of'TVe nucleus, weln? then separate, exert the repu sive fprce of their
‘positive charges of ¢ CTV1b1ty, because each half has one less proton in
it and all protons are_“osmtlve.' So these %wo 3031y1ve fragments, like two
positive noles of & magnet, resist each Ouﬂe“ and fly outward at-itremendous
speeds,.. As they do that, they kick overboard the unwanted lefi-over neutron.
So out of tb:s union come these 1ittle particl es, neutrons unwarnted by

a of th f;ﬁll'."rﬁhﬁa.
t at if : re. than one Poutror f£lies cut each time a
k neutron ao'l fliss out can hit another nucleus and
ion.. That is the way a chain reaction is produced. So
tand the exvlmnutlonal equation basis of ntomic energy. In
s, wvou con start with just .o few neutrons speading arounds. If
nid t””gcto and multiply the fissions, they nre just going to
speed around as ordinary atomic energy in the form of radintion from radium
Cor pivchblende ore. Bubt if you have a crlt cal mass of this material, which
is another way of saying if you have Lnough mess - that when those neutrons
speed out from onc nucleus '155¢on “they b“V“AiO hit another ﬁargdt they
) n't‘bo through the mass oubt inbto the aitmospherse and be lost If you don't
Have this criticnl mnss s, your reaction could have as many puuuron gst to
‘the outside atmosphers as those thot are generated -through fWSSlon, and you
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”ould never ‘get anywherc. But uhn,W“nutn vou hove this critiecnl mass, they
" doh't get losts They stey rigbt in the mass and keep splitting nuclei,
which ir turn genorate more neutrons by that CfD;”ﬁathnwl curve, and in this

1o oly short time, this fraction of a second, ths splitting has pro-
“to h'an onormous degres that thﬁ vﬁole mass is in explosion and is

ing bn:rgfa. T
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The enefgy comes ih 1 nese prrticles come
out and in ﬁqrt from the fact tha t when t“ls Puut”O“ comes alon ng and splits
2 nucleus of uranium, two different po rhicles . como out as a rasult of the
floS“On. j1~ﬂuh1nhm.is onc and crypton, one of the noble gnscs, is the other;

cor you might’ got barium. These 1little purtlcles that go out, which arc new
fPfﬁily groups, travéling -with great speed; are.calls fission frogments.
“Tiost of them ore highly TleOuCthO,'Wlth,h dogree of radioactivity that
may be called thousands of times that of radivs,. You knov you cant't go
near purs radium, because it destroys human tissue. - So thesc fission
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COLONEL McKENZIE: Mr. Ward, I think we of the Industrial College
are well aware of the reasons why your board of directors has elevated
you from president to chairman of the board since your last appearnnce
heree n behalf of the Commandant -and the faculty and students of the
Industrial College, I want to thark you for giving us a lecture which in
your ovn terms has brought the science of atomic energy down to language

that we can understands I am sure we will never forget it.

(4 Vay 1948--450)s.
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