
By CLARK GOODMAN 

INTRODUCTION Fig. I i'- only one of the various possible systematic 
arrangements of the elements that occur in nature, or  
have recently been produced. The elements are arranged 
i n  order o f  increasing atornir number. indicated by the 
fignre immediately below the sytnbol of each element. 
Nuclear physiriqts th ink of tlie atornic number Z as the 
runnber of  positively charpcl particles. called protons, 
contained in the core or  nueleas of an atom of a given 
elernen t. 

T HE familiar saving "a little knowledge is a dan- 
gerous thing" is partirularly apropoc in the rase of 
atomic energy. Following President Truman's an- 

nouncemen t of the bornhina; of Hirosliirtia on August 6. 
1945, the air  was filled with radio reports. Virtually 
every newspaper and magazine in the country followed 
with feature articles o n  atomic power. These are con- 
tinuing and. in addition. we are heirla; exposed to a 
plague of books on the subject. In the sweep of publicity. 
the facts have often been ignored or hidden beneath a 
flood of over-enthusiastic extrapolation and speculation. 

\ -serond important number in the periodic table is 
the atomic weight. listed just above the chemical symbol. 
Thr syrnhol 4 will he used for atomic weight. On this 
scale the 1 igh test and simplest of elements, hydrogen, 
has an  atomic weight of 1.0080. As Z = I, hydrogen 
must contain only one proton in  its nucleus. The single 
electror~ that  svvirls ahout this nucleus has a weight of 
only about 0.0005 units. Thus hydrogen nuclei are the 
charged particles. protons, that constitute building blocks 
in all nuclei. and the relative weight of each of these 
elementary particles before incorporation in such nuclei 
is 1.0075. i.e.. slightly greater than I. 

It seems particularly tirnelv that an accurate evalua- 
tion he made of the present and future rornpetition to 
petroleum of this new source of energy. 

FUNDAMENTAL PRINCIPLES 

The study of atomic energy constitutes part of the 
general field of nurlear physics. The first step in the 
understanding of atomic: energy is a definition o f  the 
specialized words and symhols used. 

'Abstract of p a p e r  pr ( -~ented  a t  G e n e r a l  Sfrvirm of t h e  Arrretirun FJt troii ~ i r n  I ' n h t i t i i t i ,  C'hk ago ,  Illirir)i<, No\ rrnbt r I 5 ,  1945. 
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The interlocking particles that hind tlie protons to- 
gether, and prci ent their flying apart by electrofctatic 
repulsion, are electrically neutral, and for  this reason 
are called neutroiis. They have an atomic number zero 
and, relative to oxyge11. a \+eight of 1.0087. All nuclei 
are considered to be made up  of .neutrons and protons 
only. However, for  a given element. i.e., a given 2, the 
number of neutrons present ma} vary somewhat. This 
variation, of course, results in different weights for the 
individual atoms of the element, even though they all 
have the same number of protons. The name "isotope" 
is given to such modifications of the same element. Even 
hydrogen is not simple. (common h) drogen, referred to 
above, has a single proton in its nucleus, but there is a 
rare form of 11~drogen that has both a proton and a 
neutron in its nucleus. For obvious reasons. this is called 
heavj hydrogen tor deuterium). and water containing 
an unusual1 j high proportion of this h j  droge~i is called 
heavy \+ater. A s  ~e shall have occasion to note later, 
uranium consist,- of three isotopes, a common form with 
92 protons and 1 I6 neutrons known as 

10 
> 

a rare variet) ki th 92 protuns and 1-13 neutrons known as 

^35> 
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and a Â¥ver rare form with 92 protons and 1-12 neutrons 
known alternate!) as 

"4 

or UII .  Naturallj. ivith so man} different isotopes pres- 
ent in various abundances, the average weight of a given 
element would not be expected to be a simple multiple 
of the weights of the constituent particles, the proton 
and the neutron. However, there is an additional expla- 
nation for  the observed values of the atomic weights. 
T h e  weight of an aggregation of neutrons and protons is 

always less thuii the A U ~ J I  u j  the weights o f  the separate 
particles. For example, the weight of two protons and 
two neutrons is 2 X 1.0075 + 2 X 1.0087 = 4.0324, 
I\ hereas the weight of helium (less two electrons) is seen 
from Fig. 1 to be 4.0029. This decrease of about 0.03 
weight units takeb place when the four constitutent par- 
ticles coalesce to form the helium nucleus. The nuclear 
reaction that expresses this fact can be written symboli- 
cally as: 

2 H''"Ô + 2 nlgm7 + 2~e4'0029 + 0.03 & t ~ m i ~ - ~ e i g h t  Uiit (1) 
1 
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Two fundamental axioms in physics require that the 
sum of the subscripts (charges) on the left must equal 
the sum on the right, and the sum of the weights on the 
left must equal the sum on the right. The coefficients in 
front of the symbols must, of course, be included in these 
considerations. In the foregoing equation, "0.03 atomic- 
weight unit" must appear on the right to balance the 
\\eight on tlie left. 
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THE SOURCES OF ATOMIC ENERGY 

Einstein postulated, and ample experimental evidence 
has since proved, that weight (or, more exactly, mass) 
and energy are equivalent and related by the simple 
ex pression : 

Energy constant x mass (2 )  
The proportionality constant in this relationship is so  

large that the production of a pound of helium from 
hydrogen + neutrons would liberate 29 X 101Â B.t.u. 
of heat energy. Alternately i t  would require the expen- 
diture of this prodigious amount of energy to break one 
pound of helium into hydrogen and neutrons; i.e., the 
helium nuclei are bound together with this amount of 
energy. 
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symbolized above does not take place on the earth, 
because it requires very high temperatures. However. 
this reaction is b~lieved to account for the tremendous 
thermal productivity of the sun, and takes place in six 
steps involving carbon and nitrogen as nuclear catalysts. 
A graphical representation of the relative binding ener- 
gies of all known nuclei is given in Fig.  2. The binding 
energy per nuclear particle B/A is plotted against the 
atomic weight A for all known nuclei from hydrogen, 
4 = 1, to heavy nuclei of A = 240. As we have already 
seen, the binding energy of helium nuclei is much 
greater than that of hydrogen nuclei and neutrons sepa- 
rately. Hence the B / A  for helium lies well above that 
of hydrogen. The significance of the curve now becomes 
evident. Transformations which result in changes from 
a lower portion of the curve to an upper portion are 
exothermic, and vice versa. However, there is one impor- 
tant difference between the changes at  low values of A 
as compared to tliose at high values. Certain heavy 
nuclei can he made to split into two or  more Fragments 
of medium atomic weight A at  ordinary temperatures 
(0-200Q C.). This process is known as nuclear fission, 
and the energy released by such a change has been 
designated as the fission energy in Fk. 2. Pound for 
pound, or  on the basis of the number of nuclear particles 
involved. the fission of heavy nuclei generates about 
one-seventh as much energy as the formation of helium 
from hydrogen in the sun. It is small wonder that this 
process constitutes a potent source of energy. 

Apparently, there is a minimal change in binding 
energy below which fission does not occur. Although 
nearly all of the heavy elements have been tested, fission 
apparently is appreciable only in those elements above 
about 210 in atomic weight. Of these elements, only 
uranium and thorium occur in appreciable quantities in 
terrestrial materials. Their presence indicates that ura- 
mum and thorium must be relatively stable. otherwise 
they would have long since disappeared during the two 
to four billion years since this planet was formed, 

Uranium and thorium are not completely stable, but 
undergo spontaneous transformations that result in ele- 

merits of lower atomic weights. Radioactivity is the 
term used to describe these changes. In  Fig. 2 the small 
shift from A = 238 to A == 206 for the uranium series, 
and from A == 232 to A =- 208 for the thorium series, 
releases sufficient energy to account for all the internal- 
heat flux of the earth. 

The emission of a n  alpha ray (2He*) by radioactive 
decay is similar to nuclear fission in that both processes 
result in the splitting of a nucleus into two parts, form- 
ing two new nuclei. However, these related phenomena 
differ in a number of important respects. 

NUCLEAR FISSION 

In the first place, radioactive decay is spontaneous, 
and not susceptible to any control. On the other hand, 
to produce fissions it is necessary to strike the nucleus 
with a particle or with radiation. There are a number 
of such nuclear detonators. but neutrons are  by far the 
most effective. The absence of electric charge (Z == 0) 
enables these particles to penetrate easily; whereas 
protons, deuterons. and alphas-being positively charged 
-are strongly repelled by the large electrostatic fields 
of heavy nuclei. 

The probability of a neutron-producing fission in a 
uranium or thorium nucleus is dependent upon a number 
of factors. not the least in importance being the velocitv 
of the neutron. In fact. the less abundant isotope1 

is very infrequently split h y  other than relatively slowly 
moving neutrons, the probability of fission being in- 
versely proportional to the velocity of the neutrons. On 
the other hand. thorium nuclei 

nuclei undergo fission under neutron bombardment only 
when the neutrons have high energies. called "fast neu- 
trons." With slow and intermediate-velocity neutrons 
the foHowina; transformations orcur : 

o~h23' + (SHÃˆ .  _+ ,T$Ã + y W 
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The product nuclei do not undergo lission. hu t  are leas 
stable that the original nuclei, being beta-radioactive with 
half-lives uf 26 minutes and 2 3  minutes. repectively. 

The action of fast neutron;? o n  

9 ~ h ~ 3 ~  and mU^8 

and of slow neutrons on 

92 u ,̂ 
results in fission into two slightly unequal nuclei. The 
process is highly exothermic and coi~siderabl~ more 
complex than any of the foregoing reactions. One pus- 
sible sequence for 

will serve to illustrate the nature of the changes 
involved : 

This reaction occurs almost instantaneously and hence 
is explosive in character. The fission products, 

#a and b ,  

fly a.part with tremendous velocities. Because these nu- 

'L'raiiiurn is inrnposed of 0.7 per cent 

%^ 

and 9 9 . 3  per cent 

92 $38 

clei contain too main neulron~ t u  be aldble,' several 
beta-disin tegrations and possiLlj a neutron-decay are 
neceaearj before stable nuclei are funned. These sec- 
ondarj changes occur relativ el) slow ly, and are accom- 
panied I ) j  the evolution of about one-fourth as much 
lieat as the fiss-iun reaction. 

PROPERTIES OF PLUTONIUM 

In the preceding section it was mentioned that slow- 
and intermediate-ve1oc;ity neutrons 011 

wl^8 

produce a beta-radioactive isotope, 

The decay of tliis substance results in the formation of a 
new element of atomic number 93, called neptunium 

Neptunium, in turn, emits another beta particle, becom- 
ing plutonium3 

' g , ~ u ~ 3 9 )  , 

\vhich emits an alpha particle, thus decaying to 

hut so slowly that in effect it is a stable element. 
Plutonium is fissionable uith slow neutrons, and hence 
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is equivalent to 
1̂  

in this regard. However. plutonium is Â¥Â¥iiiffirient differ- 
ent from its progenitor. 

$8 

that it  can he separated from uranium h> chemical 
methods. The importance of this fart is made clear in 
a subsequent section. 

SOURCES OF NEUTRONS 

Thus far  nothing has been said concerning the sour( w 
of neutrons. These uncharged nuclear particles are pro- 
duced either by fission? or by the collision of nuclei I 
high velocities. There is a small neutron component in 
cosmic radiation, but much greater intensities are pro- 
duced by bombardingcertain light elements ( for  exam- 
ple, beryllium) with alpha particles. deuterons. or  pro- 
tons. Radon or radium mixed with ber! 1 lium pro\ ides a 
compact source of neutrons. It mas by means of r i ~ i i -  

trons from quch sources that fission was initially pro- 
duced and studied. Deuterons or protons accelerated to 
a high velocity in a cyclotron can produce even morz 
intense sources of neutrons. 

However, enormously greater intensities are required 
to release significant amounts of atomic energy. As indi- 
cated in Equation (5) .  neutrons are released b y  the 
fission process itself. Vnder proper renditions, t1ies:- 
secondary neutrons produce further fissions which re- 
lease more neutrons to produce still more fissions. and 
so on. If the number of these self-induced fissions ex- 
ceeds even by a minute amount the number produced by 
the initial neutrons, this avalanche-like reaction results. 
The propagation of the reaction is extraordinarily rapid. 
For this reason, unless carefully controlled. such re- 
actions are violently explosive. The critical condition 
under which a self-sustained chain reaction occurs con- 
stitutes the crux of atomic energy as known today. 

CRITICAL SIZE 

In the official U. S. government publication. the now 
famous Smyth reporta4 this condition is summarized as 
follows: "The question of whether a chain reaction does 
o r  does not go depends on the result of a competition 
among four processes : 

" ( I )  Escape of neutrons. 
"(2) Non-fission capture of neutrons. 
"(3 )  Non-fission capture by impurities. 
" (4) Fission capture. 

If the loss of neutrons by the first three processes is 
less than the surplus produced by the fourth. the chain 
reaction occurs; otherwise. it does not." 

Two methods can be used to limit the escape of rieu- 
trons. The first is to enlarge the amount of active 
material to the point where the bulk of the neutrons 
produced is captured within the mass of the fissionable 
material itself. This procedure establishes a critical size 

above which the chain reaction takes place.' The second 
method of decreasing the loss of neutrons by escape is 
the use of a reflector piirrouriding the material. Fit>avy 
elements serve as reflectors of fast neutrons, for the  
relatively light neutron bomices off a h ~ a v y  niiclcus with 
very little change in speed. If reflection with a suhstan- 
tial decrease in velocity is desired. light-weight elements, 
called "moderators." are used. 

The loss of neutrons hy non-fission rapture is equally 
important in determining the critical size. Certain ele- 
rnents. such as boron and cadmium, are ver! acceqsible 
to neutrons and behave like neutron sponges, because 
thev so readily "soak up" neutrons. Most r l~men t s  pos- 
qesq this chararteristic to a cmiÂ¥Â¥iiclerah smaller degree. 
For example. nitrogen. iron. nickel, and vanadium have 
moderate rapture cross-sections : whereas beryllium, 
magnesium, carbon. aluminum. zinc. tin. bismuth. and 
lead have very small capture cross-wrtions for neutrons. 
In establishing the critical size for  the  chain reaction, it 
is necessary that even minute traces of cadmium and 
horon be eliminated and that onlv traces of the medium 
cross-section elements be present. A l l  essential structn- 
ral materials must contain only elements with small 
capture cross-sections. 

Because uranium and thorium ore5 are inevitably 
associated with elements of large or  medium cross- 
section, a self-sustained reaction is i i r~~ossidle.  regard- 
leqs of the size of the ore deposit. I n  a(ld;tion. because 
of the large proportion of 

in ordinary uranium. the non-fission rapture of neutrons 
by 

$38 

predominates over the fission capture by 

even in a very large mass of this material. Hence, not 
only are uranium ores stable to fission, but even pure 
uranium metal does not undergo spontaneous fission in 
bulk. An important exception to this conclusion is dis- 
cussed in the following 3ertion. 

PRODUCTION OF FISSIONABLE MATERIALS 

In the foregoing, thorium has hern included with 
uranium as a source material. Because of the suscepti- 
bilitv of 

$35 

to slow neutrons and the possibility of producing plu- 
tonium from 

S8 

the major effort of the Manliattan project centered on 
the direct or  indirect use o f  uranium. No information 
has been released concerning chain reactions of thorium. 
Hence. this element will not be considered further, al- 
though thorium certainly constitntes a potential source 
of atomic ericrgb. 

T h e  heaviest stable iqotoptt of the<< t w o  eltrnerit1- art 

'Neptunium (half-life 2.3 d a Ã §  and plutonium (half - l i fe  a b w t  20,000 
years) do not occur i n  nature in any appreciable quantity. T h e v  lie bf-iond 
uranium i n  the periodic table ( F i g .  1) and hence h a l e  been named for the 
planets Neptune and Pluto, which l i t  beyond the planet Irranuv. 

*Ha D. Smyth, A General Account of the D c ~ r i o $ m e n t  o f  f i thods of Using 
Atomic Energy for Mililitary P w o s e s  undrr the Auspices of ttir .!rnitnl 
States Government 1040-1945, written nt tht request of M a j w  General L. R.  

Groi  f Ã §  I T .  S. Arrnv. Publication anthori/t-d 3s of August, 191-5. AT ailable 
from Princeton ['nil crtiti Pre-. Princftoii. \. I.  

T h e r r i t i c a l  ti7et for  l a r i o i ~ t  material? are  militnrv qr(i-rti. Prior to tht 
i a r  i t  vs a< ectirnated that a <phew nf 

t i t  indict in diarrietrr rrlieht hi ~ufficient to vntairi a chair] reaction. T h i ~  
amount of 

$55 

would ~ i i g h  about 100 pound".  T h e  S t m  th i e p w t  implies that somewhat 
less than 100 kilnprnrris is nec-ary. 
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A large part of the efforts of the project was devoted 
to the difficult task of separating the iaotopea of uranium. 

are essentially identical in (:liemica1 properties; hence, 
they are separable only by processes depending on the 
small (1.3 per cent) difference in atomic vveight. 

Four large-scale physical methuds have been used to 
produce 

^ 
for atomic bombs (see Fig. 3 1 .  Several other methods 
offer promise, hut have not j)rogrt~,e(1 beyond the 
laboratory stage. 

While these developmeiits in the separation of uranium 
isotopes -were taking place, another rompartment of the 
Manhattan project vvas ;;t udj ing methods of producing 
plutonium. A most iiigeiiionb p.i'o(.esa was evolted which 
not only j ields large amounts of this fissionable material, 
but appears as the most like]) industrial sourcp o f  
atomic energy. It is in the prodii(~tioii ~ n d  utilization of 
plutonium that petroleun~ nia) l ind ail dtomic comj)etiior. 

The major steps involved i i ~  the production o i  plu- 
tonium are shown sdieinatically in Fig. 4. The crude 
source material is pitchblende, rarnotite. or some other 
uranium mineral. After mining ami milling, the ore is 
concentrated and treated chemical1) to obtain the pure 
oxide, U30g, The next step require;; [lie preparation of 
essentially spectroscopirallj pun- uranium metal. This 
very exacting metallurgical work requires considerable 
know-how, as do all of the other specialized techniques 
which have been so e x p ~ d i t i o u s l ~  developed under the 
Manhattan project. Tlie metal, of course, contains the 
same proportion of isotopes as the original ore: viz., 
99.3 per cent 

$58 

and 0.7 per cent 

It is  cast into bars, and is coated with a thin impervious 
layer of very pure aluminum to protect the uranium 
from direct contact with the cooling water. This '"canned" 
uranium is then placed in a lattice structure made of 
highly purified graphite. The size of this so-called 
is very precisely determined. It contains just slightly 
more uranium than the critical amount required to 
maintain a chain reaction. A simplified explanation of 
the operation of the pile is as folluws: 

When the pile has been asst*mhled to the proper 
size, it is triggered 1)) straj neutrons from cosmic 
radiation. Tliese produce a few fissions of either 

depending on whether these initiating neutrons are 
slow or fast. Tlie secondarj neutrons resulting from 
the fissions are fast and. henre. cannot produce addi- 
tional fissions in 

$35 

although the) may cause fissions in 

The mobt probable result, howev i~ ,  ia that these sec- 
ondarj  neutrons ^ill l)e slowed down by coll i~ions to 
intermediate velocities before producing such fissions. 
Because of the predominanr'e of 

$58 

most of these neutrons are captured lo form 

However, by having pure carbon in the form of 

graphite alternating w i t h  the uranium. man) 01 the 
secondary neutrons are sloped down to thermal veloci- 
tips. Because the rapture of neutrons by 

increases imerselv wit11 the velocity of the neutrons, 
the probability of producing fissions in 

is greatly increased by the use of the graphite modera- 
tor. In this way a self-sustained chain reaction is 
prod wed. 
Of course, a large amount of cooling must be provided 

in order t o  limit the rise in temperature. Special pipes, 
made of elements with ;;mall capture cross-sections, 
provide channels for the cooling water. The magnitude 
of this roolingproblem can be appreciated from the 
fact that an appreciable rise in temperature of the 
Columbia River takes place when one of the piles is 
operating at the Hanford plant in Washington. The 
production of a pound of plutonium per day releases 
energy in the form of heat at the rate of about 1,000,000 
kilowatts. 

t h e  pile and its products are intensely radioactive and 
hence ex tremel) dangerous to personnel. For this reason 
the operation of the pile and chemical treatment of the 
uranium, after r e n ~ o ~ a l  from the pile, must be carried 
on by remote control within air-tight shields several feet 
in thickness. Following removal of the fission products, 
the relatively small amount of plutonium is separated 
from the bulk of the parent uranium, after which the 
plutonium is purified. This material is then ready for 
incorporation in an atomir bomb. 

UTILIZATION OF ATOMIC ENERGY 

The purpose of tlie present discussion is to consider 
the possible efl'ects of atomic energy on the petroleum 
industry, not on military strategy. The fission reaction 
releases about 32 billion I3.t.u. per pound of 

or plutonium, and the radioactive decay of the fission 
products releases an additional eight billion I3.t.u. This 
energy is more than a million times the lieat of corn- 
bustion of a good grade of coal (141,000 I3.t.u. per  
pound) or of 100-octane gasoline (22,000 I3.t.u. per  
pound). Yet the enormous anlount of heat produced in 
the present piles is wasted. By means of heat exchangers, 
it probably would be relatively simple to use some of 
this energy for  household or  other low-temperature 
heating. In order to utilize such heat for industrial 
purposes, it would be necessary to operate the pile at  
temperatures comparable to those of modern steam 
power plants. Apparent!), the prublt-n~s involved in  this 
transition are very large. 

However, if developments in this field are allowed 
to flourish unhampered by  military restrictions and gov- 
ernment controls, it seems probable that these problems 
can he solved in a reasonably short time, and that atomic 
energy will be available for industrial purposes within 
tlie next decade. The question w i l l  then be: Can atomic 
power compete "with petroleum, coal, and water power 
on an economic basis? Too many unknowns a re  in- 
volved to allow oilier than speculation, hut in all likeli- 
hood the answer will not be  clearcut. 

Inasmuch a s  coal is generally used as fuel for large 
installations. it would appear that natural uranium piles 
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may compete with coal. pr t icular ly  in the generation 
of electric power. The piles could be located near the 
populated areas. but sufficiently remote to prevent radia- 
tion hazards. The heat released would he used to pro- 
duce steam to d r i ~ e  turho-electrir generators. This elec- 
tric power would actually he a by-product from the 
production of plutonium and radioactive fission mate- 
rials and the treatment of substanres by radiation. Some 
of the heat from these large piles also might be used to 
operate thermal or diffusion plants for separating 

from uranium. 
The natural uranium and graphite piles, which may 

compete with coal, are far too bulky to be used in units 
for mobile power. By using uranium that has been 
enriched in 

$35 

or to which plutonium has been added. the size of the 
pile can be considerably reduced. The use of heavy 
water (deuterium oxide) as a moderator in place of 
graphite also allows substantial reduction in size. 

With the decrease in size of power units. the compe- 
tition with petroleum would probably begin in replacing 
fuel oil in large transports and naval vessels. Full speed 
ahead would be achieved by pulling out the cadmium 
"throttle." A distinct advantage for naval vessels would 
be that "refueling" would he infrequent. An additional 
consideration would he that the atomic fuel is nonin- 
flammable. Shielding would he a major problem, and 
would add considerably to the weight and size of the 
units. Such applications of atomic energy might be 
entirely ruled out on tins basis alone. 

Pure 

and plutonium in excess of the critical sizes can be 
assembled-provided cadmium, boron. or some other 
neutron absorber is preesnt in  sufficient amount to pre- 
vent the chain reaction. If the absorber were gradually 
removed until the critical point is reached, a controlled 
release of energy from a very compact source might be 
possible. However. with pure 

or plutonium, this procedure would be extremely sensi- 
t ive-~ slight movement of the absorber might result in 
a violent explosion. For this reason. rompact units will 
probably use a mixture of 

$35 and ,358 

containing not more than about 20 per cent of the lighter 
isotope and some moderator in order to obtain a safe 
degree of controllability. Even more problems than 
arise with the larger units must he solved before diminu- 
tive atomic engines will he possible. For military 
purposes such engines might supply the power for 
guided missiles or robot planes. In order to compete 
seriously with diesel oil and gasoline. atomic engines 
must be adaptable to trains. trucks, planes. and auto- 
mobiles. For these purposes the shielding problem 
would be most acute. The compactness gained in using 
atomic fuel might he more than offset by the large 
amount of shielding required. Of course, all of these 
considerations have been limited to the source of atomic 
energy now known: i.e., to nuclear fission of heavy ele- 
ments. Tt will  he recalled that the consolidation of light 
elements into medium-weight elements releases compara- 

hie amounts of energy. Although siivh nuclear sy~itlieses 
have never been accomplished on a large scale, they 
liave been achieved in minute amounts in  the laboratory. 
if future research extends the range of  available atomic 
energy to include the light elements. many of the fore- 
goin? limitations may be removed. In addition, these 
light elements would probably be far more plentiful 
than the relatively scarce fissionable elements, uranium 
and thorium. 

Within the bounds of available information, it would 
appear that petroleum and coal will probably continue 
for at least another generation as the primary sources 
of energy for transportation and heating. Water power 
and coal will probably generate most of the electricity 
during the next fifty years. Although atomic energy 
may gradually enter as a competitor, its most extensive 
applications will probably be in new fields of human 
endeavor. Industrial processes a t  extremely high tem- 
peratures. ultra-high-speed transportation. the produc- 
tion of radioactive materials for industrial and medical 
purposes. as well as for  some scientific investigations, 
the manufacture of rare elements hy transmutation, and 
the treatment of materials by radiation, are among the 
more likely specialized uses of fission energy in addition 
to the continued production of atomic explosives. 

For some time the more conservative members of the 
petroleum industry have been concerned about what the 
world would use for fuel when the petroleum and coal 
reserves were exhausted. Prior to 1935 new discoveries 
more than offset the increased consumption of petroleum. 
During the past 10 years the discovery rate has rapidly 
declined while production has soared. Although there 
will he a postwar respite. this trend is likely to continue 
for some time. However, the petroleum industry now has 
somewhat less occasion to regret the expenditure of a 
large part of the earth's supply of chemical energy. By 
the time this source is exhausted there should be plenty 
of atomic energy available, 

Although this change seems inevitable, it will certainly 
not be rapid. Few of us will live to drive atomic auto- 
m b i l e s  or fly jet planes powered by nuclear energy. 
When this time arrives, there will still be a petroleum 
industry, but it may have changed rather remarkably in 
character. Instead of petroleum being primarily used 
for fuel. it will be the raw material for all kinds of 
organic substances. The refinery of the future will be 
more of a chemical factory than a producer of fuel, 

To Establish Firm in Brazil 

F OLLOWING his resignation as vice-president and 
director of Northrop Aircraft, Inc., Theodore (1. 

Coleman of the class of 1926. left with his family in 
November for Brazil. where he will establish his own 
company to be devoted to distribution and maintenance 
of aircraft and other V. S.-manufactured products in 
South America. 

A resident of Pasadena since 1922. when he entered 
Caltech, Mr. Coleman has been prominent in business 
and civic affairs in southern ~al i forr i ia  for 20 year?. 
Prior to his joining the Northrop Company shortly after 
its formation. he was vice-president and partner of the 
old southern California banking firm of Banks. Huntlev 
& Co. 

Mr. Coleman spent two month? last summer in South 
America on a business trip. and heard news of V-J Day 
by shortwave while in the interior of Brazil. He will 
live in Sao Paulr) with Mrs. Coleman and their two 
children. 
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