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INTRODUCTION 

TJmOUGH THE AGES, LEARNING HAS LOOKED TO TIIE WORLD 

of practical affairs for the major subjects of its interest. It 
is very appropriate that a great university, Columbia, 
through its Graduate School of Business, should share with 
a great industry, through its representative, the American 
Petroleum Institute, an inquiry into the role of energy, past, 
piea 11~ and future, in the lives of each of us. 
~name for energy is prime mover. The world most 

.Js on the move, not just physically, but culturally, 
a and in other ways. The availability of an abun­

:peJJISi've supply of energy should condition the 
tfiNe moves pediaps more than any other 

sn00esrive harnessing of prime movers in 
of animal pow•, wind power, water 

power has changed the cultural, 
which lffe. occurs, so will 

., •• of tomor-



•• syi•apllbllD wOltliy tD tt1 ••• 
of the centenniaJ of the oa boti•t 
we were delighted to accept. It was decfded etMI; 
appropriate to consider energy fn its several foa• a11Ji 
discuss circumStances that will best assure iii cc.ttrMii 
availability in abundance. Thus, on November 4, 1959, 1 
group of over three hundred government officials, econo. 
mists, historians, scientists, and executives from a broad 
range of industry gathered in the rotunda of Columbia's 
Low Memorial Library to hear delivered and to discuss 
the papers which are reprinted in this volume. 

In introducing this inquiry into energy and its impact 
on our lives, a brief word should be said about the pro­
gram's "grand" design, as well as about each of the speak­
ers. The presentations start with an account of the role of 
energy in the history of Western man by Dr. Allan Nevins. 
It would be redundant to plunge into an extended intro­
duction of Dr. Nevins. Suffice it to say he is one of the 
country's leading historians, a man whose insights, particu­
larly into the past of the American scene, have provided 
us all with stimulation and enlightenment. Dr. Nevins is 
on familiar ground when he speaks from a Columbia plat­
form. The recipient of two Pulitzer Prizes for work in his­
~ory and biography, he has presented a number of classic 
interpretations of the early history of the petroleum busi­
ness. 

Buildin thi di . g on 's background, the program moves to a s-
cuss1on by Mr. Robert Dunlop of p etroleum's impact over 
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INTRODUCTION 

the last century as a major source of energy, or prime 
mover. The only representative of the petroleum industry 
on the program, Mr. Dunlop has been President of the Sun 
Oil Company for the last twelve years. He is regarded as 
one of the best informed authorities in the oil business on 
the economics of the industry and has been active in seek­
ing effective presentations of public affairs issues affecting 
it. He is a director of the American Petroleum Institute and 
serves as a trustee of the University of Pennsylvania. 

Mr. Duniop' s paper is followed by a survey of the future 
-of those energy sources that are now in the laboratory or 
pilot plants, but promise to have profound influence in the 
years to come. The speaker, Dr. Edward Teller, is Professor 
of Physics at the University of California and Director of 
the Radiation Laboratory at Livermore, California. Born in 
Budapest, Hungary, and educated in Germany, Dr. Teller 
came to this country in 1935 to teach at George Washington 
University. Shortly after the start of World War II, he was 
assigned to the Manhattan Project and during the next few 
years he rendered outstanding service to his adopted coun­
try. Dr. Teller has made important contributions in the 
fields of electric and nuclear physics, and in quantum 
theory. In recent years he has been noted for his work on 
the practical applications of thermonuclear principles and 

the clew!lopnmt of thermonuclear weapons. . 
Nadia wqaiencs comes an analysis of some of the condi­

Hc+ s p.IBl•l physical, and economic-that will be nee-
,, 1118 ,, an abundant supply of low-cost wagy, 

7., "" 19 l d il"'fr6. Mesm. A Ii of the Bar-

a 



to 1918, wltlili 1Ull.ii. 

& rorof~&11c1wJ1v•­
and reaeasd&. J)urlDg Wodd War ll, lie 11 nil' M 
Econondst for the OfBce of Strategic Servfces and._. 
Deputy to the AssJstant Secretary of State. He was Oiief 
Economic Advisor to the United States at the Moscow Con­
ference in 1947, and in 1904-55 he directed the team which 
assisted in drawing up a plan for the economic develop­
ment of Pakistan. 

The program concludes with a paper by Mr. Herbert 
Hoover, Jr., on energy and public affairs which provides a 
broad view of the energy story against a world-wide back­
ground. A consulting engineer by profession, Mr. Hoover 
has worked with a number of firms in the United States and 
abroad, besides acting as a consultant to the governments 
of Venezuela, Iran, Brazil, Peru, and other nations. In 1953 
he was a special advisor on world-wide petroleum matters 
to the Secretary of State, and he served as Under Secretary 
of State from 1954 to 1957. 

It was a particularly great privilege for the Graduate 
School of Business of Columbia University to share in this 
:casion .. The proceedings were tape-recorded by the Voice 

I 
Amenca, and the publication of these distinguished 

ectures will co t'tu ns 1 te, I believe, a fitting document to 
commemorate th· · 
nami·c . d 15 important birthday of a great and dy-m ustry. 

Thanks are due t M F h 0 r. rank M. Porter President oft e . . ' 
XU 



INTRODUCTION 

American Petroleum Institute, who presided over the after­
noon session, and to the staff of that organization for their 
efficient help in preparing for the occasion. I would like also 
to acknowledge the assistance of Professor William A. Owens 
of Columbia U Diversity, the author of Fever in the Earth, a 
recent novel about petroleum, who was responsible for pre­
paring the lectures for publication. 

CoURTNEY c. BROWN 

Dean, Graduate School of Business 
Columbia University 



111. ENERGY PA'ITERNS OF 
THE FUTURE 

by Edward Teller 



LAJ>~ AND GENTLEMEN, I AM TO TALK TO YOU ABOUT D."EBGY 

in the future. I will start by telling you why I belieYe that 

the energy resources of the past must be supplemented. 
First of all, these energy resources will run short as we use 
more and more of the fossil fuels. 

We find that more and more such fuel is being discovered 
and I am quite sure that within the present century there 
need not be an acute shortage of any of the fuels to which 
we are accustomed. But the demand for fuel is rising-and 
rising substantially-and new fuel deposits are usually dis­
covered in locations which are a little less accessible than 

those which we have already used, and so the price of the 

fuel will go up. 
In fact, this process, as you all know, has already started. 

The price of fuel has been creeping up steadily, and the 
price of energy has been kept relatively low and steady, 

only because while the price of fuel is rising, the uttJiz.a.tion 

of the fuel has been increasing. ·r 
In h · we uti 1r.e 

our modern energy-producing mac inery, . 
•pP:o• hnately one third of the eneigy of the fuel and while 
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there are possibilities of mcresdng this.... "12 -­
half or two-thirds, we cm tainly won"t ntllt.e It 1CIO p.-., 
and even the further increase which is now ID P+J>\'td 
begins to come a little hard. Therefore, it beglm to be of 
real interest to see what else we can do and what we CID 
use for fuel. 

Furthermore, fuel, in some places of the world, ts cheap. 
In other places, where there are no close-by coal or, putio. 
ularly, oil deposits, fuel is much more expensive, and tmn. 
fore large regions of our globe are, at least to some &l&dt 

retarded on account of absence of usable fuel. 
There are all kinds of alternative possibilities whAch haw 

been considered, and which I will discuss later. But I would 
first like to mention another reason why we probably have 
to look for additional fuel supplies. And this, strangely, is 
the question of contaminating the abnosphere. Now, all of 
us are familiar with smoke and smog and all of us know 
about it as a nuisance. Perhaps it is also a hazard, but cer­
tainly it is a nuisance, with which we are all familiar. 

I would like to talk to you about a more hypothetical dif­
ficulty which I think is quite probably going to turn out 
to be real. Whenever you bum conventional fue~ you 
create carbon dioxide. It has been calculated that the car­
bon dioxide which has been put into the atmosphere since 
the beginning of the industrial revolution equals approxi­
mately 10 per cent of the amount of carbon dioxide that our 
atmosphere contained originally. 

There are modern methods by which we can find out rea­
sonably accurately how much of this additional carb<>P 
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dioxide the atmosphere actually contains today. They are 
the result of some excellent work at the Scripps Institute 
. California, and through these methods it was found that 
~y the carbon dioxide content of the atmosphere has 
i11creased by only 2 per cent. 

It will interest you, perhaps, to hear how this was found 
out, and I can tell you in a very short time. A certain frac­
tion of the carbon that is in the carbon dioxide is very 
weakly radioactive, and this activity can be traced back to 
the effect of cosmic rays which produce carbon in the at­
mosphere. The carbon dioxide which is now in the atmos­
phere is a little bit less radioactive than the carbon dioxide 
that was in the atmosphere thirty, forty, fifty, one hundred 
years ago. You can still sample that old carbon dioxide by 
investigating wood that grew thirty or forty or one hundred 
years ago, and this slightly aged wood is more active. What 
has happened? In the intervening years we have burned a 
lot of the material which had been deposited in the car­
boniferous era and at other times, times so long ago that in 
the meantime the carbon in the coal or the carbon in the 
pebo]eum has lost its radioactivity. So part of the carbon 
in our atnwsphere is not radioactive carbon, but ancient in­
aeu., -..1.. __ 
~ liilll'UUIL r.,.. cent has been added, .2 per cent is found present. 

... W: 1'Ja the ooeen, mostly on the bottom of the ocean, 
~ a eaJd.um carbonate. We now know that 

bu gone this way, and that the atmos­
~ ...... ~ that much additional carbon as has 

rl1 
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been burned in the mt tm ... lfta g 

dence time of the carbon dfoxide fn 
If now, the rate of burning 

to increase by a factor of 2 each ten J'B&' 
that by the end of the century there will 
carbon dioxide in the atmosphere by mme 
cent. The carbon dioxide is invisible, it is ..-
can't smell it, it is not dangerous to healtb, • wliJ 
one worry about it? 

Carbon dioxide has a strange propaty. It b••nla • 
ible light but it absorbs the infrared radiatim wl•"" II 
emitted from the earth. Its presence in the a•o.-:q• t e 
causes a greenhouse effect in that it will allow the m 
rays to enter, but it will to some extent impede theracffation 
from the earth into outer space. 

The result is that the earth will continue to heat up until 
a balance is re-established. Then the earth will be at a 
higher temperature and will radiate more. It bas been cal­
culated that a temperature rise conesponding to a 10 per 
cent increase in carbon dioxide will be suf&Cient to melt 
the icecap and submerge New York. All the coastal citieS 
would be covered, and since a considerable percentage of 
the human race lives in coastal remons I think that this 
ch . al . . o· , -..nnlP. 

ointc contununation is more serious than most ~ 
tend to believe. 

For this then, and for many other reasons, I will say that 
uuy new fuels \Ve find will be I I L-1=eve that of 
tho f we come. oe.u I 

Ill now ucls, nuclear energy is the most promising and 
w lnlk about nuclear energy from here on. 
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Nuclear fuel has, of course, been saved-·ts 
bee l d 

i energy con 
tent bas not n re ease , because atomic 1 . -

. l tl th nuc e1 repel each other so vio en y at except under extraordinary 
ciJ'CUIDStances they cannot come into contact. And onl 
when they come into contact do they release the . y . . . energies 
.tiich reside m them, energies that are a million times 
greater than chemical energy. 

In the last couple of decades, we have learned how to 
release these nuclear energies. All of you are familiar with 
nuclear fission, how a unranium atom may split into two 
parts, releasing a lot of energy and some neutrons, how 
these neutrons can approach further nuclei, how this 
process then can repeat and multiply, creating what is 
known as a chain reaction and giving rise to fabulous 
amounts of energy connected with small amounts of mate­
rial 

In the early years of the Second World War we learned 
how to tame this energy, how to build nuclear reactors 
wJaich would release such energy. The first nuclear reactor 
wad into operation a little less than eighteen years ago. 
Nacl.ear reactors are still not economically competitive. 

Wl!tJ aotP What is holding us up? 
.Rt e are two answers that I could give, a wrong answer 
~t answer. I will give you the wrong answer ~st. 
~answer is that we first must solve the question 

Uranium, as we dig it out of the ground, 
.n actors only in a somewhat clumsy manner • 
.,. of two thing.., either to separate isotopes, 
.. ii kDawn as breeding. All these prob-
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letm are ememe'Y 1n1aea?•ng•l 
minutes todiscum them with~ 

Uranium contains 99.3 per c cat of~ 
less useful isotOpe and .7 per cant of• 
nium 23.5. The straightluwacd medm W 
isotopes and use the active part. Once YOll 
part, it is easy to make a good reactor. We-ae4 
that the separation was too expensive. Many......,,,. 
believe it. We are producing today t:llls Uotofe at ... 
nounced price, and if you compare this colt wMli tllll1l 
gasoline or coal, BTU for BTU and dollar for doDv. ,oa 
find that the modern nuclear fuels already prepuecl 1111 
separated cost only 70 per cent of what you pay for a cm. 
ventional fuel. 

Therefore, the price of the nuclear fuel is not an -.w. 
This is the wrong answer. Still, I will pursue this queetkm 
of price because there is a further possible development 
in store and a very interesting one, too. While a nuclear re­
actor works, it not only produces energy, it also can pro­
duce some additional nuclear species, in particular, Pluto­
nium, and this process is known as breeding. 

One uses up the active material, but at the same tfml, 

one activates inactive material. The result is that when thU 
process is fully worked out (and it is not worked out yet) 
you can expect a great additional drop in the fuel prtce. 

This breeding or activation, which I have described to 
yo~ won't work unless you have some fertile matertal 
a;ailable, and there are only two fertile materiab-Ura· 
ruum and Thorium. What about their supply? 
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'I'bey are cheap today, but won't they run short? W 11, 
they won't for a hundred years. And furthennore d: 

·n· f if fin ' ey \\'On't for m1 ions o ye~s, we d reasonably cheap 
xnethods to separate Uramum and Thorium from materials 

in which these substan~es are conta~ed only in small per­
centages. We are making progress m using ores in which 
only one-tenth of a per cent is Uranium or Thorium and I 
think in the course of time, we may find methods by which 
we can extract the few parts per million of Uranium that 
are contained in very common substances, like granite. 

You should realize that once this procedure is worked 
out, we can extract from a ton of granite, in the end, more 
beat than from a ton of coal. But first you must separate 

out the Uranium and then you must do something with 
this Uranium to use all of it, to breed it. If you can accom­
plish all of this-and it won't be easy-then we will liter­
ally be able to burn rocks, and the fuel problem will have 

been solved once and for all. 
Now, in view of this, in view of this great future and in 

Yiew of the present cheap price of Uranium 235, why aren't 

~MIN" bulbs in this hall actuated by nuclear reactors, 
- ~ are not, to the best of my information? The 

~--m the course of fission, radioactivities are 
f81ctGr is hot, dangerous to approach. and 

:t.y distant control equipment. 
piply mpepsfve tn itself, it also slows down 

b tttSPt ethods, cbeeper~ 
JaOOllY 2 ztiNM'l fue)s, half 
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the expense of prod:nhalfg energyf •t • is in mptad !"f 'i 
and operation, and o y o 1 m raw IDlfwlte 

Operation and capital invesbnent is much ...... ta ... 
case of nuclear fuel, and the main question u bow fD .. 
ways and means to improve nuclear technology IO thlt 
operation and capital investment will drop. I am quite_ 
that this can be accomplished, although in order tD • 
complish it, we will need many talented nuclear engl• a 1 
and so far there is no overabundance. 

I would like to pursue an associated thought for a a. 
ment. What about this dangerous material which mahs I 
so difficult to approach a nuclear reactor? What kind elf 
consequences does it have otherwise? Are nuclear nlldon 
dangerous? Well, I dare say yes, it is dangerous if a nuclear 
reactor malftmctions. It can release the radioactive poi.aw 
contained in it and it can contaminate many, many squan 
miles in the down-wind direction. 

Now, at this point, I should like to draw a sharp distinc­
tion between this kind of contamination and the so-called 
fallout about which there has bren so much popular agita­
tion. The fallout coining fronl t<'sts is so negligible that it 
is certainly and dc1nonstrnhly snutllcr than that from a pt 
number of natural cff c.'cls to which \ve don't gi an 
thought. Tho dang()r of f1\llout frotn nuclt'ar activity has 
been exaggerated to such nn <.'xh•nt thnt I ft't'I that the only 
real 1nedical hnznrd hns })('<.'Oll\t' the htlZlW of ~ 
ulcers. 

I should pnrticulurly point out th1\t &\ \ 't'n' s«Kxas ..,.-. 
tific q11c.slio11 exists ou \Vh<'lhc.'r tht'st' ~igly lo 
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ievel activities coming from world-wide fallout have or have 

not any harmful effect. Nobody knows, but it is clearly 

deJDOnstrated that they have no more harmful effects, in 

fact, Jess harmful effects, than the effect from cosmic rays 

on those who live at some elevated position, say, Denver, 

O>Jorado. At the same time, concentrated fallout is bad. 

What a nuclear reactor can do if it malfunctions and 

spreads its radioactivity over the countryside is most seri­

ous. This should be guarded against extremely carefully, 

and indeed very great precautions have been taken to avoid 

nuclear accidents. With good luck and very conscientious 

work, the Atxwnic Energy Commission and everybody else 

connected with the undertaking have so far avoided such 

accfdents. 
It is essential that we maintain this good record, and we 

lllUlt ftnd methods at the same time to lower the price of 

.U p'Ocednres connected with nuclear energy. This is a big 

andimpmtant and detailed and nasty engineering job, but 

one which I am sure will be solved in the course of time. 

One Jut word about reactors. Since it is such a big and 

d•.Jt job, it is extremely important to concentrate on the 

.. liopaful and most easy aspects of it. I am much more 

b: 11ledmatationary nuclear reactors than in any nuclear 

m 11· IE wlafch moves. I am talking about civilian applica­

... ~there is motion, there is greater hanrd . 

..... specific, I think that we are going to need our 

...... ""Y decades, perhaps for centuries, in order 

••cs ty om pl•zw. I think the neat, handy, 
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chemical energy package of gasoJfne ........ , l•'lrkti 
shall not be able to replaoe for a long time. 

Therefore, I advocate that we replace our sta........, .. 
ergy generators as soon as it is economic by the IDD!e'1ibun. 
dant nuclear power, and save our petroleum for mobile 
equipment and for petrochemicals. I think that is a re&Ql.. 

able, long-range view. 
But it is not necessarily the end of our mission. There are 

other things in the offing. In 1951 and 1952, when thermo­
nuclear power produced the first hydrogen bomb, we were 
asked: "It is clear that fusion can be used in war. What 
about using fusion in peace? It is the same reaction, isn'titP" 

Well, it is the same reaction, but that's not what counts. 
It is easy to blow up something; it is much more difficult to 
make it react at a slow and controllable rate. Greek fire 
saved Constantinople from the Moslems more than a thou­
sand years ago, and a millennium had to elapse before this 
chemical energy became usable in a controlled fashion. 
Well, we are not going to take a thousand years to control 
nuclear energy. But we are going to take some time, and 
I will tell you why. 

In order to make thermonuclear fuel work slowly we must 
use the material in great dilution. We use as few atoms, or 
rat~er positive and negative ions, as would correspond ordi­
narily to a high vacuum. But it is a high pressure vacuuID 
because of the high temperature, so that few particles pro­
duce many atmospheres. 

Under these conditions, the reaction would be comfort-
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ble 
and slow, but these hot particles will bu . a . mp into the 

wall and lose their energy. What to do about that? 
We have to invent a medium which contams· th . . . e ions 

without depnvmg them of their heat content, and that can 
be done. There is such a medium-magnetism, magnetic 
Jines of force which ~duce the ionized particles to spiral 
around them and which keep the particles away from cool 

wans. 
In principle, all of this is very simple. It is the same kind 

of problem as to try and confine a high pressure gas in a 
bottle made out of rubber bands. The magnetic lines of 
force have certain properties similar to rubber bands. They 
can be pushed aside and the hot gas can leak out in between. 
Then we lose it and lose its energy. 

Well, we found that indeed-excuse me for the horrible 
word-this magneto-hydro-dynamic-instability does actu­
ally take place. Nor is it the only kind of instability that oc­
curs. This gas, which consists of positive and negative ions, 
insists when you try to work with it, on starting to oscillate. 
The positive and negative ions beat against each other and 
the osciJlati.on, in turn, induces phenomena like turbulence, 

wlUch give rise to a loss of the valuable gas. 
'ftle sltuatiou is a little bit similar to that in the art of fty­

.... ilmaclred years ago. Then, people were worried about 
buliuknce tn aerodynamics and there were gentlemen 

.. a1 b ;al that to fly is impassible. We bad at least °': 
~mthose~~tbo@emuswoowerearoun= 
... Wrdsly. Today, we haw only-kin~ 

t 9 1 at • •ao1111c]esr energy release, and 
' 65 
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. the model furnished by the SUD and the 
15 

not cop:v so easily becauSe the saa wecan_ J 17 it by the brute force method, or perhaps 11wt111t:8Allftl 

by sheer inertia· • 
We have to do it more cleverly. If we do it,• 

a cleaner fuel, we will have an abundant fuel, and bylllti 
worked out the appropriate method of confinement by .. 
netic lines of force, we shall automatica11y be able to plf 
ate electricity without moving parts, without moving Id)'· 
thing, except the magnetic lines of force. 

Can we do it? Almost ten years ago, I was asked the WW 

question about hydrogen bombs, and I couldn't do anything 
but enumerate some doubts and difliculties, such as those 
I am putting before you now. And when one in the audience 
said, "Well, Edward, we saw such difliculties four years 
ago. Do you know whether you can do the thing naw?"' 
I said, "No." When they asked, "So what is the progress as 
compared to what you told us in 1945?" I was forced to say, 
"Today we don't know the answer on the basis of much bet· 
ter evidence." 

We have done a lot in the last seven years in exploring 
the properties, all the possible instabilities of exceedingly 
hot ionized gases. We begin to understand dtem. We begin 
to know how t ·d th . • 0 avo1 . em. Perhaps we may even get an 
inkling of how to use them. 

b 
Tt oday,. we don't know the answer on the basis of m.uch 

e ter evidence and I b li . . .. L .. ·t k ' e eve it IS extremely imPortant U» 

:~~ onblcontrolled fusion continue because the end result 
ua e and its e tual • .I.A ven achievement is probable. Ma:, .. -
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..,di be the year 2000, maybe it will be even later. In the 

It 
11110

tflne, we will have learned a lot about electric dis­

- about how to use a hot gas in a bottle, and there 
all kinds of amusing uses of that. 

~still have one other, more fantastic and, I believe, more 

feasible project to cover. And this is Project Plowshare, the 

pBP eefu1 use, not merely of nuclear energy, but of nuclear 

ef:;'~ explosion is cheap and big, and it can be used 

for earth-moving jobs. You could dig harbors, you could 

dig water-level canals. You can break up rock formation, 

1mpenaeable rock formation underground, and you could 

nigulate water seepage and water flow below the surface. 

You am use it in mining. You can use it in a strange way in 

wgyprod~ because you might make a big explosion 

'fS1 deep down in the ground and then mine the heat as 

mdaywhnic heat is mined in both Italy and New Zealand, 

ClllV&led mto live steam and used to turn turbines. 

AD this can be done in principle. The easiest of these un­

da•e\ hip, the digging of canals and harbors, what I would 

•aoaDgeograpbical engineering, is not only feasible, it 

fad Nlably possible. 
Jr.. furthermore, can undertake a beautiful exercise. I 

••.a ft the emrcise of putting the cart before the 

.... 'IJllagnuclear energy to get more oil. 
• do itP With the help of nuclear explosives, 

111p1e usal hundred feet of overburden f1om a 
Jm may 1bip-mine these shala.. 

'W r• acll. We bow, at least to some ex-
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tent, how to brealc up underground fmo l?il•w:W. *lht 
make the material more porous, pump oat 6i • .._ 
easily, and furthermore, open up for n:ploitatfoa W aey or 
solid substances like tar sands or shales. If once they lie 

broken up, they might be accessible to a heat-canytng flaid 
which will allow a release of more of the oil 

All these are dreams, but dreams which to some ex•t11t 
will come true, if only we are permitted to experlnaent with 
the effect of nuclear explosions. Furthermore, there is one 
great surprise in store for us if the development is not 

stopped. We are on the track of making completely clean 
nuclear explosions, explosions which will leave no radio­
active fallout, which will not have any of the dangers of 
reactors and not even the slight dangers of the present 
world-wide fallout associated with them. If we have that, 
our blasting of canals and harbors, and carrying out of other 
plans, can proceed with great ease and great safety and 
great flexibility. 

If people will not be too nervous, if progress is not 
stopped, this can be done. I would like to close on this one 
idea. When I read the novels of Jules Verne (and I'm sorry 
I haven't read them for a few years, because my children 
have outgrown them) I am struck by one thing more than 
by anything else: rm struck by his optimistic attitude. 
When a new big possibility comes up fraught with uncer­
tainty and with danger, he says: "Let's try it." In conaast. 
today's science fiction doesn't tell us anything, except hoW 
terrible, how dreadful the consequences of science will be~ 

The Russians in the last two or three years have per 
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, nned eight explosions at or above one kiloton. The ha 
10 th · · t ti f bl · y ve 
announced err m en on o astmg at the level of thirty 

)cilotoDS· They have claimed, and we have not checked, 

that these explosions have not been nuclear. I think that the 

future will belong to those people who will look ahead in a 

pasitive and constructive way and who, after taking all the 

JD811Y and necessary safety precautions, will proceed con­

fidently toward imaginative goals. 

Thank you very much. 

DEAN BaoWN: We have taken a rather spectacular jour­

'M'/ since ten o'clock this morning. We started with man, 

developing energy in the form of wind power and water 

power, and we have just been shown a vista of man's de­

veloping elecbic power without moving parts, as a result 

of our study of thermal gases. 
I bow that there are many questions that you will have 

of Dr. Teller. I would like to ask one question to start. It's 

a clarifying question, Dr. Teller. As I understood your com­

ments, nuclear fuel, as fuel, BTU for BTU, is perhaps about 

70 per cent as costly today as conventional fuel. The adap­

hltian of nuclear fuel to useful purposes, however, involves 

•high security huard, and it is this latter, as I understood 

,.,... tbat puts the additional costs on the end 

Pldd of fuel produced &om nuclear sources. Is that cor­

•d 

I. I I l 11 I .. 1 It.,. 

Ila. Tai•: Yes, bat I would also put a slightly differ~nt 

' , s14e1 'ha• it. The cost comes from the capital eqm_P­

q a .i ... hncl•·c· If. today, by l'Mlgk\ an the radio­
ee 
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active baurds would vanish, these ~ts of capital eqa1p. 
ment and handling still would remain great, bat be rti• • 
of greater flexibility, both in research and in actual 8Plb 
tion, they would start dropping, in my opinion, very fast. 

Capital equipment and handling costs have remained 
high because radioactivity imposes all kinds of limitations, 
both on the actual execution of the job and on the research 
connected with the job. 

DEAN BROWN: Here is another clarifying question. Would 
you please summarize briefly the danger from increased 
carbon dioxide content in the atmosphere in this century? 

DR. TEI.I.ER: At present the carbon dioxide in the atmos­
phere has risen by 2 per cent over normal. By 1970, it will 
be perhaps 4 per cent, by 1980, 8 per cent, by 1990, 16 per 
cent, if we keep on with our exponential rise in the use of 
purely conventional fuels. By that time, there will be a 
serious additional impediment for the radiation leaving the 
earth. Our planet will get a little warmer. It is hard to say 
whether it will be 2 degrees Fahrenheit or only one or 5. 

But when the temperature does rise by a few degrees 
over the whole globe, there is a possibility that the icecaps 
will start melting and the level of the oceans will begin to 
rise. Well, I don't know whether they will cover the Empire 
~tate Building or not, but anyone can calculate it by look· 
mg at the map and noting that the icecaps over Greenland 
and over Antarctica are perhaps five thousand feet thick. 
D~ BROWN: I am going to ask Dr. Teller two more 

questions before we turn to the next speaker. If a truly clean 
bomb · · L ... 15 JUst over the horizon, can this clean process uv 
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harnessed on a controlled basis, thus eliminating the need 
for elaborate safety precautions in stationary nuclear power 

pian~? . 
l)R. 'fELLER: The clean process IS based on the thermo-

nuclear process. Fusion reactions can be carried out cleanly. 
But as I have tried to explain to you, the fusion reaction has 
its own difficulties. Fission produces unavoidably a great 
variety of radioactive substances and some of these are 
really disagreeable. 

Therefore, the fission process cannot be cleaned up. 
DEAN BROWN: You have dealt, Dr. Teller, with combus­

tion and nuclear energy. How do you view the future of 
fuel cells and other means of energy conversion currently 
being investigated? 

DR. TEu.ER: The fuel cells, are, of course, a really won­
derful idea and there have been signs recently that fuel 
cells will be highly successful. I would say that discussion 
of the fuel cells belongs primarily with the ways that the 
fuels are exploited, rather than in a discussion of the fuels 
tbentselves. Fuel cells will perhaps make it possible to use 
conventional fuel with better efficiency and also to use it 
much more conveniently. 

Fuel CYdls could be run on solar energy and this, in turn, 

~ be most useful for certain purposes like heating of 
isnLeted houses or like objects even farther away, such as 
llteDftrs Such conversion of solar energy directly into elec­
tricity would be a most wonderful invention. I believe that 
tbe diaect conversion of heat into electricity is something 
8-t abomcI be given the most serious consideration in con-
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transfer, corrosion and evay•l+t•'I 
this liquid, bl tum, do tho woik 

There is a posslbiJity that a future 1en .... .,...... .. 
elecbicity without any fntmnedfate 19r "'Y lad •••Im 
those conditions the cooling of the l'eldar Cft!Jd OCXftir at 
much lower temperatures, with much 1- dlllcalty ad 
with much less corrosion. 

Therefore, this whole development of dhed conwry 
sion into electricity is a very fertile and intmmtfng Beld. 
I have not referred to it in my talk because it bu not much 
to do with my topic but I am grateful to be given the op­
portunity to comment on it. 

Thank you very much. 
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