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FOREWORD

In the fall of 1949 the chairman of the joint committee directed the 
committee staff to study the hydrogen bomb in relation to interna­
tional control of atomic energy. It is hoped that the following pages, 
prepared by the staff at the chairman’s request, will assist the joint 
committee in considering this problem. All statements have been 
meticulously screened so as to include unclassified and publishable 
information only.

in





TECHNICAL FACTS OF THE HYDROGEN BOMB RELEVANT TO 
INTERNATIONAL CONTROL

1. The hydrogen bomb, if it can be made to work, will release energy 
resulting from the fusion of light elements.

Some years before the fission of uranium was discovered, scientists 
recognized that if they could find a way to put together light atomic 
nuclei and make heavier nuclei, energy would be released. Such a 
reaction can take place when particles collide at high velocity or high 
relative kinetic energy. Reactions of this kind are believed to occur 
at the center of the sun and the stars, where the temperature is many 
millions of degrees centigrade.

2. An A-bomb would be needed to “trigger” an H-bomb.
There are two basic requirements for the hydrogen bomb: (1) An 

assembly of materials capable of producing a light-element reaction, if 
sufficiently heated; and (2) a means of heating the materials to the 
extent necessary. This temperature may be comparable to that 
existing in the interior of the sun, and today the most promising way 
to attain such a temperature on earth is through an atomic bomb. 
Thus, the essential idea is that heavy fissionable material used in A- 
bombs would explode, thereby heating the hydrogen apparatus, there­
by making possible a thermonuclear reaction. The difficulty of in­
ducing such a reaction before the assembly flies apart and while the 
temperature is adequately high accounts for much of the uncertainty 
that exists as to whether hydrogen weapons are feasible.

3. Deuterium (i. e., “heavy hydrogen” of mass 2) and tritium (i. e., 
a “heavy” radioactive hydrogen isotope of mass 3) are suitable 
materials for the H-bomb.

The scientific evidence is clear that normal hydrogen of mass 1 
would not contribute basically to an H-bomb. But the two heavy 
hydrogens, deuterium and tritium, are of fundamental interest. There 
are three possible reactions involving the heavy hydrogens: (1) A 
deuterium-deuterium reaction (i. e., two nuclei of deuterium fusing to 
produce tritium, a proton, and energy or helium, a neutron, and 
energy); (2) a tritium-tritium reaction (i. e., two nuclei of tritium 
fusing to produce helium, two neutrons, and energy); and (3) a tritium­
deuterium reaction (i. e., a nucleus of tritium and a nucleus of deu­
terium fusing to produce helium, a neutron, and energy).

4. Deuterium is obtainable through conventional industrial operations.
Deuterium may be isotopically separated from hydrogen as found 

in nature. In addition, “heavy water”—so-called because it contains 
“heavy hydrogen” or deuterium—has been manufactured on a con­
siderable scale. The process of chemically separating the deuterium
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2 HYDROGEN BOMB AND INTERNATIONAL CONTROL

from oxygen in heavy water is a relatively simple one. Heavy water 
has long been known to be useful as a research material and as a 
neutron moderator and coolant for reactors.

5. Tritium may be produced in nuclear reactors (like those at Han­
ford) by neutron bombardment of lithium, a light metallic 
element.

All large reactors produce neutrons in quantity. These neutrons 
are ordinarily used to create plutonium, but they can be used alter­
natively to create tritium. If lithium—the lightest metallic element— 
is placed inside a reactor and bombarded with neutrons, it breaks 
down into a mixture of helium 4 and tritium. These can be separated 
without excessive difficulty.

6. It might be possible to construct an H-bomb whose blast damage 
in a circle of 10 miles radius would be comparable to that which 
occurred at Hiroshima in a circle of 1 mile radius.

There have been numerous references to the great energy released 
from an H-bomb. It has been stated that it might be a thousand 
times greater than that of a fission bomb. The “critical size” effects 
which primarily limit the energy release from A-bombs do not apply 
to H-bombs. The range of destructive blast effect would be increased 
many times over that of an A-bomb.

Heat effects may also be considerably increased, although these 
effects will be variable and uncertain since they will depend on atmos­
pheric conditions. Ordinarily the hazards of nuclear radiations and 
radioactive contaminants from an H-bomb would not be significant 
in comparison with the blast and heat effects, although it might be 
possible so to design and use an H-bomb that dangerous contamination 
would be produced locally.



A COMPARISON OF A-BOMBS AND H-BOMBS IN RELATION 
TO INTERNATIONAL CONTROL

1. Uranium, the raw material basic to A-bombs, is scarce and expen­
sive, whereas hydrogen and lithium, raw materials basic to 
H-bombs, are abundant and reasonably cheap.

Uranium is a heavy metallic element rarely found in concentrated 
deposits in the earth’s crust. Ordinary hydrogen, from which the 
heavy isotope deuterium may be derived, is obtainable in almost 
unlimited quantities from a number of industrial processes—for 
example, as a byproduct in the production of fertilizer. Lithium, 
which gives tritium if bombarded by neutrons in a nuclear reactor, 
frequently occurs in concentrated deposits; and mining costs are not 
excessive. Uranium, however, is also needed for H-bombs, since it 
furnishes the fissionable materials necessary to “trigger” a thermonu­
clear reaction.

2. U-235 and plutonium, the fissionable materials needed for A- 
bombs and as “triggers” for H-bombs, are costly and difficult 
to produce. Deuterium, one H-bomb ingredient, can be manu­
factured fairly easily and cheaply; but tritium, another H-bomb 
ingredient, resembles plutonium in that production requires 
neutrons, may take place within reactors, and involves marked 
expense.

Dr. Robert F. Bacher, a noted physicist and former member of the 
Atomic Energy Commission, has commented on tritium production as 
follows:

It would be necessary, of course, to know * * * about the actual workings 
of a nuclear reactor in order to say just how much tritium could be produced in that 
reactor if one were willing to forego the production of a certain amount of plu­
tonium. It sounds as if the production of tritium in quantity is at least a fairly 
expensive, if not formidable process.

To the cost of deuterium and tritium must be added the cost of 
fissionable materials required for “triggering” purposes.

3. U-235 and plutonium have half-lives of thousands of years, where­
as tritium has a half-life of about 12 years.

Fissionable materials are the first weapon components in history 
which can never, for practical purposes, become obsolete. The 
assembly used to detonate them may change, but they themselves 
remain chemically the same whether inserted in a Hiroshima-type 
atomic bomb or in an improved Eniwetok-type bomb. Half of a 
quantity of tritium, in contrast, decays to helium 3 after about 
12 years.

1 ~ 3



4 HYDROGEN BOMB AND INTERNATIONAL CONTROL

4. U-235 and plutonium, key A-bomb materials, have immense po­
tential peacetime value as reactor fuels, whereas the constructive 
uses of deuterium and tritium, except on a laboratory scale, 
appear to be limited or nonexistent.

Heavy water containing deuterium is of interest, both as a moderator 
and as a coolant in certain types of nuclear reactors. It is possible, 
however, that the reactors which may ultimately propel ships and 
airplanes and furnish industrial power will not be dependent upon 
heavy water. Tritium, aside from its considerable value in laboratory 
quantities, has no known or foreseeable peacetime uses as a source of 
power.

5. A considerable stockpile of A-bombs is in existence today, whereas 
H-bombs have not yet been brought into existence.

When the United Nations first considered international control of 
atomic energy, it was faced with the problem of suppressing a weapon 
already in existence and already an accomplished fact. Its task, in a 
sense, was to undo what had been done. If an effective control agree­
ment is more easily reached regarding a weapon not yet an accom­
plished fact—if it is easier never to do what is still undone, rather 
than to undo what has been done—an opportunity may now exist 
that will pass if and when the H-bomb becomes a reality.

Example: Since quantities of fissionable material are in existence 
today, there is the problem of making sure that each nation—at the 
time a control plan takes effect—actually discloses all the fissionable 
material which it has manufactured and does not secretly conceal a 
portion while pretending to have revealed its entire stockpile. This 
problem intensifies as time passes and as more and more fissionable 
material comes into being in the absence of a control plan. But the 
same problem as regards deuterium and tritium is clearly less acute 
today than it will be later.



POSSIBLE QUESTIONS REGARDING H-BOMBS AND 
INTERNATIONAL CONTROL

The answers to many of the questions which follow are obvious. The answers to 
other questions are less obvious. Each question has been selected to suggest and to 
illustrate the kind of problem which may be involved, whether easy or difficult of 
solution. It should be emphasized that the original United States proposals and the 
existing United Nations plan foresee and carefully take into account the possibility of 
an H-bomb, as evidenced by the language they contain. The same is true of the 
McMahon Act for domestic control of atomic energy within the United States.
1. Is the hydrogen bomb a more or less important weapon than the 

atomic bomb? Might hydrogen bombs prove to be decisive in 
war, or has their significance been exaggerated?

Dr. Harold Urey, a Nobel Prize winner in physics, has suggested 
that the H-bomb would be militarily decisive; Dr. Hans Bethe, 
another noted physicist, has indicated that the step from A-bombs to 
H-bombs is as great as the original step from conventional to atomic 
explosives. However, Dr. Robert F. Bacher, a former AEC Com­
missioner, states that—•
while it [the H-bomb] is a terrible weapon, its military effectiveness seems to have 
been grossly overrated in the minds of laymen.

Some of the questions which may bear upon this difference of 
opinion are as follows:

(1) Shock effect.—To what extent do H-bombs excel A-bombs in 
permitting a highly destructive attack to be compressed in time?

(2) Comparative numbers.—What quantity of A-bombs are required 
to do the same job as a given number of H-bombs?

(3) Neutron economy.—How much fissionable material for A-bombs 
is sacrificed by using the neutrons available in reactors for making 
H-bomb materials?

(4) Deliverability.—Under various combat conditions, is the delivery 
of H-bombs cheaper and surer than delivery of an “equivalent” 
number of A-bombs?

(5) Aiming accuracy.—How superior is a weapon which need strike 
only within a number of miles in order to destroy its target over one 
which must strike within 1 or 2 miles?

(6) Psychology.—As compared with the A-bomb, to what extent 
might the H-bomb impair an enemy’s will to resist and accelerate 
recognition of defeat?

(7) Tactical employment—What is the relative value of A-bombs 
and H-bombs in tactical situations—when used against troops in the 
field, guerrilla fighters, forces preparing for amphibious invasion, a 
fleet, a string of air strips or submarine bases, atomic facilities, under­
ground installations, etc.?

(8) Definition oj “military effectiveness”.—Would the use of H-bombs 
to destroy large urban centers containing no armaments plants have no 
“military effectiveness,” or would such destruction aid the attacker 
and therefore represent “militarily effective” use of the weapon? Is 
it possible to distinguish, in an era of total war, between “military” 
and “nonmilitary” targets?

65616—50------2



6 HYDROGEN BOMB AND INTERNATIONAL CONTROL

2. If the H-bomb is deemed to be decisive or far more dangerous than 
the A-bomb, should international control of hydrogen weapons 
}ake Pr.lorjty over control of ordinary atomic weapons? Should 
the United States propose a separate plan exclusively designed 
to regulate H-bombs?

atomic energy apparently
The official United Nations proposals for international control of 

atomic energy apparently involve the assumption that A-bombs are 
so unique technically and so menacing as to set them apart from con­
ventional weapons and to justify separate consideration in the United 
N ations and a separate regulatory system. If the step from A-bombs 
to H-bombs is considered to be as great as the step from conventional 
h^rnrno^th° does it follow that hydrogen warfare should
become the subject of a separate control proposal and should receive 
separate consideration in the United Nations?

Are the technical facts of atomic and hydrogen weapons so inti­
mately related that both must be controlled if either is to be controlled? 
Are the political facts such that the two problems must be regarded 
inseparaoiy ,

3. Is the existing United Nations plan technically adequate to control 
H-bombs?

The United Nations plan has been couched in such a manner that 
an international agency would possess discretionary authority in 
defining and controlling materials and processes that may be employed 
to manufacture nuclear weapons of mass destruction.

lor instance, the Second Report of the United Nations Atomic 
Energy Commission defines “atomic energy” as including “all forms 
of energy released in the course of, or as a result of, nuclear fission or of 
other nuclear transformation. “Source material” is taken to mean 
any material containing one or more key substances in such concen­

tration as the international agency may by regulation determine.” 
substance is defined to mean “uranium, thorium and any other 

element from which nuclear fuel can be produced, as may be determined
(i>^71)- Simil"ly, the report defines 

nuclear f?e ■ iaS P^nium U-233, U-235, uranium enriched in 
U 235, material containing the foregoing, and any other material which 
the international agency determines to be capable of releasing substantial 
quantities of atomic energy through nuclear chain reaction of the mate-

A 7V;- lhe TeS?rt observes that: “Dangerous activ- 
th°SG whlck are of military significance in the 

production of atomic weapons. The word ‘dangerous’ is used in the 
sense of potentially dangerous to world security.” (p 70) [Italics 
supplied throughout.] y 1 ancs

Does such breadth of phraseology mean that manufacturing proc- 
esses and source materials needed in the production of H-bombs 
could be properly controlled through the existing UN plan?

Since nearly 2 years of work were required to formulate the UN plan 
a^thern^^ hydrogen weapons so long

k measures for the atomic energy industry are not ex- fc tbe same detail as the arrangements evolved
for controlling U-235 and plutonium?

It may also be pointed out that the existing UN plan contains no 
provision for physically protecting informants who advise the inter­
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national agency of violations. Might potential informants keep 
silent for fear of being punished by their national governments? Is 
this factor important if the existing UN plan were subjected to the 
added strain of controlling hydrogen weapons as well as atomic 
weapons? . .

What safeguards would assure that the employees of an international 
control agency would be faithful and loyal to the objectives of the 
agency and that they would not work purely in the interests of some 
national government—perhaps a national government other than that 
of their own country?

4. Is control over fissionable materials sufficient to prevent the pro­
duction of hydrogen bombs? If so, is the existing UN plan 
adequate to this task?

The technical facts suggest that H-bombs may be regulated in at 
least two ways: (1) Control over the fissionable material usable as a 
“trigger” and (2) control over deuterium and tritium.

Perhaps control over all fissionable material would give effective 
control over hydrogen weapons. However, by way of specific ex­
ample, the introduction to volume VI of the Scientific Information 
Transmitted to the United Nations Atomic Energy Commission, June 
14, 1946-October 14, 1946 (see State Department Publication 2661, 
pp. 151-152), comments as follows:

It is difficult to define the amount of activity in the illicit production of atomic 
weapons which is significant. The illicit construction of a single atomic bomb 
by means of a decade of successful evasion would not provide an overwhelming 
advantage, if it can be assumed that it would take another decade to produce a 
second bomb. But the secret production of one bomb per year would create a 
definite danger, and the secret production of five or more per year would be 
disastrous. This report assumes arbitrarily that the minimum unit of non- 
compliance is the secret production of one atomic bomb per year or a total of 
five bombs over any period of time. [This example is chosen because UN docu­
ments published later omit concrete illustrations, although the stress which these 
documents place upon international ownership, operation, and management 
clearly reflects a determination to reduce to the rock-bottom minimum any illicit 
mining or production.]

Considering that five illicit A-bombs might, under certain circum­
stances, lead to five illicit H-bombs, what margin of inefficiency— 
if any—in controlling source and fissionable material is permissible? 
Is absolute protection against illegal diversion of source and fission­
able material technically possible? Does the existing UN plan provide 
absolute or near-absolute protection? Can greater technical protec­
tion be secured than under the present UN plan?

5. Must H-bomb controls relate to deuterium and tritium as well as 
to fissionable material? If they must, can the present UN plan 
fully provide for these controls or does it require revision or 
changes in emphasis?

Should control over both fissionable material and deuterium and 
tritium call for the same emphasis and consideration which the United 
Nations Atomic Energy Commission has already given to control of 
U-235 and plutonium? Would surveillance of deuterium and tritium 
manufacture furnish better insurance against illicit H-bomb con­
struction than surveillance of U-235 and plutonium, or is the reverse 
more apt to be true? Are added safeguards necessary to regulate
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deuterium and tritium? Or is the UN plan, as now constituted, 
sufficiently flexible and comprehensive to take care of light-element 
pati i ta I r

6. Is it technically possible to detect the manufacture of heavy water 
and deuterium through international inspection? Would an 
international agreement flatly prohibiting production in quantity 
be desirable? J

The manufacture of heavy water and the separation of deuterium 
are relatively simple processes. They may be carried out in small 
plants winch can exist m a variety of locales.

The Second Report of the UN Commission comments as follows:
fag!vCy have the authority to require periodic reports 

”atl+nS r?gardmg the production, shipment, location, and use of specialized 
AnorS 1 nnd supplies directly related to the production and use of atomic 
energy such as mass spectrometers, diffusion barriers, gas centrifuges electro- wZe indS°h P ii?eparatikn Un-itS’ Very pure SraPbite in large amounts, heavy 
water and beryllium or beryllium compounds in large amounts. In addition 
f£eiECLS^ authority to require reports as specified of certain distinctive 
KJ;™ d const™ction projects having features of size and design, or con- 
d!s£ n operation, which, in combination with their location And/or pro­
duction or consumption of heat or electricity, are peculiarly comparable to those 
of known atomic facilities of dangerous character (p. 54).

Would inspectors possessing freedom of movement be able to locate 
deuterium and heavy water plants? Would aerial surveys and aerial 
photographs of industrial areas help detect processes which produce 
hydrogen as a byproduct and which might therefore be concerned 
with the manufacture of heavy water or deuterium? Should quantity 
production of deuterium be prohibited even though it is used in certain 
types of peacetime reactors such as the Canadian reactor at Chalk 
Kiver, the French reactor at Chatillon, Swedish reactors under con­
struction, and a research reactor at the Argonne National Laboratory? 
Is it possible on technical grounds to enforce such a prohibition?

7. Should the provisions of the present UN plan relating to inspec­
tion, surveys, and explorations be modified to control heavy 
water and deuterium production?

The United Nations plan assumes that the production of fissionable 
material cannot be regulated without strict supervision over the mining 
of source materials such as uranium and thorium:

Without the control of raw materials, any other controls that might be applied 
in the various processes of atomic energy production would be inadequate because 
°r e u.ncertamty as to whether or not the international agency has knowledge of the disposition of all raw material. (Second Report, p. 30 ) *nowieage

Whereas uranium and thorium are needed to produce U-235 and 
plutonium, the production of deuterium is not subject to such limita­
tion of source materials. Only water, the existence of power and 
comparatively simple plants are needed for the manufacture of heavy 
water and deuterium. In view of these facts, can the existing United 
Nations plan cope with the problem of regulating deuterium produc-

In commenting upon spot aerial surveys, for example, the Second 
Report recommends that “the [international] agency shall conduct 
spot aerial surveys m each period of 2 years over areas not exceeding
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5 percent of the territory under the control of each nation or areas 
not to exceed 2,000 square miles, whichever is the larger. (These 
area limitations apply to spot aerial surveys only)” (p. 68). If aerial 
surveys were to be used not only in controlling raw materials but also 
to help in spotting deuterium and heavy water plants, must they be 
carried out more frequently than is provided in the existing plan?

The Second Report also indicates that a UN inspectorate should be 
compelled to secure permission, through a warrant procedure, before 
inspecting “private and restricted property not open to visitation by 
the population in the locality, and in the case of certain ground 
surveys and aerial surveys which are additional to others which the 
agency may conduct without warrant or other special authorization” 
(p. 60). Do the technical facts surrounding heavy water and deu­
terium production suggest that such a restriction on an international 
agency’s authority would have to be modified?

8. What safeguards are necessary to prevent clandestine production 
of tritium? Would an international agreement flatly prohibit­
ing production in quantity be desirable?

U-235 and plutonium may be used either in weapons or as fuels 
for peacetime reactors. Here is the reason most frequently cited for 
requiring that international control include not only inspection but 
also such further guaranties as United Nations ownership, operation, 
and management of “dangerous” plants. The potentiality, both for 
good and evil, that characterizes fissionables does not appear to char­
acterize tritium, which has no known peacetime uses except as a 
laboratory research tool. Is it therefore possible that the reason for 
requiring inspection plus other guaranties as regards U-235 and plu­
tonium does not apply to tritium and that inspection alone would 
answer?

If quantity production of tritium were altogether forbidden—as 
having no peacetime purpose—the mere act of preparing lithium 
(the tritium raw material) for irradiation and the mere act of inserting 
it in a nuclear reactor might be considered a violation. Would such 
action be impossible to conceal from managers and inspectors stationed 
at each reactor permitted under the control agreement? Would an 
illegal reactor itself be impossible to conceal from inspectors enjoying 
freedom of movement?

A few private commentators have argued that the UN plan funda­
mentally errs in assuming industrial power to be around the corner. 
They estimate that this goal is actually a decade or two away and 
that meanwhile the control problem would be simplified if all high- 
powered reactors were dismantled. Does the role of reactor-produced 
tritium in H-bomb production strengthen such an argument?

The UN plan distinguishes between atomic facilities which are suffi­
ciently “dangerous” to require UN management and facilities which 
may be operated by national governments and merely require inter­
national inspection. Since all reactors produce neutrons and hence 
might be useful in some degree—however small—in manufacturing 
tritium, is it now necessary to regard certain reactors formerly con­
sidered to be “non-dangerous” as now being in the “dangerous” 
category?

Are there other methods, apart from reactors, for producing tritium? 
If so, how can they be controlled? Would the right of the international
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control agency to own, operate, and manage “dangerous” plants and 
to own and regulate both fissionable materials and “fusionable ma­
terials” meet such a situation?

9. Should a world-wide geological survey cover concentrated lithium 
deposits?

A key feature of the United Nations plan is the provision for a 
world-wide geological survey of uranium and thorium—the raw 
materials potentially usable in A-bombs. This survey is considered 
necessary in order to permit tracing of materials as they progress from 
the mines through various processing phases and finally enter a 
nuclear reactor. Does the same kind of logic apply to lithium—raw 
material for tritium? How formidable is the technical problem of 
locating and controlling deposits of lithium?

Pegmatite minerals constitute a principal source of lithium ores, 
which are currently produced as a byproduct of the nonmetallic 
mineral industry. Commercial deposits of lithium are known to 
exist in the Black Hills of North Dakota; northern New Mexico; 
Saskatchewan, Canada; and southwest Africa. Production of ores 
rose to about 900 tons of lithium oxide in 1944 and is now about 200 
tons. So long as requirements do not exceed byproduct production, 
supply does not appear to present a problem. If requirements 
exceed byproduct supply, the cost of the excess might be high. 
Lithium is now used commercially in glass, as a compound in weld­
ing fluxes, in storage batteries, in fluorescent light tubes, and as an 
alloying element.

Are the quantities of lithium ore required on an order of magnitude 
that makes control feasible?

10. Do the technical facts of the H-bomb mean that now, more than 
ever, the United Nations plan is the correct approach to inter­
national control?

Various critics of the UN plan have denied that management con­
trol over “dangerous” plants is essential to protect against violations. 
High-power reactors are among the plants to be classified as “dan­
gerous” under the UN plan, and these same reactors are the ones 
which might produce not merely plutonium but tritium in quantity. 
Likewise, an international agency would possess authority to check 
the design of any isotope separation unit and to assume the right of 
construction and operation if these fall into the “dangerous” category. 
Deuterium may be obtained through isotopic separation. Do such 
facts as these refute the critics and demonstrate that managerial and 
material control by the United Nations, over and above inspection, is 
more than ever necessary in order to prevent diversion of nuclear fuel 
or illegal irradiation of lithium?

11. How does the H-bomb affect the problem of “stages”?
The United Nations plan would take effect by “stages”—one stage 

to include, among other projects, a world-wide geological survey, 
another stage to involve, among other projects, the taking over of 
atomic installations, and still another to bring about the disposition 
of fissionable materials.
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At what point in some such progression would national stockpiles of 
deuterium and tritium be placed under control? When this point 
was reached, would they be destroyed or be held in storage under 
United Nations auspices? If a nation pretended to make known its 
entire stockpile of tritium and deuterium while actually it kept hidden 
a substantial portion, how would the international agency discover 
such a violation?

12. How does the H-bomh bear upon the problem of disposition of 
existing stocks of fissionable material?

When a control plan takes effect, what should be done with supplies 
of U-235 and plutonium in excess of a quantity immediately usable 
for peacetime purposes? This problem has received relatively little 
consideration in the United Nations Atomic Energy Commission. If 
excess stocks were destroyed, a valuable future source of energy and 
storehouse of neutrons would be tost. On the other hand, if the stocks 
were kept in existence under UN guard, seizure by an aggressor state 
might rapidly permit it to attack with atomic bombs—and' innocent 
countries might have relatively little warning.

Such seizure might quickly lend, under certain circumstances, to the 
construction of “triggers” for H-bombs. Does this fact tip the 
balance in favor of destroying excess U-235 and plutonium? Or are 
these substances still too valuable and too difficult to replace to justify 
destruction? Is there a third alternative—possibly involving partial 
destruction or the use of “denaturants” or the construction of many 
power reactors, regardless of cost factors—to keep excess stocks of 
fissionables contaminated with fission products?

13. How does the H-bomb bear upon “quotas”?
The United Nations plan envisages that reactors and other atomic 

facilities will be distributed among the nations according to “quotas” 
and a “strategic balance”—whereby no one nation, by seizing the 
plants within or near its borders, could gain an undue military advan­
tage over innocent nations. This “quota” feature has been criticized 
as unnecessary and as likely to hinder individual countries in develop­
ing the peacetime uses of atomic energy to the maximum extent.

Does the fact that reactor fuels, if seized by an aggressor, might 
make available H-bomb “triggers” tend to render all the more desir­
able the “quota” idea? How long a time would an aggressor require 
to make enough deuterium and tritium for H-bombs in seized plants? 
Could a world-control authority, by requiring that certain design 
features be incorporated in the plants under its control, extend this 
time period? What should be done with plants in existence at the 
time a control agreement takes effect and well suited to H-bomb pro­
duction but poorly suited to peacetime uses? How should such plants, 
if they were not dismantled, figure in “quota” allotments?

14. How does the H-Bomb bear upon research to be performed by 
the United Nations control agency ?

Under the United Nations plan, individual nations would be for­
bidden to engage in atomic weapons research, but such research would 
be performed by the world control agency itself, as a means of keeping 
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it at the forefront of knowledge in this field and thereby enabling it to 
detect violations which might otherwise pass unnoticed through 
ignorance. Is research upon H-bombs so dangerous that not even 
the world control agency should be allowed to undertake it?

15. Should technical information regarding the H-bomb be trans­
mitted to the United Nations as a basis for a discussion of 
hydrogen control?

In 1946, the United States transmitted six volumes of technical 
information on atomic energy to the United Nations. This was 
one important means of providing members of the United Nations 
Atomic Energy Commission with sufficient basic data to discuss 
international control.

No similar body of material on hydrogen bombs has been trans­
mitted to the United Nations. Can the Commission now discuss 
the control of hydrogen warfare without further official information 
on its technical aspects? If such information is to be provided, who 
should be the provider, the United States or the Soviet Union, or 
both?

16. Should a new panel of experts analogous to the Acheson-Lilienthal 
Board be appointed to study the H-bomb in relation to inter­
national control?

It is now more than 4 years since the Acheson-Lilienthal Board 
made its recommendations on international control. Their findings 
have since been largely incorporated into the UN plan.

Do the events of the last 4 years make it desirable, for technical 
reasons, to rethink the control problem? Are the technical data of 
hydrogen bombs, such as to demand a recasting and change of emphasis 
in the existing UN plan? Have the prospects of large-scale peacetime 
applications of atomic energy sufficiently changed that a different 
orientation in control measures is desirable?

If reexamination of the control question is indicated, should this 
inquiry be undertaken in the first instance by a group of qualified 
Americans? Or should the United States suggest that an interna­
tionally constituted board initially take on this assignment?

Considering strong Soviet opposition to the UN plan, is it useful to 
consider the problem of control? Is the Soviet attitude at all likely 
to change in the foreseeable future? Would a rethinking of the control 
problem contribute to a solution unless Soviet representatives partic­
ipated? Would the appointment of a new “Acheson-Lilienthal 
Board” raise false hopes?



SIGNIFICANT EVENTS IN THE HISTORY OF INTERNATIONAL 
CONTROL OF ATOMIC WEAPONS

May 1945: Secretary of War Stimson appoints interim Committee to 
study problem of atomic energy.

August 6, 1945: Hiroshima.
October 3, 1945: President’s message to Congress outlines necessity 

for international control of atomic energy and proposes conversa­
tions with Canada and United Kingdom.

November 15, 1945: Three-nation agreed declaration on atomic 
energy (Truman-Attlee-King declaration). Calls for United Na­
tions Commission to make proposals for international control plan. 
Proposals should provide safeguards “by way of inspection and other 
means.” [Wherever used in the following pages, italics are sup­
plied.]

December 27, 1945: U. S.-U. K.-U. S. S. R. Foreign Minister com­
munique on results of Moscow Conference. Proposes that Canada, 
China, and France join with Big Three in sponsoring resolution 
calling for United Nations Atomic Energy Commission with terms 
of reference stipulated in Truman-Attlee-King declaration.

January 24, 1946: General Assembly resolution establishing United 
Nations Commission on Atomic Energy. Composed of members of 
Security Council plus Canada.

March 28, 1945: Acheson-Lilienthal report. Urges that mines and 
“dangerous” atomic-energy facilities be put under international 
ownership and management of Atomic Development Authority. 
Additional safeguards in the form of inspection. Nations to operate 
only “safe” plants under ADA license. Plants to be distributed 
among nations in keeping with strategic balance. Control plan to 
be implemented by stages.

June 14, 1946: Baruch proposals to United Nations. Closely follow 
Acheson-Lilienthal recommendations. Ask “condign punishment” 
for violations, and request agreement that UN Charter veto clause 
not apply to sanctions for stipulated violations of atomic-enersv 
treaty.

June 19, 1946: Soviet Union counterproposals. Demand prohibition 
of atomic weapons and destruction of existing stockpiles before inter­
national control plan is negotiated. Soviet proposals provide no 
safeguards against evasion.

December 31, 1946: First Report of UNAEC. Incorporates essential 
features of Baruch proposals into statement of principles for plan 
for international control of atomic energy. Adopted 10 to 0, with 
U. S. S. R. and Poland abstaining.

June 11, 1947: U. S. S. R. control proposals. Soviets assent to 
periodic inspection, but this would apply only to declared plants.

August 11, 1947: Soviets consent in principle to concept of guotas.
September 11, 1947: Second Report of UNAEC. Outlines powers, 

functions, and limitations thereon of any international agency in 
implementing effective control plan.

1365616—50------3
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May 17, 1948: Third Report of UNAEC. Reports impasse because 
Soviets refuse to accept majority plan and persist in refusing to put 
forward effective proposals of their own. Concludes that further 
work in UNAEC is fruitless until Soviet cooperation in broader 
fields of policy is secured. Recommends that Commission’s work 
be suspended until sponsoring powers find that basis for agreement 
exists.

September 25, 1948: Soviets modify position by asking that conven­
tions for prohibition of atomic weapons and for international control 
go into effect simultaneously.

November 4, 1948: By vote of 40 to 6, UN General Assembly endorses 
majority control plan. Calls upon UNAEC to continue work and 
requests that sponsoring powers consult to explore possible basis 
of agreement.

August 9, 1949: First meeting of sponsoring powers of UNAEC.
September 23, 1949: President Truman’s announcement of Soviet 

atomic explosion.
October 25, 1949: Canada, China, France, United Kingdom, United 

States statement reveals Soviet attitude still prevents agreement.
November 23, 1949: General Assembly resolution calls upon sponsor­

ing powers to continue consultations.
November 23, 1949: Soviets reverse position on quotas, abandoning 

previous assent in principle.
January 19, 1950: U. S. S. R. walks out of sponsoring powers consul­

tations over China recognition issue.
January 31, 1950: President Truman announces that United States 

will proceed with development of hydrogen bomb.



THE INTERNATIONAL CONTROL OF ATOMIC WEAPONS* 
A BRIEF HISTORY OF PROPOSALS AND NEGOTIATIONS

Early steps looking toward international control
Even before the test explosion at Alamagordo, N. Mex., had ushered 

in the atomic age, the United States Government was studying 
methods of making atomic energy a socially constructive force.

In May 1945 an Interim Committee appointed by Secretary of 
War Stimson commenced investigating the problem. The Committee 
recognized “that the means of producing the atomic bomb would not 
forever remain the exclusive property of the United States * * * ” 
Therefore, “Secretary of War Stimson was one of the first to recom­
mend a policy of international supervision and control of the entire 
field of atomic energy * *

When on August 6, 1945, President Truman made the first public 
statement on the atomic bomb, he made clear that “under present 
circumstances it is not intended to divulge the technical processes of 
production or all the military application, pending further examination 
of possible methods of protecting us and the rest of the world from the 
danger of sudden destruction.” He assured the American people 
that he would “make further recommendations to the Congress as to 
how atomic power can become a powerful and forceful influence 
toward the maintenance of world peace.”

The President’s recommendations were transmitted to the Congress 
on October 3, 1945. He spoke of the necessity for “international 
arrangements looking, if possible, to the renunciation of the use and 
development of the atomic bomb, and directing * * * atomic 
energy * * * toward peaceful and humanitarian ends.” So 
great a challenge could not await the full development of the United 
Nations. The President, therefore, proposed initiating discussions 
“first with our associates in this discovery, Great Britain and Canada, 
and then with other nations * * *.”
The Truman-Attlee-King declaration

In the three-nations agreed declaration of November 15, 1945— 
frequently called the Truman-Attlee-King declaration—was recorded 
the concerted objectives of the three nations that had developed the 
atomic bomb.

According to the declaration, any international arrangements should 
have a dual goal: Preventing the use of atomic energy for destructive 
purposes, and promoting its use for peaceful and humanitarian ends. 
To reach these objectives, the signatory nations proposed a United 
Nations Commission empowered to make recommendations to the 
parent body. It was asked that the Commission make specific pro­
posals “for effective safeguards by way of inspection and other means 
to protect states against the hazards of violations and evasions.” 
It was further suggested that the Commission’s work “proceed by sepa­
rate stages, the successful completion of each of which will develop 
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the necessary confidence of the world before the next stage is under­
taken.”

Contained in the agreed declaration was the genesis of the basic 
feature of the control proposals subsequently advanced by the United 
States, and accepted by a large majority of the United Nations: safe­
guards through inspection and other means. It was recognized even 
at this early date that “effective, reciprocal, and enforceable safe­
guards” against evasion represented the minimum prerequisite of a 
satisfactory international arrangement.

At the Moscow meeting of the Council of Foreign Ministers, held in 
December 1945, the Truman-Attlee-King proposals received the Soviet 
Union’s endorsement. The United States, Great Britain, and the 
Soviet Union agreed to invite Canada, China, and France to join with 
them in sponsoring a resolution calling for a United Nations Atomic 
Energy Commission. Such a Commission would consist of the 11 
members of the Security Council plus Canada when that state was 
not sitting on the Council. It is noteworthy that the Commission’s 
proposed terms of reference were exactly those suggested by the 
Truman-Attlee-King declaration.

In its first substantive resolution, the United Nations General 
Assembly unanimously adopted the recommendations of the Moscow 
Conference and established the United Nations Commission on. 
Atomic Energy on January 24, 1946.
The Acheson-Lilienthal report

In order to inquire into the nature of the “effective, reciprocal, and 
enforceable safeguards” called for in the Truman-Attlee-King dec­
laration, Secretary of State Byrnes in January 1946 appointed a 
Committee headed by Under Secretary of State Dean Acheson. The 
Committee in turn enlisted the aid of a Board of Consultants under 
the chairmanship of David Lilienthal.

The findings of the two groups were made public on March 28,. 
1946, in the Report on the International Control of Atomic Energy,, 
commonly called the Acheson-Lilienthal report. It was advanced, 
“not as a final plan but as a place to begin, a foundation on which to> 
build.”

The report concluded that no security against atomic attack could 
be found in an agreement that merely “outlawed” these weapons. 
Nor was it considered feasible to control atomic energy “only by a 
system which relies on inspection and similar policelike methods.” 
Instead, inspection must be supplemented by international ownership 
and management of raw materials and key installations. “Dangerous” 
operations—those of potential military consequence—would be carried 
out by an Atomic Development Authority, an international agency 
under the United Nations. Only “safe” activities—those of no 
military importance—would be conducted by the individual nations, 
under licenses from the Atomic Development Authority. Any plan 
finally agreed upon would be implemented by stages with the United 
States progressively transferring its fund of theoretical and tech­
nological knowledge to an international authority as safeguards were 
put into effect.

The report amplified the Truman-Attlee-King proposals in two> 
important respects.
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First, it stated that international ownership—not specifically men­
tioned in the earlier declaration—was a necessary adjunct of inter­
national inspection. Second, it advanced the concept of “strategic 
balance” or “quotas.” The Report held that an acceptable plan 
must be “such that if it fails or the whole international situation 
collapses, any nations such as the United States will still be in a 
relatively secure position, compared to any other nation.” To help 
attain this end, it was proposed that the Atomic Development 
Authority’s stock piles and plants be well distributed geographically. 
The Baruch proposals to the United Nations

Less than 3 months after the publication of the Acheson-Lilienthal 
report, the United States Government gave the world its proposals 
for the international control of atomic energy. On June 14, 1946, 
Bernard Baruch presented them to the United Nations Atomic Energy 
Commission “as a basis for beginning our discussion.”

Mr. Baruch stated that:
“When an adequate system for control of atomic energy, including the renun­

ciation of the bomb as a weapon, has been agreed upon and put into effective 
operation and condign punishments set up for violations of the rules of control 
which are to be stigmatized as international crimes, we propose that:
“1. manufacture of atomic bombs shall stop;
“2. existing bombs shall be disposed of pursuant to the terms of the treaty; and 
“3. the Authority shall be in possession of full information as to the know-how 

for the production of atomic energy.”
The methods suggested for achieving international control were the 

following:
The United States proposes the creation of an International Atomic Develop­

ment Authority, to which should be entrusted all phases of the development and 
use of atomic energy, starting with the raw material and including—

1. Managerial control or ownership of all atomic energy activities potentially 
dangerous to world security.

2. Power to control, inspect, and license all other atomic activities.
3. The duty of fostering the beneficial uses of atomic energy.
4. Research and development responsibilities of an affirmative character in­

tended to put the Authority in the forefront of atomic knowledge and thus to 
enable it to comprehend, and therefore to detect—misuse of atomic enerev. To 
be effective, the Authority must itself be the world’s leader in the field of atomic 
knowledge and development and thus supplement its legal authority with the 
great power inherent in possession of leadership in knowledge.

These proposals represented a broadening—rather than essential 
modification—of the Acheson-Lilientbal recommendations. The ad­
ditional features concerned (1) condign punishment, and (2) the so- 
called power of veto of the United Nations Charter.

Whereas the Acheson-Lilienthal report had not dealt with the sub­
ject of sanctions, Mr. Baruch held that a realistic agreement must 
provide for penalties “of as severe a nature as the nations may wish 
and as immediate and certain in their execution as possible * * *.” 
Such “condign punishment” would be meted out if previously stipu­
lated violations of a control plan occurred.

This problem, Mr. Baruch stated, was intimately related with the 
veto provisions of the United Nations Charter. Under the Charter, 
sanctions can be invoked only with the concurrence of the five per­
manent members of the Security Council, i. e., China, France, United 
Kingdom, United States, and the Soviet Union. Mr. Baruch main­
tained, however, that “there must be no veto to protect those who 
violate their solemn agreements not to develop or use atomic energy 
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for destructive purposes * * *. The bomb does not wait on de­
bate.” He pointed out that the United States was “concerned here 
with the veto power only as it affects this particular problem.”

A United States memorandum of July 12, 1946, stressed that “Vol­
untary relinquishment of the veto on questions relating to a specific 
weapon previously outlawed by unanimous agreement because of its 
uniquely destructive character, in no wise involves any compromise 
of the principle of unanimity of action as applied to general problems 
or to particular situations not foreseeable and therefore not susceptible 
of advance unanimous agreement.”
The first Soviet proposals—Gromyko’s statement of June 19, 1946

A week after the American plans were put forward, the Soviet 
Union announced its own proposals. They were marked chiefly by 
Soviet insistence that the United States agree to stop the production 
of atomic weapons and destroy existing bombs before international 
control arrangements were negotiated.

Although they called for “an international convention for outlawing 
weapons based on the use of atomic energy,” the Soviet proposals 
did not provide “effective safeguards by way of inspection and other 
means to protect complying states against the hazards of violations 
and evasions.” They proposed that the “rule of unanimity” in the 
Security Council apply to atomic-energy matters. Hence if one of 
the permanent members of the Security Council or a friend violated 
a control scheme, the other members of the United Nations would 
have no legal means, under the Charter, of invoking sanctions against it.

Throughout 1946 the United Nations Atomic Energy Commission 
continued its investigation of the control problem. On December 31, 
1946, the Commission issued its First Report. It revealed that the 
essential features of the Baruch proposals had won the support of all 
the members of the Commission except the Soviet Union and Poland. 
The Soviet proposals of June 11, 1947

A year after it suggested a convention for “outlawing” atomic 
weapons, the Soviet Union came forward with a set of control proposals.

A chief point of interest in the plan was the fact that the Soviets 
now assented to “periodic inspection of facilities for mining and 
production of atomic materials” by an international inspectorate. 
In answer to a United Kingdom inquiry, however, the Russians stated 
that “normally, inspectors will visit only declared plants”—with this 
supplemented by special investigations when there were “grounds for 
suspicion” of violation of the convention for the prohibition of atomic 
weapons. The power of the Control Commission would be further 
limited to making recommendations to governments and to the 
Security Council. On other matters that separated the Soviet Union 
from the majority position—such as international ownership and 
management, and the veto question—there was no change in the 
Russian position.

The subsequent half-year brought one sign of a further modification 
of the U. S.S.R. stand. On August 11, 1947, Mr. Gromyko seemingly 
brought the Soviets closer to the majority position by agreeing that 
“the idea of quotas deserves attention and serious consideration by 
the Atomic Energy Commission * * *.”
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The Second and Third Reports of the United Nations Atomic Energy 
Commission—September 11, 1947, and May 17, 1948

The Second Report of the Atomic Energy Commission spelled out in 
detail the precise powers and functions and the limitations thereon of 
any international agency in implementing an effective control plan. 
When the Report was approved by the General Assembly by a vote 
of 40 to 6, the plan developed in the UNAEC became a world plan— 
to which only the Soviet Union and her satellites took exception.

By the spring of 1948 the UNAEC became convinced that the 
Soviet Union’s refusal to accept any plan that met the technical re­
quirements of controlling atomic energy was symptomatic of broader 
differences which made further negotiations on the Commission level 
fruitless.

The Third Report stated that “the majority of the Commission has 
been unable to secure the agreement of the Soviet Union to even those 
elements of effective control from the technical point of view, let alone 
their acceptance of the nature and extent of participation in the world 
community required of all nations in this field * *

It appeared to the Commission that the atomic deadlock was but 
one manifestation of the more widespread dispute between the Soviet 
Union and the rest of the world. In view of this, the Commission 
majority recommended that negotiations in the Commission be sus­
pended until the permanent members of the UNAEC found that 
“there exists a basis for agreement on the international control of 
atomic energy * * *.”

The following were regarded as the basic considerations which, 
even on a technical level, made the U. S. S. R. position untenable:

I. The powers provided for the International Control Commission by the 
Soviet Union proposals, confined as they are to periodic inspection and special in­
vestigations, are insufficient to guarantee against the diversion of dangerous mate­
rials from known atomic facilities, and do not provide the means to detect secret 
activities.

II. Except by recommendations to the Security Council of the United Nations, 
the International Control Commission has no powers to enforce either its own 
decisions or the terms of the convention or conventions on control.

III. The Soviet Union Government insists that the convention establishing a 
system of control, even so limited as that contained in the Soviet Union proposals, 
can be concluded only after a convention providing for the prohibition of atomic 
weapons and the destruction of existing atomic weapons has been “signed, rati­
fied, and put into effect.” [Italics in original.]

The Commission’s work had come to a standstill.
Atomic energy negotiations since 1948

Meeting in Paris in the fall of 1948 the General Assembly, by a vote 
of 40 to 6, approved the general findings and recommendations of the 
First Report and the specific proposals of part II of the Second Report 
“as constituting the necessary basis for the establishing of an effective 
system of international control of atomic energy.” However, it 
called upon the UNAEC to continue its work and to study such sub­
jects as it deemed “practicable and useful,” and asked that the 
permanent members of the Commission “consult in order to determine 
if there exists a basis for agreement * * *.” The permanent 
members were requested to transmit the results of their consultations 
to the General Assembly.
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In the meanwhile, the Soviet Union had served notice of what 
appeared to be a significant change in its position. In a draft resolu­
tion dated September 25, 1948, the Soviets proposed—
To elaborate draft conventions for the banning of atomic weapons and con­
ventions for the establishment of international effective control over atomic 
energy, taking into account that the convention for the banning of atomic weapons 
and the convention for the establishment of international control over atomic 
energy must be signed and implemented and entered into force simultaneously.

It was the last word of this resolution that marked a change in the 
U. S. S. R. stand. Previously, the Soviets had demanded that atomic 
weapons production be prohibited and stock piles be destroyed before 
a control plan was discussed.

Nonetheless, the new Soviet proposal gave no indication that the 
Soviets would accede to what the majority regard as an effective control 
plan. Furthermore, the proposal for simultaneous prohibition and 
control was considered to be physically impossible to implement. 
“The development of atomic energy is the world’s newest industry, 
and already is one of the most complicated. It would not be reason­
able to assume that any effective system of control could be introduced 
and enforced overnight. Control and prohibition must, therefore, 
go into effect over a period of time and by a series of stages.”

The record of negotiations from the fall of 1948 to the present is 
largely one of inaction.

On September 23, 1949, President Truman announced that an 
atomic explosion had occurred in the Soviet Union. One month 
later, the sponsoring powers of the UNAEC revealed that the con­
sultations between them “had not yet succeeded in bringing about 
agreement between the U. S. S. R. and the other five powers.”

Despite this, the General Assembly, on November 23, 1949, asked 
that the permanent members of the Commission continue their 
consultations and keep the Commission and the General Assembly 
informed of their work. On the same day, Vishinsky revealed that the 
Soviets no longer entertained favorably the principle of quotas.

On January 19, 1950, consultations came to an end when the Soviet 
Union withdrew from the discussions over the question of recognition 
of the Chinese Government.



THE ATOMIC IMPASSE

Regarded in fundamental terms, the deadlock in international 
control negotiations reflects diametrically opposed notions of the 
responsibilities of individual nations in a world of atomic energy.

All nations except the Soviet Union and her satellites “put world 
security first, and are prepared to accept innovations in traditional 
concepts of international cooperation, national sovereignty, and eco­
nomic organization where these are necessary for security. The gov­
ernment of the U. S. S. R. puts its sovereignty first and is unwilling 
to accept measures which may impinge upon or interfere with its rigid 
exercise of unimpeded state sovereignty.”

This basic variance in the objectives of the Soviet Union and the 
other members of the United Nations is mirrored in the majority and 
minority control proposals.

The specific differences in the two plans may be summarized as 
follows:

International Inspection
. United Nations.—Complete and continuing inspection by international 

personnel, including aerial and ground surveys, and inspection 
of atomic facilities.

Soviet Union.—Periodic inspection of declared plants. Special inves­
tigations when there exist “grounds for suspicion”—not that 
the control agreement has been violated—but that the conven­
tion outlawing atomic weapons has been violated. (This could 
mean that only if a nation were subjected to surprise atomic 
attack would the necessary “grounds for suspicion” enter into 
existence.)

International ownership and management
United Nations.—International ownership or management of danger­

ous facilities and international ownership of source materials 
and their fissionable derivatives—in order to prevent diversion 
of such material from existing plants.

Soviet Union.—Complete opposition to international ownership or 
management provisions.

Strategic balance (quotas)
United Nations.—National quotas to be incorporated into interna­

tional control treaty.

Soviet Union.—Sees in quotas an instrument for “American domi­
nation.”
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Sanctions
United Nations.—No veto to protect those who violate stipulated 

provisions of international agreement.

Soviet Union.—All decisions require unanimous consent of permanent 
members of Security Council.

The permanent members of the UNAEC have summarized the 
differences between the Soviet plan and the world plan in the following 
fashion:

“The Soviet Union proposes that nations should continue to 
own explosive atomic materials.

“The other five Powers feel that under such conditions 
there would be no effective protection against the sudden use 
of these materials as atomic weapons.

“The Soviet Union proposes that nations continue, as at 
present, to own, operate, and manage facilities making or using 
dangerous quantities of such materials.

“The other five Powers believe that, under such condi­
tions, it would be impossible to detect or prevent the diver­
sion of such materials for use in atomic weapons.

“The Soviet Union proposes a system of control depending 
on periodic inspection of facilities the existence of which the 
national government concerned reports to the international 
agency, supplemented by special investigations on suspicion 
of treaty violations.

“The other five Powers believe that periodic inspection 
would not prevent the diversion of dangerous materials and 
that the special investigations envisaged would be wholly 
insufficient to prevent clandestine activities.”



APPENDIX

Statement by President Truman, January 31, 1950:
It is part of my responsibility as Commander in Chief of the armed forces to 

see to it that our country is able to defend itself against any possible aggressor. 
Accordingly, I have directed the Atomic Energy Commission to continue its work 
on all forms of atomic weapons, including the so-called hydrogen or superbomb. 
Like all other work in the field of atomic weapons, it is being and will be carried 
forward on a basis consistent with the over-all objectives of our program for peace 
and security.

This we shall continue to do until a satisfactory plan for international control 
of atomic energy is achieved. We shall also continue to examine all those factors 
that affect our program for peace and this country’s security.

Extract from address by Senator Brien McMahon to the United 
States Senate, February 2, 1950:

The scientists feel more confident that this most horrible of armaments can be 
developed successfully than they felt in 1940 when the original atomic bomb was 
under consideration. The hydrogen development will be cheaper than its ura­
nium forerunner. Theoretically, it is without limit in destructive capacity. A 
weapon made of such material would destroy any military or other target, in­
cluding the largest city on earth.

*Chapter of Die Geschichte der Atombombe (Vienna, 1946) by Dr. 
Hans Thirring, reprinted in the March 1950 Bulletin of the Atomic 
Scientists:

It is natural to think of the possibility of using fissionable materials, such as 
U-235 or plutonium, which are difficult to prepare and will never be available in 
large quantities, as detonators to start other nuclear processes in more abundant 
materials.

Ever since Cockcroft and Walton succeeded in producing nuclear transforma­
tions by fast ions, scientists have been measuring minimum energies required to 
initiate various nuclear processes. In the earliest experiments on the disintegra­
tion of nuclei, the ammunition used were alpha particles with an energy of several 
million electron volts. Experiments with electrical atom-smashing machines, 
first employed by Cockcroft and Walton, have revealed that protons with an 
energy of only a few hundred thousand electron volts were sufficient to initiate 
certain nuclear processes. Furthermore, it is clear that the initiation of nuclear 
processes by collisions depends only on the mass and energy of the colliding 
particles, and not on the way in which the energy was communicated to them. 
If, therefore, it should be possible to create somewhere in a mass of matter, a 
temperature high enough for the thermal energy of the atoms to become equal to, 
or greater than, the energy required for the initiation of a certain nuclear process, 
it must be possible, at least in principle, to initiate this process in a purely thermal 
manner, by a kind of “ignition” mechanism.

If, furthermore, the process, started in this way, should proceed so fast and 
develop so much energy that the temperature should continue to rise, a thermal 
“chain reaction” would become possible, with the nuclear transformation spread­
ing like an explosion over the whole available amount of the material.

*Note.—All of the material from here onward in this appendix is reprinted for purposes of illustrating 
the kind of technical and semi-technical commentary that has appeared in the public press. No responsi­
bility is assumed for the accuracy or authenticity of such material.
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The difficulty of this idea, which appears so simple, lies in the fact that all 
temperatures that could be reached under the previously available terrestrial 
conditions were many orders of magnitude smaller than the lowest known thresh­
old of energy required for initiation of a nuclear reaction. In order to raise the 
average kinetic energy of a gas molecule to a value as low as one electron volt, it 
would be necessary to heat the gas to a temperature as high as 7,700 degrees on 
the absolute scale, a temperature higher than that of the surface of the sun. An 
average energy of one million electron volts could be reached only at a temperature 
of 7.7 billion degrees.

Before the discovery of nuclear fission and of the nuclear chain reaction, no one 
could envisage the possibility of creating such temperatures. A detonating 
atomic bomb creates, however, extreme conditions. In the moment of the 
explosion, billions and billions of atoms of fission products are created, which fly 
apart with energies of the order of 100 million electron volts. If these fission 
nuclei strike other atomic nuclei on their path—for example, the nuclei of a 
tamper material—they might be able to enter into nuclear reaction with them 
or to transfer so much energy to the collision partners that these themselves 
become projectiles of high energy, able in their turn, to produce nuclear reactions. 
Let us consider a concrete example:

PRINCIPLE OF THE DD-REACTION

We assume that the detonator is plutonium in an atomic bomb, and that it is 
surrounded by a substance which contains deuterium, such as heavy water or 
heavy paraffin. Outside this first sheath we can imagine the presence of a second 
one, made of heavy material which acts as a tamper to prevent the bomb from 
flying apart too soon. In the moment of explosion the plutonium will emit 
fission products with energies of the order of 100 million electron volts. These 
will undergo collisions with the deuterons in heavy water and transmit part of 
their energy to the latter. The energy acquired in this way by the deuterons is, 
it is true, only a small fraction (not more than 4 percent) of the energy of the 
original fission products. Nevertheless, this energy may be high enough to per­
mit the accelerated deuteron to undergo a so-called dd-reaction with another 
deuteron, which it might encounter on its path. This reaction will convert two 
deuterons, each with mass 2 and atomic number 1, into a helium isotope (helium 
3) with mass 3 and atomic number 2, and a neutron with mass 1 and atomic 
number 0. Measurements made in America have established that for this 
reaction to occur, the. collision energy need not be higher than 1/10 mega electron 
volt (one megavolt is a million volt). The energy released in this reaction, 
which must appear as the kinetic energy of the two products—the neutron and 
the helium nucleus—is as high as 3.3 million electron volts. It is true that the 
fact alone that the energy liberated in this process is considerably higher than 
the energy required for its initiation, is by no means sufficient to conclude that 
this process, once initiated, will develop spontaneously into a chain reaction. 
The fast neutron formed in the dd-reaction will have to hit another deuteron under 
a specially favorable angle to transmit to the latter enough energy to allow it to 
undergo, in its turn, a dd-reaction by collision with still another deuteron, thus 
continuing the chain. Considering the low probability of nuclear hits, it is 
obvious that a sequence of two favorable hits will be very unlikely. Therefore, 
at all temperatures of less than several million degrees, a reaction of the con­
sidered. type will practically never repeat itself in a chain. In other words, no 
dd-chain reaction is possible under presently known conditions, and this is good 
because otherwise our earth would probably long ago have vanished in a cloud 
of incandescent dust, to appear as a new star in the sky.

THEORY OF THE PLUTONIUM-DEUTERON BOMB

. The dd-reaction will thus never develop on a large scale as the consequence of a 
single initial process, as is the case in the fission of U-235 or plutonium. How­
ever, if heavy water is placed in direct contact with detonating plutonium, what 
will occur, is not a single elementary reaction, but a simultaneous impact on deu­
terium atoms of billions of high-energy fission products, creating such enormous 
temperatures that a considerable fraction of deuterons will acquire the energy 
sufficient to undergo a dd-reaction. The occurrence of a large number of these 
secondary reactions will cause a further increase in temperature, and it is not alto­
gether impossible, that a chain reaction will maintain itself through a purely 
thermal mechanism despite the enormously high temperature required. Under 
the pressures and temperatures existing in the interior of stars, thermal nuclear 
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reactions are actually known to occur. It is, however, open to grave doubts 
whether, by the use of an amount of tamper material which will keep the bomb 
within reasonable dimensions, the plutonium-deuteron bomb could be prevented 
from flying apart much too fast to maintain the temperature required for the con­
tinuation of the thermal chain reaction. For this reason, the possibility of pro­
ducing chain reactions of light elements is still open to grave question.

THE LITHIUM HYDRIDE BOMB

Another substance which perhaps could be brought to chain reaction by the 
detonating action of an atomic bomb, is a mixture containing lithium and hydro­
gen, for example, the compound lithium hydride. At a temperature of several 
million degrees, the lithium nuclei (mass 7, atomic number 3) can react with 
hydrogen nuclei (mass 1, atomic number 1) forming two nuclei of ordinary 
helium (mass 4, atomic number 2). The impact of a high energy proton on a 
lithium nucleus will produce an intermediate nucleus of mass 8 and charge 4, 
which will fission into two alpha particles (helium nuclei) of very high energy. 
American measurements have shown that here, too, the initiation of the nuclear 
reaction is possible with energies of less than 1/10 mega electron volt, while the 
energy liberated in the reaction has the remarkably high value, for such light 
nuclei, of 17.3 million electron volts!

Table 1 shows the calculation of the total energy which will be liberated by 
complete fission of one kilogram of U-235, compared to the energy liberated from 
an equal mass of deuterium undergoing a dd-process, and an equal mass of lithium 
and hydrogen undergoing transformation into helium.

Table 1.—Approximate calculation of the energy which can be obtained through 
nuclear transformation of 1 kilogram

Substance________ U-235 D20 LiH

Process___________ Fission iHtd.n^He ^Lifp, "IjIIe

Energy per single 
atom.

200 MeV 3.3 MeV 17.3 MeV

Atomic weight------- 235 2X2+16=20 74-1 = 8

No. of atoms in 
1 kilogram.

1,000 1,000 1,000
235X1.67X10*5* 

= 2.55X10=4
20X1.67X10~2‘ 

=30X102*
8X1.67XW24 

=75X1024

Energy per 1 kilo­
gram.

2.55X10=‘X200 MeV=
= 5.1X102® MeV=
= 5.1X102«X1.6X10-6=
= 8.16X1020 erg
= 8.16X1020X2.39X10-11 =
= 1.95X10io kcal
= 1.95X1010/860 =
= 22,700,000 kWh

3X10=5X3.3 MeV 
= 1026 MeV 
=1.6X10=0 erg 
=0.38X10io kcal 
= 4,400,000 kWh

7.5X1025X17.3 MeV= 
= 1.3X1027 MeV 
=21X10=0 erg 
=5X10'0 kcal 
= 58,000,000 kWh

1 MeV=1.6 x 10~e erg 1 erg=2.39 x 10*11 kcal 1 kcal=1/860 kWh

As one can see from the table, one kilogram of lithium and hydrogen will produce 
almost three times as much‘energy as an equal mass of U-235. Remember that 
lithium is not a rare element, and that one could easily obtain as many tons of it, 
for use in a superbomb, as are now available kilograms of plutonium for use in 
“ordinary” atomic bombs. The total energy of available nuclear explosives could 
thus be increased several thousand times compared to the energy that now can be 
stored in the form of plutonium and U-235 alone. God protect the country over 
which a six-ton bomb of lithium hydride will ever explode.

If this idea is at all capable of realization, it is obvious that a uranium 235, or a 
plutonium bomb of the present type will have to serve as a detonator in the new 
superbomb. In contrast to the conventional detonator used to explode shells, this 
detonator cannot be made as small as may be desirable, because it has to fulfill the 
critical size condition required for the development of a fission chain reaction. 
Thus, if the rare materials, U-235 or plutonium are used successfully as detonating 
caps for superbombs, it would not be possible to make thousands of such bombs 
from a single kilogram of fissionable materials. The “progress” achieved by the 
realization of the superbomb (if you can call it progress) will therefore consist in 
considerable increase in the power of each single atomic bomb, not in a substantial 
increase of their number.
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Extract from The Hydrogen Bomb, an article by Dr. Louis N 
Ridenour appearing in the March 1950, Scientific American:

In the Presidents first announcement of the Hiroshima atomic bomb, it was 
stated that the bomb drew its energy from the same source that fuels the sun 
and the stars. 1 his statement is true only in the loosest sense. To be sure a 
uramum-fission bomb, like the sun, derives energy from the transformation ’of 
one atomic species into others, but the types of reaction involved in the two cases 
are quite different.

As Robert E. Marshak explained in the January 1950, issue of this magazine 
there is excellent reason to believe that the energy source of most stars, including 
the sun, is a rather complicated chain of nuclear transformations whose end 
result is to form one atom of helium out of four atoms of hydrogen. An atom 
of carbon, which plays an intermediate role in this chain of reactions, is finally 
recovered unchanged, and is thus available to participate once more in the stellar 
energy cycle. In the sun and the stars, then, the source of energy is a chain of 
so-called thermonuclear reactions that ends in fusing four light hydrogen nuclei 
into the heavier and more complicated helium nucleus. The old-fashioned 
atomic bomb, on the other hand, uses as its explosive the nuclei of some of the 
heaviest elements known to man: uranium and plutonium. Energy is released 
when one of these heavy nuclei splits, or fissions, into two lighter, simpler nuclei.

• latest atoms liberate energy if they are combined into heavier atoms • 
the heaviest atoms liberate energy when they are split into lighter ones. Only 
near the middle of the periodic table of the chemical elements do we find atomic 
species tna,t are fully stable, in the sense that energy cannot be liberated either 
by combining them into heavier atoms or by splitting them into lighter ones.

lo paraphrase a remark of the physicist George Gamow, we live in the midst 
of an atomic powder magazine, where immense amounts of energy are locked 
in every bit of .matter. Why, then, are we safe? Why does common matter 
possessed as it is of tremendous stores of energy, seem so inert, so permanent? 
1 he answer is that in order to liberate the energy of a fusion or a fission reaction 
we must ourselves invest some energy, just as we must expend energy to strike a match.

In the case of nuclear fission, the energy investment is small. Fission occurs 
when an atom of uranium 235, plutonium 239, or uranium 233 captures a neutron 
even one of very slow speed. But these neutrons must be somehow produced 
since, they do not occur free in nature, and are in fact unstable. The nuclear 

chain reaction that is exploited in atomic bombs and in nuclear reactors like 
those at Hanford is possible only because the fission reaction itself releases 
neutrons, the very particles that are needed to keep it going.

If the lump of uranium or plutonium in which these neutrons are liberated is 
large enough, the neutrons released by one fission process will cause other fissions 
before they escape from the lump, and the process will go on faster and faster 
until an atomic explosion has been produced. The lump of uranium is then said 
to have exceeded the “critical size.”
JI his limitation on critical size dictates the design of fission bombs. Detonation 

ot such a bomb requires the rapid assembly of an overcritical mass; as soon as this 
is assembled, it blows up in about half a millionth of a second. The greatest 
ingenuity is needed to achieve an instantaneous condition exceeding the critical 

r aS m^C- ~ fe.w cent; no amount of ingenuity has yet allowed the design 
ot an efficient fission bomb so much as two or three times critical size. Thus 
there are inherently narrow limits to the size of a fission bomb: as it begins to 
exceed the critical, it explodes at once; if it is smaller, it cannot be exploded at all.

At the opposite end of the scale, among the light elements, the explosive con­
version of mass into energy is not so easily achieved in terrestrial laboratories. 
1 cause two light atoms to fuse into a heavier one, we must overcome powerfui 
forces of electrical repulsion, since each nucleus is positively charged. Up to now 
this has been accomplished by scientists only laboriously, with poor efficiency 
and on an extremely small scale, by striking target atoms with a fast-moving 
beam of atoms accelerated in an electronuclear machine, or “atom-smasher ” 
Only at energies of hundreds of thousands or millions of volts do collisions between 
most types of light atoms produce fusion reactions with substantial likelihood.

in the centers of the stars fusion reactions go on all the time, because the tem­
perature there is some 20 million degrees Centigrade. The average energy of an 
atom at this temperature is only some 1,700 electron volts, but some atoms have 
several times this energy, and collisions between atomic nuclei are so frequent that 
fusion reactions are produced in substantial numbers. We cannot maintain stellar 
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temperatures on the earth, but we can produce them for very small fractions of a 
second. In the explosion of a uranium or plutonium bomb, the central tempera­
ture of the exploding mass has been estimated as high as 50 million degrees C. At 
such a temperature fusion reactions in a dense mass of light atoms occur often 
enough to liberate significant amounts of energy.

Obviously the fusion reactions that are likely to be most effective for producing 
energy are those that will go best at relatively low collision energies, since even 
the highest temperatures reached in the explosion of an atomic bomb correspond 
to rather modest bombarding energies from the laboratory standpoint. For this 
reason, the stellar-energy reaction cycle is out of the question; this cycle involves 
the fusion of hydrogen with heavy atoms such as carbon and nitrogen, and there­
fore proceeds relatively slowly even at temperatures of millions of degrees. It 
has been known for some time, however, that fusion reactions between the rarer, 
heavier isotopes of hydrogen can take place much more rapidly at substantially 
lower temperatures.

A few years ago the reaction that ■would have been chosen as the most promising 
for a hydrogen bomb was the fusion of two atoms of deuterium, or hydrogen of 
mass 2, containing one proton and one neutron. This results in the formation of 
helium 3, with the emission of a neutron and the release of about four million 
electron volts of energy. Gamow has calculated the thermonuclear energy re­
lease from this reaction; the results were given in his 1946 book Atomic Energy. 
He remarked that if the reaction took place at a temperature of something over 
one million degrees C., “a small charge of deuterium could be used as an explosive 
with tremendous destructive power.”

Nowadays we know that a more effective reaction can, be obtained with hydro­
gen 3, known as tritium, a radioactive but long-lived isotope of hydrogen that 
has one proton and two neutrons in its nucleus. Tritium not only reacts faster 
than deuterium at low temperatures, but also liberates more energy when it does 
so. A fusion reaction of tritium with deuterium produces helium 4, with the emis­
sion of a neutron; its energy yield is 17.6 million electron volts. Tritium can also 
fuse with tritium, yielding helium 4, two neutrons and 11.4 million electron volts 
of energy; the cross section for this reaction is not available in the published 
literature, but it is probably large.

Ponderable amounts of tritium have been and are being made by the Atomic 
Energy Commission in its huge facilities. The designer of a fusion bomb clearly 
would start with a fission bomb of uranium or plutonium, the explosion of which 
would produce the high temperatures required for the thermonuclear fusion reaction. 
To the fission bomb he would add a certain mixture of deuterium and tritium 
to fuel the fusion process. The final energy release of the bomb—its total deadli­
ness—would be determined by the amount of deuterium added. To say that 
the fusion bomb would be 2, 7, 10, 100 or 1,000 times as devastating as the con­
ventional fission bomb is to speak from ignorance; the effective size of a fusion 
bomb will depend upon the intentions and the skill of its designers.

Note, however, that there is here no concept like that of critical size. The 
size of the bomb depends, and depends exactly, on the amount of the reacting 
elements built into it. The fission detonator itself must be made overcritical 
in order to explode, but the happenings thereafter will depend on the amount of 
fuel provided for the fusion reaction.

Here, then, are the technical conclusions that one must draw about the fusion 
bomb:

First, it can be made.
Second, there is no limit, in principle, to the size of a fusion bomb. It cannot 

be smaller than a fission bomb, since it must use a fission bomb as detonator, but 
it can be many times, perhaps thousands of times, bigger.

Third, while fission can be controlled in an orderly way to produce useful 
power in a reactor, the fusion reaction offers no prospect at the present time of 
any use except in terms of an explosion. We cannot find in the development of 
the fusion bomb any such peacetime values as are inherent in the development 
of nuclear fission. Except where the uses of peace demand the detonation of 
an explosive equivalent to, say, a million tons of TNT, there is no use for a fusion 
reaction. Thus when we discuss the hydrogen bomb we are clearly speaking of 
a weapon, and a weapon only.

Fourth, we are speaking of a very special type of weapon—one that is appro­
priate only to the destruction of large targets. A weapon of this sort is clearly 
of much greater significance to other nations, such as the U. S. S. R., than it is to 
us. We have several large targets; the U. S. S. R. has only one or two.
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Fifth, the fusion bomb is not a brand new possibility that has suddenly burst 
upon the minds of men. For example, J. Robert Oppenheimer, wartime director 
of the bomb laboratory at Los Alamos, wrote cryptically in late 1945 in the book 
Une World or None: In this connection it is clearly relevant to ask what technical 
developments the future might have in store for the infant atomic-weapon industry. 
• • • .Proposals that appear sound have been investigated in a preliminary way 
and it turns out that they would reduce the cost of destruction per square mile 
probably by a factor of 10 or more, but they would involve a great increase in the 
unit power of the weapons. Such weapons would clearly be limited in application 
to the destruction of very major targets, such as greater New York.” Oppen­
heimer was talking of the fusion bomb. Physicists knew it then, of course- we 
all know it now. And it would be naive indeed to suppose that the U. S. S. R. 
has not given thought to it on its own account.

Extract from The Hydrogen Bomb, an article by Dr. Hans Bethe 
appearing in the April, 1950 issue of Scientific American:
t? Everybody who talks about atomic energy knows Albert Einstein’s equation 
E = Mc2: viz, the energy release in a nuclear reaction can be calculated from the 
decrease m mass. In the fission of the uranium nucleus, one tenth of one per 
cent of the mass is converted into energy; in the fusion of four hydrogen nuclei to 
form helium, seven tenths of one per cent is so converted. When these statements 
are made in newspaper reports, it is usually implied that there ought to be some 
way in which all the mass of a nucleus could be converted into energy, and that 
we are merely waiting for technical developments to make this practical. Needless 
to say this is wrong. Physics is sufficiently far developed to state that there will 
never be a, way to make a proton or a neutron or any other nucleus simply dis­
appear and convert its entire mass into energy. It is true that there are processes 
by which various smaller particles—positive and negative electrons and mesons_  
are annihilated, but all these phenomena involve at least one particle which does 
not normally occur in nature and therefore must first be created, and this creation 
process consumes as much energy as is afterwards liberated.

AU the nuclear processes from which energy can be obtained involve the re­
arrangement of protons and neutrons in nuclei, the protons and neutrons them­
selves remaining intact. Hundreds of experimental investigations through the 
last 30 years have taught us how much energy can be liberated in each trans­
formation, whether by the fission of heavy nuclei or the fusion of light ones 
In the case of fusion, only the combination of the very lightest nuclei can release 
very large amounts of energy. When four hydrogen nuclei fuse to form helium 
.7 percent of the mass is tranformed into energy. But if four helium nuclei were 
fused into oxygen, the mass would decrease by only .1 percent; and the fusion of 
two silicon atoms, if it ever could occur, would release less than .02 percent of 
the mass. -Thus there is no prospect of using elements of medium atomic weight 
for the release of nuclear energy, even in theory.

The main problem in the release of nuclear energy in those cases that we can 
consider seriously is not the amount of energy released—this is alwavs large 
enough—but whether there is a mechanism by which the release can take place 
at a sufficient rate. This.consideration is almost invariably ignored by science 
reporters, who seem to be incurably fascinated by E= Me2. Tn fusion the rate of 
reaction is governed by entirely different factors from those in fission Fission 
takes place when a nucleus of uranium or plutonium captures a neutron. Because 
the neutron has no electric charge and is not repelled by the nucleus, temperature 
has no important influence on the fission reaction; no matter how slow the neu­
tron, it can enter a uranium nucleus and cause fission. In fusion reactions, on the 
other hand, two nuclei, both with positive electric charges, must come into con- 
tact. I o overcome their strong mutual electrical repulsion, the nuclei must move 
at each other with great speed. Ridenour explained how this is achieved in the 
laboratory by giving very high velocities to a few nuclei. This method is very 
inefficient because it is highly unlikely that one of the fast projectiles will hit a 
target nucleus before it is slowed down by the many collisions with the electrons 
also present mi the atoms of the target. Therefore the energy released by nuclear 
reactions in these laboratory experiments is always much less than the energy 
invested in accelerating the particles.
. 2only known way that energy can be extracted from light nuclei by fusion 
is bv thermonuclear reactions, i. e., those which proceed at exceedingly high tem­
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peratures. The prime example of such reactions occurs in the interior of stars, 
where temperatures are of the order of 20 million degrees Centigrade. At this 
temperature the average energy of an atom is still only 1,700 electron volts— 
much less than the energies given to nuclear particles in “atom smashers.” But 
all the particles present—nuclei and electrons—have high kinetic energy, so they 
are not slowed down by colliding with one another. They will keep their high 
speeds. Nevertheless, in spite of the high temperature, the nuclear reactions in 
stars proceed at an extremely slow rate; only one percent of the hydrogen in the 
sun is transformed into helium in a billion years. Indeed, it would be catastrophic 
for the star if the reaction went much faster.

The temperature at the center of a star is kept high and very nearly constant 
by an interplay of a number of physical forces. The radiation produced by 
nuclear reactions in the interior can escape from the star only with great difficulty. 
It proceeds to the surface not in a straight line but by a complicated, zigzag route, 
since it is constantly absorbed by atoms and re-emitted in new directions. It is 
this slow escape of radiation that maintains the high interior temperature, which 
in turn maintains the thermonuclear reactions. Only a star large enough to hold 
its radiations for a long time can produce significant amounts of energy. The 
sun’s radiation, for example, takes about 10,000 years to escape. A star weighing 
one tenth as much as the sun would produce so little energy that it would not be 
visible, and the largest planet, Jupiter, is already so small that it could not main­
tain nuclear reactions at all. This rules out the possibility that the earth’s atmos­
phere, or the ocean, or the earth’s crust, could be set “on fire” by a hydrogen 
superbomb and the earth thus be converted into a star. Because of the small 
mass of the bomb, it would heat only a small volume of the earth or its atmos­
phere, and even if nuclear reactions were started, radiation would carry away the 
nuclear energy much faster than it developed, and the temperature would drop 
rapidly so that the nuclear reaction would soon stop.

If thermonuclear reactions are to be initiated on earth, one must take into 
consideration that any nuclear energy released will be carried away rapidly by 
radiation, so that it will not be possible to keep the temperature high for a long 
time. Therefore, if the reaction is to proceed at all, it must proceed very quickly. 
Reaction times of billions of years, like those in the sun, would never lead to an 
appreciable energy release; we must think rather in terms of millionths of a 
second. On the other hand, on earth we have a choice of materials: whereas the 
stellar reactions can use only the elements that happen to be abundant in stars, 
notably ordinary hydrogen, we can choose any elements we like for our thermo­
nuclear reactions. We shall obviously choose those with the highest reaction 
rates.

BLAST EFFECT of present and proposed atomic 
weapons is projected on a map of New York City and 
the surrounding area. A uranium bomb set off above 
the Scientific American office in midtown would 
cause severe destruction within a radius of a mile 
(.small circle); a hydrogen bomb 1,000 times more 
powerful would cause severe destruction within 10 
miles (large circle).

FLASH EFFECT of a hydrogen bomb 1,000 times 
more powerful than present bombs would be rela­
tively greater than its blast effect. The Hiroshima 
bomb caused fatal burns at distances up to 4,000 to 
5,000 feet (small circle). A hydrogen bomb would 
cause fatal burns at distances of 20 miles or more 
(large circle). The inhabitants of Chicago and its 
suburbs could thus be wiped out.
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THE NUCLEAR REACTIONS involving the three isotopes of hydrogen, Hi, HJ (deuterium) and H3 
(tritium) illustrate a fundamental consideration in making a hydrogen bomb. The reactions are at loft, the 
energy released by each is in center, the time required for each is at right. The reactions involving the heavier 
isotopes of hydrogen proceed at a much faster rate.

IM —H2+e+ 
• + • — 8 + .

1.4 mev 100,000,000,000 years

H2+H'— He3+hv 
J + • - ► +

5 mev .5 second

H3+H' —He4+hv
"F ® 1 * + *v'W>

20 mev .05 second

H2+ H2 — He3+n 
8 + 8 — * + °

3.2 mev .00003 second

H2+ H2 — H3 + H' 
8 + 8 — + •

4 mev .00003 second

H3+H2 —He4+n 
* + 8 — 88+°

17 mev .0000012 second

H3+ H3 — He4+ n+n
*+<ft— J8 + °+°

11 mev ? •
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The reaction rate depends first of all, and extremely sensitively, on the product 
of the charges of the reacting nuclei; the smaller this product, the higher the 
reaction rate. The highest rates will therefore be obtainable from a reaction 
between two hydrogen nuclei, because hydrogen has the smallest possible charge— 
one unit. (The principal reactions in stars are between carbon, of charge six, 
and hydrogen.) We can choose any of the three hydrogen isotopes, of atomic 
weight one (proton), two (deuteron) or three (triton). These isotopes undergo 
different types of nuclear reactions, and the reactions occur at different rates.

The fusion of two protons is called the proton-proton reaction. It has long 
been known that this reaction is exceedingly slow. As Robert E. Marshak stated 
in his article, “The Energy of Stars,” in the January issue of this magazine, the 
proton-proton reaction takes 100 billion years to occur at the center of the sun. 
Ridenour pointed out that the situation is quite different for the reactions using 
only the heavy isotopes of hydrogen: the deuteron and triton. A number of 
reported measurements by nuclear physicists have shown that the reaction rates 
for this type of fusion are high.

A further variable governing the rate of the reaction is the density of the ma­
terial. The more atoms there are per unit volume, the higher the probability 
for nuclear collisions.

It is also well known, as Ridenour noted, that the reactions would require 
enormous temperatures. Whether the temperature necessary to heat heavy hy­
drogen sufficiently to start a thermonuclear reaction can be achieved on the • 
earth is a major problem in the development of the H-bomb. To find a practical 
way of initiating H-bombs will require much research and considerable time.

What would be the effects of a hydrogen bomb? Ridenour pointed out that 
its power would be limited only by the amount of heavy hydrogen that could 
be carried in the bomb. A bomb carried by a submarine, for instance, could 
be much more powerful than one carried by a plane. Let us assume an H-bomb 
releasing 1,000 times as much energy as the Hiroshima bomb. The radius of 
destruction by blast from a bomb increases as the cube root of the increase in 
the bomb’s power. At Hiroshima the radius of severe destruction was one 
mile. So an H-bomb would cause almost complete destruction of buildings up to 
a radius of 10 miles. By the blast effect alone a single bomb could obliterate 
almost all of Greater New York or Moscow or London or any of the largest cities 
of the world. But this is not all; we must also consider the heat effects. About 
30 percent of the casualties in Hiroshima were caused by flash burns due to the 
intense burst of heat radiation from the bomb. Fatal burns were frequent up to 
distances of 4,000 to 5,000 feet. The radius of heat radiation increases with 
power at a higher rate than that of blast, namely by the square root of the power 
instead of the cube root. Thus the H-bomb would widen the range of fatal 
heat by a factor of 30; it would burn people to death over a radius of up to 20 
miles or more. It is too easy to put down or read numbers without under­
standing them; one must visualize what it would mean if, for instance, Chicago 
with all its suburbs and most of their inhabitants were wiped out in a single flash.

In addition to blast and heat radiation there are nuclear radiations. Some of 
these are instantaneous; they are emitted by the exploding bomb itself and may 
be absorbed by the bodies of persons in the bombed area. Others are delayed; 
these come from the radioactive nuclei formed as a consequence of the nuclear 
•explosion, and they may be confined to the explosion area or widely dispersed. 
The bombs, both A and H, emit gamma rays and neutrons while they explode. 
Either of these radiations can enter the body and cause death or radiation sick­
ness. It is likely, however, that most of the people who would get a lethal dose 
of radiation from the H-bomb would be killed in any case by flash burn or by 
collapsing or burning buildings.

There would also be persistent radioactivity. This is of two kinds: the fission 
products formed in the bomb itself, and the radioactive atoms formed in the 
environment by the neutrons emitted from the bomb. Since the H-bomb must 
be triggered by an A-bomb, it will produce at least as many fission products as an 
A-bomb alone. The neutrons produced by the fusion reactions may greatly in­
crease the radioactive effect. They would be absorbed by the bomb case, by rocks 
and other material on the ground, and by the air. The bomb case could be so 
designed that it would become highly radioactive when disintegrated by the 
explosion. These radioactive atoms would then be carried by the wind over 
a large area of the bombed country. The radioactive nuclei formed on the ground 
would contaminate the center of the bombed area for some time, but probably 
not for very long because the constituents of soil and buildings do not form many 
long-lived radioactive nuclei by neutron capture.
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Neutrons released in the air are finally captured by nitrogen nuclei, which are 
thereby transformed into radioactive carbon 14. This isotope, however, has a 
long half-life—5,000 years—and therefore its radioactivity is relatively weak. 
Consequently even if many bombs were exploded, it is not likely that the carbon 
14 would become dangerous.

Extract from speech of Dr. Robert F. Bacher, California Institute 
of Technology, at Town Hall, Los Angeles, March 27, 1950:

It has been known for a great many years that if one could somehow find a 
way of putting light atomic nuclei together to make heavier nuclei, it would be 
possible to extract energy. It has also been known for a long time that if one 
could take the heaviest nuclei and split them apart one would be able to obtain 
energy.

The first indication that either of these processes might be important to us as 
a source of energy came from the suggestion by Hans Bethe that the fusion of 
the light elements was our fundamental source of energy in the sun and stars. 
Dr. Bethe worked his ideas out in some detail and scientists now believe that this 
is the origin of solar energy. These ideas were well developed before the fission 
of uranium was discovered. The discovery of the fission of uranium in 1938 was 
immediately recognized as a possible source of energy for man. Released grad­
ually he could use this energy for power. Released suddenly this energy could 
provide an explosion.

Two fundamental scientific discoveries which followed soon after the discovery 
of fission w’ere of far-reaching importance. The first of these was that in the 
fission of uranium caused by the absorption of low energy neutrons, additional 
neutrons were released in the process. The importance of this fact is that the 
fission of uranium could produce neutrons which could then produce another 
fission, hence the term chain reaction. These neutrons released in fission could 
make the reaction self-perpetuating.

The second discovery was that some of these neutrons were emitted some 
time after the fission took place. It was this fact that made the controlled chain 
reaction or nuclear reactor a possibility. Without these delayed neutrons we 
would have no way of controlling a nuclear reactor.

With the fusion of the light elements the situation is entirely different. Here 
the basic nuclear reactions which lead to the release of relatively large quantities 
of energy are those which occur when the nuclear particles collide at high velocity 
or high relative kinetic energy. At the center of the stars the temperature is 
many millions of degrees Centigrade and the particles of matter are moving at 
such high speeds that these nuclear reactions may take place. Even then, only 
a few nuclear reactions are possible. There is no possibility that the energy 
release from this type of reaction can be controlled on the earth. In the stars 
the reaction is controlled because of their great size. On the earth these self- 
sustaining thermonuclear reactions will either give an explosion or nothing at all.

Whether or not a hydrogen bomb can be made depends upon whether it is 
possible to create on earth, an assembly of materials which will produce a nuclear 
reaction if heated to a sufficiently high temperature and then to devise a way to 
raise these materials to that temperature.

The temperature required is comparable to that reached in the interior of the 
sun which is more than 10,000,000° C. The only way that we know to reach such 
a temperature today is in an atomic bomb where the sudden release of energy 
causes the materials of the bomb to be heated to an extremely high temperature.

The main light element, of course, to which I have been referring is hydrogen. 
Now ordinary hydrogen just won’t work. The scientific evidence for this seems 
to be quite clear. But hydrogen as it is found in nature has two forms or isotopes. . 
The heavy hydrogen discovered by Urey nearly 20 years ago, is a possibility. In 
recent years heavy hydrogen, as contained in water, has been separated in rela­
tively large quantities.

There is another possibility. For more than 15 years it has been known that 
another isotope of hydrogen called tritium because it has mass three, is produced 
in nuclear reactions. This material is radioactive and ordinarily does not exist 
in nature. It has a half life of 12 years but its nuclear properties are such that it 
is of basic interest in the release of energy by fusion.

It has been known for many years that tritium could be produced in a nuclear 
reaction in which neutrons are absorbed. As you all know the big nuclear reactors 
which are now in operation do produce neutrons in large quantity. These



HYDROGEN BOMB AND INTERNATIONAL CONTROL 33

neutrons are ordinarily used in the production of plutonium. But they could be 
used just as well to produce quantities of tritium. Any nuclear physicist can 
sit down and figure out the theoretical limit of the amount of tritium that can 
be produced with a given number of neutrons. He would quickly recognize that 
since you need neutrons to produce plutonium and neutrons to produce tritium 
a nuclear reactor could be used to produce one or the other at will It would be 
necessary, of course, to know a great deal about the actual workings of a nuclear 
reactor in order to say just how much tritium could be produced in that reactor 
if one were willing to forego the production of a certain amount of plutonium. 
It sounds as if the production of tritium in quantity is at least a fairly expensive 
if not formidable process.

That these two isotopes of hydrogen can possibly play a fundamental role in the 
release of nuclear energy by fusion is well known. Just exactly what relative role 
they play and how they might play it, is not a subject for open discussion today, 
these questions are secret and we can have no discussion of them. But any 
nuclear physicist will quickly grasp the basic science requirements even though the 
bomb technology is much more complicated.

The real problem in developing and constructing a hydrogen bomb is: “How 
do you get it going?” The heavy hydrogens, deuterium and tritium, are suitable 
substances if somehow they could be heated hot enough and kept hot. This prob- 
lem Js a little bit like the job of making a fire at 20° below zero in the mountains 
with green wood which is covered with ice and with very little kindling. Todav 
scientists tell us that such a fire can probably be kindled.

• ^uiCe yOU ^re S°ing» of course, you can pile on the wood and make a very 
sizable conflagration. In the same way with the hydrogen bomb more heavv 
hydrogen can be used and a bigger explosion obtained. It has been called an open- 
endea weapon, meaning that more materials can be added and a bigger explosion obtained.
n^*^8 1Ovk f°r a mon?ent at what sort of an explosion is imagined. Here I 

shall take the figures which have been commonly reported in the press and stick 
to round numbers. I believe that these are quite adequate for you to obtain some 
general idea of what such an explosion is like.
00^0^45 Truman stated that the atomic bomb was equivalent to
20,000 tons of I NT. In talking about the hydrogen bomb it has commonly 
been speculated that such a bomb would be 1,000 times as powerful as the bomb 
dropped on Hiroshima. If it is 1,000 times as powerful this would mean that it 
would have an explosive effect equivalent to about 20,000,000 tons of TNT.

Now it happens that the radius of damage from a big explosion increases as the 
the energy is released. With a bomb a thousand times more powerful 

than the Hiroshima bomb the radius of damage will be 10 times greater. Since
*or aJmost complete destruction from blast was approximately 1 mile 

at Hiroshima, the corresponding radius for a hydrogen bomb 1,000 times'as large 
would be approximately 10 miles.

Such a hydrogen bomb would be sufficiently great to cause almost complete 
destruction of any metropolitan area known today. In Los Angeles, for example 
a circle of 10 miles’ radius would cover most but not all of the metropolitan area’ 
Outlying communities would not be included but would still suffer damage.

there are other damage effects from atomic weapons. At Hiroshima people 
who were pi the open and exposed directly to the light of the bomb were seriously 
burned. With a hydrogen bomb these effects will be much greater and may 
extend to an even greater radius than the blast effects. On the other hand, the 
radiation which produces these burns is very easily absorbed. It is very much 
like the i adiation from the sun and a shadow or a blanket of smog is a great 
protection. The same evil-smelling smog blanket which cuts off our sun mav 
after all, be some protection.

Generally speaking, one would expect the flash burn effects to increase as the 
square root of the power of the bomb. In other words, for a bomb a thousand 
onr8 greater than Hiroshima the effects would be expected to extend roughly 
30 times as far. At Hiroshima flash burns were severe out to two-thirds of a mile 
and without smog absorption or shadows, similar burns might be expected out to 
20 miles for a hydrogen bomb. Except for a hvdrogen bomb exploded at extraor­
dinarily high altitude, such a damage radius would mean that shadows of 
buildings, trees, bushes, and other objects would be very important in cutting 
down the direct effect of flash burn. If you couldn’t see‘the bomb directly you 
would expect no effect of flash burn. For a bomb exploded at an elevation of 
2 miles it would be rather like trying to see Mount Baldy from 20 miles away. 
Even without atmospheric absorption there would be relatively few spots where 
some building or other structure would not be in the way.
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Atomic bombs, and hydrogen bombs as well, may be expected to release 
neutrons and penetrating gamma radiation. These particles and rays, however, 
are absorbed fairly easily in air and will not have an appreciably greater radius 
of action for a hydrogen bomb than for an ordinary atomic bomb. People who 
are sufficiently close to be killed by penetrating radiation would very likely be 
killed by blast effects, either direct or indirect, in any event. Among those injured, 
some will definitely show effects of radiation damage.

There has been a great deal of speculation about the radioactive products 
produced by a hydrogen bomb. The disintegration products produced in the 
explosion are themselves not radioactive as are the fission . products from an 
atomic bomb. But since an atomic bomb would be needed in order to get the 
conflagration going, some fission products from that bomb would doubtless be 
present. But large quantities of radioactivity may be produced from the neutrons 
which are released in the nuclear conflagration.

If the neutrons released in the hydrogen bomb explosion are absorbed in some 
material which becomes artificially radioactive, then a very large quantity of 
this radioactive material will be produced in a big explosion. On the other hand, 
many of these neutrons might be absorbed in material which would be inactive 
and the effects of the radioactivity at least in part avoided. If the neutrons 
escaped into the air, many of them would be absorbed by nitrogen and, by a 
nuclear reaction, produce radioactive carbon. This material is most disagreeable 
as a radioactive contaminant since it has a half-life of many thousands of years.

If such a bomb were exploded under water, however, verv few of the neutrons 
would escape and most of them would be used to produce radioactive sodium or to 
activate other elements in sea water, or to produce heavy hydrogen by neutron 
capture in ordinary hydrogen.

The radioactivity effects of a hydrogen bomb are thus difficult to estimate, 
since they depend very much on where "the bomb is exploded and what material 
surrounds it. Under conditions in which the largest amount of radioactivity is 
formed it would be a dangerous hazard. One of the real scare stories about the 
effects of radioactivity, has postulated the complete explosion of 500 tons, of 
deuterium, which, while not impossible as far as anyone can say, is stretching 
probabilities a long way.

From our brief analysis of well-known scientific information it appears that a 
hydrogen bomb would require a considerable quantity of heavy hydrogen, both 
deuterium and tritium perhaps, as well as an atomic bomb to set it off and raise 
the temperature sufficiently so that a nuclear conflagration can exist. Technically 
the problem is to figure out how a sizable fraction of the energy of the heavy 
hydrogen can be released before the material is cooled too much by emitted 
radiation or dispersed by the explosion. In the stars the radiation is retained 
because the stellar atmosphere is relatively opaque and there is an enormous 
temperature difference between the center and the outside of the star. In a 
hydrogen bomb there is no such protective layer and the central problem is to 
get a large fraction of the energy released while the temperature is still high enough.

Whether this can be done will, of course, not be certain until it has been done. 
There are many opinions as to how difficult it may be. Since the President has 
directed the Atomic Energy Commission to continue with the development, we 
can assume that this development is regarded as both possible and feasible.

So much for the technical problems which must be solved in order to develop 
a hydrogen bomb. While it seems possible that these problems may be solved, 
whether or not a hydrogen bomb can be developed will be fully determined only 
when a bomb has been made and exploded.
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