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DEear Mg. Runmrorp: This report on Nuclear Energy Industry Devel-
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on Air Pollution and Radiation Protection by the Bureau of Public
Administration, University of (alifornia. The committee wishes to
express its sincere appreciation to Professor Dwight Waldo, acting
director of the bureau, and the author, Dr. Frances Herring, for their
co-operation in the preparation of this report.

The report presents background information vital for an understand-
ing of the nature and uses of nueclear energy and radiation. It outlines
the legislative approaches adopted by other states and federal agencies
to cope with the problems posed by this new industry and it discusses
various criteria for state legislation and regulation.

The bureau staff and the committee have worked closely in the
planning and preparation of this report so that it would supplement
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DEAR ASSEMBLYMAN RUMFORD :

In response to your request for a study of nuclear industry in the
state and mation, to serve as hackground to the deliberations of your
committee, I am submitting herewith our report, entitled: **Develop-
ment and Control of Nuclear Industry m Calitornia.”

This study briefly explains the nature of nuclear energy; then it
describes the kind of nuclear industry which has sprung up over the
Nation stnee 1954 : concentrates on the situation in California; notes
the governmental agencies—federal, state, and local—which have con-
cern in nuclear-energy programs; describes the legislative and statu-
tory action of other states: presents an index and discussion of out-
standing problems raised by the advent of nuclear mdustry; and con-
cludes with general criteria and specifie proposals tor legislation which
have been developed by students ot the field.

The Bureau of Public Adminwstration wishes to express its apprecia-
tion for the fine vo-operation extended by Diana Clarkson of vour staff
and, indeed, by your whole committee; and to acknowledge the assist-
ance of many persons m and out of government, across the Country,
who have provided information about their activities and experiences.
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tions. Mr. Stanley Seott of the Bureau of Public Administration staft
guided the study at its cruecial turns and served in an overall advisory
capacity,

It 1% our sincere hope that the information presented will be of some
assistanee to your committee members and other legislators, in their
consideration of nieasures to co-ovdimate regulation and promotion of
nuclear industry in this State

Sincerely yours,
DwicaT WALDO
Acting Director
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DEVELOPMENT AND CONTROL OF NUCLEAR INDUSIRY
IN CALIFORNIA

INTRODUCTION

In the mearly five years since the Atomic Energy Act of 1954
relaxed federal monopoly and control over the field, nuclear research
and industry under private auspices has flowed like a swelling tide
over the whole country, bearing upon its surface a tangled web of
problems which must be promptly dealt with if nuclear energy is
not to be a bane rather than a blessing to man.

Since 1955, the state legislatures have considered many bills, aimed
either at protecting the people of the state from harmful effects of
nuclear radiation, or at encouraging nuclear energy industries to
locate in the state under conditions consistent with public health and
safety, or combining both aims. Four atomic energy bills were pro-
posed to the California Legislature in 1957; and in the 1958 sessions
approximately 250 such bills came before the state legislatures, less
than a half dozen of which became law.

Faced with the bewildering complex of technical, physical, economie,
and social problems posed by the peaceful uses of atomic energy,
the first concern has properly been to institute new types of protee-
tion of workers and the public against the harmful effects of atomie
radiation; and this is still the first problem in wurgency. Another
response of the states has been to establish study committees to survey
and organize the field, and advisory groups to inform and counsel
the governors. California has had a Governor’s Advisory Committee
on Peacetime Use of Radiological Materials since 1956. But emphasis
is growing upon the part state governments may play in developing
and encouraging as well as in regulating atomic energy industry. A
number of interstate associations have been formed to secure the bene-
fits of co-ordinated action in bringing atomic energy industry to their
areas The governors of six New England states set up a New England
Committee on Atomic Energy as early as 1954; and 15 southern states,
after co-operating for over a year in nuclear research and develop-
ment, last year approved a plan to create a regional nuclear energy
compact, requiring ratification by the state legislatures and Congress,
to advise member states on expansion and regulation in the nuclear
field.

The year 1958, according to a report from the Atomic Industrial
Forum, chief spokesman for atomic energy industry, saw the following
state activities in this field:

# # # Kentucky established an office of nuclear information
with a director serving as state co-ordinator of atomic energy,
bringing the tolal number of states having an individual assigned
the task of co-ordinating atomiec energy at the state level to 12
(Arkansas, Connecticut, Florida, Georgia. Kentucky, Maine, Mas-

(11)
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sachusetts, New Hampshire, Ohio, Rhode Island, Tennessee, and
Washington).

Two states, Michizan and Minnesota, adopted radiation codes
in addition to the following six states which had previously
adopted codes: (California. Connecticut, Massachusetts, New York
(with two state-level codes), Penngylvania and Texas. The City
of New York adopted a comprehensive radiation ordinance.

At vear’s end, 16 states required registration of radiation
sources either as a result of eode requirements or as a result
of statutory legislation (Alacka. Colorado, Connecticut, Delaware,
Ilinois, Kansas, Massachusetts, Michigan, Minnesota, New Jersey,
New York, North Dakota, Pennsylvania, South Dakota, Texas,
and Wyoming),

During the year six states (Kentucky, Mississippi, North Caro-
lina, Oklahoma, Oregon, and Washington) established study
groups or commissions serving as advisory committees to the gov-
ernor, the legislature, or a state agency on atomie energy or radia-
tion controls, bringing to 30 the total number of states to have
done so.

In 1958, the Southern Governors’ C'onference adopted a resolu-
tion initiating action on an atomie energy interstate compaect in the
South and continuing the Regional Advisory Council on Nuclear
Energy !

By now, several study and advisory groups have issued impressive
reports and recommendations,® and enough experience has been gained
to be of aid in designing more comprehensive legislation. Tt is clear that
there is need for some degree of uniformity of state action. since many
firms have branches in several states, workers move from state to state,
and wind and water carry the effects of accidental releases of nueclear
energy across political houndaries On the other hand, each state’s prob-
lems are in some respects unique In the hope of increasing the uniform-
ity and adequacy of state laws and regulations, while permitting the
flexibility needed to fit the act to each state’s conditions, the New Eng-
Jland Committee on Atomic Energy, the Counetl ot State Governments,
the National Committee for Radiation Protection, the American Public
Health Association, the University of Michigan Liaw School, and other
national and international groups have prepared drafts of model acts.
California’s 1957 Chapel Bill followed the pattern prepared by the New
England Committec and endorsed by the Council of State Governments
1 Atonmie Industrial Forum, Inc, News Reledse (December 24, 1958)
2A partial hist of these includes: Texas Lagislative Council, Implications of Atonie

Energy for Teaas (May, 1955), New IEngland Committee on Atomic Energy,
Atome Energy und New England (July, 1955), New York State Department of
Commerce and Rensselaer Polytechnic Institute, Atomie Energy for New Yorh
State (Aptnil 4, 19563, Ilhnois Legislative Council, Stale Action with Regard to
Atomic Energy (July, 1956), Ohin Conference on Pencetime Uses of Nuclear
Energy and Radiation Safetv, Proceedings (August 29, 1956) ., Ilhnois Atomic
Power Investigating Commssion, Report (March 1, 1957), Towa State Uni-
versity Institute of Public Affairs, State Control and Admunstration of Atomic
Radiation (1957), Virgima Advisory Lesislative Council, State Reyulation of
the Uses of Atomiec Energu, Report (November 14, 1957), Massachusetts
Department of Public Health. Reporf on Requlatory and Protective Measires
Pertmmming to Radwoactive Waterials (December 20, 1958) | Massachusetts Special
Commission Established to Make an Investigation and Study Relative to the
Establishment of an Atomic Energy Tndustrial Research Center, Special Report
(Deceiber 30, 1958) , Minnesota Minnesota Atonie Development Problems Com-
mittee, Basie Data Regarding Atonae Development Probloms in Minnesold (1955)

and New York State Advisory Committee on Atomic Energy, Reccommendationsg
as to Nceessity for State Legslation with Respect to Adtomie Energy (1959),
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— the earliest model to be suegested. TTowever, experience shows that
adoption of this pattern has not resulted in similar action within the
states. The aet is little more thau a framework within which very differ-
ent purposes may be aceomplished.

California leads all the states so far as the location and manufacture
of nuclear reactors is coneerned, and its use of radinisotopes accounts
for about 10 percent of the national total of byproduect materials. As of
November 30, 1958, of 4,424 shipments of radioactive isotopes by the
United States Atomic Energy Commission, 422 were to users in this
State.

Sinee 1955, the California Department of Industrial Relations has
had a comprehensive regulation covering employvees exposed to ionizing
radiations or radioactive materials; and in the same vear a chapter was
added to the State Health and Safety Code, permitting the State De-
partment of Public Health to prohibit dangerous disposal of radioactive
wastes.

During 1957-58 the Assembly Interim Committee on Public Health,
Subcommittee on Air Pollution and Radiation Protection, has held a
series of public hearings and conducted other investigations into the
status of radiation protection and control in California, for report to
the Legislature. The need for supplementary research, presenting a
comprehensive pieture of important historical, national and nonhealth
aspects of the question has prompted the writing of this companion
study. It is intended to serve as a background to the interim committee’s
report.

The present study, directed to the California Legislature and Califor-
nia citizens, has the following purposes:

To present the basic coneepts of nuclear physies and nuclear
engineering which an informed citizen now needs as part of his
working body of knowledge of today’s world;

To describe nuclear industries and the common uses of nuclear
energy in research, medicine and agriculture, giving a picture of
the geographical coneentrations of nuclear industry in the U. S,
with some indication of the individual firms and other institutions
involved ;

To desceribe the nature, extent, location, and economies of nuclear
energy use in California;

To list and describe the interests and powers of federal depart-
ments and agencies in this field, the international agencies at work,
and the units of local government whose traditional responsibilities
are affected;

To describe what other states have done and are doing in the way
of atomic energy legislation, regulation, development, and educa-
tion;

To discuss the chief types of problems—biologieal, economice, and
psyehological—raised for states and individuals by the growth of
the use of nuclear energy; and

To present criteria for state legislation and regulation gleaned
from suggestions made by informed students of these problems.



CHAPTER 1!
BACKGROUND INFORMATION

While a grasp of the nature of atoms, their composition, structure
and ways of behaving, is not essential to a grasp of their practical
impact on government, atomic processes are fascinating and not too
complicated to be understood in broad outline by the average layman;
while it is certain that some knowledge of the basic principles of
nuclear physiecs is a requisite for understanding the technology of
nuelear industry and how to cope with the hazards it creates. This
chapter tries to show that nuclear processes lose their mystery when
every term of the technical jargon is explained and when new informa-
tion is linked with what the average person already knows about chemi-
cal and other more familiar phenomena. The reader who is already
informed, or who prefers to plunge at once into the deseriptive parts of
this study, is invited to skip this chapter.

The invention of the nuclear reactor and the existence of the many
industries based upon the effects of reactors was made possible by the
discovery that matter can be converted into energy. The story of this
discovery takes us back only about 60 years in point of time; for it was
in 1896 that Henri Becquerel, and soon thereafter Pierre and Marie
Curie, E. Rutherford and others, first observed the phenomenon of
radioactivity which has plaved a leading role in letting us come to
understand the structure of the atom and in furnishing proof of the
truth of Einstein’s assertion that mass and energy are ‘‘equivalent.”’

As early as 1905 Rinstein stated, both on mathematical and physical
grounds, his mass-energy equivalence prineciple, and suggested that an
experimental proof of this might be found in a study of the radioactive
substances which had been encountered so recently by experimental
physicists aud were so little understood.

For 25 years the suggestion remained for the most part in the realm
of theory; but beginning about 1930 direct experimental confirmation
began to increase; and we now have ample evidence for holding that
matter ean be converted into energy, and energy into matter.

The description and explanation of how this occurs is the concern of
nuclear physicists. Our interest in the matter is due to the fact that in
splitting an atom of uranium into fragments (producing fission) enor-
mous amounts of energy are produced—that is, the disruption of a very
Tlschapter has closely followed, and drawn heavily upon, H. D Smyth, 4 General

Account of the Development of Mcthods of Using Atome Energy fjor Military
Purposes Under the Avspices of the United States Government, 1950-1945 (1945),
Ch I, II, and Appendices Other sources to which the chapter is indebted are:
Peter Alexander, dtomic Rudiation and Lifc (1957}, Gerald Wendt, The Pros-
pects of Nuclear Power and Technology (1957), and Mary S Goldring, Eco-
nomies of Atonmie Energy (1957)

Material has also been incorporated from instructive conversations on nuclear
physics and nuclear engineering with Dr  Leonard Pockman, physicist, of Palo
Alto—who, however, 1s not responsible for any erudities which may appear

Reynold F' Brown, M D, of the Radiation Safety Division, University of

Califormia Medical Center, was kind enough to read the chapter in an earlier
version and to make many useful suggestions

(14)
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small quantity of matter can produce a very large quantity of energy;
and the story of how to start such a fission and how to control it is of
direct interest to students of nuclear industry.

WHAT IS RADIOACTIVITY?

Radioactivity is the process of giving off, or emitting, radiations.

A radioactive material is one which has this capacity or property.

But what is radiation?

As used in discussions of atomic energy, the word ‘‘radiation’’ is
used for any of the several means by which energy is transmitted from
radioactive materials to other materials.

There are three tvpes of radiation given off by radioactive sug-
stances—alpha particles, beta particles, and gamma rays. Two of them,
as their names indicate, are particles of matter, the third a form of
energy similar to X-rays. This means that two of them behave in certain
respects as bullets or billiard balls do. while the third behaves as light,
radio signals, or radiant heat does. But gamma rays behave very much
more like particles than do forms of energy which have longer wave-
lengths, for gamma rays are given off in little discrete units or packets
called quanta (singular, quantum).?

Before we can explain radioactivity further, we must introduce some
current, ideas about how atoms are structured—ideas based partly on
the study of radioactivity.

ATOMS

Contrary to what we were taught not so very long ago, the atom is
not the ultimately simple building block of matter, but is itself a
structured system of particles which vibrate and move unceasingly
within the relatively empty space inside the atom. We now helieve that
there are three fundamental particles out of which all elements are
made—the proton, the electron, and the neutron—usually found in the
stable structure called the atom, but capable, under certain circum-
stances, of being broken apart from the atom and existing for a time
outside of any structured system.?
The atom’s core consists of a complex and heavy mass, the nucleus,
which aceounts for more than 99.9 percent of the atom’s total weight.
The parts of the nucleus are so tightly bound together that it requires
enormous energies to break them apart. Until Rutherfords’ work in
1919, seientists had not been able to accomplish this.
The nucleus is surrounded by a largely empty region, in which a
number of lighter-weight particles, the electrons, revolve in concentric
orbits (usually called ‘‘shells’”’) much as the planets revolve about
the sun.
The nucleus contains two types of particles, protons and neutrons.
Each proton carries a positive electric charge,* and each electron car-
ries a negative charge of the same size. The number of electrons circu-
lating about the nucleus is equal to the number of positive charges in
mectrons behave something like wave phenomena, ie¢, they diffract Iike beams
of hght, and an electron traveling at a certain speed has assocrated with 1t a
certain wave length

3The alpha particle, which we have mentioned, is an important compler particle,
consisting of two protons and two neutrons

+ The unit of electric charge used in nuclear science 18 the one found to be carried by
every proton—the positive charge of the proton
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the nucleus, so that the atom as a whole is electrically neutral, the
negative charges of the electrons neutralizing the positive charges of
the protons.

The number of positive charges in the nucleus is called the afomic
number. It determines the number of electrons. These, as we have said.
arrange themselves in successive orbits about the nucleus, which are
called the first shcll. second <hell, and so on, to the outermost shcll
Physicists have discovered that two electrons is the maximum number
of elevtrons the first or innermost shell will accommodate; the second
shell can accommodate up to eight electrons, and some shells can
accommodate as many as 32 electrons. Various properties are associ-
ated with disturbances of the electrons in these various shells. Charae-
teristic X-rays arise from disturbances of the electrons close to the
nucleus; optical spectra arise from disturbaunces of the outer parts of
the electron structure; and the chemical behavior of an atom—what
other atoms it will unte with., and so on—depends on disturbances
of the outermost electrons. The formation of chemical compounds, in
fact, involves minor rearrangements of the electrons in the outermost
shells of the combining atoms.® Some arrangements of electrons about
the nucleus are more stable than others, and atoms whose internal
structure is most stable are chemically most inactive.

Now atoms which are chemically most stable have eight electrons in
their outermost shell.® and atoms not in this state will exchange or
share electrons with other kinds of atoms until they reach this stable
octet structure, ie., they will he chemically active. Six elements in
nature, the so-called inert gases, have this stable configuration to
begin with; hence are chemically inactive and always found as ‘‘free”’
atoms in nature,

Returning to the composition of the nucleus—the other type of
particle it contains. the neutron, is, as its name suggests, electrically
uncharged, or neutral It is like the proton in size and weight, how-
ever, and until recently (1932) its existence was unsuspected. The
fact that neutrons are uncharged made them diffieult to discover,
whereas the charged particles betray their presence by losing energy
as they pass through matter, exerting electrie forces which ‘‘ionize’’
atoms of the material through which they pass.”

The fact that neutrons are uncbarged also has other important con-
sequences: they are very penetrating, can pass freely in and out of
charged arveas, are very difficult to control, and are very important
agents in effecting nuclear change. Tn fact, they have become the key
tools of atomic technology, as we shall explain when we return to
them later.®
3This imphies, as 18 the case, that the wiclens of the atom 1s not alfected 11 any way

by any chemic 1l process, only the outer elections are aflected
" The exception 1s hellum, which 19 stable with only two electrons 1n the outer shell
STo tonize an atom or molecule 18 to break 1t apart mto posiuvely and nesatively
charged fragments called tous Particles or radiations capable of producing ons
i thent passage thnoush maltet are called ronizing radictions
A techmical treatise would mmelude mentuon of the discovery, also i 1932 by ¢ D
Ander-on at the Cahfoima Institute of Technnlogy, ot a particle enntted by
arubcially radicactive nudler called the posttron 1t has the same mass and energ)
as an electron (and for this rteason s sometimes tefetred to as the “imternal
electron™) but the charge 15 posttive instead of negative
There ate other postulated particles, imvented to explan imternuclear forces

(e mesons, nNeutrinos), but their existence can safely be aignored fur our
Durposes
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Isotopes

A fairly recent discovery in physics (by J. J. Thomson, about 1910)
is that almost every type of atom in nature exists in a famly of varieties
which although differing in mass and stability have the same atomic
number and consequentiy the same chemical properties. These weight-
variants of an element ave called ‘“1sotopes’” of that element.?

The difference in weight of these species of the same atom is due to
a difference in the number of neutrons contained in the nucleus,
although all contain the same number of protons and electrons Many
hundreds of isotopes are now known, including both radioactive and
stable types. Some naturally occurring elements have no stable iso-
topes. being composed of atoms all of which have the same mass;
others have many. Tin (atomic number 50), for example, has as many
ax 10 stable isotopes and many radioactive ones.

The isotopes of hydrogen have turned out to be very important
in nuclear industry. Hydrogen has three isotopes: One, the most
common variety (sometimes called profiwm), having no neutrons in the
nucleus; two, having one neutron in the nucleus; and three, having
two neutrons 1n the nucleus. The second form of hydrogen is called
deuterinm, or ‘‘heavy hydrogen.’’ and its nucleus is called a deuteron.
When deuterium combines with oxygen to form water, the product is
called “heavy water.” The third is known as trifium.

The deuteron, like the alpha particle, is another complex particle
very important in producing nuclear disintepration.

Two of the isotopes of uranium are very familiar to workers in
atomic industry—uranium 235 and uranium 238. The nueleus of each
vontains 92 protons (atomic number 92), but one contains 143 neatrons,
the other 146 Ience therr atomic weights or mass are 235 (92 plus 143)
and 238 (92 plus 146).

Now Tet us return to a further consideration of what is involved in
radioactivity,

Certain natarally ocenrring atoms. of which nranivm and radinm are
well-known exaniples, have somewhat unstable nuclei—that is, their
nuclei ‘‘spontaneously’” rearrange their structure and eject alpha ov
beta particles and are transmitted into different elements, sometimes
with emission of gamma rays. We call this process radioactivity or,
sometimes, radivactive decay or disintegration. Almost all the natural
elements known to have the property of emitting radiations have very
high atomic nnumbers, that is, they have complicated and heavy nuelei

One widely accepted theory to account for the presence of some radio-
active elemnents in nature is that the earth was formed aeons ago out of
hot and whirling gases, at which time all the elements were unstable.
But as the carth cooled. the short-lived ones have got rid of their radio-
activity, reaching their present stable form. The only radioactive ele-
ments left are those with extremely long half-lives, or are the elements
into which these long-lived ones decay. (Sce decay scrics, page 18 )

"The wold comes flom the Grech  sos’ meaning  equal” and “topos’ meaning
“place, " and designates atoms which ifter ain then weight and i thenr 1adio-
active properties and origims, yel vecupy the same place m the Mendeleev periodic
t.lllll-i of the 02 elements (which arranges elements on the basis of their atomic
numbers)
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The rate at which each type of element disintegrates is peculiar to
that element, and is unaffected by changes of temperature, chemical
combination, or other external conditions. This rate is usually expressed
in terms of the time required for one-half the atoms initially present in
an appreciable sample of radioactive material to disintegrate. It is called
the half-life. Some atoms are reduced to half-life in a fraction of a
second, while others take billions of vears.

‘When an atom emits an alpha particle or a beta particle (undergoes
radioactive decay, or disintegration), it becomes an atom of a different
element. Sometimes this new element, in turn, is radioactive, and so on
down the line, in a decay scries. There are three such families or series
of radioactive change—the radium series, the actinium serles, and the
thorium series—involving in all abount 40 different radioactive species
The radium series starts from one isotope of uranium, the actinium
series from another isotope of uranivm, and the thorium series from
thorium. In each case, the final produect, after 10 or 12 successive alpha
and beta particle emissions, is lead of atomic weight 206, which is a
stable atom, i.e., it does not undergo further nuclear disintegration.

The quantity of any radioactive element now found in nature is a
function of its rate of disintegration, those having a short half-life
being present in minute amounts, those with long half-lives in larger
amounts.!® Uranium has an extremely long half-life (4.5 billion vears—
about the age of the earth), so is the most abundant radioactive element.
But there are others, and they all contribute natural or hackground
radiation to our normal environment. In fact, man is constantly ex-
posed to radiations from outer space (called cosmic rays) coming to
this planet presumably from the stars, and to radiations from the radio-
active elements in the ground, the air, the seas, the metal, wood, and
stone of building construction materials, and so on. His body also con-
tains certain natural internal sources of radiation, for organisms contain
minute amounts of the radioactive isotopes potassium 40 and carbon 14
as normal body constituents.

Artificially Produced Nuclear Disintegration

Nuclear disintegrations were first produced under man’s control in
1919, when Rutherford succeeded in changing a few atoms of nitrogen
into atoms of hydrogen and oxygen by bombarding them with high-
speed alpha particles.

In 1932, when Chadwick proved that there are uncharged particles
in the nucleus, which he named newtrons, their great potentialities as
bombarders of the heavier elements were recognized almost at once by
Fermi, who saw that a neutron would be unaffected by the electric
forees exerted by the charged particles and so eould go on its way un-
checked until it made a head-on collision with an atomic nuecleus. Since
nuclei are very small, such collisions are bound to be very rare, and
what happens when it does occur depends on the speed of the neutron,
on the weight of the nueleus it hits, and on other factors. In some cases
the neutron merely bounces off like g billiard ball, or it may strike a
proton in a light hydrogen atom and project it with considerable speed,
losing its own speed in proportion. [In such cases, we can detect that

W The exceptions are radivactive elements constantly being produced by the impact
of cosmic rays in the upper atmosgphere
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the collision has occurred, for the proton, being charged, produces
ionization.] In still other cases, particularly if the nucleus the neutron
strikes is a heavy one, it may be ‘‘captured,’”’ thus producing an un-
stable nucleus, which achieves stability by emitting alpha or beta
particles. This means that the atoms of ordinarily stable elements may
be made radioactive by artificial means. In 1934 Fermi announced that
of 60 elements he had exposed to neutron-bombardment, 40 gave rise
to radioactive isotopes, none of which had previously existed in nature.

The stage was set for the preparation of synthetic radioactive ma-
terials from almost every element, materials with an enormous range
of half-lives and energies destined to play a large part in ‘‘tracer”’
operations in chemistry, medicine, agriculture, and industry, as we
shall deseribe in Chapter II. But radioisotopes could not be prepared
in large quantities until a rich source of neutrons became available.
‘When the fission process described in the next paragraph oceurred, it
made possible the building of an atomic reactor which solved the
problem of a neutron source, and the vast majority of isotopes now
used for practical purposes is prepared by irradiation in a reactor.

Lastly, then, if the neutron strikes the heavy nucleus of a naturally
unstable atom, like that of uranium, this nucleus itself may be split
into fragments (usually two in number)—i.e., the atom may fission.

This first occurred in January, 1939, being achieved by two German
physicists, 0. Hahn and F. Strassmann; and being identified as a
fission process almost simultaneously by physicists Bohr, Frisch, Meit-
ner, Fermi, Dunning, Pegram, and others. Before the year was out,
nearly 100 scientific papers had appeared on the fission process; on the
possibility that neutrons might be emitted during the process; and on
the implication this held for initiating a self-reproducing or chain
reaction of fission processes.

Free neutrons can be obtained only from nuclear disintegrations;
there is no natural supply. The only way we know to obtain them is by
putting in their way unstable nuclei which may be split and so emit
more neutrons than were absorbed. This is what occurs in a chain
reaction—in an uncontrolled fashion in an atomiec bomb, and in a
controlled fashion in a nuclear reactor.

Methods of Nuclear Bombardment

Perhaps a short statement may be in order on how physicists produce
ions or particles of such high energies that they can be used like bullets
to disrupt the nuclei of atoms. This was achieved before the construe-
tion of a nuclear reactor, of course, and there are still certain scientifie
purposes for which such methods are superior to the production of
radioisotopes in a reactor.

In general, this is acecomplished in one or another kind of apparatus
called an accelerator (a general term for any vacuum chamber in which
charged particles may be speeded up). The Cockeroft-Walton accelera-
tor, for example, is a device which uses high voltages and a series of
condensers to achieve a high direct-current potential, which is then
applied to charged nuclear particles, usually to protons. A similar pro-
cedure can accelerate deuterons, or alpha particles from helium. These
can then be directed in high-energy streams against a nuclear target.
















































































































































































































































































































































































































































































































































































































































































































































