











new areas of coal and conserva-
tion. In keeping with that trend,
the shift in the sciences continues
from nuclear to nonnuclear in
support of those technologies,
particularly in areas where we
have been given lead responsibili-
ties or into which we wish tomove
in the future.

Finally, thereare other changes
that must be viewed in a larger
time span than those that have
taken place in the last year.
Recently, we compared the mix of
things we have done in the last
five years at the Laboratory from
the time of the low point during
the year 1974 to 1978, when we
reached our maximum diversifi-
cation, and which marked the end
of the period of our most rapid
growth and the beginning of
consolidation. This comparison
reveals the number of people
involved in research and de-
velopment, either experimental or
analytical;, those who were in-
volved in assessing and studying
the results of R&D in order to
make evaluations either for as-
sessing environmental impact or
for choosing processes; and the
degree to which we have been
involved in subcontracting in
those years. We found that the
largest percentage of growth has
taken place in program manage-
ment, but this (50 people) still
represents only a small fraction of
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The level of effort in paper studies,
assessments, and program management
is increasing.

the personnel (although a lot of
money) at the Laboratory. Fur-
thermore, because of the change
in the nature of the government
funding of R&D and its estab-
lishment of priorities, much more
effort has been going into studies
and evaluations than in the
past.

Other events in 1978 of con-
siderable importance were not so
readily distinguished by data and
guantitative information. For ex-
ample, in 1977, DOE was a
promise; in 1978, it became a
reality. It is already old enough—
at least for a government agen-
cy—to have changes, reorgani-
zation, and the movement of
people who are leaving or being
reassigned. This year has again
been spent in acquainting new
people in DOE with national
laboratories—with what we do,
with how we do it, and with the
roles we want to play in DOE
missions. It is true that so far
DOE has a different view of
national laboratories than did its
predecessors. DOE feels that the
national laboratories have grown
too strongly and too fast, and that
it is desirable to accomplish more
of its missions through working
directly with industry rather than
through working with the na-
tional laboratories. That attitude
set the stage for our increased use
of subcontracting, program man-
aging, and using industrial capa-
bilities, and for DOE’s decision to
impose absolute personnel re-
strictions upon the national labo-
ratories, including ORNL. DOE

established a limit of 5150 full-
time-equivalent staff for FY 1979,
beyond which we cannot go
without special permission, re-
gardless of the amount of money
that might come to the Labora-
tory. This, of course, requires
some innovative management by
all of us as we attempt even more
difficult missions under these
constraints.

This year also saw ORNL, and
national laboratories in general,
continue to be much-studied enti-
ties. A General Accounting Office
report urged that the laboratories
be more utilized by DOE. The
Buchsbaum report to the Presi-
dent’s science advisor, Frank
Press, said that the missions of
the national laboratories need to
be restored and better focused.
Congressional hearings were held
by the House Science and Tech-
nology Committee. At present, we
find that the Office of Technology
Assessment is looking at national
laboratories, and there is yet
another in-house DOE study in
progress.

There were other events of
considerable importance to the
future of ORNL last year. Deci-
sions were made with respect to
some of the areas in which DOE
would count most heavily upon
ORNL as its chief laboratory.
Bob Thorne, then Assistant Sec-
retary for Energy Technology,
wrote this summer, in reply to our
1978 Institutional Plan, that he
would designate ORNL as DOE’s
lead laboratory in the areas of
coal technology and nuclear-fuel
reprocessing. We have followed
up with visits to coal-research
centers and with plans for re-
search in materials and other
areas. Similar overtures were
made by Tennessee Valley Au-
thority Chairman Dave Freeman,
who urged that the mutual com-
plementarity of the two institu-

























































In what has been termed one
of the great speeches of our time,
President Eisenhower presented
proposals to the United Nations
in 1953 “to help solve the fearful
atomic dilemma—[and] to devote
the United States’ entire heart
and mind to find the way by
which the miraculous inventive-
ness of man shall not be dedi-
cated to his death, but conse-
crated to his life.”

In 1955, at the Palais des
Nations in Geneva, the President
expressed the hope” that private
business and professional men
throughout the world will take
an interest and provide an incen-
tive in finding new ways that
this new science can be
used.... . the benefit of man-
kind and not destruction.” Henry
Ford’s three grandsons, moved
by t-~ President’s appeal, soon
appropriated $1 million to realize
“>*~ hope through a memorial
series of awards that would
recognize contributions to the
advancement of the peaceful
application of atomic energy
over the following ten years.
Establishment of the Atoms for
Peace Awards was announced
August 8, 1955, at the first World
Confer~—-¢ on the Peaceful Uses
of Atomic Energy in Geneva,
Switzerland. James R. Killian,
Jr., then President of MIT, be-
came chairman of the award
committee.

During the following decade,
the peaceful applications of
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atomic energy underwent major
development that produced
achievements fully as significant
as the earlier creation of the
weapon. It became apparent that
not only could nuclear-power-
reactor technology be realized
but also with the success of the
EBR, designed and constructed
by Walter Zinn and his asso-
ciates at Argonne National Lab-
oratory, mankind for the first
time was assured of a practically
unlimited source of energy. In
retrospect, one might now specu-
late that this and other great
advances in the peaceful uses of
atomic energy were partially due
to the fact that the visibility of
the goal was heightened by the
existence of the Atoms for Peace
organization.

In this book, Killian has col-
lected the citations, responses,
and addresses that were given in
each of the award ceremonies.
He was impressed, as am I, by
“the historical value of the
material and the importance of
its being brought together in
accessible form. Ideas, insights,
and inf.._..ation not easy to
come by are to be found in this
material, and it is interesting to
compare the views expressed
when the awards were made
with current views about nuclear
technology and policies.” The
citations of and responses by the
honorees, men whose activities
have changed the course of
human affairs, give utterance to
some timeless perspectives on

the human state and include
numerous cauwd viewpoints of
these sages. As such, they collec-
tively form a book that is often
profound, and that conveys lucid
insights which are refreshing in
the face of our currently mixed
priorities.

The revolutionary develop-
ments occurring within the span
of the Atoms for Peace Awards
sequence were effected in ~ -~ by
men who, as representatives of
the Oak Ridge National Labora-
tory, brought about significant
advances in science and technol-
ogy and caused the Laboratory
to become internationally recog-
nized as a seminal source of such
advances. Oak Ridge, which had
become widely known as the
place of origin of the atomic
bomb, became recognized as a
major instrument for achieving
the peaceful uses of atomic
energy. Had such efforts not
been championed powerfully,
one may pause to wonder
whether there might now be a
City of Oak Ridge, or for that
matter, whether in the absence
of the overall benign efforts the
use of atomic weapons would
have been curbed, and the bal-
ance in favor of peace lost,
falling prey to excessive vio-
lence.

The pathway of peaceful —~=s
of atomic energy is markea with
the incandescent achievements
of the people honored by the
Atoms for Peace Award. The
sequence begins with Niels Bohr,
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whose work in the 1920s set the
stage for the unlocked atom;
Bohr was followed by de Hevesy,
who converted a perceived re-
search failure into success in the
form of a new and powerful
means for studying nature—radio-
tracers. His discovery enhanced
the wellbeing of people every-
where through almost every field
of science, agriculture, and tech-
nology.

The third and fourth awards
concurrently honored four men
who have “done the most to
originate and perfect the nuclear-
fission chain reactor’: Leo
Szilard, Eugene Wigner, Alvin
Weinberg, and Walter Zinn. In
his citation, Manson Benedict
commented: “It is appropriate
that the fission chain reactor be
the central theme of the occa-
sion, because it alone, of all
devices thus far conceived, pro-
vides a practical means for
utilizing the energy of the atomic
nucleus and providing radio-
active isotopes in abundance.
These gifts of the atom, if used
wisely, will be of inestimable
benefit to mankind.”

In 1961, Sir John Cockcroft,
whose early discoveries were the
first of the now tremendous
number of known disintegra-
tions with artifically accelerated
particles, was the recipient of the
fifth award. As the first director
of the British Atomic Research
Establishment at Harwell, he
can take credit for bringing
success to the large-scale atomic
energy effort in Britain through
an extensive research and devel-
opment program.

The sixth award was shared
by Vladimir Veksler and Edwin
McMillan for their independent
major discovery that protons
and electrons could be acceler-
ated to energies previously
thought to be unattainable in
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manmade devices. Their dis-
covery revolutionized our ideas
of elementary particles.

Bertrand Goldschmidt, Wilfred
Lewis, and Isodor Rabi shared
the seventh award in 1967, not
only for their contributions to
our knowledge of the nature of
the atom but also for their
statesmanlike participation in
the work of the United Nations
Advisory Committee and the
International Atomic Energy
Agency.

Sharing the eighth award were
Sigvard Eklund, Abdus Salam,
and Henry D. Smyth for their
effort that brought the Interna-
tional Atomic Energy Agency to
its present prestigious position.
Dr. Eklund was the first director
general of the agency; Dr. Salam
(whose name means ‘“‘servant of
peace”) was the first director of
the International Theoretical
Physics .Centre, which was fore-
seen as the beginning of an
International United Nations
University; Dr. Smyth’s contri-
butions to the peaceful uses of
atomic energy began in 1945,
with issuance of his famous
report to inform the public of the
basic scientific facts of atomic
energy. His work continued be-
yond 1961, through his service as
the U.S. representative to the
IEAE International Atomic En-
er__ Agency. h personal rank
of ambassador.

The elder statesman of the
peaceful atom, President Eisen-
hower, and a relatively younger
group of scientists and engineers
whose recent achievements illus-
trate in striking and contrasting
ways the beneficial uses of
atomic energy, were honored
concurrently in the ninth and
tenth awards, the last being
reserved for the President. The
technical group consisted of
Aage Bohr, Ben Mottelson,

Floyd L. Culler, Henry Kaplan,
Compton Rennie, and Anthony
Turkevich, who had made contri-
butions to such diverse fields as
theoretical nuclear physics, fuel
reprocessing, desalination, high-
temperature gas-cooled reactors,
nuclear radiation and medical
applications, and development of
nuclear techniques to analyze
the surface of the moon.

The publication of this book
reminds us of what we had
almost forgotten: the importance
of identifying and honoring
heroes. To continue to forget
may make us incapable of recog-
nizing great ideas. The Atoms
for Peace concept, and the wil-
lingness of world leaders to
espouse it, fortunately preceded
our present diffidence in the
matter of bestowing prestige for
achievement. Thus, we have in
this small volume a model for
our return to the custom of
honoring members of society
whose efforts have recognizably
improved man’s prospects for a
better life. To accord such honors
imposes responsibilities as well.
As Dag Hammarskjold put it: ‘It
is, indeed the duty of society to
honor such men in words, but it
is also its duty to honor them in
deeds, by treating the problems
of modern man in a way worthy
of the advance of knowledge to
which they have made such
decisive contributions. Thus, it is
for society to shoulder its respon-
sibility in the fight against
poverty, disease, inequality, and
lack of freedom, by the means
put at its disposal by science and
technology. It is, likewise, the
duty of society to shoulder re-
sponsibility for the development
of ways in which men can live
together in this shrunken world,
turning the dynamics of change
into the stability of peace.”
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avoided. But this means using
simple language to communicate
things that some of the people
will think really require compli-
cated language. And, in fact,
some of the technical meaning
will probably get lost—or dis-
torted a little.

Third, when a third party tries
to talk about a cross-cutting
subject to a wide range of people,
he or she is probably going to
step on some toes. Often it’s
because some of the audience
have a vested interest in deci-
sions that the communication
might influence. For example,
try presenting a balanced sum-
mary of the issues surrounding
the use of nuclear power in the
United States in such a way that
nuclear engineers, ecologists,
and sociologists will understand
one anothers’ bases of informa-
tion and points of view. Almost
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surely, somebody is going to say
that his or her interests have not
been represented as strongly or
effectively as somebody else’'s—
which brings up the last

point...

I think it takes more than a
little bravery to communicate to
a diverse scientific audience. A
person has to be prepared to look
a little foolish, to be considered a
little naive, to be judged as being
a little superficial, to take a
little criticism.

Well, where do we stand at this
point? We have concluded that it
is just about impossible to get
hard and soft scientists to com-
municate with each other as
professionals, and we have con-
cluded that it is even harder for a
third party to communicate with
both. Is there any hope?

I not only believe such commu-
nication can take place but I
have seen it happen, being lucky
enough to have participated in it
firsthand. Feature this: a group
of five people—a nuclear
engineer, a systems ecologist, an
operations-research specialist, a
political scientist, and a geogra-
pher—charged with writing a
book together about science and
technology policy. Nearly two
years later, when the time comes
to decide what the conclusions
are, they find that they not only
have arrived at the same conclu-
sions but that they also are
speaking the same language,
that their thoughts are just
about interchangeable, that they
no longer can remember which
of the ideas in the book started
with which person. That’s com-
munication between hard and
soft scientists.

Before I try to draw some
lessons from that experience and
other evidence, let me quickly
indicate some popular ap-
proaches that I think don’t work
very well. One is suggesting that
one group attend courses to learn
about the other. Disinterest and
niche-seeking and acculturation
are just too much to overcome.
What's the incentive, anyway?
Another approach is putting
together multidisciplinary pro-
grams, courses, or research ef-
forts, where each specialist does
his or her thing as part of an
overall scheme of things. In spite
of noble intentions, I think it is
very rare for much cross-
disciplinary communication to
take place—except perhaps in-
side the heads of students or
coordinators. People get busy, do
what is required to meet their
own specific commitments, and
that’s all. I have directed a
program like that, and I could
make it sound truly integrated
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Ken Rush reported on the development
by his group of a fast, accurate, opera-
tional amplifier, the TF-30 Ultra Fast
Op-Amp, that was designed to be built
into precise electronic-measurement in-
struments, such as the position-sensitive
proportional counter and the Johnson
noise thermometer, which require an
amplifier with a very wide bandwidth and
fast settling. The TF-30, using highly
advanced transistors, is a universal gain
element that can amplify extremely small
signals (as low as a microvolt) to
measurable levels with greater band-
width and less noise than did previously
available amplifiers. The broad band-
width and low noise allow small signal-
timing measurements in the picosecond
range. Applications for the TF-30 are
many, both at ORNL and in industry. Itis
useful in nuclear-particle spectroscopy,
radar-signal processing systems, nu-
clear-radiation detectors, and in any
measurement that requires picosecond
timing resolution.—BL

In 1939, German physicists Otto Hahn
and Fritz Strassman discovered that
after absorption of aneutron the uranium
nucleus could split into two fragments
with the release of 200 MeV of energy.
This release is the energy source ex-
ploited in nuclear reactors and atomic
weapons.

Nuclear fission is a very complex
phenomenon which is far from com-
pletely understood in spite of many
decades of experimental and theoretical
studies resulting from the importance of
this process for the production of nuclear
energy. Fission is commonly thought of
in connection with the fissile isotopes:
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uranium-235, uranium-233, and pluto-
nium-239. But fission can be induced in
such isotopes as uranium-238, pluto-
nium-240, and thorium-232. Fission mea-
surements of these latter isotopes are
being made by researchers at ORNL and
at other laboratories.

The fission process is most simply
interpreted by the liquid-drop model of
the nucleus which was introduced by
Danish physicist Niels Bohr in the 1930s.
According to this model, forces similarto
the surface tension in a drop of water
tend to hold the nucleus together,
whereas the repulsive Coulomb forces
between the charged particles inside the
nucleus tend to push apart the compo-
nents of the nucleus. If sufficient energy
is delivered to the nucleus, such as by the
absorption of a neutron, the nucleus
undergoes large deformations and may
eventually fission. These deformed
states resemble a football or even a
peanut shell.

in 235, the absorption of a slow
neutron (with thermal kinetic energy)
provides enough energy to cause a
fission. On the other hand, in 23U,
a neutron must possess considerable
kinetic energy (~1.5MeV) if there is to be
an appreciable probability of fission.
Hence, if one plots the probability of
fission (or fission cross section) of 28U
against the energy of the neutron causing
the fission, one observes a step near
1.5 MeV called fission threshold. Above
the threshold, a neutron has a high
probability of causing fission; below
the threshold, this probability is
very small.

In recent years it has been observed
that even below threshold there is a
measurable probability of fission and
that this probability undergoes rapid
variations with the energy of the neutron
causing fission. A detailed study of the
structure of this so-called subthreshold
fission has yielded extremely interesting
information concerning the forces that
hold the nuclei together and the oscilla-

tions that the nucleus undergoes ol
path to fission. Theorists have depi
these forces in terms of a fission bar
which, until recently, was assume;
have a single hump. In 1967, Rus:
theorist V. M. Strutinsky postulate
“double-hump” barrier model, which
proved extremely successful in expl
ing experimentalists’ observations
subthreshold fission.

Because the probability vi subthr
old fission is so small, highly special
equipment is required to study
fission behavior as a function of ene
Groups of physicists from diffe
countries and from different Amer
laboratories have collaborated to r
sure in detail (i.e., with good en
resolution) the subthreshold fis
of 28U, 252Th, and 2*°Pu, The very |
intensity and good time resolution o
Oak Ridge Electron Linear Acceler
(ORELA) time-of-flight facility m
ORELA a unique source of neutrons
these experiments. The detector
the #2Th was designed and constructt
France, assembled in Los Alamos,
recently installed on a 40-m flight pat
ORELA. The 238 detector, obtained f
ORNL’s Fusion Energy Division, cont
exceptionally pure 2®U separated s
years ago at the Y-12 Plant.

Researchers involved in making re
subthreshold-fission measurements
238|), 232Th, and 24%Pu at ORELA are (
Auchampaugh (Los Alamos), Gerar
Saussure, F. Difilippo (Argenti
F. Gillespie, Jack Harvey, N. W_Hill, F
Ingle, D. K. Olsen, Raphael Pe
S. Plattard (France), J. H. Todd, and L
Weston. Other measurements, notabl
24|), were done by other groups a
years ago at ORELA.

According to De Saussure: “The |
precision and good resolution of r
surements done at ORELA in conjunc
with other specialized measureme
such as fission-fragment angular
tributions done at other laborato
have led to a much improved underst:
ing of the fission process. Howe
additional measurements and more
curate calculations of fission barriers
necessary to interpret—and hopefull
predict—the variations of the probab
of fission as a function of neutronene
Rapid progress is being made in
direction.”
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degrees, bathes the earth with
heat and light as a result of
thermonuclear fusion reactions.
One would suspect that the
temperature in the sun’s interior
would be the hottest temperature
attained in the solar system. But
in the summer of 1978, research-
ers at Princeton University in
New dJersey used a doughnut-
shaped fusion-research machine
equipped with neutral beam
injectors developed and built in
Oak Ridge to achieve a tempera-
ture of 60 million degrees, four
times that of the solar interior.
(Even higher temperatures have
been attained in other fusion
devices, but many scientists do
not view these machines as
promising as the toroidal devices
for achieving controlled fusion.)
This not unexpected feat
at the Princeton Large Torus
(PLT) received widespread
attention from the news media.
It rekindled optimism that de-
vices could -~ built to harness
thermonuclear reactions for
producing electricity. The prom-
ise of such devices is that they
would use fuel that can be found
ormadein enormous quantities—
deuterium, which is readily
available from seawater, and
tritium, which can be bred from
lithium in the fusion reactor.
Thus, by learning how to create
and control a miniature sun in a
fusion device, man has hope of
helping the sun provide the earth
with heat and light in the next
centul, ./hen other energy
sources will be less available.
The successful use of ORNL-
developed neutral-beam injection
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has been the key to the achieve-
ment of high temperatures in the
PLT deuterium plasma. A
plasma is a gas so hot that the
electrons have dissociated from
their respective nuclei. O. B.
Morgan, director of ORNL’s
Fusion Energy Division, calls
neutral-beam injection the “most
rapid and significant technologi-
cal development in the fusion
community.” Neutral-beam heat-
ing has had more impact in
achieving high plasma tempera-
ture—one of the three criteria for
fusion reactions—than has any
other in the lineup of heating
technologies, including ohmic
(resistance) and radiofrequency
heating.

Fusion reactions between nu-
clei of deuterium and tritium (two
heavy-hydrogen isotopes) be-
come probable when the plasma
temperature approaches 100 mil-
lion degrees because at such a
high temperature the nuclei
overcome their electrostatic re-
pulsion and can stick together.
This fusion of nuclei results in
the formation of a very energetic
helium nucleus and a neutron
accompanied with an energy
release of 17.6 MeV. But produc-
ing useful energy requires more
than a superhot plasma. The
plasma must be sufficiently
dense and well-enough confined
that enough energy is produced
to overcome this energy loss. A
density-confinement time pro-
duct of 1014 sec/cm? and a
temperature of 70 million degrees
would produce a condition of
energy breakeven—providing as
much energy as is used to ignite

the plasma. I
fusion-researc
the PLT and 1
Ridge use ma;
confine the pl
it has been a
lenge to confu
for the require
plasma is so t
like trying to
rubber bands.

The PLT an
maks, modele
doughnut-sha
In the late 19¢
Russians and
experimented
American ver;
called the stel
ator used coils
magnetic fielc
other, to conts
it employed a
plasma to hea
resistance (oh
both the Ame;
cases, the toru
transformer w
to induce a se
the circular pl
Artsimovich s
Russian colle:
plasma currer
not only for h
creating a sec
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Russians calle
“toroidal mag
tokamak. Afte
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properties of t
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fusion reactor, the neutrons will
transfer their energy to a lith-
ium-bearing blanket through
which a coolant circulates to
carry away the heat to the
steam-generation system. The
neutrons also convert the lithium
to tritium, which will be used to
fuel the fusion reactors.)

“The efficiency of heating and
containing plasmas is strongly
dependent on the power density
f neutral beams—the amount of
1eutral beam power compared to
plasma volume,” says Haselton.
“These ISX experiments are
important for understanding

ow to achieve high beta and
__ence greater efficiency of mag-
netic confinement. In 1980, when
the 1.5-MW injectors are in-
stalled on ISX, this relatively
small machine will have a neu-
trgl-beam-power density that will
..ot be surpassed by other de-
vices for many years.”

Neutral-l m injection will
increase the plasma pressure
and beta, but it will make it more
120 -]t for the magnetic fields

he copper electromagnets
to confine the plasma. Says
Berry: “Researchers will be us-
ing ISX-B to search for the
boundary between stability and
nonstability in the confinement
of the plasma as it is heated to
higher temperatures and betas.”

In 1976, John Clarke and
Dieter Sigmar predicted that the
plasma pressure could be raised
by a factor of as much as 10 over
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what was believed to be the
workable limit if one took proper
account of the effect of rapid
neutral-beam heating. At that
time, ORMAK had achieved a
beta of less than 1%. Theoretical
calculations carried out by Glenn
Bateman, Bob Dory, John Ho-
gan, Herb Howe, Dave Nelson,
and Martin Peng indicate that
ISX-B can reach a beta of 6 to
10% with a circular or D-shaped
plasma. If a 5 to 10% or greater
beta is achievable, it will mean
that smaller, more economical
fusion reactors are feasible.

Neutral-beam injection is be-
ing used all over the world in
fusion research machines in the
United States, England, France,
Germany, Italy, Japan, and
Russia. This spring, ORNL is to
host an international conference
on the application of neutral-

b " Jection to t«* naks.
Speakers .._1 discuss neutral-
beam heating on the PLT, -~
ISX-B, the DITE (Diverted Injec-
tion Tokamak Experiment) in
England, the TFR in France,
and the T-11 in Russia.

Of course, important questions
remain for neutral-beam heating,
just as there are unknowns
concerning the details of build-
ing economic fusion devices. Will
neutral-beam heating raise
plasma temperatures in large
tokamaks to the 100 million
degrees needed to release enor-

mous amounts of energy? Recent
results on the PLT suggest
attainment of this temperature is
almost certain. Will neutral
beam injection work on large,
fusing plasmas which are only
partially penetrated by the pres-
ent types of neutral beams? Is
there an effective way to protect
the injectors from a tokamak
plasma’s 14-MeV neutrons,
which are likely to come back up
the beam line and cause second-
ary electron emission, arc
breakdown, and beam ioniza-
tion? Finally, there is a serious
question as to whether such
expensive systems as neutral
beam injectors will be economi-
cal for commercial fusion reac-
tors. Concerning this last ques-
tion, Morgan says, “The opti-
mum possibility is to use neutral
injection to ignite a small
plasma in the doughnut which
will then be further heated by
the alpha particles (helium nu-
cleiproduced by fusion reactions).
This could result in the neutral
injectors being technologically
and economically viable.”

Despite these unknowns, neu-
tral-beam injection has given
physicists cause for believing
that fusion is scientifically feasi-
ble and that it is now proper to
begin examining engineering
and economic questions. The
technology pioneered at Oak
Ridge has also achieved some of
the hottest temperatures known
on earth.
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