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EDITORIAL

From Protest to Program

_Dec.9, 1975

Our last editorial concluded by calling on American scien-
tists to begin to pull their weight in demanding a fully inter-
nationalized crash fusion research program -aimed at
"breaking every existing roadblock to the achievement of net
energy reactions. Not only has the Fusion community
responded to this call, but the political forces supporting an
international crash effort have since that time cons:derab]y
expanded as well.

The most noteworthy event of the recent period was the
presentation of a proposal by Prime Minister Miki of Japan

to the mid-November Rambouillet, France summit meeting -

of advanced industrial nations. The Prime Minister's
proposal called for a vast international development effort
and intérnational cooperation in fusion research. Miki addi-
tionally announced the formation of the Japanese Fusion
Council to oversee the upgrading of Japanese fusion research
and to coordinate its integration inte an international
program. Although it was front page news in Japan, the Miki
statement was blacked out of the U.S. press.

The ferment underlying this development broke through,
however, in the November issue of Physics Today devoted to
Soviet science. In that issue striking corroboration of the
FEF assessment of the relative conceptual and material
superiority of the Soviet fusion program was presented by
leading U.S. and Soviet fusion scientists. This indicates that
the fight is on for an appropriately broad-hased and ade-
quately funded U.S. program.

Make no mistake about it, that objective will not be ob-
tained without a relentiess fight — against the Project In-
dependence wreckers of the economy, the zero growth
enemies of science, and the energy bureaucrats who are
willing to do their bidding.

The most important weapons in this fight are ideas. In such
a fight of ideas, led by those professionals who possess the
courage and vision to fully understand its necessity, a re-
lapse into the “tending one’s own garden” mentality is un-
conscionable. As we have repeatedly emphasized, the FEF
exists not because fusion is a nice idea and it's not nice to
sabotage it. If we do not create a fusion-based economy by
the mid-1980s you can say good-bye to your personal con-
cerns, and with them, the future of the human species as we
know it. o

The immediate iask is to determine where we stand and to
specify what we need to get the job done. Any compromise of
scientific standards at this juncture will not only assuredly
lead us to fail, but will abrogate the very spirit and content of
human scientific progress. As we all know, the Energy
Research and Development Administration needs no help in
that line.

This Issue:

In this issue we present documentation of the efficacy of
the ideas that have catalyzed recent events. Critical in the
spread of these ideas was the Oct. 11 FEF seminar on “The
Structure of Research and Conceptual Approaches to
Fusion.” Two related resulis of that meeting are crucial.
First, FEF determined beyond a doubt that ERDA’s CTR
policy has entered an irreversable self-destruct phase. In
that context, FEF pvshed to mote rigorously delineate where

fusion research stands relative to the problem to he solved,
and to more rigorousty specify the needed pusitive program
to solve outstanding critical problems,

Published in this issue is an edited version of one of the
review presentations given at the Oct. 11 meeting. We feel
that it will serve well both as a brief to be elaborated and
improved by scientists in the field and as an example of an
effective presentation of the state of CTR research for the
broader layers of the poputation. The second major presenta-
tion of Oct. 11, which focused on the relationship between the
most advanced epistemaological questions in physics and the
scientific problems of achieving needed breakthroughs in
plasma physics, will be published separately in the forth-
coming FEF-sponsored International Journal of Fusion
Energy. '

On the question of ERDA's policy and the domestic and
international motion for an alternative, we provide a con-
densed chronology of events following October 1), This is also
generally material not appearing in the U.5. mass media.

Finally. we present a debate on Soviet and U.5. science and
society prompied by our lasi issuwe. We hope this iype of
exchange becomes a permanent feature of the Newsletter.

5

What Now?

Now that the fusion community has begun to express its
support for the priority of scientific investigations, it must
inform that activity with the appropriate sense of urgency
about ultimately developing efficient reactors. While there
can be no ERDA-style shorteuts, neither can there be merely |
enlightened complacency. '

What then should be done? It is time to eschew false
modesty or opportunism and to prescribe in rigorous, con-
crete terms to Congress, the media and the population at
large what is required to conduct a competent, inclusive
research and development program. The result would be a
fitting subject for our next issue.

As reported in this issue, there has already heen significant

motion in Congress and the media around fusion. Pro-fusion

Congressmen and journalists, however, are still a minority.
Part of the reason was posed by the chief counsel {o a Senale
sub-committee: “There are plenty of prominent public
spokesmen for and against fission.Why arven’t the fusior
scientists speaking out. We need prominent pubiic spokes-
men for fusion to get things moving.”

The development of such activity in the fusion community
is indispensable if the priority of fusion research is to be put
high on the Congressional agenda. The most important step
in that direction so far has been the submittal by the U.S.
Labor Party to Congress of the Fusion Technology Act of
1975, calling for a new fusion research agency with muiti-
billion dellar funding for basic research, techneclogical
development, and training.

We must be in a position when Congress reconvenes in
January to have — at a minimum — several “energized”
Senators and Congressmen armed with a pregram that is
backed up by the fusion community and articulated by its
leading representatives. An adequate fusion program can
only result from such “open diplomacy’ and the snowballing
of public support behind a legislative campaign.

Then Congressional admiration-at-a-distance for fusmn

canbe turned into a commnment toact.



LETTERS

November 6, 1975

Dear Dr. Levitt:

I wish to correct a statement made in
the FEF September 1975 Newsletter on
page 20: At the mid-July conference at
Argonne National Laboratory the
plasma focus paper, A Repetitively
Pulsed Material Testing Facility, was
presented by the LLL plasma focus
group (not the Stevens group). Also
since my name was mentioned a few
times in this newsletter I would like to
go on record as completely disassocia-
ting myself with such references as
‘... Teller and Rockefeller’s other sabo-
teurs of the U.S. fusion effort,...”" (p.4)
... Teller, whose assignment has been
(together with Rockefeller's Dr. Hans
Bethe) to castrate plasma physics
research...” (p. 9); “‘.. .embarrassment
of the criminals sitting on the U.S.
superior technological capabilities...”
(p.4).

The newsletter had some very inter-
esting items to report; it is unfortunate
that the intemperate and incorrigibly
crimson rhetoric of New Solidarity has
spilled over into the pages of the FEF
newsletter.

I wish to make it perfectly clear to the
readers of the Newsletter that I am not
a communist but that I am willing to
listen to what the communists are
saying, as indeed I listen to the words of
Ralph Nader, the Environmental
Defense Fund, Common Cause,
Alexander Solzhenitsyn, Andrei
Sakharov and others who have an
earnest message. I came to the con-
clusion some time ago, without the help
of New Solidarity, that the U.S. CTR
program was far too narrowly con-
ceived, that the ingrown entrenched
nature of the CTR personnel of the
national laboratories, the FPCC and the
CTR office inhibits the growth of new
ideas and the training and encourage-
ment of young talented scientists. The
hearings of the Joint Congressional
Committee on Atomic Energy on the
PPPL $215 million tokamak (TCT)
display a cozy, fraternity-like, almost
unctuous atmosphere that is revolting
to me. But I am not so simplistic or
vindictive to blame these defects in the
operation of our democracy on Nelson
Rockefeller or Edward Teller.

1 recognize and deplore that the U.S.
relative to the USSR, is neglecting
basic research and the training of
competent scientists capable of pur-

suing basic research. I am aware of the
unholy interconnections between our
government bureaucracies and cor-
porate capitalism (witness the USDA
and the grain merchants, fertilizer
industry, insecticide industry; witness
the USFDA and the pharmaceutical
industry and the food processing in-
dustry). The same type of connection is
very likely occurring in some measure
between ERDA and the National
Laboratories (including PPPL) and
EPRI. “Oh cursed spite that we were
born te set it right!” I witness examples
of elected and appointed public officials
arranging and funding research
projects for the regional votes they can
swing rather than the scientific results
that will be obtained. And although we
have the fine tradition of the Bulletin of
Atomic Scientists and the FAS, today
there are very few professors or scien-
tific workers who are willing to
jeopardize their jobs or their research
projects by a vigorous protest against
incompetence, greed, and favoritism
involved in the funding of research by
the Government.

Our last three Presidents have proven
to be worse than “political animals.”
Their performance has been and is a
disgrace. But in spite of these disgrace-
ful performances in the U.S., I should
like to point out that the USSR in almost
60 years has not held one free election
and their people enjoy no Bill of Rights
And in a land of somewhat mangy
USSR bureaucratic carnivores (in-
cluding scientific bureaucrats) the true
unicorns have been not 1.V, Kurchatov
and L. Artsimovitch but Alexander
Solzhenitsyn and Andrei Sakharov (ﬁnd
the other courageous people ey
defend). I will listen to criticism by the
communists (the U.S. Labor Party and
the NCLC) in the same way that an
organic gardener observes the on-
slaught of insects: he uses the insects to
tune up his gardening practices and he
almost affectionately welcomes the
presence of some of the insects. He does
not use poison sprays to exterminate
them. He does not embrace their
program, (I have some friends who are
communists and I imply no invidious
comparison with this analogy.) There is
no doubt that our U.S. democracy needs
a great deal of tuning up, but the USSR
needs a thorough purging.

I am not willing to entrust our Bill of
Rights to the U.8. Labor Party from
whose mouths falls the same type of
rhetoric that we have for years heard

from the USSR. In this sentiment I am
joined by the overwhelming majority of
scientific workers in the U.S. If FEF is
to gain the confidence of this audience
and wider U.S. audiences it must
refrain from the use of the flamboyant
polemics that marred the September
Newsletter, and stick strictly to the
business of objective explanation and
objective criticism,

In retrospect I can now say that I was
well-advised to withdraw from the
Board of Scientific Advisors of the
FEF. I now have the distinct feeling
that my name has been and is being
“‘used’’ for the partisan purposes of the
NCLC and the U.S. Labhor Party. I
have already consented to be a member
of the editorial board of the new Inter-
national Journal of Fusion Energy, but
I now intend to review that consent
constantly and to be on guard against
further partisan polemics such as oc-
curred in the FEF Sept. Newsletter,

I expect this letter to be printed in its
entirety in the next FEF Newsletter.

Sincerely yours,

Winston H. Bostick

Professor of Physics

Stevens Institute of Technology
Castle Point Station

Hoboken, New Jersey

RESPONSE FROM THE EDITOR

Dec. 9, 1975

In answer to Dr. Bostick's comments
on the neglect of U.S. programs in basic
fusion research and the training of
competent scientists to take up funda-
mental problems in the field, we refer
him and the reader back to the Sep-
tember FEF newsletter feature entitled
Soviet Science Running Ahead by Lyn-
don H. LaRouche, Jr., the U.S. Labor
Party’s 1976 presidential candidate.
This piece directly addresses the rele-
vant issues of scientific development as
a whole and development in the field of
CTR research to which Dr. Bostick has
addressed his concern.

Since Dr. Bostick has chosen to raise
the wide political context of these
issues, both in the case of the Soviet
Union and the U.S., we direct his at-
tention to the special features on J.
Robert Oppenheimer and Alexander
Sakharov contained in this issue of the
newsletter. These two features directly
address the questions of progress and
repression of science, which Dr.
Bostick has also raised.



FUSION RESEARCH

Fusion Development at the Crossroads

by Charles B. Stevens and Eric Lerner

The worldwide effort to achieve con-
trolled thermonuclear power—and to
harness the unlimited, safe fusion
energy which would then by made
available—is at a critical juncture. Re-
cent experimental successes and theo-
retical advances make it possible to
state confidently that, given sufficient
funding, several different approaches
to controlled thermonuclear reactions
(CTR) could achieve net production of
energy — more energy produced than is
put into a machine in 1976 and many
more by 1980.

It is unnecessary at this point to re-
emphasize the immense political and
economic consequences dependent on
the achievement of fusion power in the
next decade, including the quick ex-
ploitation of existing fossil fuel reserves
for full production with no fear that
their exhaustion will leave humanity
without large-scale energy resources,
It is essential to understand where the
fusion effort stands now, and what can
be done to guarantee its success.

The demonstration of the feasibility
of several different approaches to CTR
would lay the basis for a broad-based
scientific and technological effort to
produce a working prototype of an
industrial fusion reactor by the early
1980s and substantial amounts of fusion
power by the mid-1980s.

But if the present outright sabotage of
the fusion program in the advanced
capitalist countries is allowed to con-
tinue, these breakthroughs will not
occur—the experiments will not take
place and the necessary further scienti-
fic knowledge will not be gained.

The basic issue immediately facing
the advanced capitalist countries is
whether to reorient their fusion pro-
grams toward a broad-based ap-
proach—investigating fully every
avenue that seems at all worthwhile
and emphasizing basic scientific
research and fundamental problems
common to all approaches—or to
narrow the program, as the U.S.
Energy Research and Development
Agency (ERDA) proposes, to a single
line advanced by mere technological
improvement. A survey of the current
status of fusion research will demon-
strate that the first alternative, that ad-
vocated by the U.S. Labor Party, will
almost certainly succeed, while the
second ensures disastrous failure.

The Breakthrough in Fusion
Until the past year or so, fusion re-
searchers have been mainly engaged in

developing the technology necessary to
try out the basic approaches to con-
trolling fusion reactions originally pro-
posed by a handful of theoretical
physicists and astrophysicists in the
1950s and early 1960s. Now we are about
to cross into a new realm of research
where the technology is sufficiently ad-
vanced to allow actual experimentation
with fusion plasmas and to study the
real scientific questions which must be
resolved in order to achieve practicable
amounts of fusion energy. This new
realm of advance will both allow and
necessitate the development of new
theoretical conceptions of how fusion-
producing plasmas behave.

The basic means to achieve con-
trolled thermonuclear power is to heat
a small amount of fusion fuel
(deuterium and tritium, easily pro-
duced isotopes of hydrogen found in sea
water) to 100 million degrees and to
confine this hot gas at sufficiently high
densities and for sufficiently long
periods of time for the isotopes to fuse
into helium, releasing energy.

This containment and heating can be
accomplished in two ways—either with
a magnetic field, which diverts the
electrically charged plasma (see
Figure 1) or with the pressure exerted
by intense laser radiation, which can
crush the fuel to thousands of times the
density of solid matter.

In the case of laser confinement, the
technical breakthrough which is now
being achieved is simply the con-
struction of lasers large enough to com-
press the fuel to sufficient densities for
the fusion to take place rapidly, before
the particle of fuel has time to expand.

In the case of magnetic confinement,
the process is more complex. The part-
icles in the plasma will tend to spiral
around the lines of magnetic field and
diffuse outward only relatively slowly
as they collide with one another.
(Figure 2) In this type of ‘“‘classical”
diffusion, the faster the particles are
moving, the less they are deflected by
collisions, and therefore the slower they
diffuse. Thus, when the plasma is dom-
inated by random diffusion, the higher
the temperature the longer the confine-
ment time. :

But things are not quite that simple.
Any motion of the charged plasma,
forming an electric current, produces a
magnetic field. Any changes in the
magnetic field produces motion in the
plasma, These interactions between
electric currents and moving magnetic
fields are the basis of electric gener-
ators and motors.

L]

Collective Motion

Because of these interactions, the
motion of one part of plasma can draw
after it the whole plasma, which then
moves collectively, not as a gas com-
posed of individual particles. Such col-
lective motion tends to build itself up
from micro-instabilities to larger scale
uncontrolled motion of the entire plas-
ma out of its confinement. (Figure 3)
Sometimes the buildup is so rapid as to
cause the plasma to suddenly disperse
in all directions—‘‘disruptive” in-
stability. The problem with such col-
lective motion or instability is that as
the temperature increases, the in-
stability, unlike the random diffusion,
gets worse, since there is more energy
available to be absorbed by this mode
of activity.

The general® problem in magnetic
confinement has been to ensure that the
plasma acts as much as possible in a
non-collective mode, to randomize the
diffusion process as much as possible
and thus slow down the escape of the
plasma—what might be called ‘‘plasma
counterinsurgency.”’ In addition, fusion
scientists attempt to use the mutual in-
teraction of plasma and magnetic field
to positively control the plasma to
create collective modes that organize
and compress the plasma rather than
dispersing it.

Size and Instability

The geometry of the magnetic field
and the way it changes with time is
therefore the main determinate of how
the plasma will behave and whether in-
stabilities will develop.

For a given geometry of a system, the
larger the system is, the better, in gen-
eral, it functions. This is because in a
larger system, the instabilities and the
diffusion processes, which propagate
with a characteristic velocity, take
longer to affect the larger plasma, thus
increasing the confinement time. The
way in which a system ‘‘scales’ both
with increasing size and increasing
magnetic field strength can be fairly
accurately predicted and the likely per-
formance of a larger machine can be
estimated before the systems are built.

Through the expansion in the size of
the magnetic machines, and through
improvements in the maintenance of
the purity of the plasma from chemical
contaminants which increase instabili-
ties, we are now at or close to the point
at which the gross instabilities, the so-
called MHD instabilities which rapidly
destroy the plasma, have been con-
trolled in all major lines of fusion re-



search. This means, first of all, that the
experiments have entered a stage in
which increases in temperature and
density tend to lead io increases in con-
finement time, rather than “‘trading
off,”" as with earlier and more primitive
models. This in turn allows the pro-
duction of break-even amounts of fusion
energy and the study of real fusion-pro-
ducing plasma. .

- In this situation, the various ap-
proaches are converging on a common
set of key probiems and a continuum of
parameters. Instead of proceeding with
each different approach on its own
‘track, concerned mainly with partic-
ular technofogical prohlems, we are at
the point where it is absolutely essential
that all approaches be used as *‘crucial
experiments’ in the process of studying
the plasma phenomenon.

The Theoretical Problem

"The new stage of fusion research also
calls for an entirely new theoretical ap-
proach which brings plasma physics in-
to direct confrontation with the funda-
mentai problems affecting modern phy-
sics as a whole, Up to this point
physicists have attempted  to view
plasmas in one of two ways. Either the
plasma is seen as a continuous field
phenomenon {magnetic-hydrodynamic
fluid—MHD theory), or it is seen as a
mere collection of particles, whose in-
dividual motions can be predicted by
tracing them out in a computer
simulation. -

The particle theories, whose popular-
ity is based solely on the reductionist
prejudices of many fusion scientists,
have almost always been wholly use-
less in acutally  studying plasma
phenomena, since plasma is above all
characterized by collective
phenomena. The MHD approach has
been much more successful and has
been the basic guide for experimental
design until now.

In the stage fusion research is now
entering, the major problem is no
longer gross MHD instabilities, that is,
motions of the plesma so large that the
individuated nature of the ions and elec-
trons can be ignored. Gn the contrary,
the basic problem of controlling the so-
called micro-instabilities, very smali-

scale collective modes which lie on the

boundary hetween whole plasma
motion and individual particle motion.
Present MHD theory and particle
theory are both incapable of dealing
with this problem, competently. A
theoretical approach which fund-
amentally transcends the division
between particle and field approaches
must be developed,

This contradiction between particle
and field approaches is symptomatic of,
the fundamental contradictions in
exactly this conceépt in physics as a
whole. Therefore the next phase of
fusion research means moving into im-

~ open-ended static type,

mediate study of these fundamental

.problems, demanding a vast expansion

and broadening of the entire basic re-
search foundation of the fusion
program.

The Major Approaches to Fusion
Given these general considerations,
we can now look at the actual progress
made towards fusion energy production
using various approaches to the mag-
netic confinement scheme. We will dis-
cuss laser approaches briefly below.
There are two basic geometries used
in containing the plasma: the open-
ended or linear systems, in which some
leakage from the ends of the system is
unavoidable, and the toroidal
{doughnut-shaped) sysiems where the
ends are closed into a cirele.
These two geometries can be further

maodified by keeping the magnetic field -

constant with time, or inducing changes
in the field to help compress and con-
tain the plasma.

The simplest type of device is of the
called the
“magnetic mirror.”” In this device, the
plasma is surrounded by a magnetic
field which strengthens outward from
the plasma, thus trapping it in a mag-
netic well. The plasma is heated by the
injection of a beam of high-energy
neutral deuterium atoms.

The problem with the mirror
machines is that they inevitably “‘leak”
plasma out the ends of the mirrors.
(See Figure 4) In addition, since only
particles in a certain velocity cone are
lost, those left behind tend more and

more to move collectively, and thus be -

subject to collective, “velocity space”’
micep-instabilities. .
Even this simplest design shows
promise. Work at Livermore Lab-
oratory on the IIx2 mirror has demon-
strated over the past few months that
confinement time increases with the
temperature of the plasma and the
radius of the mirrer, which minimizes
the imstabilities. Professor Fred

Coensgen has laid out plans for building

a large mirror, at a cost of about $100
million, which could produce net
energy breakeven conditions, and tem-
peratures of more that 1 billion de-
grees. Such temperatures are suficient
to do important experiments, not only
on the simpler deuterium-tritium

_-reactions, but alse on the deuterium-

deuterium reactions. These deuterium-
deuterium reactions produce charged
particles almost exclusively as pro-
ducts instead of the neutrons produced
by the deuterium-tritium reactions.
This means that the energy can be dir-
ectly converted into electricity at high
efficiency, eliminating boilers and
furbines., But ERDA has not funded
Professor Coensgen’s experiment.

Linear Pirniches
By utilizing the interaction of the

plasma and the changing magnetic
field, much higher densities, and there-
fore greater power outpuls, can be
achieved than in the simple mirror. If a
rising electric current is induced in a
plasma along its length, the resulting
magnetic field surrounding the plasma,
interacting with the plasma current,
serves {0 compress or ‘‘pinch’” the
plasma, simultaneously coniaining it
and suddenly heating it. This is called
the “z-pinch.’’ Alternatively, the same
effect can be achieved by inducing a
circular current in the plasma and
simultaneously imposing an axial
magnetic field. This is the “‘theta
pinch.” (Figure 5

Because these systems actvally uti-
lize and are dominated by the collective
action of the plasma motion, they are
the most susceptible to the theoretical
analysis which treats the plasma as a
coherent fluid—magnet Ihydrodynamic
theory (MHD). In addition the theta-
pinch is essentially immune to un-
controlled ‘*coliective’’ in-
stabilities—the only losses are from the
ends. By building longer theta pinches,
less and less proportionately will be
lost, and longer confinement times
achieved. Breakeven can be achieved
by the brute force approach of building
a mile-long machine.

The Soviet approach under Dr.
Velikhov is more sophisticated, using
an intense collapsing magnetic field to
compress the plasma far more rapidly
and build a breakeven device only 30
meters long, called the Liaus, In the
I7.5.. ERDA allocates no money ati all to
this appreach. The Soviet program is
three times larger than the largest
U.S, project, the tokamak. The Soviels
are planning a breakeven experiment
in the Linus in 1976,

Similarly, by merely scaling up the
currents used in the z-pinches, exceed-
ingly dense plasmas can he produced.
Dr.-W. Bostick of Stevens Institute has
estimated that a mere $10 million could
produce a breakeven machine, It has
already been demonstrated that the
instabilities which can develop in the z-
pinch, like “‘sausage’ and “‘kink" in-
stabilities (Figure 3) can be overcome
by supplying a weak axial magnetic,
field which would resizt the bending of
the plasma. Plasma-focus work is cur-
rently putrsued in Italy, Poland, and the
Soviet Union,

Toroidal Systems

Each of the above systems can be
cured of its end losses by closing the
two ends into a toroidal system. The z-
pinch then becomes the tokamak, the
theta-pinch becomes the Syllac, and the
mirror can be made into a “Bumby
torus.” The problem in the toroidal sys-
tems is that the curvature means that
the magnetic field is stronger on the in-
side of the torus and weaker on the out-
side, thus driving the plasma against



the outside walls. To avoid this problem °

there must be an additional circular
magnetic field or other stabilizing
device to prevent outward motion of the
plasma. 2

The tokamak, developed by the
.Soviet Union in the late 1950s,remains
the most successful type of toroidal de-
vice. The tokamak is basically a diffuse
toroidal z-pinch in which the current in
the plasma is induced by rapidly chang-
ing magnetic field. The plasma is
essentially one winding of a trans-
former. This current both suddenly
heats the plasma and pinches it. As in
the linear z-pinch, a perpendicular
axial magnetic field is added by ex-
ternal coils to stabilize the pinch, while
the pinch in turn prevents the plasma
from drifting to the outside of the torus.
The net effect is that of a helical or
twisted magnetic field. (See Figure 6)

The great advantage of the tokamak
has been its relative simplicity com-
pared with other toroidal machines.
This has allowed it to be scaled up in
size more rapidly in the Soviet pro-
gram, thus gaining the general benefits
which come with size—increosing
elimination of instabilities and col-
lective modes. Simultaneously, Art-
simovich's careful engineering has re-
duced the impurities in the plasma, a
problem which had contributed greatly
to increased instability and energy loss.

Once the instabilities fell below a cer-
tain level, the tokamak passed into a
new regime, where the diffusion was
sufficiently close to classical (dom-
inated by random diffusion) such that
confinement time began to increase
with temperature, leading to a rapid
improvement in all fusion parameters
simultaneously. On this basis, the
tokamak program was pushed forward
rapidly by the Soviets, who began oper-
ating a larger model, the T-10, this
spring. Soviet scientists plan an opera-
ting test reactor by scaling up still
further to the T-20,

ERDA has not only failed to push the
tokamak ahead, but has practically
limited its funding to a single device,
the Princeton TFTF. However,even
though ERDA uses the tokamak pro-
jects as its excuse for its atrocious nar-
rowing of fusion research to a single
line, the U.S. tokamak program is ad-
vancing on a slower schedule than the
Soviets’ and spends only a third of the
money.

Problems of the Tokamak

There are several basic problems
which must be solved before the
tokamak can be develaped as a prac-
tical reactor, First, as the temperature
increases, the collisional frequency de-
creases, allowing more and more of the
plasma to escape from the main body to
be “trapped” in large banana-shaped
orbits on the outside of the confinement
region. From these trapped meodes
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.small-scale instabilities are much more

frequent, leading to a decrease in con-
finement time and a return to collective
modes.

The recent experiments with the
Alcator tokamak at MIT have shown a
way to solve this problem. Operating at
much higher magnetic fields than other
tokamaks, the Alcator was able to in-
crease the density of the plasma suf-
ficiently to keep the collision frequency
high with increasing temperature. In
this machine, the “trapped’’ modes and
the collective instabilities did not
develop with higher temperature and
the confinement time continued to in-
crease. The Alcator also benefited
from a much purer plasma than the
other machines because of its excellent
engineering. The confinement time also
increases with density, and this three-
fold simultaneous increase in fusion
parameters has allowed the Alcator to
achieve better results than machines
ten times its size. In fact, the critical
product of density and confinement
time is now within a factor of five of the
breakeven level. With a somewhat larg-
er machine, breakeven could certainly
be reached. But as it is not a ““mainline

Fig. 3 - Plasma Instability

‘tokamak'' experiment, the Alcator is
barely surviving on ERDA funding.

The tokamak's relatively inetficient
use of magnetic confinement and rela-
tively low density of operation con-
stitute its second major problem. The
plasma pressuré pushing outwards is
contained by magnetic field of nearly
twenty times larger strength pushing
inwards, A balanced force would be
most efficient. The low plasma pressure
means a relatively low power gen-
eration density, necessitating rela-
tively large reactors for economical
operation. At presently expected
energy densities a 10,000 megawatt
fusion reactor, enough to supply New
York City, would have to be 50 meters
atross and 12 meters high. Although
this is not economically impossible by
any means, the increasing of the den-
sity and “‘beta"’ (efficiency of magnetic
field) of the tokamaks would cheapen
them immensely.

There are several approaches to do-
ing this—by increasing the tem-
perature of the plasma through in-
jecting high energy neutral beams,
radio wave heating, and using toruses
which have noncircular cross-sections,
among others. The last method is being



tried by one of the major industrial
fusion experiments, the General
Atomic Doublet machine.

Other Toroidal Concepts

A concept similar to the tokamak is
used in the stellerator, in which the
plasma-generated magnetic field is re-
placed with a second helical field which
is externally generated through wind-
ings. The double windings lead to
engineering difficulties which have
held up development, and caused the
U.S. fusion program to entirely aban-
don the stellerator. In the meantime,
the Soviet Union has now developed
stellerators which produce results as
good or better than tokamaks of the
same size. Since the magnetic field is
totally controlled, the stellerator has
great advantages over the tokamak as
an experimental tool for studying the
problems of tokamak like plasmas.

The other toroidal concepts, the
toroidal theta-pinch or Syllac and the
toroidal mirror or “Elmo Bumby
torus,”” have both demonstrated that
their- characteristics improve suf-
ficiently with increasing scale that they
too can be made to achieve breakeven
condition. But ERDA plans to dis-
continue the Syllac work at Los Alamos
within months.

Only the coordinated use of all these
approaches in studying micro-instabi-
lities and related problems can lead to
success. Although these problems are
of the utmost importance in tokamaks,
it is in the other approaches where they
can best be studied, approaches where
the situation is generally less complex
and more controllable than in the toka-
mak. Thus, for example, Dr. Bostick,

working on the z-pinch, discovered that
many of these micro-instabilities take
the form of plasma vortices, self-sus-
taining “‘smoke rings’’ of plasma. This
discovery of self-sustaining plasma
modes is not only helpful in eliminating
the micro-instabilities, but even more
important, in using them and con-
trolling them. Similarly, the Syllac, if it
could be made big enough to over-
come gross MHD instabilities, could, to-
gether with the stellerator, provide vi-
tal experimental conditions for study-
ing micro-instabilities which would
otherwise not be accessible to ex-
perimentation.

The ERDA policy of cutting back on
all of this crucial experimental work
and of failing to provide the larger
machines necessary to reveal the range
of phenomena not only eliminates
methods of fusion achievement other
than the tokamak but virtually elimi-
nates the possibilities of solving the re-
maining problems with the tokamak
itself,

On the other hand, it is clear that a
broad-based pursuit of these lines will
not only result in a half-dozen or more
breakeven experiments by the end of
next year, but with a self-expanding
breakthrough in understanding of
plasma phenomena generally, a break-
through to progress beyond breakeven
to working reactors.

We can in fact specify that an inter-
national fusion program must im-
mediately initiate several dozen en-
larged breakeven experiments, each
costing in the area of $10 million to $200
million, with the majority in the $10-30
million range. Among these must be in-
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cluded a three-times-enlarged break-
even Alcator, a scaled up 20 meter
Syllac, a 40-cm stellerator, breakeven
plasma focus experiments, and scaled-
up mirrors and mirror-toruses. Each of
these machines should be built simul-
taneously in several modes with the
necessary major modifications needed
to test out key ideas, such as feedback
stabilization, non-circular geometries,
and so on,

If these machines were contracted to
appropriate aerospace defense in-
dustries, working in close collaboration
with the existing plasma labs and using
high technology construction tech-
niques, such a program together with
necessary backup in theoretical
development, physicist training, and
materials research, would probably
cost $4-5 billion for 1976. In all cases, the
plans are already drawn up. All that is
required is funding.

Lasers

Laser systems can be discussed
much more briefly. The basic concept
of laser fusion is to use immence power-
ful laser beams to squash solid pellets
of fusion fuel to 10,000 times solid
density and then suddenly heat them to
fusion temperature, producing in effect
a tiny hydrogen bomb but without the
fission-radioactive core, The advances
already made by KMS Fusion, which
has achieved compressions of 3,000
fold, and of the large Soviet project
make it clear that breakeven can be
achieved by this method simply by
sufficiently enlarging the size of lasers
and correctly designing the pellets to be
imploded. The soviet program will
almost certainly achieve breakeven in
1976.

Under ERDA, the U.S. laser program
is hogtied, especially by its continuing
links to the weapons program and con-
sequent “‘national security'' red tape.

As with the more complex magnetic
confinement project, the laser ap-
proach could reasonably absorb world-
wide at least §4-5 billion in research on
new lasers, construction of breakeven
experiments, and analysis of the con-
siderable technical problems involved
in building a successful laser reactor,
New Solidarity has covered in depth the
strides already made by Soviet
scientist Basov and his colleagues in
this line.

With adequate funding of a broad re-
search effort, literally dozens of fusion
machines producing net energy could
be working within a year, It is nothing
short of criminal to allow the sabotage
of the fusion effort to continue. Premier
Miki of Japan has already proposed an
accelerated program of international
cooperation to develop fusion. The
USLP Fusion Energy Bill is ready to be
introduced in Congress. The fusion
scientists are ready. We will not allow
the Rockefeller machine to stand in the
way.



THE POLITICS OF FUSION

Presidential Statement on Fusion Sabotage

NEW YORK, Oct. 12 (IPS}y — Lvndon
H. LaRouche Jr., 1976 presidential
candidate of the U.5 Labor Party,
announced today conclusive evidence
of an operational policy to system-
atically undermine controlled fusion
research as the preconditien for the dis-
crediting and extinction of the U.S.
fusion program. The Labor Party has
called for a full Congressional investi-
gation of this criminal sabotage by the
Rockefeller-Ford Administration and is
making available to the appropriate
Congressicnal « committees complete
decumentation.

“The shift from a policy of retarding
development to one of consciously
forcing failure is now being imple-
mented in order to eliminate the most
obvious alternative to the manifestly
insane Energy Independence Authority
{EIA1,"" LaRouche said. “The EIA is
the institutional base through which the
demented Rockefeller brothers hope to
conjure up a multi-billion dollar prop
for iheir patentiy bankrupt hoidings.
The cast of such a scheme is nothing
less than the final gutting of American
industry and labor power.

- "In escalating their crazed looting
demands from $108 billion to $800

biilion, then several trillion for the EIA
— as Vice President Rockefeller did in
a recent speech — the Rockefellers are
demanding that the world's most ad-
vanced work force be reduced to the
hand-squeezing of shale oil.

“In contrast, the development of
fusion — safe, cheap, and uniimited
energy ~- would assure the advance of
the economic infrastructure necessary
for the maintenance and development
of the U.S. as the key sector in world
development. Therefore, it is no
exaggeration to say that the planned

- gutting of fusion is Rochefeller and

Company’s most criminal act to date.
*The essential feature of the opera-
tional policy to abort fusion research is
the step-by-step procedure of cutting
back and narrowing down the scientific
base of development. The .burden of
achieving reactor conditions will then
be left to one device, the Tokamak,
which, as presently conceived, cannot
provide sufficient net energy density.
in fact, it can be demonstrated that,
despite. significant research advances,
this is true for all individual fusion
devices presently under development.
“Yet ERDA has eliminated any
meaningful scientific work at Oak

Ridge Natjonal Laboratery except asa
technological adjunct to the Tokamak
program at Princeton University and .
has stated its intention to eliminate
scientific work on another approach to
magnetic confinement — reportedly the
Syllac-Theta Pinch. The loss wiil not,
be a mere 33 per cent; at this critical
stage of scientific development, which
demands that all plasma regimes be
investigated in order to converge on a
solution, the loss is incalculable.
Moreover, ERDA has engineered a
sharp curtailment of work on explora-
tory concepts, the obstruction of access
by the Los Alamos laser fusion group to
vital computer codes at Livermore, the
arbitrary clamping of classification on
non-goveramental work, and increased
harassment of leading independent
researchers.

“Simultaneously,” LaRouche con-
cluded, *‘the CIA has attempted to
obfuscate the veality of the quali-
tatively more advanced Soviet
program through press and other at-
tacks on U.5.-Soviet cooperation -—
maost notably the recent awarding of a
Nohel Peace Prize 1o dissident Soviet
scientist Sakharov.”

Rockefeller Revives Drive to Sabotage Fusion

by Chuck Stevens

Oct. 13 (IPS) — The Rockefeller Ad-
ministration has revived the spectre of
the MecCarthy witchhunts in  the
scientific community in order to sabo-
tage controlled thermonuciear fusion
(CTR research; the U.8: Labor Party
revealed yesterday., Targeted for
harassment are plasma physicists and
bureaucrats in the government energy
umbrella agency, the Energy Research
and Development Administration.

At the same time, the Admiinistration
has ordered .ERDA to produce im-
mediate “results’ in its existing CTR
program while it simultaneously
narrows the research to the point that
no such “results’ are possible. In
particular, the magnetic confinement
program for the development of fusion
has been limited to research on only the
tokamak type of reactor, while laser
and electron beam pellet fusion was
once again put under absurd security
wraps.

The Labor Party has fully decu-
mented the facts in this two-pronged
Rockefeller attack (presented below in
summary form?, and a campaign state-
ment on the Rockefeller sabotage was
released to the press yesterday by
USLP Presidential candidate Lyndon
H. LaRouche, Jr. In addition, the Labor

Party is re-introducing in Congress an
updated version of the USLP Fusion
Technology Bill, first submitted in June
1974. The core of the USLP program is
an estimated §b to $10 billion yearly
to expand the scope of fusion research
and fully develop all promising lines of
investigation — exactly the opposite
of Rockefeller’s suicidal course. Fusion
potentially can provide cheap. clean
and virtually unlimited energy.

The science division of the USLP
discovered that ERDA has already
begun limiting the scope of fusion
research under the guise of accel-
erating the achievement of an actual
tokamak fusion power reactor. ERDA’s
policy has always been to “select’ one
promising approach for further
develapment, but the decision on fusion
was supposed to wait until the next
series of crucial experiments had been
completed in 1977-78. The tokamak
choice, moreover, wifl not work.

Ali but one of the four major ERDA-
funded National Fusion Labs and the
three main-line approaches to
magnetic confinement of fusion
plasmas are being shifted into vague
“technology’” developent projects:

*When its Ormak tokamak is (urned
off in the near future, the Oak Ridge lab
in Tennessee will deal almost ex-

9

clusively with engineering for tokamak
reactors: producing magnets,
materials, -and neutral beams for
plasma heating.

*The Los Alameos lab in California
was warned that Syllac, the high beta
toroidal theta pinch (a confinement
scheme which makes efficient use of
magnetic field energy) faces an im-
mediate shutoff of ERDA funds.

*Despite major experimental break-
throughs recently achieved with the
magnetic mirror machine at Lawrence
Livermore lab in California, this device
and the theoretical teams working on it

-are slated to become mere technology

development adjuncts to the tokamalk.

*Even in the case of significant
frontier secondary efforts such as the
Bitter Magnet lab’s high field tokamalk,
the Alcator, there are now plans to turn
this project over to the CIA-controlled
Massachusetts Institute of Technology,
downgrading work on this device to
mere “educational” activities.

Although these policies are not yet
fully implemented. the threatened and
operational cutbacks have been suf-
ficient to limit main-line research to
one iahoratory — Princeton — and one
approach — the tokamak.

At the same time, auxiliary experi-
mental work designed to thoroughiy






