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Editorial 

U.S. Energy 
Policy: Out of 

The Dark Ages 

It's about time the United States started conducting its science and energy 
policies like a sovereign nation. This means facing a basic fact. The relatively 
small number of individuals and institutions that are blocking U.S. develop
ment andiexport o'f nuclear power, blocking the conduct of broad-based basic 
scientific research, and blocking the upgrading of U.S. industrial technology 
are un-American. They are Un-American on two counts. First, they don't share 
the Founding Fathers' comrriitment to the fullest possible realization of the 
unlimited' potentialities of the American people and the world population; 
and second, they place a foreign ideology above the national interest. 

Take the case of classification. As the feature articles in this issue demon
strate, the system of classification of basic research in inertial confinement has 
not kept £ny deep, dark secrets from the Soviets. Rather, it has served to keep 
most of the U.S. scientific community in the dark about the most fruitful 
methodological approaches in nonlinear hydrodynamics. This is not just an 
unfortunate by-product of the security policy; it is the intended purpose of 
classification. 
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The Known Enemy 
There is iio secret, however, about the identities of the individuals and 

institutions complicit or witting in the assault against science and industry in 
the United States. First, there are the so-called humanitarian environmentalists, 
like Amory Lovins and Ralph Nader, who have decided that the Third World 
is better bead than nuclear. Their statements on the costs, safety, and environ
mental irnpact of nuclear pdwer, without exception, are lies. 

Then there are the environmentalists' friends in the government, like the 
antiproliferation kooks in the White House staff, the State Department, and 



the National Security Counci l . Deserving of special ment ion in this category 
are the appropriate technology cultists in the office of President Carter's 
science advisor, the National Science Foundation, the National Academy of 
Sciences, and the foreign affairs sections of the Departments of State and 
Energy. 

And lastly, there is the bipartisan lunatic fringe in the Congress, exemplif ied 
by Senators Percy and Kennedy, that is going gung ho to stop nuclear exports 
and dismantle the energy industry. 

Granted, these ladies and gentlemen don' t come up with their medieval 
philosophy on their own. They are carefully tutored in their antiprogress litany 
by a number of think-tanks and foundations: the Aspen Institute, the Hudson 
Institute, the Rand Corporat ion, the Brookings Inst i tut ion, the Institute for 
Policy Studies, the Heritage Foundation, the Ford Foundation, and the Rock
efeller Foundation, to name just a few. 

However, whether the slogans emanating f rom these outfits are environ
mental p ro tec t ion" and appropriate technology" on the one hand, or fiscal 
conservatism" and free enterpr ise" on the other, the prescriptions and policies 
are equally disastrous for the wor ld economy. 

The worst of this bunch is Energy Secretary James Schlesinger. For those of 
us who try to make our contr ibut ion to human progress in the fields of science 
and energy, it is hard to imagine a more demented crew than Schlesinger and 
his top lieutenants at the Department of Energy. Even those individuals in the 
science communi ty who were initially most credulous about Schlesinger's role 
by now have come to see that his record is an unbroken string of acts of 
sabotage against present and future energy supplies. 

Treason 
The t ime has come to stop asking why Schlesinger and the other un-

Americans continually sabotage U.S. growth and development and to start 
asking why the nation tolerates such treason. In every case it can be shown 
that underlying their patently irrational actions and policies is a deep-seated 
antagonism to the American System of scientific and technological progress 
conceived by Benjamin Franklin, George Washington, and Alexander Hamil
ton. Schlesinger, for example, professes to be a Malthusian, a philosophy 
anathema to the Founding Fathers. 

If one surveys the attempts to destabilize the most growth-or iented nations 
of the Third Wor ld as well as the industrialized sector, it becomes clear that 
the objective of these un-Americans is not merely to put the brakes on growth 
and development, but to reverse the global progress achieved since the 
American Revolution. Among certain queer circles schooled at Oxford , Cam
bridge, or Sussex universities and their cothinkers outside Britain, this reversal 
of progress, code-named the new Dark Ages, is alleged to be both necessary 
and inevitable. 

The wor ld has every opportuni ty to avoid this medieval fate. We are at the 
threshold of the greatest scientific and technological revolut ion in history with 
the onset of control led fusion. A new international monetary system, the 
European Monetary System, promises a new era in North-South and East-West 
economic and polit ical col laboration in a giant process of global reconstruc
t ion. And , most important, men of vision and responsibility in all corners of 
the globe are seeking the condit ions, like fusion development and the EMS, 
that wil l make it possible for the wor ld to achieve prosperity and peace. 

The Choice 
If the United States is to play the role it can—and must—of leading these 

developments, it must put its own house in order. It'stpast t ime in our national 
affairs when any industrialist, scientist, or other citizen passively can choose 
one road to national disaster over another, instead of a real solut ion. The issue 
no longer can be avoided. Either we wil l have science and development— 
which means that the United States must jo in the EMS and end the British 
veto power over U.S. science and technology—or we wil l suffer the new Dark 
Ages. 

Which side are you on? 

Calendar 
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18-21 
Reactor Construction and Operat ion 
Atomic Industrial Forum 
Dallas, Texas 

26-29 
APS General Meet ing 
APS 
Chicago 

27-28 
1st Annual National Energy 
Conference 
American Society for Quality 
Contro l , Nuclear Division 
Princeton, N.J. 

28-29 
Semiconductor Injection Lasers 
and Their Applications 
Institute of Physics, London 
Cardiff, Wales 

28 
FEF Seminar: "The Problem of 
Electron Transport and the 
Anomalies of Plasma Physics" 
Dr. Steven Bardwell, FEF 
New York City 

Continued on page 71 

Note to the Reader 
We fully expect that with the 

appearance of this issue of Fusion 
magazine, Energy Secretary James 
Schlesinger and his staff will begin 
circulating the story—if not at
tempting legal prosecution—that 
the information in "The Secret of 
Laser Fusion" is classified. There
fore, we want to make it clear that 
this article is based upon informa
tion made public by the Soviet 
Union and readily available in Soviet 
and other international scientific 
circles, as well as upon information 
contained in a scientific paper pub
lished by Bernhard Riemann in 1859. 

As far as we know, it is only British 
government policy, not U.S. policy, 
to attempt to classify scientific 
knowledge already released in the 
public domain. We hope that James 
Schlesinger does not lead the U.S. 
government down the same path. 
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Letters 
RIGHT-TO-DIE 
DEFENDED 

j 
To The Editor: 

1 must protest comments in the Jan
uary 1979 issue, in the national sec
t ion , particularly your comments per
taining to Kubler-Ross, the " r ight to 
d i e " movement, and your adverse re
f lect ion, by inference, on hospices for 
the dying. 

Have you ever watched a loved one 
struggle gallantly in the throes of an 
incurable cancer? I watched my hus
band wage such a battle and I know 
that the t ime comes when the suffer
ing one cries out, either silently or 
verbally, " I don' t want to fight any 
longer." Your statement, "Its [Bromp-
ton Mix ] advocates explicitly promote 
it as a substitute for expensive medical 
technology development that could 
p r o l o n g l i f e , " is m is lead ing . The 
Brompton Mix is used to bring com
fort and freedom f rom pain to the 
terminally ill when there is no longer 
hope for recovery. Prolongation of 
life is not always desirable, if the life 
prolonged is full of pain and misery. 
You may wish to keep infl ict ing life-
preserving techniques on a loved one 
to gain a few more days or weeks of 
discomfort—such a choice is your 
privilege. But such a viewpoint is not 
for me. I would not have wished for 
a single additional hour for my hus
band. Had he not asked for treatment 
to cease, I would have asked for that 
in his behalf. 

Have you ever visited a hospice for 
the terminally ill? There is no possible 
valid way that you can relate them to 
an "ant i technology depression soci
ety." They provide for the terminally 
i l l a pa in - f ree e n v i r o n m e n t sur
rounded by those who are not afraid 
of relating to a dying person. 

In your comments on Kubler-Ross, 
you have ignored the tremendous p i 
oneering work she has done. You say 
that she has been "wide ly publ icized 
in a cross-country tour to promote 
death and her b o o k , Death and 
Dying." At no t ime has she promoted 
death. She is promot ing understand

ing of death and that promot ion is 
l ong o v e r d u e . I was able to go 
through the long ordeal of my hus
band's illndss in ways that were help
ful to him because an inspired fr iend 
gave me Kubler-Ross's book. Your 
article is a great disservice to Kubler-
Ross's efforts and to those of us who 
want to make it a little easier for our 
terminally il l loved ones. 

Marjorie A- Reid 
Lincoln, Nebraska 

The Editor Replies 
The overr iding significance of the 

" r ight to d i e " movement and Kubler-
Ross's book is not the solace they 
might provide terminally ill patients 
and their families. On the Contrary, 
the implication of the r ight-to-die 
out look is that human life is not sa
cred, that t might be preferable to let 
someone die rather than struggle for 
their survival, and that some medical 
care is unnecessary and cruel because 
it prolongs life. 

The policy implications of this way 
of th inking are clearly expressed in a 
recent speech by Senator Kennedy: 
"Amer ican industrial, h igh-technol
ogy mod$l of health care has hurt 
medical chre in the U.S. and we can
not allow it to be established else
where. We produce 25,000 pharma
ceuticals |iere in the U.S.; We cannot 
and should not export these. These 
drugs do not meet the needs of these 
Third Wrjr ld people any more than 
costly diagnostic equipment does 

" [As far! as the U.S. goes] we wi l l 
do better to close down centers that 
would provide for basic needs as well 
as contain costs. You don' t need a 
physician on duty; paraprofessionals 
can tend1 to most problems, part icu
larly in our poor urban centers. They 
can provide palliative care and appro
priate drugs at a reasonable cost." 

The ult imate of this posit ion is the 
British health care system where k id
ney dialysis is denied to retired or 
unemployed people since they are 
judged ho longer productive. Why 
prolong Itheir lives, the British reason, 
they have a right to die. And besides, 
as Kubler-Ross assures us f rom her 
ongoing discussions with dead peo
ple, death isn't so bad? 

Readers are invited to comment on issues 
raised in Fusion. Send letters to Fusion, Box 
1943. GPO, New York City 10001. 

The 
Lightning 
Rod 
My dear friends, 

As some latter-day Juntos have pen
etrated even the ranks of the present 
U.S. government, perhaps we can ex
pect some progress out of Washing
ton eventually. But the evidence of 
one of my spies, who recently con
trived to get hold of a fiscal year 1981 
planning document f rom the Energy 
Secretary's office suggests, as Dr. 
Schlesinger might put it, " l i t t le reason 
for unbr id led opt imism." 

H e r e w i t h the d o c u m e n t , w h i c h 
might be tit led "Poor Rodney's A l 
manac." I remain, 

Yr. obt. svt. 

Suggestions for Project Funding 
and Direct Action 

(1) Used Gum Wrapper Recycling 
Project. The Department is presently 
negotiating with Wrigley Brothers for 
the purchase of used foil chewing 
gum wrappers, as well as those that 
do not meet the company's quality 
control standards. It is thought that 
said wrappers, when stitched together 
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"shiny side ou t , " can be used to form 
giant solar energy collectors, reducing 
our oi l import bil l and providing work 
for thousands of unemployed seam
stresses. 
(2) Snail Darter Retraining Project. 
Funds are needed for the purchase of 
one dozen electric eels to aid (on a 
one-to-one basis) in the reeducation 
of snail darters to generate power 
from the waters around the Tellico 
Dam. If all the "ee l -cond i t ioned" snail 
darters in the wor ld are laid end to 
end in continuous current, it is antic
ipated that enough electricity can be 
produced to run a moderate-sized 
penlight. Whi le the gains may appear 
marginal, the public relations value in 
demonstrating the usefulness of the 
snail darter is hard to underestimate. 

(3) The K-9 Water Wheel. Of the 8 
mi l l ion dogs in New York City, it is 
estimated that dur ing any single hour, 
approximately 333,333 can be found 
in close proximity to a fire hydrant 
(assuming a regular p e r f o r m a n c e 
schedule) uselessly expending en
ergy. The department is presently rec
ommending util ity firms to make sub
stantial investment in the K-9 Water 
Wheel , a portable attachment to be 
carried in the purse or pocket of the 
faithful pet owner, as a safe replace
ment fo r the hazards of nuc lear 
power. 

(4) Sun-Screen Ban. The department 
has asked the Federal Trade Commis-

sion and the justice Department to 
consider legal action banning the sale 
of sun-tan lot ion, on the grounds that 
certain solar rays (but not others) are 
"screened o u t " from reaching the hu
man body through such preparations. 
This obviously represents an illegal re
straint of free compet i t ion among 
rays. Moreover, as the sun is expected 
to burn itself out sometime in the 
foreseeable future, no ray should be 
wasted. 

(5) The Great Wall of Fire. Upon his 
return f rom Peking, the Secretary re
ported his enthusiasm over the state 
of military science there. A task force 
has been assembled to study intel l i
gence on a particularly interesting 
small-group formation in which an 
odd mi l l ion or so troops are assem
bled on the border just pr ior to mess 
call. Vigorous product ion of fr ict ion 
between the soldiers' eating utensils, 
for a per iod of 45 minutes, is said by 

Chinese military experts to produce 
amazing results, deemed very useful 
for scaring off the polar bear. (This 
technique is classified "Top Secret"). 

Of course these are only a few of 
the numerous plans and projects in 
the department's "alternative energy 
bag." In these t roubled times, we are 
all tormented by the high cost of liv
ing, but here we are work ing to make 
human life cheaper every day. 
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News Briefs 

Pumping a crisis 

Wedgwood-Benn: 
'Insecurity and fear' 

lEA HEAD SAYS N O CAUSE FOR OIL PANIC 
"We do not think there is atjiy cause for panic," said Dr. Ulf Lantzke, head 

of the 19-nation International Energy Agency, which is charged wi th supervis
ing wor ld oil supplies and stockpiles. "You cannot move f rom a glut to a crisis 
situation in such a short t ime. " 

In a Feb. 12 interview with the London Financial Times, Lantzke pointed out 
that stocks df crude and oi l products of lEA members, which now stand at 390 
mil l ion tons;, are marginally higher than in January 1978 when there was no 
supposed oil crisis. 

Lantzke d id , however, singly out British Petroleum and Royal Dutch Shell 
for crit icism; accusing them of causing unjustif ied panic reactions about wor ld 
oil supplies. He specifically scored a report issued by Royal Dutch Shell in 
early February claiming that the cut in wor ld oi l supplies as a result of the Iran 
situation was as bad as the impact of the 1973-1974 oi l import embargo. The 
total drop in oi l supply at present is 4 percent; in 1973 it was more than 8 
percent, he; said. 

In a reference to recent statements f rom U.S. Energy Secretary Schlesinger, 
Lantzke further said that the jcurrent situation is not one that should drive 
governments into making hasty decisions wi thout a considered analysis of 
facts. The lEA has virtually ruled out invoking its emergency oil sharing 
procedures, Lantzke said, and the lEA would not convene any emergency 
meeting prior to the scheduled March 1 meeting. 

BASOV PROPOSES INT'L FISSION-FUSION HYBRID PROGRAM 
Nikolai Basov, head of the Soviet laser fusion program, called for an 

international program to develop the fission-fusion hybrid. The hybrid is an 
excellent transition to a fusion economy, Basov told the official Soviet daily 
Pravda. "The t ime wil l come when it is a great source of energy for peaceful 
purposes." 

Basov cited "opt imis t ic " U.S. estimates of industrial fusion power product ion 
by the period 1995 to 2000, and said that the development of the hybrid could 
advance that schedule. The Soviet physicist also called for studies to be 
undertaken to determine the impact of fusion power development on the 
economy. 

The hybrid uses neutrons f rom the fusion reaction to breed fissile fuel. 
Several leading U.S. scientists, including Edward Teller and Hans Bethe, have 
called for a crash program to develop the hybrid reactor both as a fission fuel 
source and as a transitional step to developing pure fusion reactors. 

BRITISH ENERGY MINISTER CALLS FOR LIMITS O N TECHNOLOGY 
Speaking to the Science, ^Technology, and Society Federation in Britain, 

Secretary of State for Energy Anthony Wedgwood Benn compared today's 
scientific and military elite tb the "monastic orders of the medieval church . " 
There may have to be a "pr ice paid for technical developments" and higher 
living standards, Wedgwood Benn said—the creation of a climate of " inse
curity and1 fear." 

" I f I am doubt fu l about trie fast breeder reactor, as I am, and believe that 
any proposal to bui ld one should be delayed, as I do, it is not because I doubt 
the technical competence of those in the industry to construct and operate 
one.... 

"Technology, Buckminster Fuller said, means that we can get 'more out of 
less' and by doing so raise living standards.... A man who keeps warm by 
burning logs f rom his gardeh and then finds that the logs are not available is 
better placed than a whole community cut off by the failure of a 1,300 M W 
stat ion.. . 

"There is a simple question we have to ask ourselves. Could we back into 
a police state because of hij*h technology?..." 

Wedgwood Benn's remarks were published in the Feb. 10 issue of the 
British daily The Guardian, j 
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INDIA PROTESTS U.S. 'NUCLEAR APARTHEID' 
The government of India delivered a stern note of official protest to the 

United States Jan. 12 charging violations of agreements to supply India with 
nuclear fuel for its Tarapur nuclear plant, which supplies the Bombay area 
wi th power. A September 1978 Indian application for fuel deliveries to begin 
in March 1979 still has not been forwarded to the U.S. Nuclear Regulatory 
Commission for rout ine approval, according to Indian diplomatic sources. 

A few days after the protest note, the Indian ambassador to the United 
States, N.A. Palkhivala, del ivered a harsh speech to a closed-door session of 
the Asia Society in New York City. Palkhivala charged the United States with 
blocking India's nuclear development program and carrying out a discrimi
natory policy of "nuclear apartheid." " India cannot accept a wor ld order in 
which such discrimination exists, especially when the arsenals of the nuclear 
powers are being expanded," the ambassador said. 

The Carter administration has held up fuel supplies to India on the alleged 
grounds of antiprol i ferat ion of nuclear weapons, al though India has fully 
compl ied with all international regulations regarding prol i ferat ion. At the 
same t ime, the administration has approved a French sale of nuclear reactors 
of Westinghouse design to China, wi th none of the usual assurances of 
nonprol i ferat ion. 

SEN. McCLURE WARNS THAT ENVIRONMENTALISM CAN LEAD TO WAR 
U.S. Senator James McClure of Idaho told a Washington energy conference 

Feb. 2 that " the supporters of nuclear energy must truly believe that nuclear 
energy is a moral necessity for mankind and that, wi thout it, future generations 
wil l sink even deeper into poverty and, eventually, dictatorship." 

"Shortages of energy," McClure said, "w i l l result in shortages of jobs, 
housing, and food ... resulting in increased government controls and increased 
shortages. And the tragic culmination of such a chain of events is war, as those 
who are wi thout seek to take f rom those who have." 

The "advocates of this 'new class' phi losophy," McClure cont inued, "want 
to l imit economic growth.... It is a pastoral vision, out of late 19th century 
England.... Their society wou ld be more akin to the feudal era than to the last 
period of the industrial revo lu t ion. " 

Ironically, McClure was addressing a conference on energy alternatives 
sponsored by the Heritage Foundation, whose concept of " f ree enterpr ise" a 
la Adam Smith would have the same feudalizing effect on society as the new 
class McClure describes. (For an analysis of the Heritage Foundation and 
nuclear power, see Books, this issue.) 

LOUSEWORT LAURELS TO SENATOR TED KENNEDY 
The contest this month was simple. The laurels go to Massachusetts Senator 

Ted Kennedy for his speech Jan. 29 in Washington at the National Academy 
of Science conference on pharmaceuticals for the Third Wor ld . We quote the 
award-winner's final solution : The "American industrial, high-technology 
model (of health care) has hurt medical care in the United States and we 
cannot allow it to be established elsewhere.... We need primary care facilities; 
facilities that wil l be run by local people to solve local problems. We need a 
simple basic system constructed f rom the ground up by people ... wi th a 
simple, basic drug list to meet local needs. 

"We produce 25,000 pharmaceuticals here in the U.S.; we cannot and should 
not export these. These drugs do not meet the needs of these people any 
more than costly diagnostic equipment does. They are simple people wi th 
simple problems...." 

Kennedy could not have won his prize wi thout the able assistance of his 
audience, to whom lousewort credit is also due. Aside f rom the U.S. Labor 
Party's Debra Hanania-Freeman, the 300 health professionals in the audience 
raised no object ion to this simple yet final solution to Third Wor ld health care. 

India's Tarapur nuclear plant 



Washington 

Under Schlesinger's leadership, the DOE budget ha$\ gone soft. 

Admin. Submits Dark Ages 
1980 Budget to Congress 

The Carter administration has sub
mitted a fiscal year 1980 budget for 
the Department of Energy based on 
solar, solar, and more solar. 

In his State of the Union address to 
the nation in January, President Carter 
said, "The transition to widespread 
use of solar and renewable resources 
can and must begin now. Solar, w ind 
energy, and use of biomass resources 
can contr ibute significantly in both 
the short and long run to meeting our 
nation's energy needs." 

In what can only be described as a 
to ta j fantasy, Car ter c o n t i n u e d , 
"Some of these technologies, such as 
solar heat and hot water, use of 
biomass for generation of electricity, 
and wind energy, are available now 
and are compet ing with other con
ventional energy sources." 

The 1980 DOE budget proposes 
total expenditures for solar energy to 
exceed $800 mi l l ion, including tax 
credits and programs by the DOE, the 
Tennessee Valley Author i ty, tire U.S. 
Agency for International Develop
ment, the Agriculture Department 
and the Small Business Admin is -

DOE 

tration. In addi t ion, Carter pjlans to 
send a message on solar energy to the 
Congress in the next few weejks. 

The Solar Hoax 

The admin i s t ra t i on ' s fu l l -sca le 
j unk ing of fossi l- fuel technology, 
nuclear development having ahything 
to do w i t h p l u t o n i u m , and an 
aggressive program for commercial 
fusion development is based on ad
vice f rom Carter's domestic policy 
staff, the Counci l on Environmental 
Quality, and the "China l_obrj>y" fac
t ion in t he lwh i te House. 

The supposedly factual basis for the 
president's) sudden leap to solar 
energy is i n interagency study con
ducted under the Domestic Policy 
Review System. This interna) report 
was put together by three staffers 
f rom the environmentalist Counci l on 
Environmental Qual i ty w h o tem
porarily rrioved over to the DOE 
headquarters bui lding to do the solar 
review. I t . outrageous conclusion 
states with absolutely no proof that by 
the year 2000, 20 percent of U.S. 
energy supply wil l be f rom s6lar. 

A source of great embarrassment to 
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the antiscience mob in the White 
House, however, is a recently com
pleted study requested a year ago by 
the Off ice of Science and Technology 
Policy. Headed by Robert Hall of 
General Electric R&D, the panel 
report concluded that it wou ld be at 
least 10 years before solar energy 
would be possible for any major 
conversion and that maybe 1 percent 
of the nation's electric need could be 
met by solar at the turn of the cen
tury. 

The major invariant in the ad
ministration's nuclear R&D program is 
the avoidance of development of 
anyth ing to do w i th closing the 
nuclear fuel cycle and going to a 
"p lu ton ium economy." The nuclear 
R&D budget has been cut by 14 per
cent in absolute dollars — almost 25 
percent when inflation is taken into 
account. 

Al though funds for converter reac
tor systems have been cut by $18 
mi l l ion, the remaining funds wil l be 
focused on improving fuel uti l ization 
in light water reactors. This, along 
with the $84 mil l ion proposed for a 
" u r a n i u m resource assessment" 
program, is supposed to prove that 
the United States does not really need 
a breeder program. 

The 1980 budget does not include 
funding for the Clinch River Breeder 
Reactor. Instead, the proposed focus 
for the remaining breeder studies is 
" d e v e l o p i n g t h e t e c h n o l o g y 
necessary to reduce prol i ferat ion risks 
in research and power reactors" and 
"deve lop ing prol i ferat ion-resistant 
fuels." 

T h e a d v a n c e d f o s s i l f u e l 
technologies, mainly magnetohydro-
dynamics, fare no better. The M H D 
b u d g e t is set at a $72 m i l l i o n 
authorizat ion, down f rom the fiscal 
year 1979 budget of $80 mi l l ion. This 
reduction wil l destroy the momentum 
of the program and make it diff icult 
for industry to cont inue a commit
ment to the DOE program. 

Preliminary discussions wi th con
gressional staff members on Capitol 
Hi l l revealed that solar-mania is 
spreading. Even congressmen who 
were strongly pro-fusion last session 
are now swallowing the line f rom 
DOE's John Deutch that fusion wil l 



not be commercial unt i l the middle of 
the next century, whi le solar has 
nearer-term potential. And two weeks 
ago, 100 congressmen signed a state
ment calling for an increased effort in 
solar energy. 

Congress's task is very clear. Unless 
it reformulates the 1980 DOE budget, 
Congress wi l l d o o m U.S. energy 
policy to permanent oil shortages 
th rough manipu la ted pol i t ica l in 
stability in the Midd le East and no 
cost-effective, high-technology alter
native to supersede fossil fuels. 

F u r t h e r m o r e , a sagging fus ion 
budget and slashes in M H D wil l kill 
the frui t ful and necessary science and 
technology coopera t ion wi th the 
Soviet Union and Japan as well as U(S. 
private research. U.S. industry cannot 
possibly get involved in jo int govern
ment R&D projects when it has rio 
national commitment beyond one 
budget-year cycle. 

In short, if the energy budget in its 
present form is not reversed, it wil l 
give the nation a swift kick bacfk 
toward the Dark Ages. 

—Marsha Freeman 

Congress to Study 
Fusion's 'Compatibility' 

The Off ice of Technological Assessment, a congressional advisory 
group initiated by Senator Ted Kennedy, announced in its report on 
Priorities 1979 that it wi l l do a study on control led thermonuclear fusion. 
Since the United States is spending $500 mi l l ion per year on fusion re
search there is a need " fa r a thorough assessment of just what the wor ld is 
buying by this investment in fusion R&D, " the report states. 

OTA's previous work has been mainly involved wi th environmental af
fairs and so-called appropriate technologies. 

According to OTA, the " p r o b l e m " with fusion is.that " formidable 
environmental and safety problems exist and wil l require careful, con
t inued review....Successful attainment of fusion could provide the wor ld 
with an unl imited source of energy. That achievement wou ld be wi thout 
precedent and would present society wi th a set of benefits and possible 
problems for which we are unprepared." 

"Manmade fusion would be a centralized very high-technology energy 
source that could raise a number of problems about control of the energy 
economy and compatabil ity with the dispersed technologies based on 
solar energy, the natural fusion energy." 

As one Capitol Hill observer commented, " I t is only natural based on 
this shining example that Congress investigate the manmade idiots within 
the Off ice of Technology Assessment." 

Elmo Bumpy Torus Gets DOE Go-Ahead 
A proof-of-pr inciple experiment 

for the Elmo Bumpy Torus magnetic 
fusion concept, to be built at Oak 
Ridge National Laboratory, has been 
approved by the Depar tment qf 
Energy. If this experimental model , 
the Elmo Bumpy Torus (EBT-II) , 
proves successful, the EBT concept 
will jo in the ranks of the tokamak and 
mirror fusion reactors to become this 
third mainline magnetic fusion con
cept pursued in the United States. 

Since the present EBT-S experiment 
has obtained stable plasmas with elec
t ron temperatures in excess of 5 
mil l ion degrees at densities above 6 
tr i l l ion nuclei per cubic centimeter 
with mult imil l isecond energy con
f i n e m e n t t imes — close to the 
achievements of the tokamak in the 
1960s that showed fusion to be feasij 
ble — it is likely that the improved 
EBT-II wil l reach breakeven. 

The Elmo Bumpy Torus concept is 
one of the most complicated experi
mental systems ever attempted in fu

s ion r e s e a r c h . If success fu l , it 
promises to lead to an economical 
t o ro i da l reactor w i t h g o o d ac
cessib i l i ty fo r c o n s t r u c t i o n and 
improvements and the advantages of 
modularity, direct current "steady-
s ta te ' / o p e r a t i o n , and l o w e r e d 
requirements for auxiliary heating 
power. A toroidal magnetic conf ine
ment device, the EBT uses a r ippled 
magnet i c f i e l d to ach ieve M H D 
equi l ibr ium, keeping the plasma from 
dri f t ing into the walls of the torus 
through magnetic drift. 

The 'Rippled Donut' 
The 24 connected sections of the 

EBT fo rm a torus, w i th external 
magnets forming a magnetic mirror in 
each section. Microwave heating at 
each mirror section both heats the 
main body of plasma and generates a 
relativistic plasma ring in each sec
t ion to stabilize the overall plasma-
magnet ic f ie ld con f igu ra t ion . The 
" r i p p l i n g " effect of the plasma rings 
has given the device its name. 

To a c h i e v e M H D s t a b i l i t y , 
relativistic electrons are t rapped, one 
in each magnet ic mi r ror sect ion, 
c rea t ing a stable magnet ic f i e l d 
through resonation with the applied 
microwave heating frequencies. The 
effect of this complex system of in
tense m i c r o w a v e s , m i r r o r g e o 
metries, relativistic electrons, and 
dynamic plasmas is to produce a 
stable, h i g h - b e t a plasma in a steady-
state device. (Beta is a measure of the 
efficiency with which a magnetic field 
confines a thermonuclear plasma. The 
high beta of the EBT means that rela
tively low magnetic fields can suc
cessfully be used to control the fusion 
plasma.) 

EBT-II 
The EBT-II w i l l have t o r o i d a l 

magnetic fields of 30 to 60 kilogauss 
and microwave heating power in 
excess of a mi l l ion watts. This heat wi l l 
be delivered by 120-gigahertz, 200-
kilowatt modules scaled up f rom the 
Varian microwave heater tubes used 
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in the EBT-S. The total cost wi l l be ap
proximately $20 mi l l ion, about two-
thirds that of the PLT tokamak at Prin
ceton. 

EBT-1 and EBT-S, the first models, 
were developed by Ray Dandl and co
workers at the Oak Ridge National 
L a b o r a t o r y b e g i n n i n g in 1973. 
Al though work on the EBT had been 
started by Gibson, Jordan, Lauer, and 
Roth at the NASA Lewis Research 
Center in Cleveland, Oh io dur ing the 
early 1960s, D a n d l is genera l l y 
c red i t ed w i t h the e x p e r i m e n t a l 
success of the bumpy torus concept to 
date. Using a complex magnet ic 
g e o m e t r y of s e v e r a l d i f f e r e n t 
magnetic fields interacting with each 
other to confine the plasma requires 
the type of experimental genius attr i
buted to Dandl by his fel low scien
tists. Innovative ideas like his are the 
prerequisites for developing fusion 
energy by the 21st century. 

The decision to proceed with the 
EBT came after more than a year of 
study of alternative magnetic fusion 
systems by the DOE Fusion Off ice. 
The study also determined that the 
LINUS (slow liner system), the Los 
Alamos ZT reversed-field pinch, and 
the stellarator merit further experi
mental investigation. 

—Charles B. Stevens 

The Oak Ridge EBT-I. Inset is a schematic of the Elmo Bumpy Torus, 
a cross-secf/on view from the top The 24 mirror sections are represented 
by the region between each (our squares. The squares are the external 
conductors that generate] the basic mirror magnetic field. Within each 
section, a ring of relativistic plasma is generated by intense microwave 
generators (not shown). The two ovals in each section are a cross-section 
of the plasma ring for that section, the plasma ring itself curving above 
and below the plane of the page. 

Dean Leaves 
DOE Fusion 
Program 

Dr. Stephen O. Dean, director of 
conf inement systems for the U.S. De
partment of Energy in the Off ice of 
Fusion wi l l resign in mid-March to 
organize a fusion program for Scien
tific Associates, Inc. based in Cali
fornia. A 17-year veteran in govern
ment science programs, Dean has 
been in the national leadership of the 
U.S. fusion program in the AEC, 
ERDA, and the DOE. 

Dean feels that the initiative for an 
aggressive U.S. fusion effort wi l l come 
f rom cont inued pressure f rom ad
vanced fusion efforts abroad and f rom 
U.S. industry and utilities. At Scien
tific Associates, he wi l l be Working to 
encouralge p r iva te sector pa r t i 
cipation in fusion research. 

National Fusion Spokesman 
As a national spokesman for the f u 

sion program, Dean was instrumental 
in making publ ic the important break
through this summer at the; Princeton 
Large Torus tokamak. He has con
t inued tp insist that the rate of pro
gress in fusion research is primarily a 
funct ion of the amount of money and 
resources the government is wi l l ing to 
allocate for the program, j 

Dean Commented in a recent inter
view that despite generous offers for 
international cooperat ion; in fusion 
over the last year, particularly f rom 
the Japanese, the "po ten t i a l for 

confusion in the bilateral science 
negot iat ions between the Un i ted 
States and Japan is un l im i ted" now 
that the DOE budget for the required 
coal project is in question. As much as 
the DOE Fusion Off ice, and the Japa
nese, and the Soviets have wanted the 
cooperation—especially to push for
ward a sagging U.S. ef for t—U.S. 
Energy Secretary Schlesinger has 
stonewalled the international offers. 

Deari's resignation follows that of 
DOE assistant secretary for energy 
technology Robert Thorne last month 
and wil l seriously weaken the govern
ment coordinat ion of the fusion pro
gram. As many Washington obser
vers have noted, Schlesinger has suc
ceeded in convincing the DOE's most 
capable and talented scientists and 
administrators that positive mot ion 
for development of high-technology 
energy sources wil l take place only in 
the private sector. 
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The Antiscience Policy of the 
President's Science Advisor 

My job is different from those of earlier science advisors. 
While science used to be associated with high technology, 
it now also concerns some other, more fundamental things 
like the environment, or nuclear waste management. In 
earlier days, science was fancy, military, space-aged stuff. 
Here it's much broader than that. 

This is how Dr. Frank Press, the 
president's science advisor and direc
tor of the Off ice of Science and 
Technology Policy (OSTP), described 
his role in an interview with the 
National Journal in January. 

Press, a geologist who has held 
various administrative posts since the 
Kennedy admin is t ra t ion , was ap
pointed by Carter in 1977. These com
ments are all the more ominous 
because they were made amid great 
fanfare on the part of the administra
t ion that OSTP, wh ich had been 
abolished by President Nixon, was 
going to be reestablished to play an 
i m p o r t a n t r o l e in n a t i o n a l 
pol icymaking. 

The "b roader " view of science that 
Press has pioneered is actually a new 
def ini t ion of science by Frank Press. 
For h im, science is a battle between 

H.G. Wells-type science fiction "space 
age stuff" versus the Bertrand Russell-
greenie view that "science is at best 
u n n e c e s s a r y , and at w o r s t 
dangerous." In short, Frank Press has 
promoted an antiscience policy. 

Under Press, science also has be
come a tool of international geopol
itics, where the "China Card" policy 
of National Security Advisor Zbig-
niew Brzezinski and Energy Secretary 
Schlesinger has been given ful l play 
under the guise of "sc ience and 
t echno logy " agreements that do 
nothing but allow the Chinese to cir
cumvent U.S. trade restrictions for the 
import of advanced technology. OSTP 
scientists have been put in the em
barrassing position of trying to con
vince a justifiably skeptical Whi te 
House press corps that the United 
States wi l l benefit f rom "scient i f ic" 

U.S. and China: Politics, Not Science 
Under the space agreement section of U.S.-Chinese cooperation in 

science and technology signed by President Carter and Chinese Vice-
Premier Teng Hsiao-ping Jan. 31, the People's Republic of China wil l 
purchase a U.S. Landsat communications satellite system. The United 
States also wi l l provide land stations to enable China to become part of 
the international communications system. 

As Washington observers have nbted, the satellite technology as well as 
the planned Chinese purchase of an advanced particle accelerator have 
definite military applications, and it is highly unusual that such agree
ments are arranged so quickly outside of the normal channels. The con
clusion is that the U.S.-China science and technology agreements have 
little to do with the topic and are just a convenient cover for the "China 
Card" and "U.S. Card" (respectively) policies being played by each na
t ion. 

exchange with the Chinese. For exam
ple, such scientists cited "advanced" 
methods of earthquake predict ion 
that consisted of sending Chinese 
peasants to the countryside to put 
their ears to the ground, and "advan
c e d " Chinese methods of manual 
" b u g p i c k i n g " that can rep lace 
energy-intensive pesticides. 

Holding Back U.S. Science 
The president's science advisor has 

refused to allow even current U.S. 
scientific and technological advances 
to become the "best foot fo rward" for 
the na t i on in lead ing sc ien t i f i c 
research in the wor ld . 

In l a te s u m m e r , b e f o r e t h e 
breakthrough achieved at the Prin
ceton Large Torus fusion tokamak ex
periment was made public, the Fusion 
Energy Foundation advised the White 
House to make the announcement, as 
an expression of national pride and 
confidence in U.S. science. (See "The 
Princeton Story," Fusion, Oct. 1978). 
With Press's compliance the White 
House not only d id not announce the 
breakthrough but tr ied to squelch the 
news. 

During the same per iod, a proposal 
for a U.S. program for a fusion-fission 
hybrid breeder was circulated among 
the White House science policy staff, 
submitted by an internationally res
pected U.S. Nobel laureate in physics, 
Dr. Hans Bethe. To date the OSTP has 
taken no action to begin — or even 
debate — this vital program. 

Frank Press has made crystal clear 
why the suggestions and advances 
made in U.S. science have been 
ignored by the Carter administration. 
According to a current consultant to 
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Frank Press 

OSTP, quoted in the National Journal 
article, Press" is very much trying to 
serve as the White House science ad
visor... not as an advocate of science, 
as was the case dur ing some previous 
administrations." 

Press underscored this shift in the 
role of the science advisor himself: " I 
can't become a sounding board for 
the scientific community. I work for 
the president. A lot of things I do on 
his behalf they may like or they may 
not like. You can't have among the 
president's advisors constituency re
presentatives." 

Press reiterated his sabotage of the 
American system's commitment to 
advancing the frontiers of science in 
his presentat ion at the Amer ican 
Association for the Advancement of 
Science Col loquium on R&D Policy in 
Washington, D.C. June 20,1978. " . . . I t 
may be t ime to recognize that it is not 
possible, or even necessary, to be first 
or number one in everything as long 
as o u r o v e r a l l p r i m a c y is n o t 
threatened," Press said. 

In the same remarks, Press put 
forward what was to become the hue 
and cry of the department of Energy's 
secretary and assistant, John Deutch, 
as well as the president's domestic ad
visors: Government support of advan

ced R&D in industry where the private 
sector cannot commit large sums of 
capital to a future technology is sim
ply a boondoggle to "special interest 
groups." 

Said Press: " O f t e n projects or 
programs tends to take on a life of 
their own. They bui ld a constituency 
and a momentum that is diff icult to 
deal w i t h . " In the DOE budget now 
b e f o r e C o n g r e s s , g o v e r n m e n t -
supported energy R&D has become a 
guessing game, as the government 
suddenly cancels projects to which in
dustry had already made large f inan
cial commitments. 

Going Solar 
On Jan. 22, Frank Press presented 

the fiscal year 1980 budget for federal 
support for research and develop
men t to the press. Energy R&D 
strategy, as he laid it out;, is to 
d e e m p h a s i z e n e a r e i j - t e r m 

technologies and focus support to 
" longer term R&D, where there is less 
incentive for private investment." Did 
this mean an upgrading of the fusion 
budget? No, in keeping with this 
strategy, Press announced that the 
Department of Energy wil l "increase 
support for solar R&D by 24 percent 
a n d l o n g e r - t e r m s o l a r - r e l a t e d 
technology development and applied 
research by 40 percent." 

In fact, wi th the administration's 
late 1978 scramble for solar energy, 
nuclear R&D wil l decline in absolute 
dollars, whi le magnetic fusion R&D 
wil l increase by 2 percent. At the same 
t ime, mor? than $800 mil l ion wil l pour 
into the solar program in fiscal year 
1980, unless Congress alters the 
budget now before it. 

Grounding NASA 
Throughout the 1960s the nation's 

space program was the leading edge 
of basic scientific research and advan
ced technological innovation. The 
National Aeronautics and Space Ad
ministration had a budget in basic 
R&D funding second only to that of 
the Department of Defense. Under its 
program for eventual deep-space ex
ploration and near-space coloniza
t ion, NASA was essential in funding 
d e v e l o p m e n t a l w o r k ini f u s i o n , 
magnetohydrodynamics, thermionics, 
and advanced nuclear technology. 

Directly through Frank Press, the 
Carter administration has publicly 

revised the mission o f the U.S. space 
effort. As a result, no new project 
starts wi l l be initiated in the next two 
to three years. NASA officials describe 
the program as in a "ho ld ing pattern," 
with all attention given to the space 
shuttle and "ear th ly " applications of 
space technology. 

The principles guiding the new 
space policy were stated clearly in the 
White House fact sheet on the U.S. 
Civil Space Policy prepared by Frank 
Press and released Oct. 11,1978 by the 
President. Space science and explora
t ion wil l take place in a manner that 
"provides short-term flexibil i ty to im
pose fiscal constraints when condi 
tions warrant," the statement reads. 

Furthermore, the Press statement 
poses the goal of "increasing the 
return on the $100 bi l l ion investment 
in space to the bene f i t of the 
American people , " and posits that " i t 
is neither feasible nor necessary to 
commit the United States to a h igh-
challenge space engineering initiative 
comparable to Apol lo [emphasis ad
ded] . " 

These basic changes in U.S. policy 
have not slipped by unnot iced. In a 
presentat ion before the Nat ional 
Space Club Jan. 16, Senator Adlai 
Stevenson voiced his concern about 
the administration's space policy, as 
chairman of the Senate Commerce 
Committee's Subcommittee on Sci
ence, Technology, and Space. " W e 
must not restrict our vision by relying 
excessively on the grim calculus of 
cost-benefit ratios and zero-based 
budgets. We need to recapture an 
earlier spirit — a willingness to run 
risks, try new ideas, compete, test the 
unknown, and excel ." 

It is clear that the goals Stevenson 
presented can never be nat ional 
policy in an atmosphere where scien
tists are told they are a "special in
terest g roup " whose ideas have to 
compete with those of un informed 
c i t i zens , env i ronmen ta l i s t s , e n 
dangered species, and presidential 
advisors. The first step in returning to 
a national commitment to answer the 
fundamenta l questions of human 
knowledge and translate basic scien
tific breakthroughs into technologi
cal advances is to have a presidential 
science advisor who is commit ted to 
science. 
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Talk of the new oil crisis precipi
tated by the halt in oi l product ion in 
Iran has neglected several crucial 
facts. At present consumption levels, 
Iran supplies 15.8 percent of crude oil 
imports of the advanced sector na
tions that make up the Organization 
for Economic Cooperat ion and De
velopment. Overal l , Iran supplies 10.8 
percent of these countries' oil sup
plies. 

Should Iran not resume product ion 
in the near future, it is still highly 
likely that other sources could supply 
part of the needed oil on a short-term 
basis. Such possible sources include: 
the removal of environmental restric
tions in the United States, which 
would result in an increase of 0.4 
mil l ion barrels per day (mbd); an in
crease in Alaskan product ion of 0.8 
mbd; an increase in Kuwaiti produc
t ion of 0.2 mbd ; an increase in North 
Sea product ion of 0.4 mbd ; an in
crease in United Arab Emirates pro
duct ion of 0.6 mbd ; an increase in 
Libyan product ion of 0.5 mbd ; and an 
increase in Iraqi product ion of 1 mbd. 
Other members of the Organization 
of Petroleum Exporting Countries are 
said to be able to generate a hike in 
product ion equal to 1.5 mbd. 

In other words, 7 mil l ion barrels a 
day of oi l could be brought on line to 
offset any perceived emergency. 

In fact, Saudi Arabian oi l produc

t ion, which was down in January, has 
bounced back to nearly 10 mil l ion 
barrels per day after having fallen to 
8 mbd. Sources say that the decrease 
was the result of a decision made in 
mid-January by the Saudi Arabian Su
preme Counci l and was prompted by 
a proposal submitted by Saudi Oi l 
Minister Zaki Yamani to impose a pro
duct ion ceil ing of 9.5 mbd. More re
cently, Yamani's proposal has been 
c o u n t e r m a n d e d by p o w e r f u l e le 
ments in the royal family around 
Crown Prince Fahd who favor holding 

Saudi product ion to at least 10.5 mbd 
to compensate for Iran's collapsed 
exports. 

Oil Spot Markets Gone Wild 
Since the beginning of January, the 

spot markets in both crude oil and 
petroleum products have cl imbed as
tronomically. According to Piatt's Oil-
gram Price Report Feb. 12, a number 
of OPEC producers were auctioning 
crude at $20 a barrel. In January, Pe-
troleum Intelligence Weekly reported 
that the producers of North Sea crude 
were one of the instigators of the 

DOE Predicts 'Hellish' Crisis 
A U.S. Department of Energy spokesman gave the following descrip

tion Feb. 7 of the world energy crisis foreseen as a result of Iranian 
chaos. 
Question: What is the likely impact of the continuing loss of Iranian oil 
exports? 

Regardless of who heads up the Iranian government, it wil l be 
physically impossible for them to resume ful l product ion for at least 
seven to nine months because of the sloppy way the wells were shut in. 
Question: What will this mean for the rest of the world? 

With Iran out of the picture for a sustained per iod, life is going to be 
particularly hellish for the Third World... . The dollar wi l l be hard hit. So 
wil l Italy. Turkey wil l be in a disastrous situation to meet its IMF 
obligations and the loss of 1 mil l ion barrels of Saudi oil won' t help.... 
For the United States, $1 per gallon gasoline [Schlesinger's proposal] is 
an affordable nuisance, but for the Third Wor ld , it wil l br ing them to the 
brink of disaster.... 
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speculative bubble in the spot mar
kets. Since t hen numerous press 
sources have n a m e d b o t h Royal 
Dutch Shell and British Petroleum, 
which joint ly control half of the North 
Sea crude output , as the source of the 
bidding-up process of prices on the 
spot market. 

According to one New York oil an
alyst, unlike the U.S. mult inational 
companies, neither BP nor Shell is 
subject to any restrictions on the use 
of its inventories of crude and petro
leum products. This means that these 
two companies can sell petroleum 
purchased for inventories at any price 
whatsoever. In the current market sit
uation large inventories held by these 
companies can be dumped into the 
spot market at whatever price wil l 
br ing in the highest profit . 

Since the 1973 oi l crisis, legislation 
passed here has restricted U.S. com
panies f rom such price hedging with 

inventories. Moreover, according to 
official figures, U.S. company inven
tories are down significantly f rom a 
year ago this t ime. 

According to the French daily Les 
Echos, spot market prices for petro
leum products such as gasoline and 
heating oi l have taken a massive leap. 
Heating oi l has c l imbed f rom $120 a 
ton on the Rotterdam spot markets to 
$250 a to i l . In the last week alone, 
gasoline in European spot markets has 
jumped by 50 percent f rom $200 to 
$300 a ton. 

Al though the petroleum products 
spot market represents only 2 to 3 
percent of the total European market, 
it does set trends for long-term con
tracts. And considering that many re
fineries are producing less because of 
cutbacks in crude deliveries resulting 
f rom the Iranian shutdown, the spot 
market becomes a last resort to hard-
up vendors of products. 

Like the spot markets in the United 
States, European spot markets are 
nearly dr ied up wi th respect to addi
tional marketable crude and refined 
products. 

OPEC Feeds Price Hysteria 
As a result of this upward trend in 

prices, certain of the producing na
tions of OPEC have begun to auction 
oil at the spot market level. According 
to Les Echos, there is a growing coa
l i t ion wi th in the cartel calling for a 
special meeting to discuss raising 
OPEC's official price. The reasoning 
behind such a move is that the oil 
companies are raking off mammoth 
profits on oi l f rom OPEC wellheads 
and, therefore, the developing na
tions producing the crude should en
joy the revenues. 

Les Echos says that Kuwait, Libya, 
Nigeria, and Algeria are-un i ted in 
pushing for higher OPEC prices. Ac
cording to informed sources, the 
United Arab Emirates, a tradit ional 
ally of the Saudis on pricing matters, 
is also jo in ing this coali t ion. In this 
connect ion, UAE Oi l Minister Oteiba 
attacked the mult inational oil com
panies for prof i teering. 

Sources on the inside of OPEC af
fairs indicate that Saudi Oi l Minister 
Yamani is pushing the high price pos
ture behind the scenes. A statement 
by Yamani to the Jan. 29 Middle East 
Economic Survey tends to conf i rm Ya-
mani's complicity. In the interview 
Yamani defended the right of OPEC 

nations that are more hard pressed, 
such as Algeria, to raise the price of 
their oi l to compepsate for the de
cline of the dollar and the inflated 
cost of imports. Yamani's actions, 
sources say, are a product of a sim
mering factional struggle wi th in the 
Saudi royal family in which Yamani 
has opposed Prince Fahd and Fahd's 
policy of keeping oil prices down and 
Saudi product ion high. 

Wi th Iran out of the picture as a 
key ally of Fahd in enforcing this strat
egy, Yamani has taken an aggressive 
position to see his more militant anti-
U.S. policy come into being. 

The Outlook in Iran 

Although U.S. State Department 
and oi l industry sources now estimate 
that the new Iranian Premier, Mehd i 
Bazargan, wi l l make every effort to 
bring Iran's oi l product ion to capacity 
as soon as possible, the cont inued 
violence makes that predict ion un
certain. Conservative estimates are 
that wi thout any foreign technical as
sistance, the National Iranian O i l 
Company could increase crude oil 
output f rom the present 0.7 mbd to 
about 3.5 mbd with in a month . De
partment of Energy sources state that 
even if Iran were to produce sufficient 
crude to export 1 rt ibd, it wou ld have 
a moll i fying effect on the constricted 
oi l markets and in turn br ing down 
spot (open) market prices where the 
p r i ce of h i g h - d e m a n d , l ow -su l f u r 
crude has gone as high as $26 a barrel, 
a full $12 over the OPEC benchmark 
crude price. 

Cont inued polit ical chaos in Iran, 
however, does not bode well for this 
forecast. Wi th in the camp of Iranian 
Shi'ite leader Ayatollah Khomeini , 
there are known divisions on future 
Iranian oi l policy that are reflected in 
the new g o v e r n m e n t of Premier 
Mehd i Bazargan. Moreover, there are 
still many unknown elements to the 
plan worked out last month by Ab
dullah Entem, the head of the Na
tional Iranian Oi l Company, to fully 
take over Iran's oi l industry f rom the 
consort ium of mult inat ional o i l com
panies led by British Petroleum. 

Both government and private oil 
industry sources agree that the Na
tional Iranian Oi l Company alone 
could market at least 2 mbd inde
pendently on a state-to-state basis 
with Japan as a key purchaser. 

—Judith Wyer 
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Closing down America, the Schlesinger way. 

Schlesinger 
Pumps Crisis 
Over Iran 

"Schlesinger is a liar, and you can 
quote me on that," Mexican Foreign 
Minister Santiago Roel told a re
porter, apropos of U.S. Energy Sec
retary James Schlesinger's role in 
Mexico's thus-far futi le oil and natural 
gas nego t i a t i ons w i t h the U n i t e d 
States. It appears, in the wake of the 
secretary's repeated warnings of ja 
U.S. oi l crunch as a result of the Ira
nian crisis, that many Americans are 
coming to share that view. 

Following his publ icized statement 
to the Senate Energy Commit tee Feb. 
7 that the current Iranian situation 
was "prospectively more serious" 
than the 1973-1974 o i l e m b a r g o , 
Schlesinger to ld the House Energy 
Commit tee that the Iran crisis may 
trigger the emergency oil-sharing 
agreements of the 19-nation Interna
tional Energy Agency. This, despite 
the fact that the lEA's director, Dr. Ulf 
Lantzke, had stated that the impact of 
the Iranian shutoff was being exag
gerated, and that it was now incon
ceivable that the emergency agree
ments would be invoked. 

Said o n e W a s h i n g t o n ana l ys t 
blunt ly: "Schlesinger is exaggerating 
the Iran situation to push through 
emergency legislation and price in
creases he wou ld otherwise not be 
able to sell pol i t ical ly." In the view of 
this analyst, and many others, there is 
little reason that the loss of 900,000 
barrels per day of Iranian crude the 
United States normally imports should 
cause a crunch. That is only 5 percent 
of U.S. oil imports, and the difference 
could easily be made up f rom other 
sources, many w i t h i n the U n i t e d 
States — such as increased f low of 
Alaskan oi l and eased ant ipol lut ion 
restrictions on types of oil that power 
companies and industry can burn. 

The danger of an oil crunch arises 
not f rom any present shortage, but 
f rom the possibility that Schlesinger 

may take advantage of an uninformed 
atmosphere of crisis to push through 
price increases and mandatory con
servation measures for both industry 
and consumers—measures that could 
be avoided by a stronger emphasis on 
new p r o d u c t i o n . Schles inger , it 
should be noted, is compulsively 
commit ted to the 1977 Carter "energy 
p rogram" which he authored and 
which was,-for the most part, rejected 
by the Congress, industry, and the 
public as incompetent and unneces
sary. 

Schlesinger's Plans 
Schlesinger has promised to send 

Congress a set of legislative proposals 
by Feb. 26 that wou ld be a first step 
in such a program of cutbacks. The 
proposals are likely to include plans 
for forced closing of gasoline stations 
one or more days per week, forced 
reduct ion of commercial heating lev
els, and cutbacks in parking spaces. 
The energy secretary has also publicly 
raised the specter of $1 per gallon 
gasoline prices. 

In addi t ion, quiet congressional ap
proval was granted last month to the 
Standby Allocation Author i ty, wh ich , 
under condit ions of a shortage, gives 

Schlesinger sweeping powers to allo
cate U.S. consumption of all crude 
oi l , both imported and domestic, to 
utilities, refineries, and industry. Ac
cording to one industry spokesman, 
by Apr i l the impact of the loss of oi l 
to small refiners who normally pur
chase their oil on the now scarce and 
prohibit ively expensive spot market, 
c o u l d p rod i r ce c o n d i t i o n s u n d e r 
which these standby rules can be in
voked—placing powers amount ing to 
rationing in the hands of Schlesinger 
and his Economic Regulatory Admin 
istrator, David Bardin. 

Pred ic tab ly , o the r g o v e r n m e n t 
agencies are not moving to mitigate 
the threat of a shortage either. The 
Environmental Protection Agency re
fused to postpone rules requir ing the 
nation's gasoline refiners to lower the 
lead content of gasoline to meet EPA 
ant ipol lut ion standards. The EPA de
cision portends a major shortage of 
gasoline next fall (the regulations go 
into effect in October) , because ref i
ners are refusing to add the new re
finery capacity required to meet the 
regulations, as they cannot do so 
profitably. 

—William Engdahl 
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Brazil̂  West Germany 
Conclude Nuclear Deal 

Brazi l and West Germany c o n 
cluded contracts this month worth 
$6.5 bi l l ion in the nuclear energy 
technology transfer deal signed by 
the two countries in 1975. Bernhard 
Plettner, president of the board of the 
West German Siemens Corporat ion, 
announced Feb. 8 that the Kraftwerk 
Union, a Siemens subsidiary, wi l l carry 
out the deal, which includes bui ld ing 
eight nuclear power plants and a ura
nium enrichment and reprocessing 
facility by the mid-1980s. 

Plettner's announcement appeared 
as a counterweight to increasing re
ports in the Brazilian press that the 
new government, which takes power 
March 15, intends to cut the mul t ib i l -
l ion dollar deal in half for "f inancial 
reasons." Incoming Mines and Energy 
Minister Cesar Cals to ld the press that 
implementat ion of the deal would not 
be immediate and that there were 

concrete plans made only for four 
reactors. 

The confl ict ing reports on the im
plementat ion of the nuclear deal re
flect Brazil's cont inuing energy d i 
lemma. 

Unresolved Energy Dilemma 
Brazil is an anomaly among devel

oping natibns. It is simultaneously the 
site of Latin America's most techno
logically advanced and most retro
grade energy-product ion programs. 

O n the basis of the model transfer-
of-technology agreements with the 
government of West Germany, Brazil 
is now well on its way toward the 
construction of its first nuclear fission 
reactor, and this plant wil l be comple
mented shortly by the Third World's 
first complete nuclear fuel reprocess
ing center. But the Brazilian govern
ment has at the same time embarked 
on a labor-destructive, economically 

inefficient project to replace oi l wi th 
"gasohol , " alcohol produced f rom 
sugar cane. 

Al though many Brazilian politicians 
would vigorously deny it, these two 
energy programs are entirely contra
dictory and imply two distinct, irrec
oncilable strategies of economic de
velopment for that nation. 

To give some idea of the social costs 
involved in these energy alternatives: 
It wou ld take more than 400,000 peas
ants farming sugar cane on 2 mil l ion 
hectares of land to provide as much 
energy as wi l l be provided by 100 
skilled workers manning only two of 
Brazil's eight planned nuclear plants. 
And the efficiency of conversion of 
solar energy into gasohol, through 
the growing and processing of sugar 
cane, is a pathetic 0.23 percent. 

Of course, the defenders of the 
gasohol program argue that its labor-
intensive nature is one of its major 
advantages, and that unl ike nuclear 
energy or even oil imports, it requires 
no foreign exchange. This is a pow
erful argument in Brazil, which has a 
total foreign debt of $40 bi l l ion and 
a yearly debt service of $9 bi l l ion. A 
more rational solut ion, favorably re
negotiating Brazil's debt in order to 
eliminate the foreign exchange obsta
cle to capital intensive programs, is all 
too rarely discussed in public. 

// would lake 400,000 peasant', farming sugar icane for this Brazilian gasohol plant to equal the energy provided In 
700 workers at two nuclear plants. 
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An Interview with the President of Petrobras 

Which Way for Brazil's Energy Future? 

The parameters of Brazil's unre
solved energy dilemma—high tech
nology versus /abor-intens/ve energy 
systems—are discussed in this exclu
sive interview with General Araken 
de Oliveira (ret.), president of Petro
bras, the Brazilian national oil com
pany. Araken de Oliveira was inter
viewed in New York City in December 
1978 by reporters Dennis Small and 
Joao Carlos de Almeida. 

Petrobras, the 21st largest corpora
tion outside the United States, has 
assets and sales of $9 billion annually. 
It was created in 1953 as a national 
monopoly over domestic oil produc
tion, and its history has reflected the 
vicissitudes of Brazilian politics. Ar
aken de Oliveira has taken important 
initiatives in Petrobras, including the 
sponsorship of two-way deals with oil-
supplying nations and the socialist 
countries. Petrobras is also producing 
petrochemicals and fertilizer to help 
raise Brazilian agricultural production 
levels. 

Question: What are Brazil's present 
energy problems and which energy 
sources is Brazil studying? 

After the 1973 Midd le East crisis, 
Brazil faced a balance of payments 
problem because oil prices increased 
practically tenfold between 1968 and 
1974. The last increases in late 1973 
and early 1974 were the biggest. These 
had a direct effect on the country's 
balance of payments—25 percent of 
our foreign exchange was spent on 
oil payments. As a result, wi th in our 
energy balance, a greater national ef
fort was needed to liberate ourselves 
as much as possible f rom dependency 
on oil imports in particular, but more 
generally on the energy we must im
port to f i l l out our energy needs. 

Brazil's energy balance has some 
unique characteristics. Around 30 
percent of our energy comes from 
hydroelectric power, 40 percent f rom 
oi l , and 22 percent f rom f i rewood, 

Capital-intensive industry ... 

charcoal, and sugar cane bagasse. 
Since the country is a major sugar 
producer, the sugar mills use the cane 
fibers for fuel. While other countries 
don' t even compute wood and cane 
in their energy balance, Brazil has to , 
because they are a significant por
tion—22 percent. The remainder of 
our energy comes from coal, part of 
which is imported. Brazilian coal sup
plies 10 to 20 percent of the coking 
coal needed by our steel industry. 

Decreasing Dependency 

Thus, starting in 1973, what did we 
seek? To decrease this external de
pendency which, discounting the 17 
percent of oi l needs produced in Bra
zil and the 3 percent of coal needs 
supplied locally, left us in 1976 with 
the need to import 40 percent of our 
energy. 

O n the other hand, the country 
does not want to stop its develop
ment. Since this development lies, 
above all, in industrialization, the 
country needs more energy. And this 

development—given the needs of 
transport and industry—has to have 
petroleum. 

To reduce external dependency 
and permit greater energy consump
tion to sustain development, we are 
making a real oil exploration effort. 
We set up a program to satisfy, wi th in 
four years, Brazil's need to know what 
its petroleum potential is. This $1.2 
bil l ion program wil l be implemented 
by Petrobras itself, Beyond this, the 
government authorized Petrobras to 
grant risk contracts to maximize in
vestment in oil exploration. 

Petrobras itself has 32 exploration 
rigs operating today offshore on our 
continental shelf. Some of these rigs 
are totally operated by Petrobras per
sonnel, except for key technicians 
who are contracted f rom the com
pany chartering the rig. 

We also have 17 risk contracts with 
international oil companies. From the 
t ime of their signing, mostly in 1976, 
these companies have three years for 
explorat ion; that is to reach a conclu
sion whether the area they selected 

... versus labor-intensive gasohol. 
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Most of Brazil's potential hydroelectric power is located too far from the 
population centers to be economical. Here, a power station under construc
tion at Santa Cecilia. 

does or does not have commercial oi l 
possibilities. Of these 17 companies, 
5 have already made dril l ings. 

NUCLEAR POWER 
Question: One of the most disputed 
and most internationally debated as
pects of Brazil's energy policy is the 
nuclear agreement between Brazil 
and the German Federal Republic. 
Some political observers have seen an 
attempt by the United States and 
other countries to stop this agreement 
in an effort to keep Brazil from de
veloping without increases in energy 
production. Would you comment on 
the Brazilian nuclear agreement and 
how it fits within your nation's overall 
energy program? 

How do we plan to increase energy 
production? On the one hand there 
is the oil explorat ion program, to be 
achieved wi th massive investments 
over a four-year term. On the other 
hand, we are going to develop other 
sources of energy, one of which has 
to be nuclear energy, because we 
have sufficient uranium reserves and 
because energy based on our hydroe
lectric potential is located very far 
f rom our consumption centers. 

We have two ways of developing 
electric energy; either through coal-
b u r n i n g t h e r m o e l e c t r i c p lan ts , or 
through our hydroelectric potential. 
Our coal is found in Rio Grande do 
Sul, Santa Catarina, and Parana, and 
our energy consumption is in the Rio 
de Janeiro-Sao Paulo axis. We would 
thus have to transport inert material 
for great distances, which makes this 
alternative nonviable. 

We now use 20 percent of our total 
hydroelectric potential. But most of 
our hydroelectric potential, 80 per
cent of it, is located in the Amazon. 
Transmitting electricity f rom the A m 
azon to consumption centers is un
economical because it is a distance of 
almost 3,000 kilometers, and the cost 
of transmission lines and energy loss 
makes it too expensive. 

The third alternative is using ura
nium—using uranium for developing 
our energy supplies. We have no 
other purpose than this. Since we 
have adequate quantities of uranium 
and we lack technology, we searched 
for someone who wanted to give us 
technology, and we searched in sev
eral countries. The best offer came 
from West Germany, so we made a 

deal wi th them. There is only one 
objective: to develop our energy 
sources. We do not have other objec
tives. 
Question: One of the greatest prob
lems for Brazilian development is ob
taining sufficient credit to be able to 
develop high-technology processes in 
hydroelectricity, nuclear, and petro
leum energy. How do you see the 
broader question of diversification of 
markets, not only for exports and im
ports, but also the market of finance 
capital? 

Our country lacks capital. An en
terprise like Petrobras has had, up to 
now, the capacity to raise the capital 
needed for its programs, for its own 
exploration program and the explo
ration by the companies. And beyond 
this, we have programs set up by the 
government. We have a development 

program to make us self-sufficient in 
nitrogenous fertil izers, and for this 
Petrobras opened up credit lines with 
the Wor ld Bank, the Interamerican 
Development Bank, French coopera
tive banks, and so on. You can see 
that the government has the right 
image to obtain credit, since Petro
bras—an e l e m e n t of the g o v e r n 
ment—has credit-worthiness. 

Naturally we need such capital be
cause we are interested in developing 
technology inside the country, in 
being able to create our own tech
nology. We are interested in road, 
railroad, and urban mass transit plans 
because we lost a lot of t ime when oi l 
was cheap and abundant. And when 
this was the case no projects were 
presented at any level that didn' t use 
a petroleum product as their energy 
source. Petrochemical industries, of 
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course, had to use petro leum, but 
o the r indus t r ies , such as capi ta l 
goods, were designed to burn fuel oi l 
and diesel oi l . 

Nuclear energy is not the only en
ergy source we are developing. We 
are work ing on using Rio Grande do 
Sul coal at the mine head, so we don' t 
have to transport the 35 percent Cin
der content. We are constructing coal 
gasification plants on site and using 
the gas for petrochemical products 
like ammonia and urea. In Santa Ca-
talina, depending on capitalization 
decisions, we wil l probably have Ian 
iron ore reduction plant using coal 
gas to produce pellets or sponge iron 
for us to export instead of just plain 
ore. Further nor th, in Parana, we have 
a large shale oil belt, which runs all 
the way south f rom Sao Paulo to Rio 
Grande do Sul. 

Petrobras is developing technology 
to extract oil f rom shale. Even though 
the cost ($17 per barrel) is slightly 
higher than that of imported o i l , it 
wouldn ' t waste foreign exchange; 
and I think that by the t ime this unit 
is on stream at the end of 1982 or the 
beginning of 1983, oil wi l l already be 
at that price. 

In addit ion, another energy source 
being put into product ion is alcohol, 
f rom sugar cane and f rom manioc, i 

All this has one purpose—to rectify 
our energy balance and decide what 
we wil l use of hydroelectric, coal, o i l , 
et cetera, so that our energy balance 
becomes less dependent on imports. 
The goal of doing all this is so that 
four years f rom now, we can move to 
a model of energy balance which is 
more desirable for the economy of 
our country. 

O N MEXICO'S OIL DISCOVERIES 
Quest ion: I understand that you 
passed through Caracas, Mexico City, 
and Houston on your way to New 
York, and I believe that you spoke 
with your colleagues, General Alfonso 
Ravard in Venezuela and Jorge Diaz 
Serrano in Mexico. I would like you 
to comment on the Mexican discov
eries, on what they imply for Latin 
American energy policy, and if there 
are plans for Brazilian purchases or 
cooperation with Mexico. 

The data shown us really give Mex
ico a very great potential to develop 
its reserves. They export about 470,000 
barrels per day today, and as a result 

of those exports are very rapidly 
bui lding nitrogenous fertil izer plants; 
they also have a great plan to use the 
fertil izer to develop agriculture. They 
have two plants going and three 
1,500-ton ammonia plants being built 
simultaneously. They are bui lding am
monia pipelines to distribute this fer
tilizer. This is a very far-reaching pro
gram for the development of the 
country. They are also bui ld ing natu
ral-gas-fed petrochemical complexes, 
which is really the best raw material, 
the cheapest one for petrochemical 
product ion. 

As far as Brazilian-Mexican com
mercial unity is concerned, we have 
bought some ammonia f rom them; 
we have a petrochemical agreement 
to exchange surpluses of specific 
chemicals, since we already have two 
petrochemical plants in Brazil and are 
bui ld ing a third. And we have already 
signed a contract to buy Mexican oi l 
starting in 1980. 

Right now, the problem is with one 
of the products we could place in 
Mexico and which would be very use
ful for us—iron ore pellets. They need 
it for their steel program, since they 
still import iron ore. However, the 
[Mexican] ports are still too small. 
There is no way at the moment to 
send ships of iron ore there and have 
them return f i l led wi th oi l . We can 
bring oil f rom Mexico on ships of 
150,000 tons since they have set up 
floating oil buoys just outside the port 
where you can operate efficiently. But 
what we / want , to minimize shipping 
costs, is to fill the ships both ways, 
and they are constructing a new ter
minal which wil l make this possible, 
at a location called Dos Bocas. 

With Venezuela, we have signed a 
contract to buy around 30,000 barrels 
(of crude oi l per day), which wil l be 
increased to 50,000 barrels when the 
i n c r e m e n t becomes avai lable in 
March 1979. Al l of our efforts are 
wi th in the goal of interchange, of 
helping each other and minimizing 
the effects of buying because we are 
also selling. 
Question: And your Houston stop? 

During my recent stay in Houston, 
Texas, I had the opportuni ty to talk 
with a number of American business
men. All of them were very interested 
in the development of Brazil, and 
were wi l l ing to do whatever is nec
essary for that to happen. 

»*»»*»•»»»*—»»»•»»»»»»»»»»*»»*»»« 

TheFEFis 
on the move 
The foundation plans to move 
to spacious new quarters in 
midtown Manhattan this 
month. 
Your contributions will aid the 
FEF relocation and help 
ensure that we make 1979 
the year of s c i e n t i f i c 
breakthroughs. 
Send checks or money orders 
(registered mail, please) to: 
Fusion Energy Foundat ion 
P.O Box 1943 
New York. N Y 10001 

Contributions are tax deductible. 
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National 

American 
Technology 
Goes Down 
The Biopot 
An Interview with 
Dr. Ralph Smuckler 
of the FITC 

The Foundation for International 
Technological Cooperation, created 

by President Carter's executive order 
in March 1978, centers around 

appropriate technology, a 
euphemism for low-energy-use 

labor-intensive production. Although 
most Americans probably don't 

know much about it, this 
appropriate technology concept is 
now the law of the land—both for 

export and domestic use. (See 
"Appropriate Technology: The U.S. 

Goes Back to the Stone Age" in this 
issue.) 

This interview with FITC director 
Dr. Ralph Smuckler, conducted by 
FEF director of industrial research 
Marsha Freeman, shows how the 

United States is pursuing a 
technology policy completely the 

opposite to those of japan, the 
Soviet Union, and the countries 

allied with the European Monetary 
System. 

The FITC, which may change 
its name to the Institute for 
International Technological 

Cooperation, comes up before 
Congress this month for approval. 

As long as it h based on 
appropriate technology, the FITC 

or institute should be killed 
as inappropriate policy (or an 
advanced technology nation. 

Question: Dr. Smuckler, what is the 
goal of the new institute? 

The goal is to close the gap between 
the advanced sector and the devel
oping countries. This may require a 
balancing of the standards of living 
between the United States and the 
developing ! countries. The institute 
wil l help the developing countries 
choose technology more effectively 
rather thanisimply taking it f rom the 
West. 
Question: What was the motivating 
force behind the setting up of the 
institute? Was the impetus the Hum
phrey bill? 

The National Academy of Sciences 
d id a study in the early 1970s first 
recommending that technology for 
development be separated out f rom 
AID The U.S. Agency for interna
tional Development^ and other gov
ernment agencies. The real impetus, 
though, came f rom a report by the 
Brookings Institution in the fall of 
1977. 
Question: How does Senator Adlai 
Stevenson's proposal for an inde
pendent science and technology 
agency fit in with the institute? 

Senator Stevenson's legislation has 
the same objectives but is less tied to 
development assistance and more to 
science ax d technology. 

Question: What kind of joint R&D 

projects will the United States for
mulate for energy development in the 
Third World? 

Not enough work has been done in 
the area of disaggregated energy sys
tems. Al though they have seemed less 
cos t -e f fec t i ve [ than large, cen t ra l 
power station technology] their eco
nomics have not really been looked 
into. We wil l also be trying to en
courage the development of local re
sources. 

REVERSE FLOW 
Question: In the part of the draft 
report dealing with agriculture it is 
suggested that low-energy farming 
and agricultural methods that the in
stitute wants to help develop for the 
Third World would be applicable to 
advanced farming in the Uni ted 
States. It is certainly a novel idea to 
transfer "appropriate technology" 
back from the Third World to the 
advanced sector. Could you com
ment? 

We were not the first ones to pro
pose this in agriculture. A few years 
ago, Bill Stout f rom Michigan State 
University did a report for the United 
Nations making the same point. More 
recently, Science magazine has also 
said that the future of agriculture is in 
energy-saving activity. I think that also 
in areas of urban problems and the 
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environment, this reverse f low of 
technique and information is possi
ble. 
Question: What role will the institute 
play in bilateral negotiations with 
other countries with which the United 
States is just beginning exchanges in 
science and technology? 

The institute wil l play a role in the 
upcoming bilateral agreements that 
the president wil l discuss in his trip to 
Mexico. We were not set up in time 
to help get anything going with the 
Chinese, but they have made inter
est ing advances in c o n t r a c e p t i o n . 
They have developed a male pill for 
populat ionn contro l , which may be 
useful in the United States. 
Question: What about political op
position from Third World countries 
that have made clear they are not 
interested in appropriate technology 
but want to build nuclear plants, ad
vanced agriculture and industry? 
Mexico has certainly made that clear 
in its statements on development. 

Lopez Portillo's program sounds to 
me a lot like the Shah of Iran's. 

THE ' IRAN' TREATMENT 
Question: Do you agree with Henry 
Kissinger, then, that other countries 
going ahead with large-scale devel
opment plans are in for the "Iran 
treatment"? 

Yes, I think the Shah was trying to 
move too fast. Our goal is that by the 
year 2000, we wil l overcome the phys
ical manifestations of poverty. We are 
interested in global maintenance. En
ergy technology has been driven by 
the West in the last few decades. 
Developing countries should have 
new alternatives. 

Knocking Out Nuclear Power 

NRC Nixes Rasmussen Report 

The biopot, an outhouse outfitted 
to turn human and kitchen wastes 
into fertilizer, is one of the hottest 
items in the appropriate technology 
catalogue. 

The Nuclear Regulatory Commis
sion released a report in January that 
calls into question some of the f ind
ings of the 1975 Rasmussen Safety 
Report, the standard U.S. study of 
nuclear plant safety. The Rasmussen 
study, which is often used in support 
of licensing nuclear plants, concluded 
that the probabil i ty of a serious nu
clear plant accident was approxi
mately once in a mil l ion years. 

The Risk Assessment Review Group 
that performed the review for the 
NRC had three major criticisms of the 
original study: First, the summary re
port was misleading in that it impl ied 
that the safety of nuclear reactors was 
beyond doubt ; second, the error 
bounds given to the probabil i ty of a 
catastrophic accident were too low; 
and th i rd , the report had not received 
a sufficient peer-group review prior 
to its release in 1975. 

Based on these criticisms, the NRC 
decided that the Rasmussen study 
could no longer be used to support 
the licensing of nuclear plants. 

The significance of the release of 
this review and its t iming must be 
looked at f rom two levels. First, what 
are the actual technical questions 
raised, and second, what were the 
political decisions motivating the re
port's release. 

The Technical Questions 
From a technical standpoint, the 

original Rasmussen study was never 
anything more than a probabilistic 
assessment of the risk of having a 
"Class 9 " accident; that is, an accident 
with an extremely low probabil i ty of 
o c c u r r e n c e but w i th ca tas t roph ic 
consequences such as a core melt
down coupled with breach of con
tainment in the reactor. The Rasmus
sen conclusions, like the conclusions 
of any probabilistic investigation, can
not and did not prove that such a 
reactor accident is absolutely impos
sible, but only that it has some very 
low probabil i ty of occurrence. By def
ini t ion, a zero probabil i ty in such as
sessments is impossible. 

In assessing reactor safety, the basic 

There is no way to see the 
NRC review group's conclu
sions that the Rasmussen re
port summary was mislead
ing and did not have proper 
peer-group review except as 
political statements that rep
resent the position of the 
environmentalists on the 
NRC and on the review 
group itself. Such statements 
were meant to discredit nu
clear power and to reacti
vate the waning issue of nu
clear safety. 

assumption that must be made is in 
estimating the failure rates of the 
thousands of different mul t i redun-
dant components in the safety system; 
that is, swi tches, c i rcu i t s , p u m p s , 
latches, pipes, gauges, thermocou
ples, magnets, blowers, vessels, and 
so forth. Some of these failure rates 
are known fairly accurately but others 
are not, since much of the equipment 
used in nuclear reactors has only 10 
to 20 years operating history at this 
point in t ime. (The first U.S. commer
cial reactor, the Shippingport Plant in 
Pennsylvania, started up in 1957.) 

The probabil i ty analysis, therefore, 
uses these assumed or known failure 
rates and applies them in series and 
in para l le l f r o m some i n i t i a t i ng 
even t—le t ' s say, a severe e a r t h 
quake—through a very long chain of 
equipment throughout the safety sys
tems. The analysis then ends up wi th 
some overall probabil i ty attached to 
the failure of all equipment in the 
chain. This then becomes the proba
bility of occurrence of a severe acci
dent. 

The original Rasmussen report con
cluded that the probabil i ty of occur
rence of a "Class 9" accident was 
once in a mil l ion years, plus or minus 
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a half-order of magnitude. This turns 
out to be the same probabil ity as that 
of a large meteor hitt ing New York 
City. 

In their only technical disagree
ment, the NRC review group said that 
based on their assumptions of failure 
rates, the error bounds should be 
larger; that is, plus or minus one order 
of magnitude (instead of a half-order). 
This is the difference between once 
in every mi l l ion years or once in every 
10,000 years. However, whether one 
looks at it based on the original study 
or the NRC review, the probabil i ty of 
such an accident is extremely low, 
and the original conclusion remains 
the same—the risks are acceptable. 

From a technical standpoint, the 
review group agreed with and sup
ports the Rasmussen study and said 
that it produced valuable methods for 
evaluating risks. Harold Lewis of the 
University of California at Santa Bar
bara, chairman of the NRC review 
group said, 

The th ing we d id , which people 
have over looked, is to advocate a 
much more widespread use of 

probabilistic methodology I 
have been asked .. . 'Is this a 
death blow to nuclear power?' 
I'm pronuclear and even though 
the impact of this can be narrowly 
construed as antinuclear, I think 
NRC has enhanced its credibil i ty 
in such a way that it can be good 
for nuclear power. It has taken a 
defensible position on this whole 
question. 

Antinuclear Politics 
What Lewis either doesn't know or 

doesn't understand are the politics 
behind the review group's decisions. 
Congressman Morr is K. Udall, chair
man of the House Interior and Insular 
Affairs Committee that oversees the 
NRC and has authority over reactor 
licensing legislation, initiated the re
view group's activities in 1976. A l 
though some consider Udall a mod
erate on nuclear power, he actually is 
no "friend of the nuclear industry and 
has spent much of his t ime, along 
with liberals like Ted Kennedy, sup
port ing the greenies in their battle 
against nuclear power. 

"The use of the Rasmussen report 
in reactor l i cens ing can now be 
stopped once and for a l l , " Udall 
ments. Udall has proposed that no 

new nuclear plants be licensed after 
1981 unti l the NRC approves a waste-
storage faci l i ty design. (See "The 
Fraudulent Nuclear Waste Contro
versy," Fusion Jan. 1979.) 

There is no way to see the NRC 
review group's conclusions that the 
Rasmussen report summary was mis
leading and did not have proper peer-
group review except as political state
ments that represent the position of 
the environmentalists on the NRC and 
on the review group itself. Such state
ments were mea^nt to discredit nu
clear power and to reactivate the 
waning issue of nuclear safety. As a 
representative of the environmental
ist Union of Concerned Scientists and 
the Na t i ona l Resources Defense 
Council stated, "The repudiation of 
the Rasmussen report returns the re
actor safety debate to those terms on 
which we wi l l w i n . " 

Professor Rasmussen of the Massa
chusetts Institute of Technology, the 
chairman of the original study, has 
rebutted the major conclusions of the 
NRC review. The draft report was cir
culated in 1974 and 800 pages of com
ments were received, he said. " I can't 
accept that it wasn't an adequate re
v iew." Furthermore, Rasmussen said, 
"\ don' t believe the error bounds are 
as large as they suggest." Even if the 
error bounds were large, he said, " I t 
could be used with care in the l icen
sing process." 

Rasmussen agreed that the sum
mary report's conclusions had been 
misused by nuclear opponents and 
proponents alike and that this wou ld 
happen no matter how the report was 
rewrit ten. 

Over looked in the Rasmussen re
port controversy is that in actual prac
tice, several hundred nuclear power 
plants throughout the wor ld have 
cont inued (as expected) to far out
perform any other comparable en
ergy system in ; the area of safety as 
well as in mostiother areas of opera
t ion. Since actual failure rates can be 
generated only f rom on- l ine operat
ing experience, and since such fail
ures are proving to be extremely small 
in number, the actual probabil ity of 
a "Class 9 " accident is likely to be 
smaller even ihan the lower error 
bound suggested by the NRC review 
group—that is; less than one in 10 
mil l ion years! 

—jon Ci/bertson 

Conferences 

U.S.-Soviet Symposium 

Scientists Call 
The fusion-fission hybr id can have 

a dramatic, immediate effect on wor ld 
energy needs. This was the conclusion 
of the scientists gathered at the sec
ond U.S.-USSR Symposium on Fusion-
Fission Reactors at Princeton Univer
sity in New Jersey Jan. 22-26. 

The fusion-fission hybr id, which 
could be built in the immediate f u 
ture, uses the high-energy neutrons 
generated by the fusion reaction to 
breed nuclear fuel for an attached 
fission reactor. It is seen as an inter
mediate step in an all-out program to 
develop pure fusion reactors. 

American physicists such as Edward 
Teller, Hans Bethe, and Eugene Wig-
ner have gone on record calling for 
development of the hybr id because 
it can supply energy as well as fuel for 
now-operat ing fission reactors that 
depend on a quickly diminishing sup
ply of natural uranium. (For a detailed 
account of the hybr id, see "The Fu
sion-Fission Hybrid Reactor: Fuel Fac
tory for Nuclear Power" in Fusion, 
Jan. 1979.) The scientists at the Prin
ceton Symposium called for the To-
kamak Fusion Test Reactor scheduled 
to come on-l ine at Princeton Plasma 
Physics Lab in 1983 to be integrated 
into an initial fusion-fission hybr id test 
demonstration. 

As demonstrated by Dr. James A. 
Maniscalco of Exxon Corporat ion for 
the case of laser-fusion-driven hy
brids, one modest-sized fusion hybr id 
could supply the nuclear fission fuel 
for up to 15 to 20 conventional nu
clear fission reactors of the type now 
in operation—and do it economically 
despite the initial capital cost of the 
laser fusion hybrid itself. 

Soviets Project 'Nuplex' Society 
Dr. G. Shatalov of the Kurchatov 

Institute in Moscow gave a presenta
t ion showing how a fully developed 
wor ld in the year 2000 would be based 
on nuclear energy and fueled by the 
fusion-fission hybrid. He gave a pro
jection showing an energy consump-
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at Princeton 

for Fusion-Fission Hybrids 
tion rate of about 100 trillion watts in 
the year 2020, about 12 times the 
present rate. From 30 to 40 percent of 
this total energy consumption would 
be met by a system of nuplexes— 
groups of conventional light water 
reactors, high-temperature, gas-
cooled reactors, and breeder reactors 
together with fusion-fission hybrids. 
The overall mix would be 50 percent 
conventional nuclear fission, 30 per
cent fission fast breeders, and 20 per
cent fusion hybrids. 

Dr. Igor Ganev of the Soviet Energy 
Technology Institute, the chief center 
for design of nuclear reactors in the 
Soviet Union, followed up this pres
entation with a detailed description 
of fission-fusion nuplexes. Ganev out
lined how these energy centers would 
produce much more than just elec
tricity, high-temperature steam for 
industrial processing, hydrogen from 
water for synthetic fuel production, 
and other forms of energy needed for 
advanced industries. 

Dr. W. Wolkenhauer of the Wash
ington Public Power Supply System 
emphasized that the utilities couldn't 
wait a hundred years for fusion to 
have an impact. What was needed, 
Wolkenhauer pointed out, was a mas
sive, international effort. In a paper 
coauthored with Ms. Jensen and Mr. 
Huse of New Jersey Public Service 
Electric and Gas Co., Wolkenhauer 
called for an immediate two-pronged 
program. First, an overall develop
ment plan for fusion hybrids should 
be worked out in detail. Second, ex
periments should be initiated as soon 
as possible. In particular, he called for 
a hybrid module test on the Princeton 
Tokamak Fusion Test Reactor. 

Many Possibilties 
Because of the high quality of the 

energy generated in the fusion reac
tion, a large number of promising 
hybrid designs exist: Dr. James Man-
iscalco of Exxon presented a design 
based on laser fusion with liquid-

metal cooling of the hybrid blanket, 
which emphasized the breeding of 
fissile fuel from both thorium and 
uranium. His coworker Dr. Dave Ber-
wald showed how the fusion-gener
ated neutrons could be used to burn 
up the radioactive wastes that are pro
duced in fission reactors. R. Rose of 
Westinghouse presented a steam-
cooled tokamak design for the hybrid. 
And Dr. C. Nedoseev, of the Rudakov 

electron beam group in Moscow, pre
sented a design for electron beam 
pellet fusion that was quite similar to 
the liquid lithium waterfall design of 
Livermore Lab for laser fusion. 

The most innovative new design, 
presented by Dr. Shatalov of Kurcha-
tov, was a cold water-cooled tokamak 
hybrid that generated only fuel and 
no electricity. 

—Charles B. Stevens 

Fusion-fission hybrid: the fuel factory of the 1990s. 
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Riemann 
Declassified 
HisMethod i 
and Program for 
the Natural Sciences 
by Uwe Parpart 

[Concerning the existence and uniqueness or multiplicity 
of solutions of the aerodynamical equations] to thislday, 
the only thing of any degree of generality that we possess 
is the classical discussion by Riemann, and this Ivery 
strictly in the isentropic case. In this case at least, Riemann 
proved that there are no discontinuities. He also gave the 
exact conditions under which there can be a solution at all 
and he proved that in those cases there is only one. So he 
proved that the number of solutions is either zero or one. 
He also showed that it is zero in general, i.e., unless cer
tain (infinitely many) very stringent conditions are satis
fied. Thus, unless the initial state of the gas fulfills Some 
very particular conditions, the (continuous) solution wil l 
cease to exist after some definite finite time. Riemann also 
inferred, essentially by physical insight, what happens 
when the continuous solution ceases to exist. He m$de it 
very plausible that a discontinuity of a certain type, a 
"shock wave," develops (von Neumann 1963 [ i p 5 l ] ) . 

THESE REMARKS by mathematical physicist John von 
Neumann introduced a far-ranging discussion of the solutions 
of the aerodynamical equations during a symposium oh "Prob
lems of Cosmical Aerodynamics" in August 1949—thr^e years 
before the United States exploded its first thermonuclear fusion 
device, or hydrogen bomb. The symposium had considered 
the more large-scale explosions of stars that form sp-called 
novae and supernovae, such as the explosion that occurred 
less than 1,000 years ago and gave rise to the Crab nebula. 

However, the fundamental physics problems in both cases 
are quite similar and are replicated in a third problem area, the 
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production of controlled thermonuclear reactions in inertially 
confined plasmas, as with laser fusion and electron beam 
fusion, j'l 

Riemann's ideas on shock waves, referred to by von 
Neumann, are crucial to the understanding oi the kind of im
plosion process defining all three classes of phenomena, and 
were developed in an 1859 paper "On the Propagation of 
Plane Air Waves of Finite Amplitude." 

It is an extraordinary fact that before 1972, when Edward 
Teller brought about the declassification of certain key con
cepts in liser fusion, Riemann's 1859 thoughts on shock waves 
and isentropic compression, if presented in conjunction with 
certain problems in inertial confinement fusion, would have 
been classified as military secrets of the United States by the 
security division of the U.S. Atomic Energy Commission. 

Nor is (there any doubt in this author's mind that the con
tinued military classification of central theoretical aspects of 
laser fusion is largely responsible for the fact that today, 30 
years after von Neumann's writing, his statement that "the only 
thing of any degree of generality that we possess [concerning 
solutionsjof the aerodynamical equations] is the classical dis
cussion by Riemann" remains as true as in 1949. Military clas
sification has made it extremely difficult for any researcher to 
launch a coherent and coordinated attack on outstanding prob
lems in astrophysics and plasma physics, with laser fusion pre
senting the ideal mode of experimental access to the extreme 
conditions prevailing, for example, at critical junctures in stel
lar evolution. 

Even more serious is the fact that implosion problems, prob
lems of highly compressed matter and so forth, do not merely 
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define a specialized area of physics research. They cut across 
most principal domains of research, and the hydrodynamic 
continuum physics approach, characteristic of the treatment of 
implosion problems, has proved extremely successful in all 
problem areas to which it has been applied. 

This "hydrodynamic" methodology was first coherently de
veloped by Leibniz and then fully brought to bear on the entire 
spectrum of physics problems in the 18th century by the Ber-
noullis, Euler, Lagrange, and the great scientists of the Ecole 
Polytechnique, and it remained central to the Continental sci
ence tradition in Europe through the 1930s. It found a final, 
most developed expression in the decade before and the de
cade after World War I in the collaboration between the 
mathematicians and theoretical physicists and the researchers 
at the Institute for Applied Mechanics at the University of Got-
tingen. Under the leadership of Felix Klein, David Hilbert, 
Hermann Minkowski, Carl Runge, and, later on, Richard 
Courant in mathematics, and Ludwig Prandtl and his assistants 
and students—notably Theodore von Karman and later Adolf 
Busemann—in hydrodynamics and aerodynamics, ac
complished an extraordinary synthesis in mathematical 
physics in the Riemannian tradition. 

Today only faint echos and isolated outposts of this tradition, 
such as the Courant Institute of Mathematical Sciences at New 
York University, remain. 

Researchers in the Leibniz-Riemann-Gottingen tradition 
played leading roles both in the United State's and in the Soviet 
Union in these countries' respective efforts during and after 
World War II to develop nuclear fission and fusion weapons 
and to put these energy forms to peaceful uses. The names John 

Riemann's 1859 paper on shock waves 
was fundamental to the weapons research 
in the 1940s and 1950s leading to the 
development of the atom and hydrogen 
bombs. The methodology of the paper 
plays an equally important role in attempts 
at understanding the dynamics of the 
implosion processes in laser fusion and in 
large-scale astrophysical phenomena, such 
as the creation of a nova or supernova. 

Airflow interaction: This Schlieren photograph of the 
NASA space shuttle and solid rocket boosters shows the 
interaction between the separation motor exhaust and 
the airflow around the shuttle. The test is in the Air 
Force Arnold Engineering Development Center at a 
simulated altitude of 140,000 ft and a speed of Mach 4.5 
(4.5 times the speed of sound). 

von Neumann, Edward Teller, and Hans Bethe on the U.S. side 
should suffice to make the point. 

However, the utteHy unjustifiable continued military clas
sification of the theoretical scientific results obtained by these 
researchers in the course of their weapons research and the 
extension of such classification to the civilian applications of 
such theoretical results have all but succeeded in wiping out 
what should rightfully be regarded as and be functioning as the 
mainstream of theoretical work in physics today. 

The "hydrodynamics" tradition in physics was driven un
derground and has not reemerged; instead Newtonian reduc-
tionism at its worst reigns supreme in the physics departments 
and laboratories in the United States and Western Europe. In 
the Soviet Union the situation is less extreme. 

Still, where in the second half of this century we should have 
gone beyond Riemann, on the basis of fully absorbing his 
Platonic method of hypothesis—the "poetry of hypothesis" as 
he called it on one occasion (1876 [posthumous], p. 319)— 
physicists both in the United States and the Soviet Union today 
have regressed to a point where fewer and fewer are capable of 
even a purely pragmatic adaptation of Riemann's results (rather 
than his method) to their work. 

A dramatic turnaround in this situation is the necessary con
dition for making significant progress with the outstanding 
physics problems at this juncture. 

Shock Waves 
The Difficulties of Messrs. Challis and Stokes 

In 1848, the Reverend J. Challis, MA, FRS, Plumian Professor 
of Astronomy and Experimental Philosophy at the University of 
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The Leibnizian tradition: Leibniz and the succession of 
mathematical physicists who created the hydrouynamic 
methodology. From top, Leibniz, Euler, J. Bernoulli, and 
Riemann. 

Most of the portraits in this article are taken from Hilbert by Constance 
Reid (Berlin: Springer-Verlag, 1970). The photographs .of Runge and 
Courant are courtesy of Mrs. Richard Courant. 
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Cambridge, communicated to the Philosophical Magazine the 
results of his mathematical investigation of the theory of sound. 
According to his second communication May 19, 1848, 
"Clearly the analysis [of the exact equation applicable to 
plane waves] rejects the supposition of plane waves, by giving 
an integral which admits of no physical interpretation. Plane 
waves are thus shown to be physically impossible." 

G.C. Stokes, in his 1848 reply titled "On a Difficulty in the 
Theory of Sound," is clearly not prepared to endorse his col
league's radical conclusion; however, he thinks it necessary to 
draw attention to a more limited but "very remarkable diffi
culty which Professor Challis has noticed in connexion with a 
known first integral of the accurate equations of motion for the 
case of plane waves." 

The difficulty as described by Stokes is this. Starting with the 
Poisson integral 

u = f{x - (c + u)t} 

(where u is the flow velocity, f an arbitrary function, increasing 
values of x indicate the direction of wave propagation, and c is 
the propagation velocity of the wave moving within the medium 
moving with velocity u) of the gasdynamic equations, it is 
easily demonstrated that there will always exist a finite value of 
t for which this solution ceases to be single-valued; that is, for 
sufficiently large t more than one value of u wil l correspond to 
a given value of x. 

Figure 1 shows why. The Poisson equation asserts that what
ever value the velocity u may have at any particular point 
when t = 0, it wi l l have the same value at some later time t at a 
point in advance of the former by the distance (c + u)t. Thus 
the crests of the velocity curve gain continually on the troughs 
and must finally overtake them. 

Stokes's calculation shows that this point—the point at 
which the velocity curve has a tangent vertical to the x axis and 
the continuous Poisson solution breaks down—is reached after 
a time equal to the reciprocal taken positively, of the greatest 
negative value of du/dx. 

Simultaneously, we have reached an epistemologically criti
cal juncture of the investigation. The significance and nature of 
the derived discontinuity must be determined and the sub
sequent progress of the fluid motion, no longer given by the 
usual differential equations, must be established. 

Stokes writes: 

Perhaps the most natural supposition to make for trial is, 
that a surface of discontinuity is formed, in passing across 
which there is an abrupt change of density and velocity. 
The existence of such a surface wil l presently be shown to 
be possible, on the two suppositions that the pressure is 
equal in all directions about the same point, and that it 
varies as the density. I have however convinced myself, by 
a train of reasoning which I do not think it worthwhile to 
give, inasmuch as the result is merely negative, that even 
on the supposition of the existence of a surface of discon
tinuity, it is not possible to satisfy all the conditions of the 
problem by means of a single function of the form 
f{x — (c + u)t}. Apparently, something like reflexion must 
take place (Stokes 1848, p. 352). 



Figure 1 
PROPAGATION OF A SOUND 

WAVE 
Iri 1807, Poisson showed that a 

sound wave in a compressible me
dium would propagate in such a 
way that the high-pressure parts of 
the wave travel (aster than the low-
pressure parts. This implies that the 
crest of the wave will travel faster 
than the troughs, and, as Stokes 
pointed out in 1848, sooner or later 
will outrun the trough. 

In the figure, a is a simple initial 
wave form, with a construction 
(due to Sfokes) showing how (he 
wave changes shape as it moves; 
the displacement of any part of the 
wave is proportional to the height 
of the wave at that point. This con
struction can be used to generate 
the shape of the wave at subse
quent times (see b, c, d , and e.). At 
t-1, the wave has become singular, 
having a vertical slope at x-k/2. 



Richard Courant, who inherited Felix Klein's chair of 
mathematics at Gottingen, realized Klein's dream of the 
creation of a mathematical institute there (shown jabove). 
He came to the United States in 7935 and set out to re
create the kind of center for mathematical sciences at 
New York University that he was forced to leave oehind 
in Germany after the Nazi takeover. 

There follow three pages of half-hearted and confused dis
cussion on the possibility of the existence of a surface of 
discontinuity. 

The contrast with Riemann's presentation of essentially the 
same subject matter in his 1859 paper could not ibe more 
striking conceptually. Virtually from the outset of the Riemann 
discussion, the occurrence of discontinuity is treated not as a 
"remarkable difficulty" and mathematical curiosity whose ac
tual physical significance is doubtful at best, but as the crucial 
phenomenon illuminating the highly nonlinear character of 
wave propagation in compressible fluids and occasioning a 
much extended comprehension of the nature of such proces
ses. That the relevant discontinuities are physically real is 
never in doubt. Riemann dubs them "compression shocks" 
and presents a detailed analysis of their behavior, thus discov
ering and describing shock waves well in advance of their 
experimental demonstration. 

Riemann's Theory 
Felix Klein points out in his 1894 Vienna lecture on 

"Riemann and His Significance for the Development of Mod
ern Mathematics" that, for Riemann, his paper on the propaga
tion of air waves played the role primarily of exemplifying the 
method to be employed in an encompassing program that 
amounted to "nothing less than a systematic reconstruction on 
new foundations of the integration methods of mechanics and 
mathematical physics." 
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According to Klein, this method consists of constantly inquir
ing what are the discontinuities compatible with the differen
tial equations and to what extent the solutions might be deter
mined by the discontinuities they reveal and by certain added 
boundary conditions. Klein's point, which coheres well with 
Riemann's more general approach of deducing the principal 
features of functions from their behavior in the neighborhood 
of (or "when encircling") singular points, provides an approp
riate leadifor a competent analysis of the Riemann paper. 

As opposed to Challis and Stokes, Riemann proceeds de
cidedly not from a given limited solution of the gasdynamic 
equations, which would tend to lock the analysis into the do
main of continuity for that solution with the Challis-Stokes 
discontinuity an absolute boundary to the investigation. 
Rather, Riemann subjects the partial differential equations for 
compressible fluids themselves to close scrutiny so as to iden
tify their most general properties. 

In the Eulerian form, which describes the properties of the 
fluid passing by a fixed point (in contrast to the Lagrange for
mulation, which traces the motion of the individual particles), 
these partial differential equations in question are the 
following: 

The equation of continuity 

dp/dt = -(dpu/dx), (1) 

where p is the density of the fluid (gas) and u its velocity at 
point x and time t. This equation expresses the condition that 
the density in a given volume element can change only as the 
result of flow of the fluid into or out of this element; that is, it 
expresses the conservation of fluid mass. 

The equation of motion 

I <{f*» £)-*'«»£• 
where <f>'(p) is the derivative of 4>ip), a function expressing the 
fluid pressure p in terms of the density. This is simply Newton's 
equation with the mass m = pdx and the force propelling the 
fluid mass in the direction of the positive x axis 

f = -(dp/dx) dx = -<f>'(p) (dpldx) dx. 

I 
A number of simple algebraic operations and substitu

tions—multiplying the equation of continuity by the square 
root of \<j>'(p), adding it to the equation of motion, and intro
ducing! the square of the speed of sound, c2 = dp/dp = 
(b'{p)—transform Equations (1) and (2) into 

—- + (u ± c ) — ± — R r +(u±c)^- =0, 3) 
dt dx\ pc [dt dxj 

and, by letting 

01=\dp=\cdpi (4) 
) pc } p 



further into 

{{d/dt) + (u ±c) (d/dx)} (u ± to) = 0. (5) 

The quantities (u ± a>) of Equation (5) are called the Riemann 
invariants. The so-called characteristics of our differential equ
ations, 

dx/dt = u ± c, j (6) 

have the significance of defining the paths in the x, t plane 
along which fluid disturbances are propagated. 

Parenthetically, I would like to point out that the Riemann 
invariants defined here bear a strong resemblance to the 
invariants of certain differential forms defining measure rela
tions in Riemannian geometry. This is certainly not an acciden
tal feature of this exemplary treatment of the fluid-dynamical 
equations. 

Riemannian space, or the Riemannian manifold as de
veloped in the foundational treatise, "On the Hypotheses 
Upon Which Geometry Is Based," is the relative space of the 
multiply connected unified physical field. The topological and 
measure relations of this manifold are imposed upon it by the 
singularities and invariants of the actual physical field as exhi
bited by the equations of mathematical physics. Riemann's 
graphical (that is, geometric) approach to the integration of 
these equations (to be elaborated below), therefore, is a coher
ent expression of his overall method. 

The search for invariants of the equations rather than for 
specific limited solutions demonstrates one further point. 
Riemann thought of differential equations principally as one 
crucial of several possible relations between functions and as a 
way of classifying these functions modulo (or, with respect to) 
this relation (that is, thinking of differential equations as a kind 
of equivalence relation between functions). Thus, what is es
sential about a function is again here determined from its be
havior in the small. Put differently, what is important about 
functions is revealed by the differential equations they satisfy. 
In turn, what is important about differential equations is re
vealed by the invariants that connect them with other equa
tions and reveal global connections and harmonies not deter
minable from particular solutions (if such could be found in the 
first place). 

A more fundamental point, which I owe to a discussion of 
the matter with Lyndon H. LaRouche, is this. The invariants 
and characteristics of differential equations should be viewed 
not only as primary in their formal significance, but also as 
ontologically primary; or, put differently, their formal preemi
nence reflects the fact of the ontologically prior status of the 
"integral" reality they reflect. 

In first approximation, this can be seen by looking at the 
relationship of points, lines, and surfaces. A point is best 
thought of as the intersection of lines, a line as the intersection 
of surfaces, with the higher-order object in each case the 
primary datum. Or, to take a different example, a growth rate 
actually reflects something more basic about an organic entity 
than, say, its size at a given time. 

Lastly, the most precise example is from economics. It is not 
the total product produced, nor even the growth rate of total 

7/ie C6(t/ngen School: Leading members of the 
Gottingen school at its high point before World War I. 
From top, Klein, Minkowski, Hilhert, Runge, and Prandtl. 
The first foiir were professors of mathematics at 
Gottinger; Prandtl was the director of the Institute for 
Applied Mech.t 
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Figure 2 
FORMATION OF A RIEMANNIAN COMPRESSION SHOCK 

The graph shows the velocity profile of a disturbance produced by a piston pushed into a gas in the direction 
of the x-axis. As discussed in the text, converging characteristics dx/dt represent shock wave formation. 

* 
Source: H.A. Bethe et al., "Shock Hydrodynamics and Blast Waves," U.S.AECD-2860, Oct. 28, 1944, p. 11. 

output that reveals and determines the basic health of the 
economy, but an invariant, dubbed negentropy by LaRouche, 
that reflects the impact of technological innovation on the 
evolution of the productivity of labor. 

This trans/nvar/ant for successive production periodb is the 
fundamental measure quantifying the principal ontological 
datum of the human economy: human ingenuity. 

Returning to the specific equations at hand, combined utili
zation of the Riemann invariants and the characteristics 
dx/dt = u ± c allows us to arrive at a complete understanding 
of the fluid motion in any given case. Depending on the choice 
of sign, Equation (5) states that if we start at any given point in 
the fluid and move with the velocity (u + c) (that is, oijir frame 
of reference is no longer a fixed point but moves with the local 
speed of sound with respect to the moving fluid) in the positive 
x direction (or with velocity u — c in the negative x direction), 
then the quantities u + o> (or u - u>, respectively) wil l remain 
constant. For a given time t, therefore, if we know the Velocity 
u and the density p for every point of the fluid, then Equation 
(5) gives the values of u + <u and u - w at any subsequent time. 
But knowing the values of u + w and u — a>, we know the 
values of u and w and hence (from &>), via the equation of state 
of the fluid, can determine the density and the pressure. 

It must be emphasized, however, that in order for the 
Riemann invariants to have a precise physical meaning the 
differential expressions {du + dplpc) and (du - dp/pc) must be 
total differentials of these invariants. In ndnisentropic flow, 
when density becomes a function of temperature, this is no 
longer the case. (I shall return to this point below in the section 
on isentropic compression.) 

The way in which discontinuities in the fluid flow (that is, 
shock waves) arise can also be deduced readily by making use 
of the invariants and characteristics'. To simplify matters, sup

pose the fluid satisfies the ideal gas adiabatic relation between 
pressure and density such that 

P = kp\ 

where k is a constant and y is the ratio of the specific heats. 
Then a simple computation shows that 

Now consider a piston that is set in motion, let us say to the 
right, at t = 0 and creates a disturbance in the gas in front of it. 
The position of the piston (P) at any given time is 

x = 0 

= P(t) 

for t < 0 

for t 3= 0. 
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Initially the gas is at rest and we have u = 0, c = c0 (that is, a 
constant speed of sound). 

As the piston is set in motion, on the surface of the piston 

u = dP/dt. 

To determine what happens in the gas as the result of the 
disturbance caused by the piston, we investigate the behavior 
of the characteristics dx/dt = u +c; that is, the path of the 
propagation of the disturbance in the phase space spanned by 
x and t. 



First, for u = 0, 

u + c = dx/dt = c0. 

This defines the line to the left of which the gas remains undis
turbed. The general expression for u + c is derived as follows: 
Since the lines of constant u - w all arise in the undisturbed 
part of the gas, u - to = constant throughout; that is, 

dP 2c 
u — to = ~— = const. 

dt y - 1 

But also 

u - a, = u - JS^= -\JSJL) = const 

for the special case of the gas at rest. Thus 

dP_ _ 2c _ / 2c0 \ 

dt y - 1 \ y - y ' 

which yields 

and 

^y+](dp\ 
u + c = C o + V^j-

It is easy to show that the lines 

dx_ ,y+l(dP) 
dt~Co+r{\W) 

are straight lines. Therefore, for two points (x'( t') with (dP/dt)' 
> 0 and (x", t " ) with (dP/oft)'' > 0, such that 

(dP/dt)' <(dP/dt)", 

the lines emanating from these points must intersect at some 
point {x'",t'"). Point (x'", V") marks the place and time at 
which a Riemannian compression shock or shock wave is 
formed (see Figure 2). 

The physical reality corresponding to the preceding 
mathematical derivation is this. Converging characteristics rep
resent different speeds of sound and hence different densities. 
As the characteristics come closer to the point of intersection, a 
progressively sharper density gradient develops, and finally— 
in Riemann's words—"a discontinuity arises, so that a larger 
value of p follows immediately upon a smaller one. . . . The 
compression waves, as they progress, become ever narrower 
and f inal ly are transformed into compression shocks" 
(Riemann 1876 [ i 8 6 0 ] , p. 153). 

This phenomenon, the occurrence of discontinuous states in 
compression waves, as they progress, become ever narrower 
and conductivity can be disregarded) resulting from compres
sive influences, is quite general, as Riemann had predicted on 

purely theoretical grounds. That shock waves wil l always be 
formed—given sufficient time to develop—when a gas (or ar
bitrary compressible substance) is compressed, today is not 
only theoretically verified in full, but well confirmed by exper
iment. 

Following Riemann's exposition, we must next "since sud
den condensations almost always occur, even if density and 
velocity initially change everywhere continuously, seek to de
termine the laws for the propagation of compression shocks 
(Riemann 1876 [1860J)." 

Isentropic Compression 
Ever since Lord Rayleigh's alleged discovery of "an error 

on the subject of discontinuous motion into which Riemann 
and other writers have fallen" (Rayleigh 1945 [1896] , p. 40), it 
has been commonplace for writers on the subject to credit 
Riemann with the discovery of shock waves, but to note that he 
unfortunately did not succeed in specifying the correct " jump 
conditions"; that is, the conditions for the maintenance and 
propagation of the surface of discontinuity once formed. I do 
not intend to get involved here in a lengthy argument over this 
matter or attempt to defend Riemann on every point of his 
presentation. Admittedly, his discussion is incomplete. Apart 
from certain indifferent details, however, there is a serious 
point of method at stake, which makes it necessary to take up 
Rayleigh's "discovery." 

First, like Challis and Stokes, and later Sir Horace Lamb, 
Rayleigh does not realize that Riemann has not simply pre
sented a more general discussion of the mathematical discon
tinuity described by Stokes at an earlier point: Riemann has 
actually introduced a new kind of discrete entity evolved con
tinuously out of continuous flow. Hence, it is not surprising 
that Rayleigh and those who follow in his footsteps miss 
Riemann's two additional points, which are methodological 
consequences of the first: First, with the formation of discrete 
compression shocks a new kind of lawfulness has arisen that 
now must be elaborated; and second, at the same time the 
coherence between the manifold characterized by the differen
tial equations for continuous wave propagation and the "new 
wor ld" of shocks waves (their interactions, and so forth) must 
be examined. 

The Riemann invariants are precisely the right kind of tool to 
conduct such an investigation, and they turn out to be valid in 
"both worlds," if entropy is conserved across the discon
tinuities; that is, precisely under the circumstances presented 
in Riemann's paper. The question then arises whether or not 
there are substances, defined by an appropriate equation of 
state or appropriate changes in the equation of state of a given 
substance (for example, phase changes), that could support 
isentropic shock wave propagation. 

I am not maintaining here that Riemann actually had in mind 
such an ambitious research program, which necessarily would 
have involved detailed experimental investigations. On the 
other hand, I find it hard to believe that a mathematician of 
Riemann's stature (although he, unlike Rayleigh, never came 
out "Senior Wrangler" in the Cambridge Mathematical Tripos)1 

would have "overlooked" the fact that the significant applica
tion of the invariants, the status of du ± dp/pc as total differen
tials of the invariants, and the decoupling of density and temp-
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Figure 3 
SOLUTION MANIFOLD ACCORDING TO 

CUDERLEY 
A solution manifold of a system of differential 

equations describing spherical compression shocks 
progressing toward the center of the sphere. 

Source: Luftfahrt-forschung, v. 19, Oct. 1942, p. 305. 

erature are all of one piece. It is interesting, in fact, that 
Rayleigh's argument against Riemann ultimately turns pre
cisely on the assertion that a certain kind of equation of state is 
impossible (Rayleigh 1945 [1896], p. 41). 

Without further belaboring the historical point of what 
exactly Riemann had in mind when he gave the rather 
specialized isentropic jump conditions in his 1859 paper, the 
examination of the Riemann-Rayleigh controversy nonetheless 
has brought us right up to the point where the central problem 
of large-scale astrophysical as well as experimentally realiza
ble laser fusion implosion processes can now be defined—-the 
problem of isentropic compression. 

That isentropic or "co ld " compression plays a major role in 
laser fusion (as well as in efficient H-bombs and probably a 
variety of the most interesting astrophysical processes) until 
1972 was one of the deepest U.S. military secrets. 

At issue is this. Soon after physicists in the 1960s began to 
seriously consider the use of powerful lasers for the intense 
compression and the ignition of nuclear fusion reactions in 
small pellets of fusionable material, relatively simple calcula-
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tions showed them that if this was to be achieved using spheri
cal compression effected by a one-time, simultaneous firing of 
a battery of laser guns that were arranged in spherical sym
metry, laser fusion probably never would be achieved under 
controlled laboratory circumstances, because the energy re
quirements for the laser were too high. Precompression of the 
pellet, however, could very significantly reduce these require
ments and put them within range of what was then and is now 
regarded as an economically solvable engineering problem. 

However, a major physics difficulty stands in the way of the 
realization of this precompression idea. Precompression to re
levant densities of 103 to 104 times liquid density, it appears, 
must inevitably generate enormously high temperatures inside 
the pellet and force it apart before the major laser pulse has a 
chance to bring about fusion ignition. 

At first glance, the problem seems insurmountable. The fu
sionable material is a compressible substance and hence the 
Riemannian theory developed in the previous section demands 
that formation of shock waves must result from the action of 
strong external forces on the pellet. Further, it can be de
monstrated that, in general, in order for energy to be conserved 
across the shock front, an increase in entropy (or, equivalently, 
temperature) is a necessary jump condition. 

The relevant calculations leading to this conclusion were 
first carried out by H. Hugoniot in 1895 and amount to the 
following: To explore the behavior of energy and entropy in a 
gas compressed by shock waves, we expand the gasdynamic 
equations [Equations (1) and (2)] to include an expression for 
the conservation of energy 

where e is the internal energy of a unit mass of material and 
v = 1/p is the specific volume. The equation asserts the equal
ity of the work done on a unit mass of material in unit time to 
the rate of change of kinetic plus internal energy of a unit mass 
of material. 

From this enlarged set of gasdynamic equations [Equations 
(1), (2), (7)], expressions describing the conservation of mass, 
momentum, and energy through a discontinuity surface can be 
obtained, and these expressions in turn allow for the derivation 
of the so-called Hugoniot relation between the pressure and 
the specific volume on each side of the discontinuity: 

where e„ p „ v, and e2, p2, v2 are the internal energy, the 
pressure, and the specific volume before and after passage 
through the shock wave, respectively. 

For the special case of an ideal gas with 

e = pvl (y - 1) , 

the Hugoniot relation yields particularly simple expressions for 
the changes in the flow variables across a shock wave. Since 
we are interested in the entropy change in particular, and 



since—up to an arbitrary constant—the entropy of an ideal gas 
is given by 

S = c „ log {pvy} 

(c„ equals specific heat at constant volume) we substitute the 
expression for the internal energy of the ideal gas for the energy 
term in the Hugoniot relation and get for the relation of the 
specific volumes 

vi _ ( - y - 1 ) p 1 + ( y + 1)p2 

v2 {y+ D p i + (y - D p 2 ' 

With this the entropy difference between the two sides of the 
shock front becomes 

Thus, in the case of a weak shock wave (that is, when the 
pressure difference between the two sides of the wave is small), 
then p2/Pi = 1, and hence, S2 - 5, is approximately zero. As 
the strength of the wave increases (that is, as p^p, increases 
beyond 1), the last term (expression inside the braces) in Equa
tion (8) monotonically increases along with it, and so the en
tropy difference between the two sides of a shock wave in
creases with the strength of the wave. 

The above-mentioned jump condition of a necessary in
crease in entropy across the compression shock, therefore, is 
verified and so, unfortunately it seems, the virtual impossibility 
of laser fusion—and, more generally, inertial confinement fu
sion—along with it. 

Somewhat closer inspection of Equation (8), however, as 
well as of the assumptions on which it was derived, shows that 
no such pessimistic conclusion is justified. In fact, the just-
obtained result that entropy increases across weak shock 
waves are small immediately suggests a method of precom-
pression first proposed in the open literature by John Nuckolls 
e ta l . in 1972. 

Essentially, this method consists of trying to mimic isentropic 
compression by delivering a whole series of a half-dozen to a 
dozen relatively weak shocks of increasing strength into the 
fusion pellet by a carefully tailored, computer-precision-
guided sequence of laser pulses. As can be demonstrated on 
the basis of known laws of shock propagation the later shocks, 
since they are of greater strength than the earlier shocks, even
tually wi l l catch up with the earlier ones, and, it is hoped, the 
entire sequence wil l converge at the center of the pellet and 
cause ignition. 

The important insight here is not only that a sequence of 
weak shocks might simulate isentropic compression, but also 
that the shock sequence can be made to converge to form one 
strong shock in the end. This is by no means obvious a priori, 
but represents the result of years of systematic inquiry into the 
propagation, reflection, and focusing of shock waves called for 

The World War II generation of mathematical physicists 
trained in the Gottingen tradition: From top, Busemann, 
von Neumann, Teller, and Bethe. Riemann's work on 
shock waves was the basis lor their investigations in 
aerodynamics and the research that led to the atomic 
and hydrogen bomb. 
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Schriften of the German Academy of Aeronautic Research, 1937-38, p.8 and p.13. 

Schlieren photographs of a flying bullet and associated shock front (I.) and of the flow around a mounted foil (r.). 

in Riemann's 1859 paper and carried out in the main under the 
leadership of Riemann's immediate intellectual heirs at Got-
tingen University, Felix Klein, and, more specifically, Luawig 
Prandtl. 

From the early 1900s through the 1940s Prandtl and his 
collaborators and students carried out some of the most re
markable and ingenious experimental and theoretical investi
gations of fluid flow involving shock formation and interaction; 
for example, Prandtl's (and Meyer's) famous supersonic flow 
around a concave comer, von Karman's "vortex streets," and 
Busemann and Guderley's later aerodynamical researches. 
Significantly, Guderley's 1942 paper on "Strong Spherical and 
Cylindrical Compression Shocks in the Vicinity of the Center of 
the Sphere or the Cylinder Axis" remains one of the most 
frequently quoted papers among workers in inertial confine
ment fusion today (see Figure 3). 

During and after World War II, the work of the Gottingen 
School found its most immediate application in problems of 
airplane design (wing profiles, and so forth) and rocket design 
(stability problems, for example). But, as hinted at by the con
tinuing interest of laser fusion researchers in the Guderley 
paper, work on shock focusing, oblique reflection, and 
amplification of shock waves, and so forth, also played a cru
cial role in the design of the atomic and hydrogen bombs. And, 
pursuing the idea of optimization of shock amplification by 
oblique reflection at the most favorable angles, realizing that it 
is not spherical, but cylindrical or conical geometries that rep
resent the optimal configurations, one is once again lejd not 
only into a once-classified but into the still-highly-classified 
area of laser fusion target design. 

Epistemologically, however, it is not the weak shock simula
tion of isentropic compression suggested by Equation (8) that is 
most interesting, but the conclusion implicit in the entropy-
difference equation and coherent with Riemann's adiabatic 
approach: that there might be certain equations of state as well 

as specifiable changes in the equations of state caused by 
shock formation that could support or might add up to isen-
tropic compression as a net result. 

This conclusion is implicit in Equation (8) in the sense that in 
its derivation at a certain point, we expressly introduced the 
equation of state for an ideal gas and thus extremely narrowed 
down the scope of its applicability. In general, only a decrease 
in entropy is not a permissible jump condition (compare this 
with von Neumann 1963, pp. 188-189). Although conservation 
of entropy is certainly not implied by the gasdynamic equa
tions when the fluid motion becomes discontinuous, neither is 
nonconservation of entropy if that is taken to mean a necessary 
entropy increase. It all depends on the equation of state, as I 
already pointed out in my previous critique of Rayleigh's criti
cism of Riemann. 

The equation of state of a compressible substance expresses 
the properties of the substance giving its specific inner energy e 
as a function; of its density p (or its specific volume v = Up) and 
pressure p (or the specific entropy S): 

However, it is certainly possible that p(5, v) does not depend 
onS. Then 

e = e (S, v) = f[S) + g (v) (9) 
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and 

de 8 . . 

T = — = — f{S). 
as ds w 

What this means is that pressure is now simply a function of 
specific volume or density, and temperature a function of spe
cific entropy; but there is no functional relationship between 
the pairs (p, v) and (T, 5), and the energy is the "disjoint union" 
of the energy contributions of the two pairs. 

John von Neumann, in his discussion of this matter, makes 
reference to a paper by Kirkwood and Bethe where it is shown 
that such a decoupling is reasonably verified under the condi
tions of underwater blasts and, therefore, that the validity or 
invalidity of Equation (9) corresponds to a certain extent to the 
division between liquids and gases (von Neumann 1963, 
p. 182), 

From the standpoint of the discussion here, first of all note 
that Equation (9) represents a type of equation of state for 
which isentropic compression is realizable. Second, von 
Neumann's remark shows that there are interesting "real l i fe" 
conditions to which such equations apply. Still, the existence 
of specifiable empirical conditions under which isentropic 
compression is possible does not necessarily help us under the 
empirically different initial conditions of laser fusion, nor does 
it convey the full epistemological consequences of Riemann's 
method. 

Riemann speaks of a new kind of lawfulness that comes into 
existence as a result of the formation of shock waves. Rather 
than applying this notion only to questions of the propagation 
and interaction of shock waves, it should be applied also to the 
interaction of shock waves with the equation of state, the in
teraction of interactions of shock waves with the equation of 
state, and so forth. Regarding laser fusion, we could then ask, 
for example, whether isentropic compression or equivalently 
favorable conditions for fusion ignition might not be achieved 
as the result of shock-caused changes in the equation of state, 
changes of changes in the equation of state, and so on. 

This wou ld be a rather different approach from the 
precision-guided weak shock sequence, which looks at 
changes in the equation of state principally from the standpoint 
of a hindrance to the efficient calculation of the path of propa
gation of the laser-pulse-caused compression wave. In the ap
proach advocated here, on the other hand, shock-induced 
phase changes in the compressed substance are regarded as 
primary, and the qualitatively new features of the substance 
having undergone phase change are to be investigated—most 
immediately, of course, for changed shock propagation 
characteristics. 

For example, as shock compression transforms the initially 
neutral fusionable material into the ionized plasma state, an 
equation of state resembling Equation (9) wil l be appropriate to 
the description of the substance (which, dominated by the 
ions, wi l l tend to behave more like a liquid), rather than an 
equation involv ing strong coupl ing of density and 
temperature.2 

Properties of the self-organization of energy (for example, 
the formation of solitons discussed by Steven Bardwell in his 
article "Elementary Plasma Physics from an Advanced 
Standpoint") come into play in the plasma state, creating struc
tural features in the substance (including topologically nontriv-
ial features) that are of primary causal significance for fusion 
ignition, but highly localized and, therefore, not readily com
prehended by the global and necessarily "averaging" ther
modynamic description of the compression process. In short, 
there is a certain sense in which, when we aim to fully under
stand laser fusion—or, more generally, implosion processes 
involving shock formation—the isentropy condition, although 
an important thermodynamic net characteristic of the process, 
nonetheless is secondary in its causal determination. 

What is primary in the causal evolution is the interaction of 
the local-and global hydrodynamic structures. Specifically, the 
fact that accounts for the essentially nonlinear nature of the 
process is the interaction of continuously evolved, new dis
crete entities with the "environment" that created them, lead
ing to phase changes in this environment that, in turn, reflect 
back onto and further transform the discrete structures. 

I want to remark at this juncture—and the reader may have 
noticed—that in the immediately preceding discussion the 
methodological points—and only these—were asserted 
categorically rather than hypothetically. The reason for this is 
simple. There is scant current empirical evidence concerning 
the details of the evolution of the equation of state of a given 
substance under ultrahigh compression—scant at least in the 
sense that there is not a good match between theory and actu
ally recorded measurements. And, not surprisingly, military 
classification again has intervened to prevent a more broad-
based attack on the problem. 

Reportedly, in the 1960s, one of the U.S. national 
laboratories carried out a classified "Project Albino" to check 
theoretical predictions for the behavior of the equation of state 
of different substances under isentropic compression against 
empirical measurements and failed to get significant agree
ment. If so, the results and, more important, the method that 
failed should be made public, so that progress in this area no 
longer remains obstructed. For such progress must necessarily 
turn on fundamental points of method and, hence, wil l have 
significance well beyond the special purpose for which "A l 
bino" was set up. 

Conclusions 
In conclusion, I wi l l now restate the issue of isentropic com

pression in the form of a generalized experimental hypothesis 
and draw some consequences, as Riemann's program de
mands, for the theory of partial differential equations. 

As I pointed out above, the most interesting thing about 
isentropic compression methodologically is its dependence on 
the equation of state. In the preceding section, two equations 
of state were used explicitly: the equation for an ideal gas and 
Equation (9), characterized by decoupling of the pairs (p, v) 
and (T, 5). These two equations are opposite extremes; or, we 
can think of them as being at opposite ends of a continuous 
spectrum that could be parametized, for example, by y. 
Another way of stratifying the continuum would be by subject
ing all sorts of substances satisfying all sorts of different equa-
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tions of state to strong shocks and recording in some fashion 
degrees of approximation to isentropic compression. 

"Project Albino" probably involved doing something like 
this, complicating the issue by introducing terms for various 
kinds of dissipation, and so forth. Such a procedure corres
ponds roughly to Linnaeus's classification of plant life or the 
arrangement of stars in the Hertzsprung-Russell diagram,1 and 
one should not actually expect any great insights into! the 
causal characteristics of the evolution of the individuals and 
species so classified. (If this is an unfair characterization of 
"Albino," the matter can be quickly rectified by publication of 
the results of the project. In any case, I am interested here only 
in a point of method, not of historical accuracy.) 

To understand isentropic compression, one has to identify a 
closer connection with the equation of state than something 
essentially of the nature of statistical correlation with respect to 
a given parameter or set of parameters. A good clue is provided 
by looking more closely than we have so far at the reason that 
Lord Rayleigh was scandalized by Riemann's paper. Rayileigh 
thought he could prove that Riemann's adiabatic jump condi
tion would lead to a violation of conservation of energy; and, 
in fact, for the "wrong" kind of equation of state, this is a 
provable consequence. 

However, this is precisely what makes matters interesting. 
Let us indeed start with a specific substance whose normal 
equation of state makes it a noncandidate for isentropic com
pression. Then, treat isentropy as a constraint upon the evolu
tion of the equation of state during compression to identify the 
sequence of phase changes the substance has to undergo in 
order for energy to be conserved. 

Qualitatively, such a sequence cannot be thought of as in
volving only the variation of one continuous parameter such as 
y, but must be pictured as a discontinuous succession of phase 
spaces, progressing continually to "higher states of internal 
organization." Either such a sequence is empirically realisable, 
or else isentropy wil l break down. For the interesting case of 
empirical realizability we are faced with the task of making 
precise this notion of "higher states of internal organization." 

Physics today does not have a quantifiable concept or col
lection of concepts that can accomplish this. What is needed is 
a more refined concept of energy that is capable of discriminat
ing between geometrically and topologically different distribu
tions of energy taken in the ordinary sense and can impose an 
ordering on such distributions. In a recent article (Fusion, Oct. 
1978), Lyndon H. LaRouche has used the term negentropy in 
approximately this sense, as I have discussed above. Although 
this nomenclature is clearly inspired by thermodynamic con
siderations, LaRouche gave the term a precise meaning in the 
context of a "thermodynamic model" for economics, where 
negentropy denotes an invariant representing the action of 
technological improvements upon the productivity oi labor. 

Within the framework of Riemannian geometry as elabo
rated in Riemann's "The Hypotheses Upon Which Geometry Is 
Based," the ordered succession of phase spaces traversed by a 
substance under isentropic compression would have to \pe rep
resented on a multiply connected manifold of noncOnstant 
curvature; that is, varying metrics for a chosen path. Riefnann's 
geometric inventions—both in his geometry proper and in his 
representation of multiply valued complex functions op. what 

we now call Riemann surfaces—provide us with an ample 
arsenal of tools for the qualitative analysis of the indicated 
phase spatial relations. 

Not currently available is a sufficiently rich number-
theoretical continuum to launch an analytical attack on the 
most-difficult-to-handle nonlinear partial differential equations 
used in the characterization of fluid turbulence and so forth (for 
example, the Navier-Stokes equation) to which the hydro-
dynamic treatment of shock wave interaction with equations of 
state ultimately must be subsumed. 

Riemann himself had begun to develop an attack on the 
number-and-function-theoretical issues involved in an article 
titled "On the Representability of a Function by a Trigonomet
ric Series." This treatise must be read as a companion piece to 
the "Hypotheses"; it was instrumental in motivating Georg 
Cantor to undertake his groundbreaking investigations of the 
linear continuum and prompted his development of transfinite 
numbers. 

A similarly bold step is necessary at this juncture if there is to 
be significant progress with the now-unsolved equations of 
mathematical physics. It would be most immediately in the 
spirit of Riemann's program to proceed in this not from 
generalities but from a definitely circumscribed experimental 
physics context; and laser fusion raises all the right kind of 
problems. To quote Riemann one last time (from his an
nouncement of the paper on air wave propagation in the Gdt-
tinger Nachrichten, Nov. 19, 1859): 

Much as in the case of the integration of the linear partial 
, differential equations the most fruitful methods were not 

found by means of the development of the general con
cept of this task, but arose, on the contrary, from the 
treatment of special physical problems; so also, the theory 
of the nonlinear partial differential equations seems to be 
most furthered by a detailed treatment of special physical 
problems, taking into account all relevant boundary con
ditions. And, indeed, the solution of this very special prob
lem [of wave propagation], which constitutes the object 
of this treatise, has required the invention of new methods 
and conceptions, and led to results that probably wil l also 
play a role in the solution of more general problems. 

jointly with Steven Bardwell—to whom I am grateful for a great 
many clarifying discussions of the specialized physics issues in 
this paper—I am now undertaking a survey study of the special 
relationships that obtain between shock waves, solitons, and 
vortex structures for the greater than one-dimensional realm. 

The remarkable mathematical si/nilarity between the Bur
gers equation, 

du , du d*u . 

—developed for the purpose of mathematically modeling as
pects of the Navier-Stokes equations, but actually representing, 
weak shock waves—and the Korteweg-de Vries equation, 

du , du , d3u J, 

-HT + a u — + — - = 0 a = const, 
at dx dx3 
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which exhibits soliton solutions, confirms one's physical intu
ition of close structural resemblances. 

The survey should do much to sort out further our ideas of 
a comprehensive Riemannian attack on the recalcitrant for
tresses among the hydrodynamic equations. Along with a si
multaneous attack on the problem of the enlargement of the 
continuum, this maps the necessary course of the offensive. 

Postscript 
In the in t roduct ion to my 1976 translation o f 'G^o rg Cantor 's "Foundat ions 
of a General Theory of Man i fo lds , " ( in The Campaigner, Jan.-Feb. 1976) I 
deve loped an argument leading to, among ojther things, the fo l l ow ing 
comment on the not ion of a " b i g b a n g " beginning (and possibly " b i g 
c r u n c h " ending) of the physical universe: 

The notion is absurd. All that Einstein's equations imply is that the "laws of 
nature" or that fraction of the laws of nature which they express, cannot be ex
tended beyond a finite period of time (in either direction) There is no one set 
of invariants which governs the process of the evolution of universal substance 
once and for a l l— The structure of the physical universe e\tcnded in time is 
necessarily that of a nonlinear Cantorian continuum lof a succession of transfinite 
cardinals), characterized by variability of invariants, discontinuity of the process 
of nature Irom the standpoint of any given set of laws (emphasis added' 

It is on ly the pr imi t ive epistemology under ly ing the assumption that 

linear cont inui ty and f ixed laws govern universal evo lu t ion that leads to 

the seeming unavoidabi l i ty of the " b i g b a n g " nonsense. Considerat ion of 

the dynamics of implos ion processes as discussed above can, I th ink, lead 

to further clar i f icat ion (not just theoret ical ly, bat experimental ly) of what 
is i n v o k e d in the "var iat ion of invar iants" in the realm of inorganic matter. 

In addi t ion to shock wave/equat ion of the state interactions, we may have 

to take in to account changes in the metr ic of t ime in this interact ion. 

Certainly the a priori assumption that the time: metric is independent of 

the characteristics of the evo lu t ion of the physical process (especially 

under extreme condit ions) is unjust i f iable. Thej def in i t ion of a relativistic 

t ime frame beyond the l im i ted scope of relat ivization w i th respect to a 

f inite veloci ty of the propagat ion of electrornagrtetic effects, as in Einstein's 

special relativity, is cal led for. 

App l ied to cosmological problems, such aj radically relativistic t ime 

concept w o u l d y ie ld the fo l low ing . Changes in i the t ime metr ic as we are 

tracing the evo lu t ion of the physical universe back into the distant past 

and into radically di f ferent physical condi t ions Will make nonsense of such 

talk as "90 seconds after the big bang, " and so fo r th . The external ly 

imposed absolute t ime frame tells us no th ing about the actual relativistic 

t ime internal to the evolut ion of the physical process. 

The most coherent p ic ture, epistemological y, is that of a process of 

cosmical evo lu t ion def ined by an o rdered succe'sion of types of lawfulness 

(Cantorian cardinalities) and associated t ime metrics, making the universe 

inf in i te in t ime but (for separate reasons) bounded in space-t ime, con t in 

ually evolv ing ils own metric for its progressive stages. 

Uwe Parpart, Fusion Energy Foundation director of 

research, is a graduate of the West German Naval Acad

emy. He has taught mathematics, physics, and philosophy 

and was on the faculty of Swarthmorl? College for several 

years. 

Notes 
1. The Tr ipos exam at Cambr idge requires the student of mathematics to 

memor ize a vast number of techniques. Presumably the highest rank
ing student is cal led "Senior Wrangler" because he best wrestles with 
the vo lume of mater ial . 

2.• As noted above, the equat ion or state of a medium determines whether, 
how, and under what condit ions isentropic compress ion of matter will 
occur. One line of possible investigation for how new equat ions of state, 
or rather phases, arise in magnetized plasmas is presented by the Grad-
Hogan theory (see Fusion. Oct. 1978, pp. 4Sj-49). 

Al though conventional w isdom in inertia! conf inement studies of 
isentropic compress ion holds that the matter being compressed is not 
a magnetized plasma, mul t i -megagauss magnetic f ields have been 
observed in laser pellet fusion exper iments, in at least the crucial initial 

stages. Therefore, at least for these initial stages of the development of 

the shocks generat ing isentropic compress ion, magpetized plasma 

has been shown to be important experimental ly. 

Ironically, the Grad-Hogan theory, which was developed originally for 

magnetic conf inement fusion, could have major appl icat ion to inertial 

conf inement fusion. The Grad-Hogan theory has important impl icat ions 

for cont inuum hydrodynamics regarding the demonstrat ion that the 

Helmholtz Theorem for conservat ion of vorticity does not hold; mini 

mally, it cou ld manifest essential f laws in the "convent ional approach" 

embedded in the various computer codes used for at tempt ing to 

determine the equat ions of state dur ing isentropic compress ion. 

In part icular, as noted above with respect to the von Neumann 

investigations of what k ind of state of matter wou ld be susceptible to 

isent rop ic .compress ion, the decoupl ing of either pressure or density 

from temperature is necessary for isentropic compress ion. In magnet

ized plasmas, such a decoupl ing is determined by the magnetic and/or 

electric f ield structure, or rather topology. How such f ield topologies 

are init iated and evolve, therefore, would be essential to determining 

the "phase" of "equat ion of state" in magnetized plasmas. 
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The Secret of Laser Fusion 
By the Editors of Fusion Magazine 

ALL OF HISTORY tells us that humanity must have new 
knowledge or it wi l l die. Today, precisely those areas of 
new knowledge that are most critical to the future of 
mankind are what are classified in the U.S. inertial con
f inement fusion program. 

As wi l l be made clear, this classification policy has 
proved to be a strategic and polit ical disaster. The Soviet 
Union, the purpor ted enemy, already is fully aware of the 
scientific knowledge involved and its civilian and military 
applications. By not cooperat ing in the jo int development 
of inertial conf inement for producing energy, the United 
States not only falls behind in the quest for a cheap and 
plent i ful energy supply, but also opens itself up to be 
drawn into military confrontat ion with a very well pre
pared adversary. 

The truth is that there really are no secrets to laser 
fusion. A careful reading of the available literature pro
vides one with knowledge of all the basic issues involved. 

We hope here to in form a more general audience of 
what these issues are and why they have been blacked 
out. Only by opening up discussion in these vital areas of 
science wil l we be able to rejuvenate the normal processes 
of scientific exchange that throughout history have led to 
the advancement of humanity. 

Some Classification History 
To most scientists, the chronology of events in the last 

two years concerning the U.S. classification of inertial 
conf inement fusion research has been bizarre. Three in
cidents are of special note. 

First, L.I. Rudakov, the head of the Soviet electron beam 
program, visited the United States in July 1976 and declas
sified a significant amount of Soviet research on electron 
beam fusion. The energy bureaucracy in Washington re
sponded by classifying Rudakov's work in the United 
States (including—so one story goes—one of the black
boards Rudakov used to explain some of the Soviet con
cepts).1 

The fo l lowing summer, E.P. Velikhov, the head of the 
Soviet fusion effort, proposed that the United States and 
the Soviets begin a jo int research project on a branch of 
.nertial conf inement called the fast liner, an area in which 
the Soviet Union was the acknowledged leader. The re
sponse of the Department of Energy, prompted by Na
tional Security Advisor Zbigniew Brzezinski, was, in effect, 
to classify the fast liner research the United States was 

In looking for a solution it is well to 
exclude one pseudosolution at the start. 
The crisis will not be resolved by 
inhibiting this or that particularly 
obnoxious form of technology. For one 
thing, the parts of technology, as well as 
of the underlying sciences, are so 
intertwined that in the long run nothing 
less than a total elimination of all 
technological progress would suffice for 
inhibition.... 

Prohibition of technology (invention 
and development, which are hardly 
separable from underlying scientific 
inquiry) is contrary to the whole ethos of 
the industrial age. It is irreconcilable with 
a major mode of intellectuality as our age 
understands it. It is hard to imagine such a 
restraint successfully imposed on our 
civilization. Only if those disasters that we 
fear had already occurred, only if 
humanity were already completely 
disillusioned about technological 
civilization, could such a step be taken. 
But not even the disasters of recent wars 
have produced that degree of 
disillusionment, as is proved by the 
phenomenal resiliency with which the 
industrial way of life recovered even—or 
particularly—in the worst hit areas. The 
technological system retains enormous 
vitality, probably more than ever before, 
and the counsel of restraint is unlikely to 
be heeded. 

—John von Neumann, Fortune, 7955 
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A large laser under construction at 
the Lebedev Physical Institute, the 

UMI, uses slab neodymium-glass 
amplifiers and the target chamber 

shown here. The arrangement of the 
ports for the laser light (the two 

square windows in the front of the 
cylinder) is interesting. There is no 

possibility in this geometry for 
spherically symmetric illumination of 

the target. Design of cylindrical and 
conical targets for the experiment is 

now underway. 

doing. (For details, see The Case of the Fast Liner" in this 
issue.) 

In winter 1977, N. Basov, the Nobel laureate who heads 
the Soviet laser fusion program, proposed expanded U.S.
Soviet collaboration on laser fusion. One month later, U.S. 
Energy Secretary James Schlesinger personally answered 
Basov's proposal by stating at a press conference: " N o , 
flatly no. We can't collaborate because it is classified." 

The Soviets propose col laborat ion; the U.S. refuses 
because U.S. research is classified. The Soviets propose 
research in an unclassified area; the U.S. classifies its own 
research in that area. The Soviets declassify some of their 
research; the United States classifies this Soviet research 
in the United States. Qui te a record for a nation with a 
tradit ion of scientific progress! 

Who's Classifying What from Whom? 
Observers who have tr ied to look at any particular piece 

of the classification issue invariably have come away con
fused by the inconsistencies between the results of the 
classification and its justif ication. How can classification of 
Soviet results in the United States be justified? How can 
the out lawing of discussion of certain theoretical concepts 
in physics—when they apply to laser fusion—be justified? 

A clue to the answer comes f rom a statement by Pro
fessor John Holdren at the University of California at 
Berkeley, one of those reputed friends of fusion who 
obviates the need for enemies. In a March 1978 article on 
the dangers of fusion in the Bulletin of Atomic Scientists 
(page 4), Holdren said: 

Technologically, " t he genie is out of the bott le [in the 
case of fission], and it is widely held that greatly 
strengthened political controls are not feasible.... 

In the case of fusion, choice is still possible—and 
likely to be relatively cheap. It is possible because 
research in inert ial-confinement fusion is going on in 
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only a few places and under cover of classification; it 
is likely to be cheap in the sense that inert ial-confine-
ment fusion probably could be abandoned wi thout 
surrendering the prospective benefits of fusion 
powek 

Without wasting t ime with the usual arguments about 
national security and nuclear prol i feraton, Holdren gets 
right to the point : The danger of inertial conf inement is 
prol i feration of knowledge; the issue is control over the 
spread of knowledge. 

This fear of the development of scientific knowledge 
and its industrial and social implications, which is the real 
motivation behind U.S. classification policy, has recently 
come to the political surface. Former secretary of state 
Henry Kissinger and Energy Secretary James Schlesinger 
have both warned that rapid modernizat ion and indus
trialization are the cause of unrest and potential civil war 
in Iran and Mexico. On that basis, they both have argued 
for the decrease in capital investment and development 
in these countries and a return to more tradit ional feudal 
technologies. 

This fear of progress is scared by the environmentalist 
movement and its sponsors in the highest sections of the 
Carter administration. In fact, this feudalist faction deter
mines policy in the Division of Security and Safeguards as 
well as in the powerfu l Joint U.S. and U.K. Atomic Infor
mation Exchange Group in the Department of Defense.2 

This latter office exerted the main impetus for the U.S. 
classification in 1976 of Rudakov's declassified material. 

Perhaps the most critical connect ion in the determina
tion of U.S. classification policy is the British government 
and the U.K. Atomic Energy Research Establishment and 
military laboratory at Aldermaston. In instance after in
stance, input and pressure f rom Britain have shaped U.S. 
classification policy and possibilities for international col 
laboration on nuclear power, and more recently, laser 



fusion. As Secretary of Defense Harold Brown told a 
European NATO official who questioned him about why 
the United States had not taken advantage of the Soviet 
declassification in the 1976 Rudakov case, "Because our 
British allies won' t let us." 

Apparently the British intell igence establishment still 
dreams of becoming rural gentry, rul ing a small, uncom
plicated wor ld of ignorant peasants—exactly what Benja
min Franklin accurately identi f ied as the British problem 
200 years ago and over which Americans fought the War 
of Independence. 

Demystifying Inertial Confinement Research 
From available U.S. documents and f rom what is avail

able in the open Soviet literature about scientific processes 
now classified in the United States, we':have compi led the 
fol lowing report on classified matter in U.S. inertial con
f inement research. Again, we emphasize that all the 
sources for this information are publicly available. 

Al l types of inertial conf inement fuision research have 
suffered f rom extensive classification because they all rely 
on the same general physical condit ions for their success: 
the rapid (supersonic) compression and explosive heating 
of a small amount of fuel. (These conditions are the 
opposite of the almost steady-state operation at low den
sity of magnetic conf inement fusion.) 

The primary distinction among the different approaches 
to inertial conf inement fusion is the source of the intense 
energy needed for igni t ion, the so-called driver. The main 
drivers now under study are lasers (several types), particle 
beams (both electrons and ions), and metal shells (liners). 
These drivers give rise to the various kinds of inertial 
fusion research bearing their names. 

Because of this overall similarity, the three steps in a 
fusion process initiated by inertial conf inement—heating, 

compression, and ignit ion—are comparable. All require 
knowledge of the physics of the hot, dense matter 
undergoing fusion. To give you an idea of what this 
involves: The condit ions for producing inertial conf ine
ment wou ld be the equivalent of dealing with a teaspoon 
of fusion fuel at a temperature of 100 mil l ion degrees 
(hotter than the center of the sun), a weight of 120 
pounds, and an energy output of the equivalent of 250 
mil l ion gallons of gasoline. 

Energy Absorption 
The first problem in the init iation of the inertial fusion 

process is the delivery of energy to the surface of the 
target of fusion fuel. In the case of laser fusion, for 
example, an intense beam of laser light is focused on the 
pellet for about one-bi l l ionth of a second. During this 
bi l l ionth of a second, more energy is concentrated on the 
target than the total energy consumed by the wor ld dur ing 
that bi l l ionth of a second. 

The problem both scientifically and practically is to 
ensure that the light energy is absorbed by the tiny pellet 
and not reflected or transmitted. All our intuit ion about 
the behavior of light wi th matter is almost useless at the 
tremendous energy densities involved in these experi
ments. 

The transfer of energy to the fusion fuel must be done 
in a carefully control led way for maximum efficiency. 
Since the pellet must be simultaneously compressed and 
heated, it is clear that it wou ld be advantageous first to 
compress it and second to heat it, because it is easier to 
compress the fuel when it is cold rather than hot. 

This scheme of compression and heating is called isen-
tropic compression, compression of the pellet wi thout 
increase in temperature (entropy). The declassification of 
this idea in the early 1970s by Edward Teller was the first 
significant indication that laser fusion was possible. Wi th-

77ie Delphin laboratory contains a 
second, smaller target chamber, 
shown here, for calibration of the 
diagnostic equipment to be installed 
in the full-scale target chamber. 
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Figure 1 
THE POLISH EXPERIMENT 

About one-tenth of a microgram of 
deuterium gas, at 1.2 atmospheres 
pressure with 9 percent argon added, 
is implanted under the foil in a small 
depression in a large anvil. Then, a 
double conical shell is suspended 
above the fuel. The inside of the shell 
is a heavy metal tamper that carries 
the momentum of the cone of high 
explosives surrounding the tamper. 
When the shell of high explosives is 
ignited, a convergent shock wave, 
called a mach stem, is formed that 
drives vertically down on the deuter
ium gas, compressing it by a factor of 
1,000 in volume and heating it to 
about 500 electron volts, for about a 
billionth of a second. 

out isentropic compression, the energy requirements for 
igni t ion are astronomical. 

The scientific understanding of how light is absorbed 
on the surface of fusion targets has been the subject of a 
large amount of open research and does not in itself seem 
to have been significantly hindered by classification. The 
details of the absorption of energy f rom an electron beam, 
however, are significantly different f rom those appropriate 
to a laser (although the questions of compression and 
ignit ion seem nearly identical in the two cases), and results 
on the interaction of the electron beam and a fuel pellet 
have been extensively classified. 

These results have important implications for pellet 
design and the feasibility of electron beam fusion. This 
information must be made public in the Uni ted States. 

From literature published in the Soviet Union by L.I. 
Rudakov and others, it is known that the absorption of 
energy f rom an electron beam by a fuel pellet proceeds 
in three steps: First, the electron beam is trapped at the 
surface of the pellet by the conductivity of the outer 
surface of the pellet and by intense local, magnetic fields 
that capture the electrons at the surface of the pellet. The 
electrons execute a violent, spiral set of orbits when they 
first hit the surface of the pellet—as might be expected, 
since they are decelerated f rom velocities near the speed 
of light when they strike the pellet. 

This first part of the electron beam-pellet interaction is 
widely studied and published. However, the second step, 
involving soft X rays, is heavily classified in the United 
States, al though not in the Soviet Union. 

It is well known to every physics undergraduate that 
when a charged particle, like an electron, is accelerated 

or decelerated, it loses significant quantities of energy in 
the form of X rays. 

This is how X rays are generated by a color television, 
for example. When the high-energy electrons used to 
excite the picture tube hit the glass of the screen, they 
emit some of their energy in these so-called bremsstrah-
lungX rays. 

If the energy of the electron beam and the outer 
material of the pellet are matched, it is possible to obtain 
most of this energy in the form of X rays that are of high 
enough energy to ionize the outer layer of the pellet, but 
of low enough energy so that they cannot penetrate inside 
the pellet and heat the interior. Such X rays are called soft 
X rays, and this process of surface heating using soft X rays 
is an essential condi t ion for isentropic compression. 

Soft X rays provide the ideal form of energy for the final 
step of the energy deposit ion in the fuel pellet. Recall that 
these soft X rays are in the energy range in which they 
interact strongly with the matter in the pellet; their energy 
is sufficient to ionize the fuel but cannot penetrate deeper 
because it is immediately absorbed at the surface. Thus, 
the heating goes on in a layer always at the surface of the 
pellet with negligible heating of the interior of the pellet. 
This ensures that the compression of the pellet by the 
shock waves set up with this surface heating wil l be 
compressing cold fuel. 

This picture of the energy deposit ion process on pellet 
design has two immediate implications—neither of which 
can be discussed publicly in the United States. First, the 
composit ion of the outer layer of the pellet must be of 
some material that combines the conductivi ty, density, 
and atomic charge that opt imize the product ion of soft X 
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rays. Second, the geometry of the pellet must enhance 
the absorption of the soft X rays by ensuring that they are 
propagated in the direct ion of the fuel or other pellet 
layers. As the Electric Power Research Institute maintains, 
the classification of such basic considerations not only 
impedes scientific discussion and progress, but also pre
vents the engineering and industrial development of fu 
sion.3 

The Soft X-Ray Case 
The story of the study of soft X rays in inertial conf ine

ment fusion in the Uni ted States fits the illogical pattern 
described at the beginning of this article. The first public 
speculation on their crucial role in electron beam fusion 
came at a series of talks by L.I. Rudakov given at U.S. 
scientific meetings here dur ing late June and early July in 
1976. These talks totally unnerved the energy bureaucracy 
in the U.S. and British governments. There was a flurry of 
telegrams, letters, and telex messages back and for th 
between the Energy Research and Development Admin 
istration off ice in Washington, the national laboratories 
where Rudakov had spoken, and the British Foreign Of
fice. The net result of this hysteria was the classification of 
Rudakov's results in the Uni ted States.4 

This classification has had some very interesting clinical 
effects on scientific research in the area of electron beam 
fusion. For example, it has created a situation in which 
U.S. researchers are forb idden by statute to discuss the 
basic physical phenomena involved in transfer of energy 
between the electron beam and the pellet. A survey of 
Physical Review Letters, the most important American 
journal for communicat ion of new experimental results in 
physics ( including inertial conf inement fusion research), 
for the two years after Rudakov's visit to the United States 
shows no ment ion by U.S. authors of the role of soft X 
rays in the electron beam fusion process. The first paper 
in a Western journal to note the critical part played by 
these X rays was authored by a group of Japanese scien
tists.6 

Why are soft X rays classified? The usual answer given 
to this question is that they play a similarly important role 
in the compression and heating used in the ignit ion of a 
hydrogen bomb (which is a large, uncontrol led inertial 
conf inement fusion experiment). This might be a credible 
excuse, if not for the fact that the information is being 
provided by one's nominal enemy. 

It should be clear to the reader that what is classified 
here is not a technological development, not some better 
gadget of military appl icat ion, nor even an immediately 
deployable source of energy. Theoretical science is being 
classified! 

Because it is unlawful for a scientist to talk about a 
central concept in the physics of inertial fusion, the 
discussion of a host of interesting and important problems 
in physics is aborted. To take one example: According to 
some of the best scientists in the f ield, the problem of 
transport of energy by electrons in a plasma is the most 
diff icult, most significant, unsolved problem in plasma 
physics. The question of how electrons can selectively leak 
off energy f rom a magnetic fusion plasma seems to be 
very similar to the question of how electrons transport 
energy quickly into the core of a laser fusion pellet. In 
both situations there is an anomalous populat ion of hot 

electrons that behave in a very problematic way. 
It is known that in both the magnetic and inertial cases, 

the plasma mot ion generates intense magnetic fields that 
violently affect the electrons, but there is a gaping hole in 
all discussions of the si tuat ion—mention of soft X rays is 
forb idden. Scientific inquiry, which requires an environ
ment as unfettered as possible in order to f lourish, is thus 
cr ippled in inertial conf inement research. 

Compression 

It is not enough to make fusion fuel hot. In order to 
release net energy, the fuel must also be sufficiently dense 
for enough fusion collisions to take place. In the case of 
an inertial conf inement fuel pellet, this translates into the 
necessity for densities up to 10,000 times normal l iquid 
density. Since matter does not normally come like this, 
some mechanism must be found to use the energy of the 
driver to compress the fuel. 

The guiding idea in this compression is that it must be 
isentropic, as ment ioned above. The simple picture of this 
is that the outer layer of the pellet can be heated so 
rapidly that as it explodes off the surface of the pellet, the 
back-reaction of the rest of the pellet wi l l drive a compres
sion wave toward the center of the pellet, like a rocket 
engine pointed toward the center. 

This is the usual picture of so-called ablative compres
sion presented to lay fusion audiences. Unfortunately, it 
is also the intuit ive guide to a model of compression 
presented in unclassified literature in the United States. 
The tougher, more important question is: how does this 
compression really work? To assume that it proceeds 
according to normal experience wi th compressions of gas 
or weak explosions is naive. However, to be anything but 
naive in answering the question is impossible, because, to 
quote the Department of Energy's felicitous word ing, it 
"m igh t lead uncleared workers into classified areas." 

The central concept necessary to unravel the problem 
of pellet compression is the propagation and focusing of 
shock waves, a topic rarely talked about even abstractly in 
the open American literature. Interestingly, the concepts 
sufficient for the qualitative understanding of the problem 

Total Classification? 
The same process of classification is under discus

sion for the rest of the fusion program. In December 
1977, the Department of Energy circulated a mem
orandum for drawing up classification guidelines for 
the handling of t r i t ium fusion fuel. As noted in the 
memo, the new guidelines are intended to affect 
the next generation of t r i t ium-burn ing fusion ex
periments. The memo pointed out the supposed 
prol i ferat ion hazards of fusion resulting f rom the 
use of t r i t ium and said that the new guidelines wil l 
involve the classification of some commercial ly avail
able laboratory equipment, since this equipment is 
used to handle t r i t ium. 

The memorandum resulted in a two-volume study 
recommending classification, a policy which has not 
yet been implemented. 
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Figure 2, from the paper by Belokon', shows the conceptual design for a cylindrical, multifoil target. The illumination 
scheme has cylindrical symmetry, very similar to that in the Shiva-Nova laser system (see opposite). The wavy lines in the 
diagram represent the laser light hitting the faces of the foils making,up the target and pushing the foils toward each 
other. Belokon' designed the targets used by Rudakpv in his first series of electron beam experiments that caused a furor 
in the United States. 

of inertial confinement fusion compression were devel
oped in a rigorous way by Bernhard Riemann in a paper 
in 1859. In a very real way, Riemann's 1859 paper is now 
classified in the United States. 

Riemann was the first to recognize that a singular wave 
front of compressed matter is not merely a mathematical 
result of the equations of wave propagation in a com
pressible medium, but that it exists physically and can 
itself propagate. The shock wave created by the isudden 
deposition of energy on the surface of a fuel pellet is just 
such a wave; its density changes from 1,000 times normal 
to its normal value in a distance much much smaller than 
any dimension in the pellet. 

The shock waves generated in the highly energetic 
processes characteristic of inertial confinement fusion 
have several unique properties, all of which seem to be 
classified in the United States. First, classical wisdom has 
it that the transition across a shock wave front involves an 
increase in entropy and, of necessity, a nonistentropic 
transition as it propagates.6 The conditions for the prop
agation of such a shock wave have been well developed 
by researchers over the past 50 years. However, in his 
original paper Riemann assumed that the transition across 
the shock front would be adiabatic, reversible, c(nd isen-
tropic. 

According to Soviet researchers, it is now known that in 
highly energetic shock waves, like those in all kinds of 
inertial fusion, Riemann's assumption was the correct 
one.7 The properties of Riemann's adiabatic shock waves 
turn out fo be ones that actually compress the fusion fuel, 
both in a laser fusion pellet and in a hydrogen bomb. 

The second important property of high-energy shock 
waves has been known since the 1930s, but its implications 
for laser fusion are still classified. Shock waves have the 
interesting property of being amplified on reflection.8 

When a shock wave is reflected from a boundary, the 
reflected shock wave is eight times as strong as the initial 
wave for a normal gas. In other materials, the amplification 
can be many times greater. 

Although it is not discussed openly, it would be ob
viously advantageous to construct the pellet so that these 
shock waves could be reflected and then focused in order 
to generate a compressive wave many times stronger than 
that generated "brute force" by the driver. 

The Soviets have perfected two means of doing just this 
using techniques that are undoubtedly being used in the 
United States also, as we shall show, but that cannot be 
discussed openly here. The first involves the use of alter
nating layers of matter and vacuum in the pellet. This 
arrangement allows for the shock wave to bounce back 
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Figure 3, the Shiva-Nova at Lawrence Livermore, is the world's largest laser. The most remarkable thing about the laser 
is the arrangement of the ports for illumination of the target in the target chamber; the beam ports are not spherically 
symmetrical. In spite of much public discussion on the importance of spherical illumination of the la'ier fusion targets— 
thought to be necessary to prevent unstable implosion—the most advan.ced laser in the world purposely avoids 
spherically symmetric illumination. The classified fact that cannot be discussed openly by the Livermore scientists is that 
their pellets are asymmetrical also! 

and forth between the layers to self-amplify; it allows the 
pellet to be " t u n e d " to the natural amplif ication and 
focusing of the shock wave; and it allows the pellet to be 
designed so that the acceleration of one layer can be 
t imed to coincide with the next, inner layer. In this way, 
the whole energy of the shock wave is tai lored to meet at 
the center of the pellet simultaneously. 

These considerations are reviewed explicitly in a recent 
Soviet work and very covertly in a recent American paper.9 

Nonspherical Targets 
The most striking application of these ideas, which is 

even more highly classified in the United States, is the use 
of nonspherical targets for focusing and amplifying the 
shock wave. 

In Rudakov's 1976 work on electron beam fusion, he 
experimented with conical targets (Figure 1). The advan
tage of conical targets was shown dramatically by the 
Polish inertial conf inement research group under Kaliski, 
who described in detail the focusing effect of a conical 
target, the formation of a Mach stem in the propagation 
of the shock wave in the target, and the extremely high 
temperatures and pressures achieved.10 The Kaliski group 
was able to achieve fusion driven by chemical explosives, 
using the amplif ication possible with a conical target. 

Another widely discussed Soviet idea, which has been 
kept under wraps in the United States, is the idea of 
cylindrical targets. As the above Soviet paper notes, the 
self-focusing of the shock wave and the ease of assembly 
of mult i fo i l pellets for the cylindrical targets make them 
very attractive as the fuel geometries for laser and electron 
beam fusion. Figure 2 shows another target design of 
Soviet origin using these ideas. 

There is little doubt that the United States is developing 
cylindrical targets as wel l . Striking proof is given of this by 
looking at the geometry of the i l lumination scheme of the 
Shiva-Nova laser at Lawrence Livermore (Figure 3). As the 
schema shows, the laser beams can enter the chamber 
only f rom the top and bo t tom; it is impossible even to 
approximate spherical geometry in i l luminating the target. 

A widely discussed problem in laser fusion is the occur
rence of destructive physical instabilities in the pellet that 
were thought to amplify any nonsymmetry in the heating 
of the target and result in the bursting of the target before 
it could be compressed. Therefore, the sudden publication 
of this odd Shiva-Nova target chamber design excited 
quite a bit of interest. 

At an international laser fusion conference in December 
1978, a French scientist asked the Livermore group if it 
had plans later to convert the chamber to spherical i l lu-
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mination (he apparently assumed that this asymmetrical 
design was a first approximation), and he asked how hard 
it wou ld be to do so. The somewhat flustered Livermore 
scientist replied that they had not even thought of chang
ing the target chamber, and that it wou ld be almost 
impossible to make such a change. 

Several other questions of similar nature—how is target 
design affected by this i l lumination scheme, and the l ike— 
were answered with the same somewhat embarrassed 
evasion. 

The obvious point is that the targets also are asymme
trical. As Figure 2 shows, such polar i l lumination Would 
be ideal for driving the two ends of a cylinder—perhaps 
a mult i foi l construction, taking advantage of the reflected 
shock waves in each layer, between layers, and from the 
sides of the cylinder, to achieve tremendous magnification 
of compression. 

Obvious, but classified. 

The Military Question 
The overall impact of the classification of shock wave 

phenomena in inertial conf inement fusion has been much 
more destructive than in the case of the soft X rays. As the 
article in this issue on Riemann's theory of shock wave 
develops in more detail, the methodological and episte-
mological issues brought up by a serious study of shock 
waves are far-reaching. In the past, such study hasalways 
resulted in significant advances in mathematics and phys
ics, as demonstrated by the experience of Wor ld War II 
and the Manhattan Project. 

That these scientific studies have military implications is 
unavoidable. It is a not-so-surprising fact that the frontiers 
of science frequently coincide with the frontiers of military 
technology, as both reach for higher and higher energy 
densities. 

To justify classification of theoretical s'cience because it 
is involved with new military technology is to classify, 
down the line, the most important scientific work now 
being pursued. This classification poisons the atmosphere 
for creative scientific work, creating a situation in which 
whole areas of physics become incomprehensible to sci
entists who are not among the inner circle of the national 
laboratories privy to the classified material. 

The only reason that fusion is at all technologically 
interesting is that it eventually involves the ignit ion of a 
fusion reaction. The payoff comes when the nuclei of 
hydrogen actually fuse and release energy. Unfortunately, 
the most exciting and challenging stage of the process is 
also the most highly classified. The appearance of qual i
tatively new species of matter f rom a regular plasma—a 
fusing plasma, a fireball of new particles, massive energy, 
a star in miniature—cannot be discussed. Much like the 
proverbial baby in Victorian novels, the conception of this 
fireball must remain embarrassingly vague. 

The only t ime scientists have had access to a macro
scopic amount of fusing matter on earth is the eixplosion 
of the hydrogen bomb. This immediately gives a so-called 
legitimate cover for classifying research into the actual 
fusion process. 

Yet, as the Electric Power Research Institute Report 
notes, the most critical engineering knowledge about 
fusion is the mixture of energy forms (and their interde
pendence) in the fireball. Wi thout a knowledge of the 
t iming and shape of the blast wave, the mixture of neutron 

energy and electromagnetic radiation coming out of the 
blast, and the factors affecting this mixture, it is impossible 
to create an engineering design for fusion reactors. Exactly 
this information is the most highly classified part of the 
fusion program. 

It is not surprising that the most carefully classified area 
in fusion is the ignit ion prob lem, because ignit ion pre
cisely raises the most fundamental problems in fusion. As 
Holdren said in his advocacy of more widespread classi
f icat ion, knowledge is dangerous. For the polit ical faction 
that believes this, the fear of scientific discovery and the 
prol i ferat ion of scientific ideas defines a wor ld of tech
nology gone wi ld , of man helpless before the destructive 
powers of his own creativity. 

This view of man and his role in the universe is the real 
determinant of the present classification policy. And for 
those who hold such a view, it is completely coherent 
simultaneously to advocate disarmament and the init iation 
of nuclear war—as Bertrand Russell d id in 1948. 

With this view, it is also coherent to sell nuclear tech
nology to the People's Republic of China based on an 
informal note of agreement on nonmil i tary use, whi le 
denying the sale of nuclear technology to India, a signa
tory of the Nonprol i ferat ion Treaty. The biggest threat to 
the feudalists in both situations is not war; it is the policy 
of science and development espoused by the Soviets or 
the Indians. 

Whatever motivates the individual scientist or military 
officer to justify classification in one instance or another, 
and perhaps be completely proper in doing so, the ques
t ion of classification in fusion goes much deeper. Classi
fication of fusion research means the destruction of prog
ress. It must be called by its real name, and it must be 
stopped. 
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Unemployed: DOE classification shut down the 
capacitor bank of the Los Alamos Scyllac, rather than 
permit a joint U.S.-Soviet experiment with fast liners. 

The Case of 
The Fast Liner 
by Charles B. Stevens 

IN FALL 1978, the fast liner approach to thermonuclear 
fusion suddenly became classified. The mysterious deci
sion was taken wi thout consultation wi th any of the 
scientists in the research program, or wi th the fusion office 
and the classification division at the U.S. Department of 
Energy. In effect, it has kil led the fast liner work as a 
promising line of fusion research in the United States. 

Why would such an important area of fusion research 
be halted wi thout the knowledge of any of the individuals 
immediately involved? And who in the Department of 
Energy had such extraordinary decision-making power? 

The answers to these questions, presented below, 
should make those readers skeptical about the British role 
in sabotaging U.S. energy development think twice. 

First, some facts about the fast liner. 
The fast liner approach to fusion is particularly important 

because it efficiently and cheaply combines the two most 
general methods of obtaining fusion—magnetic conf ine
ment, which most prominent ly involves the tokamak, and 
inertial conf inement, typif ied by laser pellet fusion. 

The basic idea of the fast liner system is that the 
electrical conductor that generates the magnetic field 
conf ining the plasma is designed to collapse under the 
stress of its own magnetic field and, in the process, 
compress and heat the plasma to fusion conditions. 

The electrical conductor is shaped like a hol low cylinder 
(Figure 1). As it collapses, or implodes, because of the 
pressure f rom the port ion of the magnetic field outside, 
it compresses the magnetic field on the inside so that it 
produces fields in excess of 1 mi l l ion gauss in short bursts 
(a gauss is a unit of magnetic field strength). 

In this way, the fast liner system uses both magnetic and 

LASL 

inertial conf inement to produce a fusion plasma a mi l l ion 
times more dense than those found in tokamaks. In fact, 
magnetic systems like the tokamak ordinari ly are l imited 
to magnetic fields of less than several hundred gauss, 
because fields that are any larger generate stresses too 
great for even the strongest steels to withstand. Wi th a 
fast liner power reactor, however, the liner containing the 
plasma would be designed to be destroyed by the burst 
of fusion energy, and like the pellet in laser fusion, 
replaced after every "shot . " 

Another advantage of the fast liner is that it is driven by 
fairly cheap and low-grade energy—an intense pulse of 
electricity—and it uses this energy in an efficient manner 
to ignite fusion. This means that the cost for experimen
tally determining feasibility is minimal compared to other 
approaches. 

Some History 
During the past 20 years, fast liner imploding systems 

have been investigated on a small scale by weapons 
laboratories around the wor ld as a potentially cheap 
method of simulating the burst of fusion energy generated 
by a hydrogen bomb. The liner approach gained more 
recognit ion here in the 1970s as a potential commercial 
power source when it became known that a more serious 
effort was being undertaken in the Soviet Union. 

In a 1975 speech at New York University, Dr. Robert 
Hirsch, then director of the U.S. fusion research effort, 
noted that on his last visit to the Soviet Union he was 
shown a laboratory devoted solely to fast liner research. 
This fast liner laboratory, larger than any lab in the U.S. 
program, was located at the formerly secret Soviet weap-
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COLLAPSING FAST LINER SYSTEMS 
The current (lowing in the outer cylinder in one direction induces a current in the inner cylinder in the 

opposite direction. This produces a magnetic field that collapses the inner cylinder. The inner cylinder, called the 
liner, traps the magnetic field within itself as it implodes, compressing it to very high field strength*—millions of 
gauss. This system provides a convenient method to trap, compress, and heat a plasma to fusion conditions. 

ons outside Moscow, called Red Square. (Subsequently, 
"Red Square" was once again closed off to visiting foreign 
scientists.) 

Two years later when the Los Alamos toroidal theta-
pinch fusion experiment, the Scyllac, was shut down 
because of experimental failures, Los Alamos scientists 
looked for new alternative approaches to fusion. The 
Scyllac was one of the largest fusion experiments in the 
United States and was driven by a large, $30 mi l l ion 
electrical capacitor power supply. 

Los Alamos was one of the U.S. weapons labs that had 
a small-scale liner research program, and it was quickly 
determined that the now idle Scyllac capacitor bank would 
be perfect for driving large liner experiments. 

The Velikhov Proposal 
During a visit here in spring 1977, E.P. Vel ikhov, then 

director of the Soviet fusion effort, informally broached 
the possibility of combining the large Soviet liner effort 
wi th the idle Los Alamos power supply in order to carry 
out a number of large-scale joint experiments. This unique 
proposal was formally presented to the United States the 
fol lowing summer at the Joint Fusion Power Coordinat ing 
Committee. Everyone concerned—the Los Alamos scien
tists as well as the U.S. defense and intell igence agencies— 
was excited by the proposal because such collaboration 
wou ld mean access to the personnel and possibly even 
the facilities of the Soviet Red Square Laboratory. 

Exchange visits between the United States and! Soviet 
Union on the fast liner project took place in fall 19J77, and 
preliminary plans were drawn up for joint experiments. 

It was universally recognized with in the U.S. scientific 
establishment that the United States would only stand to 
gain by such an exchange on the fast liner. The Soviets 
were far ahead on the most crucial aspect of the experi

ments—the liner and the plasma to put in it—and the 
United States was contr ibut ing simply an idle (although 
large and costly) power supply for which the Soviets 
already possessed the full technological capability. In fact, 
this is exactly what the DOE concluded after a thorough 
classification review on the fast liner project, completed 
in February 1978. 

Despite this DOE go-ahead and the enthusiasm on all 
sides, the joint experimental program never took place. It 
became an early victim of the Carter administration's 
human rights campaign, per order of Zbigniew Brzezinski 
and his National Security Counci l . Most ironically, when 
interested congressmen inquired informally of the DOE 
about the termination of the joint program, they were 
told that it was canceled to "prevent the Soviets f rom 
getting access to U.S. capacitor bank technology." As any 
informed U.S. specialist wou ld have assured Congress, this 
was a big lie. 

The'ammunit ion for this decision—and for other attacks 
on international fusion programs as contr ibut ing to nu
clear weapons prol i feration—came f rom a study com
pleted in 1978 by the antinuclear Mi t re Corporat ion for 
the DOE. The Mit re study, which remains classified, 
broached the subject of the need to classify the full array 
of technologies in fusion work. 

Who Killed the Fast Liner? 
Canceling a joint U.S.-Soviet research program is one 

thing. How did the DOE move f rom this to total classifi
cation—essentially cutt ing out the U.S. research in fast 
liners altogether? 

In fall 1978, the DOE Fusion Off ice held a special review 
meeting jon alternative approaches to fusion other than 
the mainline systems. The fast l iner was scheduled as one 
of the approaches to 'be presented, 'but it was wi thdrawn 
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at the last minute. Rumor had it that the fast liner was 
being classified. 

This author immediately called the appropriate officers 
in the DOE classification division to determine if, in fact, 
the liner had been classified. The classification officers 
were amazed at this news. They said that no one had 
consulted them about the fast liner since the February 
1978 review. And officials at the DOE's Off ice of Mil i tary 
Applications conf i rmed that although they had heard 
rumors about classification, no one had consulted with 
them. 

Next, calls were made to the appropriate scientists in all 
the major national laboratories. They reported similarly 
that no one had consulted with them about classifying the 
fast liner. And, finally, the Department of Defense assistant 
secretary for atomic energy, presumably a person in whose 
purview the classified project would fall, said that no one 
had consulted him about the fast liner. 

Assuming then that such classification by fiat had come 
directly f rom the office of Energy Secretary James Schles
inger, I questioned DOE Assistant Undersecretary for 
Defense Programs Don Kerr. Kerr statfed that Schlesinger's 
Special Assistant Jeffrey R. Cooper had sent a memo to 
him Sept. 1, 1978 that called for moving the fast liner 
program f rom the energy technology division of DOE to 
defense programs, thus classifying it. But Kerr said he had 
no idea who had prompted Cooper to send the memo 
and why. 

Subsequently, the FEF conf i rmed that no one, including 
Cooper, ever consulted wi th any of the appropriate sci
entists in DOE or the Department of Defense in the 
formulat ion of the Sept. 1 memo. In fact, the only people 
Cooper is known to have consulted with are those at the 
British weapons laboratory at Aldermaston, where he was 
visiting at the t ime the memo was being discussed. 

Soviet fusion policy emphasizes 
collaboration, not classification. 
Here, Velikhov (I.) and Basov, 
leaders of the Soviet 
fusion program. 
Photo by Bardwell 

Readers may recall that certain electron beam fusion 
research was classified in a similar manner after Soviet 
fusion scientist L.I. Rudakov proposed jo int research work 
in 1976. When questioned by a NATO colleague as to why 
the U.S. refused the Soviet offer and classified the research 
involved, U.S. Defense Secretary Harold Brown stated 
bluntly: " O u r British allies wouldn ' t let us." 

Is Cooper a scientist? No. He is an economist. His role 
as Schlesinger's special assistant has been as liaison man 
with U.S. security and intell igence agencies. In this capac
ity it is known that he was the chief DOE hatchet man in 
the effort that kil led the U.S. nuclear fission fast breeder 
program. 

Cooper's memo, which DOE sources said was wi thdrawn 
after its damage had been done, pushed the earlier ob
structive moves by Brzezinski and Schlesinger against the 
fast liner program to the point where the research pro
gram is effectively dead. More serious in consequence are 
the facts that Cooper chose to go outside the normal 
channels to effect this classification and that evidence 
from more than one reliable source places him at the 
Aldermaston lab in Britain at the t ime of this decision. 

Both facts imply a deliberate intent ion to impede basic 
scientific research in the United States and to seal the 
channels of U.S.Soviet scientific cooperation that had 
been opened up in the Nixon administration. Both con
sequences are primary goals of the Dark Ages faction. 

U.S. intell igence agencies and congressional oversight 
committees concerned with strategic research and devel
opment would do well to study the fast liner case for leads 
on who indeed is thwart ing the U.S. strategic capability. 

Charles 8. Stevens, well known as a fusion reporter 
internationally, is director of fusion engineering studies 
for the Fusion Energy Foundation. 
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Appropriate 
Technology 
The US. Goes Back 

The environmentalists have taken the 
words development and technology and 
twisted them into their opposites. 
Nowhere in the miasma of 
environmentalist "small is beautiful" 
literature can one find the concepts of 
growth and progress or the idea that the 
human minds of each generation must be 
nourished so that they can achieve the 
scientific breakthroughs necessary to take 
the human race to higher material and 
cultural levels. 

THE UNITED STATES is the only advanced sector nation 
besides Great Britain to adopt appropriate technology as 
a national policy. 

Appropriate technology is a modern-day version of 
Malthusianism, a policy of forcing society to use only 
primitive materials to meet so-called basic needs; it pre
sumes austerity, zero-growth, low energy use, and manual 
labor. 

How did the greatest industrial power in the world 
adopt a policy that is the very opposite of its Founding 
Fathers' commitment to industrial, scientific, and techno
logical development, a commitment that enabled the 
country to become great? The extent of the appropriate 
technology takeover and the individuals and groups that 
fostered it must be understood, especially by U.S. indus
trialists and small businessmen who have been the main 
targets of the hoax in this country. And once the facts are 
known, the policy must be reversed. 

Official U.S. Policy 
The U-S. government accepted appropriate technology 

.is its policy for the Third and Fourth Worlds early in 1978, 
with the passage of Section 507 of the Public Law. Osten
sibly Congress passed the law as preparation for the 
United Nations Conference on Science and Technology 



to the Stone Age by Cynthia Parsons 

for Development to be held in Vienna next August. The 
conference is planned solely to push appropriate tech
nology, with a fo l low-up Conference on New and Renew
able Energy Resources—biomass, solar, and wind e n e r g y -
scheduled for 1981. 

On the environmentalists' agenda for the August con
ference is the establishment of a " c o d e " for technology 
transfer, which translates into an attack on the mult ina
tionals because "b ig companies push big technology." 

The official U.S. position toward the conference, Section 
507 of the U.S. Public Law, reads: 

The president shall take appropriate steps to ensure 
that at all stages of the ... conference ... representa
tives of the United States place important emphasis in 
both official statements and informal discussions on 
the development and use of light capital technologies 
in agriculture, in industry, and in the product ion and 
conservation of energy. 

Light capital technologies means: 

those means of product ion which economize on 
capital wherever capital is scarce and expensive and 
labor abundant and cheap ... to ensure that the 
increasingly scarce capital in the wor ld can be 
stretched to help all, rather than a small minori ty of 
the world's poor; that workers wil l not be replaced 
by sophisticated labor-saving devices where there is 
already much unemployment; and further, that poor 
nations can be encouraged eventually to produce 
their own capital f rom surplus labor t ime, thus en
hancing their chances of developing independently 
of outside help. 

The unfortunate irony in this congressional policy is, of 
course, that unless the United States continues to have 
markets for its high-technology products—particularly nu
clear power—in the developing nations, U.S. industry wi l l 
rapidly descend into bankruptcy, throwing the majority of 
this nation out of work. Furthermore, by condemning 
poverty-stricken nations to " independent deve lopment" 
through primit ive technology, the United States wil l en
sure that the necessary markets never develop, because 
such " independen t " cultures wil l die out f rom disease 
and starvation. 

The model for such idiocy is the opposite of the Amer
ican System-—British c o l o n i a l i s m , against w h i c h our 
Founding Fathers fought and won a revolut ion. 

Last March President Carter fol lowed up the official 
appropriate technology policy by announcing the forma
t ion of a Foundation for International Technological Co
operation based on appropriate technology. Carter cre
ated the FITC by executive order after Congress had 
refused to sanction the proposal when it was part of the 
International Development Cooperation Act of 1978, a bill 
proposed by Senator Hubert Humphrey. At the t ime, 
Congress had also refused to create the Humphrey bill's 
p roposed I n te rna t i ona l D e v e l o p m e n t C o o p e r a t i o n -
Administrat ion, an umbrella agency designed to coordi 
nate appropriate technology activities and all science 
policy without being responsible to any government 
branch. Now, the FITC wil l create this umbrella agency, 
whether or not Congress goes along. 

The Humphrey bil l made it clear that appropriate tech
nology was not just for the poor in foreign countries, but 
for poor U.S. communit ies as well. Al though the ostensible 
raison d'etre of the bill was the reorganization of U.S. 
foreign assistance programs to gear them to meeting the 
basic needs of the poorest of the poor nations, the draft 
program for the FITC states that the poor of the United 
States are to share the benefits of this low-energy, rural 
approach. "Technologies relevant ... to American needs," 
the report reasons, are similar " t o those of developing 
countries...." 

Indeed, federally funded environmentalist groups are 
already at work in ghettos like the South Bronx, bui ld ing 
windmil ls, compost heaps, and solar reflectors for crum
bling tenements. 

The first official U.S. recommendations for the August 
United Nations conference, known as the Stever report 
(after H. Guyford Stever of the National Research Council), 
is based on research by, among others, the National 
Academy of Sciences and the National Research Counci l , 
both of which were factionally divided on the issue of 
appropriate technology. The Stever report recommended 
a halt in all areas of growth, a cut in energy usage, a stop 
in the transfer of capital-intensive technology, and the 
establishment of a sophisticated moni tor ing and commu
nication system to be used to record the rate of degen
eration and famine wor ldwide. 

Similar reports were presented by nearly all the partic-
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ipating nations, although some of the preconference doc
uments are representative of their governments' growth 
policies. 

Leading the U.S. delegation to the conference wil l be 
Jean Wilkowski , former U.S. ambassador to Zambia, who 
is planning the details, and Father Theodore H^sburgh, 
former president of the University of Notre Dame. Hes-
burgh has a long history of work wi th appropriate tech
nology with the Overseas Development Counci l , the 
Rockefeller Foundation, and as an advisor to the U.S. 
foreign assistance programs in the early 1970s. 

Kissinger's Handiwork 
The man who most contr ibuted to the U.S. shift f rom 

industrialization to applied technology, however, is Henry 
Kissinger. Kissinger has been associated closely wi th every 
international plan to keep the Third Wor ld agrarian and 
without high technology. He launched the UN Wor ld 
Food Conference in 1974, which set up a program of U.S. 
assistance for small subsistence farming throughout the 
United States as well as the less-developed nations. He 
was similarly instrumental in getting the 1976 UN Habitat 
conference off the ground, which brought together en* 
vironmentalist groups f rom around the wor ld to discuss 
policies for retribalizing societies so as not to disturb 
nature (see box on Gaviotas). 

More recently, Kissinger, along with National Security 
Advisor Zbigniew Brzezinski, was behind the scenes at the 
June 1977 meeting of the Less Developed Nations strong-
arming nations for acceptance of solar, biomass, and 
windmil ls and a U.S. policy of conservation, coal, and coal 
tar. 

Kissinger is also intimately associated wi th thei proposal 
for an International Resources Bank and a Common Fund 
for commodit ies, both plans to mortgage the raw materials 
economies of the Third Wor ld as a way of ensuiring debt 
repayment. The Group of 77, the nonaligneq nations, 
firmly rejected the Kissinger International Resources Bank 
plan at an historic 1976 meeting in Colombo, Sri Lanka. 
The Colombo resolution calling for debt moratoria and 
high-technology development enraged Kissinger, and he 
vented his displeasure by maneuvering to destabilize the 
most vocal Third Wor ld prodevelopment leaders, includ
ing former foreign minister Fred Wills of Guyana and 
former prime minister Indira Gandhi of India, j 

Just months after the Colombo conference,; Kissinger 
called a State Department meeting for 800 U.S.! business
men and public figures. His explicit intentiojn was to 
prepare for the acceptance of appropriate technology not 
only in the Third Wor ld but here. In particular, he wanted 
to create the climate to convince U.S. corporations that 
appropriate technology would provide a huge ijnarket for 
their outmoded technology and machinery, much the way 
colonial Britain sold broken-down machinery shipped 
from idle British factories to the Third Wor ld a|t a whop
ping profit . 

At the State Department meeting were a rfumber of 
Kissinger's most loyal cothinkers: Sterling Wortman of the 
Rockefeller Foundation, an advocate of small-jscale sub
sistence farming; Orvi l le Freeman, president of Business 
International Corporat ion and, dur ing his tendire as sec
retary of agriculture in the Kennedy administration, re-
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sponsible for shutting down U.S. food exports to the 
underdeveloped sector; G. Wil l iam Mi l ler , then head of 
Textrojn, the corporat ion known for its policy of asset-
stripping industry, and now head of the Federal Reserve; 
James P. Grant, president of the Overseas Development 
Counci l , which sets development policy for the Wor ld 
Bank and among business circles; and Frank Pace, Jr., 
president of International Executive Service Corporat ion. 

Pace set the tone for the meeting by focusing on the 
small-scale free-enterprise aspect of appropriate technol
ogy. "|lt is important to establish goals, not for the purpose 
of intermediate or appropriate technology in the devel
oping! countries, nor for the purpose of developing new 
high-level technology, but to arrange for present tech
nology to be adapted to the needs and requirements of 
the small business and small farmer." 

Mi l ler went right to the Kissinger point, stating that it 
was impossible to raise the Third Wor ld to 

the; same standard of living that exists in the United 
States.... I don' t believe that we have the resources in 
the! wor ld in terms of human managerial resources or 



canal fay hand in an AID food-for-work project in lava. 

labor resources, nor do we have the material re
sources to accomplish this in a short t ime. Nor wou ld 
it necessarily be desirable to establish the American 
standard of l iving as it now exists, in many ways 
wasteful, in many ways perhaps less rewarding than 
alternate cultural opportunit ies as the norm for tjne 
wor ld . I don' t suppose that any of us would propose, 
in th inking of the use of technology to create devel
opment in the wor ld , that we try to close that gap 
instantly. 

Once it was established that a high standard of living by 
the rest of the wor ld was neither necessary nor desirable, 
H. Guyford Stever of the National Research Counci l told 
the business leaders that the Third Wor ld didn' t want it 
anyway. "Technology transfer, unless.carefully grafted to 
local values and condit ions, may be rejected," he said. 
"Agr icul tural self-sufficiency" using appropriate technol
ogies is the best the Third Wor ld can hope for, Stever said, 
and he called on the private sector and international aid 
agencies to persuade the Third Wor ld to accept this. 

After the 1976 Kissinger meeting, various task forces 

were set up to plan for appropriate technology involving 
nearly all the bureaus of the State Department and work
ing in collaboration wi th the U.S. Agency for International 
Development, AID, which is at the center of the campaign 
for appropriate technology. An AID official estimated that 
70 to 80 percent of AID's bi l l ion-dol lar budget goes for 
appropriate technology work. 

Small Business Focus 
A special focus of AID's Off ice of Technology Assess

ment has been the small U.S. businessman and the kind 
of small manufacturing type schemes—cottage indus
tries—that typify the piecemeal, localized approach of 
appropriate technology. For example, one such task force 
is work ing on an old Wor ld Bank plan using computer ized 
U.S. patent data. Al though it gives the appearance of 
being a genuine streamlining of technology transfer, it is 
merely a glorif ied cookbook geared to ensnare U.S. in
dustries to switch over to producing solar plates or w ind
mill parts. 

It works like this: A Third Worlder who wants to open 
a small business applies to the U.S. liaison in his country 
and provides the input for the computer—how much 
manpower is available, resources, and so on. Then the 
computer retrieval system supplies the applicant with the 
"appropr iate needs" and the U.S. producers who can fi l l 
his request. 

As one member of this task force made clear, the 
program is premised on three points that obviously de
termine the reply: an energy shortage, environmental 
impact, and a wor ld economic crisis. 

AID began to be remodeled for its present role dur ing 
the Kennedy administration. Part of this reshaping in
volved cul l ing the old- t ime foreign service diplomats who 
still felt that the United States should be responsible for 
some real growth and development in the rest of the 
wor ld . To complete this cul l ing process, the Brookings 
Institution recommended the dissolution of AID (see next 
section), but Carter has not gone quite that far. 

Last year the president cont inued this process of A ID 
reorganization by upgrading the position of AID head 
John Gil l igan, making him chief coordinator and fund 
dispenser for all U.S. foreign assistance programs. Gilligan 
recently announced his resignation, but it is rumored that 
he wil l head up a new U.S. coordinat ing agency for 
appropriate technology, the proposed International De
velopment Cooperat ion Administrat ion. 

Carter also recently formed the Appropr iate Technology 
International wi th in the State Department, based on an 
AID proposal and funded largely by AID. The mandate 
for this came out of the International Food and Assistance 
Act of 1975, a precursor of the Humphrey bi l l , which 
specified a "pr ivate effort ... to promote the development 
and dissemination of technologies appropriate for devel
oping countries (section 107)." Now the Appropriate 
Technology International claims to be " the first organi
zation to be conceived by a national legislature and given 
birthright by a national government." 

Some of the most important contr ibutions to the drive 
for deindustrjalization came from the Brookings Institu
t ion. For example, a November 1977 Brookings report, 
" In ter im Report on U.S. Development Assistance Strate-
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One truck would free these children (or full-time e d u | 
cation. This rock-hauling in Haiti is part of an Alb project 
to build a water pipeline. 

gies" by Lester Gordon of the "Harvard Institute for Inter
national Development, spelled out two primary goals. 
First, all development policy should be removed! f rom the 
hands of the State Department, Congress, and other public 
entities that would fail to be tough enough on the Third 
Wor ld . Instead Brookings recommends the establishment 
of a Development Cooperat ion Agency responsible only 
to the president. Cordon makes it clear that) such an 
agency would emphasize "qual i ty of l i fe " rather than 
economic growth. 

Second, the Brookings report insisted that development 
aid should go only to the poorest countries—the relatively 
less developed countries known as the Fourljh Wor ld , 
while the Third Wor ld should be the responsibility of the 
Wor ld Bank and the IMF. Such aid to the Fourth Wor ld 
should be " ra t ioned , " because " i f it becomes substantial, 
it is likely to discourage the k ind of economic policies 
which would enable it to survive on its o w n . " 

In keeping with the Kissinger view, the Brookings report 
states that even machinery and equipment castloffs f rom 
the United States are too technical for the Fourth Wor ld . 
In a labor-abundant society, the report said, the introduc
tion of machinery wil l only add to the unemployment 
problems. 

The Brookings report had recommended that AID be 
incorporated into its proposed new Development Coop
eration Agency, a step that wou ld require congressional 
approval. Congress refused to act on this last year, and it 
is possible that Carter sees AID director Gill igan coming 
in to head the FITC or a similar agency as a way of 
implement ing the Brookings plan wi thout congressional 
approval. 

Genocide 
Does the Third Wor ld want appropriate technology and 

zero-growth? As Andrew Young, U.S. Ambassador to the 
United Nations, recently put it, appropriate technology is 
an " insult to the Third World's intel l igence." 

Third Wor ld leaders l ike Mexican President Lopez Por-
ti l lo have made it clear that they see the future of their 
nation allied wi th advanced technology and the growth 
and development programs put forward by the European 
Monetary System, the major political opponent of the 
appropriate technology schemes. For Lopez Porti l lo, in
dustrialization goes hand in hand wi th human develop
ment, and the human mind is his nation's most precious 
resource to be developed. 

Other Third Wor ld leaders never had the ppportuni ty 
to "choose" between feudalism and advanced technol
ogy; the Wor ld Bank and the International Monetary 
System made acceptance of feudalist aid programs a con
dit ion for receiving any foreign aid. For the poorest of the 
poor nations, this meant choosing between short-term 
and long-term starvation. 

Zero-growth-based economies date back to the ice 
ages. Over the centuries of recorded history, certain 
societies or cultures ceased to exist, if not because of war, 
then because of their inability to adapt, change, and 
improve nature, developing new technologies to sur
mount new problems of energy deficiencies, food pro
duct ion, and natural disasters. By def in i t ion, appropriate 
technologies cannot solve such problems. 

Worse, appropriate technology removes from a society 
its ability to develop the minds that wil l produce the new 
technologies to solve new problems; it is a policy whose 
end product is genocide. 

There are all sorts of environmentalist sweeteners de
signed to disguise this basic fact: "Technology causes 
unemployment" ; " there is a small, f inite wor ld supply of 
capital that must be redistr ibuted so that poor nations get 
an appropriate share"; "al l technologies are equa l " ; and 
the more radical version, "appropr iate technology wi l l 
finally liberate the Third Wor ld f rom dependence on 
oppressive Western culture"—these are some of the en
vironmentalist arguments. The tell-tale odor of appropr i 
ate technology, however, is manual labor, appropriately 
painful, as the United Nations picture on the back cover 
of this issue points out. 

Appropriate Technology's Colonial Roots 
Th^re has always been a feudalist, Malthusian faction in 

history, fr ightened by industrialization and scientific ad
vances and the new powers these make possible for the 
general populat ion. Rural, backward populations are 
mucrj easier to control . 

The modern-day appropriate technology faction sur
faced after Wor ld War I I , out of the remains of the British 
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Ethiopia could become the granary of the Middle East and Africa—with some tractors and threshing equipment. 

colonialists. These mainly British backers of the Baruch 
Plan, the Morgenthau Plan, and the Marshall Plan fought 
to institute a zero-growth, agrarian policy for Europe and 
a small-scale development and agriculture progra-m cen
tered around the extraction of raw materials for the rest 
of the wor ld . Specifically, this faction opposed the Eisen
hower Atoms for Peace idea. The European nations 
wouldn' t buy this bucolic scheme, however; they wanted 
industry. 

One of the major instruments to promote this feudalist 
approach was the Wor ld Bank, created in 1946 under the 
Bretton Woods agreement. For the first two decades, the 
bank lent money only to create the necessary infrastruc
ture for raw materials extraction, cash-crop agriculture, 
and small-scale industries. Sometimes this meant bui lding 
large-scale hydroelectrical construction such as the Kariba 
Dam, but this was only to aid in raw material extraction. 

Today, those Wor ld Bank recipient nations that are no 
longer capable of debt repayment or raw material loot
ing—Tanzania, Bangladesh, Southeast Asia, for example— 
are slated for appropriate technology; that is, slow star
vation under the name of self-reliance. 

The hard core of the appropriate technology pushers 
came from the Fabian group in the British Labour Party 

around Sir Thomas Balogh, Paul P. Streeten, and Dudley 
Seers. Seers designed the original "basic needs" concept 
and helped form the British Overseas Development M i n 
istry to replace the tarnished image of the British Colonial 
Off ice. 

Underly ing the basic policies of these social planners 
was an avid hatred of capitalism; in particular, ihey were 
against prof i t and any form of society that would produce 
profits that could be invested in new machinery for 
economic expansion. 

These Fabians, along with others—notably Swedish So
cial Democrat Gunnar Myrdal and Latin American expert 
Paul Prebisch, the father of UNCTAD—helped launch the 
United Nations First Development Decade in the 1960s, 
which trained and coordinated the international experts 
who subsequently ran the UN and private institutions that 
promoted zero-growth and ruralization. 

In 1964, one year after the first UN Conference on the 
Application of Science and Technology for the Benefit of 
the Less Developed Areas presented a deindustrialization 
policy to these nations, Balogh, Seers, and Fabian Barbara 
Castle created an umbrella organization known as the 
Institute of Development Studies or IDS at Sussex Univer
sity. (Sussex LJniversity is a center of British Intelligence 
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work and the psychological warfare projects of the Tavis
tock Institute.) The main funct ion of the IDS was as a 
training ground for overseas administrators. Using India 
as a model for small-scale development, in 1969, the IDS 
produced a work t i t led The Crisis in Planning, which 
attempted to discredit Nehru's large-scale industrial de
velopment plans. 

Seers and Streeten were also involved in the Society for 
International Development, founded in 1957. At a 1969 
conference in India sponsored by the society, Seers called 
for breaking the dependence of the Third Wor ld on 
foreign technologies, arguing that foreign technology was 
" inappropr iate for local problems." Seers also told con
ference attendees that the Third Wor ld must not) ignore 
the priority of "ha l t ing rapid deteriorat ion in the Environ
ment . " Of course, he blamed industry as the pol luter. 

Under Seers's tutelage, the head of the International 
Labour Organizat ion, Hans Singer, reformulated the basic 
needs concept for fostering labor-intensive rura'l devel
opment projects in its Wor ld Environment Program. 

In the same year, 1969, Robert McNamara took over the 
running of the Wor ld Bank and began immediate collab
orat ion wi th Seers to reevaluate bank policies. Fqur years 
later, McNamara wrote One Hundred Countries, Two 
Billion People, establishing new, more rural-Oriented 
guidelines for the next generation. " O u r five-year pros
pect calls for considerable change in the allocation of our 
resources, both to geographical areas and to economic 
sectors." The new areas (replacing South Asia) were Latin 
America and Africa. The new economic sector: "... the 
sector of greatest expansion in our Five Year Program is 
agriculture...." 

From 1969 to 1973, these organizations and tJjie others 
listed below laid much of the groundwork for the current 
shift into an open campaign for appropriate technology. 
The polemic of this period was that industrialization had 
failed to solve the problems of the poor. To remedy this, 
development was to focus on rural economies. 

Dur ing this per iod, the Uni ted Nations drafted'its Wor ld 
Act ion Plan, based on "basic needs" and appropriate 
technology, and this became the guiding principle for the 
Second Development Decade. As one UN document 
noted: "Care needs to be exercised also to prevent in
appropriate technologies f rom being inadvertently or o th
erwise forced on developing countries...." 

One of the .activists in this per iod and later years was 
Jan Tinbergen, who developed the language of appropr i 
ate technology—the "haves" versus the "have-nots." In 
1976, Tinbergen was commissioned by the zero-growth 
Club of Rome to write their plan for reduc ing the wor ld 
populat ion, "Reshaping the International Order , " or RIO. 
To quote RIO on technology: 

Research should foe LIS less on the improvement and 
adaptation of technologies developed in the indus
trialized wor ld and more on the development of 
completely new technologies specifically geared to 
Ine requirements of each country.^.and, where ap
propriate, related to the traditional technologies used 
by the lo< ,il populat ion. 

Certainly the most revered name in the history of 
appropriate technology is Ernst Friedrich "Fr i tz" Schu-

56 FUSION 



The 
Gaviotas 
Model 

The Gaviotas project in the Amazon 
region of Colombia is the model se
lected by the UN Environmental Pro
gram and the Wor ld Bank of appro
pr ia te t e c h n o l o g y for the m o r e 
advanced Third Wor ld nations. 

Gaviotas, which means seagull, is 
designed to establish work for 100,000 
persons wi thout "d is turb ing the sen
sitive ecological balance of the re
g ion , " according to one of its direc
tors. It is also serving as a training 
base for teachers and leaders who wil l 
start other such colonies internat ion
ally. The eight-year project has re
ceived extensive funding f rom the 
Ford and Rockefeller Foundations, 
and has contracts to provide technical 
assistance to Ethiopia and Ecuador. 

1. Submerged Turbine Pump 
Made out of wash buckets, spokes, 

and old tires, the pump has the ca
pacity to pump 8 cubic meters of 
water a day for 40 meters. The pump 
is placed in a river in front of a small 
mound of reinforced dirt. The mound 
forces water up it and through holes 
made in the wash bucket, which is 
then spun by the mot ion of the water. 

2. The Bagged Dam 
This dam is the showpiece of Gavi

otas because it is both durable and 
flexible. Polyethylene bags are fi l led 
with a mixture of 90 percent sand or 
dirt and 10 percent cement. If modern 
imported generators are added to the 
dam, it could be used to supply local 
electricity. 

3. Wooden Barrel Barge 
This electr ic i ty-producing barge is 

made up of 27 barrels, held together 
by steel ribs, thai have been treated 
with an antjcorrosive material and 
fil led with polyurethane foam to en
sure buoyancy. Four small motors are 
then used under the barge, which at 
fheir peak could move at 300 rpm. 
The barge, held in place by a long 
(able, produces a total potential of 32 
kilowatts-disposable, wi th 5 kilowatts 
per day convened into electrical en-
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macher, now deceased, whose 1973 book Small is Beautiful 
is the bible of the environmentalists. An economist in the 
tradit ion of John Maynard Keynes, Schumacher was 
closely connected to the British Colonial Off ice and served 
as advisor on rural development to the Planning Commis
sion in Delhi f rom 1962. In the postwar years, as a member 
of the British Control Commission in Germany and eco
nomic advisor to the Coal Board, Schumacher had played 
a significant role in shaping national and international 
policies, wi th particular emphasis on the effects of modern 
technological developments on the human condi t ion. 

In 1966, he established the British Intermediate Tech
nology Development group to promote his ideas, and he 
was personally involved wi th most of the groups listed in 
the appendix to this article. 

Perhaps the best summary of Schumacher's inf luence 
here as the ideologue of the appropriate technology 
concept can be seen f rom the fo l lowing two condolence 
messages sent to his organization after his death in August 
1977. 

The work of the International Technology Develop
ment group and Dr. Schumacher, particularly Small is 
Beautiful, inspired the House Commit tee on Inter
national Relations to initiate a new U.S. A ID program 
on appropriate technology. Whi le we were draft ing 
the proposal, his presence was most helpful in alerting 
members to the issue of intermediate technology and 
his commitments assisted us in structuring the pro
gram. He is remembered with great respect and 

The 
Lorena 
Stove: 
Latest U.S. 
Technology? 

In a recent interview, a staff member of the Off ice 
of Technology Assessment, a congressional advisory 
group, was asked if his group was work ing with any 
of the appropriate technology organizations. His 
enthusiastic reply: " I have just wr i t ten a recommen
dation of Appropr iate Technology International's 
version of the Lorena Stove. It is a wonder fu l inven
t ion. It is so compact and efficient and cheap. This 
wi l l give women much more free t ime for them to 
do other things, like homecraft, so they can increase 
their family incomes." 

The accompanying picture of the Lorena Stove is 
f rom a 1978 publication of Appropriate Technology 
International. 

fondness by members of the Committee on Interna
tional Relations.... 

—Clement Zablocki, Chairman 

He was o n e . o f the truly great thinkers of the 
Western Wor ld and a man whose moral, polit ical and 
economic ideas are an inspiration to all of us. Many 
of the ideas in President Carter's National Energy Plan 
can be directly attr ibuted to Schumacher's not ion of 
small technologies.... He should garner the credit for 
showing us the way. 

—Charles H. Percy 
Cpmmit tee on Governmental Affairs, U.S. Senate, 

Washington, D.C. 

Other leading environmentalists collaborating wi th 
Schumacher were Barbara Ward, also known as Baroness 
Jackson, who currently heads up the Society for Interna
tional Development, and Judith Hart, British Minister of 
Overseas Development. At a talk last year to Anglican 
Bishops, Ward said the wor ld was divided into pessimists 
and optimists, the pessimists being for zero-growth and 
conservation and the optimists pushing for fusion. She 
placed herself squarely in the zero-growth camp. 

Hart's notable activity this year was to commission a 
special study on windmil ls as part of a British government 
project to develop small-scale alternative sources of en
ergy for Third Wor ld villages. "They need low-cost sources 
of energy appropriate to village economies," she said. 

In the United States 
The antiindustrial movement in the United States par

alleled the British colonialists on a smaller scale, beginning 
with the conservationist concerns of the U.S. Fish and 
Wildl i fe Service dur ing Rachel Carson's tenure. 

In the late 1950s, a group of scientists and technologists 
at a General Electric plant in Schenectady, New York, 
formed VITA, Volunteers International Technical Associ
ation. VITA modeled itself on the Sussex University col 
lectives, which were designed as self-contained model 
villages for poorer countries. In 1961, AID gave VITA a 
$10,000 grant, and they produced their version of the 
Whole Earth Catalogue, the V///age Technology Hand
book. 

VITA became involved in the poverty programs of the 
1960s with federal funding and set up offices around the 
country. Today its annual budget tops $.5 mi l l ion, wi th 40 
percent coming f rom AID, and the rest f rom the Wor ld 
Bank and the Church Wor ld Service. Since VITA's ant i in-
dustry business is windmil ls, biomass stoves, and biopot 
lavatories, it is interesting that large multinationals like 
Cargil l, John Deere, Exxon, and Standard Oi l are also 
among its funders. 

One staunch supporter of appropriate technology is the 
New York Cathedral of St. John the Divine, the leading 
temple of the American branch of the Order of the 
Knights of St. John. The cathedral, which has taken an 
active role in preaching and support ing all kinds of " a l 
ternative lifestyles," works closely with the Lindisfarne 
Association, a New York project founded by Fritz Schu
macher in 1972. 
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Lindisfarne, which describes itself in cult terms, says it 
is .1 "contemplat ive community of scholars devoted to the 
study and realization of a new planetary culture ... one in 
which technological civil ization becomes miniaturized 
and surrounded by a consciousness....The scientist works 
with a sense of the sacredness of all existence, he moves 
into a higher consciousness shared with the artist and the 
mystic." 

Who are some of the fellows of this new planetary 
culture? Gregory Bateson, the husband of anthropologist 
Margaret Mead and an original member of the British 
intel l igence-run 1950s program, MK-Ul t ra , for the mass 
use of LSD; Steward Brand, who along wi th Bateson is an 
advisor to Governor Jerry Brown of Californa; Richard 
Falk, director of the Institute for Wor ld Order; and Zbig-
niew Brzezinski. 

PARTIAL LIST OF U.S. ORGANIZATIONS 
FOR APPROPRIATE TECHNOLOGY 
Appropriate Technology International 
Founded in 1978 by a mandate f rom Congress " t o 

promote the development and dissemination of technol
ogies appropriate for developing countr ies," ATI's funds 
are channeled through the U.S. Agency for International 
Development. It functions as the coordinat ing body for 
organizations involved in small-scale appropriate technol
ogies, wi th its basic thrust to "bu i ld on what already 
exists." The board of trustees includes personnel f rom 
Scientific American, the Aspen Institute for Humanistic 
Studies, and the Rockefeller Brothers Fund. Many corpo
rations and small business leaders are funct ioning with 
ATI. 

Brookings Institution 
Although it does not specialize in development projects 

or the Third Wor ld , Brookings prepares timely policy 
documents on foreign aid that usually make their way into 
U.S. government policy. In 1965, Brookings offered the 
first conceptions for the reorganization of U.S. foreign 
aid, a program President Nixon tried to carry out but 
failed. Again in 1973 and 1977, Brookings put forward 
other papers wi th the same theme stressing that "basic 
needs" must be the main thrust of a U.S. foreign aid 
program and that a single foundation must control science 
and technology. (President Carter's 1978 executive order 
establishing the Foundation for International Technolog
ical Cooperation comes but of this Brookings proposal.) 
Brookings also was among the first to raise the issue of 
"new and renewable resources," a code phrase for solar, 
biomass and wind energy. 

Institute for Food Development Policy 
Founded in 1975, this organization focuses on alleviating 

hunger by self-help and food-for-work programs. Sup
posedly schemes to encourage people to be self-sufficient, 
food-for-work usually means that recipients expend more 
calories in manual labor than they are provided by the 
food supplied. This institute works closely with A ID and 
interfaces with the Institute for Policy Studies. It receives 
contributions f rom the United Presbyterian Church, the 
Episcopal Church, the Jesuit Counci l for Theological Re
f lect ion, and the Stern Foundation, among others. Its 

personnel feature heavily in President Carter's Hunger 
Commission. 

Institute for Policy Studies 
A so-called radical group founded in 1963 by a staff 

member of the National Security Counci l , this outf i t is 
involved with environmentalist as well as with terrorist 
groups, especially those involved in the fight against 
nuclear power. (Several Weatherunderground members 
are fellows of the institute, for example.) Virulently ant i in-
dustrial, the IPS interfaces closely with the Overseas De
velopment Counci l and Worldwatch (below). 

National Center for Appropriate Technology 
Headquartered in Butte, Montana, the center deals 

primarily with appropriate technology for agriculture. It 
encourages small farmers to bui ld windmil ls, and to use 
cow dung and whatever other, local resources they can 
find in order to become energy self-sufficient. 

New Alchemy Institute 
This center for "alternative technologies" is located at 

Woods Hole, Massachusetts and the San Francisco Zen 
Center in California. The basic New Alchemy principle is 
to oppose energy-intensive methods in industry and ag
riculture. Its directors, Nancy and John Todd, who are 
both Lindisfarne fellows (see text), were encouraged in 
this philosophy by Margaret Mead, who told them that 
they would be successful if they could create entire 
villages using feudal techniques. Their "b ioshel ter" and 
"self-enclosed ecosystem" rely on wind and solar power 
and the recycling of human, k i tchen, and garden wastes. 
To quote f rom John Todd in the journal of the New 
Alchemy: " I f people lived in smaller systems, their expe
rience would be more direct and polit ical judgment on 
the part of the majority wou ld become more sensitive." 

The Overseas Development Council 
Founded in 1969 as a development front group for the 

Wor ld Bank by James Grant and Lester Brown, the CDC 
has made itself the single most inf luential U.S. develop
ment agency outside of the Wor ld Bank. It picked up the 
appropriate technology line in early 1970 and has been 
pushing it ever since. Rev. Theodore Hesburgh is chairman 
of its board of directors. Other directors include Robert 
Anderson of Atlantic Richfield, Eugene Black of American 
Express, David Rockefeller of Chase Manhattan Bank, and 
Charles Thornton of Litton Industries. 

Worldwatch Institute 
Founded by Lester Brown of the Overseas Development 

Counci l , Worldwatch has adopted a more radical zero-
growth, environmentalist line than the counci l , which 
retains a more professional image. Brown is also an ad
ministrator of the International Agricultural Development 
Service of the U.S. Department of Agriculture. Along wi th 
Bruce Stokes and Denis Hayes (the organizer of "Sun 
Day" in the United States last year) Brown publishes the 
"Wor ldwatch Paper." Their basic idea is that the wor ld is 
running out of resources and the only solution is to cut 
back on consumption. 

A specialist in Third World development, FEF staff 
member Cynthia Parsons is studying the problems of 
technology transfer and education involved in bringing 
the developing sector into the fusion age. 
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Science and Spooks 
The Spirit of Isaac Newton 
by Dr. John Schoonover 

BY THE LAST QUARTER of the 19th century, most 
prominent scientists in Britain were practicing spiritualists. 
They believed in ghosts and conducted what they called 
scientific investigations of the spirit wor ld . Sir Wil l iam 
Crookes, Lord Rayleigh, J.J. Thomson, Sir Oliver Lodge, 
and Alfred Russel Wallace are a few of the famous men of 
science who dabbled in sorcery and gave credence to the 
claims of the worst spiritualist hoaxsters of the per iod. 

How could such spiritualism coexist with real science? 
The fact is that although British science produced a few 
good applied physicists, like Stokes and Maxwel l , it never 
contr ibuted any fundamental theoretical advances of the 
caliber of those contr ibuted by Kepler, Leibniz, Gauss, 
Riemann, Cantor, and Schrodinger. 

There has not been any real science in Britain since the 
demise of the Cromwell ian republic and Elizabethan sci
ence. From then unti l the present, so-called British science 
has been a tool of British foreign policy, acting only to 
contain and destroy real scientific advances. As for thcom
ing articles in this series wil l document in detail, the aim 
of the British up to the present has been to bring any real 
science under the control of an elite—as advocated by 
H.G. Wells—or to destroy it altogether, by submerging 
society in a miasma of primit ive cult activity—the plan of 
Bertrand Russell. 

To understand the spiritualist side of science history 
presented here, bear in mind that in the 1800s, the leading 
circles in Britain f rom pr ime ministers on down not only 
believed in spirits but belonged to secret societies—cults— 
that carried out pr imit ive, mystical rituals. At the same 
time these circles were engaged in a bitter warfare to 
prevent an alliance for progress among the Continent, 
Russia, the United States, and other nations that did not 
share the British medieval dream. 

The recruitment of scientists to spiritualism—like the 
recruitment of scientists to environmentalist cultism to
day—was part of that philosophical and political warfare. 

As has been the case for mil lennia, these feudalists tar
geted scientists, because the potential for progress that 
science represented was critical for the battle waged by 
the ci ty-bui lding factions. 

The Case of Sir William Crookes 
Let's start wi th the case of Sir Wil l iam Crookes, an 

eminent Victorian scientist who invented the Crookes 
tube, an early version of the cathode ray tube, and who 
discovered the element thal ium. I quote f rom Crookes's 
1874 work on spiritualist research: 

After closing the curtain she conversed with me for 
some t ime, and then walked across the room to where 
Miss Cook was lying senseless on the f loor. Stooping 
over her, Katie touched her, and said, "Wake up, 
Florrie, wake up! I must leave you now. " Miss Cook 
then woke and tearfully entreated Katie to stay a little 
t ime longer. " M y dear, I can't; my work is done. God 
bless y o u , " Katie repl ied, and then cont inued speak
ing to Miss Cook. For several minutes the two were 
conversing with each other, ti l l at last Miss Cook's 
tears prevented her speaking. Following Katie's in
structions I came forward to support Miss Cook, who 
was falling on to the f loor, sobbing hysterically. I 
looked round, but the whi te-robed Katie had gone. 

This bit of melodrama is Crookes's attested report of his 
final seance with the medium Florence Cook. He and the 
medium claimed that "wh i te - robed Katie," whom the 
medium invoked, was the daughter of the famous pirate, 
Henry Owen de Morgan, and Crookes published photo
graphs to prove it. However, as the antispiritualists were 
quick to point out at the t ime (and as the reader can see 
here), "Ka t ie " bore an uncanny resemblance to medium 
Florence Cook. 

Why would a notable scientist become involved in such 
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The British scientist and 
his spooks. Willia\n Crookes 
(top); his medium Florence 

Cook; and th^eir alleged 
spirit "Katie" (below). 
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a shoddy pursuit? The answer lies nearly two centuries 
earlier in the case of Sir Isaac Newton and his battle 
against Leibniz and the Leibnizian tradit ion in Continental 
science. 

The Newton Spirit 
Newton was a fraud. In the first place, and this is a 

tradit ion that Crookes and other British scientists probably 
cont inued, his scientific work was mainly stolen f rom 
other scientists. (For details on Newton, see Carol White's 
articles "The Royal Society," Fusion, Jan. 1978; "Science 
Is Politics," Fusion, May 1978; and " I Don't Make Hy
potheses—I Manufacture Data," Fusion, Dec. 1978.) 

Furthermore, Newton's primary interest lay not in sci
ence but in the black arts and alchemy, as John Maynard 
Keynes admitted in his biography of Newton, which was 
based on access to the Newton archives. 

Newiton's preoccupation wi th sorcery, like the seeming 
aberrations in the 19th century scientists noted above, is 
a lawful expression of the epistemological warfare be
tween the city-builders and the zero-growthers that has 
shaped science for the last several mil lennia. Spiritualism 
is the actual wor ldview of the zero-growth fact ion, the 
perennial enemies of the moral and intellectual develop
ment of humanity. Since the feudalists deny Reason, the 
creative capacity of men to devise new solutions to seem
ingly insoluable problems, the zero-growth empiricists 
turn to various kinds of magical th inking in an attempt to 
establish a quasi-coherent worldview. 

The next phase of the Newton-Leibniz epistemological 
warfare broke out in the aftermath of the Napoleonic 
wars. The scientific successes of the French school, p r i 
marily grouped around the Ecole Polytechnique, and the 
somewhat later successes of the Gott ingen school in 
Germany made it clear that British science, centered 
around the Aristotelian approach of Newton, was disas
trously behind these European developments. 

It was then that the British feudalists decided that the 
Neoplatonic epistemology that had made these Cont inen
tal science advances possible must be quashed; in place 
of Neoplatonism, European scientists must be induced to 
accept one of a variety of pseudoepistemologies that 
wou ld be sure to prevent conceptual breakthroughs. 

By the first quarter of the 20th century, the British had 
clearly defined suitable alternate belief structures for sci
entists. Most prominent and most successful among these 
belief structures were the Vienna-Copenhagen positivism, 
which is associated wi th the probabilistic interpretation of 
quantum mechanics, and that school of philistinism best 
summed up by the phrase, "Don ' t bother me with meta
physics; I'm a scientist." 

Niels Bohr and Max Born, to take an example of the 
positivist school, immediately combined their efforts to 
subvert Erwin Schroedinger's interpretat ion of the elec
tron! as a plasmalike structure subject to shaping through 
the electromagnetic interaction. In its stead they substi
tuted the degenerate interpretation that the wave funct ion 
describing the electron is simply a probabilistic statement 
about the average location of an electron-in-itself, a little 
harcjl ball. 

Less known among scientific circles but closest to the 
worldview of its creators is the use of science in the 



Science fiction in action at an 1871 spiritualist seance. 

service of the spirit wor ld , or, to put it simply, science as 
magic. 

How does science become magic? Read Sir David 
Brewster, the biographer of Newton arid a leading force 
in the format ion of the British Association for the A d 
vancement of Science in 1831. In the 1820s, Brewster 
provided Sir Walter Scott wi th a textbdok called Letters 
on Natural Magic. (Journalist and intell igence agent Scott, 
it should be noted, was the archenemy of the American 
System and of Edgar Allan Poe.) In these letters, Brewster 
explains how the Babylonians and Egyptians were able to 
use their secret scientific knowledge to bamboozle the 
masses and thus control them through what appeared to 
be magic. 

The point should not be lost on us moderns, Brewster 
said: secret knowledge is power. " W h e n knowledge was 
the property of only one caste, it was by no means diff icult 
to employ it in subjugation of the greatmass of society." 

Brewster's work on natural magic, in fact, was the basic 
viewpoint of the scientific faction based at Trinity College, 
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Cambridge University, and the British Association for the 
Advancement of Science—a viewpoint that culminated in 
H.C. Wells's vision of the scientific superelite. During the 
same per iod, the Oxford cousins of the Cambridge dons 
launched the antiscientific tractarian movement of rel i
gious kookery wi th the same purpose—populat ion con
trol. 

British Scientific Spiritualism 
Crookes first got involved in spiritualism in the early 

1870s when Cromwel l Varley, a prominent electrical en
gineer and a Fellow of the Royal Society, suggested that 
Crookes contact his recently deceased brother. He then 
began a wel l-publ ic ized series of experiments and attes
tations to the validity of the claims of several mediums, 
including Florence Cook. Crookes's verifications became 
so notorious that some of his scientific colleagues with a 
less spiritual incl ination coined the emblem Ubi Crookes 
ibi spooks, a parody of the Crookes family motto. 

Despite the patent fraudulence of his spiritualist claims, 
Crookes was knighted in 1897 and awarded the Order of 
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"Very psychic and impressionable" was how Nobel laureate ].\. Thomson (right) defended shy spiritualists who did 
not like having their work'checked by outside observers. He himself conducted seances with some of the most 
notorious mediums of the time. At left is Henry Sidgwick, founder of the British Society for Psychical Research. 

Mer i t in 1910. And all dur ing this per iod, he held respon
sible positions in the Society for Psychical Research (SPR), 
including its presidency f rom 1913 to 1915. 

The SPR was founded in 1882, largely at the instigation 
of Henry Sidgwick, who was Arthur Balfour's brother- in-
law, and Sir Wil l iam Barrett, professor of physics at the 
Royal College of Science in Dubl in , a Fellow of the Royal 
Society, and a pioneer in what he called the scientific 
study of thought transference. Many other prominent 
figures f rom the British scientific community were in
volved in the society, including Alfred Russel Wallace, 
who was Darwin's collaborator, and Augustus de Morgan, 
the logician. Bertrand Russell's uncle, Lord Arthur Russell, 
Lord Lytton, the Marquis of Salisbury, and Lord Arthur 
Balfour, who later became prime minister, lent the ap
proval of the Peers of the Realm to this psychic undertak
ing-

Nobel Psychics 

Lord Rayleigh, another brother- in- law of Arthur Balfour, 
served as president of the SPR in 1919. The director of the 
Cavendish Laboratory, a Nobel laureate, and president of 
the Royal Society, Rayleigh had begun psychical research 
in 1874 at the suggestion of Crookes. Here is one of the 
more startling remarks of this renowned scientist in his 
presidential address to the SPR: "To my mirid telepathy 
with the dead would present comparatively little diff iculty 
when it is admitted as regards the l iving. If thje apparatus 
of the senses is not used in one case, why $hould it be 
needed in the other?" Indeed! 

Concurr ing wi th this sentiments was J.J. Thomson, who 
succeeded Rayleigh as director of the Cavendish Labora
tory and who won the Nobel Prize allegedly for his work 
(using a Crookes tube) leading to the discovery of the 
electron. Thomson, who served as SPR vide president, 
described in detail a number of seances he conducted, 

including some wi th such notorious mediums as Madame 
Blavatsky and Eusapia Palladino. 

"There is no doubt of the reality of the dowsing effect," 
Thomson once stated. In his dp in ion , the best way to 
discover water was to fol low a rural wizard carrying a 
forked stick unti l the powers of darkness mysteriously pull 
the stick toward the ground against the struggle of the 
overpowered medium. 

Foif those who could not swallow such magic whole, the 
British developed a variety of scientific theories to explain 
the prol i ferating psychic phenomena. Two eminent phy
sicists; P.G. Tait, who was Kelvin's l i felong collaborator 
and coauthor with him of the standard physics textbook 
of their day, and Balfour Stewart, director of the Kew 
Observatory, professor of natural philosophy at Owens 
College, fel low of the Royal Society, and president of the 
SPR, wrote The Unseen Universe in 1875. Using the latest 
findings of science—the concept of energy conservation, 
thermodynamics, and the electromagnetic ether—Tait and 
Stewart attempted to prove the existence of a spirit wor ld 
andj to explain the connect ion between the material (vis
ible) and the spiritual (invisible) universes: 

May we not regard ether, or the medium, as not 
merely a bridge between one port ion of the visible 
universe and another, but also as a bridge between 
ope order of things and another, forming, as it were, 
a species of cement, in virtue of which the various 
orders of the universe are welded together and made 
irito one? May we not at once say that, when energy 
is carried f rom matter into ether, it is carried f rom the 
visible into the invisible; and that, when it is carried 
f rom ether to matter, it is carried f rom the invisible 
into the visible? Inasmuch as it [ thought] affects the 
spbstance of the present visible universe, it produces 
ai material organ of memory. But the motions which 
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accompany thought wi l l also affect the invisible order 
of things, and thus it fol lows that thought conceived 
to affect the matter of another universe simultane
ously wi th this may explain a future state. 

Psyching U.S. Science 
The Society for Psychical Research is noteworthy not 

only because it drew so many prominent British scientists 
into its leadership and ranks, but also because its mem
bership thoroughly overlapped with the leading episte-
mological bureaus of Britain's profeudalist faction cen
tered in the Metaphysical Society, its successor, the 
Aristotle Society, and Mind magazine. 

These networks were quick to bring their works to the 
United States, and an American branch of the society was 
in operation soon after the British group was established. 

In the early 1890s, the American Society for Psychical 
Research along wi th the SPR and Wil l iam James, one of 
the foulest promoters of nominalism in the American 
academic communi ty, participated in the International 
Census of Hallucinations. This was commissioned by the 
1889 International Congress on Experimental Psychology 
in Paris, and, among other things, recorded more than 
50,000 cases. 

The most notable event in the American psychic move
ment, aside f rom the ongoing promot ion of spiritualism, 
occurred in 1927 when Professor Wil l iam McDougal l of 
Harvard University moved to Duke University, an Episco
palian school with close ties to Britain, to set up the first 
"parapsychology" laboratory in the United States. Mc
Dougall was succeeded by J.B. Rhine. 

Now, who were these birds? McDougal l was a British-
born, Cambridge-educated anthropologist and psycholo
gist whose speciality dur ing the war had been running a 
hospital for shell-shock victims (many of whom were 
probably his guinea pigs). In 1920 and 1923, he was 
president of both the American and British SPRs and f rom 
1927 to 1938, he was also vice president of the Tavistock 
Institute, Britain's leading center for the theory and prac
tice of brainwashing. Not exactly the clean-cut sort you 
would want as flag-bearer in the July 4th parade. 

Rhine-is the author of the article on psychical research 
and parapsychology in the fncyc/opedia Americana. After 
outrageously claiming in his article that psychic phenom
ena such as telepathy have been "experimental ly ver i f ied" 
in his laboratory at Duke, Rhine draws the fo l lowing 
implications for science and rel ig ion: 

One of the main features of ESP (extrasensory per
ception) to be demonstrated was its independence of 
all the space-time " laws" which have been tr ied out. 
... ESP is nonphysical. 

... Parapsychology is to religion what biology is to 
medicine, or physics to engineering.... Whether man 
has a soul component that can exist independently of 
the living organism, has long been regarded as a great 
research project for parapsychology. 

To give him his due, Rhine does contr ibute one scien
tifically competent and even self-reflexive observation. I 
quote: "... parapsychology has cast new light into science's 
darkest corner—the nature of the scientist's own m i n d . " 

In the latter part of the 19th century science had excited 
the minds of much of the world's populat ion through 
generalized technological progress: electromagnetic ex
perimentat ion had proved that there is no Newtonian 
mechanical ether to account for the propagation of elec
tromagnetic energy; and Riemann and Cantor had pro
vided the conceptual basis for t rue relativistic physics— 
the universe as a self-developing manifold of higher and 
higher transfinite order. Where else could the scientist 
who is not commit ted to the principle of progress turn 
but to magic and deception? 

Unfortunately, this tale of scientific kookery does not 
end wi th the 19th century, as the above quotes f rom the 
American spiritualist-scientist show. Rayleigh's grandson 
carried the tradit ion proudly into the 1950s, serving as a 
high official of the SPR. 

And Sir Ol iver Lodge, the famous electrical theorist, 
who was president of the British Association for the 
Advancement of Science and a Fellow of the Royal Society, 
was a long-t ime active member of the SPR unti l his death 
in 1940. Just prior to his death, Lodge published his acount 
of the importance of the ether in which he attacked the 
relativists who denied its existence and that it could be 
the mode of communicat ion with the spirit wor ld . 

Earlier Lodge had published his spiritualist conversations 
with his son who had been kil led in Wor ld War I. 

There were, of course many scientists who opposed the 
wave of scientific sorcery. For example, the Curies were 
persuaded in 1904 to sit in on a seance with Eusapia 
Palladino, who had been cert i f ied by Lodge and his 
colleagues as a genius purveyor of psychic phenomena. 
Somewhat skeptical about the proceedings, the Curies 
turned on the lights whi le the psychic manifestations were 
in full swing. There was Eusapia wandering around the 
room, rapping, t i l t ing tables, and giving participants spirit 
kisses. 

Of course, J.J. Thomson had the answer to this and 
other exposes of the spiritualist hoaxsters: 

The people who produce them (psychic phenomena) 
are very psychic and impressionable, and it maybe as 
unreasonable to expect them to produce their effects 
when surrounded by men of science armed wi th 
delicate instruments, as it wou ld be for a poet to be 
expected to produce a poem in the presence of a 
Commit tee of the British Academy. 

Is there anyone who still claims not to know who 
invented the antiscience counterculture and who classi
f ied as secrets the most critical areas of science? 

John Schoonover is director of nuclear physics research 

(or the Fusion Energy Foundation. 
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New measurements on cosmic 
background radiation call into ques
t ion the "Big Bang" theory of univer
sal creation. This theory, which has 
been in vogue among astrophysicists 
in recent years, holds that the uni
verse originated in a pr imordial f ire
ball. As a result of this original explo
sion, the theory goes, vast amounts of 
electromagnetic radiation were gen
erated providing an ambient universal 
temperature today of about 3 degrees 
Kelvin. 

Ironically, the new data that dis
prove the theory are the same type of 
experimental evidence initially used 
to " p r o v e " the simplistic Big Bang. 

According to D.P. Woody and P.L 
Richards, who presented their infor
mation to the Ninth Texas Symposium 
on Relativistic Astrophysics Dec.14— 
19 in Mun ich , West Germany, the 
b a c k g r o u n d rad ia t i on d i s t r i bu ted 
throughout the universe deviates sig

nificantly f rom the distr ibution of fre
quencies that would be expected if 
the unliverse were the product of an 
initial tremendous explosion. 

Just a month before Woody and 
Richards announced their results, No
vember 1978, Arno ld Penzias was 
awarded the Nobel Prize for his work 
showing that the distr ibution of back
ground radiation indicated that the 
Big Bang cosmology is correct. 

The measurements r e p o r t e d by 
Woodjy and Richards indicate that the 
range) of observed microwave fre
quenc ies is t oo na r row and too 
sharply peaked to represent a black-
body iradiation distr ibut ion. This de
viation cannot be explained by any 
processes expected to produce devia
tions ifrom the expected shape. 

Further data support ing this thesis 
were! p resen ted by Penzias's co 
worker Wilson at the January Amer i 
can Physical Society meeting in New 

York. Wilson noted that the radiation 
spectrum cohered with the predic
tions of the theory, except in the long 
wave leng th ( low energy) r e g i o n , 
where a small deviation appears. 

The potential importance of these 
findings should not be underesti
mated. It was by coming directly to 
grips wi th anomalous properties in 
the classical interpretat ion of black-
body radiation that Max Planck was 
able to formulate the quantum hy
pothesis. The result was an entirely 
new understanding of the fundamen
tal properties of matter, whose impl i 
c a t i o n s have i n s p i r e d p h y s i c s 
throughout this century. 

Findings like these provide astro
physicists and cosmologists with the 
opportuni ty to step back for- a mo
ment and reconceptualize current 
concepts of how the universe was 
created. For example, does it make 
sense that the universe could come 
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into existence at some t ime in the 
f ini te past as a result of a cataclysmic 
event that set the course of evolut ion 
for all time? 

With in The last year or so, the Big 
Bang theory has come into confl ict 
with even the special relativity theory. 
How can we then expect it to cohere 
wi th the extended Riemannian con
cept ion of relativity? In this latter case, 
the very existence of a cosmic back
ground radiation, as an artifact of the 
act of creation, presumably wou ld 
provide an absolute frame of refer
ence for velocity measurements—and 
this is an impossibility according to 
the much more f irmly grounded rel
ativity theory. 

At this conjuncture, with the results 
of a crucial experiment before it, the 
astrophysical community should con
sider the possibility that the Big Bang 
never occurred, or, if something like 
it actually d id occur, that it was not 
an act of creation. 

In fact, the universe is not the prod
uct of a single external act of creation; 
it is a continuous process of self-cre
ation. The appropriate conception is 
that particular modes of interaction 
are not fundamental but are epiphe-
nomena of the fundamental law of" 
the self-development of the universe 
according to the principle of negen-
tropy. 

—Dr. John Schoonover 

New Research Breakthrough 
In Recombinant DNA Work 

The exciting and promising tech
nological promises of recombinant 
DNA research are realizing successes 
that wou ld have been science fiction 
less than 10 years ago. 

Two such examples have occurred 
recently. First, a leading laboratory in 
California has succeeded in produc
ing large quantities of the rabbit pro
tein beta-globin in tissue culture ex
periments. Researchers at Stanford 
University Medical School used mon
key cells as the " factory , " giving the 
cells genetic instructions f rom a spe
cially engineered recombinant DNA 
molecule, which in turn was carried 
by a virus. 

Dr. Paul Berg and his coworkers at 
the medical school succeeded in re
placing a sequence of DNA in the 
SV40 virus genome that normal ly 
codes for a protein in the viral coat 
with a sequence usually found in the 
rabbit that codes for the sequence of 
molecules making up a particular 
product, usually a protein. In this 
case, the sequence was for the protein 
beta-globin, part of the hemoglobin 
complex in red b lood cells. 

This altered DNA was then pack
aged in a normal viral protein coat, 
and the engineered virus was allowed 
to infect monkey kidney cells growing 
in tissue culture. The infected cells 
responded by fo l lowing the genetic 
instructions encoded for by the viral 
DNA. Included in the altered viral 

genome was the blueprint for rabbit 
beta-globin, which was produced by 
the cell's metabolic machinery. 

Pituitary Hormone Produced 
Another California laboratory suc

ceeded in having bacteria produce 
the physiologically essential mammal
ian protein known as pituitary growth 
hormone. These experiments by Dr. 
H. Goodman and coworkers at the 
University of California in San Fran
cisco uti l ized the recently developed 
ability to produce large amounts of 
pure DNA sequences and hybridize 
them with other genes in order to 
construct a unique sequence of ge
netic material that wou ld succeed in 
"p rog ramming" bacteria for the syn
thesis of a desired protein product. 

In this case, rat DNA that codes for 
pituitary growth hormone was l inked 
with a bacterial plasmid that codes for 
a variety of substances, and this hy
bridized DNA molecule was inserted 
into a bacterium. Dur ing the subse
quent growth of the bacteria, the pro
teins coded for by the inserted DNA 
sequences, including the mammalian 
growth hormone, were produced in 
significant quantity. 

Both experiments highlight the tre
mendous strides in the field of mo
lecular biology over the last few years 
and h o l d immed ia te l y i m p o r t a n t 
medical and biological implications. 
For instance, growth defects f rom in
adequate supplies of pituitary growth 
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hormone should soon be treatable by 
the administration of bacterially pro
duced growth hormone, a medical 
intervention now severely l imited. 

This hormone also might prove val
uable in animal husbandry with re
gard to more economical food pro
duct ion. Addit ional ly, as is pointed 
out by P.H. Seeburg et al. in Nature 
(276: 795, 1978): "The capability of 
expression of genes that are designed 
spec i f i ca l l y or synthes ized shou ld 
make possible the product ion of new 
hormones analogous for examining 
the structural requirements of agonist 
or antagonist activity or for therapy." 

The viral experiments also point to 

very exciting possibilities; for exam
ple, that of " i n fec t i ng " an individual 
wi th a virus that contains genes for 
which an individual might be defec
tive or deficient. Juvenile-onset dia
betes is characterized by an absolute 
lack of insulin product ion, and it is 
possible that this type of genetic in
tervent ion wou ld enable this person 
to enjoy f reedom f rom his or her daily 
injection of bovine insulin. 

Basic Scientific Questions 
Even more, the real promise of 

these technological breakthroughs 
lies in the opening up and reshaping 
of basic! biological questions. Just to 
reference two such issues here: In the 

The root system of Zea diploperennis left and two of the plants grown 
in a greenhouse from wild rhizomes. 

Ancient Corn Strain Rediscovered 
Dr. Hugh litis and John F. Doebley f rom the University of Wisconsin 

at Madison announced that a research team on a f ield t r ip to Mexico 
last September had discovered an ancient, wi ld strain of Corn, zea 
diploperennis, that is perennial. The discovery of the teocinte, or wi ld 
maize, was said to have "revolut ionary implications for agriculture," 
because it wou ld eliminate annual replanting, according to a front-page 
New York Times article Feb. 5. 

litis said that the new corn was found at altitudes of 10,000 feet, 
surviving occasional snow and humidity, which means that it could be 
grown as far north as Virginia. 

Despite the publicity surrounding the discovery, it is well known that 
corn is naturally perennial. When questioned about the new discovery, 
one official in the U.S. Department of Agriculture qu ipped, "so what 
else is new?" 

The main reason that corn is sown each year is to improve the quality 
of the corn and to maintain the root system at optimal lengths for 
efficient nutr i t ion. Roots that are too long and sprawling rot and extract 
too many nutrients f rom the soil, tending to produce foliage rather than 
corn. 

A real revolut ion in agriculture would occur if the newly discovered 
corn could be bred with a shorter root system. 

beta-globin experiment, the inserted 
beta-globin DNA consists of a non-
translated leader sequence, the glo-
bin sequence that is translated into 
the amino-acid chain to yield the de
sired globin prote in, and a termina
t ion sequence. In the usual situation 
in the rabbit, however, the final p rod
uct is the result of a DNA stretch that 
has inserted into the globin sequence 
two intervening nontranslated se
quences. 

The immediate questions are: What 
is the nature of these apparently non
essential intervening sequences? Why 
are they there? How does the entire 
genome stretch work? Can other in
tervening sequences be inserted in 
their place, or in other spots? 

In other words, what is the actual 
genetic nature of the DNA material, 
beyond the usual reductionist model 
of beads-on-a-string sets of computer 
off-on instructions? 

(A future article in Fusion wi l l re
view this question in depth.) 

The second experiment points up 
another immediate area for further 
investigation. Al though the bacteria 
were engineered to manufacture the 
growth hormone, this protein re
mained in the cel l , where it appar
ently was digested by intracellular en
zymes. The mamma l i an p i tu i ta ry 
normally packages and secretes this 
hormone; bacteria also secrete some 
proteins. 

The tool of recombinant DNA of
fers a handle to solving the problem 
of the control l ing factors that occur 
subsequent to the readout and trans
lation of a particular product of the 
genetic code. Understanding the han
dl ing, packaging, secretion or reten
t ion, and so many other events wi th in 
cellular physiology is vital for human 
health and material well being. 

Despite the recent breakthroughs, 
or perhaps because of them, Health, 
Education and Welfare Secretary Jo
seph Califano and his zero-growth 
allies in the environmentalist move
ment have stepped up their attempts 
to halt further research in this f ield. 
Califano has restructured a Recom
binant Advisory Commit tee, placing 
on it known ant i-recombinant-DNA 
environmentalists, lawyers, and con
sumer watchdogs; and sources report 
that he intends to delay permission 
for new DNA research. 

—Dr. Richard Pollak 

68 FUSION 



Books 

National Review Discovers Nuclear Energy 
National Review, Special Issue on Nu
clear Power, Feb. 2, 1979. 

Wil l iam Buckley's National Review 
magazine has suddenly discovered 
nuclear energy. The Feb. 2 special 
issue of National Review—described 
by the editors as "un ique in the his
tory of the magazine"—ostensibly 
adopts a pronuclear position and at
tacks zero-growth forces. 

Curiously, the National Review rev
elation occurred just as the Heritage 
Foundation, the upholders of Adam 
Smith's free enterprise philosophy in 
the United States, held its first na
tional conference on energy advocacy 
Feb. 2-4, another ostensible p ronu
clear event (at which the National 
Re view,issue was widely distributed). 

Even more curious, a week later the 
Wall Street Journal ran a front-page 
article describing the death pangs of 
the dying nuclear industry and noting 
that the Heritage Foundation was now 
" w o r k i n g to c o o r d i n a t e the p r o -
energy groups' strategy." 

What's going on here? Both the 
National Review and the Heritage 
Foundation have been more than 
tolerant of environmentalist and ant i-
nuclear campaigns in the past and 
they along with the Wall Street: jour
nal openly collaborate with the Dark 
Ages zero-growth faction in British 
politics, the Tory Party of Margaret 
Thatcher and Winston-Churchi l l I I I . 

The clues can all be found by ex
amining the polit ical content of the 
National Review's special issue and 
the journal article. The National Re
view-Heritage crowd acknowledges 
that it has an almost-dead body—the 
U.S. nuclear industry—and they have 
come together to preside over the 
corpse. Their only use for those last 
flickers of life in the nuclear industry 
is to drum up support among the 
broad prodevelopment layers of the 
populat ion for a Cold War military 
bui ldup. 

It should be stressed that most of 
the contr ibutors to the National Re
view's special issue did not have this 
Cold War intent (just as most of the 

pronuclear fish caught in the Heritage 
net do not have this intent). But there 
are key British Intell igence operatives 
involved in both events, and behind 
their pronuclear facades is not the 
pursuit of human development, wor ld 
peace, the advancement of science 
or, a polit ical program necessary to 
get the U.S. nuclear industry on its 
feet. 

British Operatives 
These guys are pushing Wor ld War. 

They are pushing war based on a 
strategy that has its origins in British 
geopo l i t i ca l theor i s t Sir H a l f o r d 
Mackinder and the Nazi geopoli t ician 
he inf luenced, Karl Haushofer. This 
demented view sees the wor ld with 

Great Britain as the center, menaced 
on all sides by evil communist land 
grabbers. 

Who are some of these British op
eratives in the National Review special 
issue (besides its Oxonian publisher, 
Wil l iam Buckley)? 

Take Brian Crozier. Crozier, who 
wrote a piece in the "Big Lie" tradi
t ion ("Power and National Sover
eignty") claiming that the environ
mentalist-zero growth movement is in 
large measure a KGB plot, is affil iated 
with the notorious British psycholog
ical warfare center, the Tavistock In
stitute, and directs the Institute for 
the Study of Confl ict, one of the psy
chological warfare operations. Cro-
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zier was directly involved in the 1968 
radical destabilization of Charles de 
Gaulle in France, whi le acting as a 
professor at Nanterre, the base of 
ope ra t i ons of Danny " T h e R e d " 
Cohn-Bendit and his anarchist stu
dent gangs. 

Another contr ibutor is Malachi B. 
Mart in of the Jesuit tendency known 
as the "Amer ican Heresy," who is a 
collaborator of antihumanist and fas
cist networks around Archbishop Le-
febvre. Last year Mart in led the de
mand for the resignation of Pope Paul 
VI . 

Then there is George Brumlik of 
the Slaner Foundation and the Nu
clear Club of Wall Street. Brumlik has 
been involved in a pseudofusibn op
eration against the Fusion Energy 
Foundation and he and his associates 
have been implicated in the illegal 
transfer of nuclear weapons knowl 
edge to a foreign power. 

Last but not least is M i l t on R. Co-
pulos, the modern-day Delphic Ora
cle f rom the Heritage Foundation 
who has made a career of developing 
crisis scenarios cum energy break
downs of the sort that Energy Secre
tary James Schlesinger has been i tch
ing to carry out. Last month when a 
Fusion reporter asked Copulos if he 
had "any idea which direct ion civi l i 
zation should go—either into a new 
dark age or toward expanding devel
opment , " Copulos screamed, " I can't 
comment . " 

Geopolitics 
Incredible as it may seem to an 

average American, the National Re
view-Heritage crowd still seeks the 
encirclement and control of the "Rus
sian h e a r t l a n d . " A l t h o u g h W o r l d 
Wars I and II have come and gone, 
this bunch is still fo l lowing in the 
footsteps of Mackinder, Haushofer 
(who, by the way, authored the geo
polit ical sections of Hitler's Mein 
Kampf), and others of the British Dark 
Ages fact ion, l ike British Roundtabler 
Lord Mi lner. 

Why do they back nuclear power? 
Because it wi l l help stop Soviet "ex
pansionism," to use the geopolit ical 
term. I quote f rom the National Re
view editor ial : "America...faces three 
great dangers , if the an t inuc lea r 
movement has its way. The first is 
geopolitical.... The policy of the So
viet Union, in the Middle East, in the 
Horn , and in the southern tip of Af-

70 FUSION 

rica, is directed to control l ing the oi l 
l ifeline of Western Europe. The Sovi
ets covet M idd le Eastern o i l , partly for 
their own uses...partly as a pressure 
point on their enemies. Soviets take 
a lively interest in the radical ant inu
clear campaign in the West.... Amer
ica, wi th considerable belt- t ightening, 
could survive the Sovietization of 
Arab oi l . Western Europe and Japan, 
if they cont inue to rely on it, could 
no t . " 

Now, tHe fact is that one faction in 
the Soviet Un ion is pushing this l ine. 
But the missing, critical piece of in
formation for readers is that this fac
t ion—typi f ied by British agents in 
Moscow Kim Philby or Georgii Arba-
tov—is connected directly to the Na
tional Rev iew-He r i t age c l i que via 
their common British parentage. 

As would be expected, the National 
Review rails against technology co
operation with the East bloc and 
makes an all-out assault on U.S.-Soviet 
cooperat ion in particular. Needless to 
say, the recent Soviet proposals for 
international collaboration in laser f u 
sion and in bui ld ing a tokamak test 
reactor—programs in the tradit ion of 
Pres ident E isenhower 's A toms for 
Peace program—go ignored. 

Dismissing Fusion 
In fact, fusion is given short shrift, 

starting in the editorial, which in t ro- ' 
duces fusion only in so far as it is the 
one side of a fission-fusion debate: 
"The proponents of the two chief 
forms of nuclear power (fission and 
fusion) differ among themselves on 
questions of cost and scheduling—a 
difference NR has not tr ied to iron 
out in the contributions that fo l low. 
But this debate—a debate between 
real alternatives—should be at the 
heart (j)f na t iona l energ.y d iscus
sions....*' 

But the real fusion kil ler, as noted 
in the editorial, is the idea that free 
enterprise must guide science and fu 
sion policy, implying that the present 
funding could be more efficient if the 
magic of free enterprise were let 
loose: "Fusion advocates...slip into a 
paternalistic mode as a justif ication 
for thei funding of their programs. The 
contributions to this issue, however, 
suggest specific ways of defraying the 
expense. Others might be devised, if 
this is the course we decide to take. 
Let the discussion beg in . " 

The point is that fusion policy must 

be set nationally; that's the only way 
we are going to get fusion power by 
the turn of the century. An op t imum 
program would provide tax credits for 
innovative ideas f rom industry, and 
large-scale projects at national labo
ratories wou ld contract out work— 
but the overall policy wou ld be set 
nationally. 

Free Enterprise 
"Free enterpr ise" is nothjng but l in

guistic mumbo jumbo that wou ld 
make the Founding Fathers, Abraham 
Lincoln, and American economist 
Henry Carey (who developed the 
term American System versus the Brit
ish System of Adam Smith) turn over 
in their graves, It wou ld mean the 
destruction of American industry. 

And as a final slap at fusion, the 
National Review takes pains to deny 
the historic significance of the Prin
ceton Large Torus breakthrough last 
summer and puts off the likely reali
zation of fusion to somewhere be
tween 2010 and 2025. 

Since they know the nuclear indus
try is almost dead and since they say 
fusion won' t be around for 35 or so 
years, one wonders what we're sup
posed to do for energy in the mean
time? Tighten our belts and hope to 
win Wor ld War III? 

Just in case National Review readers 
haven't gotten the message, the spe
cial issue leads off w i th effusive praise 
for none other than NATO head and 
potential presidential candidate Gen
eral Alexander Haig ("... a rare b lend: 
a military man wi th a very sure, in tu 
itive touch for the political implica
tions and repercussions of what hap
pens in his area of responsibility. 
Eisenhower had it, Gruenther had it. 
Not too many others have.") and the 
recently deceased and Anglophi le 
Wil l iam Yandell Elliott, Henry Kissin
ger's mentor ("... we could have used 
a thousand more Wil l iam Yandell El
l iotts"). 

(Wil l iam Yandell Elliott, by the way, 
was a longtime British Intell igence 
station chief in the United States.) 

One useful th ing the National Re
view does is end the myth that nuclear 
power is not polit ical. Now we have 
to make sure that nuclear energy is 
governed by the politics of the Amer
ican System and not Wor ld War I I I . 

— Robert Cohen 



FEF News 
BOSTICK OPENS FEF SEMINAR SERIES 
" I f we can master inertial conf inement fusion, it wi l l probably be through 

ion-beams and not lasers; but the interesting thing is that the ion beam can 
be generated by collective plasma processes, not particle accelerators," Pro
fessor Winston Bostick to ld the first seminar in the FEF spring seminar series 
on basic processes in fusion plasma. Bostick, who is a professor of physics at 
Stevens Institute of Technology, presented part one of a two-part lecture on 
the collective acceleration of particle beams in a plasma. 

Bostick's lecture reviewed the currently available experimental evidence on 
the mechanism responsible for the remarkable property of electron beams 
propagating in a plasma, by which the beam can accelerate ions to many times 
the energy of the electron beam. Efficiencies of up to SO percent of electron 
beam energy to ion beam energy have been achieved—a striking case of self-
organized plasma behavior. 

The second Bostick lecture, to be given Feb. 21, wi l l develop some theoretical 
insights into this mechanism, concentrating on the role of vortex filaments in 
the acceleration of the ions. 

As Bostick pointed out, the current inability of scientists to explain the 
mechanism of collective acceleration is a dangerous state of affairs. Not only 
does collective acceleration hold great promise for fusion; it also holds the 
key to the perfection of a directed energy beam weapon. 

Other scheduled speakers in the FEF series include Bruno Coppi of the 
Massachusetts Institute of Technology, Harold Grad of the Courant Institute 
of Mathematics at New York University, Frederick Tappert of the University of 
M iami , Florida, and FEF staff members Uwe Parpart and Steven Bardwell. 

The proceedings of the series wil l be published by the International journal 
of Fusion Energy in the coming months. An FEF seminar series on the biological 
sciences is also planned. 

FUSION SUBSCRIPTIONS TOP 5,000 
Fusion subscriptions reached 5,400 for the February issue and wil l top 6,000 

for the March issue, announced Business Manager Kenneth Mandel . A year 
ago in March subscriptions totaled only 1,600. At current rates of more than 
200 new subscriptions per week, Mandel said, the magazine wil l reach a goal 
of 10,000 subscriptions by the end of the summer. The total circulation is 
40,000 copies. 

Fusion is applying for membership in the Audi t Bureau of Circulations in 
order to attract major advertisers to the unique progrowth constituency Fusion 
readers represent, Mandel said. Advertising rates are available f rom Fusion by 
wr i t ing to P.O. Box 1943, New York, N.Y. 10001. 

CONNECTICUT FORUM DRAWS 40 PARTICIPANTS 
An FEF forum in M i l fo rd , Conn. Jan. 30 drew 40 businessmen, engineers, 

and scientists f rom this high-technology area. Dr. Morr is Levitt, FEF executive 
director, briefed the group on the prospects for fusion research, on the factors 
holding up nuclear power, and on FEF organizing plans. 

There was an extended discussion about the FEF role in making national 
policy for research and science programs. "Is the FEF simply going to promote 
the work of the big national laboratories?," one engineer asked. 

Levitt out l ined the requirements for a national R*D policy as fol lows: 
"Cheap, long-term credit and large tax breaks for corporate R&D activities 
and new technology development; ful l funding for both small-scale innovative 
research and large-scale development in major corporate and government 
laboratories; and increasing by tens of bill ions of dollars credits and insurance 
for exports, especially for consortia wi th a ci ty-bui lding perspective aiming to 
provide in-depth basic and specialty technologies and products as well as large 
numbers of technologists for global development.', ' 

Calendar 
Continued from page 3 

April 
1-6 
Pacific Chemical Conference 1979: 
38th National Meet ing of Chemical 
Society of Japan 
and 177th National Meet ing of 
American Chemical Society 
Hono lu lu , Hawaii 

2-6 
International Symposium on 
Manpower Requirements 
and Development for Nuclear Power 
Programs 
International Atomic Energy Agency 
Saclay, France 

Energy Sufficiency for American , 
Conference 
Am. Institute of Aeronautics and 
Astronautics, IEEE, 
New Mexico Soc. of Prof. Engineers 
El Paso, Texas 

9-12 
11th National Atomic and Molecular 
Physics Conference 
Institute of Physics, London 
Liverpool 

10 
FEF Seminar: "What We Have 
Learned f rom High-Field, High-
Density Torodial Plasma" 
Speaker: Dr. Bruno Copp i , MIT 
New York City 

23-25 
American Power Conference 
Illinois Institute of Technology 
Chicago 

23-26 
General Meet ing 
American Physical Society 
Washington, D.C. 

29-May 2 
Training of Nuclear Facility 
Oak Ridge National Labs 
American Nuclear Society Personnel 
Gatl inburg, Texnn. 

29-May 2 
Light Water Reactor Fuel Performance 
American Nuclear Society 
Portland, Ore. 
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'TOL/ are one of the few organized groups I know of that 
has the courage to stand up and advocate high technology 
as a solution for some of the problems of the world, and for 
that I think we owe you a debt of gratitude/' 

Dr. John Clarke, 
Deputy Director, Off ice of Fusion, DOE, 

I at the FEF annual public meeting, 
Sept. 23, 1978 

The Fusion Energy Foundation put the Princeton Large Torus results onto the 
front pages of the world press. 

Your membership in the Fusion Energy Foundation now can ensure that the 
news of progress in fusion research continues to reach the front pages of the in
ternational press. And that there wil l be commercial fusion power plants within 
this century. 

Membership in the FEF will also bring you 10 issues of FUSION magazine 
and 4 issues of the International Journal of Fusion Energy. 

Contributions to the FEF are tax deductible. 



Ending the Dark Ages Threat to Science 

Riemann Declassified-
Ever since Bertrand Russell and Lord Rayleigh, the significance of Riemann's work 
has been either distorted or underplayed. However, today's leading scientific 
and military researchers in the compression of matter know the importance of 
Riemann's 1859 paper on shock waves, which was driven underground by 
classification policies. This article looks at Riemann's work in a fresh l ight, 
explaining its particular significance for inertial conf inement and how 
Riemann's method and program must become the basis for today's natural 
sciences. 

The Secret of Laser Fusion 
The t ruth is that there are no secrets to laser fusion. Open ing up discussion in 
this vital area of science wil l rejuvenate the normal processes of scientific 
exchange that throughout history have led to the advancement of humanity. 

The Case of the Fast Liner 
Classification has harmed U.S. national security, not helped it. Just who is 
classifying U.S. fusion research? This story points to the British military research 
laboratory at Aldermaston, showing how it ki l led a promising approach to 
fusion that combines features of magnetic and inertial conf inement. 

Appropriate Technology: 
The US. Goes Back to the Stone Age 
The environmentalists' concept of appropriate technology, now official U.S. 
policy, assumes the destruction of modern industry and offers in its place a ful l 
range of caveman technologies. The original caption on this picture f rom a 
United Nations document reads "Age-o ld technology—perhaps painful , 
certainly appropr iate." 

Science and Spooks 
Spirits, mediums and scientists? This article, a preview of part of a for thcoming 
book on the New Dark Ages of H.C. Wells and Bertrand Russell, describes how 
it was perfectly logical for most prominent 19th century British scientists to be 
spiritualists. 

Cover design by Christopher Sloan. Portrait of Riemann by Gary Genazzio. 
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