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Editorials 

Stop 
The Crash 

Of'79 

On theback cover of the October issue of Fusion we contrasted the nation's 
potential to achieve fusion in the 1990s with the ugly mug of the Ayatollah 
Khomeini and the Council on Foreign Relations' plan for "controlled disinte
gration."! Now that the full lunacy of the Iran situation and its extremely 
dangerous international implications have fully developed, it is not necessary 
to grant us any special powers of prophecy. It is simply a question of correctly 
analyzing what the basic policy division is in the world today and how the Iran 
situation fits in. 

From the point of view of one of the adversaries, the situation was summar
ized as follows in Business Week magazine Nov. 19: 

It may be that an Arab banking system funneling petrodollars through 
the European Monetary System will replace the current domination of the 
world's financial system by U.S. banks and the IMF. This depends, of 
course, on OPEC's willingness to play the power broker part. If it refuses, 
there is another scenario that many still think unthinkable: open warfare, 
in which either the industrial West as a group, or the U.S. going it alone, 
gives up trying to work with OPEC and instead invades the oilfields. 

A Fundamental Division 
Behind this bald policy statement lies a different political reality from that the 

editors of Business Week would have you know. 
In every nation and major world center, there is a fundamental division 
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The 
Lightning 
Rod 

My dear fr iends: 
A fine old man, wi th whom I have 

maintained a pleasant and prof i table 
acquaintance for some years, recently 
wrote seeking my assistance in a mat
ter involving the current crowd in 
Washington. The venerable gentleman 
in question, Mr. Kris Kringle, informed 
me that his l i fet ime business, wh ich , 
he averred, had never failed to give 
satisfaction to its customers, was in 
some jeopardy as a result of the eco
nomic policies pursued in our nation's 
capital. I to ld Mr . Kringle that as I 
no longer had much influence among 
those who govern our country, my 
only recourse was to put his case be
fore the publ ic in hopes that an 
aroused citizenry wou ld hold the ad

ministration accountable for his plight. 
His troubles began, said Mr. Krin

gle, when he received notice that he 
was required to fi le weekly Environ
mental Impact Statements " o n the op
eration of toyshop, run on el fpower; 
and 1 sleigh wi th reindeer." Mr. Krin
gle was forced to hire a former Energy 
Department employee to handle the 
paperwork. 

The new man, Rodney, promptly 
"blew the whist le" on the Kringle busi
ness by informing the DOE that Krin
gle "was not running an energy-
efficient opera t ion . " He pointed out 
that " the Nor th Pole is hardly the ideal 
location for a toyshop, since so much 
energy is required to keep it w a r m . " 
Rodney also complained that "advanc
ed technology is used in this toyshop, 
in defiance of our national security 
classifications; and the elves are paid 
high wages, which contr ibute to infla
t i o n . " Furthermore, he added, " the 
reindeer do not obey the 55 mile an 
hour speed l imi t . " 

Rodney's analysis was fed into the 
Energy Department's computers, 
which produced a pr intout suggest
ing Mr. Kringle move his business 
to a warmer climate wi th a plenti ful 
supply of cheap labor—Teheran. Mr. 
Kringle refused, and found himself 
"exposed" on the front page of the 
Washington Post, deluged wi th OSHA 

between two policies. On the one side is a reorganization of the world's 
monetary and investment apparatus along the lines of the European Monetary 
System to provide for high-technology growth in the advanced sector and 
massive technology transfer and investment in development projects in the 
Third Wor ld . On the other side are deindustrialization, depopulat ion, austerity, 
and war—all to preserve bankrupt and incompetent institutions like the Inter
national Monetary Fund. 

As we document in this issue, the situation in Iran, including the ongoing 
"crash of 7 9 " scenario, was conceived and implemented by the international 
"Dark Ages" fact ion, particularly the British intell igence agencies that created 
the Musl im Brotherhood. The only solution in the short term lies in the ful l 
exposure of those U.S. officials and individuals—like National Security Counci l 
head Zbigniew Brzezinski and former attorney general Ramsey Clark—who, 
along wi th the fanatics of the Musl im Brotherhood, are responsible for the 
danger to American lives and to wor ld peace. Simultaneously, U.S. polit ical life 
must be brought out of its present saturation wi th disinformation and sheep
like behavior to a vigorous debate on the real issues facing the country. 

If the nation is to have a future, full discussion of the basic economic, 
energy, and related policy questions must begin now and cont inue unti l we 
assure the election of an administration that is commit ted to U.S. wor ld 
leadership through development of new energy resources and economic insti
tut ions. 

safety inspectors, and the subject of a 
lawsuit f rom Ralph Nader. 

Nader charged that "Mr . Kringle ob
viously has something to hide, as his 
business operates under several dif
ferent fronts. The justice Department 
should investigate the relationship 
between Santa Claus Enterprises, Kris 
Kringle, Inc., and the O ld St. Nicholas 
Toyshop Company for evidence of or
ganized crime racketeering." 

By the t ime Mr. Kringle f inished 
paying all the lawyers, he was in sad 
financial shape. He applied to the 
Treasury Department for loan guaran
tees to enable him to carry o n , but the 
Treasury Department replied that "as 
you have not laid off any elves, we are 
not in a posit ion to offertheassistance 
you seek." 

When Mr. Kringle responded that 
" laying off elves at the height of the 
holiday rush hardly makes good busi
ness sense," a copy of the corres
pondence was leaked to Senator 
Edward Kennedy, who promptly made 
a speech charging that " M r . Kringle 
has too long been permit ted an un
just monopoly on the nation's affec
t ions. He should be subjected to the 
laws of free enterprise, the same as 
anyone else." Kennedy then intro
duced the "Kris Kringle Anti-Trust 
Act of 1979." 

Finally, poor Mr. Kringle received 
a notice f rom the Whi te House that 
some help might be extended if the 
government were al lowed to appoint 
"an emergency financial control board, 
as you seem to have run your busi
ness very badly." But many in Con
gress, notably Senator Proxmire of the 
Banking Commit tee, are saying that 
" the failure of Claus Enterprises would 
be good for the country, as it wou ld 
help to cool off the economy. " 

There the matter now rests. If you 
wish to aid Mr. Kringle, as I do , please 
contact your elected representative, 
or 

Your obt. svt. 
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Letters 
LOVINSESQUE LIES 

To the Editor: 
Among the many puzzl ing features 

of your October 1979 issue is the dis
cussion of conservation economics 
. . . . You crit icize a Carter conserva
t ion program which you say (though 
your arithmetic is at best obscure) 
would cost $11 bi l l ion to save about 
1.8 bi l l ion barrels of oil over the next 
decade, or about $6 per barrel. Your 
preferred alternative is to install, " fo r 
that same cost [$11 bi l l ion] . . . more 
than 10 gigawatts of nuclear-generated 
electrical power . " 

Ten gigawatts of nuclear plants, op
erating at 60 percent of ful l-power ful l-
t ime capacity, and w i th transmission 
and distr ibution losses of 10 percent, 
wou ld deliver over a decade a total of 
473 bi l l ion ki lowatt-hours of electrici
ty, wi th a heat content of 1.7 quint i l -
l ion joules or the equivalent of only 
0.29 bi l l ion barrels of crude o i l . This 
looks like a sixfold worse buy than the 
conservation program you criticize (as
suming your data on it). The disad
vantage wou ld be at least ninefold if 
you counted the cost of the grid and 
fuel-cycle facilities needed to run the 
plant you assume, and over twelve
fold if you included fuel and operating 
costs. So why is conservation a worse 
buy? 

I agree that it's stupid to replace $20 
to $25-per-barrel imported oil with syn
thetic fuels at $30 to $60 per barrel. 
But I think it's even stupider to re
place it w i th nuclear electricity at over 
$100 per barrel heat equivalent . To 
save money and jobs, we should in
stead go for efficiency improvements 
at typically $0 to $10 per barrel and ap
propriate renewable sources at about 
$10 to $25 per barrel. 

Amory B. Lovins 
Friends of the Earth 

The Editor Replies 
It is a pleasure to be able to treat 

readers to a first-hand instance of the 
distortions and outr ight lies that fuel 

the hysteria of the env i ronmenta l 
movement. Lovins's "calculat ions" are 
notor ious for thei r d ishonesty, ' and 
his letter here is no exception. 

Standard energy equivalences show 
that the energy produced by one nu
clear plant is the equivalent of approx
imately 43,000 barrels of oil daily, so 
that the 10 plants that Lovins mentions 
are almost exactly equivalent to the .5 
mil l ion barrels a day that are purport
ed to be saved by President Carter's 
conservation program. As is usual for 
Lovins, he uses totally inconsistent 
measures for nuclear and other sources 
—nuclear bears all the transmission 
losses, power gr id costs, and so o n , 
whi le oil is taken at its fu l l energy 
equivalent. 

However, the much more impor
tant point is that Lovins and his friends 
in the Carter administration are in favor 
of less energy whatever the cost. Abun
dant cheap energy, which nuclear pow
er provides, scares what l i t t le wits 
these people have left because it pro
mises grojwth, industrial development, 
and progress. As Lovins out l ined his 
theory of mankind's future at a speech 
at Franklin College in New Hampshire 
Aug. 13, 1979: "The future should be 
like the past, only more so . " Indeed! 

Note „ 
1. For a detailed analysis of Lovins's dishonest 

use of documentation, see J.M. Gallagher, 
"Lovins's Data Source," Science December 
22, 1978, pp. 1242-43. 

HYDROGEN COSTS 
To the Editor: 

A minor critique of your article ("Put
ting a Hydfogen Economy on the Agen
da, " by Marsha Freeman, Nov. 1979, 
pp. 25-28] concerns your quoted pri
ces for hydrogen cost. In my opin ion 
they are much too low. Our work shows 
that costs for thermochemical hydro
gen wi l l be in the $7 to $15 per 106 BTU 
($1978) range, depending on whose 
estimates and whose cycles you care 
to choose. Electrolytic hydrogen is no 
better; at 20 mills per ki lowatt hour 
for electr ici ty, their costs wi l l be in 
the $10 to! $12 per 106 BTU range or 
higher. Advanced techniques being re
searched at BNL [Brookhaven Nation
al Lab] may improve the efficiency of 
both electrical generation and electro
lysis, but the much higher costs of 

materials for use in the electrolyzers 
may negate these gains. 

For the near-term—year 2000 or so— 
coal appears to be the major hope for 
hydrogen product ion as oi l and gas 
are depleted. This hydrogen wil l be 
used primarily as a chemical interme
diate and not as a "un iversa l " fuel . 
We wi l l have to wait for cheap fusion 
power or something else before that 
occurs . . . . 

Ken Cox 
Los Alamos Scientific Laboratory 

The Editor Replies 
The costs quoted were included in 

the hydrogen article to provide the 
reader wi th some comparison among 
thevarious hydrogen product ion tech
nologies. These costs were lower than 
those generally cited for two reasons. 

First, the data used were consider
ably out of date, and based on com
parative studies done by NASA at the 
end of 1975. Al though these costs do 
not reflect today's inf lat ion, they are 
the " rea l " cost of the technology wi th
out the cost escalations of inf lat ion, 
environmental requirements, and high-
interest credit. 

In order for a transit ion to the hy
drogen economy to take place, these 
inflationary costs wou ld have to be 
removed, not only from hydrogen pro
duction but from investment in all new
ly commercializable technology. Oth
erwise, no company wi l l be able to 
afford to bui ld plants that incorporate 
new technology and industry wou ld 
continue to stagnate. 

Second, there is a fundamental dif
ference between the cost of technol
ogy that has an inherent thermody
namic l imit, such as the intermediate 
chemical processes in the thermochem
ical cycles, and a technology where 
thermal energy can be used directly 
to split water, as we wi l l be able to do 
directly wi th fusion energy at some 
point in the future. 

Therefore, the eventual use of "waste" 
heat f rom fusion electric product ion, 
coupled wi th as-yet-undeveloped ma
terials to withstand fusion tempera
tures, wi l l provide an inherently cheap
er source of hydrogen than any com
parative system. Although it is not pos
sible, of course, to predict what that 
cost wi l l be, the growth and develop-
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ment of industrial society has been a 
function of an ever-cheapening source 
of energy, and wi l l cont inue to be so 
dependent into the foreseeable future. 

The proper policy criterion for com
mercial development of any new tech
nology, therefore, is not what the first-
generation facilities wil l cost, but what 
the "perfectabi l i ty ," in thermodynam
ic terms, of the technology wil l be. 

Marsha Freeman 

BRITISH SCIENCE 
To the Editor: 

I subscribed to Fusion because I be
lieve that the ant i technology move
ment, and the countercultural tenden
cy it exemplif ies, are a sort of disease 
affl icting our society, and I was pleas
ed to discover that someone was trying 
to cure it. However, being a college-
educated individual with the usual range 
of prejudices, I soon found myself be
mused by and somewhat incredulous 
of some aspects of the magazine, par
ticularly the repeated attacks on the 
British and "Brit ish science." 

At length, I became so annoyed that 
I actually went to the library and did 
some studying, particularly of philos
ophy, and I believe that it is begin
ning to dawn on me what it is that you 
are trying to accomplish. In fact, I look 
forward eagerly to the next article by 
Carol Whi te. 

I wou ld like to share w i th you and 
your readers the fo l lowing quote f rom 
the German ph i l osophe r Hermann 
Cohen, who wrote at the turn of the 
century: "The mystics and obscurant
ists who would pass off some so-called 
poetry for phi losophy wi l l eventually 
be driven away, along w i th other mis
guided spirits of this accursed and 
confused age. Classical th ink ing wil l 
once again awaken in phi losophy as 
well as in art; and f rom it there wi l l 
emerge a new direct ion in pol i t ics." 

Ralph Gibbons 
Portland, Oregon 

INCREASING THE HUMAN SPIRIT 
To the Editor: 

I accidentally stopped at your booth 
in the Philadelphia airport and signed 
up for Fusion magazine. 

On the plane home, I read the Oc
tober and November 1979 issues, com

pletely fascinated wi th the subject of 
fusion technology. What really impress
ed me, though, was the readability 
of the articles. I wasn't the best phy
sics student in college, but your auth
ors have the talent for clear, under
standable writ ing. I really enjoyed read
ing these issues and can hardly wait 
for December's. However, I am some
what perplexed by Mr. LaRouche's ar
ticle in the November issue. I wou ld 
appreciate his (or your) evaluation of 
my interpretation of his article. 

First, I understood his article to mean 
that in some way the "human spir i t " 
(i.e. knowledge, love, hate, etc.) is 
saved over t ime. And , as t ime passes 
the human spirit actually mult ipl ies. 
My analogy of this k ind of growth in a 
practical sense is the breeder reactor, 

Continued on page 68 

Calendar 
January 

22-25 
Topical Meeting on Heavy Ion Physics 
International Atomic Energy Agency 
Trieste, Italy 

30 
Seminar: "Us ing the Riemmanian 
Economic Model to Improve Busi
ness Decisions" 
Fusion Energy Foundation 
New York City 

February 

26-28 
Topical Meet ing on Inertial 
Confinement Fusion 
Optical Society of America 
San Diego 

March 

17-19 
Third American Physical Society 
Topical Conference on Diagnostics of 
High Temperature Plasmas 
University of California 
Los Angeles 

24-26 
Seventh Energy Technology 
Conference 
Government Institutes, Wash
ington, D.C. 
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News Briefs FUSION IS EXPANDING! 
We are pleased to announce that in 1980 Fusion wi l l begin publishing 12 

months a year wi thout skipping the months of August and Apr i l . As the leading 
publication in the f ight for nuclear power and advanced science, we can't 
afford to skip a month in br inging readers the latest news and analysis they 
need to win this f ight. 

The new 12-month Fusion subscription rate is $20; for two years, 24 issues, 
it's $38. jReaders who have subscribed at the former rate—10 issues for $18—of 
course jwill receive a ful l 10 issues. At the same t ime, we have raised our 
membership rate to $75 annually, in order to help sustain our increased level of 
activity. 

Ciscard d'Fstaing 

DEUTCH BACKS INCREASED FUSION BUDGET? 
Washington sources report that Department of Energy Undersecretary John 

Deutch startled fusion scientists at a mid-November meeting wi th Vice Presi
dent Mondale's staff when he said that the magnetic conf inement program 
budget could use an addit ional $100 mi l l ion. Deutch, who oversaw the fusion 
program as director of the Off ice of Energy Research and who still has fusion 
under his d i rect ion, has consistently downplayed progress in the magnetic 
fusion program over the past two years. 

The vice president had called the unexpected meeting wi th representatives 
from the national laboratory fusion programs to discuss the status of the fusion 
effort, but he could not personally attend. 

GISCARD ANNOUNCES PUSH FOR EMS PHASE II 
French President Valery Giscard d'Estaing is planning a spring 1980 European 

leadership meeting for discussions on expansion of the European Monetary 
System (EMS) into a second phase of lending for Third Wor ld development. 
The French president announced his initiative dur ing a Nov. 27 interview on 
France's channel 2 television. 

The EMS, now a currency l ink-up among the member nations of the Europe
an Comrj iunity, was designed to spin off a new European Monetary Fund, 
supported by member nations to extend gold-backed credits for high-technology, 
development-or iented trade between the advanced and underdeveloped sec
tors of the wor ld economy. 

News from the late November summit of the European Communi ty in Dub
l in , however, has left a question mark over what the British role in the new 
fund wil l be. British Prime Minister Margaret Thatcher clashed openly wi th 
continental leaders Giscard and West Germany's Chancellor Helmut Schmidt 
over the issues of London's North Sea oil price hikes and European Communi 
ty subsidies to British coal product ion. After a series of publ ic spats, which 
polit ical observers characterized as behind-the-scenes British efforts to slow 
down the momentum toward the establishment of the development fund , 
Giscard to ld the press: " W e are at the rupture po in t . " 

SANDIA DEVELOPS NEUTRON GENERATOR FOR CANCER TREATMENT 
Sandia Laboratories in Albuquerque, N.M. announced that it has begun 

development of a neutron generator for use in cancer treatment, supported by 
an $800,000 grant f rom the National Cancer Institute. The new project fol lows 
two years of Sandia research indicating that neutron generators could be 
adapted to produce cont inuous beams of intense radiation for cancer therapy. 

The effectiveness of neutron irradiation of cancers is not fully established, 
although prel iminary research at medical institutions here and abroad indi
cates that at least some cancers respond better to neutron treatment than to 
irradiation wi th conventional gamma-rays or X-rays. The neutron effectiveness 
is thought to stem primari ly f rom the fact that neutrons interact wi th the nuclei 
of atoms, producing atomic fragments that in turn produce effects more likely 
to damage a cancerous cell than are the effects produced by X-rays or gamma-
rays, which interact only wi th the electrons in an atom. 
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NO DAMAGES FROM IXTOC SPILL, SAY TEXAS OFFICIALS 
"There is no evidence of noticeable damage to Texas fish or wi ldl i fe other 

than possibly redfish larvae," as a result of the Ixtoc-l l o i l wel l spill into the 
Gulf of Mexico, according to a statement released Nov. 15 by the Texas State 
Park and Wi ld l i fe Department. 

Controversy over the Mexican oi l-well mishap reached a high point in late 
August when a U.S. State Department official made public an administration 
demand that the Mexican government discuss "reparat ions" for damages from 
the spil l. The demand was sharply rebuffed. 

"The oil has had little or no effect on shore or wading bi rds," the department 
statement said, "and had absolutely no impact on whooping cranes or migrato
ry water f o w l . " 

FEF HOLDS ROME CONF. ON AFRICAN INDUSTRIALIZATION 
More than 50 part icipants represent ing major Italian industr ies, the Italo-

African Institute, and several African embassies attended the Oct. 24 Rome 
conference on "The Industrialization of Afr ica" sponsored by the Fusion Ener
gy Foundation. 

The FEF conference presentations, along wi th those of a similar conference 
held in Paris in June, wi l l appear in book form under the t i t le Blueprint for the 
Industrialization of Africa. 

FEF CALLS FOR INVESTIGATION OF KHOMEINI SUPPORTERS 
At a Los Angeles press conference Oct. 26, the Fusion Energy Foundation 

called for an investigation into the California activities of the Musl im Students 
Association. Nicholas Benton, Southwest coordinator for the FEF, out l ined at 
the press conference how several hundred supporters of the Ayatollah Kho
meini f rom the Musl im Students Association tr ied to disrupt an FEF forum atthe 
University Hi l ton Hotel Oct . 16 near the University of Southern California in 
Los Angeles. In a leaflet announcing the event, the FEF had crit icized the 
"ant i technology orientat ion of the Khomeini regime," comparing Khomeini to 
Cambodia's Pol Pot and charging that Khomeini was trying to br ing about a 
New Dark Age. 

Benton said that the students had been fed false rumors that "an agent 
of the Shah" was going to speak at the forum and that the Iranian consulate 
had worked wi th the Musl im Students Association in mobi l iz ing the Khomeini 
supporters f rom all over southern California. Benton also noted that unti l 
last year, the leading organizer of Iranian Students in California, was Mustafa 
Chamran, now head of the Khomeini secret service, the SAVAMA. 

LOUSEWORT LAURELS TO EPA SPOKESMAN 
The Lousewort Laurels award this month goes to Douglas M. Costle of the 

U.S. Environmental Protection Agency for his extraordinary assertion that the 
1969 moonshot, which capped a decade-long mobil izat ion of the U.S. scientific 
and industrial communi ty , demonstrated that there are limits to technological 
and scientific g rowth . 

Costle, who was President Carter's special representative to the October 
meeting of the NATO Commit tee on the Challenges of Modern Society, told 
the NATO grouping that the moon landing "dramatized as nothing else that 
there are l imits—that our global home is a f inite and in some ways a fragile 
place, vulnerable to over-exploitat ion and environmental insul t ." 

Beginning in the early 1970s, Costle said, "ou r technology-based way of life 
began to threaten many of the basic resources essential to the survival of life 
on this planet . . . . We were obl iged to ask whether we had paid too high a 
price for our knowledge . . . . " 

Among the monsters of technology Costle urged the NATO committee to 
help br ing under control were nuclear waste, suburban development, the 
rising cost of health care, and " the impact of the automobi le on our respective 
countries . . . . " 



Philippe Ledru/Sygma 

Shutting down Iran's oil production is part of the conspiracy documented here. 
This refinery at Abadan is Iran's largest, employing 7,000 workers on 76 square 
km of oil fields. 
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The 
Conspiracy 
Behind the 
Iran Crisis 

As Fusion goes to press, the situa
tion in Iran remains uppermost in the 
minds of many Americans. This special 
report is designed to provide readers 
with a strategic view of the crisis, an 
overview that the national media has 
obfuscated with sensationalist report
ing. We hope it will initiate informed 
discussion on policy solutions that tend 
toward neither of the two being push
ed by the press: a disastrous foreign 
policy capitulation, or a U. S. military 
adventure into the Persian Gulf, which 
could spark East-West confrontation 
and World War III. 

This report on what is behind the 
Iran crisis was compiled from several 
feature-length articles in the Executive 
Intell igence Review by Robert Drey-
fuss, Judith Wyer, and Criton Zoakas. 
Readers interested in obtaining the full 
report on the energy shutdown and 
the Khomeini scenario, which includes 
excerpts from all the documents men
tioned, should contact the Review at 
(212) 247-8820. 

Since early November, the Amer i 
can populat ion has been angered and 
confused by the Iranian terrorist take
over of the U.S. embassy in Teheran 
and the threats against the lives of the 
62 American nationals taken hostage 
when the embassy was seized Nov. 4. 

Al though not yet known to the hos
tages themselves, their capture was 
the result of a deliberate prearrange-
ment involv ing among others, U.S. 
National Security Advisor Zb ign iew 
Brzezinski, former secretary of state 
Henry Kissinger, Iranian Foreign Min
ister Ibrahim Yazdi, and Ayatol lah 
Kalkali, who represents the Mus l im 
Brotherhood—the ent i ty in real , be
hind-the-scenes control of everything 
of significance that occurs in Iran. 



THE MUSLIM BROTHERHOOD AND THE ARC OF CRISIS 
Carter administration National Security Advisor Zbigniew Brzezinski terms the 
nations shown here, plus the surrounding area, the "arc of crisis." The map 
indicates the scope of the Muslim Brotherhood's efforts to foment "fundamen
talist revolutions" throughout the Middle East, leading to the disintegration of 
the nation-states of the region and warfare. In Afghanistan, a Muslim Brother
hood insurgency has been held at bay only by strenuous government counter
action. Algeria and Morocco, not shown on the map, have also been slated for 
Muslim Brotherhood destabilization. 

The purpose of this deliberately pre
arranged international provocation was 
to trigger a series of international shifts 
in the key areas of wor ld energy pol i 
cy, wor ld credit and financial policy 
and, most important, in the area of 
East-West relations. In summary, the 
sponsors of the sordid event, among 
whom are top-ranking U.S. govern
ment officials, were aiming at a result 
publicly stated in the current issue of 
Business Week: 

" I t may be that an Arab banking 
system tunnel ing petrodollars through 
the European Monetary System wi l l 
replace the current dominat ion of the 
world's financial system by U.S. banks 
and the IMF. This depends, of course, 
on OPEC's wi l l ingness to play the 
power broker part. If it refuses, there 
is another scenario that many still think 
unthinkable: open warfare, in which 
either the industrial West as a group, 
or the U.S. going it alone, gives up 
trying to work with OPEC and instead 
invades the oil fields." 

The authors of the provocation at 
Teheran in fact aim at destroying, by a 
single stroke, the possibility of the Eu
ropean Monetary System capturing the 
prize of petrodollars for intended use 
for generalized Third Wor ld develop
ment policies. This by itself wou ld , as 
Brzezinski, Kissinger, and their patrons 
calculate, destroy the European Mone
tary System. The deadline for destroy
ing the EMS is some t ime before the 
December 12, 1979 ministerial level 
meeting of NATO in Brussels. If the 
EMS is crushed by then, then the cur
rent Brezhnev leadership in the Sovi
et Union is expected to be defeated 
on grounds that its off icial ly stated 
"war-avoidance" strategy; that is, long-
term cooperation wi th the European 
Moneta ry System, w i l l have been 
crushed. Then the hour of the straight
forward military hardliners wi l l have 
struck in Moscow—which by itself wi l l 
ensure that the NATO summit wi l l f i 
nally overcome the continental Euro
pean opposit ion to a renewed arms 
race under the guise of "weapons 
modernizat ion." 

President Giscard of France and 
Chancellor Schmidt of the Federal Re
public of Germany wi l l see all their 
foreign and domestic policies crushed 
and they wil l soon be expected to face 

personal polit ical demise in the early 
months of 1980. What is supposed to 
ensue is a period of military flare-ups 
throughout the globe, an international 
depression that the Counci l on For
eign Relations has happi ly dubbed 
"cont ro l led d is integrat ion," and the 
beg inn ing of a dr ive to " res t ruc 
t u r e " the shambles a long what is 
known among the "o l d boys" as the 
"synarchist" scheme of th ings: global 
reorganizat ion of the wo r l d energy 
markets under the auspices of a UN-
driven " internat ional institute of en
ergy" that w i l l have author i ty to al
locate the p roduc t ion , d is t r ibu t ion , 
and consumption of every last ounce 
of energy, exactly in the way the IMF 
controls credit f lows; global reorgan
ization of all raw materials by means 
of similar "supranat ional" agencies; 
reorganization of the IMF by means of 
a weakened dollar, regional currency 
zones, and a dramatically augmented 
role for Special Drawing Rights. 

These were the stakes in m ind 
when the Teheran Embassy caper was 

launched by Brzezinski and Ibrahim 
Yazdi. The operat ion had been ar
ranged initially in New York City, at 
the Council on Foreign Relation's Pratt 
House where Yazdi met w i th Brzezin-
ski's representatives Oct. 5, and later 
again when the two men met w i th 
Arafat in Algiers dur ing the festivities 
of the Algerian Revolution anniversary. 
The scheme provided for slow-tempo 
implementation, resulting in a success
ful Palestine Liberation Organization 
negotiation on behalf of the hostages, 
and USAdiplomatic recognit ion of the 
PLO. The whole operat ion went out 
of control when Ibrahim Yazdi disap
peared and Abolhassan Bani-Sadr sur
faced to prominence. 

Now the Iran chaos has spread 
to ne ighbor ing nat ions under the 
direct ion of the fanatic Musl im Broth
erhood. 

Controlled Disintegration 
As of this wr i t ing, events in Iran have 

long since slipped out of Khomeini's 
control . That crisis-torn nation is now 
in the hands of the Musl im Brother-
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Henry Kissinger 

hood, the highly organized secret re
ligious society w i th branches in every 
part of the Musl im wor ld and organi
zations of Musl im students around the 
wor ld . The government of Iran, such 
as it is, is entirely a creature of this 
Muslim Brotherhood apparatus, which, 
as the accompanying box documents, 
is control led by British intel l igence. 
That apparatus selected, t rained, and 
then instal led the c l ique of zealots 
that today surrounds the Ayatol lah 
Khomeini. 

More than 60 percent of the popu
lat ion is how unemployed . Nearly 
every major industr ial deve lopment 
project, in all wor th some $100 bi l l ion, 
has ground to a halt. Idle nuclear pow
er stations are convert ing their cool
ing towers into grain silos. Iran's new 
foreign minister Abolhassan Bani-Sadr, 
whose Dark Ages program for Iran is 
elaborated in the accompanying box, 
has told the French daily Le Monde 
that the capital city of Teheran wil l be 
depopula ted. Bani-Sadr was a class
mate and admirer of Pol Pot, who car
ried out the depopulation of Cambodia. 

And as the chaos has spread f rom 
the cities into the countryside, Iran's 
oil fields are once again threatened 
wi th shutdown. Exports to the United 
States have already been stopped, cre
ating the condit ions for a dramatic new 
OPEC price increases of up to $30 to 
$40 a barrel and a new oi l shortage 
hoax. 

The control led disintegration sce
nario for wor ld energy, of which Iran is 
the keystone, was spelled out by the 

Council on Foreign Relations 1980s Pro
ject in its vo lume on oi l t i t led Oil Poli
tics in the 1980s: Patterns of Interna
tional Cooperation. Au thored by Oy-
stein Noreng, an executive of the 
Norwegian Statoil Company, the report 
has a remarkable predictive accuracy 
concerning the current oil crisis. 

Controlled Oil Shortage 
Noreng's study asserts that the en

ergy crisis of 1973 and the accompany
ing four fo ld increase in OPEC oil 
prices was the beginning of an "oil 

"Mr. Brzezinski finds a use
ful role for Ayatollah Kho
meini and for Islamic funda
mentalism'. " 

|ody Powell, 
Whi te House press spokesman 
at a Nov. 13 press conference 

revolut ion." During this period a "new 
era" in wor ld oi l began that the report 
calls the "second oi l r eg ime . " The 
second o i | reg ime, wh ich w i l l per
sist through the next decade wi l l be a 
period of "d is in tegrat ion" of the tra
d i t iona l integrated, o i l markets that 
have been under the control of the Sev
en Sisters cartel of mult inational oi l 
companies.This disintegrative process, 
Noreng said, wi l l produce a dramatic 
upturn in petroleum prices and wi l l 
be plagued by frequent disruptions of 
wor ld oi l f lows. 
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In fact, the dramatic rise in the price 
of oi l over the course of 1979, fo l low
ing the shutdown of Iranian crude ex
ports earlier this year, is a symptom of 
the council 's second oil regime. 

Underlying this scenario for a "sec
ond oi l r e g i m e " is the calculated 
effort on the part of the CFR's elite 
membership and their British allies to 
use energy crises (which they calcu
late wi l l persist throughout the 1980s) 
to bludgeon Europe, Japan, and the 
oil producing nations into a mult ina
tional energy cartel. This cartel, to be 
under the supervision of the multina
tional oi l companies, wi l l contro l all 
forms of energy: o i l , coal, nuclear, and 
such exotic forms as synthetic fuels. 

Such a cartel w i l l become the 
energy correlate of the International 
Monetary Fund and the Wor ld Bank 
monetary institutions. As the report 
concludes, the success of this scenar
io depends upon the preservation of 
the t roubled Bretton Woods mone
tary system. 

Either IMF or EMS 
This is a slice of the situation as it 

was frozen at the moment of the writ
ing of this report. The maneuvers that 
will unfold in the hours and days ahead 
wi l l decide between two alternative 
paths; either European-Arab coopera
t ion wi l l collapse br inging the EMS 
under and launching a crisis worse than 
the Cuba Missile Crisis of 1962, or the 
Washington-London axis wi l l suffer a 
devastating defeat that wi l l launch a 
wor ldwide role for the EMS and bank
rupt the IMF. 

Zbigniew Brzezlnski 



The Shah was brought to New York for 
medical treatment despite previous 
warnings that this would cause hostages 
to be taken in Iran. David Rockefeller 
and Henry Kissinger, the Shah's so-called 
friends, conspired to make his tr ip possi
ble. 

According to the New York Times 
Nov. 18,1979, " the decision (to admit 
the Shah) was made despite the fact 
that Mr. Carter and his senior foreign 
policy advisors had known for months 
that to admit the Shah might endan
ger Americans at the Embassy in Teh
eran. An aide reported that at one 
staff meeting Mr. Carter had asked, 
'When the Iranians take our people 
hostage in Teheran, what wi l l you ad
vise me then? ' . . . For eight months, 
Mr. Carter had resisted intense lobby
ing from American friends of the Shah, 
such as David Rockefeller, the Shah's 
banker and former Secretary of State 
Henry Kissinger (to allow the Shah into 
the U.S.). . . . The Administrat ion was 
warned repeatedly by the CIA that the 
Shah's presence in America would pro
vide the excuse for sharp anti-Ameri
canism and probable action against 
the embassy." 

Richard Falk 

Ramsey Clark, President Carter's official 
envoy to Iran, in October advised Iran 
to take action against the United States 
over the Shah. 

Ramsey Clark, the very man who 
President Carter named officially to 
represent the United States in Iran last 
week, in early October sent a letter to 
the Iranian Foreign Minister Ibrahim 
Yazdi demanding that Iran take action 
against the United States to force the 
Shah to be sent back to Iran. In his 
Oct. 12 letter Clark stated: " I t is cri t i
cally important to show that despots 
cannot escape and live in wealth whi le 
nations they ravaged cont inue to suf
fer. . . .The new government of Iran 
should seek damages for criminal and 
wrongfu l acts commit ted by the for
mer Shah." That letter was wr i t ten 10 
days before Henry Kissinger and the 
State Department brought the Shah 
into New York. Furthermore, Clark 
had actively organized in Iran on be
half of the anti-Shah faction immedi
ately before the Shah was deposed. 

U.S. government emergency machinery 
was set up weeks before the crisis in 
Iran to impose harsh austerity and ener
gy controls. 

In an interview, Mr. Randy Kau, per
sonal secretary to Treasury Secretary 
C. W. Mil ler and Treasury's represen
tative to the Federal Emergency Mea
sures Administration (FEMA) said, "We 
at FEMA had this plan to freeze the 
Iranian assets two weeks before we 
d id , and I spent the entire two weeks 
on the phone trying to kill the rumors 

Clovis Maksoud 

that we wou ld do it. We 'd be negil i-
gent if we weren' t planning for this, 
but people are going up the wal l . If 
we were to admit this, it wou ld col
lapse the dol lar . " 

At the same t ime, in mid-October 
the Department of Energy's John Saw-
hill established a special " interagen
cy task fo rce" to prepare for a com
plete shutdown of the Iranian Gulf 
oil supply to the United States—three 
weeks before the Iranian secret po
lice seized the U.S. Embassy inTeheran. 

What Is the 
Muslim 
Brotherhood? 

Officially, the Muslim Brotherhood 
—as a secret society modeled on the 
f reemasonic principles—dates back to 
Egypt in the period after World War I. 
At that time, with financial and other 
assistance from the British embassy in 
Cairo and the colonial Suez Canal 
Company, Sheikh Hasan al-Banna built 
a paramilitary, terrorist gang that for 
more than 25 years wrought havoc in 
Egyptian politics until they were hunt
ed down and exterminated by Presi
dent Carnal Abdel Nasser after 1954. 

But the Society of Muslim Brothers, 
as Sheikh al-Banna called it, is a far 
deeper conspiracy. 

Its roots lie in the mystical, anti-
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rational t rad i t ion of ancient Islam, 
as opposed to the humanis t , city-
bui ld ing Islamic tradi t ion. In fact, the 
Musl im Brotherhood can be said to 
have begun wi th the cultist revival of 
pre-lslamic varieties of the Isis-Osiris 
myth in the 8th century by the Ashar-
ites and, later, by the infamous Sufi 
mystic, cultist Al-Chazali. 

Dur ing the 19th century, these old 
traditions were revived by Oxford Uni
versity Orientalists who sought to pre
serve the British Empire by encourag
ing the growth of mysticism, supersti
t ion , and cults among the populat ion 
of the Musl im wor ld . 

From these roots, the Muslim Broth
erhood—or the Ikhwan, as it is called 
in Arabic—developed into a conspira
torial underground organization that 
today has branches of varying strength 
in every part of the Musl im wor ld . 

When Nasser crushed the Ikhwan 
in Egypt, its leadership was forced into 
exile. Al though some of the Ikhwan 
leaders went to Syria, Jordan, and Pak
istan, for the most part they ended up 
in London, Geneva, and Mun ich . 

Now organized into what are essen
tially front groups such as the Islamic 
Foundation in Leicester, England,.or 
the Islamic Council of Europe based 
in London, the Ikhwan is still led by 
men who are wanted for murder and 
assassination, polit ical terror ism, and 
subversion in many Arab states. 

The Mus l im Students Associat ion, 
headquartered in Plainfield, Indiana 
and claiming 400 chapters across the 
country, is a major U.S.-based front 
for the Ikhwan cult. In the recent pe
r iod, the MSA has sharply escalated 
its advertising and organizing activi
ties in the United States. It is f rom the 
networks associated w i th the MSA, 
antiterror experts believe, that pro-
Khomeini Arab terrorists wi l l be de
ployed to spark a bloody wave of do
mestic terrorism if the Iran crisis re
mains unresolved. 

Other leading U.S. supporters of the 
Musl im Brotherhood include: Clovis 
Maksoud, special envoy to the United 
States f rom the League of Arab States; 
Bernard Lewis and Richard Falk, both 
of Princeton University; Ramsey Clark, 
former U.S. attorney general; Angier 
Biddle-Duke, U.S. ambassador to Mo
rocco; and Eqbal Ahmed, of the left-
radical Institute for Policy Studies. 

United Nations 

Iran's high technology—now a thing of the past. Above, a seminar at Teheran 
University Nuclear Center. Below, a nuclear power plant under construction at 
Bushg\r. 
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Iran Under the Shah: 
Third World Leader in Nuclear Development 

Prior to the takeover of Iran by the Ayatollah Khomeini, Iran was 
implementing the most aggressive nuclear development in all the Third 
World. The Shah of Iran had set a national goal of putting 22 nuclear 
generating plants into operation by 1995. 

At the time of the Shah's overthrow, four of these plants had been 
contracted, two from West Germany, and two from France. West Ger
many's Kraftwerkunion had completed 80 percent of two 1,200 megawatt 
electric (MWe) nuclear plants at Bushire on the Persian Gulf by the time 
of the )uly 30 cancellation of the projects by the Khomeini regime. 
France's Framatome had completed the site work on two additional 900 
MWe plants on the Karun River. The joint value of the four uncompleted 
plants was estimated to total $13 billion. 

The regime of Reza Shah Pahlavi was also an aggressive force in the 
international fight for nuclear energy. During summer 1977, the Iranian 
Atomic Energy Organization hosted an international symposium in Per-
sepolis on future uses of both fission and fusion technologies. The 
meeting, attended by 41 countries, was sent an official greeting by the 
Shah, expressing his support for fusion energy as the best future alter
native to petroleum. 

Shortly after the Persepolis symposium, the Shah visited the United 
States, where he launched a public campaign in favor of nuclear energy. 
A number of U.S. firms were on line for contracts to build nuclear plants 
in Iran. Westinghouse and General Electric, for example, were jointly 
slated to receive contracts for up to eight plants. These deals were 
blocked by red tape at the federal level. 

There is no arguing that the Shah's regime suffered from profound 
limitations: the monarch's own inability to understand the necessity for 
a transition to full republicanism and his foreign policy gullibility, par
ticularly where the United States was concerned, to mention only two. 
But Iran made progress under the Shah, as that nation's dismantled nu
clear program attests. The Shah was toppled not because of his faults, 
but because of the strength of his development policy. His commitment 
to nuclear energy put him at odds with the same international circles 
that oversaw the ouster and juridical murder of Pakistani Prime Minister 
Zulfikar Ali Bhutto, the nuclear power advocate whom Henry Kissinger 
vowed in 1976 to destroy. 

The Shah also funded a major research and development program in 
nuclear energy, which included training Iranian physicists abroad, to aid 
in expanding the nascent fusion and laser research program at the Uni
versity of Teheran. 

In the early 1960s, the Shah expressed his hope that the nuclear grid he 
envisioned for Iran could be extended into the country's agriculturally 
rich areas along the Caspian Sea. He hoped to use nuclear capability to 
power a far reaching desalination system to feed new irrigation capacity. 
Had it been implemented, this plan would have begun the process of 
solving one of Iran's worst problems: its inability to produce enough 
food for a growing population and its dependence on foreign food 
imports. 

Following the cancellation of the Bushire nuclear project this summer, 
the French press revealed that Khomeini's Revolutionary Council was 
considering transforming the cooling towers of the unfinished plants 
into grain silos. 

The Training 
Of Iran's 
Dark Ages 
Ideologues 

'Teheran is a monstrous, 
parasitical city, which absorbs 
by itself half the national con
sumption, and imposes an 
abusive burden on the state 
budget. We will depopulate 
it by creating industrial and 
agricultural production units 
in the provinces . . . . " 

—Abolhassan Bani-Sadr 
Foreign Minister of Iran 

November 10 to Le Monde 

With these words, Abolhassan Bani-
Sadr, the new foreign minister and 
strongman of Iran, made clear what 
the goals of the Khomeini regime are: 
the imposition of genocide, mass star
vation, and fanatical religious martyr
dom. In September, Bani-Sadr, then 
assistant economics minister, had de
clared that his model for Iran was the 
Pol Pot regime of Kampuchea, which 
depopulated the city of Phnom Penh, 
murdering almost all of its 2 million 
inhabitants. Now that policy is being 
carried out in Iran. 

A closer look at Bani-Sadr shows 
that it is a policy by no means indige
nous to Iran, or even Kampuchea. Bani-
Sadr was trained by the same French 
university professors who developed 
the Kampuchea model and personnel 
for implementing Pol Pot's genocide 
against his own nation. 

The institutions that trained Bani-
Sadr—the Sorbonne University in Par-
is's Ecole Practique des Hautes Etudes 
and the Centre Nationale des Recher-
ches Scientifique are supported by the 
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most backward elements of Europe's 
so-called black nobility as breeding 
grounds for zero-growth ideology and 
terrorists. In the case of Cambodia 
and Iran, these terrorists succeeded 
in becoming the government. 

Bani-Sadr, a classmate of the recent
ly deposed Cambodian prime minis
ter Pol Pot and president Khieu Sam-
phan, wrote his Sorbonne doctoral dis
sertation on the subject of agrarian 
reform under the direction of Profes
sor Georges Balandier. As Bani-Sadr's 
interview with Le Monde makes clear, 
the students of Balandier were train
ed in the view that "agrarian reform" 
means deindustrialization, deurbaniza-
tion, and an end to economic growth. 

"The monetary system and the for
eign trade which enslave Iran to the in
ternational capitalist market will be fun
damentally rearranged," the new Iran
ian foreign minister told the French 
daily. "The enterprises which were 
going to provide us with nuclear power 
plants—of which, by the way, we had 
no need— were half American in their 
financing . . . The project for a Teh
eran subway was luxurious, too cost
ly and ambitious. We are seeking a 
simple, practical and cheap means of 
transportation for a city that will 
shrink . . . ." 

Contacts with Khomeini 
The sociology department of the 

Centre National des Recherches Scien-
tifique where Bani-Sadr advisor Balan
dier did his postgraduate studies, con
tains a nest of radical enviromentalists 
with ties to most of Khomeini's key 
advisors. In recent years, Bani-Sadr 
himself has maintained semiformal 
ties with that institution. 

In 1978, the center dispatched a spe
cial team of energy experts to Iran 
who criticized the country's nuclear 
program and proposed wind power 
instead. 

In January 1979, officials of the cen
ter were named official advisors to the 
Ayatollah Khomeini. Prominent among 
them are Jean Pierre Vigier and Rene 
Dumont, the former connected to the 
Bertrand Russell Peace Foundation, 
which played a prominent role in anti-
Shah activities among Iran's oil work
ers, and the latter a leading ideologue 
of the Friends of the Earth back-to-
nature group. 

Fusion Postcard Campaign Begins 
Some of the 75,000 postcards sup

porting an increased fusion budget that 
were inserted in the December issue 
of Fusion have begun to reach the 
office of Congressman Mike McCor-
mack, a Washington Democrat. The 
postcards, addressed to McCormack 
as the leader of the fusion fight in 
Congress, are part of a Fusion Energy 
Foundation campaign to support the 
congressman and the House Science 
and Technology Committee's battle for 
a more aggressive commercial fusion 
development program and to let Con
gress know that the majority of Amer
icans are protechnology and pronuc-
lear. 

In response to the inflow of post
cards, McCormack stated: 

"I am hopeful that the Department 
of Energy will accelerate the funding 
for the magnetic fusion energy pro-

Hirsh Panel Reconvenes 
To Plan Fusion Upgrade 

The fusion advisory panel to the Energy Research and Production 
Subcommittee of the House Science and Technology Committee will 
hold another round of hearings on planning a more aggressive U.S. 
fusion!development program Dec. 10 and 11. 

The panel, chaired by Dr. Robert Hirsch, former head of the U.S. 
magnetic confinement program, will first hear detailed program plans 
from the DOE office of Fusion Energy on how the DOE could meet 
subcommittee chairman Congressman Mike McCormack's goal of a fu
sion demonstration plant in the 1990s. 

The next morning, the panel will meet in a closed-door session with 
members of the subcommittee to evaluate the details of the DOE plan, 
including required budget commitments. 

In the afternoon Dec. 11, the subcommittee will hold formal on-the-
record hearings. Expected to testify are either Energy Secretary Duncan or 
Deputy Secretary John Sawhill, DOE fusion director Ed Kintner, and 
probably Hirsch, representing the advisory panel. The written testimo
nies will be on the record for the subcommittee's future use in Congress 
and with the administration. 

The Advisory panel includes leading fusion scientists from the govern
ment laboratories and industry and has pushed for an accelerated U.S. 
fusion program. 
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to Make Impact 
gram so that we may have a demon
stration plant on line by the year 2000. 
The expression of support by many 
Americans, both in the scientific com
munity and f rom the general publ ic, 
indicates that there is a broad cross-
section of support for fusion energy as 
a source for the generation of electric 
power in the next century. " 

McCormack's staff noted that they 
expect the receipt of thousands of FEF 
postcards wi l l be a mandate for public 
support of an increased fusion budget 
and a more aggressive fusion t ime
table. All postcards received, they said, 
wi l l be answered wi th a letter f rom 
the congressman's off ice. 

More Postcards Available 
Bulk copies of the postcard are avail

able f rom the FEF off ice, Suite 2404, 
888 Seventh Avenue, New York, N.Y. 
10019, Tel. (212) 265-3749. 

U.S., japan Discuss 
Cooperation on 
Elmo Bumpy Torus 

A meeting wi l l take place at Oak 
Ridge National Laboratory in Tennes
see Dec. 6-7 to discuss joint research 
on the bumpy torus fusion programs in 
the United States and Japan. Under 
the framework of the U.S.-Japanese 
fusion cooperation agreement signed 
earlier this year, fusion scientists wi l l 
try to initiate more formal cooperation 
to enhance the ongoing informal joint 
work between the Oak Ridge Elmo 
Bumpy Torus and the Nagoya Bumpy 
Torus in Japan. 

The Japanese experiment, located 
at Nagoya University, was modeled on 
the Oak Ridge machine and is the only 
other bumpy torus fusion experiment 
in the wor ld in addit ion to Elmo. 

Dr. Stephen O. Dean 

Industry-Based 
Fusion Group Formed 

Dr. Stephen O. Dean, director of 
fusion development for Science Ap
plications Inc., announced on Nov. 9 
the formation of Fusion Power Asso
ciates, a nonprof i t corporation that wi l l 
pursue the development and commer
cialization of fusion power. 

The new industry-based association, 
with charter members representing the 
leading U.S. high-technology compa
nies, wi l l launch a publ ic education 
campaign to develop "greater aware
ness and understanding of the poten
tial of fusion energy." The goal of the 
group is to help "br idge the gap" be
tween the scientific research on fusion 
energy and its engineering develop
ment. 

Dean, president and chairman of the 
Fusion Power Associates board, remar
ked, "Fusion science has progressed 
rapidly in the past few years. It is now 
important, if not urgent, to pursue 
more actively engineering and tech
nology development of reliable, prac
tical fusion energy systems. Fusion has 
the potential to revolutionize indus
trial c iv i l izat ion." 

Fusion Power Associates is a unique 
combinat ion of the laboratory scien
tists who have been responsible for 
the scientific breakthroughs in fusion 
research over the past two years and 
the industrial contractors who wi l l 

be in the forefront of innovating pro
duct ion industries in front ier tech
nologies for commercial fusion devel
opment. Members of the board of 
directors also include scientists in 
both the magnetic and inertial fusion 
programs, which wi l l facilitate the f low 
of information and experience in the 
programs. This wi l l become more im
portant as various fusion systems reach 
commercial demonstrat ion. 

Dean was a pioneer in the U.S. fu
sion program and has played a leader
ship role in guiding fusion research 
for the past 17 years. Wel l -known as 
a spokesman for an aggressive fusion 
program, Dean's views on fusion de
velopment were highl ighted in feature 
article in Fusion, Oct . 1979. 

Joining Dean on the board of direc
tors are Henry J. Gomberg, KMS Fu
sion; Donald L. Kummer, McDonnel l 
Douglas Astronautics Company; Ber
nard J. Eastlund, BDM Corporat ion; 
Ronald C. Davidson, Massachusetts In
stitute of Technology; Nicholas A. Krall, 
Jaycor; Sherman Naymark, Quadrex 
Corporat ion; Tihiro Ohkawa, General 
Atomics Company; Paul Reardon, 
Princeton University; Leonard F. P. 
Reichle, Ebasco Services; Peter Rose, 
Mathematical Sciences Northwest; 
Glen Sorenson, ILCTechnology, Inc.; 
Alvin Trivelpiece, Science Applica
t ions, Inc.; James M. Wil l iams, Los 
Alamos Scientific Laboratory; Gerald 
Yonas, Sandia Laboratory; and Don
ald P. Zeifang, National Association of 
Broadcasters. 

Dean said that the new group wi l l 
be considering the sponsorship of pub
lic information conferences and meet
ings on fusion and publication of ed
ucational materials, " to foster coopera
tion among all public and private or
ganizations, including government, un-
iversitites, national laboratories, and 
industry." 

Livermore to Begin 
Fusion Hydrogen Study 

The office of Fusion Energy at the 
DOE has just awarded a $400,000 con
tract to Lawrence Livermore Labora
tory in California to look at fusion sys
tems designs for the product ion of 
hydrogen. The study wi l l begin by ex-
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amining various design combinations 
wi th fusion mirror machines and wi l l 
also consider other magnetic fusion 
concepts. 

Although the energy payoff from the 
development of fusion is often look
ed at only in terms of cheap and plen
t i ful electric power product ion, the 
payoff expected f rom hydrogen fuel 
production wil l also have a revolution
ary effect on the economy. 

The study wi l l begin immediately, 
with funding allocated for fiscal year 
1980 and wil l focus on ways of coupling 
the heat f rom fusion to a variety of 
thermochemical hydrogen cycles now 
operating in bench-scale models. Blan
ket designs to transfer the fusion heat 
to the thermochemical cycles wi l l in
clude l iquid metal and solid materials. 

Three thermochemical cycles, all in
volving the use of sulfuric acid, wi l l 
be considered. These are processes 
under experimentation at Westing-
house, General Atomic, and Los Al
amos Scientific Laboratory that can po
tentially use the heat of fusion or ad
vanced nuclear reactors. 

MHD Budget 
Cut $5 Million 

For the first t ime in nearly a decade, 
the budget for research in magneto-
hydrodynamics (MHD) has sustained 
an absolute cut in funds, w i th a 1980 
fiscal year budget of $75 mi l l ion. From 
1971 unti l last year, the M H D budget 
had been steadily increasing, as the 
technology matured and the joint ex
perimental work wi th the Soviet M H D 
program became a proven success in 
data exchange and actual joint exper
imentat ion. 

In the 1979 fiscal year, the budget 
leveled off, as did other high-techno
logy programs like fus ion, but this 
downhi l l slide has accelerated in the 
past 12 months. The administration re
quest for about $75 mi l l ion for fiscal 
year 1980 was increased to $130 mil l ion 
by the Senate, but the House main
tained the DOE budget request. In a 
joint conference committee, the lower 
House figure prevailed, setting the 
budget at $5 mi l l ion below the 1979 
f igure. 

Congress In 
Deadlock on 
Synfuels 

In a stalemate that could throw Pres
ident Carter's synfuels program into 
the next session of Congress, the 
House and the Senate are now dead
locked on two very dif ferent versions 
of a coal synthetics bi l l . 

Led by I Senator Henry Jackson, a 
Washington Democrat, the Senate En
ergy Committee rammed a slightly 
modif ied version of his omnibus en
ergy bill through the Senate Nov. 9. 
The $20 bi l l ion bil l includes virtually 
everything President Carter requested 
in his midsummer energy address to 
the nation. 

What neither Carter nor Jackson 
have publ icized is that the Senate bil l 
wi l l guarantee that the price of OPEC 
oil wi l l double by 1985. Spokesmen 
from the DOE synfuels program have 
admitted that the market price for the 
synthetic l iquid fuels they intend to 
produce from coal wi l l have to be 
about $42 per barrel to make the syn
fuels projects economically attractive 
to investors. However, if the govern
ment guarantees that price to the syn
fuels producers —as the Senate legis
lation requires it to do—OPEC and 
other oi l -producing nations are not 
going to keep their price of oil at the 
current $22 to $26 per barrel. 

Also not publicized, as Congressman 
John Wydler (R-NY) pointed out in a 
recent press release, the synfuels tech

nology that is being rammed into the 
commercial ization stage is untested 
and may very wel l not work. At the 
same t ime, the advanced energy tech
nology that is in a nearly assured 
stage of technological development, 
such as the breeder reactor program, 
M H D , and fusion, have been cut out 
of the president's solut ion to the en
ergy crisis. 

The Eighth Sister? 
Despite the denials of Energy Sec

retary Charles Duncan, the Senate syn
fuels bill wi l l br ing the U.S. govern
ment into the oi l business as fo l lows: 

The Senate bil l establishes a special 
fund called the Energy Security Reserve 
in the Department of Treasury to pre
vent the synfuels program f rom being 
held hostage to the as-yet undetermin
ed fate of the president's windfal l pro
fits tax. This fund wi l l f inance a new, 
independent government agency call
ed the Synthetic Fuels Corporat ion, 
which wi l l be authorized to finance 
and own synfuel plants here and out
side the United States—hence jo in
ing the Seven Sister multinationals as 
a major producer. 

The Senate passed an up-front au
thorization of $19 bi l l ion for the first 
five years of the corporat ion, wi th a 
remaining $68 bi l l ion to be authorized 
by Congress in 1985. In the current 
fiscal year, $2.2 bi l l ion is authorized 
for a series of projects. 

It is generally recognized that the 
projected synfuels projects, totally sep
arate f rom those already underdevel 
opment in the Department of Energy, 
could not possibly absorb $2.2 bi l l ion 
this year, but as congressional sourc
es admit ted, the bil l is more a "vo te 

Antinuclear Activist 
Joins Justice Dept. 

Tony Roisman, former attorney for the National Resources Defense 
Fund and wel l -known antinuclear activist in Washington, D.C., has been 
appointed an assistant deputy attorney general in the Department of 
Justice to head up a special task force on "hazardous waste." The task 
force wil l be directed against chemical companies accused of dumping 
chemical waste. 

Dur ing Senate hearings on the Three Mi le Island incident, Roisman 
suggested that instead of having Metropol i tan Edison substitute power to 
replace that lost by the stricken TMI plant, the people of Harrisburg 
should learn to live wi thout nuclear energy. 
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of conf idence" than a bluepr int for 
the projects themselves. 

The House has refused so far to be 
int imidated into passing, or even con
sidering, a boondoggle of such mag
nitude. Last summer the House pass
ed the Moorehead amendment to the 
Defense Production Act, which author
ized $3 bi l l ion for synfuels develop
ment. Al though the product ion goals 
of the Moorehead amendment were 
set at 2 mi l l ion barrels per day by 1990, 
which is a more aggressive plan than 
the much more expensive Senate b i l l , 
the money was authorized not for the 
government to become an eighth sis
ter among the oil mult is, but for tax 
credits, incentives, and price guaran
tees for a private-industry synfuels ef
fort. 

Furthermore, whi le the Senate bi l l 
states repeatedly that the synfuels 
funding wi l l go only to nonnuclear 
projects, such a constraint does not 
exist in the Moorehead bi l l . House 
Banking Commit tee sources have 
pointed out , in fact, that hydrogen 
product ion from fusion wou ld be con
sidered a possible project for commer
cial development under the House leg
islation. 

According to sources in the disgrunt
led Senate Energy Commit tee, Con
gressmen Mike McCormack (D-Wash) 
and Charles Dingell (D-Mich) are de
termined to prevent the House Moore
head bil l and the Senate Jackson bil l 
f rom going into a House-Senate con
ference commit tee, claiming that they 
are two "total ly d i f ferent" bil ls. If the 
House is to consider such a near-$100 
bi l l ion synfuels program, they insist, 
hearings would have to be held in the 
appropriate House committees. 

The same Senate sources are hop
ing that dur ing the Thanksgiving re
cess, the recent cutoff of oil f rom Iran 
wi l produce gasoline lines in the home 
states of the "resistant" Congressman. 
And that under this k ind of pressure 
the House can be blackmailed into 
support ing a Senate-style synfuels bi l l . 

If the House forces stand f i rm and 
the two bills do not go to conference, 
no legislation wi l l be passed into law 
before Christmas, and the synfuels 
fight wi l l be put off unti l the next ses
sion of Congress. 

—Marsha Freeman 

National 

Shutting Down 
The U.S. Nuclear Industry 
The NRC Implements the Kemeny Report 

Using the recently released report of 
the President's Commission on Three 
Mi le Island (the Kemeny Commission) 
as a pretext, the Nuclear Regulatory 
Commission has declared a " tempo
rary" morator ium on the licensing of 
seven nuclear plants about to come on 
line. Furthermore, NRC official Harold 
Denton announced that the commis
sion wi l l not grant any new operat ing 
or construction licenses until after a 
"pause" for adopt ing a new, tougher 
set of sit ing, safety, and emergency 
standards for plants—a policy support
ed by Congressmen Morr is Udall of 
Arizona and Senators Gary Hart of Col
orado and Edward Kennedy of Massa
chusetts. 

The NRC has also formulated plans 
for the shutdown of all nuclear plants 
located wi th in 10 miles of a major ur
ban center, according to the Nov. 5 
congressional testimony of NRC chair
man Joseph Hendr ie. 

In addi t ion, the NRC has contr ibut
ed to the closing of five out of six of 
the nation's commercial nuclear waste 
disposal sites, thus threatening the 
shutdown of all nuclear fission plants, 
as wel l as a vital cancer, medical diag
nostics, and treatment program that 
depends on these waste disposal fac
ilities. 

Urban Targets 

At the top of the NRC's target list 
are the nation's flagship utilities like 
Con Edison in greater New York and 
Commonweal th Edison in Chicago, 
both of which rely heavily on nuclear 
power plants close to city l imits. The 
NRC has told the Washington Post that 
it wi l l either shut down or severely 
restrict l icensing at both the Con Edi
son Indian Point plant and Common
wealth Edison's nuclear facilities in 
Chicago. Con Ed's Indian Point plants 
now provide more than 25 percent of 
the electricity used in New York City 

The Kemeny Commission report 

and suburban Westchester County . 
Commonwealth Edison's two Zion plants 
now produce 15 to 20 percent of all 
electricity for Chicago and northern 
Illinois. If it could be replaced by oi l -
produced electricity, the cost to cus
tomers wou ld be in the hundreds of 
mill ions of dollars. 

It is no coincidence that the NRC's 
plans to shut down nuclear facilities 
converge wi th the policies of Federal 
Reserve Chairman Paul Volcker, high-
interest policies that are gutt ing the 
auto industry, construct ion, savings 
banks, and the municipal bond mar
kets. It is also consistent w i th such 
regional energy plans as Encono, which 
calls for "regional energy self-suffi
c iency" based on a transfer of masses 
of the populat ion out of the cities and 
the replacement of high-technology 
industry and energy resources wi th 
biomass, wood chips, and other labor-
intensive sources. 

As wi th the oil hoax shortage de-
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scribed in this issue's special report 
on Iran, the Nuclear Regulatory Com
mission's nuclear shutdown policy is 
not new; it has been on the drawing 
boards at the New York Council on 
Foreign Relations for at least five years. 
The council's 1980s Project, which fea
tures the theme of establishing "con
trolled disintegration" in the U.S. and 
world economies, prescribes a future 
of urban depopulation, zero growth, 
and low technology. Nuclear power is 
inconsistent with this 1980s blueprint. 

Not coincidentally, one of the lead
ing members of the Kemeny Commis
sion, Princeton professor Theodore 
Taylor, is the author of the 1980s Proj
ect study of nuclear proliferation, ex
cerpts of which appear in the accom
panying box. Another Kemeny Com
mission member, Patrick Haggerty, 
general director of Texas Instru
ments, has council connections as a 
member of the board of the Trilateral 
Commission, the council subcommit
tee that selected and groomed Jimmy 
Carter for the presidency on an anti-
nuclear program. Haggerty also has 
served on the National Security Indus
trial Association, which is concerned 
with restricting exports of "sensitive" 
technologies. 

It is the council's strategy that in
formed the official and unofficial con
clusions of the Kemeny Commission 
report described in this section. Of 
special note is the commission's rec
ommendation that no utility can be 
expected to run nuclear plants prop
erly and that no plant should be li
censed in a region until a thorough 
evacuation plan has been worked out 
for the population. 

As Fusion documented at the time 
of the Three Mile Island incident, such 
plans for evacuation are the touch
stone of the National Security Coun
cil's plans for setting up emergency 
dictatorial control over the U.S. econ
omy through "crisis management." 
The Federal Emergency Management 
Agency went into operation at the time 
of the Three Mile Island accident to 
begin implementing these plans under 
NSC supervision. 

One week before the Kemeny Com
mission released its report, the Nation
al Security Council came out with the 
results of its major study on nuclear 

energy. Headed by former Rand Cor
poration President Henry S. Rowan 
and "nuclear terrorism" expert Albert 
Wohlstetter, the report concluded that 
the Carter administration should con
tinue to stall the development of the 
breeder reactor in the interest of stop
ping nuclear proliferation. This study 
was then echoed by NRC Commission
er Victor Gilinsky, another former Rand 
expert, who claimed that all nuclear 
reactors pose the threat of nuclearter-
rorism because they all breed pluto-
nium. 

Kemeny Report: 
Nuclear Is 
'Dangerous' 

The cehterpiece of the recent cam
paign against nuclear power is the re
port released Oct. 30 by the President's 
Commission to Investigate the Three 
Mile Island Accident. 

The all-jbut-stated conclusion of the 
report was that there should be a mor
atorium on nuclear plant construction. 
The week before the report was re
leased, commission members had 
voted at least twice on whether offi
cially to recommend a nuclear mora
torium. It passed both times with a 
6-4-2 and 6-3-3 margin, but was not in
cluded as a final official recommenda
tion in the report (7 "yes" votes were 
needed to make it official). 

Yet, the commission's unofficial "se
cret vote" was leaked to the press and 
translated into front-page headlines: 
"Kemeny Commission Backs Nuclear 
Moratoriurn." 

The report is notable for its lies and 
contradictions; facts are applied only 
when they do not interfere with the 
overall antfnuclear thrust of the report 
(a phenomenon to be expected from 
a thoroughly biased group). First of 
all, the report lies about the possibili
ty of sabotage. As for the contradic
tions, although the report says that 
the TMl incident presented no health 
hazard, it nevertheless decrees that 
nuclear energy is inherently "danger
ous." However, despite such alleged 
"danger," the report emphasizes that 
the incident was primarily the result 
of human error. 
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Here are the major conclusions of 
the commission: 

The Nuclear Regulatory Commission, 
an independent agency headed by five 
commissioners, should be abolished and 
replaced by an executive branch agency 
with a single executive. 

This is based on what the commis
sion calls "evidence that some of the 
old promotional [nuclear] philosophy 
still influences the regulatory practic
es of the NRC . . . . There is no well 
thought out integrated system for as
surance of nuclear safety within the 
NRC." 

A permanent presidential oversight 
committee should be established to con-
tinuosly monitor the performance of 
both the new federal agency and the 
private companies that design, construct, 
and operate nuclear reactors. 

The Kemeny Commission blamed 
the Three Mile Island incident on the 
incompetence and/or bad organiza
tional practices of the utility, the reac
tor manufacturer, equipment suppli
ers and others. "Our investigation has 
revealed problems with the 'system' 
that manufactures, operates, and reg
ulates nuclear power plants. There are 
structural problems in the various or
ganizations, there are deficiencies in 
various processes, and there is a lack 
of communication among key individ
uals and groups. 

"In the testimony we received, one 
word occurred over and over again. 
The word is 'mindset.' The most seri
ous 'mindset' is the preoccupation of 
everyone with safety of equipment, 
resulting in the downplaying of the 
importance of the human element in 
nuclear power generation. The NRC 
and the industry have failed to recog
nize sufficiently that the human beings 
who manage and operate the plants 
constitute an important safety system." 

Before any utility is granted an oper
ating license for a new nuclear power 
plant, state and local emergency plans 
should be reviewed and approved by 
the federal government. 

"We are disturbed both by the high
ly uneven quality of emergency plans 
and by the problems created by mul
tiple jurisdictions in the case of a ra-



diation emergency. We found an al
most total lack of detailed plans in the 
local communities around Three Mile 
Island. 

"We favor the centralization of emer
gency planning and response in a 
single agency at the federal level with 
close coordination between it and the 
state and local agencies—a recommen
dation to put the Federal Emergency 
Management Agency in charge of all 
emergency planning for nuclear plants. 

A variety of changes should be made 
in the recruiting and training of reactor 
operating personnel, in the instruments 
available to help operators understand 
the condition of reactors and the avail
ability of equipment to measure the ac
cidental release of radiation. 

It was the commission's view that 
operator error, confusion, and mis-
judgment were primarily responsible 
for the nuclear incident. "These short
comings are attributable to the utili
ty, to suppliers of equipment, and the 
federal commission (NRC) that regu
lates nuclear power." 

Sabotage Ignored 
The entirety of the Kemeny Com

mission conclusions ignores the evi
dence of sabotage baldly evident in 
the text of the report: There is a "re

mote possibility" that the emergency 
feedwater valves that failed to deliver 
water to lower the reactor core tem
peratures "were closed by an overt 
act," states the report. However, the 
commission made no effort whatso
ever to investigate how this might have 
happened. 

The importance of these closed 
valves during the initial phase of the 
accident was presented in the No
vember issue of Fusion in a special 
report that reviewed the Nuclear Reg
ulatory Commission's investigation of 
Three Mile Island. That investigation 
showed that the closure of these valves 
caused particular pressure, tempera
ture, and pressurizer level conditions 
in the reactor that led the plant opera
tors to act essentially the opposite of 
how they should have acted. 

In a recently released report on the 
same incident, published in the No
vember 1979 issue of the IEEE maga
zine, Spectrum, Babcock and Wilcox, 
builder of the TMI reactor, agreed, 
adding that the loss of emergency feed-
water flow was important: "Had there 
been auxiliary [emergency] feedwater 
in the system, the temperature of the 
reactor coolant might have remained 
relatively stable until the problem of 
the condensate pumps was corrected 

1980s Project: 'No Nukes' 
Kemeny Commission member Theodore Taylor spelled out the U.S. 

nuclear shutdown plan in 1977 in the study he did on nuclear prolifera
tion as part of the Council on Foreign Relations' 7980s Project. Here are 
excerpts from the study, Nuclear Proliferation: Motivations Capabilities 
and Strategies for Control: 

In the context of a planned phaseout of nuclear power, in which 
the use of recycled plutonium is rendered unnecessary, a safeguards 
strategy compatible with our principles can most practically be found
ed on a simple international convention that spent fuel not be 
reprocessed anywhere for plutonium recovery, except possibly at a 
few international centers under international control. Such a scheme 
has an attractive simplicity . . . . 

On balance, we believe that a once-through system evolving 
into a planned phase-out of fission power could be effectively safe
guarded with an international will to do so . . . . 

The prospects are excellent that solar energy can be developed 
and implemented on a large scale in a period of time comparable to 
that required to develop fully safeguarded breeder systems . . . . 

As we have insisted in this study, any energy future that we 
choose will be difficult and painful [emphasis added]. 

and the normal feedwater reinstated." 
Both the NRC and the Kemeny Com

mission knew of this situation. Yet, 
despite the fact that three different 
investigations have concluded that 
the emergency feedwater valves were 
closed by someone none of the offi
cial investigating bodies has chosen 
to pursue the question. 

Instead, the Kemeny Commission 
investigation focuses ad infinitum on 
what went wrong after the incident 
started and why the TMI operators, 
owners, manufacturer, and the NRC 
had "so much trouble" dealing with 
the "accident" once it started. 

Technology Is 'Dangerous' 
What about the commission's other 

recommendations? The Kemeny Com
mission had to admit that the Three 
Mile Island incident posed no danger 
to the public. Yet they recommended 
evacuation plans that the NRC has al
ready begun to implement. 

Here's the Kemeny Commission 
evaluation of the danger: "Based on 
our investigation of the health effects 
of the accident, we conclude that in 
spite of serious damage to the plant, 
most of the radiation was contained 
and the actual release will have a neg
ligible effect on the physical health of 
individuals. The major health effect of 
the accident was found to be mental 
stress"—for which the residents of the 
TMI area have the nation's press to 
thank. If, as the commission admitted, 
there was no physical danger, why the 
evacuation plan? 

The commission recommended a pre
sidential oversight committee to mon
itor the nuclear industry, because: "The 
analysis of this particular accident rais
es the serious question of whether all 
electric utilities automatically have the 
necessary technical expertise and 
managerial capabilities for administer
ing such a dangerous high-technolo
gy plant." 

Therein lies the basis upon which 
the commissioners determined what 
they would investigate and, in fact, 
what they would recommend: Nucle
ar and other high technologies are 
"dangerous." 

—Ion Cilbertson 

Next month: The ongoing nuclear 
shutdown. 
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The Real Secret in 
The Progressive Case 

In the November issue of The Pro
gressive magazine, managing editor 
Samuel Day, Jr. reported that the De
partment of Energy was forced to drop 
its celebrated case against that mag
azine after the Fusion Energy Foun
dation entered an amicus curiae brief 
showing that the so-called secrets the 
government wanted classified had 
been in the open scientific l iterature 
since 1859. 

As Day noted in his article on the 
case, "The Other Nuclear Weapons 
Club—How the H-Bomb Amateurs Did 
Their Th ing , " what was really on the 
minds of the government officials like 
James Schlesinger before and dur ing 
The Progressive case was whether or 
not to take on the Fusion Energy Foun
dation. The FEF had publ ished a series 
of articles that made publ ic for the 
first t ime the scientific origins of the 
H-bomb in the 1859 paper by Bernhard 
Riemann on shock waves and the de
velopment of these ideas by leading 
German hydrodynamicists and aero-
dynamicists dur ing the 20th century. 
(See, for example, Uwe Parpart's ar
ticle "Riemann Declassif ied" in the 
March-Apri l 1979 issue.) 

Furthermore, the FEF had named 
special U.S.-British nuclear intel l i
gence arrangements as a contro l l ing 
factor in the decision to classify areas 
of inertial confinement fusion research 
not for the purpose of protect ing the 
national security but to slow down sci
entific progress in order to justify the 
present economic austerity policies. 

Rather than prosecute the FEF, the 
government took injunctive action 
against The Progressive to prevent 
publication of much more general ma
terial already available in the public 
domain. If the government had won 
its case, the precedent wou ld have 
been set for legal action against the 
FEF on issues secondary to those raised 
by the foundation's reports. 

The FEF then entered a friend-of-

•News Analysis-

You read the real secret in Fusion. 

the-court prief in The Progressive case 
based on the stated intent ion of the 
Atomic Energy Act of 1954 to promote 
the prol i feration of peaceful uses of 
nuclear energy and of scientific know
ledge. Thisi legal intervention was fo l 
lowed by the publication by several 
newspapers in mid-September of a 
letter wr i t ten by Charles Hansen (de
scribed as a "nuclear weapons hob
byist" by Day) reiterating supposedly 
secret material. The government wi th
drew its cabe against The Progressive 
and author Howard Mor land wi th in 
two days—Sept. 17—restating, how
ever, its intent ion to cont inue to vig
orously use its classification and puni
tive action prerogatives. 

Since then, sources wi th in the 
American Civil Liberties Union (which 
defended The Progressive) have re
ported that the government is bitterly 
divided between those in the Depart
ment of Energy who want to stop the 
spread of alleged fusion "secrets" and 
those in the Justice Department who 
consider this a risky proposi t ion. At 
stake here is whether the prol i ferat ion 
and classification issues wi l l cont inue 
to be used to kill advanced nuclear 
development, or whether the way wil l 
be cleared f<jr the fundamenta scien-
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tif ic research necessary to achieve 
economical fusion energy in this 
century. 

The Security Issue 
The irony in the government's pres

ent classification policy is that at the 
same time it propels the Uni ted States 
toward a strategic confrontat ion wi th 
the Soviet Un ion , it also weakens the 
overall economic and mil itary capabil
ities that the nation must be able to 
deploy in such a confrontat ion. 

This holds true not only for the pol
icy of el iminating existing nuclear tech
nologies, but also for the policy of 
retarding those pacesetting areas of 
fusion research that wi l l determine the 
ultimate strategic, energy, manpower, 
and military capabilities of this nat ion. 

A pr ime example of such research 
is electron-beam fusion. The Soviets 
recently reported that the research 
team under Dr. Leonid Rudakov had 
successfully completed and tested 
the first stage of the Angara-5 mult i -
electron-beam fusion machine. 

That result is significant in two ways: 
first, in terms of Soviet plans for a net 
energy producing machine by the early 
1980s; second, because of how such 
research is scientifically classified in 
the United States. 

The Soviet Fusion Coup 
The Soviet Union announced a 

schedule for complet ion of a pi lot fa
cility and the beginning of an actual 
program based on the successful pi lot 
project. Speaking Oct. 5 at the dedi
cation of the first of 48 electron beam 
units for the Angara-5 facility at the 
I.V. Kurchatov Laboratory in Moscow, 
Dr. Rudakov said: " W h e n it is com
pleted, we hope to obtain a controlled 
thermonuclear reaction as a result of 
which the facility wi l l be producing 
more energy than it consumes. Angara-
5 wi l l demonstrate that an industrial 
pi lot plant can be bu i l t . " 

The Angara-5 results are an impres
sive milestone in one of the crucial 
approaches to fusion energy (the So
viets have several other mainl ine ap
proaches as wel l) , but they are not 
unexpected. Rather, they fulf i l l a long-
stated schedule and conf i rm the 
Soviet commitment to investing in ad
vanced technology even where there 
is no short-term "pay-of f . " 

The technological advances embod-



ied in Angara-5 also imply important 
applications to Soviet nuclear war-
f ight ing capabilities. 

Neither point was lost on the edi
torial board of the New York Times 
whose recent front-page coverage of 
the Angara-5 results was unusual, given 
their generally hostile att i tude toward 
any kind of advanced technology ap
proach to energy, including fusion. 

As Dr. Rudakov stated, when the 
full 48-module Angara-5 electron beam 
system is completed in about four 
years, several mil l ion amps of very high 
energy electrons (several mi l l ion volts) 
wi l l be uti l ized to compress and heat 
a pellet of fusion fuel 2 centimeters in 
diameter to the extremely high densi
ties and the 100-mill ion-degree tem
peratures found in the interiors of 
stars. A minihydrogen explosion wi l l 
result that wi l l generate more energy 
than that used to generate the elec
tron beam fusion reaction—breakeven. 

The Rudakov Case 

Dr. Rudakov's team was the first to 
obtain ignit ion of minute amounts of 
fusion reaction in 1975, using the elec
tron beam pellet approach. He came 
into the publ ic l imelight back in sum
mer 1976 when he conducted the first 
of several tours of U.S. research facil
ities. Dur ing these tours, he sum
marized the Soviet e-beam research 
results and some of the physical 
processes hypothesized to be involv
ed in e-beam fusion. 

Rudakov's lectures and the subse
quent commentary and evaluation by 
a number of U.S. scientists were im
mediately classified top secret by the 
Department of Energy. Since that t ime, 
the government has rebuffed all ef
forts the Fusion Energy Foundation 
initiated to obtain release of the Ruda
kov documents. Most recently, the 
DOE handed down a several-page de
cision that cited every possible pre
text and legal precedent for not re
leasing the Rudakov papers. 

Since it is evident that such a deci
sion is not in the best interest of U.S. 
national security, the question here, 
as in the issues the FEF raised around 
The Progressive case, is just whose 
interests is such a classification policy 
protecting? 

—Dr. Morris Levitt and 
Charles B. Stevens 

Riemannian Computer Model Shows 

Volcker Credit Policy Is 
Economic Disaster 

The first computer-based Rieman
nian analysis of the consequences of 
Federal Reserve Chairman Paul Vol-
cker's credit restriction policy has 
demonstrated that auto, agriculture, 
construct ion, and several other lead
ing sectors of the U.S. economy wi l l 
take a sharp drop in 1980-81. 

The model , discussed in detail in 
the July issue of Fusion, uses Bernhard 
Riemann's analytical tools to show the 
mutual effects of 25 different econo
mic sectors on one another. 

The model was developed by the 
Fusion Energy Foundation staff at the 
request of Lyndon H. LaRouche, Jr., a 
wel l -known economist and a Demo
cratic presidential candidate. The 
model quantifies LaRouche's basic ec
onomic distinction between productive 
and nonproductive economic activi
ty, separating out f rom the mass of 
wasteful and unnecessary economic 
activities those categories of an econ
omy's consumpt ion that result in fur
ther product ion. 

According to the LaRouche method, 
wi thout making a fundamental dis
t inct ion, for example, between a $1 
mi l l ion sale of concrete used to bui ld 
a gambling casino and a $1 mi l l ion 
sale of concrete used to bui ld a steel 
plant, no economic model can suc
cessfully predict the impact of any 
policy decision. 

How the Model Works 
In the latest computer implementa

t ion of the LaRouche mode l , the eco
nomic activity of the U.S. economy is 
broken down into 24 productive sec
tors (steel, agriculture, etc.) and one 
nonproductive sector. The model con
sists of 76 coupled differential equa
tions for the capital investments and 
profits (surplus) in each sector. After 
specifying the state of the economy 
today (the initial condit ions for the 
differential equations), the model 
then produces forecasts for the eco
nomic activity of these sectors and 
provides several integrated measures 

(reproductive indices) of the whole 
economy. 

The most important of these is the 
free energy index, the ratio of reinvest-
ible surplus to equi l ibr ium reproduc
tive costs of capital and labor. This 
ratio must rise at an accelerating rate 
to ensure long-term health of an econ
omy. The model has shown that whi le 
short-term periods of constancy of 
this ratio indicate recessionary con
dit ions, there is a " threshold ef fect" 
in which the loss of momentum in an 
economy, indicated by constancy of 
this ratio, leads to a rapid severe col 
lapse in three to four years. 

As the compute r mode l shows, 
Volcker's policy provides a shock that 
pushes the economy beyond that 
threshold. In fact, only a policy that 
aggressively pursues capital-intensive 
and technology-intensive investment 
could reverse the pervasive decay 
of the U.S. economy shown by histor
ical values of this ratio over the last 
decade. 

Singularities 
The feature of the LaRouche model 

that has most disturbed conventional 
economists support ing Volcker's pol 
icies is its ability to predict and deal 
mathematically w i th singularities. Rie-
mann developed the not ion of singu
larity to describe the appearance in an 
otherwise smooth manifold of a j ump , 
hole, cliff, or similar discontinuous 
structure whose significance is a qual
itative change in the equations describ
ing the mani fo ld. 

The occurrence of a phase change is 
the analogous situation in physics; a 
singularity means new interactions, 
new time and length scales, new sym
metries, and higher-order interactions 
that cannot, in pr inciple, be describ
ed wi th in the o ld mani fo ld. 

Most economists deny the exist
ence of singular, discontinuous phe
nomena in economics. 

The analysis of the Volcker credit 
policy is an excellent case study in the 
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Federal Reserve head Paul Volcker 

Riemannian-LaRouche methodology. 
The economy should properly be un
derstood not as a col lect ion of con
sumers and producers who exchange 
goods, services, and money over a 
period of t ime, but rather as a set of 
different economies, one for each pro
duct ion per iod, whose economic ac
tivity at one per iod results in a new 
economy coming out of the old in the 
next per iod. 

Described in input-output terms, the 
matrix of product ion relations describ
ing the economy today evolves not 
wi th in itself but so as to create a suc
ceeding matrix describing tomorrow's 
economy. 

Thus, the important features of the 
economy today are not its equi l ibr i 
um or stability properties but rather, 
precisely, the singularities that can 
push it toward a succeeding state. 
Whether tomorrow's economy is the 
beginning of a depression or of a new 
industrial revolut ion is determined by 
the capital invested today—and how 
the structures of that investment shape 
an economic trajectory toward the sin
gularities in the economy. 

The catastrophic impact of Volcker's 
policies can be understood only by 
using a model of the economy that 
deals wi th these singularit ies; the 
model must be able to identify and 
quantify the interactions in the econ
omy that cause these singularities. 

Using Riemann's "spectral analysis," 
to examine the economy, we see that 

Continued on page 70 

International 

Swedish Nuclear Fight 
Turns to Referendum 

Since the indecisive September 1979 
Swedish parliamentary elections, the 
year-long battle over the future of 
Sweden's nuclear energy development 
has shifted to the national nuclear re-
erendum to be held in March 1980. 

That referendum should break the 
stalemate that has been in place since 
the hapless moderate coalition gov
ernment of Tjorbjorn Faelldin, in 
power since 1976, fell in September 
over the issue of Sweden's nuclear 
program. At that time, Center Party-
head Faelldin was installed as prime 
minister n a compromise minority 
government. 

During the election debate Faelldin, 
an antinuclear sheep farrrier from 
northern Sweden, advocated the ex
treme position of phasing out all 11 
nuclear reactors operating or under 
construction. With the aid of the lib
eral press, Faelldin stepped up this 
campaign after the Three Mile Island 
incident here. 

Sweden is one of a handful of coun
tries that developed its independent 
nuclear manufacturing capability dur
ing the 1960s in private sector part
nership wi th the government. Three 
years ago, the government program 
called for 14 reactors to be completed 
by 1990. In addi t ion, Sweden holds 
one of the world 's largest uranium 
fields, which has remained unexploit-
ed because of antinuclear propagan
dizing among local villagers near the 
f ie ld. 

Sweden's antinuclear movement is 
not indigenous. Al though the nation 
is often portrayed by the media as 
environmental ist-oriented, the tenac
ity of the antinuclear opposi t ion in 
this highly technological society has 
its roots in the same wel l - funded 
oragnizations and individuals that 
have launched the U.S. environmen
talist movement. 

For example, the U.S. Natural Re
sources Defense Counci l , primari ly 

Pronuclear Magazine Slandered 
Energi, a Swedish-language magazine that has led the fight in Sweden 

for nuclear development, was hit in October by a wave of front-page 
slander articles in the liberal press linked to the antinuclear lobby of 
Prime Minister Faelldin. Heavily supported in its nuclear technology and 
export policy by the Swedish Federation of Industries, Energi has trans
lated and published several articles from Fusion. 

The press campaign against Energi, aimed at cutting off industrial sup
port for the pronuclear effort, maintained (quite correctly) that the mag
azine was written by members of the European Labor Party. The press 
noted thlat this was a cothinker group of the U.S. Labor Party, which the 
articles characterized by a number of outrageous lies. 

In the United States, Nucleonics Week picked up the slander story 
Nov. 1 in a short item titled "Swedish Trade Association Cave $6,000 to 
Pronuclear Extremist Group." As for the extremism, Nucleonics Week 
noted in addition to the slanders that the European group is "highly 
active in propagandizing for nuclear power" and had distributed buttons 
showing an electric light bulb and the words "Nuclear power, yes, 
thanks." 
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West German Utilities Spokesman: 
It's Nuclear Plants or War 

In an article in the Nov. 10 Die Welt, Klaus Knizia, a representative of 
the West German utilities union and a leading pronuclear spokesman 
from the Wor ld Energy Conference, called for 4,000 new nuclear plants 
to be bui l t dur ing the next 30 years, most of them in the developing 
sector. Wi thout this "min imal p rogram," Knizia said, there is great dan
ger of war breaking out over dwindl ing energy supplies. 

Addressing the greenies, Knizia said: "The fear of the possibilities of 
technology and science sometimes takes on suicidal forms, as can be 
seen in the opposi t ion to nuclear power and other large industrial-
technical operations. It is extraordinary that this opposit ion is found only 
in the West and not in the East bloc, and certainly not in the poor 
countries. . . . " When the West refuses to export nuclear reactors to the 
Third Wor ld , how arrogant this must look to those countries l iving in 
poverty that can only be relieved "by those products we must deliver to 
t h e m . " 

West German Utilities Spokesman: 
It's Nuclear Plants or War 

In an article in the Nov. 10 Die Welt, Klaus Knizia, a representative of 
the West German utilities union and a leading pronuclear spokesman 
from the Wor ld Energy Conference, called for 4,000 new nuclear plants 
to be bui l t dur ing the next 30 years, most of them in the developing 
sector. Wi thout this "min imal p rogram," Knizia said, there is great dan
ger of war breaking out over dwindl ing energy supplies. 

Addressing the greenies, Knizia said: "The fear of the possibilities of 
technology and science sometimes takes on suicidal forms, as can be 
seen in the opposi t ion to nuclear power and other large industrial-
technical operations. It is extraordinary that this opposit ion is found only 
in the West and not in the East bloc, and certainly not in the poor 
countries. . . . " When the West refuses to export nuclear reactors to the 
Third Wor ld , how arrogant this must look to those countries l iving in 
poverty that can only be relieved "by those products we must deliver to 
t h e m . " 

Pronuclear Forces Mobilize 
Against W. German Greenies 

through the efforts of its virulently anti-
technology zero-growth director Dean 
Abrahamson, helped shape the Swed
ish antinuclear movement f rom the 
same organizations that a decade ear
lier had received U.S. foundat ion 
funds to organize Sweden's antiwar 
movement. 

Abrahamson spent a year in Swe
den, f rom 1976 through 1977, work ing 
wi th members of parliament like Bir-
gitta Hambreaus and wi th Center Party 
leader Faelldin and Olof Johansson, 
his antinuclear energy minister. Abra-
hamson's efforts including sponsoring 
on Swedish television the antinuclear 
propaganda f i lms and o ther scare 
stories funded by the Ford Foundation. 

As a result of this antinuclear cam
paign, two nuclear reactors, Ringhals-3 
and Forsmark-1, have been prevented 
f rom fuel ing since last June when the 
parliament passed a law that forbids 
operat ion of any new reactor pr ior to 
the March referendum. This delay in 
startup has been enforced despite the 
fact that the government decided that 
the reactors could be fueled accord
ing to a law requir ing that before fuel
ing a safe nuclear waste storage strat
egy had to be established. Sweden 
has developed a technology for stor
age of radioactive wastes. 

—William Engdahl 

Philippine Nuclear 
Deal Threatened 

Since the U.S. Export-Import Bank 
approved a loan to the Philippines in 
October to import two more nuclear 
reactors f rom Westinghouse, the en
vironmentalist Center for Develop
ment Policy in Washington has cam
paigned to prevent the sale. 

According to Nucleonics Week, the 
Center is challenging the sale on the 
basis of reports f rom six former engi
neers of Ebasco Services, the nuclear 
architectural engineering f irm involved 
in the deal, that the plant sites do not 
meet seismic requirements and that 
Ebasco knew this but covered it up. 
The statements of tile former Ebasco 
employees have been used to charge 
that the incident may be a violation of 
the Atomic Energy Act, a charge that 
has prompted a Federal Bureau of In
vestigation inquiry into the case. 

Pronuclear representatives of West 
German industry and Chancellor Hel
mut Schmidt's Social Democratic Party 
have upped their battle against the 
nation's environmentalist minority that 
has succeeded in bringing nuclear pow
er plant contruct ion almost to a stand
sti l l . 

In early November, the influential 
Chambers of Commerce of Duisberg 
and Diisseldorf in the industrial Ruhr 
region issued a call for all West Ger
man parties to stop their squabbling 
over nuclear energy and move ahead 
wi th the stalled construct ion projects. 
No new domestic construction orders 
have been received since 1975, and 
foreign orders are almost totally f ro
zen, leading to mass layoffs among 
the major nuclear plant manufactur
ers. 

The same week, a spokesman f rom 
RWE, the largest uti l i ty, to ld a meet
ing in Bavaria of representatives f rom 
the energy-related industries that the 
time had come for the nuclear indus
try " to stop being on the defensive 
and to start asking questions of the 
greenies—starting wi th Erhard Eppler, 
a top nuclear energy saboteur in the 
Social Democratic Party. "There can 

be no more arguing wi th envi ronmen
talists as if they were equals," the RWE 
representative said. 

Backing up the industrialists, Social 
Democratic parliamentary leader Her
bert Wehner demanded in an inter
view wi th the EsslingerZeitung Nov. 9 
an end to "arguing wi th the greenies 
who don' t want to listen to any argu
ments." The Social Democratic Party's 
defensiveness toward the "green cab
bage," as the environmentalists are 
nicknamed, only helps the election 
campaign of Franz Josef Strauss, Weh
ner said. 

Strauss, the chancellor candidate of 
the opposit ion Christian Democratic 
Social Un ion , hopes to use greenie 
help to weaken the rul ing coalit ion's 
chances of reelection next year. 

The environmentalists met this pro
nuclear challenge by officially consti
tut ing themselves as the "Green Party" 
in mid-November, an event immedi
ately hailed by Strauss. The Green Party 
wi l l hold its founding congress in Jan
uary and announced' i ts intent ion to 
campaign to draw votes away f rom 
Chancellor Schmidt, who has strongly 
supported nuclear energy development. 

—Susan Welsh 
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Conferences 

APS Plasma Physics 
Meeting, Boston, 
Nov. 11-16 

Advances 
Reported in 
All Areas 
Of Fusion 

More than 1,500 scientific papers 
were presented at the five-day meet
ing in Boston Nov. 11-16 of the Amer
ican Physical Society's Plasma Physics 
Division, the largest fusion-related an
nual meeting in the world. 

The papers covered advances across 
the full spectrum of fusion and fusion-
related projects and represented the 
work of several thousand researchers. 
Of particular significance were recent 
developments on reversed-field toroi
dal pinches, electron-beam and ion-
beam generation, inertial fusion target 
design, general applications of fusion 
theory, and the development of a new 
configuration — the spheromak. 

A feature article on the reversed-
field pirlch appears in this issue, and 
future Fusion articles will elaborate 
on the other new developments that 
are reviewed here briefly. 

The Spheromak 
The spheromak is a proposed de

vice to generate a force-free plasma 
magnetic field configuration — simi
lar to that proposed by Dr. Dan Wells 
of the University of Miami (Florida) — 
in a donijit shape that has a minimum 
of external field windings. The spher
omak cohibines, in one form or an
other, w ork from mirror, tokamak, and 
high-betd pinches, and all of the major 
U.S. national laboratories have submit
ted spheromak proposals for funding 
to the Department of Energy Fusion 
Office. 

The spheromak was first proposed 
in the 1950s as the most technologi
cally simple fusion device. However, 
only with the recent general progress 
in tokamaks and mirrors have research
ers in the mainline fusion research 
program taken up the idea as an ex
perimentally practical project. 

Electron Beam Filaments 
Dr. Winston Bostick, currently on 

leave from the Stevens Institute and 
working at the Kirtland Air Force weap
ons research laboratory in Albuquer
que, New'Mexico, and his collabora
tor Dr. Vittorio Nardi presented de-

The Proto I electron beam accelerator at Sand/a 
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tailed experimental evidence demon
strating that minute vortical filaments 
— less than 1 micron in diameter — 
are formed by relativistic electron 
beams. (Relativistic electron beams are 
electrons with a velocity near the speed 
of light.) 

The beams actually form a series of 
filaments; thel-micron filaments form 
into sheets of filaments that in turn 
form larger filaments. 

Research into this self-organizing pro
cess, which contradicts the prevailing 
concept of entropy, is of the greatest 
significance for understanding the dy
namics of coherent structures in plas
ma physics. 

Ion Beams 
Major progress was reported on the 

generation, focusing, and deposition 
of light ions generated in electron 
beam diodes, with the most spectacu
lar results reported by Sandia Labora
tory in New Mexico. 

Dr. Gerald Yonas, director of San-
dia's Pulsed Power Division, evaluat
ed the recent results in an interview: 
"Just a couple of years ago, no one 
believed that you could focus ion beams 
to any significant power density; we 
at Sandia didn't believe it could be 
done. Now we have gotten up to 1 
million amps per square centimeter 
—100 times greater focusing than just 
a year ago. We have also experimen
tally gotten better than 'classical' de
position of the ion beam into a target. 
This means that the ion beams we have 
generated are actually 100 times bet
ter for the implosion of targets than 
the 1 million amp electron beam cur
rents we have produced." 

FEF Presentations 

Charles B. Stevens, director of fu
sion engineering for the Fusion Ener
gy Foundation, gave two presentations 
at the conference representing the re
search work of the FEF staff. The first, 
a paper by FEF director of research 
Uwe Parpart, dealt with strong shock 
isentropic compression and design of 
target pellets based on this unique 
new approach to inertial confinement 
fusion. The second paper, by Dr. Steven 
Bardwell, FEF director of plasma 
physics research, concerned the ap
plication of Riemannian shock waves 
to economic analysis. 

—Charles B. Stevens 



Special Report 

How Kennedy 
Controls the 
Environmentalists 
This 30-page report provides all 
the details, using the environ
mentalists' Oct. 6 attempt to 
occupy the Seabrook, N.H. 
nuclear site as a case study. The 
report includes a "command-
structure" chart showing the 
connections between liberal Wall 
Street law firms and the terrorist-
environmentalists . 

$50 per copy 

Send check or money order to: 
Executive Intelligence Review 
304 West 58th Street 
New York, N.Y. 10019 
Attn: Special Services 

Research 

Soviet Advance 
In Computer Algorithms 

With a strikingly original application 
of Riemannian geometric ideas, a So
viet mathematician has discovered 
what some computer scientists con
sider one of the few major theoretical 
developments in computer algorithms 
since the advent of high-speed nu
merical methods. 

In a paper publ ished in the January 
1979 issue of the Soviet journal Dok-
lady Akademii Nauk SSSR, L. G. Khach-
ian described the outl ines of a proce
dure for soilving the most widespread 
class of corfiputer problems, so-called 
l inear p rogramming. His procedure 
can tell if the problem is solvable, and 
if it is solvable, it can f ind the solut ion 
in a particularly efficient way.i 

In the usual l inear programming 
problem, one must maximize some 
funct ion (such as profits), subject to a 
series of constraints such as produc
t ion t imes, inventory costs, and so 
fo r th . Previous l inear p rogramming 
techniques all have in theory: an ex
ponential dependence on the number 
of constraints; that is, doubl ing the 
number of constraints could turn an 
easily solvable problem into one that 
was unapproachable by any conceiv
able computer. 

This is not a practical problem wi th 
current algorithms, wh ich , for still un
known reasons, are much more eff i
cient than mathematical theory says 
they should be. Khachian's algor i thm, 
however, i skhe first provably "poly
nomial t ime' ' algori thm in linear pro
gramming. This means that a problem 
that, for example, for 50 constraints 
took 5 minutes of computer t ime, 
Khachian's solution for 100 constraints 
may take 16 times longer instead of 
the thousands of centuries required 
by the older methods—an increase of 
n4 rather than 4n . 

Khachian's algori thm is conceptual
ly much different from current numer-
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ical methods in that it uses a global 
characterization of the solution space 
to identify the trajectory leading to 
the solut ion, rather than the classical 
local methods. Khachian uses a set of 
nested minimal volume ell ipsoids that 
he proves wi l l provide a chain leading 
to the solut ion. 

Khachian's theoretical insights come 
from a long mathematical t radi t ion, 
rooted in a Riemannian geometr ic 
analysis of the properties of extremal 
values of funct ions. However , this 
method has been applied in the area 
of computer analysis only rarely. In 
the late 1950s, John von Neumann pro
posed an algori thm quite similar to 
Khachian's, as did other mathemati
cians several years after von Neumann. 
About 10 years ago, another Soviet 
mathematician, A. Sov, derived a very 
similar but more complex algor i thm. 
None of these proposals was ever suc
cessfully reduced to a practical com
puter code, and, in the intervening 
10 years, the sort of global analysis 
that Khachian used has been largely 
ignored. < 

For this reason, Khachian's striking
ly simple proposal has sparked great 
interest in a number of circles. How
ever, his technique is far f rom being a 
practical too l . The upper bounds that 
he proves for the convergence of his 
algori thm are astronomical numbers 
when calculated for problems current
ly solvable. The dependence of the 
t ime of his algori thm is polynomial , 
but the size of the polynomial is very 
large. Current techniques, which have 
evolved after 20 years of experimenta
t ion and ref inement, can solve a sys
tem of several thousand constraints in 
several minutes; the upper bound of 
Khachian's proof gives a f igure of tens 
of mil l ions of years for the same prob
lem. 

—Dr. Steven Bardwell 



Paraquat spraying in Mexico 

Paraquat 'Danger' 
Is a Fraud 

Paraquat, the herbicide used by Mex
ico to shut down marijuana growing 
in that country, has been falsely labeled 
a danger to the health of U.S. mari
juana smokers. Testing has shown that 
the substance is essentially harmless 
in the concentrations present in mari
juana, especially when compared to 
the far worse effects of marijuana it
self on the lungs. 

The lie of paraquat's harmfulness 
began several years ago when NORML, 
the National Organization for the Re
form of Marijuana Laws, the main lob
bying group for decriminal izing mari
juana and other drugs in the United 
States, used the Environmental Protec
t ion Act to demand an environmental 
impact statement on the effects of 
smoking paraquat-contaminated mar
ijuana on the human body. 

Falsely exaggerating the scientif ic 
data, Sen. Charles Percy, an Illinois 
Republican, then pushed through a 
federal law that ended U.S. participa

t ion in the Mexican paraquat spraying 
program last month . 

The program is an understandable 
target for the prodrug lobby. Using 
sophisticated aerial equipment for lo
cating the fields and spraying with par
aquat, the Mexicans have done what 
was widely considered to be impos
sible: cut off the drug supply at the 
source. Since the program began, 
Mexican marijuana imported into the 
Uni ted States has been slashed by 
more than 80 percent. 

The Medical Findings 
Under pressure f rom Senator Per

cy's off ice, the National Institute on 
Drug Abuse did a series of animal ex
periments using the smoke of mari
juana or other vehicles contaminated 
wi th extremely high concentrations of 
paraquat. According to the final en
v i r onmen ta l impact s ta tement , al
though some damage to the lungs of 
the animals occurred, " the laboratory 
study needs further examination be
fore it can be properly extrapolated to 
humans." 

An analysis of the quest ion con
ducted by the Medical World News was 
less charitable. In a Sept. 3, 1979 arti
cle t i t led '"Facts' on paraquat menace 
in pot were plucked out of air," the 
paraquat scare was called a "misty pro
ject ion, a guesstimate . . . done on the 
basis of zero clinical ev idence." Dr. 
Eric G. Comstock, executive director 
of the Institute of Clinical Toxicology 
in Houston said, "Lacking knowledge, 
they have to guess. They're playing a 
game that's an artifact of federal activ
i t ies." 

According to one of the lung spe
cialists who participated in the Nation
al Institute on Drug Abuse study, the 
effects of paraquat are d i f f icu l t to 
identi fy cl inical ly because they are 
"masked by the effects of marijuana 
itself, which causes far more damage 
to the l ung . " Why, then, so much 
concern about paraquat? The only 
conclusion possible, f rom the medical 
evidence alone, is that the antipara-
quat lobby is noth ing but a prodrug 
lobby. 

—Ned Rosinsky, M.D. 

A feature article on the biological 
effects of marijuana appeared in the 
Oct. 1979 Fusion. 

New Experiments 
Show Histone Role 
In Development 

How does a duck develop webbed 
feet instead of a chick's toes? 

Although experimenters have estab
lished that necrosis (cell death) is the 
normal process by which certain mor
phological changes in the embryo— 
like the development of webbed feet— 
are achieved, exactly how this proc
ess works has not been ful ly resolved. 

At the November biology seminar 
of the Fusion Energy Foundation in 
New York, Jonathan Levitt presented 
experimental evidence demonstrat ing 
the role in such development of his
tories—proteins that are bonded w i th 
DNA. Levitt a senior at the Bronx High 
School of Science, has performed a 
series of un ique exper iments w i th 
chick embryos and histones. His re
sults indicate that subtle changes in 
the geometry of the chromosomal 
structure, reflecting the interactions 
of the DNA, histones, and other mole
cules, have a direct correlation to 
the morphological develoment of the 
organism. 

Levitt showed that the concept of 
necrosis, or "programmed cell dea th" 
as biologists refer to it, cannot be an 
isolated gene- funct ion correspon
dence but must be an expression of 
the coordinated work ing interaction 
of the organism as a whole w i th its 
parts. 

The Experiment 
The development of the l imb bud 

in the chick embryo is realized partial
ly through the death of cells in vari
ous areas of the bud (see Figure 1), 
not as a chance occurrence but as a 
funct ion of the genetics of the devel
oping embryo. 

In his experiment, Levitt isolated his
tone samples f rom the l imb buds of 
chick embryos at stage 27, the point at 
which digital format ion begins, and at 
stage 29, the peak of this process when 
digits become discernible. The indi-
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Figure 1 
LIMB BUD OF 5-TO-6-DAY-OLD CHICK EMBRYO 

Between the fifth and sixth day of the developing chick embryo, the 
digits of the hind limb are formed. The distal portion of the bud is initially 
circular (a), but distinct points marking the dig^jt rudiments are quickly 
formed. As the digit rudiments continue to grow, necrosis occurs in the 
shaded areas as shown. 

Figure 2 
CHANCES IN CHICK EMBRYO HISTONES FROM STAGE 27 TO STAGE 29 
The test tube on the left contains histones of Stage 27 chick embryo limb 
buds; the center test tube is the control sample of calf thymus; and the 
right tube is Stage 29 of chick embryo limb buds. The bands are obtained 
by passing an electric current through an acrylamide gel, causing the 
histones to migrate through the gel. This migration directly corresponds 
to the changes of the histones. The arrows indicate the areas of change 
Levitt obtained in the histone banding patterns. I 

vidual histones were separated by 
means of acrylamide gel electropho
resis. A th i rd preparation of calf thy
mus was also separated in order to 
obtain a control sample showing stan
dard histone patterns. 

As Figure 2 illustrates, the histones 
present show very similar migratory 
rates wi th the fo l lowing exceptions: 
(1) there is a fraction present in stage 
27 that is not apparent in stage 29; (2) 
a second fract ion, common to both 
stages, appears to be much larger in 
stage 29 than in stage 27; and (3) the 
migratory rate of a th i rd fraction has 
increased f rom stage 27 to stage 29. 

The Theory 

The prevail ing view holds that the 
changes in l imb bud development are 
the result of a coded tickertape-type 
DNA that switches messages (genes) 
on and off to produce a linear chain 
of events. Because histones are so sim-
i l a ramong various species and vari
ous tissues, it is currently held that 
the histones are not specific enough 
to play a role in cellular differentia
tions. 

However, a subtle change in the his
tones present in a particular cell or 
tissue, such as that demonstrated by 
Levitt, could realize a cell differentia
t ion such as necrosis, if the genetic 
qualities of the chromosome are lo
cated on a broader, more global level 
than that of the specific genes that lie 
along the length of the DNA. 

Levitt's work showed that histones 
play a major role in the evolutionary 
process, and that the developing or
ganism must undergo a global , self-
reflexive process that reorders itself 
toward a higher level of organization 
that is reflected on a cellular level as 
well as on a genetic level. 

The evidence does not resolve the 
ques t ion of whe the r the h is tone 
changes are the init iat ing factors in 
necrosis or the result of it, but does 
indicate that geometric changes in ge
netic structure and respectively in 
morphological structure must be sub
sumed by the global behavior of the 
organism to develop toward a higher 
level of reorganization. 

—Susan Seidman 

A full report on Levitt's experiments 
will appear in a future issue of Fusion. 
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ENERGY SCORECARD 
for the 1980 Presidential Candidates 
WE ARE PLEASED to present this "Energy Scorecard for 

the 1980 Presidential Candidates" as a first step in a Fusion 
magazine campaign to see that the energy issue is discuss
ed in depth in the months before the November 1980 
election. 

This poll of 10 major candidates is quite remarkable. 
Although the candidates are often not as specific as the 
reader would like, the distinct impression from the overall 
questionnaire is that the candidates here are at their best. 
They know they are talking to an audience that represents 
the American majority, and they have focused positively 
on what is necessary for a progrowth future. 

For example, with minor exceptions, the candidates favor 
upgrading fusion research and furthering international co
operation in the fusion area. Similarly, they are for the 
development of the breeder reactor, noting that the Unit
ed States has fallen behind the Europeans in this impor
tant technology. And on the much-ballyhooed question of 
nuclear waste, most of the candidates say that there are 
available scientific solutions to the problem and that the 
question is one of political implementation. 

What is clear to us from the scorecard is that we and our 
readers—who now number about 100,000—have a respon
sibility in the months ahead to ensure that the progrowth, 
protechnology outlook expressed by most of the candi
dates here becomes a central focus of the campaign be
cause the candidates are told by their constituents that this 
must be the case. Furthermore, we must see that the 
economic rationale for a progrowth America is explained 
in depth—and debated nationally. This means upgrading 
the level of candidate debate and, even more important, 
upgrading the content level of media coverage of the 
campaign. 

We would be naive, of course, if we did not maintain a 
vigilant watch on the candidates to see that they give the 
same quality of answers on the energy questions to other 
audiences and to report on any divergences. In addition 
to continuing news coverage, as the presidential race nar
rows down we will present a follow-up scorecard focus
ing in more depth on the crucial questions of how the 
presidential hopefuls plan to finance and implement Amer
ica's energy policy and how they see the connections of 
the energy issue to other political and economic ques
tions. 

To aid in this process, the Fusion Energy Foundation is 

now seeking foundation and corporate funding to spon
sor a series of nationally televised debates on the energy 
issue that will force the different views out into the ope'n 
in some depth. We also plan a straw poll of our readers on 
energy and the candidates later in the year. In the mean
time, comments from readers are most welcome. 

Of the 11 Republican and Democratic candidates invited 
to participate in the energy scorecard, two declined: Gen
eral Alexander Haig, who at this time is still an undeclared 
candidate, and Senator Edward Kennedy. 

We have included Kennedy in the scorecard, however, 
because until just hours before press time, Kennedy's 
advisors told us they were trying to complete the ques
tionnaire. Indeed, we were ready with a tape recorder to 
take down the answers by telephone. But in the pressure 
of the Iran crisis, the Kennedy "issues" staffer responsible 
for energy told us, they "did not have time to complete 
the questionnaire." 

The answers that appear on the scorecard for Kennedy 
are taken from a press release and pages 3 and 4 of an 
undated, untitled policy statement sent to us by the Ken
nedy staff, a fundraising letter recently circulated by the 
Kennedy for President Committee, press clippings, and an 
earlier interview with a Kennedy staffer who specializes in 
energy. The answers from this last-mentioned source are 
"unauthorized," (to use the words of the source); they 
appear on the scorecard without quotation marks. 

As for the other candidates, all but Ronald Reagan com
pleted the Fusion questionnaire in full, and their state
ments are reproduced here verbatim, with a very few 
minor deletions. Mr. Reagan's staff explained that they 
very much wanted to participate, but that the candidate's 
policies were still in preparation and would not be ready 
for our press time. The Reagan scorecard answers are 
compiled from his nuclear policy statement and a few very 
brief policy remarks authorized by his staff. 

In the case of President Carter, the views expressed are 
those of the Carter administration, not Carter personally. 
For the other candidates, the answers appear in the first 
person or the third person, as they were given to us. > \ 

The candidates are listed here in alphabetical order and 
the questions are listed in the order that they appeared on 
the Fusion magazine questionnaire. NA stands for no an
swer. 

—Marjorie Mazel Hecht 

Copyright © 1979 
Fusion Energy Foundation 

































The Prospects of Higher 
Temperature Superconductivity 

by Dr. William A. Little 

A well-known specialist in superconductivity, Wiliam A. 
Little has been a professor of physics at Stanford University 
since 1958. His other specialties include phase transitions, 
cryogenics, and the theory of neural networks. 

* * * 

SUPERCONDUCTIVITY is a remarkable state of matter 
observed in a large number of metats when they are cooled 
to temperatures approaching absolute zero.* 

The electrical resistance of such a metal as the tempera
ture is lowered below room temperature steadily falls. 
This continues until the temperature reaches the region 
round about 20°K to 30°K, where the resistance flattens out 
and becomes almost independent of temperature with a 
magnitude determined by the material's impurity content 
and crystalline perfection (see Figure 1). 

As the temperature is lowered through the last few 
degrees toward absolute zero, suddenly within a narrow 
temperature region near the so-called critical tempera-

*Terms followed by an asterisk are described in the accompanying glossary 
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ture, Tc, of the metal, the electrical resistance completely 
disappears. This is the superconducting state, where the 
metal exhibits a number of remarkable properties. For 
example, if a closed ring of such a superconductor is 
cooled in a magnetic field and then the field is turned off, 
a current will be induced in the ring that continues to 
circulate for as long as the ring is kept below Tc. Such 
currents have been observed to persist for more than two 
years without any sign of dissipation. This dissipation-free 
current transport has many exciting applications and po
tential applications in technology, some of which I discuss 
here. 

Another peculiar property of certain types of supercon
ductors is that of nearly perfect diamagnetism—repulsion 
of magnets. Magnetic fields cannot penetrate into the 
interior of these superconductors; consequently, in cer
tain magnetic-field configurations the superconducting ob
ject will float in the field. This levitated state likewise per
sists as long as the metal is kept below the superconduct
ing transition temperature. 

Much interest has focused on superconductors because 

Coils of the world's largest superconducting magnet are lowered into their steel yoke at Argonne National Laboratory. 



of these unusual propert ies. For example, the absence of 
electrical resistance means that currents can be passed 
through superconducting wires wi thout dissipation of en
ergy or the generation of )oule heat.* This has potentially 
great economic significance for the util it ies industry in 
terms of power transmission. At present, conventional 
conductors such as copper and aluminum are used to 
transport electrical power f rom generating plants to the 
cities and to distr ibute this power wi th in cities and some 5 
percent of this power is lost in Joule heating of the con
ductors. Because there is a vast amount of power delivered 
in this way, these losses represent an enormous waste of 
energy—much of which wou ld be saved by using super
conduct ing cables. 

Technological Applications 
Other important applications are the use of supercon

ductors for the magnetic conf inement of plasma in future 
thermonuclear fusion reactors. The very large fields that 
such magnets can produce and the complete absence of 
dissipation of the currents in these magnets are the only 
economically feasible means for maintaining the high fields 
in the large volumes needed for fusion reactors. Already 
very large superconduct ing solenoids, many meters in 
diameter, have been developed and are being used in 
high-energy physics laboratories and for studies of mate
rial properties. Such superconducting solenoids have pro
duced f ield strengths in excess of 150 kilogauss. Even 
larger magnets, 50 meters or more in size, are being stud-

Figure 2 
PERIODIC TABLE SHOWING THE OCCURRENCE OF SUPERCONDUCTIVITY AMONG THE ELEMENTS 
7~wenry-s/x elements become superconducting at ambient pressure and another 10 at higher pressure. 
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Figure 1 
RESISTANCE VERSUS TEMPERATURE OF A METAL 

THAT BECOMES SUPERCONDUCTING AT 7°K 
Plot of the resistance of a typical metal as a function 
of temperature showing the transition to the super
conducting state at the critical temperature, Tc, of 7° 
Kelvin. 



Figure 3 
HISTOGRAM SHOWING THE NUMBER OF KNOWN 

SUPERCONDUCTORS AS A FUNCTION OF THEIR 
TRANSITION TEMPERATURES 

Although the number of superconducting alloys has 
increased 10-fold in the last 20 years, most of them 
have a transition temperature below about 5° or 6° K. 

ied as a means for off-peak storage of electrical energy. 
There are a number of other areas where superconduct

ing magnets can be appl ied. After the British Ministry of 
Defense successfully developed a 50-horsepower super
conduct ing direct current motor in the late 1960s, interest 
in the United States and Britain turned to the use of super
conduct ing motors and generators for ship propuls ion. 
The advantages such devices offer to ship propulsion lie in 
the flexibil i ty they give in the ship's design, in particular to 
the location of the pr ime mover, plus a significant saving 
in available ship space, simplicity of electrical contro l , and 
the el iminat ion of reduction gears. 

A strikingly compact 1,000-horsepower superconducting 
motor has been demonstrated here, and 40,000 to 75,000-
horsepower motors are expected to be available by 1985 
for U.S. Navy use. 

Superconducting generators and alternators for land-
based use by the util i t ies companies are also attracting 
interest because they promise substantial advantages over 
conventional systems in the larger capacities. Develop
ment of a 10 megavolt-ampere generator is underway at 
the Massachusetts Institute of Technology as the proto
type of a future 2,000 megavolt-ampere machine. 

Superconductivity is also being studied for applications 
in high-speed transportat ion. The Japanese national rail
ways are developing a high-speed ground transportation 
system l inking Tokyo and Osaka that wou ld use on-board 
superconducting magnets for levitation of the train and an 
active-track, linear synchronous motor coupled to the mag
nets to provide propuls ion. The train is designed to run at 
a top speed of 500 ki lometers per hour, f loating on a 
magnetic cushion. Preliminary trials at 300 kilometers per 
hour have been successful and promise the opening of a 
new era in ground transportation in the late 1980s. 

These are just some of the many large-scale technologi
cal applications foreseeable for superconductors in the 
coming decade. There are many more small-scale ap
pl icat ions that invo lve the more subt le proper t ies of 
superconductors. 

As I shall show, superconductors exhibit certain quan
tum phenomena in which interference effects can be seen 
in the quantum mechanical wave properties of the elec
trons. These properties are affected by minute magnetic 
fields, currents, and voltages. The discovery of these ef
fects has led to the development of a new generation of 
supersensitive magnetometers, comparators, precision at
tenuators, voltage standards, and other devices. In fact, 
the present U.S. primary standard for the volt is based on 
the so-called Josephson effect* in superconductors. 

Another recent entry of superconductivity to technolo
gy is the development of such Josephson devices as logic 
elements for super-high-speed computers. The key prop
erty of these devices is that they dissipate much less power 
than do semiconductive devices, al lowing the supercon
duct ing devices to be packed more densely and switched 
at much higher speeds. Delays per gate of 58 picoseconds 
have been demonstrated, and a machine wi th a cycle t ime 
of 5 nanoseconds is in the design stage. This is several 
orders of magn i tude faster than any mach ine using 

convent ional logic elements and wou ld br ing about a 
spectacular increase in computat ional speed. This can be 
expected to have a major impact on the study and com
puter model ing of transport phenomena in plasmas, the 
study of turbulence, and weather forecasting, all of which 
require very large comput ing power. 

Since the benefits of the development of these new 
devices and novel technologies seem obvious, one may 
ask why the use of superconductivi ty is not more wide
spread? The answer is simply that the very low tempera
tures needed for the operation of the superconducting 
devices is still a significant barrier to their more general 
use. The devices, magnets or superconducting motors, 
must be housed in well- insulated dewar vessels and must 
be cooled wi th l iquid hel ium, l iquid hydrogen, or by 
some form of sophist icated closed-cycle refr igerator. 
The cost and complex i ty of p rov id ing such refr igerat ion 
is significant. 

If one could discover a superconductor wi th a much 
higher transition temperature than those known today it 
wou ld have a spectacular impact upon the technology. 
First, it wou ld simplify and reduce the cost of the refrigera
t ion system. Second, it wou ld reduce the size and weight 
of virtually all the larger devices. In general, a supercon
ductor wi th a higher Tc is able to carry larger currents than 
one of lower Tc, so magnets w i th fewer turns and less 
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Figure 4 
HIGHEST-KNOWN SUPERCONDUCTING TRANSITION TEMPERATURE 

AS A FUNCTION OF THE YEAR IT BECAME KNOWN 
Since 1911, there has been steady progress in finding superconductors with higher transition temperatures. In 
1973, niobium germanium was found to have a transition temperature of 23.2° K. 
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the number of superconduct ing alloys and compounds 
that have been characterized has increased 10-fold dur ing 
this per iod. As you can see, most of the superconductors 
have transition temperatures below about 5° or 6°K, and 
the highest known superconduct ing transition tempera
ture, which occurs in a specially prepared alloy of Nb3Ge 
(niobium germanium), is 23.2°K. 

In considering the progress made in the search for high
er temperature superconductors, it is interesting to plot 
the highest known transit ion temperature as a funct ion of 
the year in which it was known (see Figure 4). Remarkably 
steady progress has been made in this figure over the past 
60 years; however, this cannot be expected to go on 
forever. An enormous number of alloy systems have been 
studied already, although these studies have largely been 
confined to binary and pseudobinary alloys* and, of course, 
there are many other ternary and quaternary alloys yet to 
be prepared and characterized. Nevertheless, there must 
be some underly ing physical reason that the transition 
temperatures are grouped in this temperature range and 

material could provide the same f ield strengths. 
These facts have been known and appreciated for many 

years and have provided the stimulus for the search for 
high transition temperature superconducting compounds. 
I'll review the history of this development to show1 what 
prospects there are for any marked increase in Tc. 

The Search for High Temperature Superconductors 
You can see by examining the periodic table (Figure 2) 

that a very large number of elements become supercon
duct ing. Twenty-six become superconducting at ambient 
pressure and at least another 10 at higher pressures. Many 
of these elements and nonsuperconduct ing elements can 
be combined wi th one another to form a vast number of 
alloys and compounds. Several thousand of these are known 
to superconduct. 

In Figure 3 the number of known superconductors is 
plotted as a funct ion of the temperature at which they 
become superconduct ing. The general form of this histo
gram has changed litt le over the past 20 years, although 



reasons that put a natural l imit on the attainability of high
er superconducting transit ion temperatures. 

As I wi l l try to explain, there are, in fact, theoretical 
arguments that show there is a general l imitat ion on Tc. But 
this does not put a precise numerical l imitat ion on Tc be
cause scientists are still not able to predict the properties 
of the normal, nonsuperconduct ing state of new alloys 
and compounds or to come close to predict ing the stabili
ty of their various phases. These properties and the stabili
ty criteria depend upon small differences in the free ener
gy of the different phases; and these subtleties are, w i th a 
few simple exceptions, beyond current powers of compu
tation or analysis. 

On the other hand, if these properties were known then 
the theory of superconductivity wou ld be good enough to 
calculate Tc w i th reasonable precision. So inadequacy in 
predict ing new superconductors is not so much a failure 
of the theory of superconductivity but more the still rela
tively primit ive state of the theory of material science and 
of the theory of the solid state. 

A number of empirical rules have been developed from 
a study of the transit ion temperature, crystal structure, 
number of valence electrons per atom, and electron con
figuration of the large number of known superconductors 
(see Figure 5). This has al lowed predict ions to be made of 
the composi t ion of new higher-temperature superconduc
tors. B. Matthias, T. H. Geballe, and their coworkers and 
some other groups in the United States and the Soviet 
Union have been most successful in this endeavor, and 
through this type of empirical extrapolation new super
conductors have been discovered. Since this is more of an 
art form than a scientific theory, many others who have 
attempted to fo l low the empirical rules have been far less 
successful in f inding new superconductors. We can expect 
that this metallurgical aspect of the search for higher tem
perature superconductors wil l be dominated by empiricists 
rather than theorists for many years to come. 

Nevertheless, it is useful to take a look at the theory of 
superconductivity in order to understand the general fea
tures that l imit Tc. By so doing we can get a general feel for 
the metallurgical problems of discovering new supercon
ductors and of improving the properties of the known 
ones. We also can obtain a glimpse of a very different 
research endeavor that, if successful, wou ld take the f ield 
in one quantum jump to superconductivity at or near 
room temperature. 

The Theory of Superconductivity 
The present theoretical understanding of superconduc

tivity is based on a theory developed by )ohn Bardeen, 
Robert Schrieffer, and Leon Cooper and published in 1957. 
This and its various embell ishments are known as the BCS 
theory. BCS has been enormously successful in explaining 
a vast array of experimental data and predict ing many new 
and novel effects in superconductivi ty. The basic assump
tions of the theory are that the electrons in a supercon
duct ing metal are bound together as pairs and that these 
pairs "condense" into a single quantum mechanical state. 
In contrast to this, note that in the normal state the elec
trons are not bound in this way but instead move freely 
and virtual ly independent ly of one another. These ba
sic assumptions lead to certain unique properties of a 
superconductor. 

We have learned f rom the discovery of quantum me
chanics in the mid-1920s that there is a wavelike property 
associated wi th any particle such as an atom or electron, 
the so-called de Broglie wave.* In a superconductor where 
a large fraction of the conduct ion electrons are paired and 
these many pairs are in the same state, the de Broglie wave 
associated wi th this state is of large ampl i tude. Conse
quently, it can give rise to quantum phenomena on a 
macroscopic scale. 

In fact, there is a close analogy between the condensate 
of paired electrons in a superconductor and the photons 
in a laser beam. The de Broglie wave and the laser beams 
are both "monochromat ic " and strongly coherent. This 
makes it possible to observe interference effects in a super
conductor when a current through it can reach a point by 
two or more different paths. Moreover, the variation of 
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Figure 5 
TRANSITION TEMPERATURE OF ALLOYS WITH THE 
A15 CRYSTAL STRUCTURE AS A FUNCTION OF THE 

NUMBER OF VALENCE ELECTRONS PER ATOM 
Source: B.W. Roberts, NBS publication No. 482, p. IV-3 (1969). 



the phase of the de Broglie wave round these paths 
depends upon any magnetic f ield that may be present, 
because unlike photons, the pairs carry a net electrical 
charge. This causes subtle changes to occur in the inter
ference effects as a funct ion of the applied magnetic f ield. 
This property makes it possible to observe exceedingly 
small magnetic fields and has resulted in the development 
of the supersensitive devices ment ioned earlier. 

When two superconductors are separated by a very thin 
insulating barrier, a nondissipative supercurrent cah pass 

Glossary 

between the two superconductors. This is another exam
ple of the wave or quantum property of the superconduct
ing state. In this case, the pairs tunnel through the insulat
ing barrier and interfere constructively wi th the pairs on 
the other side. The josephson effect is associated wi th this 
tunnel ing and wi th the associated interference effects of 
magnetic fields upon these tunnel ing junctions. 

The puzzle in understanding the pairing assumption of 
the BCS theory is why the electrons are attracted to one 
another and form bound pairs when we know that they 
carry the same electrical charge and hence should repel 
one another. The explanation is that the electrons are not 
moving in a vacuum but rather in the interior of the metal. 
The metal is built of a more or less regular crystalline array 
of atoms pr, more precisely, of positive ions that result 
f rom each atom giving up one or more electrons into the 
"Fermi sea"* of electrons between the ions. It is the flow 
of electrons in this sea that constitutes the normal electri
cal current. 

The array of ions or " la t t ice" is not infinitely rigid but 
can be deformed, and this deformation is described by 
sound waves or phonons. As an electron moves through 
this array of positive ions, the ions are attracted to the 
negatively charged electron. This results in a slight dis
placement of the ions and thus a compression of the 
lattice in the vicinity of the electron. However, the elec
tron moves much more rapidly than the heavier ions, so 
the most densely compressed port ion of the lattice trails 
some distance behind the rapidly moving electron (see 
Figure 6). This compressed region has a slight excess of 
positive ions and hence of positive charge, wi th the result 
that it can attract another electron. Thus, as a result of the 
compression of the lattice, two electrons are attracted to 
one another. It is not a simple attractive force like the 
Coulomb force* because the second electron is not attract
ed to the instantaneous posit ion of the first electron but to 
the point where the electron was a short t ime earlier. This 
so-called phonon-mediated electron-electron interaction 
is said to be retarded in t ime, and the retardation makes it 
possible for this interaction to overcome the stronger but 
instantaneous electrostatic repulsion. 

This is an oversimplif ied classical description of an es
sentially quantum mechanical phenomenon; however, it 
contains the essence of the full explanation. The second 
assumption of the BCS theory, that the pairs must be in 
the same state, can be understood from the wave proper
ties of the pairs. If the de Broglie waves of all the pairs are 
in phase wi th one another, then they can interfere con
structively wi th one another and all the pairs can benefit 
f rom the lattice-induced attractive interaction. However, if 
they are in different states and hence have different de 
Broglie wavelengths, then constructive interference can 
occur in some parts of the metal, but in other parts it wi l l 
be destructive, thus largely canceling the benefits of the 
interaction. The energetic advantage of being in the same 
state and same phase relationship is the driving force for 
the formation of the pair condensate. 

This simple argument provides an explanation of the 
sharp transition f rom the superconducting to the normal 
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Absolute zero: a temperature of -459.69° Fahrenheit or 
-273.16° Celsius or 0° on the Kelvin scale that is thought 
to be the temperature at which molecular mot ion vanishes 
and a body wou ld have no heat energy. 

Binary alloy: an alloy composed of two principal metallic 
components. 

Coulomb force: the force said to represent the interaction 
between two point l ike electrically charged objects at rest. 
It varies inversely as the square of the distance between 
the centers of the objects and directly as the product of 
the amount of charge on each object. 

de Broglie wave: the quantum-mechanical wave associated 
wi th a particle of matter. 

Debye frequency: the maximum lattice vibrational frequen
cy used in calculating specific heats of solids according to 
the method developed by Peter Debye. This method as
sumes that the heat content in the solid appears entirely 
as lattice vibrations. 

Doped polymer: a polymer that has had an impuri ty del ib
erately added to it to alter its propert ies. 

Fermi sea: an ensemble of unbound electrons—such as 
that in the interstices of a metal—that obeys Fermi-Dirac 
quantum statistics. 

josephson effect: the tunnel ing of electron pairs through a 
thin insulating barrier between two superconducting ma
terials. 

joule heat: heat developed because of resistance when a 
current passes through a nonsuperconduct ing mateijial. 

Planck's constant: the elementary quantum of act ion, one 
of the fundamental physical constants whose value is about 
6.626 x 1034 joule second. 

Spring constant: a measure of the restoring force of a 
particular spr ing; consequently, also a measure of the 
frequency at which the spring wi l l oscillate. 



Figure 6 
PHONON-MEDIATED ELECTRON-ELECTRON INTERACTION 

Movement of an electron through the lattice of positive ions causes the ions to rn'ove in toward the electron. 
This causes a local compression of the lattice and the resultant increased local density of positive ions can 
attract another electron. This phonon-mediated electron-electron attraction is responsible for the pairing of 
electrons and superconductivity. 

state at T r . At very low temperatures virtually all the pairs 
condense into the same state. If the temperature is raised, 
the thermal agitation of the lattice causes some of the 
pairs to be broken apart, and this slightly reduces the 
number of pairs in the condensate. The presence of the 
unpaired electrons now interferes destructively with the 
remaining pairs, thereby weakening the net attraction be
tween the pairs. Wi th a further increase in temperature, 
this effect becomes catastrophic and no pairs can remain 
bound above a certain critical temperature, T,, that marks 
the transition to the normal state. 

Let's look at a social analogy to this process. Imagine a 
society in which marriage is well thought of and where the 
laws of society are such that divorce is diff icult. Most 
marriageable couples wi l l be paired off. But what happens 
if the divorce laws are relaxed somewhat? The few intr in
sically unstable marriages w i l l break up under these 
circumstances, thereby reducing the number of bound 
couples. However, this has an additional insidious effect 
upon the remaining couples: now moving in the same 

social environment as the married couples are a number 
of freely moving unattached divorcees. The presence of 
these divorcees tends to distract certain of the partners 
among the married couples and so weaken the attractive 
interaction between them, ultimately leading to the break
up of these marriages. 

Wi th further l iberalization of the social mores, this pro
cess becomes catastrophic and a new society evolves where 
no marriage can hope to survive. This last stage represents 
the analogy of the transition to the normal state of a metal! 

The Electron-Lattice Interaction 
Understanding the problem of achieving a higher tem

perature superconductor means understanding the factors 
that determine the attractive interaction between the elec
trons and stablizing the "soc ia l " environment of the re
sulting electron pairs. In this regard it is instructive to 
consider how Tc varies wi th the stiffness or rigidity of the 
lattice. The BCS theory shows that in the simplest approx
imat ion, Tc is given by the expression : 
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Figure 7 
THEORETICAL PLOT OF SUPERCONDUCTING 

TRANSITION TEMPERATURE AS A FUNCTION OF 
LATTICE STIFFNESS 

In this model the lattice is represented by an array of 
ions each of mass M attached to the lattice sites by 
springs* of spring constant K. Plotted is the critical 
temperature, Tc, versus VK. With further reduction 
of the stiffness K, Tc begins to flatten out. 

Here <oD is the Debye frequency* of the lattice, h is Planck's 
constant* divided by 2TT, and kg is Boltzmann's constant.* 
The parameter X is a measure of the strength of the net 
electron-electron attractive interaction. To a first approx
imation the ions can be considered to be attached to jtheir 
positions in the lattice by a spring wi th a spring constant* 
K, where K is a measure of the stiffness of the lattice. If the 
mass of the ion is M, then simple mechanics tells us that 

Suppose now we consider an alloy wi th a very stiff 
lattice. An electron moving in such a lattice wi l l not be 
able to displace the ions significantly. Consequently, f rom 
the model sketched earlier, the electron-electron attrac
t ion described by X wi l l be small; and because X occurs in 
the exponential term in (1), it wi l l cause Tc to be extremely 
small. As the lattice is made less r igid, greater compres
sion can occur and X increases, leading to a rapid increase 
of Tc. However, w i th further reduction of the stiffness K, 
Tc wi l l begin to flatten out (as i l lustratedjn Figure 7). This 
occurs because the preexponential factor hwD, which de
pends on K through (2),becomes smaller. Because of the 
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compet i t ion between the term in the exponential and the 
preexponential te rm, Tc rises to a maximum and then falls. 
This is part of the reason for the l imitat ion of Tc. 

There is another factor that plays a critical role in many 
superconductors. As the strength of the factor K is reduced, 
the electron-lattice interaction itself begins to contr ibute 
to the effective stiffness of the lattice. This a second-
order effect, but one that tends to make the lattice un
stable. When this factor is taken into account, the expres
sion for coD changes f rom (2) to 

Now as the electron-electron interaction becomes larg
er wi th decreasing K, a further softening of the lattice 
occurs through the factor (1-2X), which shows up as a re
duct ion of coD. This continues unt i ! X exceeds 0.5, at which 
point OJD becomes imaginary. This is an indication of a 
lattice instability and results in a change of symmetry of 
the crystal structure. The new structure invariably has a 
weaker electron-electron interaction and consequently a 
lower Tc. 

This type of instablity is found in many of the higher 
temperature superconductors such as Nb3Sn (niobium t in), 
Nb3Ge (niobium germanium), V3Si (vanadium sil icon), and 
so for th , and appears to be the most important factor pre-
t ing Tc f rom going higher in these alloy systems. Various 
methods of preparat ion, annealing, and heat treatment 
have al lowed researchers to inhibit to some extent the 
lattice instability, and most of the progress in raising Tc in 
recent years has come about f rom a study of these factors. 

Estimates have been made of the maximum value that Tc 

could reach in several classes of alloys if the instabilities 
did not occur at all. These estimates lie in the range of 20° 
to 40°K, which is on the order of the maximum Tc achieved 
to date. Perhaps if researchers could get a better under
standing of the stability of the phases of each of the specif
ic alloys, then they could achieve further progress in rais
ing Tc f rom its present maximum value of 23.2°K closer to 
25°K. Most researchers in the f ield believe that it is unlike
ly that superconduct ing alloys wi th Tc much above this 
value wi l l ever be prepared. 

The one possibil ity remaining for achieving supercon
ductivity at substantially higher temperatures is based on a 
dif ferent type of attractive mechanism. It can be shown for 
the phonon mechanism of the BCS theory that if the Cou
lomb replusion between the electron is ignored, then the 
coupl ing constant X that appears in Equation (1) is inde
pendent of the mass of the ions. The preexponential fac
tor cuD then causes Tc to depend upon the ionic mass M 
through (2) such that Tc o M - * . This is known as the isotope 
effect, since Tc depends upon the isotopic mass of the 
ions. 

The discovery of this effect in the 1950s conf i rmed the 
role played by phonons in the superconducting state. The 
presence of the Coulomb repulsion modifies the mass 
dependence of Tc slightly by adding a usually small, mass-



times that for an ordinary phonon superconductor. This 
factor is huge, and superconduct ing transit ion tempera
tures on the order of 1,000°K are predicted. 

Life is not so simple, though, for such a mechanism 
raises a host of fundamental problems. The suggestion of 
the metallic state—let alone the superconducting state at 
high temperatures—occurr ing in a linear organic polymer 
raised some eyebrows in the scientific communi ty . The 
enormous extrapolation inherent in going f rom the pho
non to the exciton mechanism left many theorists uncom
fortable, and the chemical problems posed by the synthe
sis of such a complex macromolecule were staggering. 
Since then, much progress has been made in understand
ing and addressing these problems. The past decade has 
seen a considerable clarif ication oi the theoretical situa
t ion and substantial progress in developing ways of syn
thesizing some such polymers. 

A careful examination of all the subtleties of the theory 
has shown that the basic ideas for such high-temperature 
superconductivity discussed above are val id, but that the 
condit ions for achieving it put extraordinary strong con
straints on the molecular structure of the polymer. It is fair 
to say that these constraints eventually may show that it 
might be impossible to synthesize such materials. On the 
other hand, it is close enough to what researchers can 
synthesize today that the possibil ity of obtaining high tem
perature superconductivity in this way cannot be dismis
sed at this t ime. 

The challenge of this proposal has stimulated research 

on the metallic state in organic compounds, polymers, 
and other exotic systems of complex molecular structure. 
Some very excit ing results have been obtained to date. For 
example, superconductivi ty of the conventional kind has 
been found in the polymer polysulphurni tr ide (SN)X at 
low temperatures. This is the first known polymeric super
conductor and marks an important milestone in the long 
road toward a higher temperature superconductor. 

In addi t ion, metallic conductivi ty has been found or 
induced in a large number of organic charge transfer salts 
(of which the best known example is tetrathiofulvalene-
tetracyanoquinodimethane, [TTF-TCNQ]) and in certain 
doped polymers,* notably the polyacetylenes. Also, re
searchers have devised a powerful new method for syn
thesizing fully conjugated polymers closely similar to the 
type of polymer proposed earlier as an organic supercon
ductor. This has yielded a number of interesting new ma
terials unrelated to superconductivi ty but of considerable 
scientific and technical interest in their own right. 

Wi th these spectacular advances, the task of preparing a 
polymer that could test the original model appears some
what less formidable now than it d id a decade ago. If this 
should prove successful and researchers obtained super
conductivity even at temperatures near 77°K, the boi l ing 
point of l iquid ni t rogen, it wou ld open up an enormous 
new area of science and technology that could lead to 
developments more reminiscent of science f ict ion than of 
science. 

To get there, though, is going to require major advances 
in understanding the stability of the solid state and syn
thetic chemistry and in the design and synthesis of struc
tures on the molecular level. The possibility of f inding 
substantially higher temperature superconductors certain
ly remains, but we should not hold our breath wait ing for 
that great day to come! 
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dependent correct ion to \. In pr inciple, superconductivity 
at higher temperatures might be achieved if researchers 
could obtain an attractive interaction that involved the 
deformation of an electronic subsystem rather than the 
ionic lattice. Then the relevant mass wou ld be the elec
tronic mass not the ionic mass, coD wou ld be replaced by a 
much larger electronic excitation frequency, and Tc wou ld 
be increased proport ional ly. 

The Exciton Mechanism 
Fifteen years ago I suggested that this might occur in a 

polymer consisting of a conductive spine or chain to which 
would be attached a series of highly polarizable side-chain 
molecules. As an electron moves along the spine, it wou ld 
induce a polarization of the side chains. A second electron 
would be attracted to the excess of positive charge of this 
local region in much the same way as in the phonon case 
discussed earlier. This has become known as the exciton 
mechanism of superconductivi ty. The difference between 
this and the phonon mechanism is that the side chain ex
citations have much higher frequencies than the phonons 
because they involve the movement of electrons rather 
than the heavy ions. A simple-minded extrapolation of the 
isotope effect then leads to t rans i t ion temperatures 
for such hypothetical superconductors on the order of 



The Zeta Moves into 

The Eta Beta II zeta pinch fusion de
vice at the University of Padua, Italy 

has demonstrated that the zeta system 
is a viable approach to fusion and 
that the zeta may be the most ad

vanced approach to fusion. 
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First Place in Fusion by Charles B. Stevens 
FROM THE RESULTS OF scores of fusion experiments 

over the last several years, it is now clear that virtually 
every approach to fusion that was developed in the 1950s 
works. 

In fact, the only impediment to the rapid development 
of fusion energy has been the denial of the minimal re
sources needed to experimentally demonstrate any fusion 
system. For example, the reason that the Soviet tokamak 
fusion device was the first to succeed is that the Soviet 
Union devoted sufficient resources to bui ld significant 
experiments. The United States and the Europeans launched 
small-scale fusion efforts after the Soviets unilaterally de
classified their fusion program in 1956, but the programs 
foundered for lack of funds and did not revive unti l 1968, 
when a team of British scientists conf i rmed the success of 
the Soviet tokamak results. 

The essential point is that significant progress in basic 
and applied scientific research requires the investment of 
sufficient resources, and, more important, it requires the 
freedom to fail. Of course, a policy to foster scientific break
throughs is completely incompatible with the current "zero-
based budget ing" and the systems management method 
popularized by former Defense Department head Robert 
McNamara. 

The Case of the Z-Pinch 
The case of the toroidal zeta pinch approach to magnet

ic conf inement fusion energy proves this point . It also 
raises the interesting question of why an obviously prom
ising approach to fusion in the early 1960s was declared a 
failure and was bur ied by British experimenters for 10 
years. 

When the U.S. fusion research effort began back in the 
1940s, the toroidal z-pinch was the first type of magnetic 
confinement system to be investigated, mainly because of 
its simplicity. 

A general descript ion of how fusion works can be found 
in the accompanying box. A z-pinch works like this: A 
donut-shaped vacuum chamber is filled with a small amount 
of hydrogen gas (Figure 2). Then a rapidly increasing elec
trical current is passed through an external transformer 
that generates an electric f ie ld. The f ield first ionizes and 
then induces an electrical current in the hydrogen gas in 
the donut-shaped vacuum and the toroidal plasma acts 
like a one-turn transformer. The induced axially directed 
plasma current generates the circular magnetic field that 
confines, compresses, and heats the hydrogen plasma. 

In addit ion to the physical simplicity of its magnetic f ield 

geometry, the z-pinch offers an opportuni ty for precise 
experimentation in the most challenging areas of plasma 
physics theory (see box). In fact, recent experimental re
sults wi th the Eta Beta II z-pinch at the University of Padua 
in Italy (discussed ful ly below) demonstrate that the zeta 
system not only is a viable approach to harnessing nuclear 
fusion reactions but also may wel l be the most advanced 
approach to fusion—because it makes use of the ability of 
a plasma to naturally organize itself into a self-confining 
structure. It was the failure of British scientists to under
stand this capacity for self-organization in plasmas that led 
to their dropping the zeta program in 1969. 

Before discussing the recent results wi th the zeta sys
tem, I'll review the zeta history. 

After a decade of low-level research beginning in the 
1940s, the United States dropped its small pi lot project 
toroidal z-pinch experiments because of a number of ex
perimental diff icult ies. In brief, these first experiments 
encountered (1) magnetohydrodynamic instabilities (see Fig
ure 3); (2) temperatures that remained low whi le high rates 
of plasma energy loss ensued as a result of radiation of elec
tromagnetic energy generated by the interaction of the 
plasma electrons wi th impurit ies (elements other than hy
drogen) that migrated into the plasma from the surface of 
the vacuum chamber; (3) secondary breakdowns (induced 
electrical currents) at the vacuum chamber wall that ham
pered attempts to raise the temperature by increasing the 
voltage of the current to obtain shorter pinch collapse 
times. 

Despite these problems, the British went ahead and 
built a very large experiment at Harwell in the mid-1950s 
based on the toroidal z-pinch, the Zeta experiment. The 
plasma cylinder of the Zeta had a diameter of 1 meter and 
the overall diameter of the donut was 3 meters. The Zeta was 
until recently the largest fusion experiment ever built and 
wi l l be greatly exceeded in scale only wi th the 1982 com
pletion of the Princeton tokamak fusion test reactor,TFTR. 

Throughout the 1960s, experiments were carried out on 
the Zeta wi th very significant results. Zeta achieved con
f inement times greater than .005 seconds, about 100 times 
better than previous magnetic conf inement experiments; 
densities of 100 t r i l l ion nuclei per cubic centimeter; and, 
most significant, plasma betas of greater than 15 percent. 
(Plasma beta is a measure of the efficiency wi th which a 
magnetic f ield confines the hot plasma. In formal terms, 
plasma beta is the ratio of the plasma gas pressure to the 
pressure of the magnetic field.) 

However, the Zeta did not achieve significant increases 
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in plasma temperature, remaining at the 100 to 200 elec
tron volt level, about 1 to 2 mil l ion degrees. 

At the t ime, it was believed that achieving temperatures 
above 10 mi l l ion degrees together w i th long, stable plas
ma conf inement were the most critical steps in develop
ing magnetic conf inement fusion energy. Actually, as we 
know today, it is the question of plasma beta that is most 
important. 

For a minimally economical electric power plant based 
on the magnetic conf inement approach, plasma beitas of 
more than 5 percent are needed; and for truly economical 
reactors, plasma betas in the range of 10 to 20 percent are 
required. Only recently have tokamak plasma betas been 
brought up to about 3 percent. 

Why did the British give up on the Zeta? In the late 
1960s, the Soviet tokamak fusion experiment reached tem
peratures of more than 10 mi l l ion degrees, w i th all other 
parameters—except for plasma beta—in the same range as 
the Zeta. After the British Zeta scientific team visited the 
Soviet Union and measured the results of the Soviet tok

amak, the wor ld fusion communi ty directed its efforts 
toward the tokamak in order to pursue higher tempera
tures. The Zeta was declared a failure in 1969, and when 
the experiment fell off the back of a truck whi le being 
moved, the Zeta program was el iminated. 

The irony in the rejection of the Zeta approach is that 
the tokamak is really a type of toroidal z-pinch. In the 
tokamak, l ike the toroidal z-pinch, an axial plasma current 
is induced in a donut-shaped plasma. This current gener
ates a magnetic f ield in the circular (poloidal) d i rect ion, 
like that in the z-pinch, and this magnetic f ield is primarily 
responsible for conf inement of the hot plasma. 

Tokamaks also have a strong axial magnetic f ield (the 
toroidal field) generated by external magnetic f ield coils 
that encircle the plasma co lumn. This strong axial f ield is 
essential for maintaining the stability of the tokamak plas
ma. In addi t ion, this axial (or toroidal) f ield leads to upper 
limits on the size of a current that the tokamak plasma can 
stably carry as wel l as upper limits on the plasma beta. 
(Zeta had plasma currents of up to 1 mi l l ion amps, and this 

Figure 1 
MAGNETIC CONFINEMENT CONFIGURATIONS 

In a, an axial magnetic field traps plasma ions and electrons into spiral orbits along the field lines. A plasma current 
is induced to flow in a circular fashion, the short way around the cylinder. This generates the magnetic field parallel 
to the axis of the plasma cylinder. If the induced plasma current is made to increase rapidly, then the intensity of 
the magnetic field will increase. This compresses and heats the plasma, which, in turn, leads to an intensification 
of the magnetic field. This process of the plasma current generating self-compression is called the plasma pinch, 
and this type of magnetic geometry is called the theta pinch. 

In b, a circular magnetic field — the poloidal field — traps plasma particles to "closed" spiral paths along the 
"closed" magnetic field lines. This configuration is called a zeta or z-pinch. The induced plasma current in the 
z-pinch flows in a direction parallel to the central axis of the plasma — the long way down the cylinder. 

The magnetic field configuration in c has been closed by bringing the ends of the cylinder together to form a 
toroidal shape — a donut. The field lines now are closed. Also shown is an external coil that generates the 
magnetic field within the plasma. 
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was equaled only last year on the General Atomic Doublet 
III tokamak.) 

Wi th the rebirth of the toroidal z-pinch in the early 1970s 
in the form of the reversed f ield z-pinch and in light of 
recent Italian experimental results, it has become clear 
that the original Zeta was a roaring success. Not only is the 
Zeta the basis for a viable magnetic fusion reactor, but also 
the Zeta approach may be essential to the successful de
velopment of the tokamak. 

The Zeta's Self-Confining Ability 
In high school physics, students are sometimes intro

duced to what is euphemistically referred to as Maxwell 's 
demon, an unseen creature who devilishly rearranges phys
ical phenomena to be more ordered. Essentially, the demon 
is a mystical way of explaining how the so-called anomaly 
of antientropy or negentropy occurs despite the Second 
Law of Thermodynamics. 

The British experimenters encountered a Maxwell 's 
demon in the Zeta device, but one that was quite visible. 

As the experiment proceeded, the plasma column wou ld 
appear to become unstable. It wou ld twist itself unti l a 
kink was formed like that in Figure 3, which appeared to 
be the wel l -known M H D instability. 

As the kink developed—actually two of them were ob
served in a sort of double loop—it wou ld travel around the 
torus and react wi th the wall of the Zeta vacuum chamber, 
an electrically conducting wall. The interaction of the plas
ma M H D kink and the wall wou ld generate a magnetic 
field in a direct ion opposite to the initial z-pinch magnetic 
field along the outside of the plasma co lumn. Thus, it 
would set up a reversed two-layered magnetic f ield. 

Eventually, the double kink wou ld disappear, leaving 
the conf ined plasma in a more stable reversed-field con
f igurat ion, and the temperature of the plasma wou ld rise. 

Al though the researchers observed almost immediately 
the period in the Zeta when the plasma became field 
reversed and significantly more stable and hotter, they did 
not understand how this came about unti l many years 
later. The fact that Zeta was a " c o l d " plasma, having tern-

How 
Fusion Works 

The general methods for harnessing 
fusion were developed chiefly on the 
basis of scientific investigations of how 
stars work. To ignite fusion, the fuel 
must be heated to hundreds of mil
lions of degrees. The rate at wh ich the 
fusion reaction proceeds is proport ion
al to the density of the fuel (measured 
in terms of the number of fuel nuclei 
per cubic centimeter). Therefore, to 
generate a significant amount of fu
sion energy, the density of the fusion 
fuel must be maintained simultaneous
ly wi th the hundred-mi l l ion degree 
temperature. 

In other words, the fusion fuel must 
be confined at the requisite ignit ion 
temperature for some min imum peri
od of time at a given density to achieve 
net energy product ion. These gener
al condit ions for net energy genera
t ion are measured in terms of achiev
ing the ignit ion temperature and the 
product of the conf inement t ime and 
the fuel density. 

The fusion reaction w i th the lowest 
ignit ion temperature and greatest en
ergy output is that of the two heavy 
isotopes of hydrogen, deuter ium, 
which has one proton and one neu
t ron , and t r i t ium, which has one pro
ton and two neutrons. 

The ignit ion temperature for the 
deuter ium-tr i t ium or D-T reaction is 
about 44 mil l ion degrees Celsius or 4 
thousand electron volts. (One eV is 
equivalent to about 11,000 degrees Cel-
sius.) The fusion reaction products of 
the D-T reaction are a hel ium nucle
us, which has an energy of 4 mi l l ion 
electron volts (4 MeV) and a neutron 
wi th an energy of 14 mi l l ion electron 
volts (14 MeV). 

The min imum product of confine
ment t ime and density needed for net 
energy product ion wi th D-T is 30 tr i l 
l ion nuclei per cubic centimeter per 
second. Thus, a 50-50 mixture of D-T 
above the ignit ion temperature at a 
density of 30 tr i l l ion nuclei per cubic 
centimeter must be confined and main
tained at this density for a durat ion of 
1 second in order to get net energy 
generation. 

Fusion Approaches 
The two general approaches to con

fining fusion fuels above ignit ion tem
peratures are inertial and magnetic 
conf inement. The inertial approach 
duplicates the way in which stars gen
erate fusion in their dense interiors 
where the gravitational force of the 
huge mass confines and compresses 
hydrogen. 

Manmade inertial fusion uses intense 
beams of ions, electrons, or electro
magnetic radiation produced by lasers 
to duplicate the gravitational com
pression of stars. A small pellet of fu

sion fuel is compressed and heated to 
high densities using these intense 
beams. Because of the high densities 
achieved,the fuel "burns u p " before 
it has t ime to "b l ow u p . " The inertia 
of the fuel actually maintains conf ine
ment for the few bil l ionths of a se
cond required. 

The second general fusion method, 
magnetic conf inement, utilizes the 
electrical propert ies of high-tempera
ture matter. When matter is heated to 
more than 10,000 degrees, its atoms 
become ionized; that is, electrons are 
stripped off the atoms and the remain
ing positively charged ions together 
wi th the negatively charged " f r e e " 
electrons take up separate existences. 

This state of matter is the plasma 
state. Al though the other three states 
of matter—solid, l iqu id, and gas—are 
generally all that is found on earth, 
most matter in the universe is in the 
plasma state, and stars and the sun 
are really large plasmas. 

In magnetic confinement, fusion fuel 
is turned into a plasma, and through 
the interaction wi th a magnetic f ield it 
is conf ined and insulated. Once sta
bly conf ined, the fusion fuel can be 
heated in various ways—with micro
waves, lasers, charged particle accel
erators, or simply by inducing an elec
tric current in i t—to the hundred mi l
l ion-degree temperatures needed to 
ignite fusion. 
Continued on page 58 
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peratures of only several hundred electron volts com
pared to the mult i thousand electron volt plasmas of toka-
maks, was essential to the discovery of the double kink 
and the associated reversed field conf igurat ion. The rela
tively cold plasma permit ted experimentalists to measure 
directly the magnetic f ield geometry of Zeta throughout 
the experiment, using small metal coils injected into the 
plasma. 

As a result, theoreticians were able to develop an ap
proximate " l inear" picture of what was going on in Zeta; 
that is, a picture that could account for the dynamics of 
the f ield reversal by the double kink but could nbt ful ly 
account for the double kink's appearance and disappear
ance. 

Of course, the appearance of such self-stabilizing struc
tures in plasma-fusion research is not a quirk. Suth self-
ordered structures in plasma physics experiments have 
been the rule and not the except ion. As for why such 
structures were deemed an experimental fai lure, it has to 
be understood that the very existence of self-ordered struc
tures completely violates all of the tenets of the currently 
hegemonic empiricist method in science originated by the 
British.1 

What was actually going on in the Zeta and its real 

significance became evident to the British only in the late 
1960s wi th the work of Dr. Winston Bostick and Dr. Dan 
Wells who investigated "se l f -ordered" plasma structures 
both experimentally and theoretically.2 Bostick and Wells 
contended that the plasma wou ld almost "natural ly" or
ganize itself into a self-confined structure if it were given 
sufficient energy and freedom instead of being forced 
into a conf inement conf igurat ion. In particular, Bostick 
and Wells pointed at the experimental evidence found in 
all plasma pinch experiments where the plasma tended to 
form helically shaped fi lamentary structures in which the 
current, magnetic f ie ld, and plasma f low all fo l lowed par
allel helical paths (Figure 4). 

Self-Confining Structures 
Wells and Bostick pointed out that such structures are 

"force-free" and therefore "self-subsisting"—self-confining. 
In particular, Wells developed the theoretical concepts 
based on the work of Adolf Busemann, the German scientist 
responsible for much of the work on rockets and jets 
dur ing Wor ld War I I , to demonstrate how such structures 
maintain their stability. 

Qui te typically, the British Zeta scientists referred to the 
dramatic development of f ield self-reversal in the Zeta as 

How Fusion Works 
Continued from page 57 

Magnetic fields confine hot plasmas 
by trapping the charged particles that 
make up the plasma into spiral orbits 
along the magnetic f ield 's lines of 
force. The two magnetic f ield lines in 
Figure 1 provide a general overview of 
all magnetic conf inement. Both con
figurations begin wi th a long cylinder 
of plasma. In a, the magnetic f ield 
lines are parallel to the long axis of 
the cylinder and the charged plasma 
particles are trapped into spiral orbits 
along these lines. Note that nothing 
prevents the plasma f rom streaming 
out the two ends of this cylinder. 

In b, the magnetic f ield lines in the 
plasma cylinder fo l low closed paths 
the short way around the cylinder, 
and the plasma particles have no d i 
rect path to escape from the cylinder. 
A third possible magnetic f ield con
f inement system wou ld combine both 
variations a and b w i th the magnetic 
field lines forming spirals along the 
major axis of the cylinder. 

When the ends of the plasma cylin
der of either a or o are brought to
gether, a torus is fo rmed. This is the 
geometry of most conf inement geo
metries since, as is obviously the case 

wi th c, forming a torus "closes the 
ends. " 

Magnetic conf inement systems usu
ally depend on externally induced 
electric and magnetic fields that are 
generated by passing an electric cur
rent through a normal metal conduc
tor in proximity to the fusion plasma. 
Since normal metals and other mate
rials can support fields of only a few 
electron volts per atom before break
ing up, this puts an upper l imit on the 
eriergy density of the fields that can 
be used. 

For example, it is impossible for nor
mal conductors to generate magnetic 
fields greater than several hundred-
thousand gauss. This translates into 
energy densities of less than 1020 eV 
per cubic cen t imete r . Since plas
mas have to be conf ined at hundred-
mil l ion-degree temperatures, wh ich 
correspond to energies of 7,000 to 
9,000 electron volts per plasma par
ticle, the densities of magnetic confine
ment plasmas are between 1013 to 1016 

plasma particles per cubic centime
ter. Thus, magnetic confinement plas
mas are hundreds of times less dense 
than normal air and mil l ions of times 
less dense than in inertial confinement 
fusion where densities range f rom 1019 

to 1026 atoms per cubic centimeter. 

There are a number of conse
quences that stem f rom these condi
t ions. First, because fusion reactions 
proceed much more slowly at such 
low densities, the t ime the fuel must 
be maintained at fusion temperatures 
on the average must be mil l ions of 
times longer than is the case for iner
tial conf inement in order for most of 
the fuel to react. 

Second, any plasma in contact w i th 
the vacuum chamber in wh ich the 
magnetic conf inement system is set 
up wi l l rapidly cool the plasma and 
quench the fusion reaction. Therefore, 
fusion plasma must be insulated, con
fined wi th in the magnetic f ield "bot 
t l e " to prevent it f rom coming in con
tact w i th the chamber wal l . 

Th i rd , the magnetic f ield-plasma 
configuration must be kept reasona
bly stable. Plasmas can escape from 
the magnetic bott le by using the en
ergy of the magnetic f ie ld to generate 
either macroscopic or microscopic tur
bulent motions by which they reach 
the wall of the vacuum chamber (see 
Figure 3). These macroscopic instabil
ities are termed magnetohydrodynamic 
instabilities or M H D because the plas
ma and magnetic f ield interactions in 
such cases are similar to interactions 
between fluids. 
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the "qu iescent" per iod. And Bostick and Wells's work was 
ignored and ostracized for almost a decade. 

Only after overwhelming experimental evidence was 
accumulated and Bostick and Wells's concepts were ap
pl ied to tokamak plasma dynamics were these ideas taken 
seriously in the plasma physics communi ty. 

Analysis in the early 1970s of the Zeta results by U.S. 
fusion researchers led to the rebirth of a toroidal z-pinch 
research effort here. Simultaneously the British also re
established their z-pinch program, but on a much smaller 
scale, and z-pinch programs were init iated in Italy and 
japan. 

In 1974, the leading British plasma physicist J. B. Taylor 
presented a theory that attempted to explain the stability 
of the self-reversed structures found in the Zeta device 
and later toroidal z-pinches.3 Interestingly, the chief points 
of the Taylor theory were exactly equivalent in formal 
terms to what Dan Wells had published in the Journal of 
Plasma Physics in 1969 and 1970. However, Taylor neglect
ed to refer to Wells's previous papers. 

In fact, in the entire international scientific literature 
Dan Wells's 1969-1970 papers were cited only by Winston 
Bostick until May 1978, when plasma physicist David Mont
gomery took note of Wells's papers in an article in Physi

cal Fluids.4 (Wells's work was brought to the attention of 
Montgomery by the staff of the FEF.) 

Coincidentally, Dan Wells's coauthor on a 1969 paper, 
Joseph Norwood, made extensive visits to Taylor's labora
tory in Great Britain at Culham in the early 1970s. 

Since that t ime, the small experiments uti l ized to inves
tigate the reversed f ield toroidal z-pinch have been quite 
successful. In 1978, U.S. scientists f rom the Los Alamos 
Scientific Laboratory proposed a joint international effort 
to pool the meager resources of the various reversed-field 
pinch programs to construct a significant proof-of-principle 
experiment. However, the British rejected the proposal 
and instead insisted that any joint program should l imit 
itself to constructing a machine that wou ld duplicate the 
original Zeta results and not go significantly beyond that.5 

The Eta Beta II Breakthrough 
This stalemate situation was transformed by the experi

mental breakthrough of Italian fusion scientists on the 
small Eta Beta II z-pinch at the University of Padua. Histor
ically, it is most appropriate that the University of Padua 
should break this Brit ish-generated deadlock on the re
versed-field p inch: Padua was the chief center responsible 
for the emergence of modern science in the 17th century 

FUSION 59 

Figure 2 
SIMPLE TOROIDAL Z-PINCH 

A cutaway view of the simple toroidal z-pinch. In experimental runs, hydrogen gas is pumped into the vacuum 
chamber to fill up the donut at a low density. Then an electric current is passed through the transformer. This 
generates an electrical current field that ionizes the hydrogen gas in the vacuum chamber. As the current rises in 
the transformer, a plasma electrical current is induced to travel around the donut. This generates the circular 
(poloidal) magnetic field that pinches and initially heats the plasma. As the current continues to rise, it too heats 
the plasma. 

In the later, more sophisticated versions of the toroidal z-pinch, toroidal field coils were placed around the 
vacuum chamber. These generated an axial (toroidal) magnetic field that helped to stabilize the simple z-pinch 
against MHD instabilities. Also "vertical" field coils were added that prevented the plasma donut from simply 
expanding and hitting the vacuum wall. The vertical field coils generate a magnetic field on the outside of the 
plasma donut in a direction perpendicular to the plasma column. When the plasma expands outward, it interacts 
with this vertical field and is forced inward as a result. 



Figure 3 
MAGNETOHYDRODYNAMIC (MHD) PLASMA INSTABILITIES 

The plasma column in an axial magnetic field can become unstable by taking on the various shapes shown here. In 
the terms used to identify the various instabilities, m is an integer in a mathematical function of the form sin (m0) 
that determines the geometry the MHD motion (instability) of the plasma column will take. For example m = 0 
means that the plasma column will move only in a radial direction (that is, with differing thicknesses). In m = 1, 
the plasma column motion takes the form of a spiral or simple coil';— a kink — and if this continues to grow, the 
plasma will hit the wall of the vacuum chamber. In m = 2, the column spirals and is squeezed. 
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and counts among its renowned alumni Wil l iam Gilbert, 
the leading English scientist of the 17th century and the 
first to investigate plasma phenomena. 

Wi th a much smaller experiment and very l imited re
sources, the small team of dedicated fusion scientists at 
Padua was able to duplicate the original Zeta results. Among 
the major reversed-field pinch experiments including the 
Zeta, the Eta Beta II is by far the smallest machine wi th the 
lowest electrical current. Yet the recent experiments on 
the Eta Beta have obtained confinement times of 500-mil-
l ionths to 700-millionths of a second, temperatures in the 
range of several hundred electron volts, densities up to 
1,000 tr i l l ion (1015) nuclei per cubic centimeter, and plasma 
betas of above 10 percent. 

As can be seen in Table 1, which lists the parameters 
attained by the major reversed-field pinch experiments, 
this puts the Eta Beta II in the Zeta ballpark and actually 
represents the experimental dupl ication of Zeta. 

Even more significant, the Italian results in terms of 
conf inement times are a factor of 10 better than other 
recent reversed-field pinch experiments and demonstrate 
that the reversed-field pinch is rapidly catching up wi th 
tokamaks, which have attained confinement times of 60,000-

mil l ionths of a second. 
Because of Eta Beta It's high betas and its relatively 

simple plasma heating and magnetic f ield technology, the 
reversed-field pinch could leapfrog over the tokamak in 
terms of demonstrat ing its capacity to be an economical 
power plant. Furthermore, because of the close relation
ship of reversed-field pinches to tokamaks—they are both 
z-pinches—it could lead to the development of a better 
tokamak. 

Slow Rise-Time Key to Success 
The key to success of the Eta Beta was that the Padua 

researchers ignored the prevail ing theory and used elec
tric currents wi th relatively slow rise-times; that is, cur
rents that slowly increased over t ime. Ironically, one of 
the reasons that reversed-field toroidal z-pinches were 
reexamined in the early 1970s was the development of fast 
rise-time electrical technology. It was believed that this fast 
rise-time w o u l d : (1) overcome the problem of secondary 
breakdown at the vacuum chamber wall found in the early 
z-pinch experiments; and (2) provide the basis for obtain
ing very high-temperature ions (several thousand electron 
volts) by the development of a shock wave dur ing the 
compressing stage of the pinch formation that wou ld lead 
to significant heating of the plasma ions. 

Ignoring this, the Eta Beta team used slow rise-time 
currents and, as a result, the impuri ty level in the plasma 
was kept quite low and they achieved a very stable and 
long-lived plasma. It turns out that the shock heating, 
which chiefly affects the ions whi le the electrons remain 
relatively " c o l d , " leads to a temperature difference be
tween the electrons and ions and the development of a 
strong electric f ield in the plasma co lumn. This electric 
f ield tends to pul l impur i ty atoms (elements other than 
hydrogen) off the vacuum chamber wal l . 

In addi t ion, the Eta Beta team was able to compare the 

(b) Reversed field pinch magnetic fields 

Figure 4 
COMPARISON OF TOKAMAK AND 

REVERSED-FIELD PINCH MAGNETIC FIELDS 
In this rough graph, the y axis gives the magnetic 
field strength while the x axis gives the position of 
the magnetic field relative to the center of the plas
ma column, x = 0 is the center; the positive x direc
tion is toward the outside of the overall donut; and 
the negative x direction is toward the center of the 
donut. For the tokamak, the toroidal field, B®, is al
ways greater than the poloidal field, BB. In the 
reversed field pinch, the toroidal and poloidal fields 
have regions where they have the same strength. 
Also, the toroidal field in the reversed-field pinch 
reverses direction on the outside part of the plasma 
column. 
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Table 1 
D PINCH EXPERIMENTS PARAMETERS 

HBTX* 
Culham (UK) 

ZT-40 
Los Alamos 

Eta Beta II 
Univ. of Padua 

Zeta 
Harwell (UK) 

Plasma current I in millions of amps 
Major radius in cm 
Minor radius in cm 
Achieved plasma parameters 
Electron temperature 
Density nuclei per cc 
Plasma beta 

.4 .6 
80 114 
26 20 

.2 
64 
12.5 

50-150 eV 
about 1014 

about 10% 

1.0 
150 
50 

50-150 
about 1014 

about 10% 

Note: HBTX and ZT-40 have not reported any results yet. 

Although the Eta Beta II is much smaller than the Zeta experiment, it has achieved the same level of results. 

Figure 5 
GEOMETRIC RELATIONS OF 

MAGNETIC FIELD STRENGTHS 
IN MAGNETIC CONFINEMENT 

The graph shows the geometric relations of the mag
netic field strengths for magnetic confinement. F, 
the y axis, is the ratio of the toroidal magnetic field 
found near the wall of the vacuum chamber, /;,,,, to 
the average toroidal magnetic field found through
out the plasma. Theta, 0 , here is the ratio of the 
poloidal field 6 e found at the wall to the average 
toroidal field throughout the plasma. 

Tokamaks are located in the upper left-hand re
gion of the graph, while the reversed field pinches 
are the points plotted within the shaded area. 

plasma to the "self-reversal" found in Zeta and other ex
periments and to nonreversed toroidal z-pinch plasmas, 
because they could program the electric currents to gen
erate the reversed-field conf igurat ion. Their results tend
ed to conf i rm the above-mentioned theoretical projec
tions of Wells and Taylor in terms of the stability of the 
reversed-field conf igurat ion. 

To understand how this works, let's look at the magnet
ic f ield structure of the reversed f ield toroidal z-pinch in 
much greater detai l . 

A tokamak magnetic f ield has the geometry shown in 
Figure 5, a spiraling magnetic f ield that is a combinat ion of 
a strong toroidal (axial) f ield designated by the Greek 
letter phi (<t>) and a relatively weak poloidal (circular) f ield 
designated by the Greek letter theta (B). 

In both the tokamak and the reversed-field p inch, the 
fields are generated in the same way; that is, the toroidal 
f ield is generated by external f ield coils and the poloidal 
f ield is generated by an induced plasma current. However, 
in a reversed-field pinch the toroidal and poloidal magnet
ic fields are about of equal strength. 

Figure 6 compares the toroidal and poloidal magnetic 
field strengths of the tokamak to those of the reversed-
field pinch. The y axis gives the magnetic field strength, 
whi le the x axis gives the posit ion of the magnetic field 
relative to the center of the plasma co lumn. The center is 
x = 0, whi le the positive x direct ion is toward the outside of 
the overall donut and the negative x direct ion toward the 
center of the donut . 

For the tokamak, the toroidal f ield (B,,,) is always greater 
than the poloidal f ield BH. In the case of the reversed-field 
pinch, the toroidal and poloidal fields have regions where 
they have the same strength. And , as can be seen in the 
f igure, for the reversed-field pinch the toroidal f ield re
verses direct ion on the outside of the part of the plasma 
column. 
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Figure 6 
LOS ALAMOS PROOF-OF-PRINCIPLE REVERSED FIELD PINCH 

This drawing of the Los Alamos proof-of-principle reversed-field pinch experiment shows the coils, shell, liner, and 
vacuum pump ports, giving some idea of the size of the experiment. The proof-of-principle experiment, budgeted 
at about the same amount as the tokamak proof-of-principle (the Princeton PIT), is likely to go much further than 
the conservative Los Alamos projections, probably providing results more on the level of those expected for the 
Princeton tokamak fusion test reactor. 

To avoid the M H D kink instability shown in Figure 3, the 
tokamak magnetic f ield configurat ion must have the fo l 
lowing type of relationship to the overall geometry of the 
plasma donut : The radius of the plasma column a (the 
minor radius) times the toroidal magnetic f ield B6, divided 
by the radius of the overall donut R (the major radius) 
times the poloidal magnetic f ield BH, must be greater than 
1. This relationship is called the q safety factor: 

aB„, 
q = 

RB„ 
must be greater than 1 

The reversed-field p inch, however, is stable wi th a q 
safety factor of less than 1. It is necessary only that the rate 
of change of q w i th respect to R not be equal to zero. 

This M H D stability dif ference between tokamaks and 

reversed-field pinches has a number of important conse
quences. First, since the high q's needed for stability in 
the tokamak mean that the poloidal magnetic f ield must 
be less than the toroidal f ie ld, there is an upper l imit on 
the electric current that can be induced in the tokamak. 
This is because the poloidal f ield is proport ional to the 
induced plasma current. Therefore, given toroidal fields 
of equal strength, the reversed-field pinch can use much 
larger plasma currents. 

Second, as a result of this first point , reversed-field 
pinches can be heated to ignit ion by electric current ohmic 
heating, which is quite unlikely in the case of tokamaks. 
Therefore, reversed-field pinch reactors wou ld not need 
costly alternative heating systems such as neutral beams, 
microwaves, and so on . 
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Third, as a close examination of the q safety relationship 
for tokamaks shows, in order to minimize the toroidal 
f ield needed, the ratio of the minor radius a to the major 
radius R must be as great as possible'; that is, as fatja donut 
as possible. This creates a number of technological dif f i 
culties, especially for power reactors since the access to 
the inner part of the donut becomes quite dif f icult. 

This is not the case in the reversed-field pinch. The 

donut can be as thin as desired; therefore, there is easy 
access to the entire plasma column wi th in a reactor and 
the donut can be broken up more readily into modular 
segments. 

Fourth, the high q safety factors put upper limits on the 
simple tokamak conf igurat ion, whi le in the reversed-field 
pinch plasma betas as high as 50 percent are theoretically 
possible. This is most important from the standpoint of 

The Zeta Pinch 
And Plasma Theory 

The recent results reported f rom the 
Eta Beta II z-pinch experiment at the 
University of Padua—and the l ight 
these experiments shed on the older 
pinch experiments—offer an ideal op
portunity for a "c r i t i ca l " experiment 
in plasma science. 

The zeta pinch is uniquely suited to 
precise experimentat ion, which was, 
in fact, one reason for its initial popu
larity. It has a simple magnetic f ield 
geometry (unlike the tokamak or stel-
larator); it creates a large plasma vol
ume, al lowing easy access for diag
nostics wi th lower resolution (unlike 
the theta pinch or plasma focus); and 
its relevant t ime scales are manage
able, bo th for power sources and 
measurement. 

Most important, however, the zeta 
p inch poses the most chal lenging 
quest ions of plasma physics in an 
experimental ly accessible context— 
something no recent magnetic confine
ment results have been able to do. 

The most significant of these prob
lems are the fo l lowing: 

The structure of the magnetic f ield. 
The initial results f rom the Italian zeta 
experiment show dramatically that the 
detailed structure of the magnetic field 
is responsible for the dynamics of the 
plasma. This is probably true for all 
plasmas, but in no experiment to date 
has it been possible to prepare a fine
grained map of the time-varying struc
ture of the magnetic f ie ld. Theoretical 
work like that of the magnetof lu id-
dynamics group at the Courant Insti
tute1 predicts that the topological prop
erties of the magnetic f ield and the 
interaction between this topology and 
variations of density and temperature 

are the principal mechanisms behind 
the evolut ion of magnetized plasmas. 
The zeta is a perfect experimental de
vice for testing these f indings. 

Dynamic plasma structure. The mac
roscopic result of the complex struc
ture of the magnetic f ield in experi
ments l ike the zeta is the formation of 
large-scale coherent mot ion of plas
ma. However, the phenomena char-

The Eta Beta II 

acteristic of this large-scale coherent 
mot ion have never been documented 
in a large plasma experiment—vortex 
rings, f i laments of vortical internal 
structure, and the like have been care
fully studied in the experiments of 
Bostick2 and Wells3 but never in a large 
magnetized plasma. 

Recent theoretical work predicts that 
any twisted structure—like the plasma 
in the zeta—can support " k i n k s " that 
are solitonS4 and that their dynamics 
are a funct ion of the new particle-like 
properties of the sol i ton. The insights 

that could be provided by a careful 
analysis of the dynamics, internal struc
ture, and stability properties of the 
zeta plasma would immediately be ap
plicable to other large plasmas that 
are not so easily studied. 

Microscopic processes and macro
scopic order. Perhaps the most intr i
guing aspect of the zeta experiment is 
the evolut ion of the plasma f rom ini
tial disorder as the discharge is initiat
ed to a highly ordered final state. The 
zeta plasma, l ike that in a tokamak or 
plasma focus, begins in a state of 
"s t rong turbu lence, " where all its par
ticulate properties are characterized 
by maximum disorder. However, there 
are other, nonparticulate properties 
that guide the overall mot ion of the 
plasma so as to create a structured, 
globally coherent final state. This tran
sition has been studied theoretically, 
to some extent; for example, in an 
important series of papers by Mont
gomery5 who predicts the formation 
of globally coherent large-scale struc
ture, much like that found in f luid 
turbulence and atmospheric mot ion . 
This theoretical work leaves open the 
question of the causal connections be
tween the initial chaotic state and the 
final ordered state, because of the tre
mendous mathematical diff icult ies in 
the present formulat ion of the prob
lem. An experiment like the zeta would 
take us much closer to an empirical 
test of present theories and provide 
the critical guideposts to further work. 

—Dr. Steven Bardwell 

Notes 

1. H. Grad, "Reconnection of Magnetic Field 
Lines in an Ideal Fluid," to be published. 

2. W. Bostick, International Journal of Fusion En
ergy, 1:1 (1977). 

3. D. Wells, International Journal of Fusion En
ergy, 1:3(1978). 

4. G. Lamb, Phys. Rev. Letters, 9:235 (1976). 
5. D. Montgomery et al., Phys. Fluids, 21:757 

(May 1978). 
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reactor economics. Wi th higher betas, weaker magnetic 
fields can be used to conf ine thermonuclear plasmas. This 
means a significant savings in magnetic field systems, which 
are a large port ion of the total capital cost of magnetic 
fusion systems. Also, wi th weaker magnetic fields, the 
requisite technology is much easier to develop. 

In addi t ion, because the power density of magnetic 
fusion plasmas is a direct funct ion of the plasma beta—it 
actually increases as beta to the fourth power—reversed-
field pinch fusion reactors can be much more compact. 

The geometric relations of the magnetic f ield strengths 
for magnetic conf inement are shown in Figure 5. The y 
axis, designated by the letter F, is the ratio of the toroidal 
magnetic field found near the wall of the vacuum cham
ber, B^, to the average toroidal magnetic f ield found 
throughout the plasma. In this case, theta (6) is the ratio 
of the poloidal f ie ld, BH, found at the wall to the average 
toroidal f ie ld. 

Tokamaks appear in the upper left-hand region of the 
f igure, whi le the reversed-field pinches are represented 
by the points plot ted wi th in the shaded region. This shad
ed area and the area to the right of it are the region of high 
plasma beta, whi le to the left of the shaded area beta 
equals zero. 

According to theory, the region between the two graphed 
lines is the area where the plasma wi l l be stable. Since 
tokamaks are normally l imited to the upper left-hand re
gion of the f igure, they are kept at relatively low plasma 
betas and can become easily unstable. 

What happens in the case of the reversed-field pinch 
when it migrates out of the stable shaded region is most 
interesting. As the fields change in the reversed-field pinch 
during the experiment, the plasma begins to migrate out 
of the stable shaded region toward the left-hand di rect ion. 
This is where the "self-reversal" phenomenon was en
countered in the Zeta experiment. The ubiquitous double 
kink appears and interacts wi th the conduct ing wall of the 
vacuum chamber. This interaction leads to the formation 
of a reversed magnetic f ield in the outer region of the 
plasma co lumn, and w i th this self-induced change, the 
plasma migrates back into the shaded region of the f igure. 

The double kink then disappears. In Zeta this happened 
up to three times in a single experimental run, each t ime 
with the plasma becoming hotter and more stable. 

The Future 
With the success of the Padua Eta Beta I I , the prognosis 

for the ZT-40 z-pinch that is coming on line now at the Los 
Alamos Scientific Laboratory is quite good. Original ly, the 
ZT-40 was to first explore the use of fast rise-time fields—a 
technology speciality at Los Alamos. But since the success 
of Eta Beta II w i th slow rise-times, the ZT-40 wi l l explore 
this approach first. 

Al though the funding for the Los Alamos ZT-40 was 
recently cut, it is expected that the ZT-40 wi l l go a long way 
to demonstrat ing the viability of the reversed-field p inch. 

Los Alamos scientists have already laid out what is need
ed beyond ZT-40, in terms of a proof-of-pr inciple experi
ment, in a preliminary report t i t led "The Reversed Field 

Pinch Concept and a Preliminary Conceptual Design for a 
Proof-of-Principle Experiment" (Report No. LA-7527). This 
experiment, which wou ld cost $50 mi l l ion (approximately 
the same as the cost of the proof-of-pr inciple experiment 
for the tokamak, the Princeton PLT), wou ld most definitely 
approach reactor-level plasmas. 

In light of Eta Beta I I , it is also clear that the proof-of-
principle experiment proposed by Los Alamos would actu
ally come much closer to a tokamak fusion test reactor 
type of experiment for the reversed-field pinch approach 
since many of the critical issues located in the Los Alamos 
report—such as impuri t ies, scaling laws, setting up and 
sustaining of the reversed-field conf igurat ion, ohmic heat
ing effects, and long-term control of stability—can now be 
addressed in Eta Beta II and the ZT-40. 

A major advantage of the ZT-40 is that it is nearly twice 
the size of the Eta Beta II w i th a minor radius of 20 centi
meters compared wi th 12.5 centimeters for the Eta Beta. 

Table 2 
Comparison of Parameters for the Reversed-Field Pinch 

Reactor and Proof-of-Principle Experiment 

Reversed-field 
pinch proof-

Parameter Reactor of-principle 

The minor radius a—the radius of the plasma column—and 
the major radius R—the overall radius of the donut—are 
given in centimeters; the plasma electric current (toroidal 
current 1$) is given in millions of amperes (MA); the time 
that this plasma current, I&, is sustained during operation 
of the pinch is given in seconds; the time during which 
the current /<j, rises to its maximum value is also given in 
seconds; the poloidal magnetic field (Be) at the surface of 
the plasma column is given in teslas; the ion (T,) and 
electron (Te) temperatures are given in thousands of 
electron volts (keV); the density of the plasma n0 is given 
in number of electrons per cubic centimeters; the con
finement time Tf is given in seconds; the confinement 
time-density product is given in number of nuclei per cc-
seconds; and the fusion energy power density output is 
given in terms of millions of watts per square meter of the 
vacuum chamber wall. 
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Minor radius a (cm) 150 60 
Major radius R (cm) 1,200 240 
Toroidal currrent l^ (MA) 20 6 
l^ sustainment time (s) 10 0.1 
I* rise time (s) 0.1 0.01 
B„ (a) (T) 2.7 2.0 
Te = Ti(keV) - 1 0 1 to 2 
n0(cm'3) 2 x 1014 2 x 1014 

TE (sec) 1.0 0.05 
riTEs/cm3 1.5 x1014 1 x 1013 

Wall loading (MW'm2) 1.2 0.58 



Figure 7 
MODULAR SEGMENT 

OF THE REVERSED-FIELD PINCH 
Detailed drawing of a modular segment of the rever$ed-
•field pinch that is 2 meters long. Shown are the 
copper first wall, the lithium oxide bed for breeding 
tritium fusion fuel, associated steam tubes, feedback 
coils, water shield, and toroidal field coils. 

Therefore, it is capable of reaching three times the plasma 
current of Eta Beta II—.6 mi l l ion amps compared vyith .2 
mil l ion amps. This means that ZT-40 wil l achieve signifi
cantly higher temperatures. 

Also, since all scaling laws give conf inement t ime as 
proport ional to the square of the minor radius, this means 
that ZT-40 wi l l sustain mult imi l l isecond conf inement t imes 
(several thousandths of a second). Altogether, thjs wi l l 
permit the ZT-40 to investigate key questions that it was 
previously thought could be addressed fully only in the 
proof-of-principle experiment. 

Table 2 compares the reversed-field pinch and propf-of-
principle parameters wi th those of the projected Lps Al
amos reversed-pinch reactor design. In fact, because of 
the recent Eta Beta II results, the reversed-field pinch 
proof-of-principle experiment wou ld probably attain much 
better performance than what is projected in Table 2, 
actually coming very close to the reactor parameter . For 
example, it wou ld not be surprising for the proof-of- pr in
ciple experiment to attain 10 mil l ion amp plasma currents 
wi th plasma temperatures beyond ignit ion (4.4 mil l ion el
ectron volts) and conf inement times approaching 1 sec
ond . 

As noted above, the reversed-field pinch has a number 
of advantages over tokamaks as the basis for electric ppwer 

plants: To summarize: (1) ohmic heating to ignit ion and 
no need for costly and diff icult methods of heating; (2) 
low magnetic f ield levels, which drastically reduce the 
difficulty of developing the requisite superconducting mag
netic f ield technology; (3) thin donut-shaped systems; 
that is, the ratio of the donut 's major radius to that of the 
minor radius (this is known as the aspect ratio) can be as 
great as desired. Also, there is easy access to the device 
and the donut can be constructed in modular segments. 

All of these advantages lead to low capital cost reactor 
design and therefore to a lower cost for electric power, 
since the fuel costs for fusion systems are neg l ig ib le /The 
Los Alamos design shown in Figure 6 gives a direct capital 
cost of $810 per ki lowatt of electrical output and a total 
investment capital cost of $1,200 per ki lowatt, w i th a 46 
mil l per ki lowatt-hour cost for electric power. All these 
costs are in the range of those for present coal and nuclear 
fission power plants. 

Scientific Benefits 
Because of its close relationship to the tokamak, the 

reversed f ield pinch may very wel l make possible totally 
new approaches to the tokamak, leading to the develop
ment of more economical and versatile magnetic fusion 
systems. As noted above, the reversed-field pinch may be 
essential in demonstrat ing that there are, relatively speak
ing, no beta limits in tokamaks.8 

The most important quality of the reversed-field pinch, 
however, is its significance for basic plasma science. The 
exploration of the double kink "Maxwel l d e m o n " both 
theoretically and experimentally could provide the basis 
for entirely new approaches to fusion and important break
throughs in basic questions in mathematical physics. As is 
becoming more generally acknowledged, the self-subsisting 
coherent structures encountered in plasma physics are 
the keys for unlocking the mysteries of microphysics and 
understanding the structure of subatomic entities like elec
trons and protons. 

Charles B. Stevens, the Fusion Energy Foundation's di
rector of fusion engineering, is well known as a fusion 
reporter. 
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2. Winston Bostick. "The Pinch Effect Revisited, International Journal of 
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Books 

The Graying of Science 
Disturbing the Universe 
Freeman Dyson 
New York: Harper & Row, 1979 
283 pp. , $12.95 

With the publication of this vol
ume, the Alfred P. Sloan Foundation 
begins a series it claims is devoted to 
"a public understanding of science." 
Expanding on this not ion, the intro
duct ion to the series tells us: "The 
goal of a general publ ic understand
ing of science, which may have been 
reasonable a hundred years ago, is 
perhaps by now chimerical. Yet an un
derstanding of the scientif ic enter
prise, as distinct f rom the data and 
concepts and theories of science it
self, is certainly wi th in the grasp of us 
all" (p. vii). 

Such a statement is either lying or 
incompetent. In either case it reflects 
the epistemological prejudices of those 
who today control not only science 
itself but the political environment that 
determines whether and what k ind of 
science is done. 

How fi t t ing that Freeman Dyson's 
book should inaugurate this series and 
drive this point home. The perceptive 
reader wi l l gain a great deal of insight 
from Dyson's meandering. He will learn 
something of the inner workings of 
that antiscience scientific elite that has 
taken control of science in this coun
try, helping to impose the low stan
dards of general culture that lend cre
dence to the idea that science is beyond 
the average citizen's grasp. 

Wells's Worldview 

The key to Dyson's out look is his 
open commitment to the worldview 
associated wi th the name and activi
ties of H.C. Wells. Wells's out look 
was ultimately antiprogress. To the ex
tent that he favored scientific advanc
es, it was not to the end of technologi
cal improvement and the general en
hancement of human welfare. For 
Wells, scientific achievement was a 
means to maintain oligarchic control 
over mankind. 

This perspective is popularized in a 
number of Wells's works, including 
Things to Come and The Island of Doc
tor Moreau, where bestialized humani
ty is control led by a scientific elite 
that is in possession of the means of 
life and death over the beasts and that 
maintains them in their bestiality. 

Wells and his cothinkers knew full 
well that if generalized scientific pro
gress is assimilated throughout the pop
ulat ion, it is impossible to cont inue 
such contro l . 

This is precisely the policy now being 
deployed against the American peo
ple. The young are being bestialized 
by drugs and rock music, whi le they 
are inundated wi th antiscience "no -
nukes" propaganda. 

Serious science students who sur
vive the drug plague are fed a guilt 
line along wi th their " h a r d " science 
courses: "Science has gone too far, 
too fast. We have built too many ma
chines. It is t ime to bui ld postindus-
trial society. Science should be done, 
if at all, for its own sake, not for any 
'practical' ends." 

In parallel wi th this mass brainwash
ing, there is a highly skil led scientific 
research cadre, though it is effectively 
divorced from its humanist roots. Its 
best efforts are hemmed i n ; its best 
ideas are effectively stif led by a Wells-
inspired classification system. Rather 
than protect ing national security, this 
system serves to retard the develop
ment of vital technologies such as con
trol led thermonuclear fusion. At the 
same t ime, scientific achievement is 
available to the oligarchists to serve 
their own ends. 

Destroying Science 
Dyson makes his posit ion clearatthe 

very beginning of Disturbing the Uni
verse by quot ing f rom Edith Nesbit's 
The Magic City: " A n d there's a dread
ful law here—it was made by mistake, 
but there it is—that if anyone asks for 
machinery they have to have it and 
keep on using i t . " Nesbit was an int i
mate fr iend of H.G. Wells, using her 
skills as a writer of children's books to 

disseminate his antiprogress philoso
phy. 

A few highlights f rom Dyson's ac
count of his career completes the case 
and provides a road map for the in
terested reader to fo l low the course 
that if pursued dil igently wi l l ult imat
ely lead to the destruction of Ameri
ca's scientific power. 

Dyson came to the Uni ted States 
f rom England shortly after the end of 
Wor ld War I I . After a year of study in 
physics at Cornell University, he went 
to join Robert Oppenheimer , director 
of the Institute for Advanced Studies 
in Princeton. Oppenheimerwasamem-
ber of the dissolute Chi ldren of the 
Sun cult that grew up primarily among 
British aristocrats and aristocracy-linked 
families dur ing and after Wor ld War I. 
(The full Oppenheimer story wil l be 
published in a future Fusion article.) 

Oppenheimer's philosophy embrac
ed the Wellsian antiscience out look 
and, in fact, the Wellsian out look per
meated the Institute, subverting some 
of the nation's best scientific minds. 
Dyson has remained at his Institute 
post to this day. 

After the passage of the Atomic En
ergy Act of 1954 set in mot ion the 
concerted effort to develop commer
cial atomic power, Dyson left the pur
suit of theoretical physics and became 
involved in the newly organized effor
ts of the General Atomic Company to 
design nuclear reactors. Every indica
t ion in Dyson's account leads to the 
conclusion that the point of his effort 
was to demonstrate that power reac
tors could nor be commercial ly built 
and marketed. 

First, electr ici ty-producing reactors 
were not even considered in the stud
ies, and a design suitable for a ship's 
power plant was ultimately rejected 
as having no commercial value. If some
one were intent on putt ing a damper 
on the Atoms for Peace program, this 
sort of research and development pro
ject wou ld be a good way to do it. 
Furthermore, the chapter in which Dy
son describes this experience carries 
the implicit lie that nuclear power is 
neither safe nor economical. 

And then there is Dyson's role in 
the nuclear nonprol i ferat ion approach 
to getting rid of nuclear power. Along 
with Dyson at General Atomic was one 
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Theodore Taylor, a former bomb de
signer at Los Alamos Scientific Labo
ratory. In 1974, Taylor and Mason Wi l l -
rich wrote a book for the Ford Founda
t ion showing that the theft of nuclear 
materials could be accomplished rath
er easily and that terrorists could bui ld 
bombs from them. Al though the book 
was denounced again and again by 
competent authorities as a hoax, Dyson 
became a principal actor in a notor i 
ous charade constructed to substanti
ate the case. Dyson supervised the 
research of Princeton undergraduate 
student )ohn Phillips that led in 1976 
to the press flap over Phillips's claim 
that he had designed a workable nu
clear bomb from readily available in
formation. As a dramatic gesture, Dyson 
reports, " I read through his paper, 
awarded him an 'A' grade, and to ld 
him to burn i t " (p. 164). 

Playing God 

In addit ion to this discrete campaign 
to eradicate the practical implementa
t ion of nuclear power, Dyson also at
tacks that other major front ier area of 
new scientific and technological devel
opment , biology, especially genetic re
search. In a chapter audaciously enti
t led "The Island of Doctor Moreau , " 
Dyson recapitulates Wells's and ].B.S. 
Haldane's arguments against human in
tervention to control genetic material 
and spectes evolution—what he terms 
"playing G o d . " 

"Two things we have learned f rom 
Wells and Haldane. Man cannot play 
God and still stay sane. And the prog
ress of biology is inescapably placing in 
man 'shandsthepower top layGod. But 
from these two facts it does not fo l low 
that there is no hope for us. We still can 
choose to be masters of our fate. To 
deny to any man the power to play God , 
it is not necessary to forbid him to ex
periment and explore. It is necessary 
only to make strict laws placing the ap
plications of his knowledge under pub
lic con t ro l " (p. 172). 

That is, science is all r ight, as long 
as it is merely a toy for grown chi ldren. 
If anyone is so audacious as to try to 
implement scientific breakthrough for 
general human advancement, though, 
we wil l br ing the ful l force of our well 
control led, wel l -deployed antiscience 
mob to bear to destroy h im and his 
creation. 

If there; is any doubt as to why Dyson 
is not—emphatical ly not—a real scien
tist, but a'leader of the antiscience mob 
disguised as a scientist his remarks in 
the chapter enti t led "The Greening of 
the Galaxy" clinch the case. 

" I n everything we undertake, either 
on earth or in the sky, we have a choice 
of two styles, which I call the gray and 
thegreenj . . . . Factories are gray, gar
dens are gVeen. Physics is gray, biology 
is green. Plutonium is gray, horse ma-
nureisgreen . . . . Human technology 
is gray, God's technology is g reen" (p. 
227). 

Readers of Fusion are sometimes 
puzzled by the strength of our edito
rial attacks on certain scientific epis-
temologic&l blunders and on individ
ual scientists. Freeman Dyson's book 
provides an internal map t o t h e psy
chological state of mind that charac
terizes the; tendency we so vigorously 
oppose. For that reason it is must rea
ding. 

—Dr. John Schoonover 
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Letters 
Continued from page 5 
which creates more fuel than it uses; 
or, in beer making, where the master 
brewing yeast creates more yeast than 
is used. 

Now, consider how this applies to 
Mr. LaRouche's article. Suppose it is 
true that the human spirit does increase 
over t ime. A curve/graph of this phe
nomenon would show very slow growth 
over many years and then a sudden 
explosion of knowledge increasing at 
an astronomical rate. If you look at 
what has happened in the United States, 
Soviet Union, and other super or near-
superpowers, this is exactly what has 
occurred. For thousands of years no
thing much has really happened. Re
member that the horse was the pr in
cipal vehicle of transportation unti l just 
recently. Having gone to the moon , 
we are now reading about the com
moner traveling in space via the space 
shuttle. So indeed, the United States 
has experienced the slow-to-explosion 
phenomenon in the growth of human 
spirit. In contrast, we could examine 
the developing countries, and by draw
ing their human spirit growth curves, 
conf i rm that most are on the flat, slow 
growth port ion. 

The benefit of developing a set or 
family of curves lies in determining 
how long it wi l l take for these coun
tries to reach the knee, of the curve 
where explosion of knowledge takes 
place. And then, determining what we 
can do to shorten this t ime by apply
ing appropriate technology, country 
by country, state by state or whatever. 
When we are done doing this, we wil l 
have developed a plan to lead the world 
out of the mess it is in today. 

D.R. Roseth 
Indianapolis, Indiana 

The Editor Replies 
It seems to us that you are on the 

right track. Al though Mr. LaRouche 
was not available for comment , he has 
discussed your point at length in the 
article "A Theory of Development for 
African Labor," in the June 1979 issue 
of Fusion, wh ich we shall send you. 

Readers are invited to send comments to Fusion, 
Suite 2404, 888 Seventh Avenue, New York, N.Y. 
10019. 
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Advertisement 

O n February 26, this man will end the 
myth that most Americans 

oppose nuclear energy* 

This is Lyndon H. LaRouche, a candidate for the Democratic Party's Presidential nomina
tion. And February 26 is the date of the New Hampshire Democratic primary. 

LaRouche is the only candidate who is totally committed to nuclear power. He is the only 
candidate who has already developed a comprehensive legislative package to provide for the 
adequate construction of nuclear plants and for the research and development of advanced 
energy sources like hydrogen fuels and fusion. 

A victory for LaRouche will show that the American people reject the pro-environmentalist 
energy policies of Ted Kennedy. 

Help Lyndon H. LaRouche 
Win in New Hampshire 

L * 
Send your contributions to: Citizens for LaRouche, 

P.OL Box 976 Radio City Station, New York, N.Y. 10019 
Felice Gelman, Treasurer. A copy of our report is on file and available for purchase from the 

Federal Elections Commission, Washington, D.C. 



Riemannian Model 
Continued from page 22 
it is made up of a relatively small num
ber of critical sectors that intersect 
wi th one another through exchanges 
of credits and inter locking bills of ma
terials. We thus have a " n e t w o r k " 
model of the primary economic inter
relations. Auto, for example, uses 30 
percent of the steel consumed in the 
United States; hence, there is a strong 
link between these two sectors, and 
so on . 

The result is a more-or-less complex 
set of interconnections between the 
nodes (the critical sectors) w i th flows 
along each l ink determining the am
pl i tude of activity at each node. The 
equations describing such a system 
depend on the strength and t ime lags 
of the interconnections. 

Spectral Analysis 
Spectral analysis is the mathe

matical tool that, when applied to a 
network problem like the economy, 
identifies the singularities. These sing
ularities show up most prominent ly as 
resonances and feedback instabilities. 
Thus, a small change in the f low along 
one interconnect ion (because of cred
it availability, for example), can have 
a destructive effect that amplifies 
through the whole economy—as in 
the present case. Or , a relatively small 
investment in a critical sector can ra
diate rapid improvements in large parts 
of the economy out of propor t ion to 
the initial investment. 

The analysis presented here of Vol-
cker's credit strangulation is based 
on a first approximation of this mod
el. The 24-sector model allows for a 
parametric specification of the chang
ing interconnections between sectors 
when there is a credit squeeze. This 
first order effect then propagates 
through the economy as decreasing in
vestment in one sector reduces its sur
plus product ion, wh ich , in tu rn , de
creases the investments possible in 
other related sectors in the next cycle, 
and so on . 

The power of the model is its ability 
to capture the highly nonlinear inter
relations in the economy, effects that 
are masked, either consciously or 
incompetently, in other economic 
models. 

—Dr. Steven Bardwell 
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Uwe Parpart (I.), FEF director of research, presenting an award to execu
tive director Dr. Morris Levitt at the fifth anniversary celebration. 

FEF News 

FEF CELEBRATES 5TH ANNIVERSARY 
The FEF celebrated its fifth anniver

sary Nov. 30 at the Grand Ballroom of 
the Biltmore Hotel in New York City 
with more than 200 members and 
Fusion readers on hand. The high
lights of the evening were the premier 
viewing of a half-hour color videotape 
of the FEF "life and times" and a per
sonal appearance by popular Fusion 
columnist Benjamin Franklin. 

Copies of the historic FEF videotape 
are available for sale or rental. 

FUSION 71 



Now that you've read Fusion, 
join the Fusion Energy Foundation-
the organization dedicat
ed to restoring the United 
States to first place in nu
clear power and theoret
ical science. 

As a member in the fast-
growing FEF, you will receive 
one-year subscriptions to Fu
sion and the quarterly Inter
national Journal of Fusion 
Energy, member bulletins, 
and special rates for FEFcon-
ferences, seminars, and re
search reports. And your in
dividual membership or sus
ta in ing member sh ip will 
help ensure that the FEF con
tinues its "firsts": 
• the first (and only) group 
to expose sabotage at Three 
Mile Island 
• the first expose in Octo
ber of how Iran was part of 
the Council on Foreign Re
lations' plan for "controlled 
disintegration" in the world 
economy. 
• the first to expose that the 
only "secret" behind the U.S. 
classification policy is that 
it's holding back progress in 
fusion research and advanc
ed science in general. 

Join the fight 
for progress now! 



Prospects of 
Higher Temperature 

Superconductivity 
Superconductors have a number of re

markable properties that promise 
exciting technological applications for 
transportation and power transmission. 

A pioneer in the theory of higher 
temperature superconductors, Dr. Wil

liam A. Little gives a comprehensive 
update on the prospects of super

conductor development. 
An electron moving through a "lattice" of ions 

—its complex interactions produce super

conductivity at low temperatures. 

InHjis Issue 

Illustration by Gary Genazzio 

The Zeta Moves into First Place in Fusion 
The reversed-field zeta pinch may soon overtake the tokamak in the race for 
commercial fusion. Charlel B. Stevens presents the telling story of one of 
the first approaches to fusibn in the 1940s thai has recently come into promi
nence. 
An artist's rendering of the Eta Beta II zeta pinch at the University of Padua, Italy. 

Energy Scorecard 
for the 1980 Presidential Candidates 
We promised readers that v/e wou ld pin the candidates down on the ener
gy quest ion, and we d id . Our featured energy scorecard gives you a ful l run
down on the energy policies of 10 of the major presidential candidates. 
Cover design by Christopher Sloan; front cover photograph by Philip Ulanowsky. 


