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Editorial 

Fusion: 
The Keystone of 
Reindustrialization 

With this special issue on "The Great Reindustrialization Debate," Fusion 
signals its intent ion to play a major role in shaping policies in this vital area. 
Fortunately, those of us commit ted to a high-technology, export-or iented 
policy have been provided wi th a most valuable piece of ammuni t ion—the 
report of the Department of Energy's fusion review panel, headed by Dr. 
Solomon Buchsbaum of Bell Laboratories. 

The Buchsbaum report, reprinted in ful l in this issue, is the most important 
validation ever presented of the fusion program and of the viability of moving 
fusion into its engineering development phase. Its main conclusion is that 
although a broad-based fusion research program should be maintained, there 
should also be an immediate push for a project that tests engineering 
feasibility, funded through doubl ing the fusion budget to $1 bi l l ion annually. 

These findings stand by themselves as the basis for the Uni ted States to 
immediately implement Congressman Mike McCormack's legislative mandate 
for an Apollo-style effort to bui ld a demonstration fusion reactor by the end 
of the century. But there is also a larger impl icat ion. A national commitment 
to develop fusion power and its related chemical and processing technologies 
also properly sets the parameters for reindustrialization policy as wel l . 

First, there should be no more talk of the discredited concept of "scarce 
resources." Second, it is equally obvious that to lay the basis for a fusion 
economy, there must be ful l development of fission technologies, f rom mass 
product ion of f loating plants, nuplexes, and advanced breeder reactors to 
high-temperature reactors and their chemical applications. Third, we can take 
a much harder look at the mix of energy sources and technologies (and their 
underlying polit ical and economic assumptions) that wi l l provide us wi th the 
bridge to the fusion era. 

If the criteria are low price, high efficiency, and productivity (that is, 
maximum energy flux density) and if the policy is to produce hydrogen in the 
min imum possible t ime via nuclear- and plasma-based processes, then tech­
nological and economic strategies other than those now being pursued are 
clearly called for. 

The West Europeans and Japanese, for example, have demonstrated the 
viability of oi l - for- technology deals. The Soviets are making use of the mag-
netohydrodynamic method of fossil energy conversion to electricity. The West 
Germans use nuclear power to gasify coal. 

The point is that we are not slaves to the bl ind forces of either nature or 
politics. We determine the laws governing both. We still have the opt ion of 
pursuing policies of international development and cooperat ion wi th in which 
our unique scientific and technological capabilities wil l guarantee us economic 
strength and strategic security. 

We have selected the articles in this special issue to illustrate and highlight 
the vast possibilities that are still open to us if we have the moral fiber to set 
a great'purpose for our nation. In the Uni ted States, as in this issue of Fusion, 
the role of the fusion program is at the center of the great reindustrialization 
debate. 
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The 
Lightnifij 
Rod 

My dear fr iends, 
Returning f rom a brief tr ip to mar­

ket some months ago, I was aston­
ished to f ind a young man and woman 
engaged in a heated argument on my 
doorstep. So violent was their quarrel , 
in fact, that they did not even notice 
my presence. 

"Here n o w ! " I exclaimed, "what 
has set you two at each other? I am a 
peaceable man and don' t care for 
such disturbances on the portals of 
my hear th . " 

Whereupon both parties turned to 
see who had accosted them, and the 
gir l seized my arm and batted an 
impressive set of eyelashes at me in a 
fashion altogether f lattering to a 
gentleman of my advanced years, al­
most causing me to drop my grocer­
ies. Fortunately her companion, a tall, 
well-muscled fel low with an army-
surplus knapsack on his back, came 
to my rescue with a helping hand. 

"Why , you must be Dr. Frankl in," 
the youthful temptress cooed. 

She was dressed in the simple, un ­
pretentious fashion of today's youth: 
a t-shirt and diamond-studded, de­
signer bluejeans. 

" I ' m Ephemera Love-Ins, w i th a hy­
phen , " she cont inued. " I came to 
discuss our future together—our 
global future, that is." 

"De l igh ted , " I repl ied, bowing wi th 
all the gallantry I could muster. "Is it 
Miss or Mrs.?" 

"Ms . , of course," she replied with 
a touch of hauteur, wi thdrawing her 
hand. 

"Anyway, when I got here this dis­
gusting peddler to ld me he was here 
first, and wouldn ' t go away no matter 
what. It's people like him who are 
overcrowding this planet, and . . . " 
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The Lightning Rod 
Continued from page 3 
hood like this one could be quite a 
problem. But to tell you the t ru th , I 
think we've got other problems too. 

" I ' d like to hear what Ephemera has 
to say about our global future. You 
know, when I was at the butcher's 
today, I had to pay a stiff price for my 
dinner, and it seemed to me the meat 
wasn't as good as it has been. Living 
on a government pension as I do, it 
isn't easy, and there are a lot of other 
hungry people—not to ment ion the 
bears." 

"We've all just got to conserve," 
said Ephemera sweetly, glancing at 
me wi th some disapproval. "You look 
as if you could lose a litt le weight 
anyway." I felt our fr iendship cool ing. 

Bill refused to be distracted. " I f we 
don' t do something about the bears," 
he said, " you might not be around to 
enjoy your dinner soon." 

" I see your po in t , " I told h im. "But 
let me ask you a question. Don't you 
think our beartrap problem has some­
thing to do with our steel problem? I 
read somewhere recently that our 
steel factories are only operating at 60 
percent of capacity, and plants are 
closing down all over the place. Now 
how are we going to make good steel 
beartraps wi thout steel?" 

I noticed that at the word "s tee l , " 
Ephemera turned white. But Bill 
looked at me thoughtful ly. I was be­
ginning to feel, a certain fondness for 
the boy. Al though somewhat ob ­
sessed with bears, it was clear he 
understood what I was talking about. 

At this point a remarkable change 
came over Ephemera. 

"B i l l , honey," she murmured, and 
walked over and sat down in his lap. 
"The only important thing is catching 
bears, isn't i t?" (I could see he found 
it more than a little unsettl ing, espe­
cially when she began to run her 
fingers through his hair.) 

"Yes, ma'am," he said. 
"We l l , what if we could bui ld a 

cheap, safe, natural sort of beartrap 
that wouldn ' t cause pol lut ion or hurt 
the nice bears? Wou ldn ' t that be good 
for everybody?" 

" I guess so," said Bill. 
" A n d then the bears wou ldn ' t get 

mad at us if they got caught, but 
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would just pass away peacefully. 
" M m m , " said Bill, whose eyes were 

beginning to glaze over. 
" I ' m not sure this is going to work , " 

I said to no one in particular, for by 
that t ime they were dr i f t ing out my 
door on a c loud. 

At last report, they were still to ­
gether. Ephemera is running a macro­
biotic health food store, and Bill has 
a little workshop in the basement 
where he turns out handtooled 
leather beartraps—it's right next to a 
Chinese laundry. 

Apparently they still quarrel f re­
quently, and I'm not sure Bill is really 
happy, gut his friends say he is very 
proud of their young son, and Bill 
tells everyone that someday, when 
the boy grows up, he's going to be 
the President's National Security A d ­
visor. 

Yr. obt. svt., 

Letters 
Evolution: 
A Transcendent View 

To the Editor: 
The aim of this letter is to express 

my admiration for the scientific pape 
of Carol Cleary published in fusion 
March 1980. 

The t i t le, "Evolut ion: A Riemanniat 
Approach to Biology," rapidly give 
to the reader the fundamental struc 
ture of the scientific biological mode 
presented by the author: The ins id* 
space of l iving matter cannot be ex­
plained with in the limits imposed b) 
Euclid's geometry. A more extensive 
and unl imited geometry is needed ir 
which the biological phenomena ma> 
reach successively higher and higher 
order domains. In these domains 
negato-entropic organization in­

creases to such a degree that b io log­
ical species became capable of trans­
forming the surrounding medium, 
that is, the biosphere. 

When Riemannian geometry is 
considered a fundamental part of sci­
entif ic models in biology, a new light 
illuminates the investigator helping to 
solve the "quest ion of evo lu t ion . " 
The errors and fallacies of the Dar­
winian view are easily grasped: "Sur­
vival of the f i t test" is only a wrong 
model. 

The theory that evolut ion proceeds 
by random small biochemical changes 
in the gene's coding for a structural 
or enzymatic protein-point is also a 
scientific model that does not agree 
with the facts. Point mutations were 
found to occur at an equal rate in 
placental mammals and in lower ver­
tebrate species. On the other hand, 
changes in the number of chromo­
somal arms occur five times more 
frequently and increases in chromo­
somal number seven times more fre­
quently in placental mammals than in 
lower vertebrates. 

Continued on page 6 
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Letters 
Continued from page 5 

Ecological opportuni t ies for evolu­
t ion are fundamental , and in this re­
spect Cleary says: "Rapid evolut ion of 
the sort that could account for the 
mainl ine f ish-to-amphibian-to-rep-
t i le-to-mammal vertebrate develop­
ment is thus not related to random 
variations created by point mutations 
in genes. It is related to higher-or­
dered rearrangements in chromo­
somal structure apparently caused in 
placental mammals by advances in 
social structuring of the species under 
favorable ecological condit ions (Wi l ­
son 1975, Bush 1977)." 

Cleary's article is still more t ran­
scendent; it is Platonic in essence. It 
defends the progressive order that 
can be reached by biological organi­
zation improving the surrounding 
medium, and it implies the defense of 
all negato-entropic mechanisms. This 
means also that the highest organi­
zation of the universe f rom which 
reason is derived has the potency to 
be a creator wi th in the same universe. 
God , the supreme Creator, loves man 
so much that He has given him this 
pristine gift—that of creation. 

Dr. Demetr io Sodi Pallares 
Mexico City 

Dr. Sodi Pallares is former chief of 
the department of electrocardiogra­
phy at the Institute of Cardiology in 
Mexico City and former president of 
Mexico's National Academy of Med­
icine. His article on the "Negato-En-
tropic Therapeutic Action of Insulin 
in Cardiac and Other Cases" ap­
peared in the July 7979 Fusion. 

The 'Education Gap' 

To the Editor: 
Professor Wirszup's study of Soviet 

precollege science curricula, a boxed 
insert in Ms. Gilbertson's August 1980 
special report, "Something's Rotten 
in U.S. Education," reminds me of 
studies done in the post-Sputnik 
1950s, to prove the existence of an 
"educat ion gap." Whi le the profes­
sor's study appears alarming, l ike the 

October 1980 

Demetrio Sodi Pallares 

earlier ones it seems to look only at 
the names of courses. 

In the 1950s, these names were i n ­
flated for propaganda purposes. I re­
call that a simple shop course in 
sheet-metal construction was called 
"meta l lurgy" ; whi le foreigners w h o 
visited an English class were unable to 
sustain a grammatical conversation 
wi th the class's best students. (It seems 
that they were being given high 
grades so that their instructors wou ld 
look good. A perennial problem in 
the field of Soviet Qual i ty Assurance.) 

I do not recall other examples, but 
the point was clear: Establishing a 
demanding curr iculum does not 
guarantee a high level of education. 
Also required are (1) apt students 
(which eliminates most general pop­
ulations, especially including that of 
the Soviet Un ion , which is still largely 
rural and Asian); and (2) objective 
enforcement of objective standards 
(which any bureaucracy wil l eventu­
ally defeat, let alone the Soviet one). 

Over 20 years ago, we cried about 
an "educat ion gap" on the basis of 
such studies as this one. It turned out 
to be a propaganda hoax. They want 
us to be taken in by their propaganda, 
so that the strong wil l lose heart and 

Continued on page 85 
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News Briefs 

TSONGAS ANTINUCLEAR OUTBURST ENDANGERS FUSION BILL 
Members of the fusion communi ty were stunned when Senator Paul Tsongas 

announced at the hearings on his fusion bil l July 28 that he had proposed the 
bil l as "an alternative to the Clinch River Breeder Reactor." According to 
Washington sources, the future of the b i l l , SR 2926, is uncertain, largely 
because of the unpredictabil i ty of the antinuclear Tsongas. Testifying at the 
hearings before the Research and Development Subcommittee of the Senate 
Energy Commit tee were Edward Frieman, director of the Department of 
Energy's Off ice of Energy Research; Dr. Stephen Dean of Fusion Power 
Associates; and Dr. Zalman Shapiro, head of the Westinghouse fusion program, 
who was representing the Atomic Industrial Forum. 

In a second outburst, the junior senator f rom Massachusetts interrupted the 
hearings, just before Shapiro testif ied, w i th a diatribe against the pronuclear 
Fusion Energy Foundation, demanding that industry representatives disasso­
ciate themselves f rom the FEF. Tsongas also tr ied to pressure the fusion 
spokesmen to state that if we had fusion by the year 2000 the nation wou ld 
not need the nuclear breeder. 

Fusion supporters had hoped that the Tsongas bil l wou ld provide a basis for 
negotiation wi th the House fusion bi l l sponsored by Rep. M i k e McCormack, 
but many are now wary of Tsongas's approach. In a syndicated newspaper 
article on Fusion that appeared in the Contra Costa (Calif.) Times a week 
before the hearings, Tsongas is quoted as saying: " I was aghast at the stuff 
that's in that magazine. . . . I saw their magazine and I almost considered 
wi thdrawing my b i l l . " 

McCORMACK CALLS FOR 500 NUCLEAR PLANTS BY 2000 
Representative Mike McCormack, a Washington Democrat, to ld a July 21 

symposium on "Nuclear Power Prospects, Problems, and People" that the 
United States should bui ld 400 to 500 nuclear plants and develop breeder and 
reprocessing technologies by the year 2000. The Washington, D.C. fo rum, 
sponsored by the industry-supported National Energy Resource Organizat ion, 
included presentations by several legislators and scientists. 

McCormack said that " the professional countercul ture antinuclear environ­
mentalists" were impeding the U.S. nuclear program. The Department of 
Energy has not published any public documents on nuclear energy, Mc­
Cormack said, and the one they have in progress is being held up by 
countercul ture advocates wi th in the DOE. McCormack also said that Congress 

, , , , , , , should rewrite the National Environmental Protection Act and the Clean Air 
Five hundred nuclear plants by the . . „ _• » A. . • . . L , , . , , , 

ynnrt " so-that they do what they were intended to do and are not used as a 
weapon to prevent almost anything f rom getting built in this count ry . " 

A ful l report on the fo rum wi l l appear in the November Fusion. 

HOUSE RESTORES NUCLEAR LABORATORIES CUTS 
The U.S. House of Representatives voted up an amendment June 24 restoring 

$107.4 mil l ion for fusion, fission, high-energy physics, and solar energy work 
at the national laboratories. Rep. Don Fuqua, a Florida Democrat who chairs 
the House Science and Technology Commit tee, sponsored the amendment. 
Stating on the f loor of the House that this is the first t ime in 18 years he has 
advocated restoration of a spending cut, he declared, " I plead wi th my 
colleagues" to avert the shutdown of laboratories that would be forced by a 
planned dismissal of 1500 R&D personnel. Specifically cit ing Brookhaven, 
Fermi, and Oak Ridge laboratories, Fuqua stressed the need for maintenance, 
"and I am not speaking of maintenance as it relates to leaky roofs or leaky 
faucets, but maintenance on equipment that they util ize in carrying out this 
basic research." The 1981 fiscal year funding amendment, which Fuqua termed 
"half a loaf," passed 254 to 151. 

Charles Cantus 
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SOVIETS BUILDING WORLD'S FIRST NUPLEX 
The Soviet Union is constructing the world's first nupiex, an industrial 

complex centered around a high-temperature nuclear reactor, according to 
the July 5 issue of the French weekly L'Express. The plan is to build 1,000-
megawatt high-temperature nuclear reactors connected to steelmaking or 
chemical factories to supply industrial process heat. The Soviets reportedly 
estimate that such a 1,000-MW plant could supply the energy for two chemical 
plants producing 1 million tons of ammonia for fertilizer, or one steel plant 
with a 2 million ton per year capacity. The nupiex design not only makes use 
of the "waste" heat from the nuclear power generation process, but also 
eliminates the need for separate fossil-fuel-based industrial heat and electric 
power supply. The Soviets have announced that a demonstration nupiex is 
under construction, but did not disclose where it is being built. 

The Fusion Energy Foundation has proposed nuplexes as the centerpieces 
for industrializing the Third World. 

PROMARIjUANA MEDICAL EXPERTS REVERSE GEARS 
Leading medical experts who formerly called marijuana a harmless recrea­

tional drug are now warning of the drug's medical dangers. Dr. Robert L. 
DuPont, the former director of the National Institute of Mental Health who 
had lobbied for legalization of the drug, recently told a nationwide television 
audience that he has changed his mind because "we now know a lot more 
about the health hazards of marijuana and how really dangerous it is." A 
recent Institute report to Congress criticizes the pot lobby's attempts to 
compare the medical dangers of marijuana to those of tobacco and alcohol. 
Such comparisons "falsely minimize the hazards of marijuana," the report 
says. 

FUSION PUBLISHES IN GERMAN 
The first issue of a German-language Fusion magazine appeared in July, 

published by the Fusion Energy Forum (FEF) based in Wiesbaden, West 
Germany. Printed in a run of 10,000, Fusion features the history of tokamaks 
and a report on the Asdex experiment at the Institute for Plasma Physics in 
Garching, Europe's largest fusion facility. Editor Hans Bandmann reports that 
the new bimonthly magazine is expected to grow quickly. Subscriptions are 24 

The first German-language Fusion, deutschemarks for six issues (4.80 DM per single issue) and can be ordered 
July 1980 from the FEF, Postfach 2448, 62 Wiesbaden, West Germany. 

FUSION GOES 'CLASSIFIED' 
Fusion is pleased to announce a new classified advertising section that 

includes small display ads. Started in response to requests from readers and 
advertisers, the display section will include the announcement of new products 
and materials, new companies, seminars, conferences and trade shows, and 
publications. For more information on the classified ad section call Patricia 
Van Thof, (212) 265-3749. 

LOUSEWORT LAURELS TO U.S. GEOLOGICAL SURVEY 
The Lousewort Laurels this month go to the U.S. Geological Survey for its 

contract to Stanford Research Institute International to organize "Project 
Earthquake Watch" modeled on the Chinese method of earthquake predic­
tion. According to a report in Science News June 14, the project involves 1,250 
human volunteers who observe the behavior of certain animals, looking for 
changes that the Chinese claim indicate the imminence of an earthquake. 
Such behavioral changes include snakes crawling out of hibernation, dogs 
running in circles, and rats swarming in the streets in daylight. 

The results seem appropriate to the technology. In the year since Stanford's 
1,250 observers have been on line, six earthquakes of magnitudes of 5 or 
greater on the Richter scale have struck California, but only two touched on 
the fringes of the animal-watching network. And according to Stanford, the 
predictive accuracy in these two cases was "inconclusive." 
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It is not overly dramatic to say that 
the nuclear opt ion is today facing 

its most severe test. Battles are 
being waged against nuclear power 
before administrative agencies, in 
the courts, in the halls of Congress, 
in our states and cities, and even in 
the streets. 

Nuclear power in this post-Three 
Mi le Island period has become an 
easy symbol on which to focus the 
public's fear of the unknown. De­
spite fatal DC-10 crashes, evacua­
tions forced by the derailment of 
trains transporting deadly chlor ine 
gas, acid rain and increased carbon 
dioxide in the atmosphere as a re­
sult of more coal burn ing, and more 
than 50,000 deaths a year on our 
nation's highways, nuclear power 
has been the target in a war of 
extinction waged by self-appointed 
protectors of the public. 

The weapons in that war have 
been harassment and red tape— 
frequently changing and increas-

' ingly stringent regulations, many of 

which are not needed to ensure 
safety. 

Since the 1960s the t ime required 
to br ing a nuclear plant on line has 
doubled. In fact, it now takes twice 
as long to license and bui ld a nu­
clear plant in the United States as 
it takes European countries and the 
Japanese to bui ld plants using the 
same technology. 

As a result of long licensing times, 
changing regulations and the ac­
companying construction delays, 
and uncertainty about the federal 
government's intentions for the f u ­
ture of nuclear power, many ut i l i ­
ties have canceled plans for nuclear 
expansion. Over the past several 
years, cancellations of existing or­
ders for nuclear plants have ex­
ceeded new orders. In fact, since 
1978 no new reactor units have 
been ordered. Consequently, pro­
jections of nuclear-generating ca­
pacity by the year 2000 have fallen 
steadily f rom a 1972 forecast of 1,200 
gigawatts to the present forecast of 
approximately 300 gigawatts. 

Viewpoint 
Getting Serious 

About 
Nuclear Energy 

by Rep. Clarence Brown 

Although it is clear that nuclear 
energy is facing severe problems, 
there is also cause for opt imism. 
Shortly after the Three Mi le Island 
accident, there were several at­
tempts to kill nuclear power 
through congressional action. 
These efforts sought to overburden 
the licensing process and thus make 
nuclear power so unattractive to 
utilities that they would abandon 
their nuclear plans. It d idn' t work. 

In the House of Representatives 
in June 1979, Congressman Jim 
Weaver (D-Ore.) offered an 
amendment to the Nuclear Regu­
latory Commission Appropriat ions 
bill that wou ld have prohibi ted the 
issuance of any new operating l i ­
cense to a plant that would be lo­
cated in a state wi thout an ap­
proved emergency response plan. 
Fortunately, the Weaver amend­
ment was defeated on a 147 to 235 
House vote. 

Another amendment offered in 
the House by Congressman Ed Mar-
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key (D-Mass.) wou ld have imposed 
a six-month morator ium on the is­
suance of new construction per­
mits. This amendment to the NRC 
authorization bill fell by an even 
wider margin—135 to 254. 

So as the votes in Congress dem­
onstrate, there is unlikely to be any 
vote to kil l future nuclear expan­
sion. There continues to be strong 
congressional support for a breeder 
program and there appears to be a 
greater willingness to forge ahead 
to resolve some of the spent : fuel -
storage and waste-disposal prob­
lems confront ing the nuclear in­
dustry. 

It is abundantly clear to me that 
we must forge ahead with nuclear 
development. It is pure stupidity to 
reject this most important contr ib­
utor to our energy future. I am sure 
that the Democrats wi l l realize this 
when the voters react to their ant i-
nuclear platform this fall. 

No Other Alternative 
The fact is that in the intermedi­

ate and long term, we have no 
other alternative than to proceed 
rapidly with nuclear development. 
Our other alternatives—to rely 
more on oil and gas—are totally 
unrealistic and are more likely to 
lead us into war than almost any 
other thing that 1 can think of. Of 
course, conservation, solar, and 
other renewable energy resources 
are part of an answer; but so is 
nuclear energy. 

Those who maintain that a full 
commitment to conservation and 
renewable energy resources wil l 
wean us f rom our dependence 
upon foreign oil and allow us never 
to bui ld another nuclear plant are 
deluding themselves. We simply 
have to be realistic about our en­
ergy future. In my view, the Japa­
nese and Europeans are approach­
ing the problem more realistically 
than are we. 

In my talks with the Japanese, 
who have had a uniquely horr ib le 
experience wi th nuclear energy, 

Continued on page 76 
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Washington 

Buchsbaum Report 
Is Well Received 

The evaluation by the fusion com­
munity, the Off ice of Management 
and Budget, and the leadership of the 
Department of Energy fusion program 
is that the report of the Fusion Advi ­
sory Panel headed by Dr. Solomon 
Buchsbaum of Bell Laboratories wi l l 
bolster attempts to increase the fund­
ing and national commitment to the 
magnetic fusion program. 

The panel, assembled by request of 
Dr. Edward Frieman, the director of 
energy research of the DOE, wil l have 
its draft report considered by the 
DOE's Energy Research Advisory 
Board (ERAB) Aug. 18. Buchsbaum 
chairs the ful l ERAB. 

The Buchsbaum report, released 
June 23, has received litt le coverage 
in the nation's press. However, in an 
article on the front page of the June 
24 Washington Post, Tom O'Toole re­
ported that the Buchsbaum recom­
mendations "are likely to have a deep 
impact on the Whi te House, the De­
partment of Energy, and the Con­
gress, in part because the panel con­
sists of some of the nation's most re­
nowned scientists." 

This impact is already being felt. 
Congressman McCormack was able 
to point to the distinguished panel's 
conclusions in his successful attempt 
to add money to the fusion budget's 
fiscal year 1981 appropriat ion. 

Support for Senate Bill 

Also, trie report wi l l be used to 
support Senator Paul Tsongas's fusion 
bi l l , introduced into the Senate July 
2. The bi l l , SR 2926, was submitted 
wi th six cosponsors, including Sena­
tors Church (D-ld.), Sasser (D-Tenn.), 
Baker (R-Tenn.), Williams (D-N.J.), 
Bradley (D-N.J.), and Domenici (R-
N.M.). 

Al though the Senate bill does not 
specify the required budget increases 
for magnetic fusion either for fiscal 
year 1981 or overall, as McCormack's 
House fusion bill does, it calls for 
demonstrating fusion reactor engi­
neering feasibility in the early 1990s 
and commercial feasibility by the year 
2005. 

According to Mi tch Tyson, energy 
aide to Senator Tsongas, the senator 
hopes to hold hearings in the begin­

ning of August, between the congres­
sional recesses. If there is no strong 
opposit ion wi th in the Senate Energy 
Commit tee, Tyson estimates that 
mark-up for the bill could take place 
as early as September. 

One of the important aspects of the 
Tsongas bill is that although less than 
perfect, it adds seriousness to Mc­
Cormack's fight for his fusion bill in 
the House. As a McCormack staff 
member commented, it puts some­
thing on the table around which to 
hold "negot iat ions." 

Likewise, the Buchsbaum report it­
self opens the door for the DOE to 
reverse its delayed schedule for mak­
ing a decision on bui ld ing a next-step 
engineering device, a delay that sets 
back the entire fusion program. 

The Buchsbaum report also gives 
the Off ice of Management and 
Budget some back-up in support ing 
the program plan of the DOE fusion 
office to accelerate the fusion t ime­
table. 

Buchsbaum Comments on Report 
Fusion asked Dr. Solomon Buchsbaum to comment on the report of 

the DOE Fusion Advisory Panel he headed. Here are excerpts from his 
remarks. 

The fusion program is ready for the next phase, which is engineering 
experimentat ion and analysis. In a nutshell, the panel's report called for 
steering the fusion program on its natural path of evolution.. Unti l now 
the program has focused on the physics questions. 

I was very impressed by the way the panel went about its work. Each 
of the panel members devoted a lot of t ime and attention to this effort. 
The panel jelled very quickly and was able to come up wi th its recom­
mendations unanimously. 

The full Energy Research Advisory Board might modify the report. 
Hopeful ly, it wi l l not throw it out, but it wi l l be used by the Department 
of Energy. 

Industry's Role 
The panel members all agreed that the next step cannot take place 

wi thout industry. The program needs a deep and long-term involvement 
of industry. Everyone agreed wi th that. 

The panel was favorably impressed wi th the international cooperation 
in the program, with the INTOR [the tokamak of the International Atomic 
Energy Agency] design work and the exchange of knowledge between 
countries. The U.S.-Japan cooperation is particularly attractive. 

The panel is helping to steer the program on its technical path. We 
are pleased to have been of help. Fusion is a long-term program, needing 
several more decades to achieve a commercial ly viable fusion reactor. 
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Fusion Budget 
Flip-Flops in Congress 

Caught between the administration 
mandate for budget cuts and the po­
litical mandate to beef up the U.S. 
magnetic fusion program, fusion 
funding has been added and sub­
tracted m o r e v than once in the 
congressional budget ing process. 

In a late session July 2, just before 
the congressional recess for the July 
4 holiday, the House passed a supple­
mental budget request for add-ons 
for some programs and at the same 
t ime approved recisions for nearly 
every Department of Energy program. 
Reportedly, the fiscal year 1981 fusion 
program was cut by $5 mi l l ion. 

In addi t ion, as Fusion goes to press, 
the House has passed an amendment 
by Congressman George Mi l ler , a 

T 

mittee's recommendation untouched. 
A letter f rom presidential science ad­
visor Frank Press asking the commit­
tee to restore funding to the DOE's 
request level of $396 mi l l ion seemed 
to have no effect. 

On June 24, when the Appropr ia­
tions Committee bil l went to the 
House f loor, Congressman Don 
Fuqua (D-Fla.), chairman of the Sci­
ence and Technology Commit tee, of­
fered an amendment to increase the 
fiscal year 1981 magnetic fusion 
budget by more than $20 mi l l ion to 
br ing the total back up to $394.1 mi l ­
l ion. The ful l House voted up the 
increase by 254 to 151. 

This overwhelming vote of conf i ­
dence for fusion budget expansion 
was bolstered by Congressman M ike 
McCormack's reference dur ing the 
f loor discussion to the Buchsbaum 
fusion review panel report released 
the previous day, which had con­
cluded that commercial demonstra­
t ion of fusion can be accomplished 
before the turn of the century. 

Carter Signs 
Synfuels Compromise 

On June 30 President Carter signed 
into law his long-awaited synthetic 
fuels bi l l . The Energy Security Act had 
finally been approved by a Senate-
House conference committee June 
16, after more than a year of debate 
and rewrite. Three days before, how­
ever, the House unexpectedly sent 
back to committee the legislation in­
tended to clear the way for the am­
bitious coal synthetics program by 
creating the Emergency Mobi l izat ion 
Board. 

The synfuel compromise allocates 
$20 bi l l ion f rom now unti l 1987 to 
design and construct 10 plants to con­
vert coal to l iquid fuels. Each plant, 
producing 50,000 barrels per day of 
oil equivalent, is projected to cost 
more than $1.5 bi l l ion. The program 
wi l l be overseen by a Synthetic Fuels 
Corporat ion, not the Department of 
Energy, and is to be reviewed in 1987. 

If at that t ime the program is judged 

economically and technically sounc, 
an addit ional $68 bi l l ion may be au­
thorized to give the United States a 
synfuel product ion capacity of 2 mi -
l ion barrels per day of oil equivaler t 
by 1992. The $20 bi l l ion appropriat io I 
also includes $6.5 bi l l ion for a solar 
energy bank, financial incentives to 
the Defense Department to purchas; 
the fuels, and money for alcohol fue l ; 
product ion by the Agriculture anil 
Energy Departments. 

Current estimates on the cost o : 

these synthetic fuels are at least $4 i 
(and more likely $90) per barrel of o i 
equivalent. 

At the same t ime, under the gun o 
the "balance the budget " mania oi 
the Hil l , the Senate passed legislator 
June 23 providing $4 bi l l ion to heir, 
utilities convert o i l -burn ing capacity 
to coal. The House has already passec 
a similar piece of legislation, and botf 
versions authorize considerably les 
than the president's request of $1( 
bi l l ion. 

The dramatic 232 to 131 defeat o 
the Energy Mobi l izat ion Board was i 
product of the combined forces o: 
conservatives who felt that the boarc 
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would have the mandate to trample 
on states' rights, liberals who feared 
environmental regulations would be 
tossed out the w indow, and others 
who just wanted to embarrass Presi­
dent Carter. 

For an evaluation of synfuels, see 
"Inappropriate Technologies," Fu­
sion, 5ept. 1980, p. 71. 

Paul Jordan/DOE, 
The DOE's High-Btu Gasification Pilot 
Plant near Chicago 
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Insidel^JDOE 

Forecasting 
The Economy Away 

The DOE model ing and analysis d i ­
vision went through one of its f re­
quent exercises of " upda t i ng " its 
forecasts of energy and electricity 
growth for the Uni ted States last Feb­
ruary. Along with previous exercises, 
the update provided data for the 
Wor ld Coal Study released in late May 
by the Massachusetts Institute of 
Technology. The MIT study projects 
U.S. coal product ion and consump­
t ion to the turn of the century, as well 
as overall economic growth. 

The figures developed by the DOE 
and used by the Wor ld Coal Study 
estimate that U.S. CNP growth wi l l 
slow to 2.8 percent per year f rom 1980 
to the year 2000, that annual overall 
energy growth wil l be about 2.2 per­

cent, and that electricity use wil l grow 
between 3.8 and 4 percent. Such en­
ergy and electric growth rates are 
little more than half the rates of 
growth dur ing previous periods of 
relative economic prosperity. 

The DOE projected that U.S. indus­
try wou ld cont inue to replace capital 
stock with more energy-eff icient 
equipment, and that higher prices 
would "decoup le " energy growth 
f rom overall economic growth. 

Now the DOE's most recent energy 
and economic projections have 
changed all this for the worse, assum­
ing that the current " recession" wil l 
cont inue at least for the next year or 
two. According to Dr. John Stanley-
Mi l ler , who heads the model ing and 
analysis division of the DOE, his staff 
has just completed preliminary new 
projections that are not yet off icial, 
but are not likely to change. 

Growth Rates Down 

The new projections, Stanley-Miller 
said, are that "electr ical growth rates 
to 1990 wil l be more on the order of 

3.4 percent, not 3.8 to 4 percent. The 
industrial use of coal wi l l also be more 
conservative than we est imated," he 
said, because as a result of the eco­
nomic recession, companies are not 
buying new coal-burning boilers to 
replace their o ld oil burners. "Envi­
ronmental constraints wi l l also make 
coal more expensive than we had 
pro jected." 

The release of the Wor ld Coal Study 
and the acceptance of its premises in 
the Venice summit communique of 
the leading OECD nations were her­
alded as a great push fo rward for 
wo r l d coal consumpt ion . Stanley-
Mi l ler points out, however, that the 
DOE's project ions of U.S. coal use 
"are lower than they used to be . " 

Indeed , in 1977 when President 
Carter made the "mora l equivalent of 
war" speech announcing his energy 
program, his goal was the doubl ing of 
coal product ion to 1.2 bi l l ion tons per 
year by 1985. The DOE now considers 
it optimistic for U.S. product ion to 
reach 1.1 bi l l ion tons per year by 1990! 
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Viewpoint 
Continued from page 77 
they have indicated that they wil l 
proceed as quickly as possible in 
putt ing more nuclear plants on line. 
In addi t ion, they have told me that 
they wil l not hesitate to go to any­
one, including the Russians, who is 
wi l l ing to supply their nuclear fuel 
needs. 

Unless we get serious about our 
commitment to nuclear energy, we 
wil l soon f ind that we are no longer 
leaders in nuclear technology. The 
loss of leadership in this area wi l l 
have staggering implications. 

Because of President Carter's 
1977 decision to ban commercial 
reprocessing of spent nuclear fuel , 
his reduced emphasis on the Ports­
mouth , Oh io centri fuge enr ich­
ment project, and his opposit ion to 
the breeder reactor, we are rapidly 
losing our place as a leader in nu ­
clear technology. The Europeans 
are reprocessing, they are enriching 
uranium, and they are vitr ifying nu­
clear wastes. The facts speak for 
themselves. 

In light of our domestic needs 
and the international imperatives, 
we must lay the groundwork for a 
major nuclear program on the do­
mestic front. This program wil l in ­
clude away-from-reactor storage 
facilities for spent fue l ; the com­
mercial reprocessing of spent fue l ; 
permanent repositories for nuclear 
waste; the development and use of 
breeder reactors; a sharp reduct ion 
in the t ime it takes to license new 
reactors, consistent with safety; the 
rapid development and use of gas 
centrifuge enrichment facilities; 
and the development of nuclear 
fusion. 

To implement this program in 
Congress, we wil l need to do some 
selective pruning of the legislative 
and executive branches. The result 
wi l l be healthy growth next spring. 

Clarence Brown, known as "Mr. 
Energy," has represented Ohio's 
seventh congressional district since 
7965 and Is the ranking Republican 
on the Energy and Power Subcom­
mittee of the Interstate and Foreign 
Commerce Committee. 

National 

Economist 
Challenges 
Zero Growth 
In Science 

In the June 27 issue of Science mag­
azine, economist Julian L. Simon of 
the University of Il l inois-Urbana takes 
on the lies and false assumptions 
widely publicized as fact by the U.S. 
media, the zero-growth movement, 
and such agencies as the United Na­
tions and the U.S. Agency for Inter­
national Development (AID). 

Titled "Resources, Population, En­
v i ronment: An Oversupply of Bad 
News," Simon's article documents the 
positive effects of increased popula­
t ion on societal wel l -being that result 

f rom the uniquely human quality of 
mind. "People bring not only mouths 
and hands into the wor ld but also 
heads and brains. The source of im­
provements in productivi ty is the hu­
man mind, and the human mind is 
seldom found apart f rom the human 
body." 

Simon takes apart the argument 
that " the instant a calf is born , per 
capita income and wealth go up, but 
the instant a chi ld is born, per capita 
income and wealth go d o w n , " or as 
Malthus put it, that an increase in 
populat ion "increases the number of 
people before the means of subsist­
ence are increased [and the] food 
therefore which before supported 
eleven mill ions, must now be divided 
among eleven mill ions and a half." 
He counters that the important vari­
able to look at is the "addi t ional per­
son's contr ibutions to increased 
knowledge and technical progress." 

Malthusian Econometrics 

Modern econometr ic models ac­
cept the Malthusian perspective, and 
f rom this static equi l ibr ium viewpoint 
do not allow sufficient t ime to ac­
count for people's development and 
subsequent positive effects upon so­
ciety's increasing productivi ty, Simon 
writes. "But more important are an 

Continued on page 81 

Small, nonmechanized farms are the IMF and World Bank's policy for the 
Third World. Here, Ethiopian tribesmen tending a cotton field. 
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Recovering World Industrial Leadership: 

Is it possible to do the right thing for 
the wrong reason? I think not, al­

though on occasion it may look like 
that in the short run, and arguably 
some good may come f rom disorderly 
mot ion in the right direction—if only 
the arrest of further regress and the 
opportuni ty for the intervention of 
reason. 

I am prompted to make this sum­
mary comment after reading through 
an impressive stack of articles, docu­
ments, memoranda, and discussion 
papers on the topic of the ^ i n d u s ­
trialization of the Uni ted States issued 
in recent months by a large variety of 
government and private institutions 
and published by as many journals. 
One common motive runs through all 
of them: the Soviet threat. Secondary 
motives for retool ing ment ioned in 
some cases are the German-Japanese 
threat to U.S. export positions and the 
possibility of an oil cutoff f rom the 
Middle East. 

However, I feel compel led to con­
clude that if it were not for such 
inconvenient external threats, these 
same institutions and authors wou ld 
f ind little wrong with the self-imposed 
moral and physical decay of U.S. so­
ciety. Was it the Soviets who forced 
us to embrace the idiocies of the 
"postindustrial society," the ideology 
of "zero g rowth , " and the virtually 
unopposed, widespread sale of m ind-
altering drugs to our school children? 
Did the Soviets invent the mind-
destroying rock and disco music; are 
they behind the commercial-televi­
sion-induced idict passivity of much 
of our populat ion, or the introduct ion 
of the New Math in our schools, 
which virtually assures the future sci­
entific illiteracy of a whole genera­
tion? Finally, did the Soviets force 
upon us the decay of our steel indus­
try, the cessation of investment in 
high-technology industries, the crea­
t ion of an incompetent volunteer 
army, or the election of a president 
who made it his business to all but 

destroy our nuclear industry and sev­
eral other advanced energy R&D 
projects, thus increasing the risk of 
nuclear war by increased dependency 
on foreign oil and the temptat ion to 
secure supplies by military force? 

An honest observer wi l l have to 
answer " n o " to all of these questions. 
If the United States today is econom­
ically and militarily weak-kneed, in­
tellectually flabby, and morally feeble, 
this is so not because we have been 
left behind by astonishing Soviet—or, 

Table 1 
ANNUAL RATE OF 

PRODUCTIVITY INCREASE 
1965-1978 

United States 
Canada 
Japan 
France 
West Germany 
Italy 
United Kingdom 

1.9% 
4.1% 
8.1% 
5.7% 
5.4% 
5.7% 
2.9% 

Source: U.S. Department of Labor, Bu­
reau of Labor Statistics. 

U.S. productivity, the key parameter 
for economic health, has increased at 
a much slower rate than in the rest of 
the industrial nations. 

for that matter, German and Japa­
nese—breakthroughs and accom­
plishments in science, educat ion, and 
military and civilian industrial produc­
t ion. It is so because we ourselves, 
and those whom we foolishly con­
t inue to allow to mislead us, have 
done an expert job at wrecking our 
scientific and industrial infrastructure, 
permitt ing a moral imbecile like Zbig-
niew Brzezinski or the Club of Rome's 
Aurel io Peccei, latterday followers 
of Thomas Malthus (original zero-
growther and sworn enemy of the 
American Republic), to set the tone 
of the debate on our future rather 

than recovering for our guidance the 
ideas of Benjamin Franklin and the 
other founding fathers of this nation. 

There is little doubt in my mind that 
the only regret Brzezinski and others 
of his persuasion—apostles of the 
" technetronic age" and the "post in ­
dustrial society"1—have about the 
present state of affairs in the United 
States and wor ldwide is that so far 
they have been unable to persuade, 
cajole, or blackmail the Soviet Union, 
West Germany, France, and Japan into 
going along wi th their vision of the 
brave, new, postindustrial wor ld . Cur­
rently, f rom their perspective, an un­
fortunate but unavoidable tactical 
adjustment is necessary. They must 
restore, at least superficially, certain 
elements of America's industrial and 
military might, so as not to lose the 
wor ld strategic initiative entirely to a 
French-German-Soviet detente align­
ment for the purpose of cooperation 
in the industrial development of the 
Third World. 

Such an approach to " ^ i ndus t r i a l ­
izat ion" as a temporary technical and 
political expedient cannot succeed 
either in the broader economic sense 
or in the accomplishment of seem­
ingly narrower objectives like the re­
bui lding of U.S. military power. 
Overall profitabil i ty of investment in 
industrial capacity—ignoring econ­
omies of scale, which is justifiable for 
sufficiently large capital volumes—is 
directly proport ional to the increase 
in productivi ty resulting f rom the in ­
vestment and this, in turn, is a mono-
tonic funct ion of the degree of tech­
nological innovation embodied in the 
new capacity. 

No attempted "qu ick f i x " for the 
economy through expansion " i n 
width"—that is, wi th in the present 
technology base—could sufficiently 
conform to the necessary profitabil i ty 
criterion to definit ively pull the econ­
omy out of the hole. In fact, as Dr. 
Steven Bardwell shows in an accom­
panying article, if linear, " i n - w i d t h " 
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expansion of economic activity 
should be undertaken for the pr inci­
pal purpose of product ion of military 
hardware, it wou ld absorb potentially 
productive output into nonproduc­
tive consumption and increase the 
drag and burden on the productive 
sector of the economy: A shortl ived 
flash recovery would in short order 
be fo l lowed by even deeper collapse. 

We have demonstrated both theo­
retically and empirically that the root 
cause for the endur ing malaise and 
lack of crisis-resiliency of the U.S. 
economy is the 25-year cancerous— 
and since 1968 even more acceler­
ated—growth of the economy's serv­
ice sector in relation to goods-pro­
ducing manufacturing and farming 
sectors (Figure 1).2 

The increasingly rapid downturn in 
capital formation that accompanied 
this shift—the United States now rein­
vests less than 10 percent of GNP 
compared to West Germany's 15 per­
cent and Japan's 20 percent—led not 
only to a slowdown in productivity 
growth in manufacturing, but also, for 
the first t ime in 1979, to net produc­
tivity losses (Table 1). Since 1965, the 
United States has averaged only a 1.9 
percent annual rate of increase com­
pared to West Germany's 5.4 percent 
and Japan's 8.1 percent. 

The U.S. economy has actually be­
come more labor intensive and less 
energy intensive since at least 1976. 
Thus, as we have shown previously, 
considered as a thermodynamic ma­
chine, the economy is losing its ca­
pacity to produce the " f ree energy" 
crucial to cushion external shocks and 
to power future expansion.3 

Social theorists such as Herman 
Kahn, Zbigniew Brzezinski, or Daniel 
Bell (author of The Coming of Post-
Industrial Society, 1973) may proclaim 
these economic facts signals of the 
transition to their technetronic or 
postindustrial age. (According to Bell 
the postindustrial society is "based on 
services," "a game between persons" 
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and, from a position of weakness, 
aggressively push the wor ld toward 
thermonuclear extinct ion. 

To sum up the argument to this 
point : Since the 1950s, and increas­
ingly since the mid- to late-1960s, U.S. 
capital stocks have been renewed at 
insufficient rates and have become 
increasingly obsolete. As a result, pro­
ductivity growth has declined dra­
matically and dur ing the last 15 years 
has averaged less than one-th i rd the 
West European rate (not including 
Britain) or the even higher Japanese 
productivity increases; U.S. educa­
tional standards and performance 
have collapsed, decl ining by more 
than 20 percent since the early 1960s; 
and U.S. scientific and engineering 
manpower in R&D has decreased at 
an alarming rate. 

The most recent (January-June 
1980) collapse of U.S. industrial out­
put, reflected in the exponential de­
cline of the industrial product ion in­
dex further highlights the fundamen­
tal weakness of the U.S. economy 
(Figure 2). 

These facts speak for themselves 
and should alone provide ample mo­
tivation for full-scale efforts to restore 

U.S. industrial and educational excel­
lence wi thout enlisting a Soviet threat 
that may or may not exist in the form 
portrayed but is causally unrelated to 
the U.S. problem at hand. It should 
he clear as well that only a reconstruc­
t ion effort " i n dep th , " attacking the 
root causes of the decay of U.S. in­
dustrial and moral strength wil l have 
a reasonable chance for success. It is 
precisely because such an " i n d e p t h " 
effort is needed that enlistment of an 
external threat to motivate recon­
struction is such a dangerous and po­
tentially self-defeating political game. 

Those U.S. scientists, engineers, and 
industrial leaders whose past per­
formance and present effort permit 
no doubt about their genuine con­
cern for America's future must be 
warned that making short-term tacti­
cal alliances to ward off a Soviet threat 
or Midd le East oil cutoff wi th the 
architects, apostles, and, unti l re­
cently, the most ardent practitioners 
of zero-growth, postindustrialization, 
and the drug-rock countercul ture— 
be that Brzezinski or the Navy's Elmo 
Zumwalt—contains the grave danger 
of bl inding oneself or looking the 
other way when it comes to doing 

battle with precisely those political 
forces and ideological orientations 
that caused America's weakness in the 
first place. 

It is the ultimate proof of loss of in­
tegrity and of the internal destruction 
of the nation if we no longer possess 
the intellectual vision and moral for­
t i tude to set our own strategic goals, 
to do what is right for that and no 
other reason, rather than being p rod­
ded t ime and again into incompetent 
responses by an external foe. 

Strategic Goals and Economic 
Principles of (^'industrialization 

If American polit ical and scientific 
leaders today looked at the wor ld 
through the eyes of their one-t ime 
revolutionary leaders Franklin, Wash­
ington, and Hamil ton rather than 
through the distort ing spectacles of 
the ideological standard bearers of 
the empire these revolutionary lead­
ers set out to utterly destroy—I want 
to single out in particular Adam 
Smith, Thomas Malthus, Jeremy Ben-
tham, and the apparent adversary of 
the latter, Edmund Burke—then they 
would have no diff iculty in discerning 
the strategic frontiers to be con­
quered over the next two or three 
decades and the initiatives to be taken 
to focus American efforts and restore 
a purpose to the nation. Before us lies 
the vast task and opportuni ty of col ­
laboration with the nations of the 
Third Wor ld to lay the f i rm founda­
tions and, in many cases, actually to 
assure their attainment of modern in­
dustrial nation status dur ing the next 
quarter-century. 

This is the proper arena for com­
peti t ion with the Soviet Union—not 
pursuing military confrontat ion over 
areas representing dwindl ing raw ma­
terial resources, but br inging to bear 
the most powerful weapons we are 
able to f ield—our scientific and tech­
nical ingenuity and the political leg­
acy of the American Revolut ion—to 
help create sister republics through­
out the wor ld sustained through com­
mitment to and joint pursuit of moral 
and economic progress. 

The second front ier is the one we 
already touched dur ing the high 
points of the NASA-directed Apol lo 
program, but f rom which we have 
since retreated: space exploration 

Figure 2 
INDEX OF U.S. INDUSTRIAL PRODUCTION 

U.S. industrial production has taken a dramatic exponential downturn in 
the first half of 1980, which if it continues at this rate would average as 
much as a 25 percent drop this year. 
Source: U.S. Federal Reserve Board 
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and the development of long-dis­
tance manned space travel for the 
longer-term purpose of space colo­
nization. 

Setting for ourselves these in fact 
rather obvious strategic goals and ral­
lying the populat ion in their support 
will ensure that the projected pro­
cess of reindustrialization proceeds, 
guided by a point of perspective 
that induces the proper constraints 
and boundary condit ions, preventing 
long-term distortions. At the same 
time, it provides to the populat ion the 
incentives and new sense of purpose 
that wil l go a long way toward def in­
itively defeating ideologies related to 
no-growth. 

The Energy Equation 
Ultimately, strategic miscalculations 

as well as major strategic setbacks can 
always be traced back to flawed epis-
temology or lack of epistemological 
rigor. Energy policy in the 1970s is a 
most important case in point, and 
unless the lessons of what went wrong 
in that period are fully compre­
hended and assimilated by policy­
makers, even wel l - intent ioned devel­
opment strategies for the 1980s wil l 
fail miserably. 

Before 1973-74, energy policy in ex­
plicit terms hardly existed; at most, 
energy was thought of as one among 
a large number of factors entering 
into the economic growth equation. 
It was one of the very few positive by­
products of the 1973-74 oil crisis that 
the all-pervasive and determining role 
of energy in the economic process 
became widely recognized. There, 
however, the matter stopped and in­
tellectual sloppiness took over, born 
at least in part of compromise with an 
outr ight capitulation to "post indus-
t r ia l " and " l imits to g r o w t h " New-
think. 

The result is the revolutionary idea 
of "decoup l ing"—the not ion that, 
since energy prices have increased 
dramatically in the second half of the 
1970s, the wel l-being of an economy 
actually depends on the implemen­
tation of successful conservation po l ­
icies. Furthermore, decoupl ing holds 
that conservation need not impair 
long-term economic growth since it 
has been empirically demonstrated 
that in the past few years the ratio 
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nologies that may indeed realize cer­
tain savings in total energy expended 
as a side-effect of operating at much 
increased energy flux densities. 

In the broadest sense, higher flux 
densities translate into improved ut i l i ­
zation of available energy, hence into 
improvement of the free energy/total 
energy ratio—freeing up energy for 
the negentropic expansion of a non-
equi l ibr ium system. 

Recently developed aluminum pro­
duct ion technologies, for example, 
utilize much higher currents in the 
electrolytic cells, simultaneously re­
ducing the total energy per ton of 
a luminum produced. Similarly, higher 
energy flux densities—units of energy 
f lowing per unit t ime and spatial cross 
section—in agriculture have signifi­
cantly lowered the energy input re­
quired to produce a ton of grain 
through greater fertil izer use per t ime 
and hectare. 

One crucial presupposition of 
going to higher energy flux densities 
(which directly correlate with in­
creased productivity) is that the qual­
ity of energy available for industrial 
product ion is also improved. This flux 
density-productivity link is quantif ia­
ble in a set of partial derivatives that 
depend, fundamentally, on the "qua l ­
i ty" of energy: 

• rate of change of output with 
respect to change in electrical energy 
(holding labor, capital, and raw ma­
terials input constant); 

• rate of change of productivity 
with respect to changes in total en­
ergy (holding all else constant); and 

• rate of change of electrical en­
ergy with respect to change in capital 
investment (holding all other inputs 
constant). 

Historically, the requirement of im­
proved energy quality is illustrated by 
the increasing amount of electricity as 
a port ion of total energy consumed. 
Of two equal amounts of energy in 
the form of electricity and process 
heat, it is the former that is much 
more versatile and of much higher 
quality, determined by a higher de­
gree of organization. High-quality, 
low-entropy energy output, however, 
in turn requires higher energy flux 
densities in the energy product ion 
device itself. 
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This closes the circle for the discus­
sion of the proper concept ion of the 
relationship between energy and eco­
nomic growth: The crucial determi­
nant of economic growth—compara­
ble in thermodynamic terms to the 
eff iciency-determining temperature 
of the process—is productivi ty. Such 
productivity is to be measured by the 
ratio of reinvestable profit to capital 
and labor costs; productivity growth 
is the direct correlate of increases in 
energy flux density, which presup­
poses higher flux density energy pro­
duct ion methods.6 

Decoupl ing proposals are at best 
irrelevant to this problem cycle, but 
in the manner posed at present they 
wil l undoubtedly lead to the adoption 
of energy policies that wi l l maximize 
the short-term economic damage re­
sulting f rom productivity losses and 
the longer-term damage resulting 
f rom the installation of a mix of en­
ergy technologies that are least sup­
portive of high-flux raw materials pro­
cessing, manufacturing, and agricul­
tural product ion methods. 

Stated differently, because they fa­
vor low-flux systems, decoupl ing ef­
forts end up leading to energy waste 
by forcing up energy input per unit 
output. Furthermore, they make it 
more and more diff icult to reverse 
such follies by saddling us with energy 
systems incapable of delivering the 
proper energy mix for opt imal pro­
duct ion technologies, thus increas­
ingly foreclosing profitable invest­
ment in the most productive high-
technology areas. 

Conversely, having clarified some 
essential causal links between energy 
and economic growth, we are now 
able to give a positive characterization 
of the reindustrialization problem as 
fol lows: We have defined the stra­
tegic goals—Third Wor ld develop­
ment and expanded exploration of 
the solar system. Realization of these 
goals requires determination of an 
optimal trajectory—a "least act ion" 
path—taking our present condit ion as 
a starting point and advancing under 
the equivalent constraints of maxi­
mizing productivity and uti l ization of 
high energy flux methods. 

Growing availability of increasingly 
versatile, low-entropy energy is the 

pervasive condi t ion that must be sat­
isfied for smooth travel on such a 
trajectory. Rapid development of high 
flux tolerating materials is another es­
sential condi t ion. 

Before proceeding to a sharper de­
lineation of an op t imum path in the 
form of an outl ine policy proposal for 
industry, we must briefly take up an 
issue epistemologicaliy closely related 
to decoupling—rational izat ion. 

The same 15-year period f rom 1965 
to 1980 in U.S. economic history that 
was characterized by extremely low 
average productivi ty increases also 
saw a great preponderance in industry 
of " rat ional iz ing" instead of "expan­
sionary" innovations (rationalizing 
meaning " labor saving" wi thout con­
comitant increases in product ion). 

Clearly, such forms of rationaliza-

"Overall profitability of In­
vestment in industrial capac­
ity is directly proportional to 
the increase in productivity 
resulting from the invest­
ment and this, in turn, is a 
monotonic function of the 
degrees of technological in­
novation embodied in the 
new capacity." 

t ion do not have a positive impact on 
global productivity, but simply rep­
resent yet another variant of the dis­
placement of productive by non­
productive labor in the economy as 
a whole. " In format ion replacing 
goods," "shift toward the information 
society," and so forth are the slogans 
certain analysts have coined to de­
scribe the phenomenon. But much as 
in the case of decoupl ing, rationali­
zation without basic productive tech­
nology innovation at best comes to 
nought and usually camouflages ac­
tual losses in productivity as a result 
of lack of capital investment. 

Rationalization—the equivalent of 
energy saving—cannot stand alone, 
propping up a decaying infrastruc­
ture. As the West German and Japa­
nese examples demonstrate, it can 

play its proper role only in an envi­
ronment shaped and determined by 
adequate investment in basic inno­
vations in product ion technology (see 
Table 2). 

A Policy for U.S. Industry 
A special issue of Business Week, 

dated June 30,1980, takes up the topic 
of the "Reindustrial ization of Amer­
ica," and under the headings "A New 
Social Contract" and "A Policy for 
Industry" presents a set of major po l ­
icy recommendations. The substance 
of the new social contract—inspired, 
as Business Week notes, by the ph i ­
losophy of Rousseau, the 18th cen­
tury's foremost "back to nature" anti-
industrial spokesman!—is to be the 
creation of "a new sense of team­
work . " 

The principal industrial product ion 
and development goals are in the 
areas of information and data-pro­
cessing, microelectronics (chips, and 
so forth), solar energy, biotechnology 
(genetic engineering), coal and syn­
thetic fuels, and, finally, the more 
traditional aerospace sector. Steel, 
petrochemicals and plastics, and to 
some extent the auto sector are Busi­
ness Week's candidates for prun ing; 
machining and machine tools are re­
garded as growth sectors, if only to 
support growth in other areas. 

Coupled with certain tax and credit 
proposals, this motley list is presented 
as a long-term industrial development 
strategy. I have referred to it here at 
some length only because it does 
combine some of the better features 
of programs put forward by other 
institutions and individuals ( including 
certain legislation in Congress), and 
because it is at the same time so 
utterly devoid of any leading or inte­
grating concept and methodology. 

The strategic goals and methodo­
logical principles I have discussed in 
the preceding section give rise to the 
fol lowing out l ine policy proposal, 
which should be compared to the 
Business Week recommendations. 

The guiding concept of these pro­
posals is the pursuit of the strategic 
goals of Third Wor ld development 
and space exploration and develop­
ment along the maximum product iv­
ity, high energy flux density path. This 
is further specified as fol lows: 
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1. Fusion Energy Development 
The commercial development of 

control led thermonuclear reactions is 
the principal energy development 
goal for the remainder of this century. 
Its success wi l l allow the most effec­
tive complementari ty of currently ex­
isting nuclear energy technologies 
from the standpoint of the fuel cycle, 
waste disposal, and so for th. 

Fusion energy conforms most im­
mediately to the requirement of the 
creation of extremely versatile, low-
entropy energy sources. In the most 
highly developed form, fusion tech­
nology wil l permit direct energy con­
version, allowing us ultimately to dis­
pense wi th most moving parts in 
energy product ion. The extremely 
rich, low-entropy fusion energy spec­
t rum, finally, wi l l become the basis of 
entirely new materials-processing and 
industr ial-production methods. 

The " low-ent ropy , " " far f rom equi­
l i b r ium" physics required in the ex­
ploration of the fusion process si­
multaneously represents the most 
promising overall orientation for the­
oretical physics progress. 

The term far from equilibrium is 
borrowed from nonequi l ibr ium ther­
modynamics and chosen here in 
keeping with the thermodynamic no­
menclature throughout to refer to 
processes we have elsewhere de­
scribed in the framework of Riemann-
ian nonlinear dynamics. These are, 
characteristically, directed multistage 
processes, different stages represent­
ing qualitatively different internal dy­
namics and modes of interaction, 
connected by singular phenomena 
such as shock waves, and so for th. 

A most promising new concept for 
inertial conf inement fusion illustrat­
ing this type of process has recently 
been proposed by Friedwardt Winter-
berg of the Desert Research Center in 
Nevada.7 Noting that for beam drivers 
(lasers, particle beams) intended to 
ignite the fusion process, their energy 
density e and energy flux density <p 
are related by the equation 

€ = <J)/V 

where v is the average particle veloc­
ity, Winterberg proposed that instead 
of directly delivering laser-generated 
photons to the target, it would be 
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advantageous to start the process wit i 
a large kinetic energy of modest v« 
locity but large mass—as in the cas 
of a hypervelocity macroscopic pre 
jectile. This energy is then converte 
into photons by shock heating of 
high-atomic-weight (high-A) gas. I 
turn, through confinement in a 
opaque-walled cavity, the photon 
are converted into blackbody radia 
t ion. It is finally this radiation of en 
ergy flux density <p = (c/4)e (where 
is the speed of light) that is used for 
target compression and heating. Thu? 
by forcing an initial kinetic implosio 
energy to undergo multistage conver 
sion, we have transformed a given 
energy of density e into an extremel 
large energy flux density tp. Since th 
required implosion velocity of the 
cavity containing the high-A gas i 
comparatively small, this method re 
quires much less power to drive the 
fusion process than that required b} 
direct pellet implosion. 

In addit ion to the crucial role o 
scientific epistemology, funding is ; 
key issue in fusion development. Ir 
spite of largely inadequate f u n d i n g -
less than $1.5 bi l l ion in total over the 
past 10 years—the U.S. magnetic fu­
sion program has made astonishing 
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progress, traversing in less than a dec­
ade the enormous distance f rom 
small-scale laboratory experiments to 
the assurance of proof of scientific 
feasibility and the init iation of engi­
neering power reactors. 

It is a still largely unnoticed success 
story that already in its broad impl i ­
cations outstrips the significance of 
the Apol lo project. Along with infor­
mation processing technology, it also 
represents the only high-technology 
area in which the United States has 
maintained a substantial lead over all 
other competing nations. 

2. Biological Sciences 
The role of fusion in energy and 

industrial product ion wil l be played 
by genetic engineering in agricultural, 
medical, and pharmaceutical appli­
cations. Significantly, the study of "far 
f rom equ i l ib r ium" systems in plasma 
physics and thermodynamics has 
given important new impulses to the­
oretical biology. 

3. Space Exploration 
Technologically, the future of space 

exploration wil l become intimately 
l inked to fusion energy development. 

Continued on page 32 
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The LaRouche-Riemann Model: 

Figure 1 
FLOW CHART OF SECOND-GENERATION 

LAROUCHE-RIEMANN MODEL 
The model begins with the inputs to a cycle of economic production 
divided into the tangible goods necessary for reproduction of the 
productive workforce (labeled v„ for the tangibles consumed by the 
productive workforce in the i-th sector) and the tangible goods required 
for the reproduction of plant, equipment, and raw materials (labeled c,). 
These inputs are consumed in the production process, resulting in 
output from each sector. 

Each sector produces surplus ("value added") in proportion to the 
productivity of that sector; causally, the employment of productive labor 
creates profits. The model then pools the output from each sector and 
divides the total output into three categories: first, the stocks necessary 
for an exactly equilibrium reproduction of the labor force and capital 
goods of the economy (this will equal the sum of the v, and c, of the 
next cycle of production); second, the surplus invested in the expansion 
of v and c in the next cycle (this reinvestment goes either to an expansion 
in scale or quality of the economic process); and third, the other 
"overhead" expenditures (labeled d) out of which are met the stock of 
tangibles both necessary (health, education, some services, some parts 
of government, and so forth) and unnecessary. The successful reproduc­
tion of an economy depends on the relative size of the productive 
compared to the nonproductive expenditures. On this basis, the model 
defines a "free-energy ratio," s'/(c+v). If this ratio is increasing at an 
increasing rate, then the economy is progressing. 

A look back at the two decades of 
economic history since 1960 

shows one of the most dramatic 
changes in the structure of the wor ld 
economy in the 400 years of modern 
capitalism: the U.S. economy, once 
the overwhelmingly dominant econ­
omy in the wor ld , has become a sec­
ond-t ier industrial power. The West 
Germans have more exports, in ab­
solute amount, than the United 
States; the West Germans produce 
almost twice as many machine tools 
as the United States; the West Ger­
mans and Japanese lead U.S. industry 
in capital investment and level of im­
plemented technology in almost 
every industry; the living standards of 
West German industrial workers in 
key industries like steel are higher 
than those of their U.S. counterparts. 

Al though this state of affairs is not 
irreversible, it is indicative of a fun­
damental sickness in the American 
economy—a systemic disease whose 
symptoms and etiology have escaped 
the mainstream of current economists 
and -policymakers. The misdiagnoses 
are familiar; to take some examples: 
" Impor ted o i l " ; yet the Europeans 
and Japanese import more than 90 
percent of their oi l , whi le the United 
States imports about half that per­
centage. Or "energy waste"; yet the 
energy efficiency of the U.S. economy 
has nominally increased since 1973, 
and the U.S. economy has gotten 
worse. Or "cheap foreign labor"; yet 
West German steel workers are better 
paid than Americans. 

The Fusion Energy Foundation, in 
collaboration with the weekly Execu­
tive Intelligence Review, has under­
taken a detailed study of the Amer i ­
can economy using the LaRouche-
Riemann econometr ic model (see 
Figures 1 and 2). The preliminary con­
clusions f rom this study provide a 
striking view of the current state of 
the U.S. economy and the policies 
necessary for an American recovery. 

First, the American economy over 
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1̂  for a Healthy Economy by Dr. Steven Bardwell 

the last 20 years has suffered horn 
acute underinvestment. A compari­
son between the West German and 
U.S. economies performed with the 
LaRouche-Riemann model shows, for 
example, that an economy investing 
at the accelerated rates of the West 
German economy can weather a dis­
turbance like the 1973 oil price rise 
with relatively few ill effects. (See Fu­
sion, Sept. 1980, p. 73.) The U.S. econ­
omy totally lacks that resiliency. 

Second, the most important param­
eter reflecting this lack of investment 
is the secular decline in U.S. industi iajl 
productivity. Using the model , a more 
sophisticated measure of productivity 
has been developed that shows that 
this decline in product iv i ty—more 
than any other parameter—measured 
the failure of an economy. It is the 
long-term decline of productivity of 
key sectors of the economy like steel 
,\nd the utilities (through attacks on 
nuclear energy) that has made the 
growing overhead burden of financial 
speculation, government debt, and 
transfer payments unbearable. The 
result has been double-digit inflation. 

Third, the U.S. economy is now at 
the point of a catastrophic collapse; 
and this collapse is inevitable unless 
an emergency ^ industr ia l izat ion pro­
gram is implemented. Without a dras­
tic, long-term mobi l izat ion of the 
country's manpower, capital, and 
brainpower, our economy wil l col­
lapse. (For more details on the Rie-
mannian analysis of the threat to the 
U.S. economy of " thermodynamic 
death," see Fusion, Aug. 1980, p.57.) 

The Riemannian Litmus Test 

Using the model , we have found 
that the litmus test for any reindus­
trialization program is its effect on 
productivity. Since the LaRouche-Rie­
mann model is based on the funda­
mental causal relations among pro­
ductivity, capital investment, and 
technological progress, the model 
shows unequivocally that nothing can 

Continued on page 80 
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Major Energy and Reindustrialization 
A number of major studies 

of reindustrialization and 
energy policy have appeared 
in the past few months. This 
grid, prepared by Vin Berg, 

summarizes some of the more 
prominent reports and meet­

ings. The reader is urged to 
compare these statements of 

the problems and solutions 
with the Fusion Energy 

Foundation perspective. 

Title 
World Coal Study 

Date 
May 1980 

Sponsors 
AMAX, ARCO, MIT, Mellon 
Foundation, Rockefeller Foun­
dation, British Petroleum, 
Cambridge University Engi­
neering Department, Warburg 
Foundation, World Wildlife 
Fund, Bechtel Corp., Friedrich 
Krupp GmbH 

Focus 
Energy needs/coal 

Statement of Problem 
Reliance on oil and natural 
gas must be phased out, but 
nuclear power will probably 
fall short of even current, 
scaled-down projections, and 
solar and other renewables 
can make only partial contri­
butions in the OECD nations; 
yet, current OECD coal output 
would fall 50 to 66 percent 
short of projected new energy 
needs in the year 2000, as­
suming only 2.5 to 3 percent 
economic growth rates per 
year. 

Recommendations 
Energy must be "decoupled" 
from economic growth, re­
ducing the ratio to 0.6 by 
1990. Governments must 
ease environmental restric­
tions, streamline regulations 
to shorten lead-time on new 
facilities, and conclude multi­
lateral agreements to achieve 
a threefold increase in coal 
output and expedite exports 
from coal-rich to coal-poor 
OECD nations. 

Title 
Declaration of the Heads of 
State 

Date 
June 23, 1980 

Sponsor 

Organization for Economic 
Cooperation and Develop­
ment (Venice summit, June 
22-23, 1980) 

Focus 
Energy needs 

Statement of Problem 
Large increases in the OPEC 
price of oil have retarded 
growth and produced higher 
inflation rates and a threat of 
severe recession and unem­
ployment in the industrialized 
nations. 

Recommendations 
The existing link between 
economic growth and con­
sumption of oil and other 
forms of energy must be bro­
ken, requiring the doubling of 
production and use of coal 
and the increase of nuclear 
power use in the medium 
term, and requiring a sub­
stantial increase in synthetic 
fuels, solar energy, and other 
renewable sources over the 
longer term. Overall, by 1990, 
this will reduce oil demand 
from 53 percent to 40 percent 
of total OECD energy demand 
and reduce total energy de­
mand in relation to economic 
growth to a ratio of 0.6. 

Title 
Economic Development 

Date 
September 1980 single-issue 
edition of Scientific American 

Sponsor 
Scientific American 

Focus 
Third World development 

Statement of Problem 
The population explosion and 
poverty in the developing na­
tions are not caused by fertil­
ity rates but by the lack of 
scientific industrial revolu­
tion, which will stabilize pop­
ulation. 

Recommendations 
"Group of 77" demands for a 
"new international economic 
order" defined in the United 
Nations should be accepted; 
the UN model shows that 
Third World development will 
stabilize population globally 
at 8 to 12 billion by the year 
2000; any such predictable 
population can enjoy the 
elimination of want through 
existing technology and 
physical resources. The de­
veloped countries should un­
dertake the systematic trans­
fer of scientific-industrial 
technology to the poor na­
tions, focusing on the world's 
10 major underdeveloped 
river valleys (e.g., Indus, 
Ganges, and Brahmaputra), 
bringing these under cultiva­
tion by 20th-century technol­
ogies. Energy is the crucial 
factor—in the form of fertil­
izers, pesticides, and mech­
anization in agriculture, in 
mineral resources extraction, 
and in industry, transport, 
and communication. Nuclear 
energy is the crucial energy 
technology for Third World 
development. 

Note: This is a summary of the 
general thrust of a number of indi­
vidual articles in the issue. 
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Title 
Revitalizing the U.S. Economy 

Date 
June 30, 1980 single-issue 
edition of Business Week 

Sponsors 
Business Week/McGraw Hill 

Focus 
Reindustrialization of the 
United States 

Statement of Problem 
Large parts of the U.S. econ­
omy are too inefficient to 
compete in world markets, 
because the leading cate­
gories of old basic industries 
are obsolete in relation to 
West Germany and Japan, in 
particular; innovation and 
R&D have lagged behind 
America's competitors. 

Recommendations 
Old basic industries should 
not necessarily be modern­
ized; competition with other 
nations must be the criterion 
for selecting which industries 
and product lines should be 
encouraged and which al­
lowed to vanish. A new "so­
cial contract" that takes prec­
edence over the aspirations 
of poor, minorities, and envi­
ronmentalists must be ac­
companied by government 
tax, budget, and credit poli­
cies tailored to encourage 
those competitive industries 
in which "information takes 
the place of goods" (e.g., mi­
croelectronics); energy re­
sources must be similarly tai­
lored, emphasizing coal, 
solar, and other renewable 
forms. 

Title 
Research Revitalization Act of 
1980 (HR 6632) 

Date 
February 26, 1980 

Sponsor 
Rep. Charles Vanik (D-Oh.) 

Focus 
Technological innovation 

Statement of Problem 
American manufacturers 
have suffered a decline in do­
mestic productivity and be­
come noncompetitive on 
world markets, particularly in 
relation to Europe and Japan, 
because America has lagged 
behind in high-technology in­
itiatives that are essential to 
the export marketplaces. 

Recommendations 
Government must provide tax 
credits and incentives for the 
formation of reserve funds for 
research and development by 
corporations; the goal should 
be to maximize production of 
new technology per dollar of 
tax resources lost and to fo­
cus research on the univer­
sity campuses under private 
corporations' sponsorship. 
This program would be a 
substitute for the military 
R&D and space programs in 
efficiently creating new tech-
noloaies. 

Title 
Colloquium on Com ngency 
Planning for an Energ / Emer­
gency 

Date 
June 24, 1980 

Sponsor 
Hoover Institution o i War, 
Revolution, and Peac <; Stan­
ford University; Scientists 
and Engineers for Sec ure En­
ergy 

Focus 
Energy needs/oil supply cut­
off 

Statement of Problen 
Sudden cutoff of oil f om the 
Persian Gulf as a r< suit of 
political destabilizatioi i or war 
would immediately tr; nsform 
American lifestyles, r educing 
oil supplies by 35 percent, 
GNP by 15 to 25 percc- nt, auto 
use by 50 percent, ard other 
transport by 30 per;ent; It 
would force abandon nent of 
hard-to-heat residen1 al and 
commercial buildings curtail 
recreational and culMral ac­
tivities, and accelera e relo­
cation of populatii ms to 
warmer climates; U S. de­
fense capabilities woi d be in 
severe peril. 

Recommendations 
To reduce vulnerabilil i, high-
level policy organizati >n as in 
World War II must be applied 
to increase domest c coal 
and nuclear sources, as well 
as gas, shale oil, a id bio-
mass; oil and gas p ice de­
control must be aco iterated 
to force real const rvation; 
environmental restiictions 
should be amended w spe­
cially administered t< expe­
dite these measures; nuclear 
and coal installations must 
be brought up to full c ipacity, 
while plants now unc 3r con­
struction or awaitinc licen­
sing should be completed on 
an accelerated sc ledule. 

Note: A statement issi ed from 
the colloquium was sign< d by in­
dividuals; and various | oints of 
view were aired, favoring different 
emphases. 

Title 
Suppose the Oil Stops 

Date 
June 1980, Lawrence Liver-
more Energy and Technology 
Review 

Sponsor 
Lawrence Livermore National 
Laboratory, Energy and Re­
source Planning Group 

Focus 
Energy needs/oil cutoff 

Statement of Problem 
A total Middle East oil cutoff 
could send the price over 
$100 per barrel and have ex­
treme political and economic 
effects comparable to those 
of World War II, with the 
United States losing—per In­
ternational Energy Agency 
sharing agreements—36 to 
40 percent while allies lose 74 
to 83 percent of oil supplies. 

Recommendations 
Short, medium, and long-
range measures to reduce 
vulnerability must involve 
"changing the energy menu" 
of the United States. In the 
short term, transport includ­
ing auto use and commercial 
and residential heating must 
be curtailed by as much as 
50 to 60 percent. Medium 
term (5 to 10 years) meas­
ures include electric car and 
electric/gasoline hybrid cars, 
and synthetic fuel develop­
ment. The only realistic long-
term (10 to 20 years) alterna­
tives are coal and nuclear 
power, which should include 
fast breeder development; 
coal and nuclear power are 
necessary, despite contro­
versy, and even without an oil 
cutoff, because oil must be 
phased out. 



The Technological Frontiers 

Materials Processing with the 
In the next 20 years we wil l need 

new technologies for raw materials 
extraction and processing as well as 
for energy product ion. The economy 
of the 21st century wil l depend upon 
the development of these technolo­
gies to redefine the wor ld resource 
base and open up new horizons for 
producing and using materials. 

Fusion energy and plasma tech­
niques coupled with fusion power re­
actors will play a vital role in this 
materials and chemical processing. 
This more general application of fu ­
sion and related plasma science, 
which will literally generate new re­
sources, is a direct result of the higher 
organization of matter and energy in 
a fusion plasma; the fusion plasma 
energy is a lot more than just heat. 

Traditionally, the energy f rom the 
combustion of fossil fuels, mainly 
heat, has been used for raw materials 
extraction, reduct ion, and processing. 
In 1968, two scientists, Wil l iam C. 
Cough and Bernard J. Eastlund, pro­
posed harnessing the unique prop­
erties of the ultrahigh-temperature 
fusion plasma to meet the energy, 
materials, and fuel needs of the next 
mi l lennium. 

In a report prepared for the Atomic 
Energy Commission in 1969,' Gough 
and Eastlund stated that their con­
cepts "evolved from the strong belief 
. . . that control led fusion should not 
be viewed solely as another means of 
providing heat to generate electricity 
via the conventional steam turbine 
cycle. Rather control led fusion should 
be investigated as a new prime energy 
source with potential inherent advan­
tages uniquely suited for direct con­
version of energy into forms useful 
for society." 

Conventional methods to produce 
energy generate heat either by the 
combustion of fossil fuels or by the 
splitt ing of uranium atoms in a nu­
clear reactor. Fusion, the fusing of 
isotopes of hydrogen at a temperature 
of tens of millions of degrees, pro­
duces not onlv heat, but also a ful l 

,nra\ of electromagnetic radiation, 
charged particles, and neutral part i­
cles at high energy levels, as well as 
electric power by conventional or ad­
vanced conversion methods. 

It is the unique by-products of the 
fusion process that can be used to 
reduce metal ores, for chemical proc­
esses, and bulk materials separation. 
Unlike the fusion energy of the sun, 
control led fusion plants on earth can 
be " t u n e d " to produce more or less 
of various by-product particles and 
radiation depending upon what is re­
quired. 

Cough and Eastlund's concept, 
called the fusion torch,2 includes two 
major uses for the unique properties 
of the fusion plasma. First, the ultra-
high-temperature plasma produced 
in the fusion reaction can be used to 
reduce any material into its basic ele­
ments. Second, the energy in this 
ultrahigh-temperature plasma can be 
used to produce a full f ield of elec­
tromagnetic radiation that wil l permit 
chemical processing to be carried out 
in a work ing f lu id. 

Materials Reduction 
The fusion torch is created by trans­

ferring the plasma from the region 
where it is generated in the fusion 
reactor, through a connecting region 
that isolates it f rom the plasma source, 
to an interaction region. There the 
high-temperature plasma is ready for 
torch applications. Any solid mate­
rial—scooped-up sections of the 
earth's crust, oxidized ores already 
mined, or solid urban waste—can be 
fed into the interaction region. 

The high thermal conductivity and 
large energy flux of the fusion torch 
plasma produce a shock vaporization 
(propagation of shock waves) that 
ionizes the solid. Lower-temperature 
plasmas created by shock tubes or 
electric arcs cannot produce the 
shock waves that propagate in this 
ultrahigh-temperature plasma, and 
when lower-temperature plasmas 
come in contact with solid materials, 
it merely cools the plasma. 

Once the fusion torch ionizes the 
solid material and breaks it down into 
its constituent elements, a separation 
technique must be used to recover 
the elements. A number of separation 
techniques have been proposed and 
tried experimentally, including elec­
tromagnetic separation, which first 
separates the electrons in the plasma 
from the plasma itself and then sep­
arates the ions of dif fering mass. 

Quenching, or quick cool ing of the 
plasma, will produce the simplest 
molecules and prevent different at­
oms from recombining, such as in the 
reduction of ferrous oxide into iron 
and oxygen. Quenching is accom­
plished by injecting a cooler gas, 
f lowing the plasma over a cold sur­
face, or expanding the plasma flow. 

If the temperature and density of 
the plasma are held constant in a set 
of condit ions favorable to the recom­
bination of a desired type of material, 
this selective recombinat ion wil l allow 
the accumulation of the desired ma­
terials on the walls of the torch. 

Other methods of separation, in­
cluding charge exchange, plasma 
centrifuges, plasma accelerators, and 
curved magnetic field f low, have also 
been investigated. 

The importance of this direct 
plasma application to meet the eco­
nomic development requirements of 
the 21st century is obvious. Gough 
and Eastlund estimate that by the year 
2000, an all-electric city of 10 mil l ion 
people would need an electrical ca­
pacity of about 140 gigawatts (GW). If 
10 GW of this total were used in the 
fusion torch, municipal solid waste 
alone could generate 27,000 tons of 
materials to be recycled for use. Low-
grade ore bodies that are not eco­
nomically exploitable by conventional 
methods would become attractive 
and, eventually, wi th fusion power 
commercial and widely available, 
whole sections of the earth's crust 
could be processed to extract the im­
portant raw materials. 

Al though it is doubt fu l that large-
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Fusion Torch by Marsha Freerr an 

stale materials reduction with a fusi<J>n 
plasma can become significant before 
fusion reactors are commercial , the 
use of the electromagnetic and par­
ticle energy f rom present energy-
consuming plasmas and energy-pro­
ducing fusion plasmas in the future is 
under development now. 

Chemical Processing 
Ulrraviolet (UV) radiation is already 

used commercially for sterilization 
and photolysis. By injecting trace 
amounts of impurit ies, possibly alu­
minum, into selected materials, the 
radiation field of the fusion plasma in 
a torch could be " t u n e d " to produce 
high levels of UV radiation. The UV 
can be transmitted f rom the plasma 
through a window and absorbed by 
the work ing f lu id. 

UV radiation is used commercially 
now for sterilizing high-cost food­
stuffs like milk, but if produced more 
cheaply through fusion it could be 
applied to the desalination of water, 
the processing of urban sewage, the 
conversion to electricity through fuel 

Nearly every excitative radiation 
created in the fusion process can be 
used to produce synthetic fuels. These 
include microwaves for plasma chem­
istry to mix carbon dioxide and hy­
drogen to produce methane; the use 
of UV and soft X-rays for photochem­
istry to dissociate water to produce 
hydrogen; the use of the high-energy 
neutrons for radiolysis, similar to X-
ray processes; and the use of the 
charged particles in a torch to disso­
ciate water or recombine carbon 
fuels. 

KMS Fusion has proposed using 
laser fusion systems for the produc­
tion of hydrogen through radiolysis. 
A team of researchers at Brookhaven 
National Laboratory has designed an 
entire synfuel product ion flow train 
using water, coal, and carbon dioxide 
as the raw materials. Rather than 
burning vast amounts of coal, fusion 
could provide up to 40 percent of the 
energy required for gasification or 
l iquefaction techniques; and as coal 

Continued on page 30 
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Fusion Torch 
Continued from page 29 
becomes more expensive or is not 
available in certain areas, it could be 
replaced by extracting carbon dioxide 
f rom the air or the ocean. 

Using a combinat ion of the heat 
and electricity produced from fusion 
has been suggested in high-tempera­
ture electrolysis designs to produce 
hydrogen from water, as have 
thermochemical cycles. All of these 
ideas are important to pursue exper­
imentally. 

Some in the fusion communi ty view 
the fusion torch and other materials 
applications of fusion as "overk i l l , " 
believing that conventional process­
ing techniques could use the same 
energy more efficiently. But this skep­
ticism is based on a lack of scientific 
research on the uti l ization of the spe­
cial properties and efficiencies of hot 
plasmas for the indicated purposes. 
The point is that these applications of 
fusion plasma have yet to be experi­
mentally scoped out. 

In their 1969 report, Gough and 
Eastlund conclude that " the vision is 
there, its attainment does not appear 
to be blocked by nature. Its achieve­
ment will depend on the wil l and the 
desire of men to see that it is brought 
about." Good experimental work on 
plasma applications to metals process­
ing and synfuel product ion has al­
ready been carried out by Bethlehem 
Steel, Avco Everett Research Lab, and 
other corporat ions/ A wel l - funded, 
centrally directed fusion applications 
program would assure the raw mate­
rials and energy needs of the next 
century. 

Notes 

1. B.J. Eastlund and W.C. Gough, "The Fusion 
Torch: Closing the Cycle from Use to Reuse," 
Division of Research. U.S. Atomic Energy 
Commission. May 15, 1969, 

2. B.J. Eastlund and W.C. Gough, "The Fusion 
Torch: Energy. Wastes, and the Fusion 
Torch," Division of Research, U.S. Atomic 
Energy Commission, April 27, 1971. 

3. Electric Power Research Institute. "Work­
shop on Synthetic Fuels from Fusion." April 
1977, EPRI ER-439-SR. Electric Power Re­
search Institute, "Enhanced Energy Utiliza­
tion from a Controlled Thermonuclear Fusion 
Reactor." September 1976. EPRI ER-248. 

4. The Mitre Corporation, "Applications of High 
Temperature Plasmas." June 1979. MTR-
79W00166. 

Using Fusion for 
In a mid-1970s presentation to the 

New York Academy of Sciences, Ed­
ward Teller predicted that inertial 
conf inement laser fusion wou ld be­
come the " internal combustion en­
g ine" of the 21st century. This was no 
overstatement—inertial conf inement 
fusion has the inherent potentials for 
its energy output (extremely high 
density and quality, low entropy) to 
make it the ideal propulsion unit for 
the ful l range of terrestrial and extra­
terrestrial applications that wi l l be 
needed as the benefits of high-tech­
nology civilization are extended to 
the entire earth's populat ion and, 
eventually, throughout the galaxy. 

Al though investigations into laser 
fusion for propulsion applications 
have been quite l imited, sufficient 
work has been done to provide the 
outlines of what these fusion systems 
will look like. Dr. Friedwardt Winter-
berg was one of the first scientists to 
determine the unique capabilities in­
ertial fusion offered for powering 
space ships,1 and NASA carried out a 
number of programs in the 1960s to 
research the prospective applications 
of fusion energy and related plasma-
based technologies to space travel.2 

More recent studies carried out by 
the Laser Program Systems Studies 
Division of Lawrence Livermore Lab­
oratory (LLL) surveyed the ful l range 
of potentially using inertial fusion re­
actors as propulsion units for aircraft, 
sea vessels, and space ships.3 This was 
a fo l lowup to the initial work of R. 
Hyde, L. Wood , and J. Nuckolls of the 
LLL Laser Program, completed in the 
early 1970s.4 

Fusion Motive Power 
Generally speaking, the same qual­

ities that make fusion energy such an 
attractive energy source for direct 
electrical power product ion and al­
ternative applications such as the fu­
sion torch and fission-fuel breeder 
also make fusion an excellent power 
source for moving vehicles: 
• Small fuel input. Fusion reactions 

convert several percent of the mass of 
the reactants into high-quality energy. 
• Extremely high energy densities. In­
ertial fusion microexplosio.is, for ex­
ample, have power densities tri l l ions 
of times greater than those of con­
ventional fuels. 

• High-quality (low-entropy) energy 
output. The energy produced by fu­
sion reactions can thus be used with 
high efficiency to generate the motive 
force for propulsion. Since the veloc­
ities of fusion reaction products ap­
proach 107 m/sec, they could be used 
as a very effective rocket exhaust. In 
turbine drive shafts for aircraft and 
marine ships, the high temperatures 
intrinsic to the fusion process allow 
more efficient conversion of the ther­
mal fusion energy into mechanical 
mot ion. 

• Low biological hazard. The biolog­
ical hazard potential of the radioac­
tive by-products f rom a fusion reactor 
is uniquely low. For example, a 1 
mil l ion kW-thermal fission reactor 
produces about 10'" curies of very 
dangerous, volatile fission products.3 

But the total radiation produced by a 
fusion reactor of similar output (1.5 
mil l ion kW-hr) is several orders of 
magnitude smaller and is of uniquely 
low-level biological hazard activity. It 
includes the 10b curies of radiation 
associated with the radioactive t r i t ium 
fusion fuel and the 107 curies of radio­
nuclides resulting f rom neutron- in­
duced reactions within the reactor 
structure itself—a nonvolati le, local­
ized hazard. 

Given the advantages of a fusion-
powered propulsion system, what are 
the practical considerations? A fusion 
power system must be designed for 
min imum specific volume and mass if 
it is to be competit ive with other 
systems. The fusion reactor must 
therefore operate with a large energy 
flux on the wall of the fusion reaction 
chamber, which is called "wal l load­
ing . " Wall loadings up to 10 M W / W 
are envisioned as being necessary to 
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Propulsion 
give the fusion reactor an energy den­
sity comparable to nuclear fission. 

Inertial fusion wil l generally be su­
perior to magnetic fusion for propu l ­
sion technology since its specific vol­
ume and mass can be easily reduced 
by increasing the pulse repetit ion rate 
and the first wall loading. A summary 
of the performance characteristics of 
advanced propulsion systems for sev­
eral applications is given in the table. 

Marine Applications 

To date, 250 shipboard nuclear-fis­
sion propulsion systems have been 
built wor ldwide. Al though most of 
these are on military ships or subma­
rines, 5 nuclear systems are being 
used to power civilian ships. As the 
LLL report3 points out, as fossil fuels 
become scarcer and more expensive, 
"nuclear-power propulsion systems 
wil l become more and more attractive 
. . . and less environmental ly sensitive 
countries might pursue such alterna­
tives vigorously." 

Use of inertial fusion for marine 
propulsion offers the lowest technical 
risk. The marine requirements listed 
in the table appear to be well wi th in 
projected efficiencies and scaling laws 
for laser fusion power systems. The 
more spacious and mass-tolerant 
shipboard environments permit use 
of a hel ium-cooled, graphite-moder­
ated version of a laser reactor oper­
ating on a closed Brayton cycle. This 
reactor system would be radioactively 
cleaner than other designs, and use 
of helium would allow high-temper­
ature operation with higher thermal 
efficiencies. 

One particularly attractive marine 
application that has been designed is 
a 400,000-ton displacement, semisub-
merged oil tanker that wou ld require 
a propulsion unit in the range of 
125,000 shaft horsepower, several 
times the size of existing supertank­
ers. Another future concept for fusion 
application would be a high-speed, 
cargo-tanker submarine with speeds 
in excess of 25 to 30 knots.5 

by Charles B. Stevens 

Marine 
Navy 
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Airborne 
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Propulsion 
Continued from page 31 
and landing and, with vertical takeoff 
feeder aircraft, permit the location of 
passenger and cargo terminals close 
to city centers. A fusion propulsion 
unit wou ld also el iminate in-f l ight 
transfer of large quantities of fuel. 

Al though these earth applications 
of fusion energy for propulsion ap­
pear potentially practical, it is actually 
in the realm of space travel that fusion 
stands out uniquely. Weight consid­
erations are most important for space 
travel, and fusion reactions use the 
most weight-eff icient fuel. But the key 
parameter for space travel is that of 
specific impulse, the impulse per unit 
weight: 

ma(At/mg) = Av/g = unit of t ime 

(that is, specific impulse is measured 
in seconds). The higher the specific 
impulse, the more efficient is the 
power source. 

Chemical rockets have maximum 
specific impulses of less than 450 sec, 
and fission systems less than 2,000 sec. 
But because of the high velocity of its 
reaction products, 107 m/sec, fusion 

Industrial Leadership 
Continued from page 23 
Long-range space travel wi l l have to 
rely upon fusion-based propulsion 
systems. Materials development is the 
other principal area of converging 
technological concerns. 

Astrophysics defines the major field 
of theoretical overlap between space 
and fusion research. The high-density 
fusion experiment provides the most 
immediate access to the study of pro­
cesses in distant stars. Solar system 
space exploration dur ing the next two 
decades wil l give way by the end of 
the century to initial investigations of 
the condit ions for space colonizat ion. 

It is an easy matter to calculate that 
with fusion propulsion we wil l be able 
to attain speeds of about 1/10 the 
speed of light. Traveling at that speed 
starting early in the next century, 
going to the next fixed star, staying 
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systems have a potential specific im­
pulse of 1 mil l ion sec. (Fusion-based 
space vehicles will make direct use of 
the high-velocity fusion products 
rather than use an intermediate ther­
mal cycle, as is necessary in terrestrial 
propulsion systems.) 

The basic idea in fusion-propel led 
space travel is to use laser-induced 
fusion microexplosions as the rocket 
thrust. The design in the figure illus­
trates this principle. Fusion microex­
plosions are generated with a laser 
beam in open space (an ideal reactor 
chamber because a virtual vacuum 
prevails). 

The target is designed to generate 
high-energy charged particles, which 
are directed along an imposed mag­
netic field out the end of the thrust 
chamber. Virtually none of the energy 
is lost through this redirecting pro­
cess. Radiation and heat generated by 
the neutrons and the plasma radiation 
intersecting the thrust chamber are 
also radiated out into space wi th the 
shield radiators. The result is that the 
exhaust f rom the fusion microexplo­
sions is efficiently directed out the 
rear of the thrust chamber at ex­
tremely high velocities of W m/sec: 

for 1,000 years, then moving on to 
two farther stars, and so on, it can be 
shown that in a matter of only 1 mi l­
lion years human intell igence could 
readily spread through the entirety of 
our galaxy. 

4. Microelectronics and 
Computer Development 
A detailed assessment of the devel­

opment potential of the computer 
and microelectronics category was 
presented in Fusion's special issue on 
"The Frontiers of Computer Science 
in the 1980s," July 1980. Fusion devel­
opment and space exploration are 
further elaborated in accompanying 
articles in this issue; and the biologi­
cal sciences—with special emphasis 
on agriculture—wil l be explored in 
the November issue of Fusion. 

This out l ined breakdown of the 
high-technology, high energy flux in­
dustrial development path into four 
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a very small mass of fusion exhaust 
generates a large forward thrust. 

A fusion-based spacecraft was de­
signed by LLL for two types of mis­
sion: a 24-hour roundtr ip lunar shut­
tle and a solar system transport. 
Economic exploitat ion of planetary 
and asteroidal resources would be 
feasible with this ship because of the 
relatively short durations for round-
trips and the large payloads possible. 

With the development of larger fu­
sion rockets in the next century, in­
terstellar travel will become feasible, 
each trip taking several decades to 
reach the nearest stars and return. 

Notes 

1. Fusion, Nov. 1979, p. 41. 
2. NASA SP-226, "Plasmas and Magnetic 

Fields in Propulsion and Power Research," 
Oct. 16, 1969. 

3. J. Maniscalco era/., "Civilian Applications of 
Laser Fusion," LLL report UCRL-52349, Aug. 
14, 1978. 

4. R. Hyde, L. Wood, and J. Nuckolls, "Propul­
sion Applications of Laser-Induced Fusion 
Microexplosions," Proc. First Topical Meet­
ing on the Technology ol Controlled Nuclear 
Fusion, I, 159 (San Diego, Calif., 1974). Also 
"Propects for Rocket Propulsion With Laser-
Induced Fusion Microexplosions," AIAA/SAE 
8th Joint Propulsion Specialist Conference 
Paper 72-1063 (New Orleans. La., Nov. 1972). 

5. "Semi-Submerged Tanker for Arctic Waters," 
Naval Architect, May 1975. 

major categories requires a twofold 
interpretat ion: 

First, it represents the principal rec­
ommended areas for large-scale U.S. 
private and public (governmental) 
R&D commitments, leading to an im­
mediate doubl ing of existing efforts 
in the coming fiscal year, and at least 
a further doubl ing in each of the fiscal 
years 1983 and 1985. The full restora­
t ion of U.S. R&D potential represents 
the most urgent policy task and be­
comes the sound basis for all other 
efforts. 

Second, these categories represent 
the necessary outl ine orientation for 
the development of U.S. industrial 
infrastructure and areas of concen­
trated future capital format ion. Whi le 
investment volume there wil l initially 
be small compared to traditional 
areas, industry must be guided in all 
traditional investment undertakings 

Continued on page 79 
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India: 
Paradigm for Development 

An Interview 
With FEF Research 
Director Parpart 

Science 
In India 
Editor's Note: Uwe Parpart, director 
of research for the Fusion Energy 
Foundation, toured India for three 
weeks this spring, discussing with sci­
entists and government officials the 
40-year industrial development pro­
gram for India proposed by the FEF 
and briefing scientific groups on fu­
sion energy. In this section, Fusion's 
special correspondent in India, Paul 
Zykofsky, interviews Parpart on his 
impressions of Indian science and sci­
entists and summarizes the Parpart 
tour. 

"There is a very rich scientific 
tradition that Indian scientists today 
quite consciously draw u p o n . " At 
left, ruins of the 1724 Jantar Mantar 
astronomical observatory in New Delhi. 
Shostal 
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Carlos de Hoyos 

FEF research director Uwe Parpart: 
"This tour was one of the most 

encouraging things I have done in 
recent years." 

Q uestion: I understand that your 
lectures on fusion development 

were very well received. Where did 
you speak and what do you see as the 
future for fusion as an energy source 
in India? 

I gave several lectures on fusion at 
different places; for example, one at 
the research and development center 
at the Bharat Heavy Electrical Corpo­
ration in Hyderabad, a second one at 
the Bhabha Atomic Research Center 
in Bombay, and another at the Indian 
National Science Academy in New 
Delhi. In each case I went through 
where fusion development stands at 
this point in the United States and the 
Soviet Union. I discussed fusion de­
velopment wi th in the more general 
context of energy policy—basically 
f rom the standpoint that the kind of 
fusion progress we have seen in the 
past five to ten years justifies the ex­
pectation that fusion could begin to 
be commercial ized in the 1990s. 

I stressed that this certainly goes a 
long way toward opening up the 
kinds of energy policies that remove 
the restrictions imposed on energy 
development by people who argue 
that there are absolute " l imits to 
g rowth . " Of course, if these restric­
tions are removed, then anything can 
happen, and the more general restric­
tions on economic development put 
forward by the Club of Rome wil l be 
seen not to hold. 

This has very important implications 
for India and for Third Wor ld nations. 
It means that they can begin to look 
forward to economic development 
and the achievement of a modern 
industrial economy—and at least be 
well on their way toward that by the 
turn of the century. 

Two days before I left India, Homi 
Sethna, the head of the Indian Atomic 
Energy Commission, gave an inter­
view to the Times of India in which 
he indicated that aside f rom a scaling-
up of the present plans for conven­
tional nuclear energy, the Indian AEC 
had also mandated the formation of 
two work ing groups to take steps to­
ward the development of some sort 
of rudimentary fusion program in In­
dia, specifically including laser fusion. 

At present India does not have a 
coherent, wel l-def ined program. Of 

course, there are plasma physics pro­
grams in the larger universities and 
ongoing plasma physics research at 
the research institutes, but there is no 
coherently defined program. I had 
recommended that such a program 
be set up pul l ing together researchers 
in the field in one location, and that 
a group undertaking fusion research 
possibly move toward acquiring a few 
small machines for initial studies. Per­
haps the Sethna interview is an indi­
cation of mot ion in this direct ion. 

I also stressed that it was Homi 
Bhabha who in 1956 said at the first 
Geneva Atoms for Peace Conference 
that in 25 years mankind should be 
able to prove to itself that fusion 
could be commercially applied. 
Bhabha's predict ion was certainly by 
far the most accurate anyone had 
made at that point. 

Question: You knew a great deal 
about India's scientific capabilities be­
fore your tour since you had helped 
develop the 40-year program. What 
were some of the things you had not 
anticipated? 

First of all, in the area of energy 
research, I learned very early on in 
discussions that India is now abso­
lutely, entirely self-sufficient in terms 
of its ability to construct nuclear 
plants. It's no longer the case that any 
parts of these plants have to be man­
ufactured outside of India. In all the 
technologies that are necessary—re­
actor vessel fabrication, for example— 
the Indians now have all the machine 
tool setups and so on . This was just 
accomplished wi th in the last year or 
so. India has two completed nuclear 
plants and several research facilities, 
plus a 1,500-MW fast breeder test re­
actor and two nuclear plants under 
construction. 

This of course is especially signifi­
cant in light of the fact that the United 
States and other countries refused 
after 1974 to cooperate wi th India in 
the further development of its civilian 
nuclear energy program. 

I was also impressed to learn that 
there is a reasonably wel l-developed 
collaborative program with France on 
the development of the fast breeder 
reactor as well as a wel l-developed 
program in collaboration with the So-
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viet Union on magnetohydrodynam-
ics for coal combustion. 

In addi t ion, I had the occasion to 
discuss wi th scientists and people in 
government the development of the 
thor ium fuel cycle for nuclear energy. 
India has tremendous reserves of 
thor ium and there is a certain amount 
of controversy about its viability at 
this point, including the t ime frame in 
which it could be implemented. I in ­
dicated that there should be no ques­
tions about the scientific feasibility of 
developing a thor ium program and 
that the question of technological im­
plementat ion, as in all these cases, 
depends upon pul l ing together a pro­
gram that actually has a mission or i ­
entation to accomplish its goal wi th in 
a reasonably short period of t ime. 

All of these things, when one sees 
them close up, are quite impressive. 
One of the more dismaying things, 
however, is that collaboration be­
tween scientists in India and the 
United States seems at a very, very 
low level. At the same t ime, it's very 
clear that with minimal U.S. inputs 
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their nuclear program. A U.S. refusal 
to supply fuel wil l be a slowing down 
factor to some extent. It is also one of 
those situations in which the back-
and-forth on "nonpro l i fe ra t ion" is in ­
terpreted by the Indians as part of a 
deliberate policy. They are disap­
pointed and disgusted. It's clear that 
this is another one of those instances 
in which the United States, for the 
flimsiest of reasons, has pursued a 
policy that is extremely detr imental 
not just to the government of India 
but to the best interests of the United 
States. One of the things that wi l l 
inevitably happen is that India wil l 
look toward the Soviet Union and 
toward other countries to supply the 
relevant fuel ; they'l l just go some­
where else. 

Question: What is the general view in 
the scientific community today to­
ward economic development? 

I think one thing to point out is that 
most scientists in India were begin­
ning to feel that they were unwanted 
and unneeded after Indira Gandhi 
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lost power. There was a very heavy 
emphasis under the Janata govern­
ment and the Charan Singh govern­
ment that fo l lowed it on what they 
called ruralism and so-called appro­
priate technologies, better wooden 
picks and shovels and things like that, 
but no significant development. In­
dia's scientists certainly were given 
the sense that they were not part of 
the direction in which the country 
was going. That translated into two 
things: first, an unfortunate cynical 
attitude on the part of these scientists 
about what can be accomplished, a 
kind of retrenchment that meant 
compromise on their part wi th a lot 
of foolish ideas; second, it meant that 
a lot of scientists and professionals left 
the country and went elsewhere. This 
has begun to be turned around by 
the new Gandhi government, al­
though I stressed with many in gov­
ernment wi th whom I spoke that it is 
very necessary to give these scientists 
and engineers a very direct challenge 
to return to the fo ld , so to speak, and 
to pitch in to help in putt ing the 
country's economy back together. 

I think the new government is very 
much interested in this and has shown 
every evidence of doing so, but the 
climate had been poisoned and can't 
be turned around overnight. I think 
they are now well on their way to 
turning the situation around. 

There is specific evidence to this 
effect. There was an announcement 
just a few weeks ago by the energy 
minister, that the entire energy grid 
of the country wil l be put under na­
tional guidance, and now the first 
steps are being taken toward creating 
an actual national grid. Also, the first 
phase of an ambitious water devel­
opment program is being mandated 
for implementat ion. So I think you 
have many signs that things are now 
moving in the right direct ion. 

The need to make rapid progress, 
especially in the energy f ie ld, is very, 
very obvious. In every large city in the 
period before the monsoon, on any 
given day there were several hours in 
which at least parts of the city were 
wi thout electricity. There is a lot of 
load-shedding and tremendous prob­
lems, so it is obviously necessary to 
turn that around. 
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There is another area I want to 
stress briefly, that of applied research: 
Dur ing the last 10 years or so, India 
has become self-sufficient in grain 
product ion—at least at present levels 
of consumption (which remain inad­
equate compared to our own stand­
ards). In particular, this was accom­
plished by a combinat ion of water 
development, appl ied research, and 
agricultural science, especially in 
areas like the Punjab, West Bengal, 
and so for th. This has been accom­
plished slowly over the past 10 years. 
There was something of a slideback in 
the period of the Janata government, 
but actually right now the situation is 
moving forward. However, the quality 
of nutr i t ion still lags far behind. For a 
phase of further progress in this d i ­
rection there wil l have to be a situa­
t ion in which industrial development, 
nutrit ional standards, and so for th , 
rapidly advance in tandem. 

Question: What about budget con­
straints on Indian scientific research? 

Clearly, for a country that exists 
under circumstances where most of 
the populat ion still lives in miserable 
and very-hard-to-imagine c i rcum­
stances for most of us, it is very di f f i ­
cult to make the decision to allocate 
resources to basic research. However, 
it is absolutely clear and well under­
stood by people throughout govern­
ment and in other walks of life that 
this is really where India's future lies, 
so that tremendous sacrifices have 
been made. 

One major problem is the necessity 
for large-scale military expenditures, 
a necessity imposed upon India by 
the fact that China attacked India in 
1962 and Chinese troops still occupy 
Indian territory in the northeast and 
northwest of the country. Second, the 
unfortunate so-called U.S. tilt toward 
Pakistan in the 1970s also created cir­
cumstances bringing into question In­
dia's security vis-a-vis Pakistan. This 
means that large amounts of money 
that should go to research and devel­
opment are diverted for necessary 
military expenditures. 

Question: In the May 1980 cover story 
on India, Fusion stressed that the 
country has the highest number of 
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scientists and engineers in the world 
after the United States and the Soviet 
Union. What is your firsthand impres­
sion of the scientific tradition that 
created this situation? 

One of the most interesting things 
is that when one goes to any of the 
Indian research institutes, there is 
inevitably a plaque saying "This estab­
lishment was inaugurated by Nehru 
on such-and-such a date." It is very 
obvious that in the early 1950s Nehru's 
policy was very much geared toward 
the prol i feration of these scientific 
institutions as a necessary element of 
overall development. It was this phase 
of very rapid development of research 
and educational institutions that has 
carried India's development f rom that 
point on. 

One of the things I realized is just 
how closely tied are the Indian deter­
mination to accomplish certain things 
and the establishment of a scien­
tific elite and scientific institutions, 
whether in basic research or in more 
applied research fields such as reactor 
technology. 

There are certain areas in which 
Indian science has excelled in the 
past, in physics, and especially in as­
trophysics, but also in mathematics 
and the mathematical sciences gen­
erally. These areas have an important 
tradit ion in India quite apart f rom the 
British influence and training. There 
are several thousand years of extraor­
dinary accomplishments and commit­
ments in India toward progress in 
what we would call the natural sci­
ences and mathematics. Several sig­
nificant inventions in geometry and 
arithmetic that determined the course 
of the development of the mathe­
matical sciences had their origin in 
India and were passed along by the 
Greeks and the Arabs to Western Eu­
rope and later on to the United States. 
I have begun at least some prel imi­
nary work on tracing this in more 
detail. There are some books pub­
lished in India on this subject, but 
they are somewhat sketchy. 

To give you one example of the 
Indian tradi t ion: the so-called Pytha­
gorean theorem, if it was in fact first 
wri t ten down by Pythagoras, would 
have fallen in the sixth century. There 
is direct evidence, however, that the 
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INDIA'S NUCLEAR INDUSTRY 
Dr. Homi Bhabha, the father of 
India's nuclear program, set out in 
the 1940s to make India's scientific 
manpower equal to the world's 
best. The network of India's re­
search and nuclear facilities shown 
here is testimony to Bhabha's ex­
traordinary vision. 

1. High altitude research center 
2. Heavy water plant 
3. Atomic Minerals Division 
4. Nuclear power station 

Heavy water plant 
5. Physical research laboratory 
6. Heavy water plant 
7. Nuclear power station 
8. Power reactor fuel reprocessing unit 

Bhabha Atomic Research Center 
9. Tata Institute of Fundamental Research, 

Tata Memorial Center 
10. Seismic station 
11. Rare earth plant 
12. Mineral sands 
13. Heavy water plant 
14. Reactor research center 

Nuclear power station 
15. Electronics Corporation 
16. Uranium Corporation 
17. Saha Institute of Nuclear Physics 

Variable energy cyclotron 

t h e o r e m a n d its fu l l i m p l i c a t i o n s w e r e 

known in India some 400 to 500 years 
before that. 

It is also significant that the number 
zero was an Indian invent ion. The 
concept of zero plays an important 
role in the number system and also 
has what you might call a broader 
metaphysical significance in that it 
references a transfinite point of per­
spective on the number system in­
volved. This was extremely crucial in 
the development of modern number 
theory. 

It should be stressed that there is a 
very rich scientific tradit ion that In­
dian scientists today quite consciously 
draw upon. This was very consciously 
put into the foreground by the people 
around Nehru and others. 

On the question of whether there 
is a particular " I n d i a n " science, this 
question came up dur ing my talk at 
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the Indian National Science Acaderr y. 
My response was that I really didn' t 
think one could be a scientist unkss 
one believed in the universality :>f 
science, and that that universality has 
to be the most explicit concern of a iy 
scientist. 

It's interesting in this respect to s< e 
that in India today Islam does not pi iy 
the kind of role that it tends to pi iy 
in Iran, but actually it has had in t l e 
past a kind of secularizing in f luenie 
that attenuates some of the mcst 
backward, cultish aspects of H indu­
ism. Musl im scientists in India tend o 
be very open and very much con­
cerned with the universality of sci­
ence, wi th the tradit ion of the gre it 
Arab scientists like Ibn Sina. So I d o r ' t 
see at all a rejection of the humanist 
scientific tradit ion as is widespread n 
Iran and unfortunately gaining infl i -
ence in other Arab nations. In fact, it 
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would be admirable if scientists in the 
advanced sector wou ld show as much 
resilience as the Indian scientists have 
to the kind of antiscience philosophy 
prevalent in Iran and among the en­
vironmentalist propagandists in the 
West. 

Question: Does the scientific estab­
lishment have a view toward building 
up scientific capabilities in other parts 
of the Third World? 

Traditionally India has always had 
good relationships with the Arab na­
tions and also wi th East Africa. And 
one of its most interesting exports, 
apart f rom the brain-drain question, 
is that Indian scientists and engineers, 
in fact, have begun to play a signifi­
cant role in the economic develop­
ment of other developing-sector na­
tions. That's very important and 
useful. 
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FEFs Parpart Tours India 

Question: What is the overall outlook 
for the future in terms of the 40-year 
plan you discussed? 

I found a great deal of excitement 
about the program that we had pro­
posed. There was a lot of discussion, 
and we wil l be publishing the re­
sponses to the ideas that we devel­
oped with our collaborators in India. 

Let me just say one thing about the 
scientists at Osmania University in Hy­
derabad. I spoke there before a group 
of economists f rom their economics 
department. This group had in the 
past worked on a model for the eco­
nomic development of India, essen­
tially involving shifting as much in­
vestment as is feasible to heavy 
industry development and the nec­
essary support systems for rapid agri­
cultural and industrial development. 
We had an excellent discussion over 
that, comparing their own ideas with 
ours. 

It was very clear to me that it is not 
just in the natural sciences that the 
Indian tradit ion in science is alive and 
wel l , but in the field of economics 
and economic planning and devel­
opment as wel l , which is a very en­
couraging thing. 

On the other hand, I want to repeat 
what I ment ioned before, that there 
is an explicit challenge to the Indian 
scientist once again to become much 
more directly involved in putt ing the 
economy back together. 

I learned a great deal in India. We 
never regarded the 40-year program 
we put forward as being complete or 
sufficiently detailed. We wanted to 
set certain benchmarks and establish 
an overall methodology for develop­
ment. Therefore, the suggestions for 
the program from Indian scientists 
were not really in the form of saying 
that this or that piece really won ' t 
work, but rather that some things 
could be done better and faster or 
that other things might have to be 
modif ied. Mainly what I learned was 
a great deal more about how to do 
this sort of rapid development project 
in detail. We wi l l be publishing many 
of these commentaries f rom Indian 
scientists and planners in the maga­
zine in the coming months, such as 
the piece on water development by 
R. Rama Rao in this issue. 

by Paul Zykofsky 

F usion Energy Foundation director 
of research Uwe Parpart spent the 

end of May and beginning of June on 
a tour of some of India's scientific and 
academic centers, delivering lectures 
and meeting with scientists, engi­
neers, economists, planners, industr i­
alists, and government officials. The 
purpose of the informal tour was to 
discuss the 40-year Program for the 
Industrial Development of India de­
veloped collaboratively by the FEF 
and the weekly magazine Executive 
Intelligence Review. 

The India program was summarized 
in the May 1980 issue of Fusion and 
published as a special report by the 
Review. 

The three-week tour, including 
stops in four of India's major cities, 
was "a major success," according to 
Parpart. " I t has been one of the most 
encouraging things I have done in 

recent years," he told an audience of 
scientists at the Indian National Sci­
ence Academy in New Delhi at the 
conclusion of his visit. 

The tour opened with a three-day 
visit to Hyderabad. Despite its resem­
blance to an overgrown vil lage—with 
its narrow streets in the old Musl im 
section of the city crowded with cycle 
rickshaws, bicycles, three-wheel 
scooters, and bullock carts—Hydera­
bad is India's fourth largest city with 
a populat ion of more than two mi l ­
l ion. During his tour Parpart visited 
some of the city's advanced technol­
ogy industries. More than 200 scien­
tists and technicians attended his lec­
tures on the status of international 
research in fusion energy at the Nu­
clear Fuel Complex and the R&D Di ­
vision of the state-sector Bharat Heavy 
Electrical corporat ion. 

A smaller meeting to discuss the 
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A fishing village in Bombay, framed by the modern skyline of India's lead ng industrial city. 

Riemannian economic analysis meth­
od codeveloped by the FEF was held 
at the economics department of the 
leading Osmania University, and Par-
part also spoke to scientists and tech­
nicians work ing on coal combustion 
technology at the Regional Research 
Laboratory, one of the many labora­
tories set up throughout the country 
during Nehru's rule to bui ld up In­
dia's domestic R&D capabilities. Dur­
ing his visit to Hyderabad, Parpart also 
met wi th a leading Indian biologist at 
the Center for Cellular and Molecular 
Biology, with an energy policy expert 
at the Administrative Staff College, 
and with the chairman of the State 
Electricity Board. 

The next stop was Bangalore—a 
modern city that is the center of In­
dia's aerospace industry. Hindustan 
Aeronautics, which manufactures air­
craft ranging f rom small, single-en-
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The last stop of the tour before 
returning to New Delhi was Bombay, 
by far India's most cosmopolitan city, 
wi th the nation's largest concentra­
tion of industry. The highlight of Par-
part's stay in Bombay was a f ive-hour 
visit to the Bhabha Atomic Research 
Center (BARC) in nearby Trombay 
where he delivered a lecture on "Fu­
sion Energy: How Soon?" to more 
than 500 scientists and technicians. 

The Bhabha Tradition 

The establishment of BARC in 1954 
was the result of leading Indian sci­
entist Dr. Homi Bhabha's efforts to 
bui ld up a nuclear energy program in 
India on a par with those of the de­
veloped nations. Today BARC em­
ploys 11,000 people, including 3,000 
scientists and engineers, and is one of 
the largest and best equipped re­
search centers in the wor ld doing 
work in a wide range of disciplines. 
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Uwe Parpart 

Above: A view of the main mosque in the old Muslim section of Hyderabad, 
looking out from the famous Char Minar, an example of Medieval Muslim 
architecture. Below: The fruit market in Bombay, known for its mangoes. 

In his presentation at BARC Parpart 
suggested that in the same way that 
Bhabha had gotten India involved in 
nuclear energy research when it was 
still in an infant stage in the devel­
oped countries, today India should 
step up its research—particularly on 
the theoretical side—on control led 
thermonuclear fusion research. In 
that way, he noted, by the t ime the 
technology is mastered in the ad­
vanced industrialized nations, India 
wil l be in a position to fully under­
stand and assimilate it as wel l . 

Dur ing his visit in Bombay Parpart 
also spoke on fusion energy at the 
Nehru Center and discussed India's 
economic development potential with 
leading industrialists. 

The last 10 days spent in New 
Delhi—India's administrative center— 
were devoted to meeting wi th mem­
bers of the government and the Plan­
ning Commission, as well as with 
scientists, businessmen, and econo­
mists. 

On June 6, Parpart delivered a lec­
ture on "The Status of International 
Research in Fusion Energy and Its Im­
plications for Economic Develop­
ment " at the leading scientific insti­
tut ion, the Indian National Science 
Academy (INSA). The lecture, pre­
sided over by INSA president and 
director of the Indian Counci l of 
Medical Research, Dr. V. Ramalingas-
wamy, was attended by 50 leading 
Indian scientists, and there was a lively 
discussion on the problems of tech­
nology transfer, appropriate technol­
ogies, and economic development. 

The next day Parpart spoke at the 
prestigious Nehru Memor ia l Library, 
established in memory of India's first 
prime minister, to a group of 60 lead­
ing economists, planners, and scien­
tists on the FEF study for India's long-
term development. Presiding at the 
event was Dr. Raja Ramanna, scientific 
advisor to the Ministry of Defense. 
The lecture, covered widely by the 
Indian press, highl ighted the fact that 
India has the potential to become an 
industrial superpower by the turn of 
the century. Parpart stressed that this 
can be done by focusing economic 
activity on those sectors of the econ­
omy that can have a shock-wave ef-
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A machinist in Agra proudly poses in his shop. 

feet on the entire economy. After 
looking closely at the Indian econ­
omy, he noted, it was clear that the 
two main components of such a pro­
gram should be: large-scale water 
management and an intensive energy 
development policy with heavy em­
phasis on nuclear energy that can 
make use of India's large thor ium 
resources. 

As Parpart emphasized t ime and 
again dur ing his tour, what allows 
India to move forward at a rapid pace 
today is not its natural resources per 
se, but the fact that it has built up a 
sizable scientific and technical man­
power pool second only to that in the 
Soviet Union, the United States, and 
Japan. After meeting with numbers of 
scientists dur ing his tour, Parpart 
stated that there was no question that 
this manpower is India's most valua­
ble asset for any development policy. 
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Uwe Parpart 

Nehru Memoria l Library, encapsu­
lated the response of many of those 
who heard the FEF's views on energy 
and development dur ing Parpart's 
three-week tour: 

" I must say that Parpart has cheered 
us up quite a lot. Especially living in 
Delhi one sometimes gets depressed 
about the progress being made. And 
then you suddenly go abroad and 
come back and you f ind that the 
progress made in India is really enor­
mous. When people like Dr. Parpart 
come along and tell us that this is so 
it is very heartening. It is more heart­
ening to me because it does not often 
happen that somebody coming from 
abroad makes a case for nuclear en­
ergy. It is so popular to run it down 
in all its aspects. So when a person 
who has thought about it sufficiently 
comes and says, 'that's your answer,' 
wel l , I must say I feel cheered up . " 
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Developing India's Water 
Editor's Note: On his recent tour of 
India, FEF director of research Uwe 
Parpart invited several scientists, en­
gineers, and government officials to 
comment on the FEF's proposed 40-
year industrial development program 
for India. We are pleased to publish 
one of the first responses. Author R. 
Rama Rao discusses the potential of 
India's land and water systems and 
presents two different water plans as 
well as an interim plan that combines 
the best features of both. 

The first plan, proposed by Dr. K.L. 
Rao, suggests a pump lift scheme 
for transferring northern Himalayan 
water across the Ganges Valley to the 
high plateau of the southern penin­
sula. The second plan, proposed by 
Captain Dinshaw Dastur, calls for a 
huge canal and pipeline storage and 
transfer system with little pump lift 
required. This is a bold but probably 
impractical concept for the gravity 
transfer of water from a 3,000-feet 
elevation contour canal in the Hima­
layan Range across the Ganges Valley 
to a 1,500-feet elevation contour canal 
in the southern peninsula. 

The FEF water plan, part of the 40-
year development program summa­
rized in Fusion (May 1980), is a mod­
ified version of the Rao plan, but with 
a tenfold increase in the ultimate 
Ganges-Brahmaputra diversion ca­
pacity. Staged in time and scale to 
cohere with other development, the 
plan is based on capturing monsoon 
runoff in both conventional surface 
reservoirs and an extensive system of 
groundwater storage. Nuclear explo­
sive methods would be used to frac­
ture geologic water formations and 
riverbeds in conjunction with com­
bined recharge-extraction wells of the 
highly prolific radial design. 

The Bhakra Dam, India's largest. 

A l though India is perhaps not as 
well endowed in terms of natural 

resources as Australia, Brazil, Canada, 
China, South Africa, the Soviet Union, 
or the United States, its resource en­
dowments are far f rom negligible. It 
holds fairly extensive reserves of 
bauxite, iron ore, chrome, man­
ganese, rare earths, coal, and thor ium, 
the last two being valuable energy 
sources. There are other mineral re­
serves as wel l , but important as all 
these resources are, India's principal 
natural resources are its fresh water, 
which is perpetually regenerated by 
annual precipitation and snow melt; 
its extensive arable land; its long 
coastline and warm tropical waters 
with their inf inite richness; and, f i ­
nally, its human resources. 

India's fresh water is now being 
al lowed to run to waste uncontrol led, 
causing avoidable loss of life and 
property in its wake. Its arable land is 
being allowed to deteriorate gradu­
ally, in part because of indiscriminate 
fell ing of trees and overgrazing and 
in part because of past failure to pro­
vide adequate soil nutrients, espe­
cially organic nutrients, to preserve 
soil texture and soil ferti l i ty. India's 
land resources can create substantial 
wealth only when water, now running 
to waste, is taken to places where it 
is needed for cult ivation. The third 
can be profitably exploited when the 
people become conscious of the full 
potentialities of this resource. 

At present the country's principal 
asset, its human resource, is only a 
potential asset that wi l l be realized 
only when it is trained and when an 
environment is created and sustained 
in which the individual is encouraged 
to attain his or her full potential and 
so contr ibute the maximum toward 
national development. 

The resources listed here would 
have to be developed first in order to 
lift f rom the depths of poverty an 
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Resources by Colonel R. Rama Rao 

estimated 200 mil l ion people now 
going hungry, ill clad, and unable to 
f ind adequate work. And in order to 
implement programs designed for sci­
entific uti l ization of the country's 
water wealth, certain basic industries 
would need to be developed concur­
rently. 

Once a f i rm foundat ion of broad-
based agricultural development is 
built, the country can march ahead, 
to step up the input of science and 
technology to raise crop product ion 
further, making ful l use of available 
land and water, and to usher in a 
period of rapid industrial growth 
based on locally available raw mate­
rials. The first phase of development, 
however, wou ld have to be centered 
around skillful water management. 

Water Economy 

Out of an estimated annual precip­
itation of 400 mil l ion hectare-meters 
or Mha-m, the country was using only 
38 Mha-m in 1974. Present planning 
envisages uti l ization of 75 Mha-m by 
the year 2000, and 105 Mha-m by 2025, 
which gives some measure of the 
country's unut i l ized potential. 

Because water is not being har­
nessed (that is, it is not being taken to 
where it is needed), arable land is left 
unirr igated. Al though such land is 
cult ivated, its output is dependent en­
tirely on timely and adequate rainfall. 
Thus, of the net sown area of 140.2 
Mha, only 35 Mha was under assured 
irr igation; that is, roughly one-quarter 
of the country's currently developed 
land resources. Even if only the very 
conservative projections of Indian 
planners are translated into action, 
the irrigated area would double by 
the turn of the century as would food 
product ion, taking India into its 
proper position as a major food pro­
ducer. 

Further, because more than 90 per­
cent of tropical rain water and moun­
tain snow melt is al lowed to run to 
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verted back into India. This plan could 
be taken up for implementat ion when 
Bangladesh shows interest. 

The table gives details of the total 
annual f low of Indian rivers and the 
extent to which they are now used. 

The waters of the southern rivers 
are better uti l ized than those of the 
more important northern rivers, but 
this region as well as central and west­
ern India needs more water. Thus, an 
important national task is to draw off 
excess water f rom the major river 
systems—the Brahmaputra and 
Ganges—and divert at least some of 
it to the relatively water-starved areas 
of central and western India (Madhya 
Pradesh, Rajasthan, and Gujarat). 
Considering the vast unuti l ized po­
tential of these rivers, a good fraction 
of the surplus can also be diverted 
south for irrigating the parched lands 
of the Deccan and the southern pe­
ninsula (Orissa, Andhra, Maharashtra, 
Karnataka, and Tamil Nadu). 

The other sector of the country 
where fresh water f rom monsoon 
rains is allowed to run to waste is the 
entire west coast f rom Bombay to 
Kerala, where numerous rivulets and 
streams f low into the Arabian Sea 
down the slopes of the western Ghats. 
At least a port ion of these waters can 
be diverted eastward to br ing consid­
erable areas of the southern states 
under assured irr igation. 

Proposed Solutions 
Indian engineers and planners have 

put forward two suggestions for har­
nessing surplus northern river waters. 
The first, proposed by a distinguished 
engineer and former minister for ir­
rigation and power, Dr. K.L Rao, en­
visages the drawing-off of surplus 
Ganges waters, leading them south­
ward to link up with the Godavari, 
Krishna, and Cauvery river systems. 
This would certainly upgrade vast dry 
tracts of east central India and provide 
much needed water to the south. 
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The flow chart and table at right indicate the vast amount of fresh water in India that is not currently utilized. The 
first of the three numbers in the flow chart items refers to 1974 actual figures; the second number is a projected 
figure for the year 2000 based on a very conservative development plan; the third number is the projection for 
2023, given the same plan. 

Source: Report of the National Commission on Agriculture 1976, Part 5, Resource Development, page 5. 

However, the scheme suffers f rom the 
l imitation that water has to be lifted 
f rom low-level water channels to 
points at higher elevations. Therefore, 
several high-capacity pumping sta­
tions would have to be installed along 
the main waterways. The energy re­
quirements of the plan alone could 
render it unviable at present. 

The longitudinal section of the pro­
posed water l ink, presented in Figure 
2, gives some idea of the magnitude 
of the problem and the energy inputs 
necessary for l ift ing and transporting 
the several mi l l ion hectare-meters of 
water that the proposed water grid 
wi l l have to carry. 

The second proposal is also attrac­
tive. Its initiator, Captain Dinshaw 
Dastur, notes wi th justif ication that 
" w e [India] are a poor country only 
because nobody has bothered to look 
for and exploit our resources," point­
ing out that "we have more wealth in 
our fresh water alone than Arabia has 
in all her o i l . " 

Captain Dastur's plan hinges on the 
construction of a 1,200-mile canal at 
an altitude of 3,000 feet above sea 

level along the lower slopes of the 
Himalayas, in order to catch rain 
water and mountain snow melt, and 
a Garland canal 5,800 miles long gir­
dl ing central and southern India. 
Water is to be conveyed f rom the 
Himalayan canal to the Garland canal 
through a system of high capacity 
pipe lines. The Dastur proposal is pre­
sented schematically in Figure 3. 

Captain Dastur's elegant plan has 
immense potentialit ies, a l though, in 
the out l ine form now presented, it 
also has several l imitations. For one 
th ing, the Himalayan canal, which in 
effect acts as a vast storage cum f low 
channel, wou ld be much longer than 
Dastur tentatively assumes if it has to 
be at a uni form height along its entire 
length, requir ing a good deal of ex­
cavation and bui lding work in an area 
that is still geologically unstable. For 
another, far more pipeline-systems 
than the two described would be nec­
essary to draw off the f lood and river 
waters impounded by the main canal. 

There are also several engineering 
problems concerning the Himalayan 
as well as the longer Garland canal 

that would result in a significant in­
crease in the costs as well as in the 
time needed for executing the pro j ­
ect. The main diff iculty is that the 
Himalayan canal, as well as the Gar­
land canal, must have appropriate 
gradients to ensure water f low. This 
would call for installing booster 
pumps to pump water or for rede­
signing the entire canal system. Other 
limitations are that thousands of v i l ­
lages may have to be shifted not only 
in the scarcely populated hilly regions 
but in the densely populated central 
and peninsular India to enable canal 
systems to be built. 

Conceptually, however, Captain 
Dastur's Garland canal scheme is ex­
cellent and if modif ied suitably would 
free Indian agriculture f rom depen­
dence on monsoons, solve the f lood 
problem, provide employment to mi l ­
lions, and set the stage for massive 
industrial development. 

An Interim Program 
A basically simple interim program 

can be devised that would incorpo­
rate the more advantageous aspects 
of the Rao and Dastur plans, present 
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A N N U A L FLOWS O F I N D I A ' S RIVER SYSTEMS 

Approximate 
Average Utilization present 

annual flow flow utilization 
(in mill ion hectare-meters) 

Indus basic 

Ganga basic 

Brahmaputra ( including Barak) 

Mahanadi and other east-
flowing rivers up to Godavari 

West-f lowing rivers south of 
Tapti 

Godavari, Krishna, and other 
east-flowing southern rivers 

Narmada and Tapti 

West-f lowing rivers north of 
Narmada 

Source: 
Report of the National Commission on Agriculture 1976, Part 5. "Resource Development, p.8 

as few engineering problems as pos­
sible, and generate hydro power by 
making use of the lay of the land 
(instead of requir ing energy inputs for 
transporting large quantities of 
water). Such a program would tap at 
least a part of the Brahmaputra waters 
for diversion across the nor thern sec­
tor of West Bengal, l inking with Bihar 
rivers for irrigating south and south­
west Bihar and simultaneously reduc­
ing f lood incidence in the region. 

Should Bangladesh extend its co­
operat ion, the bulk of Brahmaputra 
waters can be uti l ized for irrigating 
the dry areas of northern Bangladesh, 
convert ing that country in a matter of 
a few years f rom a food-defici t coun­
try into a food-surplus country. Till 
then, part of Brahmaputra waters can 
be diverted to Bihar, along the pro­
posed canal across North Bengal. 

Other segments of this plan would 

link the f lood-prone Mahanadi , Bai-

tarni, and Subernaleka rivers of Orissa 

with the Godavari and Krishna sys­

tems, extending irrigation to mill ions 

of hectares of dry land. Addit ional ly, 

power could be generated in the up-
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that f low westward f rom the western 
Ghats. Detailed engineering studies 
for this part of the project have yet to 
be made. It may involve tunnel ing 
through the hills in certain sectors but 
even so, the benefits in terms of 
hydroelectricity generation and in­
creasing area under assured irrigation 
would outweigh costs. 

The main advantage of this mod i ­
f ied scheme is that all the projects 
covering northeastern, northwestern, 
central, southeastern, and southern 
regions can be started simultaneously, 
and benefits in terms of increased 
area under irrigation and increased 
crop product ion would accrue wi th in 
two to three years. It wou ld also elicit 
maximum cooperation f rom regional 
authorities since the regions con­
cerned would garner immediate ben­
efits both in the form of increased 
food product ion and in vastly in­
creased rural employment oppor tun­
ities. 

Likewise, exploitation of ocean fish­
eries supplemented by the develop­
ment of inland fisheries would im­
mediately provide not only h igh-
quality protein food for mill ions in 
the country but also adequate quan­
tities for export and the earning of 
foreign exchange. The potential fish 
catch in the seas adjoining India's 
coastline is estimated at 10 mil l ion 
tons a year. Of this Indian fishermen 
now catch no more than 1.5 mil l ion 
tons, which gives some measure of 
the unexploited potential that awaits 
harvesting. 

Again, this is an employment- in ten­
sive industry and, therefore, ought to 
be attractive to state governments. 

Afforestation, by its very nature, can 
yield results only over a per iod. But 
a long-range plan must be evolved 
now and vigorously implemented in 
order to prevent land slides in the 
Himalayan and other slopes and ero­
sion of river catchment areas. In the 
process, of course, such projects 
wou ld grow valuable t imber. 

Of the country's geographical area 
of 328.8 Mha, no more than 66.4 Mha 
(or just 20 percent) is covered by 
forests. Every endeavor has to be 
made to increase the area under tree 
cover by at least 34 Mha, br inging the 
area under forests to about 30 percent 
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Figure 2 
THE GANGES-CAUVERY LINK CANAL FROM PATNA TO CAUVERY RIVER 

Direction of water flow • 

Proposed 
dams and 
hydraulic 

generators 

1000 
Kilometers 

of the country's land surface. This is 
the min imum area needed to prevent 
environmental degradation and is the 
most effective long-term insurance 
against soil erosion and f lood damage. 

Furthermore, a well-regulated for­
est policy wou ld enable the country 
to step up product ion of industrial 
wood from the present disappointing 
level of 11 mil l ion cubic meters a year 
to at least 20 mi l l ion cubic meters a 
year over a 10-year period. Likewise, 
product ion of nonindustrial (or fuel) 
wood could be stepped up by a factor 
of 2 f rom the present low level of 15 
mil l ion cubic meters per year. 

The essential elements of a compre­
hensive water uti l ization program are 
easily spelled out ; but for any pro­
gram of this nature to be carried out 
effectively, there are several prereq­
uisites. 

First, a viable industrial infrastruc­
ture is necessary in order to put 
through a vast water uti l ization 
scheme involving the construction of 
a network of canals, sluices, associ­
ated water storage dams, and other 

irrigation and power-generat ion 
structures. Adequate bui lding mate­
rials (cement, structural steels, tools) 
as well as power and transportation 
facilities must exist or become avail­
able as irrigation work progresses. 

Second, in order to reap full ben­
efits of new irrigation potential as it 
is created, farmers should have the 
assurance of adequate and timely 
supplies of high-yielding varieties of 
seeds, organic and inorganic soil nu ­
trients, crop protection agents, and 
facilities for regular soil testing so that 
soil additives may be applied as nec­
essary. This wou ld call for the estab­
lishment of more fertil izer factories 
and stepping up ferti l izer product ion 
so as to meet the vastly increased 
demand for soil nutrients that the 
plan would generate. 

Third, to implement an expanded 
fisheries program requires the estab­
lishment of a network of boat and 
trawler bui lding and repair yards, fa­
cilities for manufacturing nets and an-
cillaries, and the training of person­
nel. 

More important than all three areas 
is the need to restructure India's 
administrative machinery. Professor 
John Kenneth Galbraith, former 
American ambassador at New Delhi, 
described India a decade ago as a 
" funct ion ing anarchy." In a manner 
of speaking, the country still functions 
in spite of, rather than because of, its 
bureaucracy. Planning and its imple­
mentation is unlikely to be purposeful 
in India unti l such t ime as the Indian 
bureaucracy realizes that it exists to 
serve the country and not the other 
way round. Hopeful ly, the present 
government with its strong popular 
support wi l l accord high priori ty to 
the task of taming the bureaucracy 
and literally cutt ing it to size, so that 
at least dur ing the 1980s the country 
can get on with the urgent tasks of 
agricultural and industrial develop­
ment. 

Colonel R. Rama Rao, now retired 
from the Indian Army, is with the Biria 
Institute for Scientific Research in 
Delhi, India. 
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Source: Water World, Vol. 2, No. 1, July-Sept. 1979. 
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Figure 3 
GARLAND CANAL FOR 
HARNESSING FLOOD WATERS 

Length: 
Himalayan Canal, 1,200 miles. Central 
and Southern Garland Canal, 5,800 
miles 
Width: 
1,000 feet (both canals) 

Depth: 
30 feet (both canals) 

Canal position: 
The Great Himalayan Canal is on the 
slopes of the Himalayas at exactly 
3,000 feet above mean sea level (MSL). 
The Garland Canal on the Central and 
Southern Plateaus is at exactly 1,500 
feet above MSL. 

Lake area and 
capacity of the canal: 
The flow of water from the Himalayan 
Canal into the Garland Canal will fill out 
the latter one-third of its full capacity 
every year. The Himalayan Canal area 
is 15 square miles with a capacity of 
196.08 billion cubic feet of water. The 
Garland Canal is 33 square miles with 
a capacity of 818.72 billion cubic feet of 
water. 
Source: The Illustrated Weekly ot India, Oct. 
20. 1974, p. 13 

Special Report FUSION 47 



America's Opportunity 

The Buchsbaum Report 
A Fusion Reactor Before theYearlOOO 

Editor's Note 
This Report of the Fusion Review Panel of the Department of Energy's 

Energy Research Advisory Board (ERAB), released June 24, evaluates the 
"impressive" progress of the U.S. magnetic confinement program and rec­
ommends that the DOE upgrade the program in order to ensure that prototype 
fusion electric power plants will be a reality by the year 2000. The text of the 
35-page draft report, which the ERAB will review August 18-22, is reprinted 
here in full, along with the report's glossary. A news article on the report 
appears in the Washington section. 

The Fusion Review Panel is chaired by Dr. Solomon Buchsbaum, vice 
president of Bell Laboratories, who is also a member of ERAB, and the report 
is known by his name. Panel members include Dr. Robert Conn, professor. 
School of Engineering and Applied Science, University of California; Dr. James 
Fletcher, vice chairman of the Burroughs Corp. and former NASA head; Dr. 
John S. Foster, jr., vice president for science & technology, TRW, Inc.; Dr. 
Eugene Fubini, head of E.G. Fubini Consultants, Ltd.; Dr. Marvin Coldberger, 
president of the California Institute of Technology; Dr. Roy Could, chairman 
of the Division of Engineering and Applied Science, California Institute of 
Technology; Dr. Wolfgang Panofsky, director of the Stanford Linear Acceler­
ator Center. 

The Doublet III at General Atomic in San Diego. The 
report suggests that its conversion to a long-pulse, high 

beta tokamak should be considered. 
General Atomic 
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Bell Laboratories 

Dr. Solomon Buchsbaum, chairman of the DOE Fusion 
Review Panel. 

Introduction 

50 FUSION October 1980 

In February 1980, Dr. Edward A. Frieman, director of 
energy research, requested that the Energy Research Ad­
visory Board (ERAB) review the Department of Energy 
(DOE) Magnetic Fusion Program. Of particular concern to 
the DOE is the judicious choice of the next major steps to 
be taken in proceeding f rom the current generation of 
experimental devices toward demonstration of economi­
cal power product ion f rom fusion. Of equal concern is 
the overall soundness of the DOE Magnetic Fusion Pro­
gram: its pace, scope, and funding profiles. 

This report is in response to Dr. Frieman's request. The 
present review follows a similar ad hoc DOE review of the 
fusion program that was carried out two years ago under 
the chairmanship of J. S. Foster, Jr., a member of the 
present Review Panel. The Foster report stimulated the 
DOE to enunciate a comprehensive policy for the fusion 
program. Rapid scientific progress since the wr i t ing of the 
Foster report has made the present review desirable. 

To carry out the review, the ERAB appointed an ad hoc 
Fusion Review Panel. The panel heard extensive presen­
tations f rom Mr . Edwin E. Kintner, the associate director 
for fusion, Office of Energy Research (OER), and his staff, 
and f rom numerous scientists and engineers in the pro­
gram. The panel spent 11 days in plenary sessions in 
Washington, at the Princeton Plasma Physics Laboratory 
(PPPL), and at the Lawrence Livermore National Laboratory 
(LLNL). Members of the panel visited the Massachusetts 
Institute of Technology (MIT), the Oak Ridge National 
Laboratory (ORNL), the Los Alamos National Scientific 
Laboratory (LANSL), and General Atomic (GA). The panel 
also received testimony f rom members of the public. 

The DOE Magnetic Fusion Program is large: In fiscal 
year 1980 some $355 mil l ion wi l l be expended; in fiscal 
year 1981 nearly $400 mil l ion is included in the president's 
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budget. (There is, in addi t ion, some private funding, but 
this is not more than a few percent of what the govern­
ment spends.) The panel is pleased to record its view that 
the taxpayers are receiving their monies' wor th . The pro­
gram is being well managed and is conducted by a cadre 
of dedicated, capable, and hard-working scientists and 
engineers. As we document in the body of the report, 
recent progress in plasma conf inement is impressive. 
While the U.S. program represents only about a third of 
the wor ldwide effort in magnetic fusion, the United States 
has become its unquestioned leader. 

As a result of this progress, the United States is now 
ready to embark on the next step toward the goal of 
achieving economical fusion power: exploration of the 
engineering feasibility of fusion. 

The engineering program should augment the cont in­
uing basic work in fusion research and related technology. 
Such work is indispensable to the success of the fusion 
program. 

The engineering program that the panel envisages is a 
long and a diff icult one. It wil l require the expenditure of 
significant additional funds; a doubl ing in the size of the 
present program (in constant dollars) in five to seven years 
must be expected. 

Al though the panel did not examine magnetic fusion in 
the context of the overall balance of DOE programs, we 
believe that this large increase is justif ied. This next step 
in the fusion program is both sound and t imely. The 
United States should determine as soon as is program-
matically feasible whether or not fusion is a viable op t ion ; 
that is, whether or not fusion reactors can compete favor­
ably with alternate energy sources f rom economic, envi­
ronmental, and safety standpoints. Such knowledge would 
have a profound influence on U.S. energy policy. . . . 
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• Provide a burning, perhaps even an ignited, plasma; 
• Provide a focus for developing and testing reactor-
relevant technologies and components; 
• Explore and firmly delineate problems of operator and 
public safety. 

The device should be in operation wi th in 10 years and 
cost not more than about $1 bi l l ion of current dollars. The 
last two goals necessarily require certain limitations in 
other objectives; the extent of such limitations should 
emerge dur ing the design phase of the device. Still, the 
device we envision wil l require a large, complex under­
taking. A single-line management approach is necessary 
to help assure the success of such a large design and 
construction project supporting a viable experimental and 
test program. Broadly based industrial participation as well 
as continuity of management are essential. 

It wil l take t ime, planning, and modest addit ional fund­
ing to organize the CFE and to launch the engineering 
program we envision. Large increases in the cost of the 
fusion program dedicated to engineering aspects of fusion 
would not be needed until about 1983-1984. At that t ime 

results f rom the Tokamak Fusion Test Reactor (TFTR), 
presently under construction at PPPL, wi l l be available and 
wil l help conf i rm (or deny) the design details of the FED. 

Because of the uncertainties in the prognosis for fusion 
and in projecting the cost of alternative energy sources, 
a date for a competit ive commercial prototype reactor, or 
the number of steps needed to reach the prototype stage, 
cannot now be firmly specified. However, if the program 
we recommend is implemented and is successful, then 
after operation of the engineering device (in about 10 
years), the data should be available to predict when fusion 
energy could become economically competit ive. A more 
definit ive assessment of safety and environmental aspects 
can then also be made a part of this determinat ion. Today, 
the panel is optimistic that wi th progress comparable to 
that in the past decade, a power unit , not necessarily an 
economically competit ive one, could be built at or shortly 
after the turn of the century. 

As the fusion program proceeds to determine engi­
neering feasibility, it must retain sufficient variety and 
flexibil ity to ensure that fusion's highest potential is ul t i ­
mately ascertained. There remain many design options for 

PROGRESS IN U.S. MAGNETIC CONFINEMENT EXPERIMENTS 

U.S. experimental fusion reactors have made steady progress in the past two decades, on the way to achieving 
breakeven conditions for temperature and density-confinement time. Both the Doublet III and the Princeton' 
TFTR are expected to reach the temperature conditions necessary for a fusion reactor by 1985, and these 
machines plus MIT's Alcator C are expected to reach the density-confinement time requirements for a fusion 
reactor by 1985. 
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a reactor. Excessive haste toward commercialization may 
lead to a demonstration of a less-than-adequate fusion 
reactor, delaying rather than accelerating commercial ac­
ceptability. 
(2) To ascertain the highest potential of magnetic fusion, 

a broad-based program in plasma confinement should 
be continued, based on the following new major 
elements: 

(a) Following recent experimental results and favorable 
theoretical projections, the U.S. mirror program should 
proceed with the construction of the large tandem-mirror 
facility (MFTF-B) as a proof-of-principle experiment for 
open confinement systems. Its design should be suffi­
ciently flexible to permit the incorporation of various 
projected configurations. Successful deployment of the 
MFTF-B wil l require extensive support ing developments 
in physics and in technology at LLNL and at other insti­
tutions. Therefore, an accelerated MFTF-B construction 
program is not called for. 

(b) Assessment of the reactor potential of tokamaks re­
quires deeper understanding of many issues of plasma 
physics and technology which were not of immediate 
urgency when the present generation of machines (TFTR 
included) was being designed and built. Therefore, in 
addit ion to the large engineering device discussed earlier, 
the DOE should plan and implement a coherent, compre­
hensive advanced tokamak program. Such a plan should 
involve the phasing out of some presently operating 
machines, the conversion of others to more relevant 
studies, and the construction of some new devices. Max­
imum advantage should be taken of the strong interna­
tional cooperative program, especially the joint program 
with Japan. 

(c) Work on the Elmo Bumpy Torus (EBT)—a hybrid con­
figuration which combines many of the attractive features 
of mirrors and tokamaks—should be strengthened, wi th 
effort aimed at clarifying some near-term key physics 
questions. The EBT-P construction should wait for addi­
tional conf i rming results of work in progress and proposed 
herein, especially an exploration of the possibilities of 
more modest experiments. Today, the proposed EBT-P 
investment is too large given the existing uncertainties in 
the physics of the EBT conf igurat ion. 
(d) Work on alternate concepts, that is, plasma and mag­
netic field configurations other than tokamaks, mirrors, 
and the EBT, should continue commensurate with new 
discoveries in physics. Research on alternate concepts is 
essential to the ful l development of the plasma physics 
base for fusion research. However, each concept need 
not be pushed to, or even be expected to reach, the 
proof-of-pr inciple state of plasma parameters and per­
formance. The DOE should be highly discriminating in 
advancing existing alternate concepts much beyond their 
present scopes. 
(e) The DOE should support a strong research program 
on fuel cycles (and their requisite containment systems) 
other than deuter ium-t r i t ium, since reactors based on 
such cycles wou ld have major advantages in the long run. 
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electron energy conf inement t ime has been established 
over a wide range of parameters, and it has been deter­
mined that ions remain nearly classically conf ined. Specif­
ically, conf inement of riT = 3 X 10 " sec/cm3 has been 
achieved on Alcator-A. (This value is about a factor of 5 
smaller than that required for ignition.) 
(b) Efficient plasma heating by neutral beams has been 
demonstrated and preliminary results with ion cyclotron 
and electron cyclotron resonance heating (ICRH and 
ECRH) are encouraging. Thus it appears that heating to 
ignit ion is feasible. 
(c) PLT has demonstrated ion heating to a temperature of 
7 keV and has shown that there is no degradation of 
performance at levels of collisionality needed in reactors. 
In the absence of good theoretical understanding of 
microturbulence, this demonstration is the key to conf i ­
dence in obtaining ignit ion, although behavior in a device 
which has simultaneously the proper collisionality and p 
is yet to be tested. 

(d) ISX/B has demonstrated stable conf inement at (3's of 
about 3 percent. This is slightly in excess of what present 
theory predicts and is compatible wi th extrapolation to 
what is needed for a reactor (about 6 to 10 percent). 
(e) Impurities have shown no tendency to accumulate in 
the center of high-density plasmas, at least for the pulse 
lengths used so far. Preliminary divertor studies on PDX, 
DIVA, DITE, and Doublet- I l l are encouraging for further 
reduction of impurity levels, and PDX wil l greatly expand 
the knowledge of divertor operat ion. 
(f) Plasma disruptions are now predictable f rom plasma 
current profiles. Disruptions still occur in present devices 
when unfavorable current profiles are produced by ma­
chine malfunct ion. Low-q operat ion, if it can be reached, 
should be favorable in this respect as has been demon­
strated in Alcator-A and DIVA. Other disruption controls 
appear feasible but have not been experimentally imple­
mented. 
(g) Pellet fueling has been successfully demonstrated on 
ISX. 
(h) Al though not yet experimentally attempted, several 
schemes for steady-state current drive with RF or particle 
injection appear promising. (A low-temperature plasma 
carrying no ohmic current has recently been conf ined in 
a stellarator in West Germany.) 
(i) With the important exceptions of the lack of quant i ­
tative understanding of nonlinear microstability (anoma­
lous electron thermal transport) and impuri ty transport, 
theoretical understanding has also f lourished in this pe­
r iod. There is considerable confidence in predict ing im­
proved p-levels and resistance to disruption in D-shaped 
devices. Stable operation with q < 1 also has been pre­
dicted at high temperatures but has not yet been tested, 
(j) Key remaining issues are hel ium removal, long-pulse 
impurity behavior, and the possible excitation of Alfven 
waves by a particles produced in the fusion process. Early 
theoretical assessment suggests that such excitation wil l 
not be dangerous, but experiments are needed to study 
the problem. 

In short, tokamak confinement is understood suffi­

ciently well that a realistic extrapolation to ignited plasmas 
can be made. This understanding wil l be deepened and 
extrapolation further t ightened when the TFTR comes into 
operation—early in 1983—at plasma parameters close to, 
or even at, energy breakeven. 

Mirror Physics Status 
The historical development of the magnetic mirror con­

cept has been marked by four principal inventions: mirror 
conf inement itself; the concept of a magnetic-f ield well 
which assures hydromagnetic stability; the tandem mirror 
with its electrostatic potentials for enhancing ion conf ine­
ment; and the thermal barrier as a ref inement of the 
tandem which could, in principle, dispose of high fre­
quency instabilities. The last two of these inventions have 
been made with in the last five years. If these inventions 
can be successfully implemented, the mirror could be an 
attractive fusion reactor. 

The macroscopic stability of mirror plasmas in magnetic-
well configurations has been demonstrated in many de­
vices, including those at LLNL, at values of p close to unity. 
Such high p represents a great potential advantage for 
mirror reactors. However, there are two fundamental 
problems that have plagued mirror plasmas. First, the 
classical l i fetime, governed by ion scattering into the loss 
cone, is inadequate for reactors. The second problem 
arises f rom the fact that mirror-conf ined plasmas neces­
sarily have anisotropic velocity distributions which spawn 
microinstabilities—specifically, the dri f t-cone mode. For 
over a decade, these microinstabilities have dominated 
plasma behavior in mirrors, keeping the m-'s in 2X-II 
experiments at LLNL at the 1010 cm ' sec level, several 
orders of magnitude below the value expected classically. 

In the early 1970s a beginning was made toward stabi­
lization of these modes by introducing warm plasma 
streams to fill the loss cone in the 2X-IIB experiment at 
the LLNL. In this way, n-r's of 1011 c r r r 3 sec were achieved, 
while the noise created by the instabilities was suppressed. 
In these experiments the plasma had ion temperatures of 
10 keV, and p's of about unity; electron temperatures 
were low, about 100 eV, the electrons being cooled by 
conduct ion along the field lines resulting f rom the use of 
external plasma streams. 

As quantitative understanding of these experiments 
evolved, a new strategy was developed for further sup­
pression of the drift cone modes. This was based on the­
oretical predictions that the microinstabilities could be 
stabilized in a very large mirror (about 75 ion gyroradii in 
radius and length). It was also realized that a more modest 
increase in radius would allow stabilization with much less 
warm plasma. Calculations indicated that in a device of 
about 20 ion gyroradii electron temperatures of 700 eV 
and m-'s of 1012 c r r r J sec could be reached. This is the 
goal for the Mi r ror Fusion Test Facility (MFTF) now under 
construction at LLNL. 

The inventions of the tandem mirror and of the thermal 
barrier represent potential solutions to the two problems 
that have been plaguing mirror plasma. The thermal bar­
rier concept is complex and as yet untested. Preliminary 
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A plasma formed inside a vacuum chamber showing the fan shape caus 
planned for the Mirror Fusion Test Facility. 

id fay the field of a magnet similar to that 

experiments on the tandem mirror concept (TMX) at LLNL 
are encouraging. In particular, in the central cell of TMX, 
thermal plasmas have been obtained wi th g's of 15 percent 
and m-'s of about 1011 c r r r 3 sec. The latter f igure represents 
a conf inement improvement of a factor 10 above that in 
a simple mirror and demonstrates the tandem principle, 
whi le the relatively high (3 indicates that hydromagnetic 
stability should be achievable at reactor-level p's. 

Tokamaks now operate with m-'s of about 10 " cr r r 3 sec. 
To bring mirrors to a comparable level wil l require raising 
the electron temperature by heating and thermal insula­
t ion of the plasma f rom the ends of the mirror (in order 
to reduce collisional end-loss), as well as successfully 
suppressing loss-cone instabilities in the end-plugs. The 
use of warm plasma streams to fil l the loss cone in 2XHB 
experiments, as well as the partial suppression of RF in 
the TMX, indicate at least a qualitative understanding and 
mastery of the high frequency instabilities. This lends 
certain credibil i ty to thermal barrier calculations, although 
the real exploration of three-dimensional thermal barriers 
will require extensive theory and well planned experi­
ments. 

Based on these theoretical and experimental advances, 
LLNL is proposing to modify and expand the MFTF into a 
large tandem experiment, dubbed MFTF-B. The MFTF, 
authorized prior to the invention of the tandem mirror 
concept, is a single-mirror, quadrupole-f ie ld device. In 
MFTF-B, the quadrupole MFTF coils wou ld be dupl icated, 
the pair serving as plugs to a long (100 ft) solenoid. The 
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Elmo Bumpy Torus (EBT) Physics Status 
The EBT concept is an outgrowth of magnetic mirror 

research and combines attractive features of both toroidal 
and open-ended devices. In the EBT, two to three dozen 
single-mirror cells are l inked to form a torus. In each cell 
a relativistic electron ring, produced by high-power mi­
crowave heating, provides hydromagnetic stability nor­
mally obtained in mirrors by creating a minimum-B mag­
netic wel l . This leads to a device wi th physics features 
similar to those of mirrors but wi thout the end-loss that 
is characteristic of mirrors. Rather, it is the plasma trans­
port across the magnetic lines of force, as in any toroidal 
device, that is the central conf inement problem. 

At present, there is one EBT experiment in the United 
States, EBT-S, at ORNL. (There are also EBT experiments in 
Japan.) The experiment operates at steady state (cont inu­
ously for hours at a time). Electron rings with energies of 
hundreds of keV have been stably produced at modest 
values of P; the upper p l imit has not been determined. 
Plasma densities of 1012 c m - 3 have been achieved, with 
core electron temperatures of 300 eV and ion tempera­
tures of 100 eV. Recent advances include the use of 28 
GHz ECRH heating, the achievement of rings with an 
electron energy as high as 0.5 MeV, accurate measure­
ments of stable and unstable operating regimes, the dem­
onstration that the range of neutral gas pressure for stable 
operation increases with microwave heating power, a 
more definit ive measurement of core plasma electron 
temperature by laser scattering, and a measurement of 
the plasma potential. 

There have also been important advances in EBT theory. 
In particular, a neoclassical theory of core plasma transport 
indicates that nT should improve with increasing aspect 
ratio. There have been important advances in understand­
ing RF wave propagation and absorption both in the rings 
and in the core plasma. Much additional work remains in 
areas such as M H D stability limits for the rings and the 
core plasma, and the scaling of the ring power balance. 
Much of the attraction of EBT arises f rom its potential for 
steady state, moderate-p operation (15 to 20 percent in 
the core) at large aspect ratio (which can permit modular 
construction with extensive access). These features are 
advantageous for reactors. 

These physics advances and reactor features have led 
ORNL, in conjunct ion with four industrial teams (led by 
EBASCO Services, Inc., Grumman Aerospace Corp., 
McDonnel l -Douglas Astronautics Co.—East, and Westing-
house Electric Corp.), to propose a new proof-of-pr inciple 
experiment called EBT-P. The device would have approx­
imately twice the magnetic field strength of EBT-S, ap­
proximately 70 percent larger values for the aspect ratio 
and plasma radius, superconducting magnets, ECRH heat­
ing at 28 and 60 GHz, and separate ion heating. It wou ld 
cost an estimated $75 mil l ion in current dollars, not in­
cluding a parallel technology development effort costing 
approximately $20 mi l l ion. The goal for EBT-P is to prove 
the principle of the EBT concept by addressing the central 
issues of nT scaling, p limits, and ring scaling and power 
balance in high temperature plasmas. 
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In summary, EBT is in a less-developed state than are 
tokamaks and mirrors, a not surprising situation since 
there is only one device currently operating in the United 
States. Nevertheless, the recent results are encouraging, 
and a major new EBT machine has been proposed to 
extend this line of research. 

Alternate Concepts Physics Status 
Fusion research is presently rich in concepts that provide 

a broad base from which to develop a reactor that is both 
economically viable and acceptable to the public. The 
state of development, however, varies among concepts. 
The tokamak is nearing the end of its exploratory phase 
and is ready to enter the next phase, that of fusion reactor 
engineering. Magnetic mirrors could be brought to the 
end of the exploratory phase with the proposed MFTF-B 
experiment. 

Alternate concepts is a phrase used to categorize mag­
netic conf inement schemes other than the tokamak and 
the mirror. In addit ion to the EBT, they include f ield-
reversed configurations (often generically referred to as 
compact toroids), the reversed field pinch, and multipoles. 
Field-reversed mirror experiments have just begun at LLNL 
while at LANSL and the University of Maryland f ie ld-
reversed configurations of the spheromak type (toroidal 
B ~ poloidal B) have been formed and stably maintained 
for about 100 Alfven times in a theta pinch with a barrier 
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f ield. An earlier field-reversal experiment at Cornel l Uni ­
versity was successful wi th an electron ring. While the 
results to date are encouraging with respect to prospects 
for compact plasmas, much work remains to elucidate the 
complex physics of these configurations. 

Also at LANSL, research has progressed on the reversed 
field pinch (RFP) through work on the ZT-40 experiment. 
It is found, consistent with research abroad, that when a 
self-reversed magnetic field state is achieved, density f luc­
tuations decrease markedly at (3 values of at least 10 
percent but at low plasma temperatures. We note, how­
ever, that the requirements associated with pinch mag­
netic-field reversal may be too onerous in a reactor. 

Experiments at both the University of Wisconsin and 
UCLA have achieved high-p in multipoles (in excess of 30 
percent wi thout sign of M H D instability in the Wisconsin 
experiments) well in excess of ideal M H D predictions. The 
plasmas are, however, collisionai and the results must be 
conf i rmed in hotter, less coll isionai, regimes. 

Not all alternate concepts have proven successful in 
principle or have contr ibuted as much to basic knowledge 
in the f ield. For example, research on the Tormac concept 
has been halted by DOE, as has work on the Scyllac and 
on the Astron. Nevertheless, alternate concept research 
contributes to the fundamentals of the field and often 
suggest methods for improving the more highly developed 
approaches. 
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The ISX tokamak at Oak Ridge National Laboratory, which has demonstrated stable confinement. The neutral beam 
injector is shown at right and the pellet injector at left. The Oak Ridge laboratory developed the neutral beam system 
that successfully brought the Princeton PIT up to record tokamak temperatures in 1978. 

The Tritium Systems Test Assembly (TSTA). A facility 
under construction at LANSL which is dedicated to the 
development, demonstrat ion, and interfacing of the tech­
nology for the management of radioactive tr i t ium in 
kilogram-per-day quantities (TSTA is scheduled for com­
pletion in fiscal year 1982). 

The Fusion Materials Irradiation Test Facility (FMIT). A 
facility under construction at the Hanford Engineering 
Design Laboratory (HEDL) for accelerated life-testing of 
materials in a high-energy neutron environment compa­
rable with that in a fusion reactor (scheduled for comple­
t ion in fiscal year 1983). Selected problems in materials 
irradiation are already being studied at LLNL with the 
Rotating Target Neutron Source. 

Programs are also in place to develop coating materials 
for limiters, beam dumps, and other critical components; 
to develop gyrotrons for electron cyclotron heating of 
plasmas; to advance further the performance of neutral 
beam injectors; and to develop advanced conductor and 
structural materials for high field (12 tesla) superconduct­
ing magnets. 
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Thus a good start has been made on the development 
of the various technologies which wil l be needed in the 
engineering of fusion. This activity constitutes about 25 
percent of the magnetic fusion effort. However, there is 
not yet a project which would integrate these technologies 
in a single facility for the purpose of testing and gaining 
experience in combined operat ion. 

International Cooperation 
The panel did not examine in detail the international 

cooperative programs in fusion. Several benefits of such 
programs d id , however, become clear dur ing our review: 
U.S. participation in the INTOR studies has helped identify 
critical areas of engineering and systems research needed 
in the next large tokamak project, such as an FED; data 
f rom tokamaks abroad have been consistently valuable for 
over a decade to the progress of the U.S. tokamak pro­
gram; and the recently instituted joint program with Japan 
has been highly beneficial. We wish to encourage such 
cooperation in the future—ful l exchanges of technical 
information and, to the extent they prove practical, jo int 
experimental ventures. 
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"We find that there is remarkable 
consensus within the U.S. Magnetic Fusion 
Program that an engineering facility of 
some sort should be built forthwith." 

even an ignited 

Conclusions & 
Recommendations 
Fusion Engineering 
The panel spent a considerable port ion of its t ime 

reviewing the concept of an Engineering Test Facility (ETF). 
The ETF is being scoped and its goals and objectives being 
defined by a multidisciplinary, mult iorganizational group 
at ORNL. The panel received much wri t ten material on 
the ETF and heard extensive testimony regarding it. 

We f ind that there is remarkable consensus wi th in the 
U.S. Magnetic Fusion Program that an engineering facility 
of some sort should be built for thwi th . There is conf i ­
dence, based on the recent progress, that a facility con­
taining a burning plasma, perhaps even an ignited plasma, 
can be built and operated reliably to serve as an engi­
neering focus and test bed for a variety of engineering 
tasks. We also f ind that the program has not yet reached 
a consensus on what the specific goals and objectives of 
such a facility should be, except that it contain a burning 
plasma. 

The panel, too, has misgivings about the ETF as it was 
presented to us. We f ind it too ambitious. Specifically, we 
question the role being envisioned for the ETF on the 
road to commercial ization of fusion, namely, " t o bridge 
the gap between the base of magnetic fusion knowledge 
at the start of ETF operation and that required to design 
EPR/DEMO devices" (ETF Mission Statement, Oct. 1979, 
p. 3). In our view, the number of steps between such a 
facility and a commercial reactor cannot now be specified. 

Some of the goals of the ETF are overly ambitious, 
resulting in part f rom the desire to use the ETF as the 
ultimate material testing facility, as well as a test bed to 
pin down engineering design parameters. Such goals re­
sult in stressful requirements: the required fluence levels 
are very high; component downt ime is very low; burn 
times are very long. As a result of these mult iple goals, 
the complexity, cost and risk of failure are high. 

Nevertheless, the panel is firmly of the view that the 
development of the requisite engineering experience re­
quires a broad program of engineering experimentation 
and analysis having at its focus a test device with a burning, 

Special Report 

plasma. A device that contains an ignited 
deuter ium-tr i tk m plasma can be built based on knowl ­
edge now in land and soon to be obtained in new 
machines. In th s connect ion, it is important that the TFTR, 
presently under construction at PPPL, be exploited as early 
as possible. The U.S. Fusion Program is ready, in our view, 
to embark on s ich an engineering program. 

Consequently, we recommend that the DOE proceed 
with the engineering program out l ined below: 

The DOE shiuld establish a Center for Fusion Engi­
neering (CFE) operated by a strong, single-line manage­
ment. We provide a broad out l ine of such an organization 
and a possible ; pproach to achieving it. 

The CFE wo lid lead and coordinate a broad, well-
balanced prog:am of engineering experimentation and 
analysis to encompass all areas pertinent to reactor engi­
neering, such is: heat removal equipment and technol­
ogy; t r i t ium handling and contro l ; t r i t ium blanket tech­
nology; magneis; RF power supplies; remote maintenance 
technology; fu< I injection and ash removal; and first-wall 
technology. The present technology development pro­
gram represent; a good start. An early action of the CFE 
and OFE should be to assess the pace and the scope of 
the present development program in the light of the 
broader engineering charter. 

The CFE should undertake the design and construction 
of what we call the Fusion Engineering Device (FED). The 
FED we envisage is a more modest device than the ETF 
that was descr bed to us; the FED wou ld be built and 
brought into operation dur ing this decade at a cost not to 
exceed about M bil l ion of current dollars. Still, it would 
require a large, complex undertaking. Among its objec­
tives would be . . . : 

• to provide a ju rn ing , even an ignited, plasma; 
• to provide a focus for developing and testing reactor 
technologies and components; 
• to explore a id f irmly delineate problems of operator 
and public safety; 
• to serve as tf e focus for the broadly based program of 
engineering exDerimentation and analysis. 
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experimentation and analysis should be diverted to sup­
port construction. 

Tokamaks. Though scientific progress on tokamaks now 
makes it feasible to mount a serious attack on engineering 
problems, that progress has not yet opt imized the tokamak 
concept, nor made it adequate for design of a commer­
cially viable reactor. 

Progress in the fo l lowing areas is required to make the 
tokamak attractive as a reactor: convenient heating; 
steady-state current drive; understanding of plasma-wall 
interactions and impurity behavior in long pulses, with 
methods for control through divertors or improved limit­
ers; and understanding and control of plasma disruptions. 

On a more basic level, an understanding of anomalous 
transport, particularly at relevant collisionality and (3, is 
needed. Macroscopic behavior in the high-p, collisionless 
regime is as yet untested, and so is the interaction of 
super-Alfvenic particles with the plasma. Behavior at low-
q and the physics of p l imitation (specifically the influence 
of plasma shaping) must be better understood. The po­
tential payoff in size and cost of tokamak machines for 
improvements in these parameters is very large. Recent 
theoretical results give some grounds for optimism that: 
(a) low-q tearing modes may be stabilized at high tem­
peratures al lowing low-q operat ion, and (b) ideal M H D 
stability can be achieved at considerably higher p than 
heretofore estimated. 

The desirability of very high f ield, relatively inexpensive 
devices devoted to studying the physics of plasmas at 
interesting plasma parameters has been enhanced by the 
recent theoretical developments. Even though it is unlikely 
that a reactor could be based on this principle, inexpensive 
high-field tokamaks should continue to be exploited. 
Other variants, such as stellarators or the more recent 
compact tor i , should be pursued on a modest scale, but 
could eventually appear sufficiently promising for more 
extensive experimentat ion. 

Thus, a balanced program directed toward a tokamak 
reactor will require, in addition to large devices devoted 
to engineering studies, a vigorous advanced tokamak 
research program to study physics issues and improved 
directions. The DOE should plan and implement such a 
program. 

While such a program wil l entail considerably increased 
funding, it could be paid for in part by discontinuing or 
convert ing some present devices. For example, the doub­
let-shaped part of the Doublet III program should be 
discontinued because the doublet shape no longer ap­
pears advantageous for a reactor. However, the Doublet 
III facility should be examined for conversion to a long-
pulse (10 sec), D-shaped, high-p tokamak where relevant 
advanced studies can be made. 

The U.S. program should cont inue to take advantage of 
the productive international cooperation in tokamak re­
search and avoid unnecessary dupl icat ion. The joint pro­
gram with Japan appears especially attractive. 

Mirrors. In the past, the mirror approach has lagged 
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because of the large end-losses and the loss-cone insta­
bilities caused by anisotropic distributions that are inher­
ent to mirrors. In the last several years, however, two 
inventions—the tandem mirror and the thermal barrier— 
have led to a resurgence of interest in the reactor potential 
of mirrors with the realization that by carefully control l ing 
the particle distributions at different points on the mag­
netic f ield lines these problems might be overcome. If 
such control can be achieved, the linear mirror could 
become a very attractive reactor. 

The program is now faced wi th a decision whether or 
not the large Mi r ror Fusion Test Facility (MFTF)—a single-
mirror experiment authorized before the tandem inven­
t ion—should be expanded at about twice the original cost 
into a comprehensive test (MFTF-B) of the new ideas. The 
thermal barrier concept is as yet untested experimentally, 
and thus MFTF-B represents a large extrapolation. Such a 
large step is required because the physics of mirrors, and 
especially of tandems and thermal barriers, is strongly 
dependent on the collisionality regime and only a large, 
h igh-powered, and consequently expensive device can 
attain the desired parameters. 

In view of the importance of understanding the physics 
of open confinement systems and of assessing their reactor 
potential, we believe that such a step is now warranted 
and we recommend it. Because successful deployment of 
the MFTF-B wil l require extensive support ing develop­
ments in physics and in technology, an accelerated MFTF-
B construction is not called for. The pace of construction 
of the MFTF-B can use results f rom the TMX-upgrade 
program as design verification check points. 

Recent theory also indicates that axisymmetric end-
plugs might be able to provide stability whi le avoiding the 
complications inherent in the quadrupole plugs. Because 
of the preliminary nature of this concept, it would not be 
prudent to proceed now on the MFTF-B scale with axisym­
metric plugs. Nor is a delay of the MFTF-B of two or three 
years warranted whi le these plugs are assessed because 
they can be included later. We urge that the TMX-upgrade 
program devoted to studies of thermal barriers give high 
priority to assessment of axisymmetric end-plugs. The 
MFTF-B design should be sufficiently flexible to permit, 
without excessive cost or delay, a future conversion to al­
ternate end-plug designs if these become desirable. 

The mirror program has been highly concentrated at 
LLNL. In view of the many open physics issues, and the 
high rate at which new insights and inventions have been 
appearing recently, the participation of other groups, at 
universities and in industry, in theoretical and modest-
scale experimental work should be encouraged, especially 
in studies of axisymmetric mirrors. 

The Elmo Bumpy Torus. The Elmo Bumpy Torus (EBT) 
concept contains attractive features of both open (mirrors) 
and closed (toroidal) conf inement concepts. The present 
results and positive reactor prospects warrant strength­
ening of the EBT program. In particular, the management 
of the EBT program should see that addit ional effort is 
focused on clarifying a number of outstanding physics 
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questions using the EBT-S facility and on the development 
of theory. Examples of important questions include veri­
fication of predicted transport scaling laws, clarification of 
the appropriate gradient scale length for dif fusion, and 
scaling of the ring power balance. Whi le the EBT-P project 
can explore these and other issues, a more modestly 
scoped experiment (which can test ion transport scaling 
and aspect ratio enhancement using 60-GHz ring-heating 
and separate core heating) may be both possible and 
appropriate. Today, the EBT-P represents too large an 
investment given the present physics uncertainties of the 
EBT-P configurat ion. We conclude that a decision to 
proceed with the EBT-P should await additional results 
from EBT-S, further development of the theory, and an 
exploration by ORNL and one or more industrial partners 
of alternative development paths for EBT. 

If additional research points to favorable resolution of 
issues such as core plasma-p limits, transport scaling and 
sensitivity to the sign of the potential, and self-consistent 
ring power balance, we would then recommend proceed­
ing with EBT-P. If resolution of these issues appears in 
doubt, then a more modest experiment aimed specifically 
at the key difficulties would be in order. 

Alternate Concepts. Alternate concepts are typically at 
the beginning or the middle of their scientific phases. 
Particularly if the physics discoveries are abundant, such 
concepts should cont inue to be developed even though 
reactor prospects are not immediately apparent. With the 
exception of EBT, we find that the present level of effort 
on alternate concepts is appropriate and recommend that 
the level remain commensurate with new discoveries in 
the physics. We view research on alternate concepts as 
essential to the ful l development of the plasma physics 
base of fusion research but do not recommend that each 
concept eventually be pushed to the proof-of-pr inciple 
level of plasma parameters and performance. The DOE 
should be highly discriminating in advancing existing alter­
nate concepts much beyond their present scopes. 

Advanced Fusion Fuel Cycles. At this stage of fusion 
development it remains prudent to sustain a strong re­
search program on alternate fuel cycles beyond D-T and 
on configurations with the potential to burn these fuels. 
Deuterium-based cycles such as D-D would eliminate the 
need for t r i t ium breeding and may reduce the levels of 
induced radioactivity. It is conceivable that the D-D cycle 
wil l prove feasible in high f ield, high-p tokamaks or in 
advanced versions of the tandem mirror and EBT. 

Proton-based cycles are even more diff icult to attain 
but offer correspondingly higher potential rewards. In 
particular, reactors based on hydrogen cycles have negli­
gible levels of gaseous radioactivity and produce four to 
five orders of magnitude fewer neutrons per unit of power 
output. Energy is primarily released as electromagnetic 
radiation, which opens new possibilities for chamber and 
reactor design. Hydrogen-based cycles require high ion 
and electron temperatures (exceeding 100 keV). The con­
figurations to conf ine such a plasma must therefore have 
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Glossary of Abbreviations &Terms 
ORGANIZATIONS 

CA: General Atomic Corporat ion, La Jolla, California 
HEDL: Hanford Engineering Development Laboratory, Richland, Washington 
LANSL: Los Alamos National Scientific Laboratory, Los Alamos, New Mexico 
LLNL: Lawrence Livermore National Laboratory, Livermore, California 
OFE: Off ice of Fusion Energy, U.S. Department of Energy, Washington, D.C. 
ORNL: Oak Ridge National Laboratory, Oak Ridge, Tennessee 
PPPL: Princeton Plasma Physics Laboratory, Princeton, New Jersey 
UCLA: University of California at Los Angeles, California 

FACILITIES 

Alcator-A, -C: tokamak, MIT 
CFE: Center for Fusion Engineering (proposed herein) 
DITE: tokamak, Great Britain 
DIVA: tokamak, Japan 
Doublet-Ill (D-ll l): tokamak, General Atomic 
EBT-P: proposed Elmo Bumpy Torus Experiment 
EBT-S: Elmo Bumpy Torus, ORNL 
ETF: Engineering Test Facility 
FED: Fusion Engineering Device (proposed herein) 
FMIT: Fusion Materials Irradiation Test Facility, HEDL (under construction) 
ISX: Impurity Studies Experiment, ORNL 
JET: Joint European Tokamak, Euratom (under construction) 
JT-60: tokamak, Japan (under construction) 
LCP: Large Coil Project, ORNL (under construction) 
MFTF: Mi r ror Fusion Test Facility, LLNL (under construction) 
MFTF-B: Proposed expansion of MFTF to a large tandem mirror 
PDX: Poloidal Divertor Experiment, tokamak, PPPL 
PLT: Princeton Large Torus, PPPL 
T4: tokamak, USSR 
TFR: tokamak, France 
TFTR: Tokamak Fusion Test Reactor, PPPL (under construction) 
TMX: Tandem Mirror Experiment, LLNL 
TSTA: Trit ium Systems Test Assembly, LANSL (under construction) 
2XIIB: mirror machine, LLNL 

TECHNICAL TERMS 

Alcator scaling: Experimental observations that nT is pro­
portional to the squared product of plasma density and 
plasma radius (m oc n2a-). 

Alfven time: The time it would take an Alfven wave to 
travel a given distance, particularly between boundaries 
of an experimental device. 

Alfven wave: A particular form of hydromagnetic wave or 
disturbance. 

alpha (a) particle: Nucleus of a hel ium atom. 

aspect ratio: The ratio of the major radius of a toroidal 
device (R in accompanying tokamak figure) to the radius 
of the conf ined plasma (a In the figure). Larger aspect 
ratio implies easier maintainability and serviceability, but 
also larger volume and cost. 

beta (p): The ratio of plasma pressure to the strength of 
the magnetic pressure containing the plasma. 
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MAGNETIC MIRROR 
CONFIGURATIONS 

In the standard mirror machine, a, 
the magnetic field strength in­
creases in all directions from the 
machine's geometric center, 
where the plasma is stably trapped. 
However, some plasma still escapes 
out the open ends. In the tandem 
mirror, b, a standard mirror cell is 
placed at each end of a cylindrical 
solenoidal cell. The plasma is then 
"end-plugged" by the electrostatic 
forces of the two mirrors. 
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magnetic well: A region where the magnetic field strength 
increases in every direct ion from a point in space. A 
plasma in such a region is known to be hydromagneticallv 
stable. 

MeV: A mil l ion eV. 

M H D instabilities: Magnetohydrodynamic instabilities. 
(See hydromagnetic stability.) 

microinstabilities: Collective interactions of individual 
plasma particles through electric (and/or magnetic) fields 
that may tend to degrade containment. (See microturbu-
lence.) 

microturbulence: Fluctuating local electr ic/magnetic 
fields (and associated local densities of charged particles) 
arising f rom the behavior of the plasma as a conglomer­
ation of individual particles. Microturbulence may be 
responsible for the degradation of conf inement. 

mirror machine: A magnetic containment device in which 
magnetic lines of force in the plasma do not close upon 
themselves, but in which particles may be reflected f rom 
the ends of the machine by magnetostatic and/or electro­
static forces. Mi r ror machines are thus topologically linear, 
rather than being figures of revolut ion. 

m : The product of plasma density (n) and conf inement 
t ime with in magnetic fields (T), an important measure of 
success in sustaining contained fusion reactions. The min­
imum value (called the Lawson criterion) for attaining a 
burning plasma is about 1014 sec/cm1. 

neutral beam heating: Heating of contained plasma to­
ward ignit ion by injection of beams of energetic (typically 
greater than 100 keV) neutral atoms, which can cross the 
magnetic lines of force but which are ionized in the 
contained plasma, thus being themselves contained. 

plasma: A gas comprising some large fraction of charged 
particles. 

poloidal: Occurr ing in any plane of the torus that contains 
the central axis (see tokamak figure). 

q : The inverse of the number of turns of magnetic field 
lines in the poloidal plane per turn in the toroidal direc­
t ion. 

RF: Radio frequency electromagnetic power (loosely 
speaking; microwave power is included under this rubric) 
which, when in resonance with the electric properties of 
the plasma, can be used to deposit energy in it, thus 
heating toward ignit ion. 

neoclassical diffusion: Mot ion of particles across magnetic stellarator: A toroidal device wherein plasma equi l ibr ium 
lines of force at rates greater than classical diffusion, and stability are achieved by externally imposed magnetic 
arising f rom the existence of trapped particle orbits in fields rather than by toroidal currents wi th in the plasma 
localized magnetic wells. as in the tokamak. 

super-Alfvenic particles: Particles whose velocity exceeds 
the velocity of an Alfven wave in the plasma. 

tandem mirror: A magnetic containment device in which 
two mirror machines close the ends of a simple magnetic 
solenoid. 

thermal barriers: Proposed techniques for increasing the 
containment properties of tandem mirrors with lower-
density, hot plasma in end-cell mirror machines. 

tokamak: A magnetic containment device in which the 
magnetic lines of force are closed on themselves in the 
shape of a torus, with a large current f lowing through the 
plasma (see accompanying figure). 

toroidal: The direct ion of rotation about the central axis 
in a toroidal containment device (see tokamak figure). 

tritium (T): A hydrogen atom containing two neutrons; 
with deuter ium, the first fusion fuel which wil l be used. 
Trit ium is radioactive and must be produced using neu­
trons. 
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Four men 
who did not 
subscribe to 

EIR 
Executive Intelligence Review 
and missed out 
on what EIR 
readers knew— 
• Volcker's October credit policy 

would lift inflation to 20% and 
push major banks toward the 
brink of bankruptcy. 

• Volcker's policy would also 
strangle the industrial sector, 
starting with auto and steel. 





Meeting the 
Soviet Challenge 
In Education 
by Mel Klenetsky and Carol White 

T his spring a detailed report prepared by Dr. Isaak 
Wirszup of Chicago University on the Soviet program 

for mathematic; and physics education began making 
headlines in the U.S. press. Wirszup's conclusions were a 
devastating corroborat ion of previous observations that 
compared the s till level of soldiers in the U.S. volunteer 
army to their Soviet counterparts. Wirszup wrote: 

For the 98 percent of the school-age populat ion 
that now completes secondary school or its equiva­
lent, the Soviets have introduced science and math­
ematics curricula whose content and scope place 
them far ahead of every other nation, including the 
United States. Their foremost scholars and educators 
are engaged in improving the school curricula and 
perfecting teaching methods in a concerted drive to 
provide mass < ducation of unmatched quality. . . . 

In order to appreciate the scale of Soviet educa­
tional expansion, it is worth remembering that during 

"The recent Sow'et educational mobilization poses a for­
midable challenge to the national security of the United 
States."—Isaak Wirszup 
Photo by Novosti Press ( ourtesy of the Soviet Mission to the United Nations 
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EARNED AND PROJECTED PhD's IN FIELDS 
RELATED TO FUSION DEVELOPMENT 

Source: Data obtained from the College Entrance Examination 
Board. 

THE COLLAPSE IN U.S. EDUCATION 
The United States has been turning out fewer PhD's 
in mathematics, engineering, and science since the 
1970s, and the projections for the 1980s, based on 
current enrollment, look even worse. At the same 
time, the mean scores on the standard test for 
students applying for college entrance have plum­
meted. 
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the Stalin era the secondary school graduation rale 
was as low as 4.9 percent—out of 1,000 chi ldren 
entering the first grade in 1930 only 49 completed the 
tenth grade in 1940. In 1957—the year of Sputnik, and 
just prior to the Khrushchev reforms of 1958—no 
more than 1,729,000 students graduated from second­
ary schools. In June of 1978, however, after years of 
extraordinary investment and effort culminating in 
the introduct ion (1975) of compulsory 10-year school­
ing, over 5,000,000 students graduated From secondary 
schools of all types, a success rate of 97.8 percent. (In 
the United States, by contrast, nearly 75 percent of all 
17-year-olds—about 3,150,000 students—graduate 
f rom high school.) 

As discussed in greater detail later, the Wirszup report 
documents the impressive range and depth of the Soviet 
mathematics and science curricula. Wirszup has been 
wri t ing similar warning memoranda over the past 10 years 
f rom his vantage point at the University of Chicago where 
he directs two projects funded by the National Science 
Foundation, the Survey of Recent East European Mathe­
matical Literature and the Program on Soviet Works in 
Applicat ion of Computers and Management. This t ime, 
what Wirszup had to say struck a responsive chord na­
tionally because his warning intersected growing concern 
about the general deterioration of the U.S. economic and 
military position internationally. The discrepancy between 
the U.S. standing and that of the Soviets is registered on 
every level—from the education system, through basic 
science, to on-the- job performance. 

Where Does the US. Stand? 
In July 1976, Leonid Rudakov, the head of the Soviet 

Union's electron beam fusion program, presented U.S. 
scientists with the results of a series of Soviet experiments 
that demonstrated amazing new developments in electron 
beam fusion. At the t ime Dr. Steven Bardwell reported on 
"The Rudakov Case," as it became known {Fusion, Jan. 
1978, p. 54): 

As the files show, the Rudakov case spurred six 
months of bureaucratic bickering and a factional fight 
within the Department of Energy and the Energy 
Research and Development Administrat ion. The doc­
uments present a picture of a bureaucracy totally 
befuddled by the Soviet diplomatic initiative of send­
ing a scientist to a U.S. military laboratory to reveal 
information not only classified in this country but 
unknown! For the month fo l lowing the Rudakov visit, 
the documents show that there was a flurry of telex 
messages, letters, meetings, and telephone calls, all 
attempting to hush up as quickly as possible the 
Rudakov results. One scientist described the attempts 
by these officials even to classify the blackboard that 
Rudakov had used in his lectures. 
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The failure of the Carter administration efforts lo sup­
press the scandal around the Rudakov case was largely the 
result of the Fusion Energy Foundation campaign against 
the classification of basic science. Recently, the cont inuing 
fight for basic science and technological development and 
against the trend toward deindustrialization that threatens 
to turn the United States into a banana republic was 
jo ined by such mainstream institutions as Business Week 
magazine. 

Business Week devoted a special issue (June 30, 1980) to 
the necessity to reindustrialize the United States. Spurred 
on by recent German and French moves to collaborate 
with the Soviet Union on energy development projects 
and massive programs for Third Wor ld high-technology 
exports, Business Week took as its entry point the decline 
of U.S. productivity. As Business Week documented, the 
United States has led the wor ld in productivity and dom­
inated economically precisely because of its lead in gen­
erating new technologies, and now that situation is in 
imminent danger of being reversed. 

Business Week painted a gloomy picture: 

Over the past half-dozen years, more than 90 per­
cent of the growth in employment has been in the 
services-producing sector of the economy. But pro­
ductivity growth has been abysmal in the industrial 
sector of the economy. Min ing , construct ion, and 
utilities have shown absolute declines in output per 
worker, largely as a consequence of government 
regulation and skyrocketing energy costs. Manufac­
turing employment has risen only modestly in recent 
years; nonproduct ion workers employed by manufac­
turing companies have accounted for 80 percent of 
these gains. And in manufacturing, the rate of growth 
of productivity has fallen sharply. From 1967 to 1973 
output per manhour increased at a compounded rate 
of 2.9 percent. From 1973 to 1979 the gains dwindled 
to 1.6 percent a year. 

As other sources (most notably the LaRouche-Riemann 
economic modelers) have documented, this has led to a 
situation in which West Germany and Japan are quickly 
catching up to the United States. Business Week cited the 
fol lowing statistics: " In 1950 the real gross domestic prod­
uct per employee in Japan was only 16 percent of that of 
the United States and Germany's was 40 percent. In 1973 
the average Japanese worker was producing 55 percent as 
much as a U.S. worker, whi le in Germany the ratio moved 
up to 74 percent. By 1979 those ratios increased to 66 
percent for Japan and 88 percent for Germany." 

Military Disaster 
The picture in the U.S. military is no better. Nobel Prize 

recipient Dr. Edward Teller was not exaggerating when he 
asserted in a Feb. 1980 interview published in Forbes 
magazine that the Soviet Union wou ld " w i n " a nuclear 
war with the United States. This is not simply a matter of 
hardware capability, or the decline of U.S. in-depth in­
dustrial potential. The ravages of the drug-rock counter­
culture have taken an enormous tol l on the U.S. popula-
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constant exposure to rock "music , " but it is no solution 
to the problem. Any proposal like this that does not set as 
a number one priori ty the el iminat ion of drug traffic and 
immediate reversal of the present national trend to de­
criminalize drugs can only feed into the general tendency 
toward deschooling. 

It is important to understand that the decline of the 
schools is not a sociological phenomenon, an inevitable 
outcome of U.S. society. Not only are drugs circulated 
freely on school property, not only does rock music 
obliterate a student's possibility for concentrated thought 
in classrooms as well as elsewhere, but the teaching of 
sexual and moral perversion is being mandated as part of 
a new liberal sex curr iculum designed to introduce stu­
dents to "alternate life styles." Increasingly, courses such 
as this, which cater to an artificially created countercul­
ture, crowd out mathematics and science, which, at best, 
become "elect ives." And when they are taught, science 
courses become the sounding board for environmentalist, 
antiscience propaganda. 

Since the 1960s with the introduct ion of the New Math 
antimathematics programs that substitute logic-chopping 
for training in either tradit ional skills or the development 
of concept-formation abilities, and wi th similar inroads in 
every other discipline, American chi ldren have begun to 
fall behind in educational performance. 

The Wirszup Report 
This, in brief, is the situation in which the Wirszup 

report on the successes of the Soviet mathematics and 
science educational program has been receiving circula­
t ion. 

Wirszup details exactly how the Soviet Union is increas­
ing the level of training of its cit izenry, especially in math 
and the sciences, as the key means of implement ing the 
most rapid technological and industrial development pos­
sible. This type of approach is now attracting adherents 
not only in military and scientific layers but in industry as 
wel l . The Wirszup report has found advocates in such 
high-technology industries as Bechtel and General Tele­
phone Electronics as well as in groups like the American 
Society for Training and Development, Inc., whose mem­
bers are those responsible for employee education and 
training. The Wirszup findings were eagerly reported in 
the 20,000-circulation ASTD newsletter. 

Wirszup presented his investigation into the preuniv-
ersity status of Soviet mathematics and science training to 
the National Science Foundation on Dec. 14, 1979. The 
challenge to U.S. education is sharply posed in Wirszup's 
conclusion: 

The Soviet Union's tremendous investment in hu­
man resources, unprecedented achievements in the 
education of the general populat ion, and immense 
manpower pool in science and technology wil l have 
an immeasurable impact on that country's scientific, 

industrial, and military strength. It is my considered 
opinion that the recent Soviet educational mobil iza­
t ion, although not as spectacular as the launching of 
the first Sputnik, poses a formidable challenge to the 
national security of the United States, one that is far 
more threatening than any in the past and one that 
wil l be much more diff icult to meet. 

Wirszup's report describes the changes that were made 
in" the Soviet education system after the Nov. 10, 1966 
resolution of the Communist Party Central Committee 
that fo l lowed the 23rd Party Congress. The resolution, 
t it led " O n Measures for Further Improving the Work of 
the Secondary General Education School," addressed the 
demands of the "scientif ic and technological revo lu t ion" 
for a skilled labor force with a broader general education 
and a higher intellectual level. The reforms did not come 
overnight and involved a fight that lasted many years: The 
new program did not begin to get implemented in ful l 
unti l 1975. 

The reforms began wi th the agencies responsible for 
conceptualizing the math and science curriculums. The 
Soviet Academy of Sciences and the Soviet Academy of 
Pedagogical Sciences were given the full responsibility for 
developing the curricula. Leading mathematicians ahd 
scientists took responsibility for developing the curr icu­
lum, textbooks, teaching manuals, and so forth for the 10-
year compulsory schooling program. The team of scholars 
f rom both academies was headed by A. N. Kolmogorov, 
a leading Soviet mathematician. 

Soviet 10-year compulsory schooling is equivalent to 13 
years of American schooling and graduates students at the 
age of 17. Just a glance at the math and science curricula 
reveals the intensity of the Soviet approach. In 10 years of 
compulsory schooling virtually the entire young Soviet 
populat ion receives 3 years of arithmetic, 2 years of arith­
metic combined with algebra, 5 years of algebra, 10 years 
of geometry, and 2 years of calculus. 

In the sciences, students receive 5 years of physics, 4 
years of chemistry, 1 year of astronomy, SVi years of 
biology, 5 years of geography, 3 years of mechanical 
drawing, and 10 years of workshop training. All these 
courses are compulsory. 

The comparison with U.S. figures is tel l ing. National 
Science Foundation data for 1977 based on an enrol lment 
of 15.7 mil l ion show that of U.S. high school graduates 9.1 
percent receive 1 year of physics, 16.1 percent 1 year of 
chemistry, and 45 percent 1 year of biology. Significantly, 
the Soviets have 5 mi l l ion graduates with 2 years of 
calculus whereas the United States has 105,000 high school 
graduates with 1 year of calculus. The American 1-year 
geometry course obviously offers just a small fraction of 
the Soviet course of 10 years. And the quality and scope 
of the Soviet programs are further enhanced with the 
physics course, which includes an introduct ion to Ein­
stein's theory of special relativity, and the chemistry 
course, which includes 1 year of organic chemistry. 

The Soviets not only report a very high success rate of 
graduating students (97.7 percent of enrol led students 
graduate); but also they have conducted studies to dem-
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onstrate the direct correlation between increased educa­
tional levels and increased productivity. In a study of the 
product ion unit output per worker at the Volga Auto­
mobile Plant, for example, workers who had completed 
secondary school training were demonstrated to be su­
perior to those who attended only a 1-year secondary 
technical-vocational school. The output , in fact, was al­
most double—in a ratio of unit output of 320.7 to 529.2. 

Studies such as this, which demonstrate the advantages 
of in-depth training in science and mathematics over 
purely apprenticeship on-the- job vocational training in 
specific skills, are being used more broadly in the Soviet 
Union to polemicize against the k ind of work-study ap­
prenticeship program proposed by the Carnegie Counci l 
here in the United States. 

The Khrushchev Period 
The Soviet educational system has gone through a 

process of change. In 1957-1958 under the Khrushchev 
regime, the concept of polytechnical education • was 
stressed. At that t ime the Soviets made an effort to extend 
compulsory education beyond 10 years, coupl ing it wi th 
work-study programs. In a memorandum published in 
September 1958, "The Politics of Soviet Education," party 
chairman Khrushchev motivated the proposed changes by 
attacking Soviet schools as "d ivorced f rom l i fe," leaving 
graduates " ignorant of p roduc t ion . " 

Al though on the face of it this might seem like a 
tendency toward deschooling (later criticism by the Sovi­
ets, in fact, indicates the detrimental side of taking the 
student out of the classroom), there were some positive 
benefits in this approach at the t ime. Typically, students 
would be given experience with advanced technologies 
at an early age, experience that otherwise would have 
been denied them given the generally backward condi t ion 
of the Soviet economy in the 1950s compared to that of 
the United States. 

Reports by an American team of educators who visited 
the Moscow schools conf i rmed this: 

The fifth-grade class for polytechnical courses was 
divided into two groups, each wi th 18 pupils. Elemen­
tary classes in metal work and locksmithing fol lowed 
in the junior divisions. Starting in the eighth grade 
the course included machine repair and power lathes 
together with some agriculture. In the ninth grade 
students were sent to factories one day each week for 
four hours. . . . The automobi le course apparently was 
considered a highly important operation because it 
contained all kinds of parts and gadgets. On one of 
the walls were road signs that were all electrically 
hooked up so that one could push a button and flash 
individual signs. Moreover there was an electrically 
control led engine and an actual truck, complete with 
plastic hood so that one might view the engine as it 
operated. 

We were informed that this was a required subject 
and that one might obtain his driver's license after 
taking the course. This is quite an accomplishment 
because a license can be obtained only if one is able 
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which stressed rote learning and memory rather than 
concept format ion. Frequently, students gave the appear­
ance of learning without the actuality and in later life 
showed gaps in the basics which they had supposedly 
mastered. Essentially then, Soviet schools suffered f rom 
many of the same problems being crit icized in American 
schools in that same per iod, with perhaps a greater em­
phasis on formality than was typical in the United States 
in the 1950s. Ironically, introduct ion of the New Math was 
motivated here precisely because of the need to compete 
with the Soviets at a t ime when the Soviets were com­
plaining of the inadequacies of their own schools. 

The most serious problem the Soviets were attempting 
to remedy was the relatively poor training of mathematics 
and science teachers. Since the Soviet economy was ab­
sorbing trained mathematicians and scientists directly into 
product ion, teachers often barely understood the courses 
they were obl iged to teach. Therefore, at the same t ime 
that there was an increasingly vocational emphasis in the 
lower schools, the Soviets undertook a successful program 
to increase the quality of teacher training, particularly in 
math and science. 

In his report, Wirszup cites a number of booklets (avail­
able in English) produced in this period that reflect what 
was no doubt one of the most important parts of the 
upgrading process. Throughout the Soviet Union, practic­
ing scientists and university professors participated wi th 
school teachers in a broad spectrum of extracurricular 
programs to create math-science study groups, summer 
camps, national competit ions, booklets and magazines, 
and so on, that are still a major feature of Soviet education 
today. It was f rom these programs that students with 
special aptitude were selected and nurtured to become 
the nation's scientific elite. 

It is not possible competently to assess the Soviet edu­
cational program merely on the basis of curr iculum be­
cause of the intangible but nonetheless enormous benefits 
to students f rom the direct participation of leading sci­
entists in these broader cultural activities. Furthermore, 
throughout the country there are special schools open to 
the most promising students that not only offer enriched 
science and math curricula but also give students the 
benefits of work ing directly on special projects under the 
supervision of practicing scientists in a laboratory setting. 

The 1966 Reforms 
The 1966 Soviet reform, reported by Wirszup, repre­

sented an attempt to upgrade the early educational ap­
proach to the next highest stage. In contrast to the 
tendency under Khrushchev to remedy formalism by in­
troducing practicality into the curr icu lum, the 1966 reso­
lut ion passed by the Central Committee and the Counci l 
of Ministers went to the root of the matter. The existing 
mathematics curr iculum in particular was overburdened 
with demands for logical rigor and overelaborated com­
putational expertise. The greater the discrepancy between 
student performance and goals, the more the leading 
pedagogical institutions had exaggerated their demands. 
The flavor of the 1966 policy debate that fo l lowed publ i ­
cation of the proposed changes is well captured in this 

comment by A.N. Kolmogorov that appeared in a 1967 
article dealing wi th criticisms from these pedagogues: 

In principle, everyone agrees that teaching should 
not be subject to the interests of those students who 
intend to enter higher educational institutions after 
school. In spite of that, many statements were ad­
dressed to the tasks of cont inuing the study of math­
ematics in technological and physics-and-mathemat-
ics higher educational institutions, and even more to 
the special task of preparing students to pass the 
competit ive college examinations. Both themes 
played a large role in the debate. Recently, the situ­
ation has developed in which the work of a mathe­
matics teacher in the upper grades has begun to be 
judged to a significant extent by the success of his 
students in the competit ive examinations for the most 
difficult higher educational institutions. It is very 
doubt fu l that the exaggerated attention paid to learn­
ing the special techniques of solving competi t ive-
exam problems is useful even for the insignificant 
minority of students who wil l enter these diff icult 
colleges. In any case there is no doubt that for the 
majority of students this tendency greatly decreases 
the practical results of covering the school mathe­
matics course: Artif icial details are forgot ten, whi le 
basic concepts remain vague and incomplete. . . . 

As for the larger group of higher educational insti­
tutions, they are not presently suffering f rom the 
secondary school graduates' inability to solve ingen­
ious exponential and tr igonometr ic equations, but 
rather f rom their lack of overall mathematical devel­
opment, including the absence of any concept ion of 
evaluating absolute and relative error in approximate 
calculations. Yet a clear understanding of such basic 
concepts as the concept of derivatives wil l create new 
opportunit ies for constructing courses in physics and 
other natural-science and technical disciplines in 
higher educational institutions of the most different 
kinds. 

One of the best features of the revised curr iculum is its 
deemphasis on false demands for rigor in the early stages 
of education, favoring proof by construction instead and 
allowing students to accept the inductively obvious in 
elementary courses wi thout elaborate logical justif ication. 
The Draft of the Secondary School Mathematics Program 
is emphatic on this point : "The clear demonstration of the 
essence of the axiomatic method in geometry and algebra 
should be the culminat ing moment in the overall system 
of the mathematical preparation of the students." 

In the same vein, the program emphasizes the desira­
bility of al lowing students to use calculating devices and 
handbooks with lookup tables rather than be burdened 
with acquiring an excessive computational expertise or 
with memoriz ing formulas that are otherwise available. 

As Kolmogorov reported, the mathematics-science cur­
r iculum was the subject of heated debate, and its final 
form was revised after the physics community complained 
of the tendency by the more algebraically or iented math-
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ematicians to structure the curr iculum more along the 
lines of what is known in the United States as the New 
Math. Kolmogorov described the revision as bringing 
school instruction closer to the structure of mathematical 
sciences and technology: " W e must combine raising the 
logical level of instruction with increasing its clarity and 
orientation toward an organic link with an absorbing 
natural science interpretation of mathematical facts," he 
wrote. 

The course of study is structured to accomplish this, and 
physics lessons anticipate the mathematics curr iculum on 
every level. For example, the pr inciple of free fall is taught 
before the differential calculus is introduced into mathe­
matics and serves as a point of reference for the latter. 
Similarly, harmonic oscillations are studied in advance of 
their mathematical treatment. 

Within the math classes themselves, a special point is 
made to introduce the use of the slide rule two years 
before exponential functions are introduced. A special 
point is also made warning teachers not to anticipate the 
curr iculum by explaining the logarithmic principle on 
which the slide rule depends. The consistent approach is 
away from overburdening the students with logical de­
ductive proof structure. 

Al though Kolmogorov himself favored an earlier and 
more complete introduct ion of algebraic axiomatics into 
the curr icu lum, incorrectly in our op in ion , he emphati­
cally rejected the New Math tendency, which was coming 
into dominance in the United States and to a lesser extent 
in Europe at that t ime. Kolmogorov attacked "widely 
publicized efforts by mathematicians in many countries to 
systematically cultivate such an approach ' f rom above' 
(from logically elementary structures to those most useful 

Least Action 
Principles and 

Projective 
Geometry 

Figure 1 
PATH OF LEAST DISTANCE 

The distance AM + MB is the shortest 
path between the points A and B thpt 
touches the mirror M. 

AM + MB < AM' + M'B 

AM + MB < AM" + M"B 

The angles AMM" and BMM' aie 
equal. 
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Figure 2 
LEAST DISTANCE IN ELLIPSE 

A light beam originating at one focus 
of an elliptical mirror wil l be reflected 
through the other. After mult iple re­
flections, the path converges on a line 
between the two foci which is the 
major axis of the ellipse. 

The light beam has an equal angle 
of incidence and reflection with the 
tangent to the ellipse; that is, angle 
APT equals angle BPT'. 
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as a rigorously based, self-contained, axiomatic system. In 
the Russell-Whitehead approach, the structure of mathe­
matics is primary. The content of mathematics, its connec­
t ion to physical geometry, economics, and so on is rele­
gated in their treatment to the application of " p u r e " 
mathematics. Therefore, the intrinsic lawfulness embed­
ded within processes that take place in the real wor ld is 
denied in place of the sterile apparent lawfulness of 
axiomatics. 

For Russell and Whitehead the mathematician is " f r e e " 
to invent any set of axioms he chooses and mathematics 
becomes simply the elaboration of the chess moves that 
fol low once the rules of the game are laid out. 

Russia's Neoplatonic Tradition 
Russell's New Math approach met the greatest resistance 

in the Soviet Union. Russia has had a Platonic tradit ion in 
science and mathematics since the St. Petersburg Academy 
of Science was set up by Gott fr ied Leibniz, and it was 
there that the great 18th-century mathematician Euler 
based himself for many years. 

It is by no means irrelevant that Riemann's maternal 
great-grandfather was a collaborator of Leibniz. More 
directly, Riemann's development was shaped by his resi­
dence at Gott ingen University, which was set up according 
to plans drawn up by Leibniz (although realized only after 
his death). Gott ingen f lowered as the institution that 
housed the great mathematician Gauss and carried on in 
Germany the work of the Ecole Polytechnique set up in 
Paris by Monge and Carnot out of the wreckage of the 
French revolut ion. The interconnections of this Russian, 
French, and German Neoplatonic network are under­
scored by the fact that it was in Paris that Leibniz began 

to work seriously in mathematics in collaboration with a 
group of scientists brought together by Colbert. 

Thus, Soviet mathematics and science has its own roots 
in the same humanist tradit ion out of which Riemann 
himself developed. The Neoplatonic tradit ion exemplif ied 
by the works of Riemann and Cantor views science and 
the branch of it known as mathematics not as a chess 
game but as the study of the lawful order ing of the 
universe into which man, its highest product, directly 
intervenes. Science is not a given systematic body of 
knowledge. It is the process by which any given level of 
knowledge is superseded as man tests his understanding 
of the universe by his ability to enlarge its potentialities. 

Properly then, mathematics seeks to describe the con­
tinuous process of evolut ion of the universe. The job of 
the mathematician is to identify invariance wi th in a con­
tinuous sequence of transformations. This is the signifi­
cance of Riemann's treatment of higher-ordered mani­
folds and, in fact, it is the guiding principle of the whole 
body of his work. The axiomatic treatment of mathematics 
cannot achieve this even when the axioms are strictly 
chosen to mirror physical reality. It is not the structure at 
any given moment that is primary but the process in t ime 
through which that structure is lawfully changing. 

Despite this, because Marxism, the official Soviet ide­
ology, is flawed by its ideological ties to British materialism, 
the fight against the Russell tendency in the Soviet Union 
could not be fought out on the highest epistemological 
level. Material ism, whether it be Russell's brand of British 
empiricism or Marx's dialectics, denies the existence of 
the infinite. For the materialist, man's intellect mirrors the 
material universe by its ability to receive the imprint of 
sense data. The immediate structure of reality as a collec-

Figure 3 
ELLIPSE MAKER 

A device to draw an ellipse can be 
constructed f rom the locus def ini t ion 
of the curve. The ellipse is the locus 
of points the sum of whose distance 
f rom two fixed points is constant. This 
can be demonstrated with two tacks, 
a loop of thread, and a pencil as 
shown. 
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Figure 4 
CONIC SECTIONS 

By varying the angle at which a right-
circular cone is sliced, the four conic 
sections are produced. Plane A pro­
duces the hyperbola; plane 6 the el­
lipse; plane C (parallel to the side of 
the cone) yields a parabola; plane D 
(parallel to the base) yields the circle. 
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Figure 5 
CONIC SECTIONS BY PROJECTION 

The conic sections can also be pro­
duced projectively. If an opaque cir­
cle is held in front of a point light 
source, a shadow clone is created. By 
rotating the screen, the curves of the 
conic sections are produced as sec­
tions of the light cone. 
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t ion of facts is primary, and process is a derived not ion. 
This is the basis for Russell's theory of sets. 

For the Platonist the process is primary. Moreover, man 
has direct access to this process through studying his own 
mind. It is in the act of creative discovery, whether in 
science or the arts, that man expresses the true lawfulness 
of the universe. This is best expressed by Cantor's not ion 
of the transfinite; for the nonmathematician it is best 
expressed by the Christian not ion of man's divinity. It is 
precisely this level of the discussion that is axiomatically 
outlawed by Marxist ideology. The best Soviet mathemat­
ical physicists apply the method of Leibniz, Riemann, and 
Cantor, but they are prevented f rom defending its epis-
temological basis. 

For this reason the Soviet curr iculum does not offer a 
model for the United States. Al though it is a useful 
confirmation of the accelerated pace that can be taken 
within the schools and is not grossly flawed by concessions 
to the algebraically or iented " p u r e " mathematics tend­
ency, it is deficient in precisely the areas of epistemology 
that are the necessary basis for effective pedagogy. It is 
here where the Soviets' vulnerabil ity emerges to the 
entrance of New Math through the back door. 

The accomplishments of physicists such as Lev Landau 
in high-energy physics, or Zel 'dovich, who attacked the 
Second Law of Thermodynamics, or Tanin and Rudakov, 
who dealt wi th the nonlinearity of energy-dense plasmas, 
are the best examples of the existence of the Leibniz 
scientific tradit ion as an active force in Soviet science 
today. It is the grouping associated with these men that 
crit icized the concessions Kolmogorov was otherwise wi l l ­
ing to make to the " p u r e " mathematics faction in the 
Soviet Union. 

n of man is the critical experiment that 
proves that the universe is negentropic, and the process 
of that evolutic n has been accompanied by the increasing 
ability of the biosphere to maximize the amount and 
quality of energy. Therefore, it is to those processes that 
maximize energy efficiency that we must look for the 
highest order cf governing physical lawfulness. 

Leibniz set tiiis search for causality as the primary task 
for physical mEthematics, describing it as the Principle of 
Sufficient Reason. Thus, he rejected Newton's supposed 
law of gravitat onal force, despite the fact that it was a 
descriptively correct application of Kepler's discoveries, 
because it was icausal. 

As Leibniz palemicized repeatedly, it is useful to un ­
derstand the ccrrelat ion of events but we have knowledge 
about them only when we understand those invariant 
qualities that govern them as a series taken as a whole— 
in other words we must understand the reason for their 
being, or the principle of their generation, or, as Cantor 
put it, their transfinite order ing. 

The most potsnt tools for locating these invariant char­
acteristics are h'ast action principles. In optics, for exam­
ple, the path a light takes upon reflection f rom a mirror 
is determined by the fact that it is the shortest distance 
between the source and the receiver. Its wave-particle 
qualities are properly understood only in this way. 

Figure 6 
LIGHT BOX PROJECTIONS 

This construction allows the student 
to understand the principle of the 
generation of conic sections in its 
simplest form—according to the in­
tersection of a circle with the "vanish­
ing l ine." The light box consists of a 
box, a light source, and a cutout cir­
cle. The light source is placed inside 
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Figure 7 
PROJECTIVE INVARIANCE 

Segments of the line ABCD are trans­
formed by project ion f rom the point 
P into corresponding segments on the 
line A'B'C'D'. The length of these 
segments is not preserved under pro­
jection as the figure shows. However, 

Continued on page 76 
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Incredibly, although the Principle of Sufficient Reason 
is still taught to Soviet students, its contents have been 
banalized beyond recognit ion. For example, the Soviet 
publishing house MIR has circulated a series of booklets 
in Russian and English based upon lectures given to 
extracurricular mathematics study circles throughout the 
Soviet Union. One booklet, Proof in Geometry by A. I . 
Feisov, published in 1977, states the fo l lowing: 

The need for proof follows f rom one of the fun­
damental laws of logic (logic is the science that deals 
with the laws of correct thinking)— the law of suffi­
cient reason. This law includes the requirement that 
every statement made by us should be founded; i.e., 
that it should be accompanied by sufficiently strong 
arguments capable of upholding the truth of our 
statement, testifying to its compliance with facts, wi th 
reality. Such arguments may consist either in a refer­
ence to observation and experiment by means of 
which the statement could be verif ied or in a correct 
reasoning made up of a system of judgments. 

The danger inherent in this nonsense is that it robs the 
student of precisely the vantage point necessary to un­
derstand the difference between appropriate rigor and 
axiomatics. The axiomatic method is well known to most 
mathematics students. Russell and Whitehead, as de­
scribed above, reduced geometry to a branch of formal 
logic. As anyone familiar wi th the New Math knows, this 
destroys a student's ability to learn and ultimately poses 
the choice for the student either to drop the subject or 
disrupt his or her ability to think. Similarly, Euclid's own 
method obscured the actual science of geometry as it had 
been developed by the Platonic Academy by arbitrarily 

rearranging geometric theorems in a pseudorigorous de­
ductive format. That screens out the process of discovery. 
No one reading Euclid could know how or why he chooses 
any given theorem to be proved. 

Geometry indeed must be learned rigorously, but rigor 
is neither a matter of convincing argument nor of sterile 
axiomatics. It is established by demonstrating the neces­
sary and sufficient condit ions for the generation of a given 
funct ion. On the level of elementary geometry this re­
duces to establishing the locus definition for the construc­
t ion of given figures. 

The official Soviet curr iculum is weak on just this point. 
In an effort to avoid formalism, as Kolmogorov explains, 
many Euclidean axioms are accepted without proof as 
intuitively obvious. Construction is an important part of 
the instruction; in fact, he particularly recommends paper 
cutt ing in the early grades. However, the criteria for 
rigorous constructive proofs are lost because solid figures 
are introduced into the curr iculum only in the seventh 
grade, and only in grades nine and ten is projective 
geometry studied. Even then the emphasis is upon parallel 
projections that can be treated by vector algebra. Yet, it 
is only by studying two-dimensional geometry as a pro­
jection f rom three-dimensional space that the condit ions 
for rigorous constructive proof can be established on a 
nonaxiomatic basis. This is the only way to show that even 
the simplest space is self-determining. 

Projective Geometry 
The correct approach to elementary geometry demands 

taking the projective approach to plane geometry f rom 
the outset so that the student constructs the circle, ellipse, 
parabola, and hyperbola as sections of a cone. In this way 
the focal properties of the conic sections can be estab-

Figure 8 

CROSS RATIO AND ARTISTIC PERSPECTIVE 

Railroad ties are laid at equal intervals adjacent ties must be the same as for 
along the ground. In a painting or any other four adjacent ties. 
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lished that then become the locus def ini t ion of their 
construction in the plane; for example, by drawing an 
ellipse using a string connected to two fixed points. 

On this basis not only can the student deduce the locus 
property of these figures as plane figures, but the geom­
etry of triangular figures emerges as wel l . By considering 
the reflection of light on conic mirrors and studying the 
projection of conic sections f rom a point source of l ight, 
the student directly learns physical geometry as a self-
organizing property of physical space. The conic sections 
have unique properties, yet they can be generated f rom 
a cone by a continuous process of rotat ion. Therefore, 
they offer the simplest example of Cantor's transfinite. 

Precisely here is where the Soviets run into serious 
pedagogical diff iculty. Another booklet published by MIR 
in 1975, Dividing a Segment in a Given Ratio by N.M. 
Beskin, illustrates the point. Here projective geometry is 
reduced to an extension of metric geometry by an exces­
sive dependence upon Euclidean two-dimensional proofs 
for concepts that are otherwise clearly taught as three-
dimensional space projections. The sorriest example is 
Beskin's treatment of the point at infinity. As Riemann 
established in his 1854 Habil itation paper, fo l lowing the 
lead of Gauss, discrete things can be counted, but meas­
urement is always known only in terms of rates. Measure­
ment depends upon the comparison of the physical prop­
erties of spaces. An approximation of Riemann's idea is 
found in Einstein's theory of General Relativity. Projective 
geometry is the best way of introducing students to this 
distinction because it studies the countabil i ty of space— 
the invariance of the incidence of lines. In general, pro­
jective geometry does not preserve metric relations, but 
it does preserve partial ratio relationships. 

Thus, four points on one line wil l be projected to four 

and purely projective properties of a given space and 
demonstrates haw metricity emerges out of the projective 
invariance of (ross-ratio. It is the point at inf inity that 
defines how the space is constructed. It is important at 
the earliest possible point to give a student experience in 
dealing with th 2 interplay of different geometries so that 
the student studies the transformation of figures and the 
transformation of geometries at the same time. 
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Figure 10 
DERIVING METRIC PROPERTIES 

If B is the midpoint of the line AC, 
the construction shown in Figure 9 
causes EF to become parallel to AC. 

If Figure 9 were drawn onto acetate 
and placed on the light box so that 
point D stood at the vanishing l ine, 
the resulting project ion would look 
like the above with AB = BC. Thus, 
projection f rom the point of infinity 
introduces metric properties into pro­
jective space. 

FUSION 77 



Beskin not only fails to adequately treat the projective 
standpoint, but also totally confuses the whole idea of the 
point at inf inity by giving it false reality. He treats it as a 
sign that indicates the direct ion of parallel lines rather 
than a point in projective space. He goes so far as to 
indicate it as a circle with a little arrow inside it, unwi l l ing 
to accept the reality of projective space as an extension of 
"mater ia l " space. The existence of the inf inite point as the 
bridge between two geometries is lost; thus, the stand­
point f rom which Riemann and later Cantor elaborated 
Leibniz's Principle of Sufficient Reason is also lost. For 
Riemann and Cantor the existence of a succession of 
transfinite points at inf inity provides the rigorous basis 
upon which to determine causal relations between the 
geometries in which events occur. The process of evolu­
t ion of the universe occurs as a succession of such geo­
metries, one leading to the next, each of a higher order, 
governed by transfinite principles of least action. 

That this problem is not simply idiosyncratic to Beskin 
is proved by the relegation of the whole treatment of 
solid geometry to a minor feature of the official Soviet 
curr iculum. Furthermore, it is exemplif ied by the removal 
of the treatment of complex numbers f rom the standard 
course and by the way in which the calculus is introduced. 

Complex geometry is properly the generalization of the 
study of projective geometry. So too is the calculus, which 
if it is taught in the tradit ion of Leibniz wi l l take the 
definite integral as a point of departure. The Soviet cur­
r iculum introduces the differential calculus one year be­
fore integration is studied; in other words, using the 
approach of the Newtonian calculus. Only by employing 
the Leibnizian method, however, can the calculus be 
taught as physical geometry rather than as an extension of 
algebra. 

A Model for the U.S. 
Taken as a whole, there is no doubt that the Soviet 

educational system is and wil l be effective not only in 
selecting those students who wil l go on to become sci­
entists but also in br inging the whole populat ion to that 
level of scientific culture that is the foundat ion of an 
industrial republic. Nonetheless, again taken as a whole, 
the particular weakness we have singled out for comment 
forms part of a more general tendency governed by the 
compromise that Kolmogorov described. It is not sufficient 
to guard against the worst expressions of the Russell 
formal logic disease. The early introduct ion of science into 
the curr iculum in anticipation of a correlated develop­
ment of the mathematics is a corrective, but it is insuffi­
cient in itself to provide the correct epistemological stand­
point. Brilliant scientists can and probably wi l l be 
developed from among the present student body, but 
their creative development wi l l be exogenous to the 
formal course of study they are offered. 

In contrast, the approach to mathematics we have in ­
dicated here was used in the Platonic Academy. To some 
extent it was revived in the first 10 years of the Ecole 
Polytechnique and at Gott ingen University in Germany. 
In fact, it is still the case that most of the leading physicists 
internationally, particularly in the fields of hydrodynamics 
and plasma physics, were educated at Gott ingen University 
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or by teachers who studied there before Wor ld War II. 
More recently, Carol White and Fusion Energy Foun­

dation director of research Uwe Parpart have further 
developed that method, in collaboration with Lyndon H. 
LaRouche, Jr., in a series of classes given in New York City 
to a group of 150 adults over a three-month period. It has 
also been tested by Parpart in an after-school program 
with children ranging in age f rom 7 to 11. (See Fusion, 
Feb. 1980, p. 61.) 

Students typically attend a weekly lecture and a work­
shop. The class began wi th a thorough study of the conic 
sections combined with optical experiments and went on 
to explore projective geometry. With in the three-month 
period students were introduced to conformal mapping 
through the device of stereographic projections and are 
now studying the generation of surfaces as an introduct ion 
to the study of differential equations. Few had any math­
ematical training beyond half-forgotten geometry lessons, 
yet they have proven the efficacy of the method out l ined 
here by the rapidity with which they were able to assimi­
late and use these concepts. 

The unique efficacy of this method must be sought not 
in any particularity of the presentation but in its governing 
principle: treating mathematical physics as appropriate to 
the actual principles that govern the human mind. The 
same principles that govern the evolving universe are 
reflected in its highest expression, the use of reason. The 
healthy human mind forms concepts by searching out the 
relatively invariant features of any given situation in order 
to locate those possibilities for progress in which he or 
she can intervene. That same transfinite order ing process 
governs the actual process of concept format ion within 
the mind itself. 

No doubt many people seeing the Wirszup report or 
similar studies wil l f ind the threat of Soviet preeminence 
so alarming that they wi l l be moved to demand an im­
mediate sharp turn in the present disastrous antiindustrial 
policies of the Carter administration, coupled with a 
complete overhaul of the school system. Al though the 
perceived Soviet threat may prove useful in spurring into 
action Americans who have otherwise been passive, it 
would be an unfortunate blunder if the Soviet educational 
system was taken as a standard for the United States. 

The extent of de facto deschooling in U.S. schools over 
the past two decades, the perversion of the scientific 
out look in the United States, and the depth of antiscience 
irrationalism make it essential to launch such a program 
from the highest epistemological level. This country must 
educate for genius, but it wi l l do so only wi th the method 
of Leibniz, Riemann, and LaRouche. 

Mel Klenetsky has lectured In mathematics at City Uni­
versity in New York and is a national committee member 
of the National Caucus of Labor Committees. He is cur­
rently leading a workshop in the ongoing geometry proj­
ect described here. Carol White, who has taught mathe­
matics at City University for several years, is a member of 
the national executive committee of the National Caucus 
of Labor Committees. The editor-in-chief of Campaigner 
magazine, she is the author of Energy Potential and the 
just released The New Dark Ages Conspiracy. 
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Industrial Leadership 
Continued from page 32 
by the necessity of maximally enhan­
cing the evolut ion of new fields. (See 
Figure 3.) 

Combined wi th the R&D policy de­
scribed, such a strategically fo rmu­
lated investment policy, deliberately 
overshifting capital stocks into high-
technology areas associated with 
these categories, wil l permit the 
United States to " l eap f rog" a majority 
of intermediate developments in 
Western Europe and Japan and rap­
idly regain its technological and in­
dustrial leadership. 

PERCENTAGE OF MACHINE TOOLS BY AGE IN 1973 

Under 10 years 10-20 years Over 20 years 

United States 

Japan 

33 

61 

39 

21 
28 
18 

Source: 1979-80 Handbook of the National Machine Tool Builders Association. 

Figure 3 
AGE DISTRIBUTION OF U.S. MACHINE TOOLS IN USE 

IN METAL-WORKING INDUSTRIES 1945-1978 

Shown is the ongoing shift since World War II into a situation where a 
higher percentage of U.S. investment in capital stock is in older equip­
ment. The most desirable situation would be a development in the 
opposite direction to the point where the ideal curve actually resembles 
a shock wave phenomenon. 
Source: 1979-80 Handbook of the National Machine Tool Builders Association. 
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ternatively, a simple linear expansion 
in hopes of gaining new markets on 
the basis of an i l l -defined competit ive 
edge, the proper role of heavy indus­
try wi th in an economy is determined 
by the new generation of high indus­
trial technologies. 

Preliminary analyses now underway 
with the LaRouche-Riemann model 
are designed to begin to fill out quan­
titatively the qualitative policy frame­
work presented here; there is little 
doubt that the U.S. economy could 
realize growth rates of up to 15 per­
cent and in some cases 20 percent in 
the first year of a concerted ^ i n d u s ­
trialization effort in most major in­
dustrial output categories. 

The basic analytic task now is to 
connect the present initial state and 
provable growth rates with a quant i ­
fied end state representing a signifi­
cant degree of implementat ion of 
the technologies associated with the 
technology horizon in the four areas 
specified. The least action path to be 
constructed wi l l , of course, not be 
singularity-free, but wil l be shock-dis­
located time and again as increasing 
energy flux densities cause buildups 
of productivi ty threshold values. A 
first quantitative picture of the high-
technology scenario for U.S. industry 
is projected for a for thcoming issue 
of Fusion. 

Notes 

1. "America in the Technetronic Age" is the title 
of a 1967 paper in which Brzezinski lays out 
the vision of his brave new postindustrial 
world. A discussion of Brzezinski's other 
statements on the subject can be found in 
"The NATO Plan to Kill U.S. Science," by 
Mark Burdman. Fusion, Sept. 1980, p. 41. 

2. See. for example, "Debunking the 'Decou­
pling' Thesis" by Dr. Steven Bardwell, Fusion, 
May 1980. p. 17. 

3. "The Riemann-LaRouche Model: Break­
through in Thermodynamics" by Carol White, 
Fusion, Aug. 1980. p. 57. 

4. "America in the Technetronic Age." 
5. An analysis of these shifts appears in the 

Executive Intelligence Review in a series of 
articles by this author and Dr. Steven Bard­
well, "Can the U.S. Economy Survive the 
Depression?", "The 1980 Recession: Not 
Like Any Other," and "Energy Conservation: 
Building Inflation into the Economy," March 
18. 1980 and May 6, 1980. 

6. This is amply documented in works cited 
above on the LaRouche-Riemann economic 
model. 

7. "Winterberg Proposes New Pellet Design for 
Inertial Fusion." Fusion, Sept. 1980. p. 65. 

FUSION 79 



Figures 3, 4, and 5 
SCENARIOS FOR REINDUSTRIALIZING THE U.S. ECONOMY 

The figures show the free-energy ratio (the ratio of reinvested profit to reproduction costs) for the U.S. economy 
in three alternate scenarios: The first, Figure 3, shows a neutral scenario based on a continuation of the present 
policies of credit restrictions, declining industrial production, and growing unemployment. The U.S. economy is 
now so weak that it faces a serious collapse within the next year. 

The second graph, Figure 4, shows the same chart for the economy with a reindustrialization effort based on 
a program of military production "in width." This simulation assumes that there is a significant shift of investment 
toward heavy industry. Initially, this has a beneficial effect on the economy since the average productivity of 
these sectors tends to be higher than the average in the economy, and the economy is shifted toward these 
sectors. However, the additional overhead burden bogs down this increased average productivity after two or 
two and one-half years, and the economy as a whole collapses in a severe depression by the middle of 1982. 

The third scenario, Figure 5, attempts to measure the minimum productivity increase that would be necessary 
to sustain an increased overhead of the magnitude required for reindustrialization. The initial calculations show 
that an average 3 percent per year increase in productivity would be sufficient for the modest recovery of the 
economy shown in Figure 5. 

LaRouche-Riemann Model 
Continued from page 25 
succeed but a reindustrialization pro­
gram that results in accelerated in ­
vestment into the frontier areas of 
new technologies, the translation of 
these technologies into industrial 
product ion techniques, and the train­
ing of the increasingly skilled labor 
force needed to man these new tech­
nologies. 

In quantitative terms, the model 
shows the folly of basing a reindus­
trialization program, as some have 
proposed, on an expansion of military 
product ion " i n w i d t h " ; that is, wi th 
little or no investment in the most 
advanced new technologies and sci­
entif ic ideas. Figures 3, 4, and 5 con­
trast this " i n - w i d t h " military bui ld-up 

(Figure 4), wi th a neutral scenario 
projecting more of the same (Figure 
3) and a min imum recovery program 
(Figure 5). As the graphs show, the 
model predicts that the present health 
of the U.S. economy is so poor that it 
is unable to sustain the additional 
overhead costs of a military program 
that lacks technological and produc­
tivity spin-offs. Furthermore, even a 
continuation of present policies with 
no additional military spending would 
see the economy enter a serious 
depression in the next year. 

The model's calculations show that 
a minimum 3 percent per year rise in 
productivity is necessary for the U.S. 
economy to recover. Given this rate 
of productivity increase, a much 
larger budgetary overhead could be 

sustained—and in fact, must be sus­
tained—to pay for the research and 
development, education, and training 
required to make a reindustrialization 
program work. 

As subsequent parts of this series 
out l ine, productivity increases of this 
magnitude can be realized only in an 
economy where the momentum is 
supplied by an Apollo-style program 
of technological development. In­
vestments in the frontiers of science 
and engineering, most specifically 
space exploration and nuclear fusion, 
are the prime ingredients in such a 
program. The only way a desperately 
needed reindustrialization program 
can succeed is to " p u l l " the economy 
forward with technological develop­
ment. 
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National 
Continued from page 76 
addit ional person's contr ibut ions to 
increased knowledge and technical 
progress." 

Using his econometr ic model he 
finds that "addi t ional persons, instead 
of being a permanent drag, lead to an 
increase in per worker output starting 
30 to 70 years after birth—that is 10 to 
50 years after entry into the labor 
force. " Thus "economics can there­
fore be a cheerful science rather than 
the dismal science Malthus thought it 
to be . " 

Simon also counters the doomsay-
ers who insist that shrinkage of farm­
land and other resources requires 
drastic curtai lment of populat ion; he 
challenges the statistics on death by 
famine, and reports that wor ld supply 
of arable land is increasing at a 0.7 
percent annual rate, and per capita 
food product ion at a rate of 1 percent 
per year. 

Politics Missing 
Here, however, Simon's " o p t i ­

m ism" blinds him to the polit ical in­
tervention required if "each addi­
t ional person's contr ibut ions to 
increased knowledge and technical 
progress" are to be realized. 

The case of Zaire, for example, 
shows that in a once relatively pros­
perous country where 70 percent of 
the product ion capacity is now idle, 
the cost of essential foods has risen 
540 percent in the past four years and 
50 percent of chi ldren die before they 
reach the age of five. Agricultural 
product ion has declined every year 
since 1970, not because of a lack of 
arable land, but because of the canni­
balizing debt payments demanded by 
the International Monetary Fund's 
"condi t ional lend ing" wi th the sup­
port of the U.S. government. 

Under such circumstances, which 
are mult ip ly ing in Africa and else­
where, it is naive to predict, as Simon 
does, that " W e may expect as they 
[the less-developed countries] get 
richer, smaller absolute numbers of 
persons wil l be doing the farming for 
larger populat ions," unless the stran­
gulating policies of the IMF are re­
placed wi th credit and investment 
policies geared to development. 

—Dr. Richard Pollak 

Wide World 

TMI engineers removing protective c othing after their first entry to the Unit 
2 containment building July 23. Enviri nmentalist scare stories about low-level 
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DES increases cattle feed efficiency 12 percent. 
USDA 

Beef Herds Jeopardized by Hormone Scare 
The U.S. Food & Drug Administra­

tion has sent scores of agents to in­
vestigate illegal use of the proscribed 
synthetic hormone DES by livestock 
producers. By the end of June, 301 
violaters in 23 states were on an FDA 
violators' list and due for "vigorous 
prosecution" as mandated by Health 
and Welfare Secretary Patricia Harris 
and U.S. Department of Agriculture 
Assistant Secretary Carole Foreman. 
Each violator can be fined up to 
$10,000 and imprisoned for three 
years for each count. 

More than 400,000 head of cattle 
have been quarantined since the in­
vestigation was triggered by a dis­
gruntled Texas feedlot employee who 
notified his company's Chicago head­
quarters April 1 that the hormone was 
being used, and the company notified 

the FDA. Thousands of producers 
have now been interrogated, along 
with their veterinarians, consultants, 
and feed supply users, on possible 
DES use. 

A Costly Ban 
Used for 90 percent of U.S. feedlot 

cattle since 1954, DES was banned in 
July 1979 on the grounds that 300-
milligram-per-day doses given' to 
pregnant women had induced cancer 

"in some of their daughters, although 
the livers of DES-fed cattle contained 
1/300,000 of the medical doses in 
question. A study performed last year 
by National Economic Research As­
sociates, Inc., estimated that the DES 
ban will cost U.S. consumers from $3 
to $5.6 billion a year, because DES 
sharply increases feed efficiency by 12 
percent. 

DNA Ruling 
Draws Criticism 

The U.S. Supreme Court ruled June 
16 that unique bacterial species de­
veloped using genetic engineering 
techniques are patentable. This ex­
tension of the patent law to cover a 
broader spectrum of human-created 
products encourages R&D investment 
in the area of recombinant-DNA. 

Biomedical products such as insu­
lin, interferon, and human growth 
hormone should appear in a relatively 
short time. A longer-range perspec­
tive includes products that could have 
profound effects in the chemical, oil, 
and agricultural industries. 

In addition to the usual environ­
mentalist reactions equating recom­
binant-DNA work to Frankenstein sci­
ence, a more scholarly criticism of the 
Supreme Court decision appeared in 
an Op-Ed in the June 23 New York 
Times by Harold J. Morowitz. Morow­
itz, a molecular biophysicist at Yale 
University, contends that there was a 
faulty philosophical basis for the Su­
preme Court ruling: 

The Justice's ". . . have decided that 
in patent law no distinction exists be­
tween the living and nonliving. Mil­
lennia of awe and respect for the 
special character of life . . . are being 
discarded if that life has any element 
of biological or genetic engineering 
in its synthesis... . The refusal to draw 
a sharp distinction between animate 
and inanimate matter is the ultimate 
in reducing life to physics." 

The essential point that Morowitz 
and the less-philosophical environ­
mentalists miss or obscure is that the 
"special character of life" is that it 
must be improved or it dies. Recom­
binant-DNA practice is a lawful exten­
sion of evolution, the process of hu­
man scientific and technological 
activity transforming the biosphere. 

Without this activity, especially in 
agriculture, the biosphere would col­
lapse. It is ironic that the antireduc-
tionist Professor Morowitz seems 
more concerned with the line be­
tween biology and physics than with 
the Constitutional principle and the 
sovereignty of human Reason over 
both organic and inorganic nature. 

82 FUSION October 1980 



"WORLD BUSINESS WEEKLY CONTAINS 
MORE INFORMATION ABOUT INTERNATIONAL 
BUSINESS IN ONE PLACE THAN IS 
AVAILABLE ANYWHERE IN AMERICAN 
JOURNALISM." -Fortune Magazine 

Nobody knows more about where to get busi­
ness news than the editors of FORTUNE. 

So when they made it clear that the best single 
place to get international business news is 
WORLD BUSINESS WEEKLY we decided to 
take the opportunity to tell you about it - in 
case you missed that issue of FORTUNE. 

We also want to take the opportunity to ex­
plain just why it is that WORLD BUSINESS 
WEEKLY is filled with the two things you need 
to thrive on a worldwide level: the sort of in­
formation that breeds success. And opportuni­
ties you won't hear knocking anywhere else. 

Listen, if you will, to this: 

BE WORLDLY. BE BETTER. 
To take advantage of all your opportunities 

(or only the best ones) you have to know about 
all of them. 

And if your business reading mainly tells you 
what's happening in the continental U.S. the 
hard truth is this: vou are constantly losing out 
on real profit opportunities all over the world. 

That's why you should scan every page of 
WORLD BUSINESS WEEKLY every week. 
You'll constantly find out things you won't find 
out by reading FORTUNE, FORBES, BUSI­
NESS WEEK, BARRON'S, and THE WALL 
STREET JOURNAL. (Even if you had the time 
to read all of them. Which you don't.) 

You see, telling you where your opportunities 
are worldwide isn't what they care about most. 

It's what WORLD BUSINESS WEEKLY 
cares about most. 

93.7% of the world isn't America. 
That's why so many of the most successful 

executives have done better every year by think­
ing in a more worldly way. 50,000 of these 
worldly winners read WORLD BUSINESS 
WEEKLY every week to increase and maintain 
their worldliness. 

World Business Weekly 
BE WORLDLY. BE BETTER. 



International 

Schmidt-Brezhnev Talks 
Raise Development Prospects 

Sygma 

"The results of scientific collaboration are already before our eyes." Ciscard 
(left) and Schmidt have led the European nations in pursuing development 
policies based on high technology. 

Giscard Acclaims Future of Science 
Visiting the northern German city of Liibeck July 7 dur ing a state visit 

to West Germany, French President Valery Giscard d'Estaing spoke on 
the future of science and scientific collaboration between the two 
nations. "What wil l the scientific and technological universe of the year 
2000 look like? And how can we [French and West Germans] prepare for 
it together?" he asked. 

The results of cooperation "are already before our eyes. . . . It was 
combined teams that developed the rocket Ariane, the satellite Sym­
phony, the airbus that bears witness across the skies to the excellence of 
our jo int technology, the high-temperature reactor at Grenoble, the 
ionospheric diffusion probe, and now the work of jo int teams on the 
development of space communications andmi l l imet r i c radioastronomy. 
In the field of nuclear energy, our scientists and engineers have accom­
plished impressive progress in the fast breeder. . . ." 

Fears of "d izzying progress," Giscard cont inued, must be dispelled. 
" I t is up to us to bring to those who doubt and worry the certain victory 
of hope. . . . We must demonstrate and repeat that high technologies do 
not represent some Faustian version among a handful of people, but 
that they generate employment, that—like the steam engine and the 
railroads in their day—they are called upon to free us f rom constraints, 
like the l imitation of energy resources, which can compromise our very 
fu ture . " 

W est German Chancellor Helmut 
Schmidt ended a state visit to 

the Soviet Union July 1, where he met 
with President Leonid Brezhnev and, 
at Schmidt's request, wi th top-level 
military officials including Marshal 
Ustinov. Dur ing the trip the two na­
tions signed a 25-year agreement for 
high-technology economic and sci­
entif ic cooperat ion. 

Included in the agreement are joint 
development of nuclear power plants 
in the Soviet Un ion ; jo int exploitat ion 
of Soviet raw materials; and West 
German export of precision instru­
ments, oil dr i l l ing equipment , semi­
conductor materials, calculators, elec­
tronic components, coal gasification 
equipment, and X-ray technology. 

In addi t ion, the giant gas pipel ine 
deal first out l ined in 1978 was 
cl inched. Detailed negotiations are 
now underway on a $9 to $13 bi l l ion 
package involving West German 
pumping equipment and pipel ine for 
a 3,000-mile line f rom Tyumen, in 
western Siberia, to the Soviet border. 
By the mid-1980s, 40 bi l l ion cubic me­
ters of gas per year wou ld be exported 
to the Federal Republic. 

Deutsche Bank is heading the f i ­
nance arrangements on the West Ger­
man side, Ruhrgas is negotiating the 
gas imports, and Mannesmann Steel 
wi l l provide the special pipe, capable 
of withstanding super-high pressures. 

In the final Schmidt-Brezhnev com­
munique the Soviet leadership en­
dorsed for the first t ime the principle 
of jo int East-West cooperat ion " t o 
f ind a solution to the economic prob­
lems of the developing countr ies." 
The Soviet Union has tradit ionally 
avoided such cooperat ion, arguing 
that socialist countries need not repair 
damage infl icted by "capitalist co lon­
ialist" policies, and has also remained 
wary of the "appropr iate technology" 
version of Third Wor ld development. 

The West Geman policy was sum­
marized in Foreign Minister Hans-
Dietr ich Genscher's report on the tr ip 
to the West German parliament July 
3. A peace strategy is required for the 
1980s, he said, that wi l l surpass the 
limits of East-West relations and in­
clude the "Sou th . " 

"By the year 2000 there wil l exist 6 
or 7 bi l l ion more people, needing 
food , shelter, employment, and en-
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ergy," Genscher stated. " W e wil l have 
to develop new energy sources, and 
if we fail to meet this challenge there 
wil l be no positive place for us in 
history." 

Observers conclude that the Soviet 
Union is now more open to cooper­
ation in the Third Wor ld in the belief 
that the West German approach wil l 
promote industrial development and 
trade of a stabilizing and mutually 
profitable k ind. 

—Susan Welsh 

France Announces 
Advance in 
Neutron Bomb 

French President Valery Giscard 
d'Estaing announced in a June 26 
press conference that France has suc­
cessfully tested a neutron bomb. He 
stressed that if the decision is made 
two to three years f rom now to pro­
duce the bomb, this wou ld not mean 
that France accepts the possibility of 
" l i m i t e d " or " tact ica l " nuclear war in 
Europe, as both Gaullists and French 
Communists fear. 

"There is a point that must be 
understood as central in our system," 
he stated. " I t is that any nuclear attack 
on French soil wi l l automatically give 
rise to a strategic nuclear response." 
According to present French nuclear 
doctr ine, French forces wou ld deliver 
tactical nuclear strikes as a first warn­
ing and then proceed if necessary 
wi th a strategic strike against the cities 
of the aggressor. 

A Nuclear Umbrella 
Giscard described the place of the 

neutron bomb in this ongoing strat­
egy as related to "France's direct con­
cern with the security of neighboring 
Western states." The Western Euro­
pean press interpreted his statements 
as an expression of French intent to 
use the French force de frappe, or 
independent nuclear deterrent, as an 
"umbre l l a " for West Gemany, which 
is forb idden to produce nuclear 
weapons. European commentators 
have also noted the absence of Soviet 
protest against the tests. 

Given the growing strength of th? 
force de frappe, this wou ld unde rc i t 
arguments for deployment of Amer -
can Cruise and Pershing II missiles i i 
the Federal Republic. NATO decide i 
in December 1979 to produce thes ; 
missiles—which for the first t i m ; 
wou ld put the Soviet Union withi 1 
four to five minutes' warning t ime cf 
a surprise NATO first strike. At t h a 
t ime, West German hesitation was 
met with the argument that Soviet 
intermediate-range missiles targeted 
on Western Europe represent a dan­
gerous imbalance. 

The debate over the new weapon 
has overshadowed what could be im­
portant scientific accomplishments b t 
French scientists testing neutron de­
vices in the Pacific. As Fusion ha; 
reported (Sept. 1980, p. 61), if French 
scientists have developed the basis fo • 
a "strategic" neutron bomb with un­
precedented range and power, the 
ambitious French nuclear energy pro • 
gram could make parallel progres i 
toward fusion energy. And powerfu 
neutron devices can be used to gen 
erate fissile fuel f rom ordinary ura 
n ium ore for fission reactors very 
cheaply and in unl imited quantities. 

—Dana Sloar 

Japan Emphasizing 
Nuclear Energy 

The Japanese government an 
ounced at the end of June that i 
plans to spend more than $13 bil l ior 
in the next decade to develop energy 
replacements for petro leum. Nucleai 
power, coal, and l iquefied natural ga; 
are the choices emphasized by the 
Ministry of International Trade anc 
Industry, according to press reports 
The goal is to reduce oil to 50 percent 
f rom the 1977 level of 75 percent of 
energy supplies. 

Fourteen nuclear power plants wi l 
be brought on line by 1985, bringing 
the total to 35 facilities and doubl ing 
total nuclear megawatts to 30,000. In 
1990, nuclear power is to supply 10.9 
percent of Japan's energy consump­
t ion , coal 17.6 percent, and natural 
gas 9 percent; in 1977, these com­
bined sources provided less than 20 
percent of total energy output . 
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the weak wil l change sides. Why 
should we turn their untruths upon 
our own people? 

Dana E. Netherton 
Virginia Beach, Va. 

The Editor Replies 
A lot has changed in 20 years. 
As the feature article in this issue 

makes clear, there is indeed a gap 
between Soviet and U.S. science ed­
ucation that shows up concretely in 
the performance of the al l-volunteer 
army and in the civilian job market. 
Nevertheless, the Soviet curr iculum is 
not an adequate model for the United 
States. Revitalizing the U.S. education 
system means a return to the episte-
mological methods associated wi th 
the Platonic Academy and its modern 
practitioners. 

Voicing Support 

To the Editor: 
I want to thank all of you for making 

such a gallant stand and helping to 
dispel so many myths and fears of the 
uneducated American public. When 
I walked into Chicago's O'Hare Air­
port a few months ago and saw a 
young lady pushing your magazine 
and openly support ing nuclear en­
ergy, I just had to talk to her. As a 
result, I receive your magazine 
monthly. A l though the technical ma­
terial presented is above my head, I 
am learning. Most important, your 
magazine gives me di rect ion. I was 
never able to effectively voice my 
opin ion on energy development in 
my government because everything I 
picked up was anti. Your explanations 
of federal programs and key person­
nel in them are very valuable. Keep 
pr int ing them and I wi l l do my part in 
wri t ing these people and voicing my 
support for all programs to develop 
an energy-efficient America. 

Joseph P. Lynch 
T Sgt., USAF 

Hol loman AFB, N.M. 

Readers are invited to comment on Fusion arti­
cles. Address correspondence to Fusion, Suite 
2404, 888 Seventh Ave., New York, N.Y. 10019 
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Fusion News 

W. German 
Stellarator 
Breakthrough 

The world's most advanced stellar­
ator device, the Wendelstein Vila at 
the Max Planck Laboratory in Garch-
ing, West Germany, achieved a major 
breakthrough this spring when sci­
entists obtained significant confine­
ment of hot, dense plasma and indi­
cations of continuous operation. 

The results were close to those of 
the tokamak, the donut-shaped de­
vice that is currently the mainline ap­
proach of the magnetic fusion effort 
internationally. However, the toka­
mak depends on a plasma electrical 
current for a pulsed mode of opera­
tion, while the stellarator results were 
achieved without an induced plasma 
current, which implies the possiblity 
of a continuous or steady-state mode 
of operation. 

The Wendelstein Vila results, there­
fore, confirm the viewpoint expressed 
several years ago by a leading Soviet 
scientist: "Tokamaks are good, but 
stellarators are better." Ironically, the 
Soviets developed the tokamak, 
which has almost totally supplanted 
stellarator research in the United 
States, although the United States 
originated the stellarator approach. 
Meanwhile, a significant stellarator 
effort is maintained in the Soviet 
Union. 

At first glance, the stellarator seems 
very similar to the tokamak. It is a 
donut-shaped, magnetic-confine­
ment system with external coils 
wrapped around the torus to generate 
a stable magnetic bottle to confine 
and insulate thermonuclear plasmas. 

Successful stellarator experiments 
in the 1970s operated in a fashion 

similar to tokamaks, in that an in­
duced plasma electrical current 
played a significant role. The results 
obtained with these plasma-current-
driven stellarators were equivalent to 
those obtained on tokamaks of similar 
size, indicating that earlier experi­
mental failures were not because of 
the basic scientific concepts involved, 
but because of technical problems 
like magnet design or impurities. 

What distinguishes the recent Wen­
delstein Vila stellarator experiments 
is that plasma confinement has been 
obtained solely with external electri­
cal current. Therefore, the results will 
permit scientists to explore more fully 
the differences between stellarator 
and tokamak confinement, leading to 
a better comprehension of magnetic 
confinement in general. 

The recent results could also pro­
vide the basis for a quantum leap in 
the development of fusion reactor 
technology because they indicate the 
possibility of continuous reactor op­
eration. In present fusion reactor de­
signs based on the tokamak, the fu­
sion burn must be interrupted after a 
period of time—from one minute up 
to one hour. The plasma must be 
regenerated and heated to fusion 
temperatures again—a pulsed mode 
of operation that involves huge costs 
and technological difficulties. 

By contrast, the stellarator's cur-
rentless operation provides a basis for 
continuous, steady-state fusion 
plasma confinement systems, and cur-
rentless plasma confinement is theo­
retically and experimentally expected 
to improve. 

The stellarator is designed so that 
all components of its confining mag­
netic field are generated by electrical 
circuits external to the fusion plasma. 
In the tokamak, a significant portion 
of the confining magnetic field— the 
poloidal component—is produced by 
the internally induced plasma electri­
cal current. Moreover, the stellarator 
does not have axial symmetry; that is, 
unlike the tokamak, which always has 
a continuous, smooth cross section— 
circular, elliptical, D-shaped or figure-
8—the stellarator donut has a rippled 
surface (see Figure 1). 

These seemingly minor distinctions 
lead to major differences in theory 
and practice. Because of its axial sym­
metry, the tokamak is susceptible to 
a theoretically simpler analysis; for 
example, it can be mathematically re­
duced to analysis in two dimensions, 
and some approximate models even 
operate with one dimension. The stel­
larator, on the other hand, must be 
analyzed in a three-dimensional 
mathematical system and is more dif­
ficult to build, since it utilizes more 
external magnets arrayed in a com­
plex series of geometries. 

The latter difficulty is probably the 
only reason that tokamaks overtook 
stellarators in experimentally ap­
proaching fusion conditions. 

However, because the stellarator 
can work without an induced plasma 
current, the cost and difficulty of 
pulsed-mode operation in a tokamak 
can be overcome. To that advantage 
can be added the ironic fact that the 
stellarator is actually much more ame­
nable to advanced theoretical com-
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prehension than the tokamak. For 
that reason, stellarator experiments 
could lead to a more rapid develop­
ment of plasma conf inement theory, 
which in turn could provide a better 
understanding of the tokamak's dy­
namics. 

For example, there are a large num­
ber of geometric variations in which 
stellarators can be conf igured. Figure 
2 shows cross sections for some of 
these different geometries. Compar­
ing these to Figure 1, it can be seen 
how these profiles of the conf in ing 
magnetic fields' geometry twist and 
turn traveling around the stellarator 
donut. The number L refers to the 
number of axes of symmetry the cross 
sections have; in the Wendelstein 
Vi la, L = 2. 

How Wendelstein Vila Works 
In order to initiate plasma opera­

t ion, the Wendelstein Vila utilizes a 
plasma current of about 18,000 amps. 
This start-up plasma has a tempera­
ture of several hundred electron 
volts, both electrons and ions, and 
an electron peak number density of 
5 X 10" . Conf inement times using just 
this mode of operat ion have been 
measured at about four-thousandths 
of a second; this is comparable to that 
achieved in tokamaks wi th similar 
magnetic fields and plasma sizes. 

For currentless operat ion, the 
plasma current is ramped down to 
about 200 amps—a relatively small 
value. Neutral beam heaters are 
turned on and more fuel is injected 
into the plasma with gas puffers. 
Plasma temperatures in the range of 
700 to 900 electron volts are meas­

Advanced Fusion Fuels: 

Prospects Are 'Excellent' 

rected almost perpendicularly into 
the plasma column because the large 
number of external magnetic coils on 
the Vila create l imited access. The 
plasma is not sufficiently thick or 
dense enough at this angle of inci­
dence to stop all of the neutral beams 
injected into the machine. Most to­
kamaks operate wi th neutral beam 
injectors directed in a tangential angle 
to the plasma co lumn. In this way the 
beam sees more plasma and is more 
completely absorbed. In any case, it 
is believed that in the Vi la, a large 
port ion of the neutral beam travels 
through the plasma and intersects the 
opposite vacuum wall. This apparently 
generates the influx of impurit ies into 
the plasma that causes the rfigh radia­
t ion energy loss rate. 

There are plans for changing the 
magnet coil structure on the Wen­
delstein in coming months in order to 
allow for more tangential-l ike injec­
tions. This, together with other im­
purity control measures developed on 
tokamaks, could lead to operat ion 
with purer hydrogran plasmas in 
which the results wi l l not be obscured 
by impurit ies. 

A report presented by leading U.! . 
laboratories to the 8th Internation; I 
Conference on Plasma Physics an i 
Control led Nuclear Fusion Researci 
in Brussels July 1-10 called the pros­
pects excellent for demonstrating th > 
feasibility of advanced fusion fue l ; , 
especially the al l -deuterium (D-C) 
cycle. 

The report, presented by team; 
f rom the University of California at 
Los Angeles, the University of Wis­
consin, TRW, Argonne National Lab­
oratory, and the University of Il l inois, 
was the outcome of scoping studie; 
of advanced fusion fuels funded b ' 
the Department of Energy Off ice of 
Fusion Energy. The studies conf i rm 
the optimistic views expressed by Fu­
sion Off ice director Dr. Edwin K in tne ' 
at a 1979 Princeton University meet­
ing; namely, that current prospect; 
for D-D and other advanced fuel 
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cycles are equivalent to those for the 
deuter ium-tr i t ium (D-T) reaction. 

It is currently believed that the D-T 
fusion cycle wil l be the first fusion 
reaction harnessed for commercial 
energy product ion before the year 
2000. However, cont inuing progress 
in fusion and associated plasma phys­
ics research over the past few years 
has opened up the possibility of an 
early development of conf inement 
systems that can attain the higher ig­
nit ion temperatures and more str in­
gent conf inement condit ions needed 
for more advanced fusion fuel cycles. 

These alternative, non-D-T reac­
tions are important because they 
could greatly relax the environmental 
and technological problems of devel­
oping fusion reactors, opening up the 
prospects for improved and alto­
gether new applications of the energy 
generated. 
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For example, al though the neutrons 
generated in the D-D reaction are of 
a lower energy than those produced 
in the D-T cycle, the total number 
generated per unit of energy pro­
duced is significantly greater. Thus, 
D-D could be a more prol i f ic breeder 
of fuel for fission reactors. Simulta­
neously D-D could lessen the reactor 
materials problems involved, since 
the lower-energy D-D neutrons gen­
erated could be significantly less t rou­
blesome in terms of materials dam­
age; they are very similar to the flux 
of neutrons encountered in the fis­
sion fast breeder. 

Also, removing the need for t r i t ium 
eliminates the potential hazards in­
volved with this radioactive element 
together wi th the technological re­
quirements for breeding it f rom l i th­
ium with fusion-generated neutrons. 

Higher-temperature fusion reac­
tions beyond those of D-T and D-D 
become even more attractive. For ex­

ample, the port ion of energy gener­
ated in the form of neutrons de­
creases; and the proton-boron 
reaction, in fact, is almost neutronless. 
This means that these cycles could be 
designed so that virtually no radioac­
tivity is produced. Furthermore, since 
most of the fusion energy is in the 
form of charged particles, more ad­
vanced magnetohydrodynamic and 
direct-conversion processes could be 
uti l ized to generate electricity. 

New Results 
The Brussels review of advanced 

fuels noted that by taking into ac­
count new effects, such as the im­
mediate interaction of the high-en­
ergy fusion products with each other 
and with the remaining fuel , it is 
found that the reactivity of alternate 
fuel cycle mixtures is greatly in ­
creased. The effects are more pro­
nounced at electron temperatures 
above 550 mi l l ion degrees Celsius, 
typical of cycles f rom D-D to p- "B 

(proton-boron). In particular it was 
determined that propagating chains 
of reactions between initial reaction 
products lead to sufficient increases 
in overall reactivity to permit inf ini te 
energy gains to be attained. (Energy 
gain is defined as the fusion energy 
generated divided by the energy in ­
put to maintain the reaction.) Previ­
ously, for p ro ton-boron, only very 
small energy gains were projected. 

In terms of reactor designs and 
projected uti l ization of various cycles, 
there is a plan for superconducting 
coils for an octupole conf igurat ion, a 
donut-shaped magnetic conf inement 
system in which part of the magnet 
system is located wi th in the fusion 
plasma itself. This could withstand the 
fusion environment because of the 
low neutron environment of an alter­
nate fuel cycle. 

For D-D reactors, it was found that 
the tr i t ium inventory can be 15 times 
less than a D-T device of equivalent 

PLATO'S ACADEMY 

All the News 
That Fits... 

A prominent news article in the 
New York Times June 24 reported that 
two dozen dissident Soviet emigres 
held a public protest at the 11th 
Quantum Electronics Conference in 
Boston June 23 "against the presence 
of N.G. Basov and A . M . Prokhorov," 
Soviet scientists who shared a Nobel 
Prize in 1964 for their work on lasers. 
According to the Times, "The Soviet 
scientists, both officials of the Le-
bedev Physical Institute in Moscow, 
stayed out of sight, as did any secret 
police escort they may have had. " 

In fact, reports FEF's Fusion Tech­
nology Editor Charles B. Stevens, who 
attended the Boston conference, " the 
newspaper of record was completely 
off the mark. Dr. Basov and Dr. Prok­

horov did not attend the confer­
ence." 

What makes this Times coverage 
even more interesting is that the same 
day that Basov and Prokhorov were 
not at the conference, the Buchsbaum 
fusion advisory panel released its re­
port to the Department of Energy. To 
date, the Times has not covered the 
Buchsbaum report. 

We think it's a good example of 
how the Times liberally interprets its 
motto, "A l l the News That's Fit to 
Print." 

IT'S ABOUT TIME 
The Illinois Power Company has re­

ceived more than 1,500 requests for 
its f i lm on the Cl inton nuclear plant 
under construction in central Illinois. 
Last November, the CBS news feature 
program, "60 Minutes, " presented 
the project as a mismanaged white 
elephant. Since CBS refused to air 
Illinois Power's response to the show, 

except for a January correction of two 
minor details, the company put to ­
gether its own 42-minute point-by-
point refutation of the inaccuracies 
aired nationwide by "60 Minutes ' " 
Harry Reasoner. The f i lm is part icu­
larly interesting because Illinois 
Power f i lmed CBS's f i lming, and 
shows what the network chose to de­
lete. 

Harold Deakins in the Illinois Power 
public information office wi l l be 
happy to send you a tape of the f i lm. 
Mail a blank video cassette in either 
w id th , and if you plan to use it wi th 
a Betamax, specify the speed. You can 
reach him at Illinois Power Co., 500 
South 27th Street, Decatur, Ill inois 
62525, (217) 424-7021. Tell him you 
heard about it in Fusion. 

HOUSTON CHRONICLE 
HITS THE MARK 

Thanks to a reader for sending us 
the lead editorial in the June 11 Hous­
ton Chronicle, which is right on target 

ROGER BACON . CUSANUS • CQPERNICU 



power. For catalyzed D-D (a cycle in 
which D-T reactions are generated by 
designing the system so that t r i t ium 
generated in the D-D reaction is also 
burned up), the reduction is 100; for 
D-3He, it is about 1,000. (3He is a 
hel ium isotope not found in nature.) 
For reactor design of advanced versus 
D-T reactions, little difference is 
found in overall fuel handling and 
vacuum system costs. Reactors with 
D-3He may result in 10 to 100 times 
less radiation dose than D-T systems 
in an accident scenario, but D-D re­
actors may actually generate higher 
external doses. 

The conference presentation con­
cluded with reactor scenarios that in­
volve generator reactors producing 
3He, for a semicatalyzerJ D-D unit. 
The 3He is burned in a satellite reac­
tor, which, because of the lower ra­
dioactivity associated wi th this fuel , 
can be located in urban environ­
ments. 

about the international nuclear power 
situation. It begins: 

"The 'lessons' of the Three Mi le 
Island nuclear plant problems are in­
terpreted differently in Paris, London, 
Moscow, and other seats of power 
abroad than they are in Washington. 
Whi le the U.S. nuclear industry re­
mains in a state of inertia, the rest of 
the wor ld is pushing ful l steam ahead 
wi th the development of nuclear 
power . " There follows a concise list­
ing of French, Swedish, British, Japa­
nese, and Soviet Bloc initiatives that 
wi l l shortly leave the United States in 
the nuclear dark ages. 

The editorial continues: "For all the 
self-righteousness of the 'no nukes' 
protests that have come into vogue, 
the hard facts are that nuclear power 
development is not extravagance, but 
necessity. . . . Yes, there were lessons 
to be learned from Three Mi le Island. 
But they're the ones being applied by 
the rest of the wor ld , not by crusaders 
who wou ld , quite literally, leave us 
jobless, powerless and in the dark." 

Conferences 

M H D Electrical Power Generation, MIT, June 16-20 

MHD Conf. Maps Next 10 Years 
den, Canada, Italy, France, West Ger­
many, and Israel also participated. 

One of the most exciting M H D pro­
grams in terms of drive and accom­
plishment is the effort in India. Dr. 
V.K. Rohatgi, the head of the M H D 
project at the Bhabha Atomic Re­
search Center in Trombay, began his 
remarks on the Indian program by 
observing that " the growth of civi l i ­
zation is the history of the growth of 
energy." 

The Indian program, which began 
three years ago and works very closely 
with the Institute for High Tempera­
ture in Moscow, is divided into two 
phases. The first wi l l culminate in 1982 
when a 5-MW-thermal experimental 
plant wi l l begin operat ion. 

This first large-scale experiment wi l l 
then be scaled-up to a 15-MW-ther-
mal plant to give Indian scientists ex­
perience and develop competence in 
all area of M H D technology. The pro­
gram now involves 45 scientists at a 
yearly expenditure of about $15 mi l ­
l ion. The second stage wi l l be design 
and construction of a pi lot commer­
cial plant. 

Recently the Indians successfully 
tested an M H D generator channel on 
the Soviet U-02 facility in Moscow 
and have so far had three exchanges 
of scientists wi th the Soviet Institute. 
M H D is important for India, Rohatgi 
explained, because of its large re­
serves of low-grade coal that wi l l be 
burned much more economically us­
ing this advanced process. 

Closed-Cycle M H D 
In October 1979, the Netherlands 

signed a cooperative agreement wi th 
the U.S. Department of Energy for 
joint work in closed-cycle M H D . In 
closed-cycle systems, the work ing 
f luid is not the combustion products 
of fossil fuels but a nonreactive gas 
that is heated externally and ionized, 
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Courtesy of Eindhoven University of Technology 

Closed-cycle MHD experimental system at Eindhoven University of Technol­
ogy's Direct Energy Conversion division in the Netherlands. 

pushed through the M H D generator, 
and then recycled. Closed-cycle sys­
tems have been developed mainly for 
use with high-temperature nuclear 
reactors. 

At the conference Dr. L.H. Rietjins, 
the chairman of the division of Direct 
Energy Conversion at the Eindhoven 
University of Technology, explained 
that most closed-cycle M H D work in 
Western Europe stopped in 1972, 
when the future of the high-temper­
ature nuclear reactor began to look 
uncertain. At this point, the Eind­
hoven program in the Netherlands is 
the largest M H D program in Western 
Europe. However, Rietjins predicted 
that the European countries wil l reen­
ter M H D work as the technology gets 
closer to commercial ization. 

The joint work with the United 
States has focused on experimenta­
t ion on a 5-MW-thermal facility in the 
Netherlands that uses argon seeded 
wi th cesium as the work ing f lu id. The 
aim is to produce electricity for 1 
minute with fossil fuels on a similarly 
sized facility in a closed cycle. The 

United States wil l supply a channel 
and preheat loop for tests and analysis 
in addit ion to sharing informat ion on 
other aspects of M H D research. 

The joint testing is scheduled for 
mid-1981 with a channel being fabri­
cated by General Electric, which has 
pursued closed-cycle work in the 
United States. The 5-MW facility at 
Eindhoven wil l be outf i t ted wi th a 
superconducting magnet system later 
this year. 

The U.S., Soviet, Japanese, and Pol­
ish fossil-fuel-based M H D programs 
all reported significant progress in re­
search and experimentat ion. All four 
countries have plans to make the 
technology commercial before the 
end of this century. 

The most advanced is the program 
in the Soviet Union, where the 25-
MW-electr ic U-25 has been running 
since the mid-1970s. The Soviets have 
broken ground on the world's first 
commercial demonstration plant, the 
U-500, which wil l be operational in 
1985 at an electr ic-power-generating 
plant at Ryazan. The U-500, like the 

other M H D facilities, wi l l run on clean 
natural gas as a stepping stone to 
develop the technology that wi l l 
eventually be converted to coal. 

The smaller U-02 has already been 
converted to burn coal, and work is 
progressing on convert ing a by-pass 
loop on the U-25 as wel l . Dr. E. Shel-
kov, the deputy director*of the Insti-
tue for High Temperature (IVTAN), 
which is in charge of M H D research, 
reported that by 1990 the Soviets plan 
to have three commercial M H D gen­
erators operating on gas. After 1990 
all plants constructed for uti l i ty use 
wi l l use coal. 

During this decade of commercial­
izing M H D technology, the Soviets 
plan to bui ld up the industrial con­
struction base and components man­
ufacturing required to produce M H D 
power plants. The operation of the 
coal-burning U-02 plant at IVTAN has 
been transferred to the Energy M i n ­
istry to train the personnel that wi l l 
be needed to run commercial plants 
in the future. 

In Japan there are numerous indus­
try-run institutes and laboratories 
doing M H D research. Professor Y. 
Ozawa predicted that Japanese ut i l i ­
ties wil l become interested in M H D 
especially as they see fuel prices rise. 
In 1976 Japan opened phase two of 
their program, which began in the 
1960s. The main experiment wi l l be 
construction and operation by March 
1981 of the Mark VII M H D generator. 
This wil l be a 10-MW electric gener­
ator, which is the smallest size that 
can be used to simulate a commercial-
scale plant, according to estimates 
f rom experiments in the first phase of 
the Japanese program. The program 
in Japan is concentrating on solving 
the potential problems of nitrogen 
oxide pollutants f rom M H D and on 
materials development for the elec­
trodes and insulation. 

Poland has made the commitment 
to bring the technology to the com­
mercial stage using coal. Professor 
W.S. Brzozowsi of the Institute of Nu­
clear Research in Swierk reported that 
tests were done in 1979 on a 5-MW-
thermal coal-f ired M H D facility. They 
have recently added an air heater and 
are also investigating opt imal seed-
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injection methods and coal particle 
size. 

Some of the Polish M H D research 
is conducted joint ly with the U.S. De­
partment of Energy and is sponsored 
by the Marie Sklodowska-Curie Fund, 
in which the U.S. and Polish govern­
ments both hold shares. Only the 
United States and Poland are doing 
large-scale experimental work with 
coal. 

In the United States, progress was 
reported in all research areas. Here 
the major question among confer­
ence participants was: when wil l the 
U.S. government get serious enough 
about the development of M H D to 
fund it at a level consonant with com­
mercialization before the turn of the 
century? Industry representatives dis­
cussed in private the possibility of 
forming an industry-based association 
to lobby and educate the populat ion 
about the potential of M H D technol­
ogy. 

The one M H D program that con­
ference participants knew existed but 
never before had very much infor­
mation about was China's. A large 
delegation of Chinese scientists pre­
sented a paper that summarized their 
M H D work, indicating experimenta­
t ion on a series of small (less than 1-
MW) devices throughout the 1970s. 
They have done work on variations of 
M H D designs and used clean l iquid 
fuels unti l now. The Chinese reported 
they expect to use coal-based M H D 
in the future, but did not indicate 
specific plans for a national program 
in commercial M H D . U.S. scientists 
estimated that the scale of the Chi­
nese program puts it at the same point 
as the U.S. program in the late 1960s. 

Most of the information in the con­
ference documents had been pub­
lished previously, and this relatively 
small communi ty of scientists was by 
and large familiar wi th the progress in 
each program before arriving at the 
conference. Perhaps the most impor­
tant aspect of the international meet­
ing, therefore, was the opportuni ty 
for the world's leading thinkers and 
experimenters in M H D to exchange 
ideas more informally and joint ly 
evaluate the future of their research. 

—Marsha Freeman 

AAAS C o n f e r e n c e o n R & D , Was h i n g t o n , D.C., June 19-20 

"The synfuels program will 
be mobilized like the space\ 
program." 

John C. Sawhi 
Deputy Secretary 

U.S. Department of Energjy 

grants, stressing "defense, energy, and 
agricul ture," including automobi le 
retool ing, oil dr i l l ing, hydrocarbons, 
and satellite communications. 

Press reiterated that O M B wi l l gain 
funding oversight of state and local 
government R&D, and added that 
"We ' re going to be exper iment ing 
with cooperative generic technology 
centers" in the industrial sphere. 

Other themes noted by Press and 
iterated throughout the conference 
were the need to "establish the scien­
t i f ic basis for regulatory affairs" and 
a concentration on joint work wi th 
China. I 

The chairman of the House Budget 
Commit tee, Rep. Robert Giaimo (D-
Conn.), next cited school lunch pro­
grams and benefits for the elderly as 
examples of compet i t ion for federal 
funds, report ing on the $6.5 bi l l ion 
"Savings Bi l l , " which consolidates 
budget cuts as an al l -or-nothing pack­
age legislation. " N o long-term R&D 
payoff activity makes sense now, " 
Giaimo stated, because of inflation 
and capital drains into alternative en­
ergy systems. 

'Uncertain Returns' 
O M B associate executive director 

H.B. Cutter repeated that basic re­
search has "uncerta in returns" and 
concluded, " I n the short run , R&D 
won' t get supported, but in the long 
run it w i l l . " He was fo l lowed by Jo­
seph Pechman, economic studies d i ­
rector of the Brookings Inst i tut ion, 
who commented, " I think Mr. Cutter 
and his O M B gang should decide 
R&D expenditures and not the IRS 
[through tax credits] ." 

The luncheon keynote address was 
delivered by John C. Sawhill of the 
Department of Energy. The deputy 
secretary listed oi l shale, magneto-
hydrodynamics, photovoltaics, coal 
gasification, and other synthetic fuels 
as R&D priorit ies, announcing that 
with banking and scientific support, 
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"the synfuels program will be mobi­
lized like the space program." His 
speech drew a challenge from Fu-
sion's correspondent on the scene, 
Mary Gilbertson, regarding the high-
cost economics of synfuels as op­
posed to nuclear energy. Sawhill de­
clined to reply. 

The session on industrial R&D in­
cluded renewed emphasis from Sen­

ate Science and Technology Commit­
tee counsel Ronald Konkel and 
General Motors vice-president Betsy 
Ancker-Johnson on the necessity of 
confining R&D to short-term projects. 
Utah Innovation Center director Wil­
liam Brown called for an increase in 
the NSF Small Business Innovation 
Program and development of "re­
gional innovative centers," while 

Commerce Department Office of 
Strategy and Evaluation deputy direc­
tor Ted Schlie emphasized that the 
U.S. manufacturing sector has been 
overtaken by the service sector. 

During the session on intergovern­
mental science and technology, Rep. 
Thomas J. Anderson of Michigan de­
scribed the effort to extend federal 
R&D control to cities, counties, and 

FEF-EIR Seminar, Washington, D.C., June 25 

Can the U.S. Avoid Strategic Disaster? 
"The United States is currently 

arming itself for a war it will lose," 
Dr. Steven Bardwell told an audi­
ence of 30 diplomats, Pentagon of­
ficials, and other U.S. government 
representatives in Washington, D.C. 
June 25. Speaking at a seminar titled 
"Can the U.S. Avoid Strategic Dis­
aster," Bardwell documented the 
erosion of U.S. military strength in 
recent years and the gains achieved 
by the Soviet Union. The cause in 
both cases, he concluded, is the 
opposite investment policies pur­
sued by the two. While the Ameri­
can economy has sunk into indus­
trial obsolescence, the Soviet Union 
has poured resources into basic in­
dustry and high technologies, gain­
ing a fundamental strategic advan­
tage combined with the superiority 
of its manpower. 

Bardwell, who is plasma physics 
director of the Fusion Energy Foun­
dation, described his own visits last 
year to Soviet R&D facilities and 
went on to discuss the current de­
bate in the United States over a 
military buildup. Under the present 
circumstances, he said, America's 
industrial capacity has deteriorated 
to such an extent that efforts to 
divert substantial resources to the 
military will run into basic bottle­
necks, such as steel shortages for 
transport equipment to move the 
military hardware! "Even a modest 
$30 billion annual increase in mili­
tary spending—a widely discussed 
proposal—would, after an initial 
spurt of growth, precipitate a 

depression collapse by 1983," he 
said. 

Leadership Erosion 
Bardwell was followed by Execu­

tive Intelligence Review (EIR) con­
tributing editor Criton Zoakos, who 
analyzed the strategic thinking that 
has fostered industrial and military 
erosion in the United States. "The 
United States has not had an elite" 
committed to the continual devel­
opment of the nation since 
John Quincy Adams's presidency, 
Zoakos said, noting that it was 
American patricians like McGeorge 
Bundy who created the environ­
mentalist movement. 

Two representatives of the U.S. 

Joint Chiefs of Staff walked out of 
the seminar when Zoakos derided 
the Joint Chiefs for introducing 
analyses of Soviet leaders' "bior-
hythms" as part of the Pentagon's 
daily strategic estimate. Later the 
two said defensively, "Well, the So­
viets do research into ESP!" 

The Washington seminar was one 
of a series being held around the 
United States to present the 
method and results of strategic 
economics studies utilizing the 
computerized LaRouche-Riemann 
model codeveloped by the foun­
dation and the EIR, which spon­
sored the Washington event. 

—Vin Berg 

Suzanne Klebe/NSIPS 

EIR Contributing Editor Criton Zoakos: "The United States has not had an 
elite committed to the continual development of the nation since John 
Quincy Adams's presidency." 
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regions. Anderson reported that the 
Federal Emergency Management 
Agency (FEMA) is involved on all lev­
els of R&D work. 

The Chinese Model 
The dinner address came f rom Dale 

E. Hathaway, Undersecretary for In­
ternational Affairs and Commodi ty 
Programs, U.S. Agriculture Depart­
ment. Wi th a nod to the People's 
Republic of China representatives at 
the head table, Hathaway stated, "The 
Chinese have been able to feed one 
bi l l ion people wi th their methods, so 
we're interested in looking to what 
they have done . " Predicting food 
shortages, he argued that, by analogy 
with energy, high commodi ty prices 
are needed to spur R&D. 

Ending the conference, the dinner 
session featured Congressional Off ice 
of Technology Assessment director 
John H. Gibbons and AAAS Executive 
Officer Wil l iam Carey. 

Gibbons out l ined a switch f rom 
capital investment and physical re­
sources to " innovat ion , knowledge, 
and wisdom, and confl ict resolut ion." 
Carey commended the conference 
for promot ing dialogue, and con­
cluded, " W e have to think about the 
risk of science investment. We are 
going to have to go to competi t ive 
policies. If we want basic research, we 
wil l have to prove its ut i l i ty." 

Reporting on the conference in its 
July 11 issue, Science magazine, pub­
lished by the AAAS, cont inued the 
obfuscation of the basic policy ques­
tions by conference participants. "The 
old system of congressional commit ­
tee territorial ity, under which science 
was protected, has broken d o w n , " 
Science wrote: 

"Some seasoned observers felt that 
the [conference] analysis was accurate 
in holding that science is more ex­
posed to compet i t ion than at any t ime 
within memory, but that R&D wil l do 
relatively well under the new dispen­
sation as it did under the o ld . . . . This 
year, at any rate, it is too late for any 
rush to activism to have much effect 
on the new budget. . . . Scientists 
must hope that R&D gets some help 
f rom its friends in Congress and that 
ex-Navy man Carter and his crew are 
effective at damage con t ro l . " 

—Susan Johnson 

Advanced Technology 

Robotics: 
Gearing Up fdr Production 

October 1980 

t ime—the t ime a machine tool is ac­
tually being used in a given machining 
process—and the number of hours of 
the day that a machine tool is manned 
and ready for operat ion. The up-t ime 
for human machinists is somewhere 
between 30 and 40 percent, wi th the 
rest of the l ime spent in various ad­
justments of tools and work materials. 
The equivalent up-t ime for a numer­
ically control led robot is approxi­
mately 80 percent. 

More advanced automation tech­
niques, including computer-aided 
manufacture (CAM) and robot sen­
sory inputs—eyes and the equivalent 
of touch—wil l further increase pro­
ductivity as well as profoundly affect 

What Is a Robot? 
A robot is a mechanical ma­

chine wi th a movable arm that 
either has a bui l t - in program or 
can be remotely control led by 
electrical or hydraulic power. 
The uti l i ty of the robot is eval­
uated by 
• the degrees of f reedom of the 
arm; that is, the number of axes 
along which the arm can move 
or around which the arm can 
turn 

• the number of discrete points 
that the arm's extension can po­
sition itself w i th in the volume 
of its activity 
• the accuracy and speed with 
which the arm can reach these 
points 
• the structure of the " f ingers" 
and number of different tools 
the robot can handle 
• the weight that the arm can 
support 
• the programmabil i ty of the 
robot 
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Courtesy of Unimation, Inc. 

A robot welding auto bodies at Chrysler's Newark Delaware plant 

the design of products and the 
methods of their manufacture. These 
changes, which are on the near hor i ­
zon, wil l also yield precision that is 
presently unattainable. 

U.S. Robotics Capacity 
The U.S. robot industry is now 

dominated by two firms, Unimation 
in Danbury, Conn, and the machine 
tool manufacturer Cincinnati M i l i -
cron in Ohio . But the industry could 
expand rapidly if firms such as Texas 
Instruments, IBM, Westinghouse, 
General Electric, and General Motors 
bring their laboratory robot hardware 
and software into the industrial mar­
ket. Today the estimated yearly value 
of U.S. manufactured robots is just 
$90 mi l l ion. How small this is can be 
seen by the fact that it wou ld take 
several bi l l ion dollars to replace just 
1 percent of the U.S. blue collar work­
force. 

An important government resource 
for studying a large complex of au­
tomated manufactur ing plants is the 
U.S. Air Force Integrated Computer-
Aided Manufacture Program, ICAM. 
ICAM, which evolved in part f rom the 
now lapsed NASA Integrated Program 
for Aerospace Vehicle Design, is 
budgeted at $20 mi l l ion per year 
through 1984 wi th substantial pieces 
of its overall program subcontracted 
to leading industrial and university 
laboratories. The ICAM funding is 
more than matched by the subcon­
tractors' investments in robotics, con-
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siderably stimulating the U.S. auto­
mation research and development. 

ICAM envisions a large integrated 
manufacturing complex composed of 
individual factories or CELLS whose 
input raw materials, manufacturing 
processes, and output products wou ld 
proceed under central computer con­
tro l . The output of each factory or 
CELL wou ld become the " raw mate­
rials" for the next automated factory 
or CELL, unti l eventually the com­
pleted end product wou ld be boxed 
and shipped f rom the complex. 

ICAM plans to demonstrate an au­
tomated factory (or CELL) in 1985. But 
can the U.S. economy wait that long? 

Robotics Abroad 
Japan and Eastern Europe, espe­

cially East Germany, have had active 
factory automation programs for at 
least a decade. 

According to one report, the Japa­
nese conceive of their automation 
program as the "co re of future indus­
t ry . " In 1977, the Japanese had some­
where between 30,000 and 50,000 ro­
bots, and this year's robot count is 
estimated to be near 70,000. (It should 
be noted, however, that many U.S. 
observers discount the Japanese ro­
bots in terms of the number of axes 
and the low-level tasks that are as­
signed to them.) 

The Japanese government pays for 
a good part of the robotics program 
and has encouraged a national effort 
behind a projected unmanned factory 
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under the rubric of what is called the 
National Big Project, or NBP. In ad­
d i t ion , the Japanese are discussing a 
"mother machine" that rebuilds itself. 
The NBP project is similar to the 
ICAM program, although the ICAM 
is more carefully constructed in the­
ory, but of course the NBP has the 
advantage of an ongoing automation 
of industry that leads the United 
States. 

The East Germans, who lead the 
wor ld in the manufacture of accurate 
machine tools, began their automa­
t ion program in 1970 and have devel­
oped two separate automated ma­
chine tool systems. One of these, 
PRISMA, is directed toward automat­
ing planar and curved surface ma­
chining and the other, ROTA, auto­
mates rotational machining. 

The kind of gearup necessary to 
prepare for the era of automated fac­
tories is part of the American tradi­
t ion. At the end of Wor ld War I I , U.S. 
scientists and mathematicians at the 
war-related research centers (most 
notably Jay Forrester, John von Neu­
mann, and Norbert Weiner) turned 
their attention to the ^ industr ia l iza­
t ion of the United States and the 
wor ld . 

MIT published a mul t ivo lume series 
of heretofore classified electronics 
work (Microwave Electronics), so that 
graduate students beginning their ad­
vanced engineering studies at this 
t ime were treated to a wealth of in ­
struments and ideas—"servomechan-
isms," " feedback con t ro l , " "analog 
computers," and, of course, the bur­
geoning digital computer—all 
pointed toward an early automation 
of manufacture wi th concomitant in­
creases in the standards of l iving of 
the wor ld populat ion. And as the 
growth of the computer industry has 
since demonstrated, far f rom narrow­
ing the job market, automat ion, like 
other advanced technology, wi l l cre­
ate a great net increase in jobs. 

The United States has demonstrated 
what can be done wi th computers 
when there is sufficient capital invest­
ment. It's t ime to carry these advances 
in computat ion and communicat ion 
directly into product ion by commer­
cializing robotics. 

—Michael Tobin 



Military Science 

The MIRV 
Concept 
And the 
Neutron Bomb 
byDr.Friedwardt Winterberg 

Some t ime ago I described the pr in­
ciple underly ing the ignit ion of a fis­
sion-triggered thermonuclear explo­
sive device (Fusion, Nov. 1979, p. 41). 
The purpose of that article was not to 
be sensational but, rather, to help 
demystify the alleged "secret" sur­
rounding the hydrogen bomb as an 
example of ordinary textbook physics. 

In this f ield there are secrets only 
for the layman, not the professional 
scientist. Secrecy is often imposed by 
a government to generate a false feel­
ing of security by spreading the belief 
that it is in the possession of secret 
knowledge. I have never believed that 
it can serve any purpose to keep phys­
ics facts that can be obtained f rom 
any college textbook a "secret." I 
have never been exposed to any sci­
entif ic "secrets" and reject any claims 
that there are such secrets known 
only to a few chosen people. The 
publ ic should know the basic pr inc i ­
ples underlying these concepts wi th­
out which a rational disarmament dis­
cussion is impossible. 

Figure 1 
AUTOCATALYTIC DETONATION PRINCIPLE 

In this concept, a precursor of soft X-
rays is set free behind the thermo­
nuclear detonation front and moves 
ahead of this front along a cylindrical 
channel in between the still unigni ted 
fuel and some outer tamp. This pho­
ton precursor precompresses the 
thermonuclear fuel by ablative implo­
sion prior to its ignit ion in passing 
through the front of the detonat ion 
wave. The principle is explained in 
Figure 1, which is taken f rom my 
above-ment ioned paper. 

The energy that is set free inside 
a thermonuclear detonation wave 
propagating along a rodl ike H-bomb 
is proport ional to three factors: the 
mass M of the rod , its density p, and 
the rod radius r. 

This dependence can be easily 
understood: Because the thermonu­
clear reaction rate is proport ional to 
p2, the energy set free in a rod of 
length / is proport ional to p2r2J-r, 
where T a< r/v is the disassembly t ime, 
with v the radial thermal-expansion 
velocity. The yield is thus proport ional 

FUSION 95 



to prM. For a fixed rod length /, M is 
proport ional to pr2 and thus p rM oc 
p1 2 M 3 2. If now the thermonuclear 
explosive is precompressed, for ex­
ample to about 20 times its solid-state 
density, it follows from the p1 2 de­
pendence that for the same yield the 
amount of the explosive can be re­
duced by the factor N(20) = 4.5, and 
the radius of the rod by the factor 

v(4.5) a 2.2. The principle of such an 
autocatalytic H-bomb is shown in Fig­
ure 2. 

In the Progressive magazine (Nov. 
1979) a similar H-bomb design was 
publ ished, which, however, was de­
ficient in one important respect. It 
ignored the need to focus the energy 
f rom the fission explosive onto the 
thermonuclear fuse by a prolate el l ip­
soid, wherein the atomic bomb and 
fuse are posit ioned in the two foci of 
the ell ipsoid. 

The Neutron Bomb 
The neutron bomb is a small ther­

monuclear weapon. The ignit ion 
here, of course, is also accomplished 
by an exploding fission bomb posi­

t ioned with in a prolate el l ipsoid, but 
the main goal of the neutron bomb 
is to release as much energy as pos­
sible in the form of neutrons. Since a 
neutron burst alone does not lead to 
a shock wave, a perfect neutron bomb 
would leave almost all physical struc­
tures undamaged. The reason for this 
is that neutrons are absorbed in mat­
ter only after traveling a relatively 
long distance. Al l l iving matter, how­
ever, is most sensitive to this kind of 
radiation, since in being finally ab­
sorbed by any nuclear reactions, the 
neutrons thereby release intense y-
radiation at their site of absorption. 

Because of the requirement to re­
lease as much energy as possible in 
the form of neutrons, the usual 6LiD 
bomb explosive is unsuitable for the 
neutron bomb since a thermonuclear 
detonation propagating in l i th ium 
deuteride requires all the neutrons 
set free for t r i t ium breeding. A better 
neutron bomb explosive would be 
l iquid deuter ium-tr i t ium (DT). Here, 
about 80 percent of the energy re­
leased goes into neutrons. But since 

Figure 2 
AUTOCATALYTIC H-BOMB PRINCIPLE 

The atomic bomb A generates a thermonuclear detonation shock wave 
with a soft X-ray precursor that travels through the gap C between the 
uranium-238 and the lithium deuteride. 

Figure 3 
NEUTRON BOMB PRINCIPLE 

In the neutron bomb, a neutron-multiplying reflector 98e surrounds the 
chamber in which the atomic bomb A ignites the mixture of lithium 
deuteride and lithium tritide. 

DT is in the l iquid state only at very 
low temperatures, it is unsuitable for 
a field weapon. 

A possible combinat ion, however, 
is a mixture of 1/3 6LiT wi th 2/3 7LiD. 
Here, first a D-T reaction takes place, 
burning one-th i rd of the deuter ium 
wi th one-third of the t r i t ium, leading 
to just the right number of neutrons 
to breed f rom the 1/3 6Li—1/3 T, 
which then can burn wi th the remain­
ing one-th i rd of deuter ium f rom the 
7LiD. The total neutron yield here, 
though, is less than 80 percent be­
cause one-th i rd of the reaction en­
ergy of 

n + 6Li - T + "He + 4.8 MeV, 

that is, 1/3 X 4.8 MeV = 1.6 MeV, 
goes into charged fusion products, 
reducing the relative neutron yield 
f rom 80 percent down to 74.4 percent. 
In reality, though, the actual neutron 
yield is even smaller, because some of 
the neutrons that should breed t r i ­
t ium are lost f rom the assembly by 
dif fusion. 
s These losses can be largely com­
pensated for if one surrounds the 
assembly with a neutron-mul t ip ly ing 
reflector. U-238, however, is unsuit­
able for this purpose since it has a 
large nonneutron fission yield and 
thus could substantially reduce the 
relative neutron yield. A substance 
better suited for this purpose is 9Be, 
undergoing the reaction 

9Be + n - . 8Be + 2n - 1.666 MeV, 

wi th 8Be spontaneously decaying into 
two a-particles under the delivery of 
0.096 MeV. The reaction is thus en-
dothermic. Figure 3 shows the pr in­
ciple of such a neutron bomb. 

In neither the MIRV nor the neu­
t ron bomb have I shown how the 
fission trigger is assembled into a su­
percritical state. This is done by 
special conventional high-explosive 
techniques, on which I shall report 
sometime in the future. 

Dr. Winterberg, professor of phys­
ics at the Desert Research Institute of 
the University of Nevada in Reno, is 
a pioneer in fusion research. In 1978 
he received the Hermann Oberth 
gold medal for his work in thermo­
nuclear propulsion. 
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The Great Reindustrialization Debate 

As the U.S. economy sinks farther 
into the hole, worr ied government 

off icials, th ink tanks, and business 
experts have proposed a variety of 
plans for re indus t r ia l i z ing . In th is 
special issue, Fusion reports on why 
these schemes won ' t work : The only 
permanent cure for the economy is in­
vestment in the front ier areas of tech­
nology—the high technology that wi l l 
increase U.S. industrial product iv i ty. 

The keystone of the necessary R&D 
effort is fusion research. The readiness 
of the U.S. fusion program to move 
into the engineering phase is amply 
documented in the draft report of the 
Department of Energy's Fusion Review 
Panel, the Buchsbaum Report, reprint­
ed here in fu l l . 

INDIA: 
PARADIGM FOR DEVELOPMENT 
The development of the Third Wor ld 
is essential for a successful policy of 
reindustrial ization. The paradigm for 
this is India, and in this issue Fusion 
Energy Foundation research director 
Uwe Parpart discusses his recent tour 
of India and the prospects for the 
40-year program to industrialize India 
proposed by the FEF. Included in this 
section is one of the first commentaries 
on the 40-year p lan , an art ic le by 
Colonel R. Rama Rao on developing 
India's water resources. 

MEETING THE 
SOVIET CHALLENGE IN EDUCATION 
The most of ten-ment ioned motivation 
for the reindustrial ization schemes is 
some version of " the Soviet threat . " 
The Soviet science curr iculum is far 
more rigorous than ours, as we spell 
out in detail. Yet, the Soviet curr iculum 
is flawed and is not an adequate model 
for the Uni ted States. To develop a 
generation of youth capable of running 
a fusion economy means a return to 
the Platonic epistemological tradit ion 
that produced modern science. 
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