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Courtesy of the Milwaukee Sentinel 

If Cod had meant us to use nuclear energy, He'd have given us brains I 

Nuclear Power Versus 
The New Dark Ages 

At a recent speaking appearance in Hartford, Connecticut, antinuclear media 
star Tom Hayden was stopped dead in his tracks when a pronuclear spokesman 
associated with the Fusion Energy Foundation confronted him. "Being against 
nuclear power means being against the development and survival of several 
billion people in the Third World, and it means the Cambodian model of 
genocidal depopulation," the pronuclear spokesman told the audience. Hayden 
had no reply. 

There is more than hypocrisy involved in claiming to be simultaneously 
humanitarian and antinuclear, or in claiming ignorance of the connection 
between attacks on nuclear power and the genocide in Cambodia (Kampuchea) 
documented in this issue of Fusion. The larger strategic question involved 
is whether the United States will continue to support the most backward 
policies or, instead, will join with its sister republics of France, Mexico, and 
West Germany to implement a new monetary system and investment fund that 
can break the back of the present economic downslide and political chaos. 

This pOses a challenge to the supporters of nuclear power as well. You can't 
be pronuclear and tolerate the International Monetary Fund "conditionalities" 
of perpetual austerity or its U.S. corollary, the credit strangulation policy of 
Federal Reserve chairman Paul Volcker. (Volcker, it should be noted, not only 
participated in the Council on Foreign Relations 7980s Project that calls for 
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"contro l led disintegration in the wor ld economy," but has enthusiastically 
endorsed such "d is in tegrat ion" by name.) 

Development Versus Disintegration 
Nuclear power cannot exist as the energy supply of a depression-ridden little 

island surrounded by a collapsing wor ld . 
Nuclear power is a universal energy source, appropriate to development 

everywhere. It means the universal progress of humanity in transit ion to the 
new wor ld epoch of fusion and plasma-based technologies. But universal 
technology can exist only in a wor ld of global-scale development in which the 
scientific and industrial genius of America and its people is realized to its 
fullest potential i ty. That can happen only wi th full U.S. participation and 
leadership in the European Monetary System and the European Monetary 
Fund, to gear up hundreds of bil l ions of dollars wor th of U.S. nuclear and 
other capital exports. 

This is precisely what leading officials like Secretary of State Cyrus Vance are 
determined to prevent. Is Vance, the New York Council on Foreign Relations' 
man, merely a hypocrite because he stonewalled on aid to the barely alive 
survivors of the holocaust in Cambodia and is now demanding that the Phnom 
Penh government bend to his "cond i t ions" to get the food aid it needs? After 
all, Vance is a supporter of the council 's policy of "contro l led disintegration in 
the wor ld economy," and he officially stated that he wil l not permit transfer of 
U.S. nuclear and other advanced technology to the Third Wor ld . 

Is that how to create independent and viable allies for the United States? Is 
Vance's culpabil i ty less than that of the barbarians who commit ted the actual 
decapitation of Cambodia's doctors, scientists, and intellectuals? Should Vance 
be considered less responsible than closet-Maoist Ralph Nader, who long 
before his antinuclear days called for " the industrial oppressor to experience 
directly what it is l ike to be himself oppressed?" 

We cannot call ourselves human if we do not do all we can to ease the pain 
of Cambodia and restore it to l ife. We cannot call ourselves pronuclear if we do 
not make the commitment to eliminate and replace the institutions and policies 
that are the source of the Malthusian evil behind the destruction of 
civilization in Cambodia. 

Money Is Better 
The near-term potential of fusion energy has been receiving significantly 

more attention lately in the media. Words are nice, but money is better. 
The budget baseline to keep the magnetic confinement part of the fusion 

program moving ahead is contained in the model legislation appearing in this 
issue's Washington news section. There are two points to make. First, the 
fusion research effort has demonstrated an excellent record of meeting or 
exceeding program goals according to DOE schedule. Second, there has been 
a direct correlation between money put into the program and results pro­
duced. 

These facts and future energy needs are indisputable. Now is the t ime to 
throw in the massive support for accelerated fusion development that the 
Fusion Energy Foundation and Fusion Magazine have been bui ld ing. As we 
pass the f i f th anniversary of the FEF and are well into the third volume of 
Fusion, our circulation of 75,000, subscribership of 27,000, and membership of 
3,000 continue to grow rapidly. 

Let's put our numbers to effective use. Use the attached postcard to send to 
Congressman Mike McCormack and others to promote an upgrading of the U.S. 
fusion effort ; use the other attached subscription and gift postcard to bui ld our 
strength even further. 

P.S. Happy Holidays to all readers and contr ibutors to FusionW 

Calendar 
December 

3-7 
Symposium on Surface Min ing , 
Hydrology, Sedimentology, 
and Reclamation 
Mining and Mineral Research Institute 
Lexington, Kentucky 

6-7 
Power Industry Development 
and Application of M H D 
Technology in the Soviet Union 
Institute for Advanced Technology 
Washington, D.C. 

10-13 
In-Service Inspection of Nuclear 
Power Plants 
Technical Seminars, Inc. New York 
Fort Lauderdale, Fla. 

11-12 
Power Industry Development 
and Application of M H D 
Technology in the Soviet Union 
Institute for Advanced Technology 
San Francisco 

17-21 
Lasers '79, Int' l Conference 
on Lasers and Applications 
Society for Optical and 
Quantum Electronics 
Or lando, Fla. 

Join us in 
celebrating the Fusion 
Energy Foundation's 
5th anniversary 
Friday, November 30 

8 p.m. 
Grand Ballroom, 
Biltmore Hotel 

43rd Street and 
Madison Avenue 
New York City 

$25 per person 
RSVP: Mike Tobin at the FEF 

New York office 
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The 
Lightninj 
Rod 

My dear fr iends, 
It saddens me to observe that, for 

some who count themselves human, 
the mult ipl ication of our species en­
joined on us by our Creator is an on­
going tragedy from which nothing but 
the most awful Apocalypse may deliver 
us. 

A new oracular pronouncement to 
that effect was issued recently by the 
president of the Wor ld Bank, Mr. Rob­
ert Strange McNamara, upon the oc­
casion of an International Monetary 
Fund conference in Belgrade. 

"There are only two possible ways 
in which a wor ld of 10 bi l l ion people 
can be averted," Mr. McNamara sol­
emnly intoned. "Either the birth rate 
must go down , and quickly, or the 
current death rate must go up. There 
are of course many ways in which the 
death rate can go up. In a thermonu­
clear age, war can accomplish it very 
quickly and efficiently. Famine and dis­
ease are nature's ancient checks on 
populat ion growth . . . . " 

Having invoked the Biblical four 
horsemen, Mr. McNamara went on to 
suggest the situation might be ame­
liorated if a team of certif ied public 
accountants were empowered to ap­
port ion War, Famine, Pestilence, and 
Death according to the most modern 
calculations, so that the rich might suf­
fer equally with the poor. {He did not, 
however, offer to cut salaries at the 
Wor ld Bank.) 

Experience may have endowed his 
audience with a certain coolness to 
Mr. McNamara's schemes. They might 
recall that, after a notable start at the 
Ford Motor Company, dur ing which 
his slide rule bestowed the Edsel on a 
somewhat ungrateful w o r l d , Mr . 
McNamara dist inguished himself as 
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U.S. Secretary of Defense by applying 
computerized accounting principles of 
"cost-effectiveness" to the science of 
war. ThiS activity produced that im­
mensely juseful statistic known as the 
"body cdun t . " The Uni ted States won 
many battles wi th that weapon—on 
paper. 

I am afraid that, along wi th his large 
computers, Mr. McNamara possesses 
a small Spirit, too small to al low him 
much success in any endeavor respect­
ing human progress. I have always 
been of the opin ion that our problem 
is not that of " t oo many people , " but 
of not enough who are equipped to 
do what must be done. And that it is 
up to those of us who have proceeded 
further on the path of human devel­
opment to organize a supply of mate­
rial and moral resources so that oth­
ers coming down the road might move 
along a great deal faster than we have. 

True, Our geography is f in i te. And is 
there not something glorious for man 
in the thought that this planet is too 
small to hold him? 

I refer my dear readers to a litt le 
essay I penned in 1729 in defense of 
cheap Credit, another idea which 
seems to have fallen into disfavorwith 
our modern sages. 

"We can never have too many peo­
ple (nor too much money)" said I. 
"For when one branch of trade or busi­
ness is overstocked wi th hands, there 
are more to spare to be employed in 
another. So, if raising wheat proves 
dul l , more may (if there is money to 
support and carry on new manufac­
tures) proceed to the raising and man­
ufacturing of hemp, silk, iron, and 
many other things the country is very 
capable of, for which we only want 
people to work and money to pay 
t hem. " 

There have been a few refinements 
in politidal economy dur ing the quar­
ter of a mi l lennium since I stated my 
case, but perhaps it wi l l not be thought 
too immodest if I insist that, even then, 
I had cdme fu r ther d o w n the road 
of c o m m o n humani ty than Mr . 
McNamara. 

Your obt. svt. 

Letters 
To the Editor: 

Whi le racing to catch a plane at the 
San )ose, California airport I encoun­
tered two of your disciples. The 30 
seconds they asked for turned into 
3.5 minutes which caused me to miss 
my f l ight . The inconvenience and 
anger I suffered vanished as I plunged 
into your magazine. Your are to be 
highly complimented for your descrip­
tive analysis of (1) nuclear systems, (2) 
t imely related subject matter, and (3) 
exposing the antinuclear demagogs 
who wil l be the first to scream when 
the lights go out. NO NUKES ARE NUD 
NIKS. 

Richard A. Palmer 
Irvine, California 

PARENTS AND POTHEADS 
To the Editor: 

The feature article, "The Drug Plague: 
Who's Fighting I t?" by Ned Rosinsky, 
M.D. and its companion, "The Biologi­
cal Effects of Mar i juana" by Gabriel 
Nahas, M.D. , should be read by every 
parent of teenagers. I would like to be­
gin in a small way to get this informa­
t ion into our ne ighborhood at least. 
Should you have copies available, I 
would be interested in buying as many 
as 25 to start wi th . . . . 

Catherine S. Codsey 
Walnut Creek, Calif. 

The Editor Replies 
Reprints of this article are now avail­

able at $1.00 each plus postage, and 
readers should contact Fusion for rates 
on bulk orders. By all means, let's get 
the article widely circulated. 

To the Editor: 
After all the news of scientific pro­

gress and cultural hope, solid facts, 
w i ld humor, and courageous journal­
ism Fusion has had to offer In the past 
months, I must express my disappoint­
ment and dismay at your granting a 
forum to the unscientific horror stories 
of Dr. Gabriel Nahas . . . . 



It is no surprise that dosing rats and 
monkeys with humanly unconsumable 
amounts of pure synthetic delta 9THC 
results in cell deformat ion, embryo, 
death, etc. If we exposed laboratory 
animals to a 10-year accumulation of 
low-level radiation in a matter of hours 
and then went ranting on about our 
incontestable "p roo f " of the horrors 
of nuclear power, wou ld the bias im­
plicit in such a claim be somewhat 
more transparent to your editors? . . . 

There is no justif ication for the pun­
ishment, humi l iat ion, and destruction 
of the people at every level of wor ld 
society who wish to grow, share, and 
enjoy marijuana. Decriminalization wil l 
not increase consumption, and mount­
ing an incredible, fut i le, and econom­
ically destructive assault against human 
weakness in the form of a so-called 
"an t id rug" police state wi l l quicken 
the collapse of the individual free­
doms the FEF supposedly exists to pre­
serve . . . . 

(letter received anonymously) 

The Editor Replies 

The doses of marijuana or THC, the 
psychoactive chemical component of 
marijuana, used in the various exper­
iments out l ined by Dr. Nahas were 
generally in the range of one average 
marijuana cigarette (3 to 5 percent THC 
content) per day for humans, or the 
equivalent of this for the weight of 
the animal in the monkey and rat ex­
periments. 

This level of marijuana consumption 
is now considered "modera te . " Ac­
cording to statistics of the Department 
of Health, Education, and Welfare, 11 
percent of high school seniors in the 
United States smoked marijuana every 
day of their senior year last year. 

Concerning the effect of the decrim­
inalization of mari juana, New York 
State marijuana use has tr ipled in the 
junior high and high schools since the 
state passed a decriminalization bill 
two years ago, and this is the experi­
ence across the country. 

The anonymous writer should not 
receive the entire blame for his or her 
mistaken assertion that unduly large 
amounts of marijuana have been used 
in these experiments because this is 
precisely the slander that has been 
put out by such sources as High Times 

magazine and other prodrug media. 
Dr. Nahas's article on the biological 

effects of marijuana d id , indeed, indi­
cate the level of marijuana exposure 
used in the various experiments. Per­
haps the letterwriter was suffering from 
one of the effects of smoking mari­
juana and did not have the necessary 
attention span to f ind this out by read­
ing the Nahas article to the end! 

Ned Rosinsky, M.D. 

MORE REPRINTS 
To the Editor: 

You are commended for your ex­
cellent publ icat ion, Fusion. 

Could your please tell me how I 
could buy about 20 reprints of "The 
1980s Project: Blueprint for 'Controlled 
Disintegration' " by Kathleen Murphy 
in the October 1979 issue. 

David Ohlwi ler , M.D. 
Co ldenrod, Fla. 

The Editor Replies 
Reprints of the 1980s Project article 

are available at $1 each plus postage, 
and readers should contact Fusion for 
bulk order rates. 

CONSERVATION IS SINFUL 
To the Editor: 

(This was received as an open letter 
to the National Council of Churches.) 

. . . Contrary to the National Coun­
cil of Churches outlook behind its anti-
nuclear power stand, conservation is 
sinful, because conservation is like a 
greedy man hoarding his weal th: he 
entrusts his energy to stagnant enti­
ties. Perfection is dynamic, not stag­
nant. It is not the exploitat ion of en­
ergy which is sinful—its consumption 
—but how energy is invested. Do we 
spend it on what is analogous to riot­
ous l iving, or do we wisely invest so 
as to reap manyfold the ability to sus­
tain and advance others of our breth­
ren, believer and unbeliever alike? 

It is not advancing civil ization which 
is s inful ; but to what purpose a civil i­
zation exists which is crucial. Do tech­
nology and culture work hand in hand 
to develop human abilities, or are pol­
icies and practices conformed for the 
purpose of sustaining a factional 
oligarchy? 

. . . Do you advocate that we return 
(Continued on page 64) 

The Great DDT Hoax 
by Tim Pike 

The 1980s Project: 
Blueprint for 'Controlled 
Disintegration' 
by Kathleen Murphy 

The Drug Plague: 
Who's Fighting It? 
by Ned Rosinsky, M.D. 

The Biological Effects 
of Marijuana 
by Gabriel Nahas, M.D. 

Send check or money order to 
Reprints, Fusion Energy Foundation, 
Suite 2404, 
888 Seventh Avenue, Mew York, N.Y. 10019. 

Inquire about special prices for bulk orders. 

For a complete list of Fusion reprints available, 
send a stamped, self-addressed envelope. 
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News Briefs 

FIGHTING THE ANTINUCLEAR ONSLAUGHT 
As this issue of Fusion goes to press, the report of the President's Commis­

sion on Three Mile Island combined with a variety of antinuclear scare head­
lines in the national media have heightened the onslaught against the U.S. 
nuclear p6wer industry. We will report fully on who is behind this attack and 
how it is part of Federal Reserve head Volcker's credit strangulation policy to 
shut down U.S. industry in the January issue. 

Meanwhile, the Fusion Energy Foundation is urging individuals in the nu­
clear industry and concerned organizations to send the following telegram to 
elected officials from President Carter on down the line. The message was 
drafted and signed by Dr. Joseph Dietrich, chief scientist at Combustion 
Engineering in Connecticut. To add your name to the telegrams or for more 
information about sending out similar messages, contact the FEF New York 
office. 

Text of Telegram 
Dear (Elected Official): 

You must do two things to save this nation: (1) Stop Federal Reserve head 
Volcker's insane interest policy before it destroys the nation. Call for his 
impeachment if he doesn't turn it around. (2) Publicly endorse a strong nuclear 
energy policy for this nation immediately. The nation will be destroyed by 
propitiating the antinuclear "enviromentalists." 

The telegram notes that affiliations of signees are listed for identification 
purposes only. 

VOLCKER CREDIT POLICY WILL LEAD TO ECONOMIC COLLAPSE 
The restrictive credit policies of Federal Reserve Chairman Paul Volcker will 

provoke a 15 percent collapse in the U.S. economy over the short term, 
according to a Fusion Energy Foundation study that used the new Riemannian 
economic model. Volcker's credit-constriction measures, announced in early 
October have sent the prime lending rate of major New York City banks 
soaring beyond 15 percent. 

The Riemannian computer model was developed during summer 1979 by a 
team of FEF scientists working on a proposal by Democratic presidential candi­
date Lyndon H. LaRouche, Jr. The model measured the impact of the ongoing 
credit squeeze and a rise in the price of oil to $30 a barrel by January 1980 on 
basic categories of the economy's productive activity. 

Volcker's policy intent is knowingly in line with the "controlled disintegra­
t ion" policy for the world economy specified in the New York Council on 
Foreign Relations 1980s Project (see Fusion, Oct. 1979 for details). Volcker 
began a 1978 speech at Warwick University in England commemorating Fred 
Hirsch, the man who coined the "controlled disintegration" concept for the 
7980s Project, with these words: " I was tempted to take as my text today one of 
Fred Hirsch's last dictas: 'A controlled disintegration in the world economy is a 
legitimate object for the 1980s.' . . . The phrase captures what seems to be the 
prevailing attitudes and practices of most governments in this decade." 

The European governments, particularly France and West Germany, have 
lambasted the Volcker depression prescription. 

CARTER OPTS FOR DOMESTIC DISINTEGRATION' 
Former Time-Life editor-in-chief Hedley Donovan, executive director of the 

New York Council on Foreign Relations and special aide to President Carter, 
announced the formation of a presidential Commission for a National Agenda 
for the 19̂ 80s at a White House press conference Oct. 24. 



Donovan wil l serve as presidential liaison to the group, which is expected to 
have a budget of $3 to $5 mi l l ion. 

At the press conference, Donovan drew snickers when he explained the 
reason for the commission was the president's feeling that " the country suffers 
f rom a lack of v is ion, goals and purpose." In answer to a reporter's question on 
whether there was any difference between the work of this commission and 
the 7980s Project of the Counci l on Foreign Relations, Donovan noted that the 
counci l , unlike the presidential commission, does not make policy recom­
mendations but issues such studies under the names of thjs individual authors. 

FEF RECEIVES MATHEMATICAL SOCIETY GRANT 
The Mathematical Society of America has awarded the Fusion Energy 

Foundation a grant of $8,400 dollars for a special project to translate the 
Bemhard Riemann archives into English. Uwe Parpart, FEF director of research 
who has translated several of Riemann's papers, wi l l oversee the project. The 
translations Will be done in collaboration wi th the institute at Gott ingen Uni­
versity in West Germa/iy that houses the Riemann archives. 

FEF'S PARPART TOURS NORTHWEST 
Uwe Parpart, director of research for the Fusion Energy Foundation, com­

pleted a highly successful speaking tour in the Northwest in early October. 
Among Parpart's appearances were a dinner in Bellevue, Wash, attended by 50 
FEF members; an address before 250 members of the Northrup Management 
Club in Los Angeles, a well-attended forum at the University of Southern 
California, and the keynote speech at a Nuclear Energy Education Day lunch­
eon in Richland, Wash., attended by 40 Fusion subscribers. 

The FEF plans similar tours and speaking engagements in 30 to 40 areas 
around the country, starting in January 1980. Interested readers should contact 
the FEF New York off ice. 

SOVIETS EXPECT ANGARA-5 TO REACH BREAKEVEN 

The Soviet Un ion has announced the schedule for complet ion of the Angara-5 
fusion device at the Kurchatov Laboratory in Moscow. Angara-5 is a pi lot 
electron-beam facility, one of the major Soviet approaches to fusion energy 
development. 

Professor Leonid I. Rudakov, head of the Soviet electron beam pellet re­
search, noted at the Oct. 5 dedication of the first of 48 electron beam units for 
the Angara-5 facility: " W h e n it is completed we hope to obtain a control led 
thermonuclear reaction as a result of which the facility wi l l be producing more 
energy than it consumes. Angara-5 wi l l demonstrate that an industrial plant can 
be bu i l t . " 

The New York Times, generally unfriendly to the prospects for fusion power 
development, gave unusual front-page coverage to the Soviet announcement. 

LOUSEWORT LAURELS TO SENATOR PROXMIRE 
The lousewort laurels award this month goes to Wisconsin Democrat Sena­

tor Wil l iam Proxmire for his Dark Ages approach to science and technology. In 
an Oct. 27 news release, the senator announced that he would be holding 
hearings on the progress of the nation's space shuttle program, which he 
characterized as " just one more example of the American taxpayer being 
conned into buying a pig in a poke . " 

Proxmire bitterly complained that the National Aeronautics and Space Ad­
ministration wou ld probably be requesting yet more funds to prevent further 
slippage in the shuttle schedule. 

More than one Washington observer questioned Proxmire's judgment in 
conducting such a cost/benefit analysis of America's scientific frontier, noting 
that the senator himself had spent a five-figure amount in a hair transplant. 



Special Report 

Cambodia: 
Destruction 
Of a 
Civilization 

"Kampuchea . . . has been 
turned into a vast graveyard. 
... I think Vietnam commit­
ted only one mistake 
They should have gone into 
Kampuchea at least one year 
earlier and much of the 
butchery would have been 
avoided." 

FUSION 



During the past four years, a hor­
ror equal to that of Hitler's Nazis 

has taken place in the t iny Southeast 
Asian nation of Kampuchea (Cambo­
dia). Three mi l l ion people, more than 
40 percent of that nat ion, were exter­
minated by the Chinese-allied govern­
ment of Pol Pot, which reigned f rom 
April 1975 until January 1979, when it 
was overthrown by the combined 
armed forces of the Kampuchean Front 
for National Salvation and the Socialist 
Republic of Vietnam. 

What happened in Kampuchea was 
not simply the murder of 3 mil l ion 
people. As told by journalists whose 
on-the-scene reports are now reach­
ing the American news media, Kam­
puchea under Pol Pot entered a New 
Dark Ages. The principal enemy of 
the government was civil ization itself. 
Any manifestation of urban culture 
came under its attack. The factories 
were closed, the libraries p lundered, 
machines smashed, hospitals de­
stroyed, books burned, the national 
bank blown up, and the use of money 
abolished. 

The Fusion Energy Foundation has 
been active in forcing the story of the 
Kampuchean holocaust into the news 
nationally. But whi le many details of 
the tragedy are now being reported, 
much of the true story has been cov­
ered over with lies. Kampuchea's plight 
has been treated as a gory sensation 
for the masses. The fate of that nation 
has been presented as the outcome 
of a struggle between two imperialist 
("communist") powers in Southeast 
Asia, Vietnam and China. 

These are scurrilous misrepresen­
tations. The fundamental issue in 
Kampuchea, and throughout the Third 
Wor ld , is economic development. The 
proponents of Third Wor ld economic 
growth number among their ranks the 
government of Mexican President Jose 
Lopez Portillo, the leadership of OPEC, 
and the founders of the new Euro­
pean Monetary System, particularly 
France's President Ciscard and West 
German Chancellor Helmut Schmidt. 
As Fusion out l ined in its October is­
sue, the opposing l ine-up is centered 
in the United States at the New York 
Council on Foreign Relations. Our 
coverage of the council's wide-ranging 
7980s Project detailed their program 

to eliminate science and development 
in the Third Wor ld , curb technologi­
cal advance and economic expansion 
in the advanced sector, and to use the 
"cont ro l led dis integrat ion" in the 
wor ld economy to eliminate 3 bi l l ion 
of the earth's 4 bi l l ion inhabitants. 

This report on the situation in Kam­
puchea, compiled from articles and 
public statements of prominent Indian 
journalist Canesh Shukla, makes clear 
that the Kampuchean holocaust is the 
most successful implementation of that 
program undertaken to date. 

The Useless Eaters 

In Pol Pot's Kampuchea, the popu­
lation was div ided into two port ions: 
the workers, who were separated from 
their families and sent to produce rice 
on communes in the countryside, and 
the "useless eaters"—the doctors, 
scientists, educated communist cadre, 
and other professionals. This port ion 
was hunted down and murdered, 
according to a policy developed by Pol 
Pot's Chinese advisors. Workers and 
peasants in the rural areas, including 
all chi ldren over 10, worked unti l 
hundreds of thousands died of ex­
haustion and starvation. 

By mid-1977, a mil l ion Kampucheans 
had been murdered or had died f rom 

lack of medical care and food. It was 
then that the systematic butchery of 
the populat ion at large began. By the 
time of Pol Pot's ouster in January 1979, 
2 mill ion more Kampucheans died. The 
regime's method of extermination, 
moreover, d id not include the use of 
guns or bullets. Most victims were 
bludgeoned to death wi th axes, steel 
pipes, and bamboo rods. Many died 
at the hands of preadolescent children, 
trained by Pol Pot's military in special 
techniques of extermination. 

"Kampuchea is a complete zero. It 
has been turned into a vast graveyard." 

These are the words of Canesh 
Shukla, editor of the national Indian 
weekly newspaper New Wave. Shuk­
la, who is highly regarded as a pol i t i ­
cal commentator among traditional 
Congress Party circles, was in Kampu­
chea from August 15 to August 20 of 
this year. He attended the trial-in-
absentia of the deposed Pol Pot and 
his protege leng Sary for the murder 
of 3 mil l ion of their countrymen. 
Shukla brought his eyewitness report 
to tens of thousands of Americans dur­
ing a September-October tour of the 
United States sponsored by the U.S. 
Labor Party. 

"Phnom Penh was [once] the most 

Within hours of its "liberation" by Pol Pot, the Kampuchean capital city of 
Phnom Penh was emptied; within three years, most of its population was mur­
dered by the Peking-supported government. The photograph is from the files 
of the Tuol Sleng prison camp, one of many prisons where Pol Pot pursued a 
policy of extermination against the nation's educated and intellectual elite. 
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Photographs courtesy of the Kampuchean government 

Above: The national library was ransacked and thousands of years of treasures 
of the Khmer civilization were destroyed. Below: Machines were smashed and 

factories were closed or blown up. 
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beautiful city in Southeast Asia. Now 
it is a ghost c i ty," one of Shukla's re­
cent press reports on the Kampuche­
an holocaust begins. "Phnom Penh's 
800,000 inhabitants are nearly dead and 
gone. Their bones lie buried or scat­
tered over the plains of Cambodia. . . . 
Believe me when I say that of the 7 
mil l ion and odd Cambodians, at least 
1 mil l ion have perished either through 
starvation, disease, or physical exhaus­
tion in slave labor camps called "com­
munes" but built like animal farms. 
Two mil l ion more people were hacked 
to death or bludgeoned to death and 
thrown into mass graves." 

What remains, Shukla reported, is 
desolation and starvation: " In the 
countryside people are roaming, not 
able to locate their villages and homes, 
eating whatever they can lay their 
hands on—l ike leaves, w i ld fruits, 
cockroaches, and insects." And Pol 
Pot's policies have rendered the na­
tion nearly helpless to rebui ld itself: 
"Kampuchea is denuded of educated 
people. There are no teachers, no of­
fice workers, no cadre to man the civil 
and military services. Education had 
been abolished by the Pol Pot barbar­
ians and the educated have been put 
to death . . . .Today, Cambodian hos­
pitals have no doctors, no nurses, no 
medicine, no equipment . . . .[Pol Pot] 
abolished medicine and replaced it 
wi th the traditional system . . . . " 

Peking's Role 

Pol Pot stopped at nothing to ac­
complish the systematic annihilation of 
Kampuchea's elite, Shukla said. He em­
phasized the regime's policy of geno­
cide against intellectuals and the edu­
cated with the fo l lowing story: "They 
invi ted all Kampucheans w h o were 
abroad to return to the country and 
serve their motherland. And what hap­
pened to them? They arrived at the 
airport, they were received properly, 
they would feel they were welcome at 
home. And then they were taken 
straightaway to Tuol Sleng, a second­
ary school converted into torture cells, 
where they had to disrobe themselves, 
put on prisoners' clothes, and then 
were taken to the torture chambers." 

During the sessions of the United 
Nations General Assembly, where 71 
nations voted to seat the deposed Pol 
Pot government as the representative 
of Kampuchea, Shukla held a press 



conference at the UN to report his 
findings to the international news 
media. The Indian journalist was ad­
amant in asserting that the fallen re­
gime's Chinese advisors masterminded 
the genocide. 

" I can say wi th convict ion that the 
guilt for those crimes lies not only 
wi th Pol Pot-leng Sary but w i th the 
government of the People's Republic 
of China, whose advisors, number ing 
in the thousands, were everywhere in 
the country dur ing this t ime , " Shukla 
to ld reporters. "The Chinese not only 
knew what was happening but it is 
clear f rom the evidence presented to 
me that they directed the genocide 
hand in hand wi th their surrogates in 
Phnom Penh." 

Shukla also referred to Peking's use 
of Kampuchean territory and troops 
of the Pol Pot regime under Chinese 
direction for repeated murderous raids 
into neighboring Vietnam. His state­
ment strongly countered the view, evi­
dent in the General Assembly vote to 
seat Pol Pot, that the Vietnamese had 

April 17, 1975: 
The biack-clad troops of Pol Pot's rev­
olutionary armed forces capture 
Phnom Penh and declare victory over 
the government of Cambodian dicta­
tor Lon Nol . The new regime's first 
order is for the immediate evacuation 
of the capital city, and wi th in three 
days, the majority of Phnom Penh's 2 
mill ion residents have packed their be­
longings and are traveling by foot to 
prearranged destinations to the north 
and south of the city. Those who re­
fuse to leave their homes are ki l led. 

April 18, 1975: 
Mil i tary vans equipped wi th loud­
speakers circulate throughout Phnom 
Penh urgently appealing for doctors, 
technicians, and other professionals 
to turn out for the reconstruction of 
the country. Mil i tary men are called 

illegally interfered in Kampuchean in­
ternal affairs when the Socialist Repub­
lic joined forces wi th the Kampuchean 
Front for National Salvation to over­
throw Pol Pot last January. Whi le there 
is "no justification for mindless inva­
sions" by one country into another, 
Shukla said, "Vietnam had every justi­
fication to invade Kampuchea," given 
Pol Pot's aim of destroying the Kam­
puchean populat ion. 

" I think Vietnam committed only one 
mistake," Shukla said. " I think they 
should have gone into Kampuchea at 
least one year earlier, and much of the 
butchery wou ld have been avo ided. " 

When asked to describe the current 
situation in Kampuchea, Shukla re­
por ted: "There is an acute food short­
age. There is a shortage of medicine, 
there is a shortage of c loth ing, there 
is a shortage of even a small ballpoint 
pen, a typewriter, a dictionary, and a 
book —because the whole offensive 
was against education, against culture, 
and against civilization. So nothing re­
mains there. " 

out to aid in the national defense. All 
professionals who report to the new 
Pol Pot government during its first days 
in Phnom Penh are murdered. 

Summer-Autumn 1975: 
Survivors of the evacuation of Phnom 
Penh and Cambodia's other popu­
lation centers are settled in rural 
" communes . " Families are separated; 
marriage is abol ished; men, women, 
and all chi ldren over 10 are put to 
work in the fields. 

December 1975: 
The former Lycee Tuol Svay Prey in 
Phnom Penh is transformed into the 
Tuot Sleng extermination camp. Be­
tween 10,000 and 12,000 are murdered 
here by June 1977. 

September 1977: 
The Pol Pot government issues direc­
tives for the extermination of all in­
tellectuals, clergy, and other profes­
sionals remaining in Kampuchea. 
Implementation begins, and soon af­
ter, the systematic murder of prison­
ers and even whole villages. In al l , 3 
mil l ion Kampucheans are ki l led. 

"They need everything," Shukla said. 
"But despite all aid, many wi l l d ie, 
because it is too late for them. There 
are 1 mil l ion disabled persons in Kam­
puchea, a quarter of what remains of 
the popula t ion. " 

Currently, only a small fraction of the 
16,000 tons of rice Kampuchea needs 
monthly is reaching that nation. Inter­
national relief agencies such as UN-
ICEF and the Red Cross are sending 
small amounts of grain, but recent 
press reports indicate that most of 
these supplies are being distr ibuted 
to refugees along the Thai-Kampuchea 
border, where they swiftly make their 
way into the hands of the Thailand-
based remnants of Pol Pot's army. The 
U.S. State Department continues to 
refuse full-scale relief to the Phnom 
Penh government, on the pretext that' 
food aid will legitimize the Vietnamese 
role in Cambodia; the relatively poor 
nation of India, however, voted major 
relief, 100,000 tons of rice Oct. 18. 

—Christina Nelson Huth 

January 7, 1979: 
The Pol Pot government is overthrown 
by the forces of the Kampuchean Front 
for National Salvation, w i th backing 
from the Socialist Republic of Vietnam. 
Pol Pot's retreating troops bul ldoze 
villages, poison wells, murder village 
populations en masse, and burn rice 
stockpi les—some of which are so 
large they burn for days. 

July 15, 1979: 
The People's Revolutionary Tribunal 
of Phnom Penh charges the Pol Pot-
leng Sary government wi th crimes of 
genocide, as stipulated in the Nurem­
berg Statutes of international law. In 
August, Pol Pot and leng Sary are found 
guilty of systematic mass murder, 
torture, destruction of the national 
economy of Kampuchea, and other 
crimes, and sentenced to death in 
absentia. 

September 1979: 
The Pol Pot government is seated at 
the United Nations, by majority vote 
of 71 nations of the General Assem­
bly, as the representative of the Kam­
puchean people. 
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International 

Mexican Pres. Urges 
'Power of Reason' to 
Resolve World Energy Crisis 

In a speech to the Uni ted Nations 
General Assembly Sept. 27, Mexican 
President )ose Lopez Portillo called on 
the international communi ty to draw 
on the power of reason to resolve the 
"disorder of the wor ld economy" and, 
in particular, the energy crisis. 

The problem of energy resources 
has brought mankind to a "watershed 
between two different eras," he stat­
ed. Either there wi l l be war—"perhaps 
the most violent in all h istory"—or 
man wil l make the transition to a new 
era dedicated to the cont inuity of pro­
gress." 

"Let us develop a consciousness that 
is based on rational thought, the gift 
that is ours alone among all Earth's 
species," the Mexican president said. 

Lopez Portillo called for " the adop­
t ion of a wor ld energy plan that cov­
ers all nations . . . and has as its fun­
damental objective the assurance of 
an orderly, progressive, integrated and 
just transition f rom one age of man's 
history to the next . " 

Said the Mexican president: "The 
plan must contain programs designed 
to : 

"Guarantee the ful l and permanent 
sovereignty of each nation over its own 
natural resources. 

"Rationalize the exploration, produc­
t ion, distr ibut ion, consumption and 
conservation of present-day sources 
of energy, particularly as regards hy­
drocarbons, by providing financial and 
technical assistance. 

"Ensure and increase the systemat­
ic exploitation of potential reserves of 
all types, both traditional and noncon-
ventional, which have not yet been 
exploited owing to lack of f inancing 
or applied research. . . . 

"Make it possible for all nations to 
draft energy plans that are compatible 
with wor ld policy. . . . 

Lopez Portillo: "Let us not offer rem­
edies for tomorrow." 

"Devise measures for the promot ion 
in developing countries of the forma­
tion and integration of auxiliary in­
dustries in the energy f ie ld, and espe­
cially of capital goods. 

"Establish a short-term system, to be 
put into effect immediately, for resolv­
ing the problems of developing coun­
tries that impor t pe t ro leum, wh ich 
would guarantee supply and the hon­
or ing of contracts, stop speculation, 
provide for compensation for price in­
creases, a|nd even ensure considerate 
treatment on the part of the export ing 
countries. 

"Set up f inancing and development 
funds, which could be made up of 
proport ional and equitable contr ibu­
tions f rom the developed consumer 
countries and from producer and ex­
porter countries, in order to meet both 
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the long-term objectives and the ur­
gent needs of the underdeveloped 
oi l - import ing countries. 

" Inst i tute a system for disseminat­
ing and transferring technologies, to­
gether with their respective training 
programs, that would include a world­
wide registry of advances and follow-
up in energy research and experimen­
tation. 

"Support the establishment of an 
international energy institute. . . . 

"To carry forward this wor ld energy 
plan, I propose: 

"The establishment of a work ing 
group, composed of representatives 
of the petroleum-producing countries, 
of industrialized countries, and of de­
veloping petro leum-import ing coun­
tries, which would prepare the doc­
uments and pertinent specific propos­
als." 

Lopez Portillo's call for a producers-
consumers dialogue on wor ld energy 
requirements dates back to winter 1979 
and has been endorsed by the OPEC 
nations, the European Community, and 
several nations of the East bloc. Third 
Wor ld development and the impor­
tance of transfers of technology f rom 
the advanced sector to the develop­
ing nations were the underlying 
themes of his entire address, be­
cause, as the Mexican president told 
the United Nations delegates: 

" M e n are dying today. Let us not 
offer remedies for tomorrow. In the 
face of harsh reality, let us not pro­
pose idealized stoicism; in the face of 
true but dif f icult roads, artif icial, 
dead-end labyrinths; in the face of 
concrete pbstacles, would-be short­
cuts; in the face of hard-to-overcome 
lethargy, ephemeral and selfish solu­
t ions; in the face of sound argu­
ments, threats and lies; in the face of 
the power of intel l igence, the brute 
force of arms; nor in the face of prob­
lems shared by al l , partial, bilateral, 
or bloc solutions. . . . " 

UN observers noted that although 
unsaid explicitly, Lopez was specif­
ically refusing to put the Nonaligned 
Movement nations at the mercy of the 
International Monetary Fund and 
Carter administration's policies for 
no-growth and energy war between 
the industrialized and developing 
nations. 



Tass from Sovfoto 

Soviet Minister of Power Industry and 
Electrification P.S. Neporozhniy at a 
June press conference in Moscow on 
cooperation of the Soviet bloc coun­
tries in the development of power in­
dustries. 

Neporozhniy 
Dedicates First MHD Facility 

Sower Minister of Power and Electri­
fication Petr Neporozhniy was inter­
viewed on the front page of Pravda on 
October 1 on the occasion of the 
ground-breaking for the construction 
of the world's first commercial dem­
onstration magnetohydrodynamic gen­
erator. The facility will be in a com­
mercial power-generating plant locat­
ed 140 miles from Moscow in Ryazan. 

Here are excerpts of his remarks. 

Question: What are the special features 
of this new station? 

The M H D method is one of the most 
promising ways of transforming ther­
mal energy into electricity. It makes 
possible a significant improvement in 
the economic efficiency of thermal 
power stations. We anticipate that first-
generation M H D power stations wi l l 
have a conversion efficiency of approx­
imately 50 percent, and the second-
generation ones up to 60 percent, 
which compares wi th 40 percent at 
the best thermal stations. Further­
more, in the first phase the input of 

Saudi Minister Endorses Fusion 
In a telegram message to an international conference on energy held 

in October in Rimini, Italy, Saudi Oi l Minister Sheik Ahmad Zaki Yamani 
endorsed nuclear fusion energy as the best long-term alternative to 
petroleum. 

Earlier this year Saudi Arabia announced its intentions to install a 
fission nuclear capacity for medical purposes and desalination. In 1977, 
Saudi Arabia signed a research agreement wi th France for nuclear re­
search along wi th a joint effort for uranium exploration on the Saudi 
peninsula. 

The oi l minister f rom the Uni ted Arab Emirates, Mana Saeed Oteiba, a 
close ally of Yamani, spoke at the Rimini conference urging closer coop­
eration wi th the European Communi ty in an aggressive oi l- for-technology 
relationship. 

Oteiba stated that if such a development program were implemented 
then the "deserts of the Middle East wi l l b l o o m . " 

fuel wi l l be reduced by between 20 to 
30 percent. . . . 
Question: What scientific ideas are used 
in the building of the new installation? 

. . . The creation of an industrial 
MHD power installation was preceded 
by intense research, particularly on the 
famous Soviet U-02 and U-25 at the 
Academy of Science's High Tempera­
tures Institute. These enable specialists 
to solve many scientific and technical 
problems. Experiments on the experi­
mental installation U-25, which has 
been in operation over 20,000 hours, 
are cont inuing. 

Question: What can you say about MHD 
power stations from the standpoint of 
environmental protection? 

Let us recall that out of 100 grams of 
coal, mazut [peat], or gas burned in 
conventional thermal power stations, 
only 40 percent goes into obtaining 
electricity. This leads to environmen­
tal pol lut ion. The increased thermal ef­
ficiency of the M H D station is accom­
panied by a reduction in waste and 
thus in polluting the atmosphere . . . . 
Of course, the M H D power stations 
cannot be viewed as some sort of pan­
acea for all the diff iculties connected 
wi th the energy problem. But the MHD 
method wil l take a deserved place in 
the ranks of progressive means of pro­
ducing energy. 

See Washington news, this issue, for 
an update on the U.S. MHD program. 

New Soviet Plan 
Puts Science First 

"Science has the first say." This slo­
gan f rom the popular Soviet magazine 
Ogonyok captures the main goal of 
the 11th Five-Year Plan (1981-1985) for 
the Soviet Un ion , out l ined in an Au­
gust resolution of the Soviet govern-
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ment and elaborated in the Soviet 
press. 

According to press reports, starting 
wi th a 20-year plan of progress in sci­
ence and technology and ending at 
the factory level w i th incentives to in­
troduce new technologies, the system 
wil l be or iented to favor qualitative 
advances as the measure of economic 
success. 

The Nuclear Role 

In a Sept. 15 article in the trade union 
daily Trud, V.A. Kir i l l in, chairman of 
the State Committee on Science and 
Technology, spelled out what dist in­
guishes the new plan. "The modern 
revolution in science and technology 
is the basis of progress and gives a 
powerful boost to the accelerated de­

velopment of all branches of the na­
tional economy. In the recently adopt­
ed resolution . . . a scheme of plan­
ning the national economy is def ined. 
Special attention is drawn to raising 
the role of science in planning. . . . " 

Kiril l in yvent on to list the main areas 
of the prbgram, starting wi th nuclear 
energy, fission, the breeder, and con­
trol led thermonuclear fusion power. 

The announcement of the plan raises 
a number of questions about the plan­
ning problems Soviets have had in the 
past, about the relationship of the So­
viet economy to the rest of the wor ld , 
and where the Soviets fit in on the 
basic discussions going on concern­
ing the European Monetary Fund and 
the theory behind it. . 

Brazil's Energy—Nuclear or Biogas? 
Although Brazil's nuclear fission pro­

gram remains under polit ical attack, 
Energy Minister Cesar Cals announced 
Oct. 1 that the government wi l l im­
plement the fu l l arrangement w i th 
Kraftwerke Union of West Germany 
for eight nuclear power stations, plus 
fuel enrichment and reprocessing. Cals 
said that the complet ion of the pro­
gram would be stretched out to 1995 
instead of the original 1990 target. 

Also in the high-technology area, 
Brazilian scientists achieved the first 
magnetic conf inement of a plasma in 
Latin America Oct. 4 in a tiny tokamak 
at the University of Sao Paulo. Re­
searchers in Brazil have been work ing 
on fusion for the past eight years in 
collaboration wi th the fusion research 
center at Julich, West Germany. 

Energy Minister Cals also announced 
that he wi l l sign an agreement wi th 
the Princeton Plasma Physics Labora­
tory at the end of October that is aimed 
at helping Brazilian scientists jo in wi th 
the mainstream of international fusion 
development. 

'Appropriate Technology' 
Brazil is looking to a diverse range 

of energy sources—from thermonu­
clear fusion to chicken droppings to 
contain its growing petroleum con­
sumpt ion. At the low end of the ener­
gy spectrum, Brazilian President Fig-

ueiredo's thrust to substitute alterna­
tives for imported petroleum—what 
Figueiredo has termed a "war econ­
omy"—has intensified Brazil 'saltema-
tive fuels|program. The nation's grow­
ing gasohol program was recently 
praised by President Carter's scientif­
ic advisor Frank Press as " the wor ld 
vanguard) in the research and use of 
alcohol as fue l . " And next year, Brazil 
plans to introduce a tractor model that 
wil l be fueled by wood and charcoal—a 
throwback to the turn of the century. 

At the same t ime, Brazil's inf lat ion­
ary food prices have made clear the 
price thalt must be paid for turning 
food-producing lands into croplands 
for fuel substitutes like gasohol. 

Carrying the "appropriate technol­
ogy" concept still another step back­
ward, one Brazilian energy researcher 
has proposed the product ion of meth­
ane from chicken droppings. "W i th 
the daily excrement of 330 chickens," 
this researcher Wrote, " i t is possible 
to obtain the energy equivalent of a 
liter of gasoline. This might appear to 
be a modest f igure, but if we consider 
that, by processing the excrement of 
Brazil's cuttle herd (4 mi l l ion head) we 
could obtain the equivalent of 30,000 
liters of gasoline a day, we have an 
idea of what this biogas potential rep­
resents, i 

FEF Designs 
Nuclear Plan 
For India 

India could be a net exporter of nu­
clear power plants by the turn of the 
century and at the same time provide 
more than one-third of its own nucle­
ar energy needs, according to a study 
just completed by a task force of Fu­
sion Energy Foundation engineers. 

In addit ion, India's vast resources 
of thor ium, the largest in the wor ld 
w i th more than 500,000 tons, w i l l 
eventually be used to fuel the coun­
try's entire nuclear power system as 
well as to provide another income-
generating item for export. 

Attaining the goals set for th in the 
FEF program wil l require that India im­
ports approximately 100 nuclear power 
plants over the next two decades, thus 
providing a large export market for 
U.S. nuclear reactor technology. As 
the report states, this is precisely what 
is needed to get the economies of 
United States, India, and the rest of 
the wor ld back in shape. 

By the year 2000, the study outl ines, 
India should develop its ful l 40 giga-
watts nuclear potential to capacity, add 
another 40 gigawatts of fossil-based ca­
pacity, and make up the balance of a 
230-gigawatt goal wi th 150 gigawatts of 
new nuclear energy. Of this 150 giga­
watts, India would build nearly 50 giga­
watts itself, mostly in Indian-designed 
CANDU-type reactors. 

The FEF nuclear study was done at 
the request of a group in India that is 
involved in promot ing the election 
campaign of Indira Gandhi for pr ime 
minister. The pronuclear group reports 
that the plan is l ikely to be incorpo­
rated into Gandhi's campaign platform 
dur ing the coming three-month elec­
t ion per iod. 

Copies of the Indian nuclear report 
are available from the Fusion Energy 
Foundation at $W each ($5 for FEF 
members). 
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National 

Shutdown of Hanford Facility 
Threatens Cancer Research 

The closing of the nuclear waste dis­
posal site in Hanford, Washington in 
mid-October has threatened the cut­
back of cancer diagnostic studies at a 
number of U.S. hospitals. 

Washington Governor Dixy Lee Ray 
bowed to environmentalist pressure 
and took the action that closed one of 
the only three disposal sites for low-
level wastes in the nation. 

Officials at the only two other such 
disposal sites—located in Barnwell , 
South Carol ina and Nevada—have 
made it known that they wi l l not ac­
cept overf low waste created by the 
closing of the facility at Hanford. Barn­
well had already cut back its handling 
of wastes f rom the nuclear plant at 
Three Mile Island in Pennsylvania. Of­
ficials at Barnwell had announced in 
August that their site could not accom­
modate low-level nuclear waste over­
f low resulting f rom the closed dispos­
al site in West Valley, New York—a 
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facility kept closed for several years 
by New York Governor Hugh Carey. 

Governor Ray said she wi l l keep the 
site closed unti l she receives assur­
ances f rom the Nuclear Regulatory 
Commission that proper inspections of 
packaging are made at the site of or i­
gin of the low-level waste. 

According to Murray Bolton, protec­
t ion officer at the Massachusetts Insti­
tute of Technology, the areas most 
affected by Ray's action are cancer re­
search and treatment, biology and nu­
tr i t ion studies, and clinical research, 
all of which use slightly radioactive 
materials that now cannot be easily 
disposed of. 

Bolton said MIT has officially asked 
for "cooperat ion in trying to reduce 
the volume in use of l iquid scintilla­
t ion f lu ids. " Scinti l lation f lu ids, wh ich 
contain radioactive tracer elements tr i ­
t ium and C-14, are used in diagnostic 
studies to measure metabolic activity 

Above: Gov. Dixy Lee Ray. Bowing to 
environmentalist pressure? Below: Part 
of the Hanford facility in Richland, 
Washington. 
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Courtesy of Memorial Sloan-Kettering 
Cancer Center 

This anterior photoscan shows the dis­
tribution of the radioactive tracer ele­
ment fluorine-18 in a young woman 
with Hodgkin's disease. The shutdown 
of the Hanford nuclear waste repro­
cessing facility threatens scientists with 
a shortage of low-radiation tracer ele­
ments and scintillation fluid used in 
cancer research. 

that is associated wi th cancqr. 
"The radioactive waste left over from 

the use Qt the scintil lating fluids is 
equivalent to concentrations in soil 
where thete's a lot of granite," an angry 
Bolton said this week. "The radioac­
tivity is so slow that if you spilled the 
tr i t ium on your hand it wouldn ' t pen­
etrate the epidermis." In fact, accord­
ing to official Environment Protection 
Agency standards, used scintil lation 
f luid could be poured down any drain, 
wi thout causing ill-effects. 

Despite the lack of danger in radia­
t ion levels associated wi th this low-
level waste, Harvard University now 
has no facilities for storing the mate­
rial which has to be picked up once a 
week. Since the Hanford facility was 
closed, Harvard can't ship its waste. 

According to a spokesman w h o 
asked not to be ident i f ied, "Harvard 
officials have asked their personnel to 
cut their fnedical research, especially 
in cancer. That cut covers cancer d i ­
agnostic tests and cancer treatment at 
Massachusetts General Hospi ta l . I 
know for a fact that doctors there have 
been told to perform scintil lation di­
agnostics! on only the most severe of 
cancer ca'ses. It's real triage. I'm sure 
that's going on in hospitals all over 
the country but the public would never 
know abcjjut i t . " 

—Mary Cilbertson 

TVA Head Says 'No' to Nuclear 
Tennessee Valley Authority chairman 

S. David Freeman to ld the 20th annual 
conference of Uni ted Press Interna­
tional in Houston in October that the 
"uti l i t ies have no business in the nu­
clear f ie ld . " 

Today's nuclear reactors were really 
built for submarines and are probably 
not safe for commercial utilities, Free­
man told the UPI group. Then the head 
of the nation's largest uti l i ty pro­
claimed, "Solar energy is not just a 
distant d ream." 

Freeman used the argument that 
commercial nuclear power was devel­
oped out of the U.S. Navy program—a 
route necessitated because former TVA 
head David Lil ienthal, among others, 
prevented the independent develop­
ment of commercial nuclear power—to 

call for aj"second generat ion" of uti l i ­
ty nuc le i r power plants. 

Instead of the breeders and high-
temperature reactors that hi» own 
TVA engineers have worked on , Free­
man said, "The second generation re­
actors should be developed f rom 
scratch to meet specific uti l i ty re-
quiremejnts such as . . . low radiation 
to the environment and the work­
force, aijid designs that wi l l be resist­
ant to terrorist threats and concerns 
about prol i feration of nuclear 
weapons . . . . " 

Lousewort Laureate 
Freemkn was awarded Fusion mag­

azine's lousewort laurels award last 
February for his program to put wood-
burning ; stoves into residences to 
save fuel costs. 

A b b O C l A l ION 
OF IVDBAT 
PROCESSORS 

Meat Processors 
Urge U.S. to 
Go Nuclear 

The 1,500-member American Asso­
ciation of Meat Processors has called 
on the federal government to step up 
development of the nation's nuclear 
power resources. The call came in the 
form of a resolution passed at the as­
sociation's 1979 national convent ion 
Aug. 15. 

The meat processors' resolution read 
in part: 

" In recognit ion of the critical short­
age of energy in our nation and the 
constantly growing need for increas­
ing supplies of a variety of power 
sources, and, 

" I n recognit ion that no form of ef­
fective energy product ion, including 
coal, o i l , hydroelectric, or natural gas 
is completely safe in terms of f reedom 
from physical or environmental harm, 
and, 

" In recognit ion of the proven effi­
ciency of nuclear power generation 
and the comparative safety of its use, 
inc lud ing the lack of any demon­
strable injury or illness to individuals 
or to people in general, and . . . 

" In acknowledgement of the need 
for increasing availability of electric 
power to insure the cont inued eco­
nomic growth of our economy, 

"Be it resolved by the members of 
the American Association of Meat Pro­
cessors assembled in convention at 
Caesars Palace in Las Vegas, Nevada 
. . . that the United States government 
be strongly urged to dil igently foster 
and pursue the cont inued develop­
ment of nuclear energy." 

The association noted in a letter to 
Fusion that it has the dist inction of 
having its headquarters located closer 
to the Three Mile Island nuclear power 
station (about six miles) than any other 
national association. 
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Washington 
Fusion Postcard Campaign: 

Put Fusion On Line by 1995! 
A team of specialists including Fu­

sion Fnergy Foundation staff members 
have drafted legislation that will gear 
up the U.S. fusion program for a crash 
effort in the 1980s. The bill, based on 
recent research advances in fusion and 
expert studies, is briefly summarized 
here. 

The fusion postcard insert in this 
issue supporting an upgrade of the 
fusion program is addressed to Rep. 
Mike McCormack (D-WasnJ, a leading 
fusion supporter in Congress and 
chairman of the House Subcommittee 
on Energy Use and Production, which 
has oversight over the fusion program. 
Other supporters of the fusion effort 
on the Science and Technology Com­
mittee who should hear from fusion's 
constituency are Don Fuqua (D-FIa), 
Manuel Lujan (R-NM), Robert Roe 
(R-Nj), John Wydler (R-NY),and Tom 
Bevill (D-Ala), who chairs a subcom­
mittee of the House Appropriations 
Committee. 

For copies of the bill and bulk or­
ders of postcards, contact the FEF in 
New York City. 

Demonstration Reaction by 1995 
The proposed Fusion Energy Act 

notes that "recent progress in fusion 

experiments has demonstrated that fu­
sion energy can be realized as a safe, 
clean, and economical source of elec­
tric power p roduc t ion " by the 1990s, 
given sufficient funds and manpower. 
On this basis, the act calls for the de­
velopment and construction of an elec­
tric power demonstrat ion fusion re­
action by 1995, along wi th its alter­
native applications, to become a na­
tional priority of the United States. 

The proposed act then provides the 
specific direction and authorization for 
the Department of Energy to fund an 
accelerated magnetic fusion program 
for fiscal year 1981 on the scale de­
f ined in the "Logic IV" plan for fusion 
by the Energy Research and Develop­
ment Administrat ion in 1976. The total 
amount of the fiscal year 1981 budget 
suggested is $860 mi l l ion. 

The act specifies that international 
cooperation in fusion energy research 
and development be maintained and 
enhanced and that incentives be pro­
vided to encourage participation of 
industry in the development of fusion 
energy and its applications, including 
hydrogen generat ion, nuclear waste 
destruct ion, and fossil fuel produc­
t ion. 

The Fusion Postcard Campaign: Let Congress know there is a pronuclear, pro-
technology majority in this country! 

Congressman Mike McCormack 

McCormack 
Submits Add-On 
To Fusion Budget . 

Congressman M i k e McCormack 
(D-Wash) submitted two amendments 
to the House of Representatives for 
upgrading the funding for the Depart­
ment of Energy's fusion effort Oct. 11. 
McCormack is chairman of the House 
Subcommittee on Energy Research and 
Production. 

The first amendment involves a $5 
mil l ion authorization for beginning the 
conceptual design and engineering for 
the next step in the tokamak program 
—an engineering test facility, ETF. The 
current DOE program plan wou ld not 
begin such design work unti l initial 
results are in f rom the Tokamak Fu­
sion Test Reactor (TFTR) now under 
construction at Princeton. This wou ld 
delay the ETF design work unti l at least 
1983. 

The second amendment McCormack 
submitted wou ld authorize $5.5 mi l ­
lion for the civilian port ion of the in-
ertial conf inement fusion program, 
which the House Armed Services Com­
mittee had declined to authorize. 
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McCormack motivated the $5 mi l­
l ion ETF increase as fol lows: " . . . I 
want to report . . . that we have been 
extraordinari ly successful in our re­
search in magnetic fusion dur ing the 
last 18 months. The successes that we 
have encountered have literally run 
away from the program, run away f rom 
our funding levels. It has left us al­
most breathless wi th excitement and 
satisfaction, but also recognizing that 
the program is moving on its own mo­
mentum and we must keep up wi th 
it. . . . 

"When we succeed, and when we 
demonstrate that fusion works satis­
factorily and when we can put it on 
l ine, the human race wi l l have taken 
the second most important step in 
history, second only to the control led 
use of f ire. We wi l l be able to provide, 
from that time forward, as these plants 
come on l ine, an absolutely unlimit­
ed source of energy for all humanity 
for all t ime. . . . " 

DOE Replies on Budget Upgrade 
McCormack reported on the DOE's 

answer to his July letter to Dr. John 
Deutch, DOE undersecretary, re­

questing that the department prepare 
a timetable and budget for having a 
demonstration fusion plant on line 
by 1995. (See Fusion Oct. and Nov. 
1979 for details.) The DOE's reply 
showed that $2 bi l l ion would be saved 
if the fusion program were pursued 
more aggressively, McCormack said. 

The McCormack request was for­
warded from Deutch's office to the 
Off ice of Fusion Energy, which an­
swered McCormack's questions, giv­
ing adequate notice to the fact that 
such a timetable was not now DOE 
policy. This answer was then sent "up­
stairs" and the scientists and the ad­
ministrators in the fusion office were 
to ld by the acting assistant secretary 
for energy technology, Charlie Wi l ­
liams, that their answer'had not stated 
the DOE'S posit ion strongly enough. 

When the reply to the congress­
man's letter finally reached the staff 
of the House subcommi t tee , staff 
members called the fusion office to 
make sure that Deutch's office had 
not changed their numbers before 
sending the DOE reply to the Hi l l . 

—Marsha Freeman 

Wydler Bill Defuses Safety Hysteria 
New York Republican John Wydler, an aggressive nuclear energy ad­

vocate and ranking minor i ty member of the Hojuse Science and Technol­
ogy Commit tee, has introduced an amendmejnt to the 1980 fiscal year 
authorization bil l for the Department of Energy to provide funding for 
additional research and development to improve the safety of operating 
nuclear power plants. 

Congressman Wydler 's amendment, which passed the House of Rep­
resentatives, authorizes an addit ional $5 mi l l ion for technical programs 
to analyze human error factors, achieve improved nuclear plant control 
room designs, and study accident phenomena. "We know now what is 
important for nuclear plant safety and it is no i necessary to wait for the 
report of a special commission appointed by the president or new regu­
lations f rom the Nuclear Regulatory Commiss ion," Wydler said. 

Putting the experience f rom Three Mile island in the appropriate 
perspective, Wydler stated, " i t should serve to spur the nuclear industry 
on to greater efforts at developing reactor safety technology just as the 
tragic Apol lo spacecraft fire of 1967 pushed NASA to greater safety con­
siderations for the space program." 

Wydler's comments and action were meant to put a brake on the 
attacks on nuclear power coming f rom both the President's Commission 
on Three Mile Island and from Mitchel l Rogdvin, the antinuclear attor­
ney who heads the NRC's Independent Investigation of Three Mile Is­
land. Rogovin has used his posit ion to attack the pronuclear staff mem­
bers of the NRC. 
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Presidential Comm. 
May Recommend 
Nuclear Moratorium 

Six of the twelve members of the 
President's Commission investigating 
Three Mile Island voted on at least 
two occasions for a morator ium on 
the construction of any new nuclear 
power plants, according to informa­
t ion leaked to the New York Times the 
week of Oct. 20. 

Al though it probably wi l l not end 
up as an official recommendation be­
cause it d id not get the required seven 
votes (an absolute majority), the effect 
wi l l be the same wi th a vote of six for, 
four against, and two abstentions. The 
source said that the morator ium was 
recommended for an indefini te peri­
od unti l Congress votes up the safety 
recommendations put forward by the 
commission. 

The Nuclear Regulatory Commission 
has applications now for bui lding 14 
new reactors, and there are 55 reac­
tors in various stages of construct ion. 
It is not clear whether the commis­
sion, which is headed by Dartmouth 
College President John C. Kemeny, 
includes the latter group in the mora­
tor ium. 

Blaming the development of science 
and engineering technology for the 
Three Mi le Island incident, the com­
mission source to ld the New York 
Times that "nuclear power represents 
a generic problem of society, in that 
the technology has moved so rapidly 
that we have a great deal of trouble 
knowing what we don' t know . " 

The commission recommendations 
reportedly state that " the amount of 
radiation that leaked into the envi­
ronment dur ing the accident was 
minimal and so small that there wi l l 
be no detectable addit ional cases of 
cancer, developmental abnormalit ies, 
or genetic ill heal th . " Yet, the report 
ignores any damage to the U.S. econ­
omy from the commission's proposed 
morator ium on nuclear construct ion. 

The report also ignores the question 
of sabotage—an issue the Fusion Ener­
gy Foundation has kept in the news. 



GAO Pans Fusion 
As 'Unknown' 

The General Account ing Off ice, the 
research arm of Congress, published 
a pessimistic report on fusion in Sep­
tember that concluded that fusion's 
"potential for becoming a viable com­
mercial energy source is unknown " 

The report, t i t led "Fusion—A Pos­
sible Opt ion for Solving Long-Term 
Energy Problems," is based on infor­
mation assembled nearly two years 
ago. As a result, it does not include 
any of the groundbreaking fusion ex­
perimental results, beginning wi th the 
Princeton PLT tokamak temperatures 
reached in August 1978. 

One of the report's principal inves­
tigators readily admit ted to Fusion that 
the report was researched nearly two 
years ago and that its conclusions do 
not reflect present concerns. He said 

that he has not been involved in en­
ergy for the past six months and that 
he did not know why the GAO re­
leased the report in September. 

The GAO, which is not subject to 
oversight by Congress, is headed by 
Elmer Staats, a former National Secur­
ity Council staffer under Henry Kis­
singer. Its recent reports have stressed 
zero-based budgeting and attacked 
the highly skil led jobs and wage levels 
that are vital for a growing economy. 

DOE Too 'Optimistic' 

Incredibly, the GAO report consid­
ers the Department of Energy to be 
"so f t " on fusion. The report reads: 
"The Department of Energy's annual 
budget reflects optimistic views of fu­
sion as an energy source, wi thout ef­
fective balancing statements that (1) 
characterize fusion as a long-term en­
ergy opt ion wi th unknown potential 
for becoming a viable commercial en­
ergy source and (2) describe the pro­
gram in terms of its present status and 
near-term goals. . . . 

"GAO cautions, however, that dis­

appointments are possible in the fu­
sion effort because a number of ele­
ments or questions affecting the fusion 
program require basic or fundamen­
tal research. . . . " 

In its recommendations, the report 
says: "The secretary of energy should 
take steps to make sure that the de­
partment's budget justif ication for the 
fus ion p rogram and its pub l i c an­
nouncements relating to program ac­
complishments do not overstate the 
prospects for commercial fusion pow­
er. . . . In the past . . . predict ions 
have proven to be too optimistic. . . . " 

The GAO also recommends that the 
DOE classify fusion research not as an 
"energy technology" but as a "basic 
research" program. However, because 
both the DOE and the Off ice of Sci­
ence and Technology of the President 
objected to this reclassification, it was' 
not included in the final draft. 

It is not likely that any proscience 
members of Congress wi l l take the 
report seriously. 

—Marsha Freeman 

Advertisement 

A new gold-based monetary system, a change in tax policy, plus a crash, pronuclear 
energy policy will halt the rate of inflation, generate productive employment .. . and put 

us back on the road to becoming a respected great economic power once again. Washington 
and Hamilton did this during the 1790s; let us do it once again, during the 1980s. 

—Lyndon H. LaRouche, Jr. 
Dear Reader: 

Many of you know Lyndon H. LaRouche as one of the founding 
members of the Fusion Energy Foundation and a frequent con­
tributor to Fusion magazine. He is now running as a Democrat in 
the New Hampshire presidential primary. 

LaRouche is the only candidate to call for the rapid expansion 
and development of breeder, hybrid, fusion, nuclear, and hydrogen-
based programs by the year 2000. 

In the past few months his campaign staff was involved in 
defusing the attempted environmentalist occupation of Seabrook 
by exposing the links between Kennedy campaign supporters and 
environmental terrorist groups. 

LaRouche's six-point program calls for an inflation-proof gold 
backed monetary system and a taxation policy that will provide 
the needed tax and credit incentives to achieve an industrial 
renaissance. 

Another aspect of his program calls for an all-out war against 
drugs to protect the minds of the next generation of scientists and 
engineers. 

If we are to have a nuclear future, Mr. LaRouche must be 
supported. We urge that you contact our campaign headquarters 
to learn more about the LaRouche campaign and to give us your 
much needed support to defeat the Browns, the Kennedys, and 
the Fondas of the world. 

Warren Hamerman 
LaRouche National Campaign Director 
Box 976, Radio City Station, 
New York, N.Y. 10019 Lyndon H. LaRouche, Jr. 

Authorized by Citizens for LaRouche, Felice Oelman, Treasurer. A copy of our report is on file and available tor purchase from the Federal Election Commission, Washington. D.C 



Reorganization Has 
No Place for 
Advanced Technology 

Since the departure of energy sec­
retary James Schlesinger, the DOE has 
been conduct ing a reorganization of 
the basic energy technology programs. 
The fossils, nuclear, fusion, nuclear 
waste, and some solar and geother-
mal research programs that were for­
merly the responsibil ity of one DOE 
assistant secretary wil l be recatego-
rized separately on the basis of fuel 
source, along the lines of the struc­
ture of the former Energy Research 
and Development Administrat ion. 

The question that everyone is ask­
ing about the new scheme is under 
whose direction wi l l the advanced 
technologies fall? 

The fusion program wi l l be placed 
in the Off ice of Energy Research, in­
dicating the DOE's policy perspective 
that fusion is not going to be a com-
mercializable technology for at least 
SO years. The advanced fossil technol­
ogies, such as M H D and thermionics, 
which wil l be important energy-conver­
sion techniques when combined wi th 
nuclear and fusion energy sources, are 
in l imbo. 

Similarly, advanced transmission, 
such as superconducting systems and 
advanced high-temperature compo­
nent work, vital for any advanced sys­
tem, has no place to go. Power sys­
tems development, advanced heat 
engines, and other potential new ideas 
also do not fit into the new structure. 

Materials testing for a thermionics ex­
periment at Thermo Electron, Wal-
tham, Mass. 
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Industry sources report a movement 
to consider the creation of an addi­
tional post for an assistant secretary 
that wou ld encompass all of the ad­
vanced technologies f rom M H D to fu­
sion. And several sources in the scien­
tific community feel that the best way 
to solve the problem is to eliminate 
most of the research DOE is funding 
in solar, conservation, coal synthetics 
and other uneconomical areas and re­
turn to the original idea of the Atomic 
Energy Commission—to have the fed­
eral government finance the develop­
ment of the next generation of tech­
nologies for the nation's future. 

Playing Budget Games 
With Technology 

As the fiscal year 1981 budget winds 
its way through congressional commit­
tees, the f ight is cont inuing between 
top-level DOE bureaucrats and pro-
technology forces in Congress, and 
some program managers are still try­
ing to restore funding cuts instituted 
by the DOE for the fiscal year that 
began Oct. 1. 

According to industrial contractors 
in the thermionics program, although 
Congress authorized and appropriat­
ed adequate funding for their research 
projects in the 1979 fiscal year budget, 
the DOE decided to spend this money 
overafwo-yearper iod, effectively cut­
t ing the program by 50 percent. The 
scientists: are now trying to get a sup­
plemental budget allocation for the 
second half of fiscal year 1980 to re­
store the program to former levels. 

So far, the House Science and 
Technology Commit tee, which has 
authorization over the program, has 
added $4.5 mi l l ion to the paltry $2.5 
mil l ion that the DOE requested. The 
Senate appropriations added $3.75 mil­
l ion, and both proposals wi l l go to a 
House-Senate conference committee 
to work out the difference. 

In similar shenanigans, the DOE has 
attempted to cut the hydrogen energy 
storage and related development pro­
grams in half. The DOE budget request 
for fiscal year 1980 was $2.4 mi l l ion, 
less than half of the $6.3 mi l l ion budg­
eted the year before. 

Recognizing that this technology is 
the only high-technology synthetic fuel 
alternative for the future, congression­
al committee members are trying to 
restore funding to $6.5 mi l l ion, but 
there is no assurance that the DOE 
wil l then spend the money in the way 
the Congress and the program man­
agers see as most effective. 

Decentralization 

In addit ion to the budget sabotage, 
John Deutch, the new DOE undersec­
retary, has arbitrarily decided to im­
plement a decentralization program 
that wi l l weaken the high-technology 
programs. Decentralization was first 
suggested by former assistant secre­
tary for energy technology Robert 
Thome, wi th the idea that it would 
give more responsibility to DOE field 
administrators who are geographical­
ly closer to the actual research pro­
grams. Deutch, however, is using the 
plan to destroy centralized program 
leadership. 

After a vigorous public campaign in 
August 1979 to convince the wor ld that 
the results on the Princeton PLT tok-
amak fusion experiment were "no t a 
breakthrough," Deutch decided that 
the Elmo Bumpy Torus experiment at 
Oak Ridge National Laboratory is now 
a "ma tu re " experiment and should be 
removed from the national laboratory 
and farmed out to industry to devel­
op. Still in the proof-of-principle stage 
of research, the EBT is being bid on by 
four consortia of industrial f irms, none 
of which has the scientific expertise 
to carry the program forward at this 
stage. 

The DOE scientists and program 
managers are worr ied both that the 
100 scientists and engineers who have 
worked on the EBT for years wil l now 
be thrown out of fusion work and that 
the experiment wi l l not be effectively 
handled through industry. They have 
spent months trying to f igure out a 
way to keep the program near the lab­
oratory so that the current staff could 
keep on top of the scientific experi­
ments. In addi t ion, the town of Oak 
Ridge, the Oak Ridge staff, and the 
congressional delegation of Tennessee 
are work ing to prevent the program 
from being "decentra l ized" out of 
existence. 

—Marsha Freeman 



Fusion News 

Soviets Report Promising Results 
With Field-Reversed Theta-Pinch 

Recently reported experimental re­
sults achieved by Soviet fusion scien­
tists at the Red Square laboratory near 
Moscow indicate that the theta-pinch 
field-reversed approach shows great 
promise as a compet i tor to the suc­
cessful tokamak magnetic confinement 
approach. Unfortunately, recent cuts 
in the U.S. fusion research budget have 
obstructed the efforts of U.S fusion 
scientists to duplicate and elaborate 
on the Soviet successes in this area. 

The theta-pinch field-reversed ap­
proach is a high beta system in which 
the plasma itself generates the mag­
netic fields that confine it. (Beta is the 
technical term for measuring the effi­
ciency wi th which magnetic fields con­
fine hot plasma; it is the ratio of the 
plasma gas pressure to the pressure 
generated by the magnetic fields.) 

In simple terms, here's how it works: 
First, let's take a regular theta-pinch 
device. Here, a circular electrical cur­
rent is induced in a cylindrical plas­
ma, the short way round the diameter 
of the cylinder. This induced current 
generates an axial (that is, the long 
direction of the cylinder) magnetic field 
that compresses and heats the plas­
ma. In other words, the plasma 
"p inches" itself. 

In the regular theta p inch, the plas­
ma is confined only in a radial direc­
t ion ; the hot plasma can simply stream 
along parallel to the axial magnetic 
field and escape out the two ends of 
the cylinder. 

In a field-reversed theta-pinch, other 
plasma currents are induced at the 
lengthwise ends of the cylinder to get 
a closed magnetic field configuration 
that wi l l effectively stop the plasma 
from leaking out the ends. The chief 
task in doing this is to keep the closed 
plasma configurat ion stable so that 
confinement is maintained. 

A key advantage to the pinch sys­
tem is that it does not require the 
large and costly magnets used in the 
tokamak device. 

The main problem here is that mag-

-Closed magnetic field lines B 

-Open magnetic field lines 

This configuration depicts the final state of a reversed field pinch. The 
configuration is achieved by first setting up a theta-pinch plasma in which 
the magnetic field is alt going in the same direction, parallel to the plasma 
column. By inducing additional currents at each end of the plasma col­
umn, the interior magnetic field is made to reverse direction and turn 
inward on itself. This results in the formation of a thin elongated donut-
shaped plasma. 

netohydrodynamic instabilities will de­
velop in which the plasma robs ener­
gy f rom the conf in ing magnetic fields 
to generate macroscopic motions and 
distortions that permit the plasma col­
umn to escape f rom conf inement. 

In the U.S. reversed-field theta-pinch 
experiments, two related M H D insta­
bilities have been observed: first, a ro­
tation of the entire plasma co lumn; 
and second, a doubl ing up of the 
plasma column (this is very similar in 
form to what happens when a rope or 
a rubber band is twisted in opposite 
directions under tension—it doubles 
up). 

The Soviet experiments, as reported 
by R. Kh. Kurtmullaev, apparently have 
demonstrated how to overcome these 
MHD instabilities. U.S scientists at Los 
Alamos Scientific Laboratory are now 
setting up experiments to duplicate the 
Soviet work and to answer some of 
the key remaining questions concern­
ing the Soviet approach. 

The Soviet Results 
By theta-pinch standards the temper­

atures and densities achieved in the 
Soviet experiments are modest: 1 to 
10 mil l ion degrees and 100 to 10,000 
tril l ion nuclei per cubic centimeter 

densities. But the confinement report­
ed on the larger of the two Soviet ex­
perimental devices is quite substantial 
—1 ten-thousandth of a second. This is 
more than 10 times better than that 
achieved on regular open-ended theta-
pinch experiments. 

According to one Soviet report ' the 
key to preventing the disastrous onset 
of MHD instabilities is to properly pro­
gram the shock waves that are gener­
ated dur ing the compression of the 
theta-pinch plasma. In particular, the 
speed wi th which the compression is 
generated is kept slower than is usual 
wi th theta pinches. This permits the 
electrons to be kept hotter than the 
ions in the plasma, which helps dissi­
pate the growth of the M H D instabili­
ties and may also prevent the onset of 
the rotation instability. 

U.S. Cutbacks 
Cutbacks in the funding of the Ap­

plied Plasma Physics Division of the 
U.S. fusion program have caused a 
major decline in U.S. research into 
field-reversal approaches. The very 
promising investigations at Cornell 
University and the Naval Research Lab­
oratory in Washington, D.C. on ion 
and electron-beam-induced field re-
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versal have been almost wiped out by 
these budget cuts—just as the pro­
grams were achieving successful re­
sults. 

In addi t ion, the fast l iner system, 
for which the field-reversed theta-
pinch system is the ideal input plasma 
(combining many aspects of the mag­
netic and inertial fusion approaches), 
is on the rocks because of a political 

decision tp curtail a joint U.S.-Soviet 
fast liner pVogram at Los Alamos. (See 
"The Case of the Fast Liner" in the 
March-Apri l issue of Fusion.) 

—Charles B. Stevens 
Notes _ 

See A. G. Es'kov et al. 1978. "Features of 
Plasma Heating and Confinement in a Com­
pact Torpidal Configuration.' Proceedings of 
the 7th IAEA Conference. 

Sandia Laboratory Shows 
Progress with Light Ion Beams 

Scientists at the Sandia Laboratory in 
New Mexico report cont inuing prog­
ress both in the generation and depo­
sition of light ion beams in their iner­
tial confinement fusion research. The 
Sandia researchers use their electron 
beam machines to collectively accel­
erate light ions, such as hydrogen. 

In the past year, ion beam power 
densities have been increased by al­
most a factor of 10, to approximately 
1012 watts per square centimeter. De­
pending on the target design, the 
power density needed for reactor 
power product ion is in the range of 
1012 to 1017 watts per square centimeter 

for reactot pellet compression. (Laser 
beams now readily achieve between 
1013 to 1017 watts per square centime­
ter, and electron beams are in the 
range of 1013 watts per square 
centimetejr.) 

According to the Sandia group, re­
cent deposit ion experiments indicate 
that the iojns are absorbed in matter as 
efficiently as classical theory predicts. 

Light ion beams have many advan­
tages over electron beams for pellet 
fusion. They do not generate the hard 
X-rays associated wi th electron beams 
and therefore they permit isentropic 
implosion to be achieved more readily. 

LLL Proposes 
New Fusion Approach 

Fusion scientists f rom Lawrence Liv-
ermore Laboratory in California have 
proposed a new approach to inertial 
conf inement fusion that uses intense 
beams of microwaves on deuter ium-
tr i t ium fusion fuel droplets. The re­
searchers calculated that fuel droplets 
can be imploded by microwaves to 
reach at least fusion energy breakeven. 

In magnetic confinement fusion, 
microwaves have been used to heat 
plasmas, and Soviet scientist Petr 
Kapitza is exploring the use of micro­
wave fields to confine fusion plasmas. 
In inertial conf inement, however, 
microwaves have been used only to 
simulate laser-plasma interactions. 

According to a paper presented by 
the Livermore scientists at the IEEE plas­
ma physics conference in Montreal in 
)une, "bo th thermonuclear and non-
thermonuclear reactions in the implod­
ing droplet are important in the over­
all process." 

The PLT control room 
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PLT Scientists Report 
Observation of 
Thermonuclear Neutrons 

Researchers from the Princeton Plas­
ma Physics Laboratory have reported 
on measurements of neutron produc­
t ion that demonstrate that thermo­
nuclear fusion is taking place within the 
PLT tokamak, the world's hottest fusion 
experiment. 

Al though the PLT tokamak is not 
designed for maximum fusion energy 
output (because it does not use t r i ­
t ium fue l , only deuter ium), its ex­
tremely high temperatures of 60 mi l­
lion (and more) degrees have led to 
the generation of large numbers of 
fusion neutrons. 

The number of neutrons generated 
by deuter ium-deuter ium and deute­
r ium-tr i t ium (this tr i t ium is generated 
in the first deuter ium reaction) are a 
measure of how much thermonuclear 
fusion is taking place in the reactor. 



ISX-B Beta Results 
Are Confirmed 

The initial results reported here last 
month on the high betas achieved in 
the Oak Ridge National Laboratory's 
ISX-B tokamak experiment have now 
been reviewed and confirmed. The 
ISX-B experiments indicate that no in­
stability develops, and no experimen­
tal limits on beta are observed even 
though the experiments are in plasma 
regimes that are theoretically unstable. 
(Beta is a measure of the efficiency 
with which magnetic fields confine fu­
sion plasmas and a high beta is ex­
tremely important for economical fu­
sion electric power plants based on 
the tokamak.) 

Soviet experiments similar to the 
ISX-B have achieved the same results. 

The ISX-B: No experimental limits on beta. Oak Ridge National Laboratory 

The ISX-B and the Soviet experi­
ments have attained average betas of 
almost 2 percent, with peak betas at 
better than 8 percent. Tokamaks have 
previously operated with betas much 
lower than 1 percent. 

Oak Ridge researchers reported that 
a new phenomenon associated with 
gas puffing was observed in the ISX-B. 

During an experimental run, gas puf­
fing usually leads to higher plasma den­
sities. But at high-power neutral beam 
injection, this density rise is damped 
or "clamped" to a fixed value. Al­
though experimentalists have found 
ways to circumvent such "density 
clamping," the phenomenon has not 
yet been theoretically explained. 
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Conferences 

"Coherent Structures in Turbulent Flc«w," Lajolla, Calif., 

The Beginning of a Determinist 
Theory of Turbulence 

by Dr. Steven Bardwell 

A three-day workshop on coherent 
structures in turbulent f low, held at 
the Scripps Institute of Oceanography 
Sept. 26-28, in La)olla, Cal i fornia, 
marked an important point in the evo­
lut ion of a new direct ion in cont in­
uum mechanics—the formalization of 
the idea of coherent structure as a de­
finable body of physical phenomena. 
The conference, sponsored by the La­
jo l la Inst i tute, brought together 50 
physicists f rom many disciplines. 

This new direct ion is part of the pro­
found change that has occurred in the 
past 10 years in the fields of physics 
that deal wi th cont inuum mechanics. 
In fluid mechanics, meteorology, plan­
etary atmospheres, plasma physics, 
and solid state physics, there has been 
a new attack on the problems of dy­
namic evolut ion that not only refor­
mulates the problems in these disci­
plines, but provides new avenues of 
attack on the frontier areas of physics 
generally. 

Prior to 1970, the history of cont in­
uum mechanics—unti l recently called 
f lu id mechanics—divides itself neatly 
into two periods, wi th Wor ld War II 
marking the division.1 From the begin­
n ing, the so-called classical period of 
f luid dynamics drew its empirical in­
spiration f rom the intuitively most 
striking feature of turbulence—the for­
mation of vortices, eddies, and other 
large-scale, coherent motions.2 

Although tremendously fruitful re­
search came out of this approach in 
cont inuum mechanics, culminat ing in 
the work of the great German hydrody­
namics school of von Karman, Prandtl, 
Meyer, Busemann, Guderley, and their 

coworkers, the direct ion of the main­
stream of research gradually shifted 
under the inf luence of G.B. Taylor and 
a growing school of "stat ist ical" f lu id 
mechanics, beginning in the 1920s and 
1930s. 

Faced with the serious mathematical 
and physical challenges of complex, 
" t u r b u l e n t " f lu id behavior, this ap­
proach attacked the problem from the 
standpoint of its statistical def in i t ion. 
The appaitent randomness, the insta­
bility of small perturbations, and the 
similarity of different t ime and spatial 
scales in nhany turbulent f lows led this 
school to formulate the problem of 
turbulent f low in terms of the average 
values of the dynamical variables, giv­
ing up attempts to describe the actual 
appearance of any given f low. 
Reevaluating the Statistical Approach 

In 1971J two of the speakers at the 
Lajolla conference, G. Brown and A. 
Roshko, published a paper that marked 
the first significant break wi th the sta­
tistical approach to f luid mechanics in 
the period since Wor ld War I I . Their 
work on | the structure of turbulent 
wakes began a process of reevaluating 
the basic assumption of statistical con­
t inuum rjiechanics—the assumption 
that turbulent f low is random. 

The importance of the past 10 years 
of the Brown and Roshko research was 
described recently by a leading f luid 
mechancian as fol lows: "Ironical ly 
these [observations] were not made 
with sophisticated electronics instru­
mentation but visually with rather sim­
ple optical techniques. The essence 
of these bbservations was the discov­
ery that turbulent flows of simple ge­
ometry afe not so chaotic as had been 
previously assumed: There is some 
order in the mot ion wi th an observa­
ble chain of events recurring random­

ly wi th a statistically definable mean 
per iod. The surprising result encour­
aged researchers to reexamine the line 
of inquiry for designing their experi­
ments, and they began seriously ques­
t ioning the relevance of some of the 
statistical quantities they had been 
measuring." 

Brown and Roshko's work reported 
at the Lajolla conference summarized 
two critical insights into turbulence 
that represent a major step forward in 
our understanding of the physical 
mechanisms underlying the seeming 
disorder of turbulent f low: 

First, Brown and other researchers 
have discovered the basic " l a w " of 
vortex dynamics in vortex streets and 
wakes—a property called pairing. In 
the superficially jumbled intermingling 
of vortices in a wake, these structures 
are actually coalescing in a paired in­
teraction. An initial vortex street wi l l 
undergo a region of transit ion, which 
seems random, in which neighboring 
like-signed vortices wi l l coalesce into 
larger vortices, resulting in a new vor­
tex street w i th larger length scales. 

This regular i ty, previously unsus­
pected but now thoroughly document­
ed, is the equivalent of Kepler's three 
laws of planetary dynamics. It is the 
first insight into the dynamics of col­
lective vortex mot ion and promises 
the beginnings of a new, "determin­
ist" theory of turbulence.2 

Second, in his conference presen­
tat ion, Roshko also developed a phi­
losophy of approach to turbulence. The 
primary generalization that has guid­
ed previous research on turbulence is 
a hypothesis concerning its inherent 
asymptotic disorder. If one either waits 
long enough or looks at a f luid with 
high enough velocities (That is, high 
Reynolds numbers), the f low wil l con­
verge on randomness. 

This is perhaps the quintessence of 
the statistical approach to turbulence— 
the belief that it is merely a matter of 
wait ing long enough for the actual sta­
tistical nature of turbulence to show 
itself. However, this generalization has 
never been proved either mathemat­
ically or empi r ica l ly . Roshko chal­
lenged this hypothesis and counter-
posed to it his d ic tum: "Large-scale 
structure is tu rbu lence. " 

One of the most interesting and con-
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Two examples of vortex streets. Above: cloud vortices in the region of Jupiter 
near the Great Red Spot in an image taken by Voyager 2, July 3, 1979; Below: 
shadowgraphs of mixing layer between helium and nitrogen from the work of 
Brown and Roshko. 

troversial papers presented at the work­
shop was by Akira Hasegawa from the 
the Bell Laboratories in Whippany, N.J. 
Hasegawa described his recent rê -
search on the nonlinear partial differ­
ential equation that describes drift 
waves in magnetized plasmas and their 
importance in the phenomena of elec­
tron transport.3 His discussion, how­
ever, began from the standpoint that 
the phenomena responsible for the re­
markable properties of electrons in 
magnetized plasmas are actually of 
much broader significance. This was 
at least formally demonstrated by the 
fact that the same equation describ­
ing these drift waves also governs the 
two-dimensional flow of a fluid (like 
the atmosphere) on the surface of a 
rotating sphere. There is a very deep 
analogy between the three-dimension­
al motion of a plasma in a magnetic 
field and the two-dimensional fluid in 
the presence of the Coriolis force; 
both are characterized by force-free 
(geostrophic in the atmospheric case) 
motion, both show a tendency toward 
the formation of large-scale vortex mo­
tion out of small-scale "turbulence," 
and both develop well-defined scale 
lenths from initial isotropy. 

Hasegawa's paper reported on new 
results that account for the "inverse 
cascade" property of both systems— 
the astounding fact that both can take 
energy originally in small-motion and 
turn it into large-scale coherent flow. 

Perhaps more important, Hasegawa 
speculated on a deeper property of sys­
tems that exhibit this property of self-
ordering. He pointed out that there is 
a feature of the energy-containing 
modes of a continuum system that de­
termines the significance of the direc­
tion of energy-cascade and the disper­
sion relations of these modes are the 
more basic aspect of these (and other) 
continuum systems. 

Hasegawa's observation has impor­
tant implications for research into oth­
er intuitively striking "self-ordering" 
phenomena in continuum systems: 
shock waves are created by the pres­
ence of dispersion,4 and solitons, in 
fact, are the result of a "balancing" of 
dispersion (which would normally be 
expected to spread out energy in a 
random way) and nonlinearity of a sys­
tem whose net result is the stable pro­

pagation of structure in the system.5 

One of the last presentations at the 
conference, reporting on the work of 
the NASA team studying Jupiter and 
its atmosphere, captured the sense of 
discovery and really new physics that 
pervaded the meeting. 

Astrophysics 
A. Ingersoll showed a series of spec­

tacular movies and slides of the Jovian 
atmosphere. The simple empirics of 
the planet are astounding: There are 
large-scale (many earth-diameters 
wide), very stable (existing for at least 
200 years) vortex motions in the at­
mosphere of the planet. Its overall flow 
is highly structured, into zonal flow 
with superimposed vortex motion. Im­
agine the impact of compilation of 
these facts, presented to an audience 
that knows that flow in any high-Rey­
nolds-number fluid is turbulent. (The 
Reynolds number of Jupiter is astron­
omical, since the upper layers of its 
atmosphere are diffuse and the plan­
et rotates every nine hours!) 

As Ingersoll summarized his talk and 
movies in response to a question from 
the audience that offered a rather lame 
explanation for some particular phe­

nomenon on the planet, "Everything 
about Jupiter is astounding." 

Steven Bardwell, associate editor of 
Fusion magazine, is director of plasma 
physics for the Fusion Energy Founda­
tion. 

Notes 

1. See S. Bardwell. "The History of the Theory 
and Observation of Ordered Phenomena in 
Magnetized Plasmas." FEF Newsletter, 2:19 
(1976). 

2. For a more detailed history and references on 
continuum mechanics, see S. Bardwell, "Some 
New Directions in Fluid Mechanics," Interna­
tional Journal of Fusion Energy. 1:69 (1978). 

3. Steven Bardwell. "Electron Transport in Tok-
amaks," Fusion. 2:30 (Sept. 1979). 

4. See Uwe Parpart, "Ftiemann Declassified," 
Fusion, 2:24 (March-April 1979), for a detailed 
discussion of shock waves and their proper­
ties. 

5. See Uwe Parpart, "The Theoretical Impasse 
in Inertial Confinement Fusion." Fusion 3:30 
(Nov. 1979). for a discussion of a continuum 
developing singularities in a high-temperature 
plasma. The Fusion Energy Foundation is now 

• pursuing research on the general problem of 
spontaneously formed structure in continuum 
systems as the mediation of qualitative, "ge­
ometric" transformations. The phenomenolog-
ical evidence for these "phase changes" in 
inertially confined plasmas is reviewed in the 
Parpart article. 
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A Cast Study of British Sabotage 
i • 

i 
• 

Leibniz, Papin, and 
The Steam Engine 
by Philip Valenti 

THE EARLY HISTORY of the invention of the steam en­
gine shows wi thout doubt that the British Royal Society 
deliberately prevented the industrial applications of steam 
power for nearly 100 years. In fact, the Royal Society was so 
intent on burying Denis Papin's 1690 invention of a paddle-
wheel-driven steamship, worked out in collaboration with 
G.W. Leibniz, that it appropriated his work and created a 
mythical story of how two British heroes invented the 
steam engine—a myth that has persisted in the history 
books unti l today. 

Papin, a member of the Royal Society and part of the 
Continental republican networks that later produced Ben­
jamin Franklin and the European support for the American 
Revolution, published many papers throughout England 
on his ideas and inventions, including steam power. Yet, 
in 1699, nine years after the Papin-Leibniz steam engine 
was invented and publ ic ized, the British Parliament award­
ed an "exclusive patent" to the " f i re engine" design of 
one Thomas Savery—a steam engine design that was prov­
en not to work in full scale. 

Still later, in 1712, after the Royal Society appropriated 
all of Papin's work wi thout remuneration and after Papin 
"disappeared" in England, another British steam engine 
hero was created—Thomas Newcomen, an ironmonger 
reportedly work ing w i th Savery. Newcomen is now cred­
ited throughout the history books with inventing a steam 
pump that used a piston and cylinder and was restricted to 
raising water f rom mines. 

Aside f rom an improvement 50 years later by lames 
Watt, who created a separate chamber to condense the 
steam, the so-called Newcomen steam engine was used 
solely for pumping water at mine sites until the late 18th 
century. There was no attempt made to develop the ex­
plicit designs of Papin and Leibniz for all kinds of labor-
saving steam-powered machines. Thus, without any expla­

nation or discussion of extending the steam-power concept, 
the British deliberately held back for nearly a century the 
transformation of society that took place when the steam 
engine was finally appl ied to manufacturing and then to 
transportation. (A chronology appears on page 46.) 

It seems appropriate, then, that Robert Fulton, the Amer­
ican scientist, painter, and diplomat w h o later brought 
many of Papin's designs to f ru i t ion, proposed in 1798 that 
the French use steam-powered warships and a submarine 
against the "monstrous government" of England to aid in 
republicanizing the nation and ensuring wor ld peace. Ful­
ton , a humanist in the tradi t ion of Papin and Leibniz, 
understood perfectly well who the enemy was and what 
had to be done to free the wor ld f rom the British strangle­
hold to pursue industrial and technological development 
(see box page 44). 

The story to ld here of the steam engine is a striking 
example of how the British hated the very ideas of Conti­
nental Science. To Issac Newton's Royal Society, the Leib-
nizian wor ld view—the knowledge that man wi l l master 
the coherent laws of nature and in the process create the 
means to continually better man's material condit ions— 
was anathema. The society's publ ic show of interest in sci­
ence was intended only to control scientific developments 
in the interest of the o ld aristocratic order. 

The fact that Leibniz and Papin developed the steam 
engine based on a theoretical conception of how dynam­
ics and force should operate in a totally new machine, as 
opposed to Newton's empirical inductive method of me­
chanics and his hatred of hypotheses, is what the Royal 
Society sought to suppress f rom circulation. 

Even in the 20th century the British found it necessary to 
continue the steam engine f ight by founding the New­
comen Society here in the United States in 1923. Not 
only did the Newcomen Society promote the myth that 

FUSION 27 



Newcomen invented the steam engine; it also boldly 
asserted that Newcomen "may truly be designated the 
founder of the Industrial Revolut ion." 

Wi th 17,500 U.S. business leaders as members, the New­
comen Society continues to this day to promote the mvth 
that the steam engine as wel l as American industry came 
out of the blue by trial and error and mysterious "market 
forces." (This is a mish-mash they label as "free enter­
prise.") According to the Newcomen Society publications, 
such development had nothing to do with the actual source 
of industrial capitalism—the organization by Leibniz and 
later by our Founding Fathers of sovereign republics to 
promote and protect scientific inventions and industry. 

In reviewing the original documents—the correspon­
dence of Leibniz and Papin and the Royal Society papers— 
one cannot help but think of today's antiscience faction 
and their determinat ion to implement a new Malthusian 
order by stopping technological development and theo­
retical science. In this case, a 100-year delay in the im­
plementation of fusion power and ful l nuclear develop­
ment wou ld have devastating consequences for mainkind. 
What America needs now is enough 20th-century Benja­
min Franklins and Robert Fultons to get rid of the obstruc­
tors of progress for good ! 

The project of discovering and perfecting a source of 
power capable of effecting a dramatic human advance was 
first initiated as a national effort by the minister of the 

young French King Louis XIV, Jean Baptiste Colbert. 
ii 

The French Academy of Sciences 

In 1666, Colbert established the Academy of Sciences at 
Paris for this purpose, recruit ing the Dutch scientist Chris-
tiaan Huygens as its first president. Huygens's proposed 
1666 program included "research into the power of gun­
powder of which a small port ion is enclosed in a very thick 
iron or copper case. Research also into the power of water 
converted by fire into steam," as wel l as experiments wi th 
vacuum pumps, wind-powered engines, and the com­
munication of force by the coll ision of bodies. 

In 1672, Huygens acquired two young students and col­
laborators: Gott fr ied Wi lhe lm Leibniz, the 26-year-old dip­
lomat, and Denis Papin, a 25-year-old French medical doc­
tor introduced into the Academy by Madame Colbert. 
Wi th in a! year, Huygens and his new colleagues had suc­
cessfully modif ied the von Cuerike air pump into an en­
gine capable of transforming the force of exploding gun­
powder into useful work. 

Huygens proposed to create a vacuum within a cylinder 
under a piston by exploding a charge of gunpowder at the 
cylinder's base (see Figure 1). After the air was expelled 
through two valves f i t ted wi th leather collars, the collars 
collapsed, preventing air from reentering the cylinder. 
The pressure of the atmosphere then was expected to 
push the piston downwards into the cylinder, the motion 

Figure 1 
HUYGENS'S GUNPOWDER DEVICE 

Christiaan Huygens designed this ear­
liest internal combustion engine in 
1673, using a charge of gunpowder to 
create a vacuum in a cylinder under a 
piston. While Huygens's device relied 
on mere1 atmospheric pressure to per­
form work, Leibniz anticipated the 
modern high-powered engine by pro­
posing to harness the direct force of 
exploding gunpowder or alcohol, as 
well as high-pressure steam. 
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of the piston being applied to perform work. After suc­
cessfully demonstrating a model gunpowder engine to 
Colbert, Huygens wrote : 

The violent action of the powder is by this discovery 
restricted to a movement which limits itself as does 
that of a great weight. And not only can it serve all 
purposes to which weight is applied but also in most 
cases where man or animal power is needed, such as 
that it could be applied to raise great stones for bui ld­
ing, to erect obelisks, to raise water for fountains or to 
work mills to grind grain . . . . It can also be used as a 
very powerful projector of such a nature that it would 
be possible by this means to construct weapons which 
would discharge cannon balls, great arrows, and bomb 
shells . . . . And , unl ike the artillery of today these 
engines wou ld be easy to transport, because in this 
discovery lightness is combined with power. 

This last characteristic is very important and by this 
means permits the discovery of new kinds of vehicles 
on land and water. 

And although it may sound contradictory it seems 
not impossible to devise some vehicle to move through 
the air . . . .1 

While Papin advanced Huygens's work by improving the 
air pump, Leibniz proceeded, in deliberate fashion, to 
discover and develop the science of dynamics and its 
mathematical too l , the differential calculus. Technology-
vectored modern science begins wi th Leibniz's metaphysi­
cal discoveries of the 1670-1675 per iod. 

Leibniz wrote that in his youth he freed himself f rom 
" the yoke of Ar istot le," rejecting scholasticism in favor of 
the materialist not ion of "atoms and the vo id . " Accepting 
Descartes's concept of matter as mere passive extension, 
Leibniz attempted to work out a complete physical theory 
in his 1670 New Physical Hypotheses. However, he found 
that the assumption of a passive, inert matter whose es­
sence consists in merely taking up space resulted in ab­
surdities. 

Consider the case, he wrote, of a small body, A, moving 
in a straight l ine wi th velocity, V. Suppose that A encoun­
ters a much larger body, B, at rest. Leibniz concluded that 
since there is nothing in the concept of mere extension to 
account for inertia, the body A wi l l carry the body B along 
with it wi thout losing any of its velocity: 

This is a consequence which is entirely irreconcil­
able with experiments . . . . All of this shows that 
there is in matter something else than the purely 
Geometrical, that is, than just extension and bare 
change. And in considering the matter closely, we 
perceive that we must add to them some higher or 
metaphysical notion, namely, that of substance, ac­
tion, and force lemphasis in original).-

Leibniz proposed to study the forb idden, " impenetra­
b le " interior of things to discover the true cause of phe­
nomena, much as 20th century scientists have explored 

the interior of the atom and the interior of atomic "par­
t ic les" like the " p r o t o n . " He wanted to replace the mater­
ialists' occult quality of "hardness" wi th a not ion of " con ­
current movement " : 

I believe that matter itself, which is homogeneous 
and equally divisible throughout , is differentiated by 
mot ion alone. We see that even fluids acquire a cer­
tain firmness when in mot ion. Thus a vigorous jet of 
water wi l l prevent anything f rom breaking into its own 
path f rom wi thout wi th more force than the same 
water at rest . . . . We learn from the magnet in an 
elegant experiment, that things which in themselves 
are separate and, so to speak, sand wi thout l ime, can 
acquire some firmness by motion alone. When iron 
filings are placed near a magnet, they suddenly be­
come connected like a rope and form fi laments, and 
the matter arranges itself in rows. It is no doubt also 
by some kind of magnetism, that is, by an internal 
coordinated mot ion, that other parts of certain bodies 
are l inked together . . . . 

[Since] all bodies are agitated by internal motions, 
the conclusion is that bodies are f i rm insofar as these 
motions are concurrent, but remain f luid insofar as 
the motions are perturbed and not connected by any 
system. The result is that every body contains some 
degree of flexibil ity and of some firmness alike and 
that no body is so hard as not to have some flexibil i ty, 
and the converse.3 

Next, Leibniz pursued his study of the interior of things 
on the grounds of the infinite divisibil ity of the cont inu­
um. Discrete, hard atoms cannot exist, he said, because 
there is no reason for the divisibil ity of the cont inuum to 
stop at any given point ; that is, physical atoms violate 
Leibniz's Law of Sufficient Reason. However, where con­
templat ion of the fact of infinite divisibility led others to 
reject the very existence of individuals in favor of an all-
consuming, cont inuous, unchanging soup, Leibniz instead 
discovered the grounds for universal progress and the 
basis of a new science—dynamics. 

For Leibniz, the cont inuum is not div ided merely linear­
ly, l ike marks on a ruler, but in a manner suggestive of the 
modern Riemannian conception of nested manifolds, 
"Wor lds wi th in Wor lds . " As Leibniz develops this in the 
Monadology: 

Each port ion of matter is not only divisible ad infin­
itum, as the ancients recognized, but also each part is 
actually endlessly subdivided into parts, of which each 
has some mot ion of its o w n ; otherwise it wou ld be 
impossible for each port ion of matter to express the 
whole universe. 

66. Whence we see that there is a wor ld of crea­
tures, of l iving beings, of animals, of entelechies, of 
souls, in the smallest particle of matter. 

67. Each port ion of matter may be conceived of as a 
garden full of plants, and as a pond ful l of fishes. But 
each branch of the plant, each member of the animal, 
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each drop of its humors is also such a garden or such 
a pond. 

68. And although the earth and air which lies be­
tween the plants of the garden, or the water between 
the fish of the pond, is neither plant nor f ish, they yet 
contain more of them, but for the most part so tiny as 
to be imperceptible to us. 

69. Therefore there is nothing fal low, nothing ster­
ile, nothing dead in the universe, no chaos, no confu­
sion except in appearance . . . . 2 

Such " inf in i te divisibi l i ty," Leibniz said, can account for 
the "perpetual and very free progress of the whole uni­
verse": 

Even if many substances have already reached great 
perfect ion, nevertheless on account of the inf inite 
divisibility of the cont inuum, there always remain in 
the depths of things slumbering parts which must yet 
be awakened and become greater and better, and, in 
a word , attain a better culture. And hence progress 
never comes to an end.2 

The Development of Dynamics 
Freed from Descartes's concept of passive matter and 

equipped wi th a matter containing unl imited resources 
("slumbering parts which must yet be awakened"), Leib­
niz transcended the science of mechanics that had domi­
nated Western th inking since Archimedes. Where me­
chanics pertained to the passive effects of ancient ma­
chines, dynamics was conceived as the science of the 
active, l iving force (vis viva, or kinetic energy) of "v iolent 
actions"—like the explosion of gunpowder and rapid ex­
pansion of high pressure steam: 

The ancients, so far as is known, had conceived 
only a science of inactive force, which is commonly 
referred to as Mechanics, dealing with the lever, the 
windlass, the incl ined plane—pertinent to the wedge 
and screw—though there is discussion of the equil ib­
rium of fluids and of similar problems; only the effort 
or resistance of bodies and not the impetus they have' 
acquired through their action, is discussed . . . . 

For I here refer not to any effect, but to one pro­
duced by a force which completely expends itself and 
may therefore be called violent; such is not the case 
with a heavy body moving on a perfectly horizontal 
plane and constantly preserving the same force; this 
is a harmless sort of effect, so to speak, which we can 
also calculate by our method, but it is not the one we 
wish to consider now.2 

Since it is l imited to the study of "harmless sorts of ef­
fects," mechanics considers the total absolute force of 
bodies acted upon by ancient machines as directly propor­
tional to the acquired velocity, or F = mv. In contrast, Leib­
niz considered the equivalence of the kinetic energy of a 
heavy body fall ing f rom a given height (violent action) to 
the work required to raise it to that height, and using 
Galileo's laws for bodies in free fal l , he determined that 
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the live force of a body in mot ion is directly proport ional 
to the square of the velocity; that is, F^mv2. 

Leibniz's subsequent statement of the principle of the 
conservation of ws viva—"the cause and total effect are 
always equivalent in such a way that the effect, if it were 
completely turned around, could always reproduce its 
cause exactly, and neither more nor less"—effectively ini­
tiated today's technology-vectored science. Most impor­
tant, Leibniz's practical goal became to free the most vio­
lent actions known for the purpose of advancing the material 
condit ions of man. By applying the law of the conservation 
of Ws viva to maximize the conversion of the kinetic ener­
gy of such actions into useful work, Leibniz envisioned 
mastering the direct force of explosions to power ships, 
carriages, airplanes, and factories. 

The power of Leibniz's dynamic conception and its use­
ful application stands in stark contrast to the mechanical 
conceptions of the British, who for nearly 100 years restrict­
ed steam power to funct ioning as some sort of exotic lever 
simply to pump water f rom mines. 

But how could a scientific establishment possibly invent 
anything useful whi le insisting, as the British Royal Society 
did throughout the 18th century, that one's preference 
between measuring force by mv or mv2 is simply a matter 
of personal taste, a mere semantic quibble? 

From the beginning of his study of the matter, Leibniz 
had insisted on the practical implications of his dynamics, 
particularly the issue of mv2 versus mv, for the construc­
t ion of machines and the perfection of technology. He 
wrote in 1695: 

These things are not worthless to consider, nor are 
they quibblings over words, for they are of the great­
est importance in comparing machines and motions. 
For example, if power is obtained from water or ani­

mals or f rom some other cause, by which a weight of 
100 pounds is kept in constant mot ion so that wi th in a 
fourth of a minute it can be made to complete a circle 
of 30 feet diameter, but someone else maintains that a 
weight of 200 pounds can in the same t ime complete 
half the circle wi th less expenditure of power, his 
calculation seems to yield a gain; but you ought to 
know that you are being deceived and getting only 
half the power . . . . 2 

By 1675, Leibniz had begun to engage the leading French 
Cartesians in debate over his dynamics and wi th Huygens's 
help he succeeded in inventing the differential calculus. 
At this point , the impact of the reactionary shift in the 
policies of Louis XIV, wh ich began w i th the French inva­
sion of Hol land in 1672, reached Colbert 's Academy. The 
result was a forced exodus of Protestant scientists several 
years before Louis's 1685 revocation of the Edict of Nantes. 
Leibniz left Paris reluctantly to accept a post as librarian in 
Hanover, whi le Papin left for England. 

Papin's Early Inventions 
Work ing wi th Hooke and Boyle in London, Papin con­

t inued Colbert's project. By 1680, Papin made a major 
breakthrough toward control l ing highly compressed steam 
in the form of his " N e w Digester for softening Bones, 
etc."—a steam pressure cooker. This device consisted of a 
cylinder wi th thick walls (as prescribed by Huygens in his 
1666 program), in which was enclosed water along wi th 
bones, tough meat, and so for th . The whole device was 
then placed on a fire to cook (see Figure 2). 

Al though Papin's immediate motive was, as he wrote to 
Huygens, " t o relieve poverty, and to get wholesome and 
agreeable foods f rom things that we ordinari ly reject as 
useless," his digester was also a major advance toward 
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Figure 2 
PAPIN'S DIGESTER 

Papin wrote a lengthy cookbook for 17th century house­
wives explaining the operation of his 1680 invention, the 
steam pressure cooker or "digester." Besides helping to 
"relieve poverty," Papin's purpose, the digester enabled 
science for the first time to safely control pressures many 
times ordinary atmospheric pressure. Papin accomplished 
this breakthrough by inventing the adjustable safety valve, 
installed at the top of the cooker. 

the steam engine because of a totally new feature—the 
safety valve. This allowed Papin safely to contain pressure 
many times that of the atmosphere and greater than any 
pressure previously controlled, limited only by the strength 
of the cylinder. 

That same year Papin was elected a Fellow of the Royal 
Society, but he was apparently unhappy in London and he 
soon left for Italy, spending two years as a member of the 
new Italian Academy of Sciences in Venice. He returned to 
England, however, and by 1687 he unveiled a new inven­
tion to transmit power pneumatically. In order to develop 
a means of spreading industrialization to areas where water 
power was not available, Papin proposed two sets of pumps 
—one set operated by a water wheel, connected by air­
tight pipes to another set placed in a neighboring town or 
suburb. Power would be transmitted by the alternate suc­
tion and pressure exerted by the first set of pumps (see 
Figure 3). This idea was hotly opposed in the Royal Society, 
and Papin left England to accept a chair of mathematics at 
the University of Marburg in Hesse, bordering Hanover. 

In 1690, Papin published an historic article in the Acta 
Eruditorum of Leipsig, "A New Method of Obtaining Very 
Great Moving Powers at Small Cost," from which we can 
precisely date the beginning of the Steam Age. Here, for 
the first time, Papin proposed using the power of expand­
ing steam to operate an engine. In the new invention, 
steam replaced the gunpowder charge of Huygens's cylin­
der, creating a more complete vacuum under the piston 
and thereby taking advantage of the full force of atmos­
pheric pressure (Figure 4). 

Papin's concept was appropriated in toto in the New-
comen engine more than 20 years later. However, although 
Papin mentioned in passing the utility of his invention to 
"draw water or ore from mines," the article featured a 
lengthy and detailed discussion of the application of steam 
power to propelling ships equipped with paddlewheels: 

So, no doubt, oars fixed into an axis could be most 
conveniently driven round by my tubes, by having the 
rods of the pistons fitted with teeth, which would 

Figure 3 
PAPIN'S PNEUMATIC FOUNTAIN 

In 1687, Papin illustrated the operation of his pneumatic pump by constructing 
a model fountain. Water was raised by the alternate suction and pressure 
exerted by a pair of air pumps. Papin enclosed his model in a container, 
allowing his Royal Society colleagues to observe the water spouting at the top 
but concealing its internal mechanism, and he then challenged the Royal 
Fellows to\guess at its design. The Royal Fellows failed to solve Papin's puzzle 
and were especially embarrassed since they all had earlier agreed that the 
pneumatic transmission of power was impossible. Papin found himself suddenly 
friendless in London and decided to leave for Germany later that year. 
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force round small wheels, toothed in like manner, 
fastened to the axis of the paddles.'It wou ld only be 
requisite that three or four tubes should be applied to 
the same axis, by which means its motion could be 
continued wi thout interrupt ion [Figure 5]. 

Papin recognized the problem inherent in such atmos­
pheric engines. Since the source of power is not the steam 
itself but the pressure of the atmosphere, the only means 
of increasing power is to increase the diameter of the 
cylinders: 

The principal diff iculty, therefore, consists in f ind­
ing the manufactory for easily making very large tubes 
. . . . And for preparing that, this new machine ought 
to supply no small inducement, inasmuch as it very 
clearly shows that such very large tubes can be most 
advantageously employed for several important pur­
poses.1,4 

The Leibniz-Papin Collaboration 
, With Leibniz's intervent ion, Papin solved this problem 
in 10 years t ime. For Leibniz, the discussions wi th Papin 
were a crucial part of his campaign to w in hegemony for 
dynamics among the most talented of European scientists. 
By the turn of the century, Leibniz had won over Father 
Malebranche, the leading French Cartesian and head of 
the Catholic Oratorian order, thus ensuring the future line 
of development wi th in France leading to Carnot. Male­
branche became convinced of Leibniz's dynamics largely 
on the basis of metaphysical considerations, but Papin was 
won over dur ing the course of 15 years of experimentation 
under Leibniz's d i rect ion. 

Papin began to tackle the problem of "making very large 
tubes" by studying the means of refining ores more effi­
ciently, and of manufacturing cylinders wi th appropriately 
smooth surfaces. This led him to the invention of an im­
proved furnace capable of reaching higher temperatures 
wi th a more efficient consumpt ion of fuel . Papin used 
another of his inventions, the Hessian bellows, to gener­
ate a forceful down-draft in his furnace, thereby eliminat­
ing smoke and al lowing a complete burn (see Figure6). 

By 1695, Papin had adapted this hotter furnace to the 
rapid product ion of high-pressure steam by constructing 
the furnace so that the f ire surrounded the water, allowing 
the maximum surface area of water to be heated directly. 

Wi th this discovery, Papin was prepared to initiate a 
qualitative technological advance—not a linear extrapola­
t ion f rom his 1690 results, such as bui ld ing larger atmo­
spheric engines, but a proposal to harness the violent force 
of the expanding steam. 

In a letter dated Apri l 10, 1698, Papin apologized to 
Leibniz for not having wr i t ten sooner, and explained that a 
new project, commissioned by his employer, the Landgrave 
of Hesse, had taken up most of his t ime: 

Monsgr. le Landgrave formed a new plan, very worthy 
of a great Prince, to attempt to discover where the salt 
in salty springs comes f rom. To reach the bot tom of 

Figure 4 
PAPIN'S 1690 ENGINE 

The first steam engine using a 
piston and cylinder was invent­
ed by Papin in 7690. Papin pro­
posed to use steam instead of 
gunpowder to create a vacuum 
under a piston. Although Papin 
suggested a means of applying 
the force of his engine to op­
erate a paddlewheel boat, he 
realized that the power of an 
atmospheric steam engine was 
strictly limited by the diame­
ter of its cylinder. 

Figure 5 
PISTON WITH TEETH FOR USE 

WITH PADDLEWHEEL 
In his 7690 treatise proposing 
an atmospheric steam engine 
using a piston and cylinder, 
Papin described how his engine 
could be used to rotate the 
axle of a paddlewheel and "pro­
pel ships against the wind." 
The teeth of the piston rod 
would engage a toothed axle 
as atmospheric pressure forced 
the piston down toward the 
bottom of the cylinder. Papin 
explained, "It would only be 
requisite that three or four 
tubes should be applied to the 
same axis, by which means 
its motion could be continued 
without interruption. 
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A 
Figure 6 

HESSIAN BELLOWS 
Papin tackled the problem of manufacturing larger 
cylinders for his atmospheric steam engine by first 
inventing a hotter and more efficient furnace to im­
prove the reduction of ores. This furnace utilized a 
down-draft generated by his "Hessian bellows" (a-
bove), which allowed a continuous forceful stream 
of air to feed the burning fuel. At Leibniz's prompting, 
Papin applied his hotter furnace to the rapid produc­
tion of high-pressure steam. This led Papin to aban­
don the effort merely to scale up his atmospheric 
engine and instead to begin the crucial project of 
harnessing the "unbounded" energy of high pres­
sure steam. 

this, it would be very advantageous to be able to easily 
draw out a great quantity of water to a considerable 
height. I've made many tests to try to usefully employ 
the force of fire to this task; some succeeded so well 
that I was persuaded that this force could be applied 
to things much more important than raising vJater. 
Consequently, I've given myself totally to this work, 
knowing the great difficulties always to be met with in 
such enterprises and which can't be overcome With­
out an extraordinary diligence. I'm presently having a 
new furnace built of which I've spoken to you be­
fore . . . . I'm building it simply to make certain large 
retorts of forged iron which will be very useful to 
produce the great effects that I expect from the force 
of fire. For this furnace I've also built a large Hessian 
bellows more perfect than those I've made before. 
And thus one thing leads to another . . . . [emphasis 
added I. 

In his reply four days later, Leibniz asked if I'apin's 
method of raising water "is based on the princ pie of 
rarefaction which you published before, or if it is based on 
some other principle; I also have a thought about it, but I 
want to make a little test of it in order to consult yog on its 
performance." 

Papin's historic answer follows (July 25, 1698): 

The method in which I now use fire to raise water 
rests always on the principle of the rarefaction of 
water. But I now use a much easier method than that 

which I published. And furthermore besides using 
suction, I also use the force of the pressure which 
water exerts on other bodies when it expands. These 
effects are not bounded, as in the case of suction. So I 
am convinced that this discovery if used in the proper 
fashion will be most useful . . . . For myself / believe 
that this invention can be used for many other things 
besides raising water. I've made a little model of a 
carriage which is moved forward by this force: And in 
my furnace it shows the expected result. But I think 
that the unevenness and bends in large roads will 
make the full use of this discovery very difficult for 
land vehicles; but in regard to travel by water I would 
flatter myself to reach this goal quickly enough if I 

'could find more support than is now the case . . . . It 
gave me much joy to find that you also have some 
plans to put the moving force of fire to use, and I 
strongly hope that the little test you told me of suc­
ceeded to your satisfaction [emphasis added). 

Leibniz's concern for the applications of Papin's work 
was much greater than simply using the "force of fire" to 
propel ships and carriages. He saw in Papin's work the 
unique experiment capable of irrefutably establishing the 
truth of his dynamical science, as well as advancing that 
science by the process of applying its principles to the 
measurement of the thermodynamic efficiency of Papin's 
machines. This is the "little test" referred to in the letters 
above. 

Leibniz wrote to Papin (July 29, 1698): 

I understand very well that the force of expanding 
water will do much more than air pressure will do 
when the steam is condensed, and this is exactly what 
I have thought as well in regard to gunpowder . . . . 
But in regard to water the strain of its expansion will 
be less violent, [so] it would be good to see if there 
aren't other fluids which would be even better than 
water. But water has the advantage that it costs no­
thing, and is available everywhere. My plan would be 
to do a test to discover if expanding water can usefully 
raise more than a column of air. But I lack workers 
here and I'm too distracted . . . . But I'm now very 
glad to find out that you've already made the relevant 
experiment, and that therefore you know approxi­
mately what the force of the steam is relative to the 
heat and to time [emphasis added). 

Papin replied with a progress report on the construction 
of his engine, promising that once it was completed: 

I will try also to make observations on the degree of 
heat [chaleurj required to make a given effect with a 
given quantity of water. But up to the present all that 
I've been able to do, by the expansion of the steam, 
is to raise water to 70 feet, and to observe that a 
small increase in the degree of heat is capable of 
greatly augmenting the magnitude of the effect. And 
this convinces me that if these machines are perfected 
so that very great degrees of heat can be used, one 
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wil l be able to create a greater effect w i th a pound of 
water than w i th a pound of gunpowder [emphasis 
added]. 

Vis Viva Versus Mechanics 
Consider the implications of the Papin-Leibniz discus­

sion once the wo rd efYecf is translated to the modern term 
work. Both Leibniz and Papin agreed that the useful work 
performed by a heat engine was to be measured by the 
height, H, to which it could raise a given quantity of water 
(work or effect = MgH) . In his dynamics, Leibniz had used 
the example of the equivalence of the work required to 
raise a heavy body a given height to the vis viva acquired 
by the body in fall ing f rom that height. Whereas in the 
case of the fall ing body, the vis viva is easily measured by 
the body's velocity, Leibniz proposed to measure the vis 
viva of expanding steam by its temperature. Applying the 
principle of the conservation of ws viva, Leibniz developed 
the fo l lowing sort of relat ion: 

Ws viva con­
sumed by 
machine = useful work (height a given quantity 

of water is raised! + heat lost in 
overcoming fr ict ion + heat lost to 
superfluous cool ing + . . . [other 
inefficiencies] 

With this sort of analysis, Leibniz was prepared to com­
pare the thermodynamic efficiencies of heat engines by 
measuring " the degree of heat required to make a given 
effect." This also led him to the formulat ion of his unique 
experiment: demonstrating that steam can "raise more 
than a column of air." 

Let's look at the case of Papin's 1690 steam engine. Here 
the atmospheric pressure alone, considered as a "co lumn 
of air" resting on the cylinder, is responsible for the mo­
t ion of the piston. The role of the expanding steam is 
simply to raise the piston back to the top of the cylinder; 
that is, in Leibniz's phrase " t o raise a column of air." Then 
the condensed steam leaves a vacuum in the cylinder and 
atmospheric pressure pushes the piston downward once 
again. 

Leibniz proposed to demonstrate that the direct force of 
expanding steam, unl ike mere suction, is unbounded— 
that it can "raise more than a column of air" (Aug. 28, 
1698): 

There is nothing which merits development more 
than the force of expansion [/a dilation]; if one ob­
jects that expanded water can do no more than raise a 
cylinder of air, and that the stronger it [steaml is the 
higher it [cylinder of air] is raised and that therefore it 
is sufficient to use the weight of the fall ing cylinder—I 
reply that this higher elevation requires more t ime, 
al lowing the steam to gradually cool , than a quicker 
elevation of a heavier weight. Thus either force is lost 
or more fire must be used [emphasis added]. 

Clearly at issue in this " l i t t le test" is the validity of the 
mechanical wor ld view—the universe of inactive force— 

that threatened to impose itself on emerging technology. 
Was steam power to be constrained to act passively, slow­
ly pushing and pul l ing weights like some grotesque Rube 
Goldberg type of lever or pulley, or was it to be freed in all 
its violence—maximum vis viva to effect a qualitative human 
advance? 

From this dynamical point of view, in fact, Leibniz was 
by no means convinced that expanding steam was the 
opt imum source of energy for the new technology. For 
h im, even expanding steam was not sufficiently violent or 
rapid in its action, compared, for example, to exploding 
gunpowder or, as he suggests elsewhere, to the combus­
tion of alcohol. He argued as well for further work in 
applying the force of highly compressed air, particularly 
advantageous for bui ld ing lighter and more portable en­
gines for vehicles. 

The Savery Hoax 
Despite the publici ty given to Papin's invention, the 

British Parliament awarded an exclusive patent for "Rais­
ing Water by the Impellent Force of Fire" to one Thomas 
Savery, variously described as a "sea captain" and a "m i l i ­
tary engineer." The terms of the patent meant that any 
steam-powered device Papin might invent in England would 
come under the control of Savery. 

Al though news of Savery's patent reached Germany by 
1699, it was not unti l 1704 that Leibniz, via "Hanoverian 
envoys" in London, was able to acquire some sort of 
description of Savery's device. Leibniz forwarded a sketch 
of the English "eng ine" to Papin, along wi th an evaluation 
of its capabilities. Based on further intelligence reports 
from his envoys, Leibniz concluded—correctly—that Sav­
ery's device did not work in ful l size. 

Basically, Savery's engine consists of a chamber connect­
ed by a pipe to a source of water below and by another 
pipe to a separate boiler. Steam enters the chamber from 
the boiler; cold water is poured on the chamber, condens­
ing the steam and thus creating a vacuum and drawing 
water up the pipe f rom below. The steam enters the cham­
ber again, this t ime for the purpose of pushing the raised 
water out of the chamber and up another pipe. The steam 
is then forced to condense once again, creating a vacuum 
and sucking more water up f rom below, renewing the 
cycle (see Figure 7). 

For Leibniz and Papin, study of Savery's design provided 
a unique opportuni ty to apply and improve their new 
thermodynamic principles, since Savery was proposing 
precisely the sort of containment of steam power wi th in 
the conceptual and technological boundaries of mechan­
ics that Leibniz had warned against. 

Papin wrote to Leibniz describing experiments in which 
he had discovered that using Savery's design, an increase 
in the temperature of the steam actually resulted in a 
decrease of the work performed duly 23,1705): 

I am persuaded that it wi l l be useless to try to push 
water to great heights by the immediate pressure of 
steam: Because when the expanded steam strongly 
applies itself against the cold water, as is necessary to 
make it rise to a great height, it isn't possible to 
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Figure 7 
THE SAVERY ENGINE 

In 1699, Thomas Savery was granted an exclusive patent by 
the English Parliament covering all conceivable 'fire en­
gines," despite the fact that his contraption did not work 
in full size. Savery claimed otherwise, insisting, for exam­
ple, that hot steam would not condense upon encounter­
ing the cold water in the main chamber of his "engine." 
Savery further insisted that no engine using a piston and 
cylinder could ever work because of friction. Nevertheless, 
Savery's design was guarded as an English state secret, 
until Leibniz's spies succeeded in smuggling the blue­
prints to Hanover in 1704. 

Source: A. Wolf, A History of Science, Technology, and Philosophy in the 16th 
and 17th Centuries, (New York: The Macmillan Co., 1935). 

conserve the force of the steam; but it is immediately 
condensed by the coldness of the water. And the 
hotter the steam is the more it violently pushes the 
valve, in such a way that the valve, being pushed as 
well by the spring which is behind, causes the water 
to become very agitated. The water thus agitated is 
much more likely to cool off a lot of steam than when 
its surface remains smooth. Thus I f irmly believe that 
this is the reason which makes the elevation of the 
water decrease when the heat increases . . . . 

I therefore believe that the best is to do it so that 
the steam doesn't directly touch the water, but that it 
pushes it only by the mediation of a piston which is 
quickly heated and which consequently only con­
denses a little steam. And the surface of the piston 
which touches the steam always stays the same, the 
new steam which frequently reaches it easily main­
tains it in a degree of heat all the more great as the 
steam is hot. Thus there is no fear that the machine's 
effect wi l l fail to be augmented in proport ion to the 
increase in heat. Experiment has well conf irmed my 
conjecture . . . . 

And the more I go forward, the more I wonder at 
how a small quantity of wood is capable of furnishing 
such force . . . . But . . . it wou ld be desirable to work 
at that with more heat than made fnow] : seeing pr in­
cipally that the use of this invention isn't l imited to rais­
ing water, but that it could be applied very well to vehi­
cles and to many other things where force is needed. 

Leibniz fully approved of Papin's successful application 
of his thermodynamics, advising h im not to take Savery's 
claims of success too seriously (Aug. 15,1705): 

I am delighted that your fire engine advances so 
wel l , because when it is brought to perfect ion, I con­
sider that it wi l l be very useful. Also, it wou ld be a 
mere trif le if only one-third of the expense would be 
saved, as the English author bel ieved, since this ad­
vantage would be easily absorbed by other inconven­
iences which such a great alteration of machines would 
attract. It is very reasonable also to believe that too-
diffuse steam applied directly to cold water wi l l con­
dense and lose its force. Consequently, it is better to 
keep them self-contained \renfermees}. 

According to the Royal Society myth, this sort of rea­
soning about the steam engine was not supposed to have 
occurred until about 1769, when James Watt recognized 
the problem of loss of force because of superfluous cool­
ing of the steam and invented a separate condenser. Watt 
was motivated in this invention by the knowledge that the 
Newcomen engine would operate much more efficiently 
if its cylinder was kept constantly hot whi le the condens­
er was kept constantly co ld ; that is, " i t is better to keep 
them (steam and cold waterl self-contained." (Interest­
ingly, Watt was an ally of Joseph Priestley, a victim of the 
Crown's terror tactics because of his alliance with Conti­
nental Science.) 
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As for Savery and his understanding of the problem, the 
only wr i t ten record available is a little pamphlet Savery 
published in 1702, The Miners' Friend, to interest busi­
nessmen in his invent ion. In the chapter t it led "The Man­
ner of Work ing the Engine," Savery describes how a cham­
ber of his engine, p, has been fi l led with cold water raised 
from a mine, as fo l lows: 

. . . turn the handle of the regulator f rom you 
again, and the force [of the steam] is upon the surface 
of the water in p, which surface being only heated by 
the steam, it does not condense it, but the steam 
gravitates or presses with an elastic quality like air; still 
increasing its elasticity or spring, ' t i l l it counterpoises, 
or rather exceeds the weight of the water ascending in 
s, the forcing pipe, out of wh ich , the water in p , wi l l 
be immediately discharged when once gotten to the 
top . . . [emphasis added]. 

Incredibly, Savery claimed that the steam is not con­
densed at all. Since it is probable that he actually knew 
better, at least f rom his own failed attempts to scale up the 
device, such a statement was most likely designed to put 
something over on some credulous miner. 

Beyond the outr ight fraud involved, consider the man­
ner in which Savery attempted to explain the operation of 
steam. In groping for some mechanical analogy, he settled 
for the then-popular occult cause, "gravi tat ion," and the 
more tradit ional alternative, "elastic qual i ty ." Of course, 
this primit ive mechanical out look imposed itself on his 
invention. Al though the idea of somehow using the force 
of steam to push water directly seems to be an advance, in 
fact, Savery's design predetermined that the more forceful 
the steam the less efficient the engine—a point Papin 
proved. 

As a result, Savery proposed to doom steam to play 
the role of the ancient horse-driven windlass (hoist) and 
pulley, slowly pulling water up one pipe and pushing it 
out of another, w i th one significant difference—Savery's 
"fire engine" was much more expensive. 

Savery's fraud was recognized as such by crafty miners 
and his engine was used mostly to raise water for the 
fountains of more wealthy aristocrats. As even the British 
historian A. Wolf admits, " I t was costly and dangerous, so 
the mine owners stuck to horses." 

Savery included an interesting comment on ships in his 
second chapter, "O f the Uses That This Engine May Be 
Applied Un to , " indicating that it apparently had been made 
clear in England that the authorities would f rown on any 
drastic technological advance in this area. As Robert Fulton 
later understood, a successful steamship could be the 
greatest threat to cont inued Anglo-Dutch commercial and 
naval superiority. 

Savery fearfully noted, "5 . I believe it may be made very 
useful to ships, but I dare not meddle with that matter, and 
leave it to the judgment of those who are the best judges 
of marit ime affairs." 

A few pages later, he added, "As for f ix ing the engine in 
ships, when they may be thought probably useful, I ques­

t ion not but we may f ind conveniency enough for fixing 
t hem. " 

These two t imid passages constitute the totality of pub­
lished British commentary on the steamship dur ing most 
of the 1700s. Meanwhi le, Leibniz had become fully com­
mitted to seeing a steam-powered vehicle perfected and 
built wi th in his l i fet ime—whether a steam boat, a steam 
carriage, or an airplane. But whi le Savery and his col­
leagues could obstruct science at their leisure in the rela­
tive peace and quiet of Cresham College, Leibniz and 
Papin struggled to advance science as rapidly as possible, 
living in the direct line of march of an invading French 
army. 

War Pressures 
Leibniz had barely dissuaded Papin, pressured by the 

war situation, f rom accepting a Royal Society invitation to 
take up his old post as curator of experiments—an offer 
made to h im, interestingly enough, just after Parliament 
had granted Savery his exclusive patent in 1699. If Papin 
had gone to England at that point , all of his experiments in 
steam power would have come under Savery's legal con­
trol . 

The situation was so unsettled in Germany that Papin 
was afraid to visit Leibniz in Hanover for fear that his 
family wou ld be caught alone in a French attack. He con­
cluded that no cont inued scientific progress wou ld be 
possible wi thout an end to the war. He wrote to Leibniz in 
1702 describing his experiments wi th a ballistic air pump 
capable of throwing "a weight of 2 pounds to a distance of 
40 feet" and designed eventually " t o facilitate the capture 
of the strongest [French] posit ions." Papin argued that this 
invention not only wou ld help br ing peace, but also wou ld 
be the best enticement for princes and generals to sup­
port further research into steam technology. 

After a year of strenuous efforts to interest the leaders 
of the anti-French alliance in his invent ion, Papin reported 
to Leibniz (Feb. 25,1704), " I t has been possible since then 
to receive a reply neither f rom England nor f rom Hol land; 
therefore all that I can conclude is that there is only some 
secret reason why no one wants to accept my proposal . " 

Leibniz cont inued to maintain fr iendly pressure on Papin 
throughout 1704, insisting that he resume research into 
applying violent force (particularly that of gunpowder) to 
the propulsion of ships and to carriages, if not to air­
planes. Leibniz argued that such a breakthrough wou ld 
have the greatest wor ld strategical impact: 

Yet I wou ld well counsel [you] , Monsieur, to 
undertake more considerable things which wou ld 
force [forcassent] everyone to give their approbation 
and would truly change the state of things. The two 
items of b inding together the pneumatic machine 
and gunpowder and applying the force of fire to 
vehicles wou ld truly be of this nature. 

Papin finally agreed, and in a letter March 13, 1704 he 
revealed that he had already bui l t a model paddlewheel 
boat "wh ich can carry about 4,000 pounds" and that he 
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had developed a complete theory of rowing "which can 
also be applied to land vehicles." 

By January 1705, Papin had received Leibniz's skdtch of 
Savery's engine. Of course, this had the expected effect 
on Papin's thinking, as well as on the attitude of the 
Landgrave of Hesse who took a renewed interest in Papin's 
work. In March, a newly self-confident Papin wrbte to 
Leibniz: 

I can assure you that, the more I go forward, the 
more I find reason to think highly of this invention 
which, in theory, may augment the powers of Man to 
infinity; but in practice I believe I can say without 
exaggeration, that one man by this means will be able 
to do as much as 100 others can do without it. All that 
I've done up until now has only been to discover^ the 
characteristics of this machine and the different symp­
toms to which it may be subject [a reference to the 
analysis of the thermodynamic efficiency of Savery's 
device discussed above]. But Monseigneur from now 
on wants to apply it to some real use, and his High­
ness gave me the honor of commanding me to apply 
this force to turn a mill to grind wheat . . . . Ahd if 
after the mill we can proceed to apply this invention 
to ships [voitures par eau], I would believe this dis­
covery incomparably more useful than finding longi­
tudes on the ocean, which has been sought for so 
long. 

By the end of 1706 Papin's experiments had convinced 
him of the explosive strategic potential of steam technolo­
gy, which he expressed by an analogy to alchemy in a let­
ter to Leibniz: 

Yet it's a great shame that the things from which the 
Public could derive such considerable usefulness aren't 
impelled by heat. Because the advantages which this 
invention could furnish for sea-going vessels a|one, 
without counting those of land vehicles, would be 
incomparably greater than all expected from the trans­
mutation of metals. 

A Genuine Steam Engine 
What Papin achieved within two years of receiving Leib­

niz's sketch of the Savery device was a genuine! direct-
action steam engine capable of being immediately applied 
to ships. Papin's engine successfully incorporated [the dy­
namical innovations of 40 years of research that began with 
the project initiated by Huygens in Colbert's Academy. 
This achievement is fully documented in Papin's 1707 trea­
tise, "New Method of Raising Water by the Force elf Fire," 
published in Latin and French at Cassel. (This booklet is 
available today in select university libraries because some­
one in France had the foresight to reprint 250 cop es of it 
in 1914.) 

Papin's engine, shown in Figure 8, works as follows, 
with each step representing an innovation as a result of 
dynamical considerations. The engine is to be Situated 

such that there is a constant flow of water into the pipe G. 
In this way, the water to be pumped enters the cylinder 
DD through H; the piston FF is then raised to the top of 
the cylinder by the weight of the water. 

(1) The copper vessel AA, which Papin calls the retort, is 
completely enclosed in a furnace, not shown. The furnace 
is designed to allow the fire to completely surround the 
retort, with precautions made to guarantee minimum loss 
of heat to the outside air. 

(2) The retort is supplied with a safety valve ab to allow 
a maximum controlled increase in steam pressure. The 
robinet, or spigot, f is opened, allowing the high-pressure 
steam to rush into the cylinder. 

(3) The opening L and the receptacle // are provided to 
allow insertion of hot irons in order to increase the vio­
lence of the steam, which is allowed to reach a controlled 
maximum with attention to the second safety valve ab. 

(4) The fulminating, expanding steam acts directly against 
the cold water through the mediation of the piston FF, 
arranged so that the surface of the piston encountering 
the steam remains hot, while the opposite surface remains 
relatively cold. The action of the steam on the piston 
forces the water out through ./-/ and up through the valve 
T, into the closed vessel NN. As NN fills with water, the air 
within NN is compressed. 

(5) The compression of the air in NN is allowed to 
increase until the robinet at the lower right of the vessel is 
opened, allowing the raised water to exit forcefully through 
pipe XX. 

(6) The resulting high-velocity jet of water encounters an 
improved paddlewheel, designed according to Papin's 
Fig. 2 (shown here in Figure 8). Papin's figure illustrates 
the advantages of adding many more blades to a mill wheel 
in order more completely to convert the energy of high-
velocity water into rotative motion—the essential concept 
of a turbine engine. 

With this design, technology entered a new, dynamic 
universe. In a certain sense, it represents a transition, in 
that modern thermodynamic principles are applied to the 
ancient task of turning a water wheel. However, Papin 
intended immediately to apply his new engine to power 
the model paddlewheel boat, which he had constructed 
three years earlier. Although there is no published ex­
planation by Papin about how he planned to accomplish 
this, the following is a likely method: 

If the engine is fixed to the lower inside hull of a ship so 
that the pipe CC passes through the hull and stands on the 
outside of the ship below the surface of the water, the 
engine could easily work to pump water to turn a paddle-
wheel above the ship's deck. It is also easy to imagine that 
a Papin well-funded and freed of the immediate pressure 
to raise water could have quickly figured out how to com­
bine his 1690 design with the new engine, so that a piston 
rod connected to FF would directly transmit the force of 
steam to rotate an axle, without going through the unnec­
essary bother of raising water at all. 

In the preface to his 1707 treatise, Papin gives Leibniz 
full credit for providing the necessary impetus to advance 
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Figure 8 
PAPIN'S 1707 ENGINE 

Papin invented and successfully operated the world's first direct action steam engine, publishing the results of his' 
experiments in 1707. Papin had also developed a theoretical approach to the construction of ships and to the method of 
rowing. His study of rowing led him to consider means of maximizing the conversion of energy from a paddle into the 
forward propulsion of a vessel. He had already constructed a working model paddlewheel boat based on these 
principles in 1704. Therefore, by 1708 Papin was prepared to combine his steam engine and his paddlewheeler and build 
the world's first steamboat—700 years before Fulton. 

his experiments. In particular, Papin cites two crucial junc­
tures—the 1698 discussions on harnessing the direct force 
of steam versus mere atmospheric pressure and the 1705 
description of Savery's device that Leibniz's spies procured 
in London. 

The quality of analysis in the treatise also shows the 
effect of Leibniz's f irm theoretical commitment to live 
force, combined wi th Papin's repeated experimental vin­
dications of Leibniz's dynamics over the past 40 years. 
Papin concluded the first chapter, describing the furnace 
enclosing the retort: 

5. The reason which obliges us to have such a great 
care to augment and conserve the heat [chaleur] is 
because it is the heat which makes all the moving 

force in this machine. Because otherwise in ordinary 
pumps it is animals, rivers, the w ind or some other 
th ing of this nature which employs their force in order 
to drive the piston in the pump and expel the water, 
here it is only the heated steam in the retort AA which 
travels wi th violence through the pipe ABB whenever 
the robinet E is opened, and goes to press the piston 
in the pump DD. And the force of this steam is even 
greater the more we give it a higher degree of heat. 

In chapter 3, Papin commented on the "means to aug­
ment the effect of the machine" : 

2. The augmentation of effect of which I have just 
spoken [that is, increasing the diameter of the pipes, 
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and so on] is a l i tt le thing in comparison to that which 
could be obtained in augmenting the pressure in the 
retort AA: Because that of which I've spoken unti l 
now in order to impel [pousser] the water to 64 or 65 
feet is equivalent to only two times the ordinary pres­
sure of air: But it's certain that the pressure may be 
made much greater yet; wi th digesters or machirtes to 
cook bones, which weren' t at all completely endlosed 
in their furnace, as is the retort AA here, I sometimes 
achieved pressures equivalent to 11 times the pressure 
of air. Thus one may boldly say that the retort, being 
as well heated as it is and wi th the aid of hot irons 
enclosed in the pump DD, that pressures may be 
created much more than 6 times greater than that nec­
essary to impel water to a height of 64 feet: and in 
such a case one man could create almost as much of an 
effect as 500 others who have only those inventions 
used up to the present. 

As for Savery's design, Papin described in detail in chap­
ter 5 how the Savery device was inferior to his rjwn " in 
order that there be no misjudgment in the choice that wi l l 
be made between Mr. Savery's machine and this one . " 
First, Papin noted that since the retort AA is "completely in 
the fire, it can be heated much more promptly and at less 
cost than the two vessels that Mr . Savery calls boillers." 

Second, Papin noted that his piston system ensures that 
the "steam loses none or very little of its force, " compared 
to the condensation that occurs in the Savery device. 
Third, Papin described his improvement that "al lbws the 
water to enter by its own weight into the pump t)D, and 
not by suct ion" and said, "w i thout this correct ion, the 
inconveniences of which I've spoken about in this! section 
would be enough to render the machine completely use­
less." Fourth, Papin noted the improvement of introduc­
ing hot irons to increase the "v io lence" of the steam. 
Then, " i n order to incontestably prove that the piston FF 
is necessary to raise water to any considerable height ," 
Papin reported that Savery's method completely failed to 
pump water " into air which had been a bit compressed. . . . 
Instead, a good effect is always Created wi th the: piston, 
even if the resistance of the compressed air in NN is 10 
or 12 times greater than that which was impenetrable 
wi thout the help of the p is ton. " 

Leibniz wasted no t ime in beginning the process of im­
proving Papin's design. In his last published letter to Papin 
(Feb. 7,1707), Leibniz not only suggested that the engine 
be made completely self-acting, and thus more appropri­
ate to moving vehicles, but also proposed practical means 
of still further increasing the thermodynamic efficiency of 
the engine by the ingenious use of the so-called waste 
heat: 

I maintain that for stationary machines or for seago­
ing vessels, it wi l l be diff icult to make anything better 
along similar lines. . . . 

I have a thought that perhaps wil l not displease you, 
which is to efficiently use the still-hot steam iwhich 

leaves the pump when the piston is pushed up. Be­
cause it wou ld be a great shame to lose it entirely. 
I imagine that in leaving it yet has much heat, and 
enough force to issue forth despite the outside a i r . . . . 
Then to make good use here of heat, otherwise super­
f luous, and at the same time of compressed air, in a 
manner which perhaps has never been used, I wou ld 
make a sort of mantle or case ZZ around your vessel 
Q N , partly f i l led wi th compressed air; and wi th in this 
case I wou ld let the steam enter in such a way that 
before it streams powerful ly into the open air it would 
be between the case and the vessel. And whi le it 
warms this vessel it wou ld as a result contr ibute to­
wards the work of the compressed air contained there­
in. I believe that this wi l l be a redoubl ing of the force 
. . . . and thus a mediocre vessel QN would make a 
much greater effect. Because it is already certain that 
heat gives as much force to ordinary air as does com­
pression, and the same heat wou ld give double or 
triple to compressed air . . . . The continual passage 
of hot steam would make this vessel extremely hot, 
almost as if it had been placed on a fire. 

I have always had the thought that a great effect could 
be made and much force placed in a small volume by 
means of air strongly compressed and then heated. This 
wou ld be of great use for machines which must be 
portable. 

To say nothing of the superfluous heat of the fur­
nace and the smoke which emerges f rom it which 
can be similarly useful among other ways by heating 
the water of the funnel C and of the tube H in order 
that the coldness of this water harms less of the heat 
in the pump D or in the vessel QN. . . . Furthermore, 
I have no doubt that you could , if you so desired, 
easily arrange that the robinets E and n are alternately 
open and closed by the machine wi thout having to 
use a man for this. 

Increased Harassment 
Although Leibniz and Papin had succeeded in bringing 

modern dynamical technology into being, making the in­
dustrial transformation of society possible for the first t ime, 
they were work ing wi th in an increasingly aversive envi­
ronment. Leibniz's persistent international efforts in be­
half of what he called the "Grand Design" had brought 
him into increasing confl ict wi th his employer, George 
Lewis, the Elector of Hanover and future British King 
George I, who by 1706 at the latest had been won over by 
Charles Montague on behalf of the City of London. Leibniz 
considered his posit ion in Hanover to be tolerable, and 
even advantageous, only because of his close relationship 
as a teacher to the Electress Sophia, George's mother, 
who unti l her death in 1714 was next in line to become 
Queen of England. 

Even before the publication of his treatise, Papin had 
reported a sharp escalation in harassment by his unnamed 
enemies in Hesse. By 1706, there had been almost contin­
ual warfare in Europe for 35 years, creating condit ions 
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favorable to the resurgence of feudalist antiscientific for­
ces. As a result, the relative tranquil i ty of London again 
became attractive to Papin, and he resolved to go to Eng­
land to demonstrate before the Court and the Royal Society 
the incontestable superiority of his steam engine over 
Savery's device. 

Papin's plan was to travel to London in his paddlewheel 
boat, rowing it by conventional means up the Weser River, 
through Hanover to Bremen, and across the North Sea. 
Once in London wi th his model boat and with sufficient 
means to bui ld an adequate steam pump, Papin planned 
to operate the world's first steam-driven ship and navigate 
it up the River Thames. In fact, the main reason which Papin 
gave to the Landgrave for his desire to leave for London 
was that only such a seaport had sufficient depth to apply 
his engine to a ship. 

In a letter to Leibniz Sept. 15, 1707, Papin reported on 
the first successful test of his paddlewheeler: 

At present I wi l l tell you that the experiment of my 
boat was made and that it succeeded in the manner 
that I had hoped of it. The force of the river's current 
was such a litt le thing in comparison to the force of 
my oars that it was diff icult to recognize that it went 
faster in descending the current than in c l imbing it. 
Monseigneur had the goodness to testify to me of his 
satisfaction in having seen such a good effect. I am 
persuaded that if Cod gives me the grace to arrive 
safely in London and to make vessels there of this new 
construction which have enough depth to apply the 
fire engine to give movement to oars, I am persuaded, 
I say, that we may produce those effects which wi l l 
appear incredible to those who wil l not see them. 

In the same letter, Papin renewed a request to Leibniz 
to help obtain the required permission from the Elector 
of Hanover for passage up the Weser. Leibniz could ex­
pect no cooperation f rom George but he tried to inter­
vene wi th his friends among local magistrates along the 
river. However, Papin got no further than Munden before 
encountering the ignorant opposit ion of the Boatmen's 
Gui ld , no doubt incited by elements of George's Court. 
Leibniz received the fo l lowing report f rom an official of 
Munden , Sept. 27, 1707: 

Having been informed by the Doctor Papin, who, 
coming from Cassel, passed by this town the day be­
fore yesterday, that you are presently to be found in this 
Court [Berl in], I give myself the honor to advise you, 
Sir, that this poor man of medicine, who gave me your 
letter of recommendation for London, had the misfor­
tune to lose here his litt le machine of a paddlewheel 
vessel, . . . the Boatmen of this town having had the 
insolence to stop him and to take from him the fruit of 
his to i l , w i th which he thought to introduce himself 
before the Queen of England , . . J 

Despite the tragic encounter with this " m o b of boat-

Isaac Newton 

m e n , " Papin cont inued on to London, only to encounter 
an even more vicious mob—the British Royal Society, at 
the t ime headed by president-for-l i fe Isaac Newton and 
by Newton's secretary Hans Sloane. 

Royal Antiscience 
When he arrived in England, Papin presented a copy of 

his treatise to the Royal Society along with the fo l lowing 
proposal, recorded in the Royal Society Register, Feb. 11, 
1708: 

Proposition by Dr. Papin, concerning a new 
invented boat to be rowed by oars, moved with heat 

It is certain that [it] is a th ing of a great consequence 
to be able to apply the force of fire to save the labour 
of man; so that the Parliament of England granted, 
some years ago, a patent to Esquire Savery, for an 
Engine he had invented for that purpose; and His 
Highness Charles, Landgrave of Hesse, has also caused 
several costly experiments to be made for the same 
design. But the thing may be done several ways, and 
the machine tryed at Cassel differs from the other in 
several particulars, which may afford a great differ­
ence in the quantity of the effect. It wi l l be good, 
therefore, to f ind out clearly what can be done best in 
that matter, that those which wil l work about it may 
surely know the best way they are to choose. I am 
fully persuaded that Esquire Savery is so well minded 
for the public good, that he wi l l desire as much as any 
body that this may be done. 

I do therefore offer, wi th all dutyful l respect, to 
make here an Engine, after the same manner that has 
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been practised at Cassel, and to fit it so that it may be 
applied for the moving of ships. This Engine m ay be 
tryed for an hour and more, together with some bther 
made after the Saveryan method. The quantity of the 
effect should be computed both by the quant ty of 
water driven out of each machine, and by the height 
the said water could ascend to . . . . 

I wish I were in a condition to make the said Cassel-
lian Engine at my own charges; but the state of my 
affairs does not [allow] me to undertake it, unless the 
Royal Society be pleased to bear the expense cf the 
Vessel called Retort in the description printed at Cas­
sel; but after that I will lay out what is necessay for 
the rest, and I will be content to lose that expense, in 
case the contrivance of the Landgrave of Cassel doth 
not as much again as that of Esquire Savery; put in 
case the effect be such as I promise it, I do humbly 
beg that my expense, time and pains, may be paid, 
and I reckon this to amount to 15 pounds sterling. If 
the Royal Society be pleased to honor me with their 
commands upon such conditions, the first thing to be 
done is to let me see the place where the Machine 

The Newcomen Society 
Versus the American System 

Although the Newcomen Society was founded in 
1920 in England (and three years later in the United 
States) with the aim of promoting U.S.-British friend­
ship, its real purpose has been to lobby against) the 
American System. 

In the tradition of the myth of the Newcofnen 
steam engine, the Newcomen Society has tried to 
get the country to adopt policies that would make 
American industry vulnerable to the kind of eco­
nomic disintegration we are now seeing. This aim 
has been hidden behind the nice-sounding concept 
of free enterprise. As used by Newcomen, this is the 
idea that each industry or individual like Newcorhen, 
(if he existed) progressed because it stumbled Upon 
good ideas and developed them by hook or by crbok, 
unfettered by scientific theory or by a national pur­
pose. There is no mention of the national credit 
policy stressed by the Founding Fathers to creatq the 
infrastructure necessary for fostering industrial growth. 

The results of this free enterprise ideology cah be 
seen all too graphically in the inability of U.S. indus­
try to come up with a coherent counter strategy to 
the "controlled disintegration in the world economy" 
promoted by the Council on Foreign Relations,land 
its members in the Carter administration (see Fu­
sion, October 1979 for details). 

The author has invited the Newcomen Society to 
comment on this article, an event which Fusion col­
umnist Ben Franklin is .greatly looking forward to. 
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must be set, and I will work for it with all possible 
diligence and I hope the effect will yet be much great­
er than I have said: [emphasis in original].4 

By 1708, the Royal Society had abandoned even the 
pretense of scientific inquiry, and so its attitude toward 
Papin's proposal (as well as others) for real technological 
advance was predictably negative. In Papin's case, the 
repeated mention of the name Leibniz in his treatise was 
sufficient to trigger Royal Society killer instincts. 

The Transactions of the Newcomen Society, Volume 17 
(1936-37), contain a succinct account of the fate of Papin's 
proposition: 

Papin, then at Cassel, submitted with his paper, a 
request for fifteen guineas to carry out experiments, 
but the Royal Society, like our own, did not hand out 
fifteen guineas at a time. Instead, the matter was re­
ferred to Savery in 1708, and in his letter of criticism 
turning down Papin's design there is a passage in 
which he damned the cylinder and piston, saying it 
was impossible to make the latter work because the 
friction would be too great! [emphasis addedl.5 

Even the Newcomen Society found it necessary to 
punctuate this account with an exclamation mark. 

Papin then argued for his proposal before Newton him­
self, who rejected it on the pretext that it would cost too 
much. Papin was then stranded in England without any 
means of support, completely at the mercy of Newton, 
Sloane, and Savery, whose exclusive patent covering all 
conceivable "fire engines" was still in effect. Papin's 1707 
"Proposition" was thus the last heard of any practical plan 
for a steamship or for any application of steam power 
besides pumping mines until well after the American Revo­
lution. 

No record remains of Papin's subsequent activity in 
England besides a mere seven letters to Sloane, mostly 
repeated requests for money to carry out a variety of 
experiments. In his last letter to Sloane, Jan. 23, 1712, 
Papin complained that a number of his inventions present­
ed before the Royal Society had deliberately not been 
registered under his name: 

So there are at least six of my papers that have been 
read in the meetings of the Royal Society and are not 
mentioned in the Register. Certainly, Sir, I am in a sad 
case, since; even by doing good, I draw enemies 
upon me. Yet for all that I fear nothing because I rely 
upon Cod Almighty. 

The Newcomen Fraud 
In 1712, Papin apparently vanished without a trace, not 

even a death notice. That same year, the witchhunt against 
the Leibnizians was reaching frenzied heights on the Con­
tinent as weU as in England, and Thomas Newcomen sud­
denly appeared to build his fabled fire engine "near Dud­
ley Castle." 

Newcomen's engine was simply a scaled-up atmospher-



ic steam pump that was based completely on a combina­
t ion of two of Papin's earlier ideas: (1) the use of steam to 
create a vacuum and drive a piston (1690); (2) the use of a 
lever mechanism to transmit power from one pump to 
another (1687). 

In Newcomen's atavistic design, steam enters a cylinder 
under a piston f rom a separate boiler (see Figure 9). Cold 
water is poured over the cylinder or is sprayed inside of i t , 
condensing the steam and creating a vacuum; the piston 
is forced downwards by atmospheric pressure. In turn, a 
piston rod pulls down one end of a balance beam that 
operates an ordinary mine pump attached to the other 
end of the beam and placed down a mine shaft. Steam 
reenters the cylinder, merely counterbalancing atmospher­
ic pressure; the piston is then raised back to the top of the 
cylinder by the weight of the water pump apparatus and 
the cycle is repeated. 

Compared to the level of conception and design 
achieved by Papin, Newcomen's "exotic lever" is manifestly 
pr imit ive, a great step backwards. Not only is the force of 
the engine l imited to mere atmospheric pressure, and the 
design l imited to raising water f rom mines, but Newcomen 
still insisted on alternately cool ing off and heating up 
the same cylinder, wasting tremendous amounts of steam 
and consuming massive quantities of fuel . For this reason, 
his engine was used mainly by owners of coal mines who 
could afford the fuel . Despite admissions in black and 
white that Papin was indeed the first to publish the idea of 
a piston/cylinder atmospheric engine using steam, British 
historians insist on raising the quest ion, " D i d Newcomen 

Figure 9 
NEWCOMEN'S ENGINE 

British historical tradition maintains 
that Denis Papin mysteriously "drifted 
into obscurity" in England in 1712. 
That same year, the "ironmonger" 
Thomas Newcomen allegedly erected 
his first engine (shown), limited to 
pumping water from mines. British 
historians insist that Newcomen 
acted entirely alone and that he had 
no contact whatsoever with any sci­
entist or scientific principles, his 
work being based exclusively on trial 
and error ("hypotheses non fingo"). 

Newcomen published nothing, his 
exact date of birth and educational 
background are unknown, and no 
one knows what he looked like be­
cause none of his contemporaries 
bothered to paint or sketch his por­
trait. His only extant writings are a 
few scraps of personal letters to his 
relatives. 

know of Papin's work?" To salvage the Newtonian ideol­
ogy of hypothesis non fingo, these mythmakers manufac­
tured an impossible story to the effect that Newcomen 
lived in total isolation in a small town in "far-off Devon­
shire." Thus all theory, all science, all metaphysics must 
have been irrelevant to Newcomen's " invent ion of the 
steam engine," the story goes. Since there is no direct 
first-hand evidence that Newcomen knew anything of the 
work of " fore igners, " Londoners included, these histori­
ans argue that this uneducated, "pract ica l " mechanic 
must have acted alone. 

This argument, of course, obscures the fact that there is 
no direct first-hand evidence that Newcomen knew any­
thing at all and that there is barely enough evidence to 
allow one to conclude that Newcomen really existed. In 
fact, there is more wri t ten evidence that Newcomen knew 
of Papin's work than there is wr i t ten evidence about al­
most anything else in Newcomen's l ife. 

Volume 17 of the th i rd edit ion of the Encyclopedia Brit-
ann/ca, publ ished in Edinburgh in 1797, contains an article 
on the steam engine wri t ten by Dr. John Robison that is 
one of the earliest British efforts at rewrit ing the history of 
steam technology. Robison, whose political works are fa­
vorably reviewed today by the John Birch Society, crudely 
slandered Papin:6 

Papin made many efforts to employ this force lof 
steam] in mechanics, and even for raising water. It 
appears that he had made experiments with this view 
in 1698, by order of Charles Landgrave of Hesse. For 
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sophical Transactions of the Royal Society between 1675 
and 1687. 

(4) In the years 1684-1687, Papin submitted more than 
100 reports to the Royal Society in his capacity as curator 
of experiments, many of them later published in England.8 

(5) Papin's 1690 Latin article on the atmospheric steam 
engine was reproduced in his 1695 pamphlet "Recuil de 
Diverses Pieces touchant quelques nouvelles Machines," 
which, in turn, was prominently reviewed in the Philo­
sophical Transactions of the Royal Society in 1697. (The 
Newcomen Society concedes that Newcomen himself prob­
ably read this review.) 

(6) Papin published more than 40 articles in a variety of 
European scientific journals from 1682-1707, including five 
separate pamphlets. 

(7) Papin returned to England for at least four years, 
1708-1712, during which time Papin and his life's re­
searches effectively became the property of the Royal 
Society. 

(8) The legally recognized "inventor of the steam en-

Robert Fulton and 
the American System 

An American lithograph of Fulton and Napoleon in 1804 

this reason the French affect to consider him as the 
inventor of the steam engine . . . . Whoever will take 
the trouble of looking at the description which he has 
given of these inventions . . . will see that they are 
most awkward, absurd, and impracticable. His con­
ceptions of natural operations were always vague and 
imperfect, and he was neither philosopher nor math­
ematician. 

Robison even lied that "Papin's first publication was in 
1707," all for the purpose of protecting the mythical British 
steam invention. However, in trying to concoct some sort 
of explanation for Newcomen's apparent achievement, 
Robison was compelled to admit that Papin did indeed 
influence Newcomen, if even only indirectly. Robison 
claimed that Dr. Robert Hooke, Fellow of the Royal So­
ciety, had written a letter to Newcomen critical of Papin's 
"boasted method of transmitting to a great distance the 
action of a mill by means of pipes" (the pneumatic trans­
mission of power). 

Robison explained: 

It would appear from these notes that Dr. Hooke 
had dissuaded Mr. Newcomen from erecting a ma­
chine on this principle of which he had exposed the 
fallacy in several discourses before the Royal Society. 
One passage is remarkable. "Could he (melaning 

• Papin) make a speedy vacuum under your second 
piston, your work is done." 

It is highly probable that in the course of this spec­
ulation it occurred to Mr. Newcomen that the vacuum 
he so much wanted might be produced by steam and 
that this gave rise rise to his principle and construction 
of the steam engine. 

This fanciful account was accepted by historians until 
1936, when someone decided that even Robison's story 
ought to be officially discredited and that any mention of 
Papin should be eliminated from history. This task was 
undertaken by the Newcomen Society, then 15 years old, 
which assigned a member to visit the Royal Society ar­
chives and look for the "notes of observations" prepared 
by Hooke for Newcomen that Robison mentioned. Sure 
enough, more than 240 years later, no paper by Hooke 
mentioning Newcomen could be found, although the New­
comen researcher noted that "there was another paper on 
the same subject (Papin) in similar language, which looked 
like the draft of a letter to someone, but there Vvas no 
name or address, only a date." 

On this bit of evidence stands the Newcomen Society's 
claim that Thomas Newcomen not only invented the steam 
engine but "may truly be designated the founder of the 
Industrial Revolution."7 

With this scanty information on Newcomen in mind, I'll 
review the Papin history: 

(1) Papin had been a Fellow of the Royal Society since 
1680. 

(2) He lived in London for nine years between 1676 and 
1687. 

(3) He published close to 20 articles in the Ph/'/o-



gine, " Thomas Savery, was a demonstrable fraud, and 
certainly could be of no help to Newcomen since he had 
condemned the whole idea of a piston/cylinder engine in 
1708. 

There is no way to avoid the conclusion that the British 
knew Papin very wel l—wel l enough to recognize his work 
as a political and conceptual threat, closely tied to the 
fight for human progress waged on the Continent by Leib­
niz. The calculated result was a near 100-year containment 
of steam technology, overcome only in the aftermath of 
the American Revolution—a revolut ion whose European 
allies established at the Ecole Poytechnique in France and 
Cbtt ingen University in Germany, the intellectual centers 
that cont inued and advanced the mathematical physics of 
Leibniz. 

The lesson of the steam engine should be evident to 
today's supporters of advanced technology. The fight is 
still on and the supporters of nuclear power have to rec­
ognize and overcome the same kinds of overt and covert 
obstacles that were used against Papin. 

Philip Valenti, a mathematician, became interested in 
the story of steam power development during the course 
of a comparative study of Newton and Leibniz's calculus 
and philosophy. His is the first English translation of the 
Papin-Leibniz letters and Papin's 1707 work on the steam 
engine. 
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R obert Fulton, the American inven­
tor, brought many of Papin's in­

vent ions to f ru i t ion more than 100 
years later, including the steamship 
and the submarine, wi th the added 
feature of the torpedo. Like Papin, 
Leibniz, and the American patriots who 
developed the American System in op­
posit ion to British Malthusianism, Ful­
ton was a republican w h o identi f ied 
labor power, the human m ind , as the 
real source of a nation's wealth. 

In 1798, Fulton made two proposals 
to the French Republic, one for de­
veloping small canals to improve 
French industry and a second for 
quickly breaking British naval superi­
ority in order to guarantee "an entire 
liberty of Commerce. " 

In a letter to Napoleon Bonaparte 
May 1 , Fulton wrote : 

"These plans of improvement and 
my reflections upon Commerce are 
elaborations of the fo l lowing ideas, 
which I regard as the basis of political 
welfare, and which seem to me wor­
thy of the consideration of all repub­
licans, and all friends of humanity. 
Labor is the source of wealth of all 
kinds; it follows that the more numer­
ous the industrious and useful class, 
the more a country should gain in 
riches and comfort . It is therefore to 
the interest of each nation to draw 
from its natural advantages every 
feature possible. To that end Govern­

ments must apply themselves above all 
to internal improvements and seek 
continually to increase the number of 
useful individuals; only by el iminating 
as far as possible the causes of war will 
men be enabled to devote themselves 
to industrious works and reduce men­
dicancy . . . . 

" I f success crowns the efforts of 
France against England, it wi l l only re­
main for her to terminate this long 
war gloriously by granting freedom to 
trade and by compel l ing other pow­
ers to adopt this system. Political lib­
erty wou ld thus acquire that degree 
of perfection and of scope of which it 
is susceptible and Philosophy wou ld 
see wi th joy the Olive Branch of Eter­
nal Peace sheltering Science and In­
dustry." 

Fulton's specific proposal for defeat­
ing England involved the use of his 
submarine (Nautilus) and torpedo de­
sign. On October 27, Fulton proposed 
to the French Directory, then head­
ed by Lazare Carnot, the scientist and 
military engineer: 

"From the report of the Commis­
sioners named by the Minister of Ma­
rine it wou ld appear that the machine 
and the means which I have proposed 
to destroy the English fleet are pro­
nounced to be practicable. Permit me 
then to recall to your consideration 
the consequences which should result 
f rom the success of this enterprise. 

The enormous commerce of England, 
no less than its monstrous govern­
ment, depends upon its military ma­
rine. Should some vessels of war be 
destroyed by means so novel, so hid­
den and so incalculable, the confi­
dence of the seamen wi l l vanish and 
the fleet rendered useless f rom the 
moment of the first terror. In this state 
of affairs the republicans in England 
would rise to facilitate the descent of 
the French or to change their govern­
ment themselves wi thout shedding 
much blood and wi thout any expense 
to France. Wi th England republican-
ized, the seas wi l l be free. The liberty 
of the seas wi l l become a guarantee of 
perpetual peace to all marit ime na­
t ions." 

New York Historical Society, New York City 

Robert Fulton in a self-portrait 
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See Thomas Birch, DD., Secretary to the Royal Society, History of the 
Royal Society, a four-volume supplement to the Transactions of the Royal 
Society published in 1757. 
Standard reference works now include the updated Newcomer) myth. For 
example: "At the end of the 18th century John Robison propagated the 
belief that Newcomen's achievement somehow depended upon the appli­
cations of scientific principles gained through an alleged correspondence 
between Newcomen and Robert Hooke . . . . Robison's allegation has 
been discredited; the records reveal no contact whatever between New­
comen and his contemporaries in science. His invention was a product of 
a familiarity with technological operations and needs in the mining indus­
try, a close knowledge of contemporary craftsmanship, repeated trials and 
improvements, and a stroke of luck." (The source is Harold Dorn of Stevens 
Institute of Technology, writing on Thomas Newcomen in the Dictionary 
of Scientific Biography, Vol. 10, published by the Charles Scribners Sons 
for the American Council of Learned Societies in 1975.) 
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Chronology: 
Steam Power Versus 
The Royal Society 
1666: 
Louis XIV's Minister lean Baptiste Col­
bert establishes the Academy of Sci­
ences at Paris, appoint ing the Dutch 
scientist Christiaan Huygens as the 
academy's president. Huygens's pro­
gram includes "research into the 
power of water converted by fire into 
steam." 

1672: 
Papin and Leibniz join the Academy. 

1673: 
Huygens successfully demonstrates his 
gunpowder-fueled engine, suggesting 
that his invent ion: "permi ts the dis­
covery of new kinds of vehicles on 
land and water. And although it may 
sound contradictory it seems not im­
possible to devise some vehicle to 
move through the air ." 

1675: 
Leibniz completes his development of 
the differential calculus. Anti-Colbert 
factions force Papin, Leibniz, and later 
Huygens to leave France. 

1680: 
In London, Papin continues research 
into control of high pressure steam; 
he invents the steam pressure cooker 
and safety valve. 

1687: 
Papin proposes the pneumatic trans­

mission of power f rom water wheels 
near river$ to remote regions in order 
to facilitate the rapid spread of indus­
trialization!. 

1690: 
The Steam Age begins wi th Papin's 
invention! of the atmospheric steam 
engine; Papin proposes its application 
to powerjing a paddlewheel-driven 
ship. 

1692: 
Papin and 
responde 

Leibniz begin intensive cor-
nce. 

1695: 
Papin publishes a summary of his in­
ventions, including the Hessian bel­
lows, an improved furnace designed 
to mult iply efficiency, the pumping of 
mines usihg the pneumatic transmis­
sion of pokver, the atmospheric steam 
engine, arid the "plunging boat" (sub­
marine) 

1697: 
Papin's summary is reviewed in the 
Philosophical Transactions of the Brit­
ish Royall Society and circulated 
throughout England. 

1698: 
Papin constructs a steam-powered at­
mospheric pump. Leibniz and Papin 
begin the project of harnessing the 
direct force of high pressure steam; 
Papin constructs "a litt le model of a 
carriage that is moved forward by this 
force. " 

1699: 
Thomas 
sive paterit 
the Englis 

Savery is awarded an exclu-
for the " f i re engine" by 

i Parliament. 

1704: 
"Hanoverian envoys" to London smug­
gle Savery's blueprints back into Ger­
many; Leibniz concludes—correctly— 
that Savery's design could not work in 
full size. 

1707: 
Papin publishes a complete account 
of his direct action steam engine, and 
tests it successfully against Savery's 
design. 

1708: 
In London, Papin proposes that the 
Royal Society allocate 15 pounds ster­
l ing to allow him to construct his en­
gine "and to fit it so that it may be 
applied for the moving of ships. This 
Engine may be tried for an hour and 
more, together wi th some other made 
after the Saveryan me thod . " Royal So­
ciety president-for-l ife Isaac Newton, 
backed by Savery, rejects Papin's pro­
posal. 

1708-1712: 
The Royal Society appropriates Papin's 
researches wi thout remunerat ion. 

1712: 
Papin "disappears." The first New­
comen engine, l imited to pumping 
water f rom f looded mines, is erected. 

1807: 
American artist, inventor, and diplo­
mat Robert Fulton achieves the world's 
first successful steamship voyage with 
his Hudson River paddlewheeler Cler­
mont. Fulton proposes that his inven­
tions, including the submarine and the 
torpedo, be applied for thwith to de­
stroy the "monstrous government" of 
England. 
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RESEARCHERS ARE TAKING a new look at the idea of 
impact fusion, a concept that some fusion scientists feel 
could soon demonstrate better than breakeven energy pro­
duction with just a $20 million research investment today. 
The idea was first proposed in 1963 by Dr. Friedwardt Win-
terberg, now at the Desert Research Center of the University 
of Nevada. 

The principle of impact fusion is quite simple. A small 
pellet (projectile) of some solid material is directed at high 
velocity toward a fuel pellet that is seated in an anvil (Fig­
ure 1). The collision produces shock waves that propa­
gate through the fuel, compressing and heating it to the 
range of fusion conditions. 

Most important, there are a number of advantages inher­
ent in this method compared to the more elegant means 
of achieving fusion that have been under intensive inves­
tigation in laboratories around the world. As described in 
most discussions of fusion experiments, the major techni­
cal problems fusion researchers face involve achieving 

and containing fusion conditions in the plasma core using 
very small amounts of fusion fuel—the hydrogen isotopes 
deuterium and tritium. The very high temperatures required, 
about 30 million degrees Kelvin, and the large product of 
confinement time and fuel density (called the Lawson cri­
terion), more than 10u per second per cubic centimeter, 
rule out containment of the reaction in conventional materi­
al containers and force researchers to explore many alter­
native possibilities to achieve these conditions. 

The best known fusion alternatives are magnetic con­
finement and inertial confinement. The first system uses 
magnetic fields to form a magnetic "bottle" in which the 
highly ionized fusion plasma is confined, while sufficient 
energy is pumped into it by neutral beams of energetic 
hydrogen atoms, by microwaves, or by other processes 
under investigation. In inertial confinement, a small pellet 
of liquified fuel is bombarded with highly energy-dense 
laser beams, electron beams, or intense beams of heavy 
ions, and the intrinsic-inertia of the fuel keeps the com-
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Figure 1 
THE PRINCIPLE OF IMPACT FUSION 

Impact fusion differs from other forms of inertial confinement fusion in that the driver—a pellet of matter with a mass 
in the 0.1 to 1.0 gram range traveling at a speed approaching 1 percent of the speed of light—delivers momentum 
directly to the fuel. In inertial confinement systems driven by laser or electron beams, energy is delivered to the 
surface of the fuel pellet and this must be converted to momentum for crushing the pellet by heating and ablating 
the surface material. In impact fusion the driver pellet slams into the anvil/fuel material and the fuel is heated and 
compressed to achieve the necessary conditions to initiate a fusion burn. 

The time sequence in the diagram is from left to right. 

pressed mixture together long enough for fusion tc> occur. 
Both these lines of research hold great promise for 

solving the problem of extracting useful energy from con­
trol led fusion. At the same t ime, however, both are beset 
w i th signif icant di f f icul t ies such as the development 
of superconduct ing magnet technology to produce suff i­
ciently strong magnetic fields, the development of effi­
cient highly energetic lasers, and the control of relativistic 
electron beams. 

Impact fusion avoids some of the knottiest problems. 
First, the pellet accelerator for impact fusion is simply a 

modif ied linear particle accelerator, a wel l -known tech­
nology f rom many years of high-energy physics experimen­
tal use. Second, focusing is not necessary for the pellets, 
so that sensitive equipment subject to damage by debris 
from the collison need not be placed in or near the reac­
t ion chamber. Third, although heavy ion beam techniques 
also use extensions of high-energy accelerator technology, 
there are significant difficulties still to be overcome that 
are associated wi th the tendency of the ions mutually to 
repel each other, and these are not found in pellet accel­
eration. Last, wi th the accelerating systems that have re­
cently been proposed, pellets could achieve the required 
velocities in accelerators wi th lengths in the range <f>f a few 
tens of meters, rather than the lengths of a few kilometers 
proposed for heavy ions. 

At the present stage of fusion research, it is impossible 
to predict the ultimate form of the most practicableienergy 
producing reactors. Consequently, just as aviation engi­
neers traveled a long road through many design variations 
f rom the Wright brothers' first aircraft to supersonic trans­
port, we must explore many variants of potential! fusion 
reactor designs, and impact fusion is one of the possibili­
ties that merits serious considerations. 

The traditional concept of heat accepted by mosjt physi­
cists is insuff ic ient to deal w i th the condit ions, in the 
high-temperature and high-density regimes associated with 
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thermonuclear fusion. In the conventional approach, heat is 
viewed as an average expression of the random oscillations 
—kinetic energy—of bulk matter and the temperature is 
defined as a measure of the most likely energy of atoms in 
the ensemble. This is simply heat (energy) in an equilibrium 
state of high entropy. The pressure of such an ensemble is 
uniformly distr ibuted in all directions, as is the direction 
energy travels f rom the ensemble. 

For efficient energy deposit ion in a fusion fuel pellet, 
the directionality of the heat must be shaped. That is, the 
heat content of the matter must appear not as a random 
high-entropy distr ibut ion of molecular motions, but as a 
highly direct ional, low entropy, and perhaps even thermo-
dynamically cold mot ion of the whole ensemble. 

Implosion Physics 
The impact fusion approach is unique in that it delivers 

the required momentum for implosion to the fuel pellet. 
In the other inertial conf inement techniques—laser, elec­
tron, or ion beams—momentum for the implosion is devel­
oped by heating the pellet surface layers, which ablates 
material and thus provides the momentum needed to crush 
the fuel pellet. 

A projecti le wi th a mass of 0.1 grams traveling at a speed 
of between 107 and 108 centimeters per second, about 0.1 
percent of the speed of l ight, carries the necessary energy 
in the range of 1 to 10 mil l ion joules to ignite a fusion fuel 
pellet. The projecti le hits the fuel , which is lodged in a 
conical cavity in a relatively large anvil, to take one exam­
ple. The collision sets up a shock wave that propagates 
through the fuel at the velocity of sound for the material, 
heating it as it passes (Figure 2). 

As the projecti le is imbedded into the cavity, it com­
presses and further heats the preheated fuel to achieve 
the density necessary for fusion. For preheating to occur, 
it is important that the sound velocity be greater than the 
compression velocity. Fortunately this is the case. 



Compression wave front 

Shock wave front 

SHOCK WAVE PROPAGATION IN IMPACT FUSION 
The conditions under which fusion reactions occur in impact fusion are achieved through a two-phase heating and 
compression process in the fuel pellet. On impact, the projectile generates a shock wave in the fuel material. This 
travels at high speed, heating the fuel as it goes. The shock is followed by a more slowly moving compression wave 
that further heats the fuel while increasing its density to the range in which fusion reactions occur, thus releasing 
tremendous amounts of energy. 
>> The progress of these two waves is shown in the diagram moving from left to right. The preheated region behind 
the shock wave is shaded and the compressed region is cross hatched. 

H Figure 3 
THE RAYLEIGH-TAYLOR INSTABILITY 

In addition to the shock wave that propagates into the fuel, another shock wave passes into the material of the 
driver pellet. This shock wave turns the front part of the driver itself into a plasma. Since the driver plasma is made 
of heavier material resting on the lighter material in the fuel plasma, the interface region becomes unstable, in 
effect rippling. This sort of oscillation, called the Rayleigh-Taylor instability, can become progressively larger, 
causing material from the driver to pass into the fuel, contaminating it and inhibiting fusion. The impact fusion 
assembly must be designed to minimize such instability. 
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The fuel can lose energy in a number of ways. The most 
important of these is bremsstrahlung, the X-rays that are 
produced when electrons coll ide wi th nuclei in the ion­
ized plasma dur ing the period fo l lowing preheating. To 
compensate for the bremsstrahlung energy loss, the fuel 
assembly must be designed in such a way that the energy 
from fusion reactions remains wi th in the fuel mass. This is 
achieved by assuring that the min imum radius of (he fuel 
after compression is greater than the range of fusibn pro­
ducts in the compressed material. 

Heat conduct ion by electrons escaping the fuel also 
carries away energy. Since the electrons have a small range 
in the compressed fuel , this effect is restricted fo elec­
trons near the surface and presents no significant prob­
lem. 

If the anvil material has a larger atomic weight than that 
of the fuel—a condit ion that is easy to achieve smce the 
fuel is composed of hydrogen isotopes—the initiating shock 
wave wil l be reflected rather than passing into the anvil. 
Consequently, this additional energy is not lost either. 

One further complication of some interest arises in the 
implosion process. In addit ion to the shock wave propagat­
ing into the fuel , there wi l l also be a shock wave in the 
projecti le. As this latter shock wave propagates, it yvill also 
convert the region of the pellet adjacent to the fuel into a 

plasma. This layer, which is supported by the lower density 
fuel , wi l l develop the hydrodynamic instability known as 
the Rayleigh-Taylor instability (see Figure 3). 

The Rayleigh-Taylor instability works this way. If one 
were to pour a heavier l iquid onto a lighter one in such a 
way that a smooth surface separated the two, any slight 
perturbation wou ld begin to disturb this state of unstable 
equi l ibr ium. At fairly rapid speed, oscillations would de­
velop capable of carrying masses of the heavier l iquid into 
the lighter one. The final result wou ld be that the lighter 
f luid would float on the heavier. 

If such a situation develops too rapidly in the implosion 
process, it becomes impossible to confine the fusion fuel 
in an effective manner. The solution to this problem is not 
obvious beforehand and depends on experimental trials 
with different fue l , anvil , and projecti le shapes to deter­
mine the opt imum condit ions. 

Macroscopic Particle Accelerators 
Winterberg proposed a simple and straightforward con r 

cept for achieving the required projecti le velocities in his 
first paper on impact fusion, published in 1964. Large 
numbers of quite small spheres were to be charged to the 
maximum amount they could withstand wi thout breaking 
down. These wou ld be introduced into a simple linear 

Figure 4 
DESIGN FOR AN IMPACT FUSION POWER PLANT 

An electric power plant based on impact fusion would be similar to plant designs for other forms of inertial 
confinement fusion. However, one significant difference is that impact fusion does not require the elaborate and 
delicate focusing equipment needed to guide laser beams, light ion or heavy ion beams, and electron beams. This 
design, based on the use of superconducting dipole magnet driver pellets, calls for a magnetic linear accelerator 
with a length in the range 1 to 2 km. The basi<t sections of the system shown here are (1) the injection building 
where driver pellets are prepared for acceleration and injected into (2) the magnetic accelerator, and (3) the power 
station, where fusion occurs and the energy is extracted to produce electricity or for other useful purposes. 
Source: Dr. K. W. Chen, Michigan State University, June 1977. 
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allows the triggering of the dipole fields to be synchron­
ized. The field is designed to maintain the projecti le in its 
trajectory wi thout any transverse drift (Figure 4). 

Chen's proposed projecti le is a cylindrical dart several 
mill imeters long and 4 mill imeters in diameter, wi th a 
mass in the range of 0.1 to 1.0 grams. The dense core is a 
fi l ler composed of uranium oxide (U^Cy, which is sur­
rounded by 30 layers of the superconducting material, 
n iobium tin (Nb3Sn). One end of the dart is a pointed cap 
that acts as a heat shield to protect the superconductor 
during fl ight. 

After acquiring a speed in the range of 107 centimeters 
per second along a trajectory about 1 ki lometer in length, 
the dart enters the reaction chamber through a hole just 
large enough to accomodate it. There is no focusing equip­
ment nor other delicate devices in or near the reaction 
chamber that can be damaged by debris f rom the blast, 
which is equivalent to a ton of TNT. 

Except for the simplif ied entry ports, inertial confine­
ment reaction chambers designed for other driver mecha­
nisms would be suitable for use here. 

To reach the desired velocities, the two concepts de­
scribed above require accelerators about 1 ki lometer in 
length. Al though construction of such an accelerator is 
entirely feasible and has been more than surpassed in prac-
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accelerator of either the Cockroft-Walton or Van de Graff 
type. If larger particles are desired, more advanced linear 
accelerators using traveling electric fields in wave guides 
could be used. (For a discussion of different types of linear 
accelerators, see "Heavy Ion Fusion: A New Contender 
for Inertial Conf inement" in the February 1979 Fusion.) 

Even more promising than the electrostatic acceleration 
technique is the possibility of taking advantage of the 
properties of superconductors in constructing the projec­
tiles. When immersed in a magnetic f ie ld, a superconduc­
tor wi l l set up an internal magnetic field that excludes the 
entry of the external f ield into the superconducting mate­
rial. This action creates a pressure on the superconductor, 
as evidenced in laboratory experiments in which the super­
conductor apparently defies gravity by floating in empty 
space. 

If the projectiles used for impact fusion are constructed 
from superconducting materials, an accelerating scheme 
with an advancing magnetic field can be used to accelerate 
them. One recent design proposal by K. W. Chen of Mich­
igan State University calls for a series of current loops that 
generate a local magnetic f ield that pulls a ferromagnetic 
projecti le forward or pushes a superconductor that has 
already passed the loop, giving it increased velocity. The 
posit ion of the projecti le is tracked using a laser, which 

Figure 5 
WINTERBERC DESIGN FOR ACCELERATING FOILS TO EXTREMELY HIGH VELOCITIES 

The charged metallic foil marked F in the diagram is accelerated by repulsion from the electron cloud, eB that is 
generated by the cathode, C-. A magnetic field, H, created by the solenoidal magnet windings, S, surrounding the 
positively charged drift tube, T + , simultaneously contains the electron cloud eB and provides stabilization for the 
foil. It does this by interacting with the magnetic field generated by the circulation of the electron cloud eF as it 
travels around the rim of the foil. Once the foil has attained the desired velocity, the fast discharge current loop, L, 
at the end of the accelerator generates a strong magnetic field pulse that crushes the foil into a slug, s, suitable for 
driving the fusion reaction. 



for a macroscopic particle accelerator are in the range of 
one-tenth the cost for a heavy ion accelerator built to 
achieve fusion energy product ion. 

Equally encouraging, an experimental accelerator could 
be built in four to five years f rom the t ime an appropria­
t ion is authorized for its construct ion. Wi th parallel devel­
opment of fuel pellet shapes, it is currently estimated that 
an impact fusion commercial reactor could be built by 
about 1990, or shortly thereafter. 

There is one other important theoretical consideration 
in the development of accelerators capable of accelerating 
macroscopic particles to high velocities. Velocities in the 
range of 108 to 109 centimeters per second correspond to 
nucleon energies in the range 10 KeV to 1 MeV—energies 
at which it is possible to directly stimulate nuclear reac­
tions. Unti l now, it has not been possible to cause these 
reactions except essentially one at a t ime, using the low 
ion fluxes available f rom particle accelerators and neu­
tron fluxes f rom nuclear reactors. 

If such reactions can be generated in bulk, as macro­
scopic quantities of highly energetic nucleons coll ide with 
macroscopic targets, we can look forward to seeing whole 
new states of highly energy-dense matter self-interactions, 
demonstrating the general trend of self-organizing prop­
erties wel l known to exist from observation of hydrody-
namic and plasma phenomena. 

Considering the current dismal failure of nuclear phys­
ics to understand the nature of the nucleus in terms of the 
linearized interactions abstracted f rom currently available 
experimental in format ion, the kinds of results to be 
achieved wi th high nucleon density accelerators could well 
lead to a dramatic reconceptualization of the nucleus. 

On a completely different level, the impact fusion con­
cept may provide the kind of driver needed for practical 
interplanetary and interstellar manned space craft. It has 
long been known that the energy densities available from 
chemical fuels wou ld be insufficient to achieve the high 
speeds and large payloads for long-distance space travel. 
Some form of nuclear energy has been recognized as the 
necessary alternative, w i th sequential explosions of atom­
ic or hydrogen bombs as proposed in NASA's Project 
Or ion seen as one answer. The impact driver, as Winter­
berg has discussed, could be a useful, efficient way of 
achieving this end. 

John Schoonover is director of nuclear physics for the 
Fusion Energy Foundation. 
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t ice, the concept of impact fusion becomes more attract­
ive the smaller the accelerator and consequently the lower 
the capital cost to construct the device. 

Last year, Winterberg announced the conceptual design 
for an ingenious accelerator system that wou ld redlice the 
accelerator length to the range of a few tens of meters for 
the velocities required. In the Winterberg design, the pro­
jectile's drift tube is surrounded by a magnetic solenoid, a 
cylinder in which the wir ing produces a magnetic f ield that 
is parallel to the cylinder axis (Figure 5). 

At one end of the tube a cathode projects an ntense 
beam of relativistic electrons into the tube. The solenoidal 
magnetic f ield acts to insulate the cathode and electron 
beam from the grounded drift tube by confining the elec­
trons away from the drift tube walls. The projecti le, a thin 
fo i l , is placed in front of the electron where it Absorbs 
electrons f rom the beam and then is forcefully repelled 
before it. The strong electric f ield generated at the rim of 
the foil initially causes f ield emission of electrons, but the 
strong solenoidal f ield traps these in the region near the 
r im, stopping further field emission and creating an annu­
lar (donut-shaped) cloud at the edge of the foi l . 

The mot ion of the foil through the magnetic fielc gener­
ates a current in this c loud, which, in tu rn , provides a 
magnetic moment directed along the solenoidal f ield axis 
for the foi l and cloud system. As a result, the foil automat­
ically stabilizes itself against tumbl ing end over end along 
the drift tube! At the end of the acceleration phase, a fast 
discharge through an additional current loop generates a 
momentary strong magnetic f ie ld, constricting the sole­
noidal f ield and crushing the foil into the pellet before it 
impacts wi th the fusion fuel . 

The Future 
The prognosis for the cost of such an experiment and 

the construction t ime is quite good. For example, in a 
December 1978 paper titled "Magnetic-Gun Igniter for Con­
trol led Thermonuclear Fusion," a prestigious g 'oup of 
scientists—R. L. Garwin, R. A. Mil ler, and B. R chter— 
summed up their f indings on the superconduct ng dart 
concept as fol lows: 

The idea of a magnetic gun for thermonuclear igni­
t ion is not obviously absurd, and it may hold several 
important advantages in comparison wi th the particle 
and light-beam igniters currently being considered. 
Many problems remain to be solved, but we thiihk the 
idea is ripe for a serious attempt at an engineering 
design, perhaps in conjunct ion wi th small-scalle ex­
periments to discover the most practical way to bui ld 
a larger scale experiment. 

The authors estimate that the magnetic gun accelerator 
would provide a low-cost driver for fusion reactions, and 
that small-scale prototypes would be quite cheap to bui ld 
and test. 

Current estimates in the fusion community are that a 
small section of a macroscopic particle accelerate r, capa­
ble of attaining speeds up to 105 centimeters per second in 
about 20 meters could be built for a few mil l ion! dollars. 
For a commercial-size installation, construction estimates 
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The North American Water 
And Power Alliance Proposal 

Creating Water Resources for the Year 2000 
by Calvin Larson 

This report by Calvin Larson, Fusion Energy Foundation 
director of agricultural engineering, is part of an ongoing 
FEF study of world water resources. Larson presented de­
tails of this North American Water and Power Alliance 
Proposal at a Sept. 19 conference in St. Louis sponsored bv 
the FEF, which is summarized below. An accompanying 
box describes one of the major battles raging in the United 
States over modernizing the waterways svstem. Lock and 
Dam 2b on the Mississippi River. 

THE POTENTIAL FOR the creation of abundant water re­
sources has never been as great as it is todav. despite the 
cries of the environmentalists to the contrary. Technol­
ogies exist to create entire new river systems where there 
are none now, to collect and store vast quantities of water 
in underground reservoirs, and to desalinate seawater for 
use in areas that cannot be supplied bv rivers and streams. 

Historically man has augmented the hydrologic cycle bv 

Bureau of Reclamation 
bui lding dams and reservoirs to collect precious surface 
water supply. This technology gave life to the Imperial 
Valley of California, Arizona's Central Valley, and the Mis­
sissippi Valley, which are today the world's most produc­
tive farm lands. 

The availability of cheap and abundant water supplies 
for irr igation, along wi th advancing technologies in ferti l­
izers and pesticides, has given this country the abilitv to 
increase agricultural yields beyond those ever dreamed 
possible. A rural nation wi th the majority of its population 
on the land in 1790, the United States now feeds itself and 
produces a surplus that could feed half the population of 
the wor ld—using only 4 percent of its workforce. 

This transformation of the North American subcont­
inent came about principally because America's Founding 
Fathers were commit ted to the mechanization of agricul­
ture and the upgrading of water-delivery systems to the 
nation's fertile farmlands. 

By the same token, they were commit ted to l inking the 
breadbaskets of America's heartland wi th the wor ld mar-
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Existing navigable waterways 

Existing waterways to be linked by new canals for 
expanded water delivery and navigation 

Canal systems to be upgraded for expanded water delivery 

Natural river systems 

This is the North American Water and Power Alliance (NAWAPA) masterplan for continental water resources devel­
opment as modified and extended by authof Calvin Larson, director of agricultural engineering of the Fusion 
Energy Foundation. Two major modifications are the bifurcated perimeter canal to be developed around the base 
of the Rocky Mountains and a Plains States Canal to be constructed between Pierre, North Dakota and Houston, 
Texas. As in urban water system designs, the gridlike pattern of the extended NAWAPA plan increases the 
operating flexibility of the system to optimize its multiple benefits and efficiency. 

kets that wou ld usefully absorb the nation's growing agri­
cultural bounty. The canal and improved river systems of 
the 18th and 19th century, many of which are still in use 
today, speak for the credit policies and econom c growth 
policies the Founding Fathers put into effect tip accom­
plish our national development. 

Conservation: 
Invitation to Disaster 

Today, America is suffering f rom a water mismanage­
ment policy that is rapidly reversing two cerjturies of 
development. Under the rubric of "conservat ion," the 
Carter administration is encouraging less use of our 
national water resources, in many cases bv increasing the 
price of desperately needed water bevond the reach of 
all users. 

The administration's commitment to a synthetic tuel 
program and a coal-based economy is another invitation 

to disaster. Carter's policy wou ld require the deplovment 
of vast quantities of available water—in several cases the 
entire supplies of major agricultural states—for synfuels 
development. Such a program presages bitter fights be­
tween farming and industrial communit ies of the western 
regions, reminiscent of the battles over water rights in the 
preirrigation Old West. 

Carter's thoroughly misdirected policies have been added 
on to more than a decade of White House, congressional, 
and Interior Department blocking of major water project 
construct ion. The result is an aggravated shortage in 
immediately available water supplies for farming or navi­
gation in some regions of the country, coupled with disas­
trous floods in other regions where needed dams, dredging, 
and other construction has been postponed. 

The case of the Tellico Dam on the Tennessee River, 
which was held up for over three years by environmental­
ist intervent ion, and the overcrowded facilities of Lock 
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and Dam 26 on the junct ion of the Missouri and the Illinois 
Rivers, which have been wait ing five years for renovation, 
are among the most striking. 

The North American Han 
The proposal for a North American Water and Power 

Alliance, a mult ibi l l ion-dol lar western and northeast states 
water development project that wou ld maximize the re­
sources of the entire cont inent, has been on the shelf for 
nearly 15 years. 

The North American plan, known as NAVVAPA, was pro­
posed in 1964 by the internationally active Ralph M. Par­
sons Company, based in Pasadena, California, after an 

„ investment of $1 mil l ion in project design. The essence of 
the plan is simple: to exploit the natural river systems of 
the continent, in conjunct ion wi th a large-scale engineer­
ing effort, to capture the mill ions of acre feet of water lost 
through runoff each year and redirect it for use in water-
short regions. The project, as it is described here, would 
take 10 to 15 years to complete—given a mobil ization of 
the skilled labor and engineering resources of the United 
States, Mexico, and Canada. Its total cost, wi th the ap""^ 
propriate use of nuclear explosive construction m e t h o d s . j 
wou ld be about $130 bi l l ion at 1979 prices. 

The return on this investment wou ld include: 
a near-doub//ng of hydroelectric production in the United 
States alone; 

a near-doubling of irrigated ferti le acreage in the states 
west of the Mississippi River; 
a vast expansion of the continental inland waterway 
system throughout the U.S. Northeast, Southwest, 
Midwest, and into Canada; 
a significant increase in ground-water reserves in 
many overdrafted areas of the country, including 
the Southwest and the Texas high plains; 
and the augmentation of water f low into the ex­
isting river system, alleviating transportation 
bottlenecks in what are now periods of low 
natural f low. 

A Political Fight Necessary 
Despite the obvious benefits of NAWAPA, federal gov­

ernment funding for addit ional planning was b locked— 
at the init iation of Washington Senator Henry lackson— 
when the plan was first released in 1964, and no action has 
been taken since. To get NAWAPA moving todav requires 
a major political effort both wi th in Congress and among 
the progrowth majority of the nat ion. 

The story of the construction of the Boulder (Hoover) 
Damon the Colorado River in the 1920s is the story of such 
a political fight. The complet ion of the dam was largely 
due to Congressman Phil Swing of El Centro, California 
who put forward the need for a mult ipurpose high dam on 
the Colorado River for f lood contro l , irr igation, and hydro­
electric power—even over the objections of Herbert 
Hoover, who called the project "pol i t ical ly unfeasible." 

To keep the Boulder Dam project alive, Swing fought 
and defeated a t rumped-up scandal on the floor of the 

House of Representatives, and wi th his associate Mark 
Rose of the Imperial Valley Irrigation District, he initiated 
the national distr ibut ion of a fact sheet on the benefits of 
the plan. Todav, Boulder Dam is still considered to repre­
sent the most advanced notions of mult ipurpose water 
project construct ion. 

The NAWAPA plan—or a similar project—is the next, 
long-overdue step in continental water resources devel­
opment. pmmm 

As of 1975, approximately 390 mi l l ion acre-feet per year 
(MAFY) of fresh water were wi thdrawn from U.S. reserves 
for use in the United States. About 40 percent was used for 
irr igation, 37 percent for thermoelectric cooliTTg, 11 per­
cent for industry, 9 percent for domestic consumption in 
urjjan^axgas, and 3 percent lor domestic consumption in 
rural areas. 

- O r the total, only about 85 MAFY were drawn from 
ground reserves, the majority of supplies coming from 
natural lakes, rivers, and reservoir systems. About 110 of 
the 390 MAFY in use were actually consumed; that is, 
evaporated, transpired, or retained in manufactured goods. 
This points to the fact that in 1975, about 70 percent of all 
water use for irr igation, domestic consumpt ion, and in­
dustry was returned to ground water or riverine systems 
for mult iple-purpose reuse. 

Wi th this overview, I wi l l discuss the NAWAPA plan from 
the perspective of how its implementation wil l augment 
the total water supply available on a continental scale for a 
multiplicity of uses and a wide range of benefits to the econ­
omy as a whole. 

The NAWAPA Masterplan 
The North American Water and Power Alliance grid is 

designed as an nvprlfly \Q past ing continental water sys­
tems. NAWAPA's designers have proposed the upgrading 
of a series of river basins, combining natural hydrographic 
potential wi th engineering features for maximum effect. 
The major engineering projects would be undertaken to 
collect surplus runoff water f rom foe Rockv Mountains 
starting in southern Alaska and into western Montana, to 
be delivered for use in southern California, Arizona, and" 
Mexico^As the map of the NAWAPA masterplan shows, a' 
major port ion of the collected runoff wou ld be diverted 
east, into channels leading to the Great Lakes and into the 
Mississippi River. 

The beauty of the plan lies in its simplicity. Water now 
f lowing into the Pacific and Arctic Oceans, where it be­
comes useless, wou ld be diverted to water-short but po­
tentially highly productive areas of the continent. Table 1, 
which lists the present distr ibut ion of water on the conti­
nent, shows that the 1.3-million-mile-square area of the 
NAWAPA project is particularly rich in water resources. 
Wi th a mean annual runoff of 900 MAFY to be channeled 
by newly engineered river systems and canals, NAWAPA 
territory has a unit runoff nearly twice that of the conti­
nent as a whole. 

The Parsons Company plan proposed the use of con­
ventional methods of diversion—dams, tunnels, contour 
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Table 1 
ESTIMATED WATER RESOURCES OF NORTH AMERICA 

Country 

Canada 
U.S. 
Mexico 

North America 

NAWAPA 

Area 
(MSM) 

6.2 
5.8 
1.2 

13.2 

1.3 

Po Dulation 
(njillions) 

23.4 
216.0 
64.6 

304.0 

— 

Runoff 
(MAFY) 

2.550 
1,960 

315 

4,835 

900 

AF/SM 

411 
• 338 

262 

366 

692 

Unit runoff 

AFcapita 

109 
9 
5 

16 

— 

The NAWAPA catchment area extends in a "T"-shape from southwestern Alaska to Idaho and Montana and from British 
Columbia to western Labrador. At present, the majority of its 900 milion acre-feet a year of runoff flows unused into the 
Pacific and Arctic Oceans and Hudson Bay. The major storage facility would be a huge reservoir in the Rocky Mountain 
Trench, a normal topographical trough that forms the headwaters of the Peace, Fraser, Columbia, and Kootanay Rivers. 

The units shown are millions of square miles (MSM) of land area and million acre-feet per year (MAFY) of runoff. One 
acre-foot is the volume of water that will cover a\n acre of land 7 foot deep. 

The Case of 
Mississippi Lock 26 

Lock 26 on the Mississippi River is 
one of the best examples of how 
underinvestment in America's inland 
waterways system has begun to create 
damaging transportation bottlenecks 
in the agricultural and industrial sec­
tors. Lock and Dam 26 is the strategic 
shallow-water convergence point for 
barge traffic f rom the Mississippi and 
Illinois Rivers. The lock is located a 
few miles below their conjuncture on 
the Mississippi at A l ton, III., just north 
of St. Louis. 

Barges laden wi th grain for export 
and tons of fuel, chemical, and indus­
trial products are now delayed up to 
two weeks because of the traffic back­
up at this lock. The average wait ing 
t ime for passage through the 40-year-
old lock system is 10 hours; normal 
passage t ime through a lock in good 
condit ion is 30 minutes. This means 
that the bulk of the more than 58 mi l­
l ion tons of freight that passes through 
Lock 26 each year sits in bumper-to-
bumper river traffic for many hours 
before moving on to its destination. 

In fact, Lock 26 is the number one 
bottleneck on the Mississippi, and 
costs billions of dollars in wasted t ime, 
fuel , and missed deadlines and con-
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the project. The suit charged, among 
myriad other objections, that the 
project needed specific congressional 
approval and authorization and that 
the Corps's environmental impact 
statement was inadequate. Judge 
Charles Richey granted an in junct ion. 

The railroads ostensibly joined forces 
with the environmentalists out of their 
own narrowly perceived self-interest. 
Increased volume and efficiency of 
Mississippi barge traffic wou ld divert 
significant amounts of freight to cheap­
er waterways transport, thus " robb ing" 
the railroads of revenue, they said. 

On the contrary, studies have shown 
that when the river transportation sys­
tem improves, all forms of transporta­
t ion realize an increase in traffic. 

A Compromise 
After four more years of delay and 

the death of various congressional au­
thorization bills, a compromise was 
finally passed last year. It specifically 
authorized construction of Lock and 
Dam 26, but imposed a user tax of 4 
cents per gallon of fuel consumed, 
rising later to 12 cents. An appro­
priation of $20 mil l ion was made to 
begin the first phase of construction 
late this year. 

But one year later, no construction 
has begun on Lock 26. Al though the 
Corps has submitted supplemental en­
vironmental impact statements, the 
environmentalists are charging that 
these remain inadequate. The state­
ments don' t take sufficient account of 
the environmental effects of increased 
water turbulence or on the aquatic life 
in the few acres of wetlands that would 
be disturbed, they say. 

Currently Judge Richey is involved 
in a criminal case and has had no t ime 
for the Lock 26 matter. In August 1974, 
Richey had denied the government's 
motion for a change of venue—and 
judge—to St. Louis; since then, he 
has stalled the proceedings in all kinds 
of ways. 

But the Corps's case cannot be 
helped by the fact that its legal counsel 
is the Pollution Control Section of the 
Department of Justice—the same law­
yers who have been work ing consist­
ently wi th the environmentalists 
against whom they are supposed to 
defend the Corps. 

Meanwhile, Lock 26 continues to de­
teriorate. Early in August, when a barge 
sank in the lock, all traffic ground to a 
halt for 36 hours. 
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canals, and pump-l i f ts—to redirect the f low of major 
northwestern rivers f rom their normal northerly or wester­
ly course to the sea and onto a course toward storage facil­
ities to be constructed to the southeast. The major storage 
facility wou ld be a huge reservoir in the Rocky Mountain 
Trench, a no rma l topographical trough that forms ihe 
headwaters of the Peace, Fraser, Columbia, and Kootanay 
j^l^etS* I he reservoir wou ld be built at an elevation of ap-
proximately 3,000 feet above sea level and would be about 
500 miles long, 10 miles wide, and 300 feet deep. Its stor-

' age capacity wou ia De approximately 4^0 mil l ion acre feet. 
(The total reservoir capacity of the Uni ted States is now 
700 mi l l ion acre feet.) 

From the Rocky Mountain Trench reservoir, water would 
be directed east and south. To the east, the majority of 
f low would be by gravity, and wou ld util ize the course of 
natural rivers in central Canada. Most of the f low to the 
south would be into new canals, located at the base of the 
Rocky Mountains at elevations of between 5,000 and 5,500 
feet above sea level. A major pump-l i f t , w i th a capacity of 
approximately 135 MAFY and an energy load of about 65. 
gigawatts, w o u f d b e required in western Montana to lift 
this southerly f low into the canals. 

In southwestern Montana the southerly f low along 

the canal network wi l l branch to the east and west of 
the .continental divide. As shown on the map, the two 
brancnes reconnect m southwestern New Mexico. This 

I circumference canal located in Idaho, Utah, Wyoming, 
Colorado, New Mexico, and Arizona wi l l deliver augment-

\ ing water f low to natural river-basin systems originating in 
those states. These river systems wil l be either directly 
intercepted by the main canal, or l inked by secondary 
canals to the new water f low. Major l ink canals wi l l deliver 

isupplies to southern California, central Arizona, and the 
high plains area of western Texas. . 

From southwestern New Mexico, f low wi l l continue into 
Mexico along both sides of the continental divide and 
westerly through Nogales into the Gulf of California. 

Canals and Storage r—> 
The canals of the system wi l l be hydraulically inteerated 

with hundreds of new regulating dams which wi l l inter­
cept, contro l , and util ize regional river basin r uno f f j cu * 
conjunct ion wi th the continental supply. 

In the Missouri Rjyp1" hasin for instance, five major 
dams wi th a storage capacity of 75 MAF and more tha,n 50, 
smaller dams wi th a combined additional storage capacity 
of 110 MAF operate to control an average annual discharge 

nections. For 10 years, the Army Corps 
of Engineers has been trying to begin 
construction of new facilities to replace 
the dilapidated ones built in 1938; for 
10 years they have been blocked by 
an unsavory alliance of railroad com­
panies and environmentalists. 

The Army Corps of Engineers and 
its allies have been forced to restrict 
the scope of their proposed renova­
t ion to the construction of one large 
1,200-foot lock to replace the two smal­
ler ones currently in operat ion. This 
wi l l yield only 18 percent greater ca­
pacity, f rom the current 73 mi l l ion ton 
maximum to 83 mil l ion tons wi th the 
new facility. Wi th any increase in 
freight movement at all, the new fa­
cility wou ld be obsolete before it 
was completed. 

What the Corps originally proposed 
was a new dam and two 1,200-foot 
locks wi th a combined capacity of 175 
mil l ion tons per year, at a current cost 
of $500 mi l l ion. The Rivers and Har­
bors Act of 1962 authorized the Corps 
to construct such a facility. But in Au­
gust 1974, 21 western railroads joined 
the Sierra Club and Isaac Walton 
League in f i l ing suit in U.S. District 
Court in Washington, D.C. to stop 



Table 2 
IRRIGATION, NAVIGATION, AND POWER GENERATING BENEFITS 

OF NAWAPA, WESTERN UNITED STATES 

State 

Primary Irrigation and Navigation Benefits 

Water (MAFY) 

1975 New 

Irr. land (M acres) 

1975 New 

Surplus 
power 

(GWe) 

Alaska 
Washington 
Idaho 
Oregon 
Nevada 
Utah 
California 
Arizona 
Montana 
Wyoming 
N. Dakota 
S. Dakota 
Nebraska 
Kansas 
Colorado 
New Mexico 
Oklahoma 
Texas 
Minnesota 
Iowa 
Missouri 
Arkansas 
Louisiana 
Mississippi 

— 
6.2 

17.0 
6.7 
3.5 
3.9 

39.0 
7.9 

12.0 
7.6 
0.2 
0.4 
8.2 
5.6 

10.0 
3.2 
1.3 

13.0 
— 
— 
0.1 
2.7 
2.2 
0.8 

— 
6.0 
5.0 
3.0 
6.0 
6.0 

15.0 
15.0 
8.0 
5.0 
5.0 
5.0 
6.0 
5.0 
5.0 
8.0 
4.0 

15.0 
1.0 
1.0 
1.0 
3.0 
1.0 
1.0 

— 
1.6 
3.8 
2.1 
0.9 
1.7" 
9.0 
1.4 
2.4 
1.7 
0.1 
0.2 
5.6 
3.0 
3.1 
1.1 
1.0 
8.6 
0.1 
0.1 
0.3 
1.4 
0.8 
0.4 

— 
1.5 
1.1 
1.0 
1.5 
2.5 
3.5 
2.7 
1.6 
1.1 
3.5 
2.7 
4.0 
2.7 
1.5 
3.2 
3.0 
6.0 
1.0 
1.0 
1.0 
1.6 
1.4 
0.5 

5.0 
3.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
1.0 
2.0 
1.0 
1.0 
1.0 
1.0 
2.0 
1.0 
2.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 

Subtotals 151.5 130.0 51.5 49.6 40.0 
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of 64 MAF from the basin. The NAWAPA plan will1 deliver 
an additional 30 MAF of new water that will be cohtrolled 
and distributed by these existing facilities. 

All of the distributions of NAWAPA water will be regu­
lated by centrally located electronic telemetry systems 
to monitor flows and operate valves by remote control. 
Such a system has recently been installed in the hydraulic 
facilities of the Tennessee Valley Authority to optimize 
the operational response of the system to changing 
hydrogaphic conditions. 

To provide year-round delivery, canals and reservoirs 
will be designed to operate with up to 7 feet of ice cover 
without hydraulic impairment. The largest canals will av­
erage 800 feet wide by 60 feet deep. ^y 

Use of nuclear explosives for the excavation portions of 
the NAWAPA project would save billions of dollars. Use of 
atomic explosives for excavation was proven environmen­
tally safe and technologically feasible by the Project Plow­
share studies in the late 1950s and early 1960s. ^S 

The detailed Project Plowshare report shbws the 
superior design and capacity of a canal constructed with 

nuclear explosives, as opposed to one built by ordinary 
engineering techniques. At a 1959 San Francisco confeT- "~ 
ence, the Sandia Corporation presented the results of a 
computer analysis demonstrating that the construction costs 
of a new sea-level Panama Canal could be cut from $5 
billion to $2.1 billion with the use of nuclear excavation 
methods. Nuclear analysts estimate that this advanced 
technology will cut excavation costs on the project to 16 
percent of conventional excavation methods, and possibly 
down to 10 percent as nuclear devices for construction 
purposes are mass-produced and tested. v 

Increasing Hydroelectric Capacity 
A major benefit of the NAWAPA plan will be vastly 

( increased hydroelectric generating capacity for the United 
States and its neighbors. Given the commanding elevation 
of the critical mass of project water, hydroelectric stations 
integrated with the project could generate some idn pipa-
watts of power through new and existing generating units. 
Approximately 80 gigawatts will be used with the project 
for pump-lift conveyance of water leaving a net surplus of 



100 gigawatts for other uses (see Tables 2 and 3). Current 
U.S. energy product ion is about 450 gigawatts, of which 
only 70 gigawatts is hydroelectric. ^_ 

Most important, much of the new energy supply w i l l ! 
be made available in energy-poor rural areas of the coun- l 
try, boosting the capacity of the national energy grid to 
meet the needs of rapidly rising agricultural and industr ial 
product ion. 

The impact of NAWAPA's implementat ion on irrigated 
agriculture wi l l be immense, especially in the United 
States, where irrigated crop land wil l be nearly doubled 
(see Table 2). This wi l l move the center of U.S. agricultural 
product ion westward, and new transportation facilities wil l 
be needed to cope with the increase in western production. 

The NAWAPA project itself wi l l help to meet these trans­

portation needs. The plan provides for a network of new 
waterways that wi l l augment the flows of existing navigable 
waterways and extend inland navigation in both east-west 
and north-south directions. 

The project map shows the arm of the system extending 
f rom Vancouver, British Columbia to the Great Lakes, 
which wi l l be designed as a seaway for ocean-going ves­
sels, w i th appropriate dams and locks. From southern 
Saskatchewan a barge canal wi l l cross North Dakota and 
link up wi th the Mississippi River system at Minneapolis. 
From northwestern North Dakota, a barge canal wi l l con­
nect into the Missouri River, including the Garrison and 
Oahe reservoirs. This same canal wi l l extend, by pump-l i f t 
locks and dams, across the sandhills of western Nebraska 
and Kansas, and then via the Trinity River system from 

Table 3 
NAVIGATION AND POWER GENERATING BENEFITS 

OF NAWAPA, GREAT LAKE STATES, U.S. 

State 

Surplus 
power 
(GWe) 

Wisconsin 
Illinois 
Indiana 
Michigan 
Ohio 
Pennsylvania 
New York 
New Hampshire 
Vermont 
Maine 

1.0 
2.0 
2.0 
2.0 
2.0 
1.0 
2.0 
1.0 
1.0 
1.0 

Subtotals 20.0 15.0 

TOTAL NAWAPA BENEFITS,NORTH AMERICA 

Total United States 
Total Canada 
Total Mexico 

150.0 
60.0 
40.0 

55.0 
40.0 

5.0 

Total NAWAPA 250.0 100.0 

Tables 2 and 3 
Tables 2 and 3 show the water and hydroelectric power benefits of the NAWAPA plan in a first-approximation distribution 
by states and countries based on estimates of potential productive use and delivery capabilities. The distribution reflects 
a conservative estimate for a fully developed continental system with an overall capacity of 250 million acre-feet per year. 
Existing irrigation extractions in the western United States as of 1975—which will be supplemented by new water from 
the NAWAPA project—are shown for purposes of comparison. 

The estimated annual benefits in new mining, manufacturing, and agricutural production are $120 billion in the United 
States, $35 billion in Canada, and $25 billion in Mexico. A new, detailed hydroelectric and engineering feasibility 
study—as proposed by the Parsons Company—is required to more clearly quantify the costs and benefits of the plan as a 
whole. 
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New 
water 

(MAFY) 

1.0 
4.0 
3.0 
4.0 
3.0 
2.0 
3.0 



Dallas to the existing seaport at Houston, Texas. A third 
major new barge canal wi l l be constructed l inking Browns­
vi l le, Texas wi th the Gulf of California via the Rio Grande 
River. 

In the eastern United States, several Great Lak^s barge 
canals, augmented by f low from the NAWAPA project, 
would once again become major regional transport 
routes. The o ld Pennsylvania Canal l inking Lake Erie with 
the Ohio River at Pittsburgh, f lowing easterly to Harris-
burg and Baltimore, and by feeder canal to Philadelphia, 
can again be considered for renovation. 

Major deepening and widening has been proposed for 
the New York barge canal, which f lows f rom Lake Ontario 
into the Hudson, and is still in operat ion. The construction 
and improvement of these canals wou ld link eight of the 
ten major American ports wi th major inland centers of 
product ion. 

Several seaway and barge routes would also be opened 
up into the rich mineral and t imber resources of Canada. 
A new east-west seaway through the plains provinces would 
access the coal, t imber, and grain-producing centers of 
Alberta and Saskatchewan. Two north-south seaways are 

FEF Hosts St. Louis 
Conference on 
Energy and 
Transportation 

The Fusion Energy Foundation spon­
sored a day-long conference Sept. 19 
at St. Louis, Missouri 's Washington 
University on the theme "Energy, 
Transportation, Inland Waterways— 
Critical Choices for the 1980s." St. 
Louis was a particularly appropriate 
site, since the city straddles the na­
tion's major inland waterway, the Miss­
issippi River, and takes great pride in 
its historic role as the gateway l inking 
America's East and Midwest to the 
states west of the Rocky Mountains. 

The audience of 100 included stu­
dents, businessmen, and communi ty 
leaders, who participated in morning 
and afternoon panel discussions and 
a luncheon awards presentation. 

Calvin Larson, FEF director of agri­
cultural engineering, led the morning 
panel wi th a description of the 1964 
Parsons Company plan to transform 
America's waterways by building a new 
river system that wou ld run parallel to 
the Mississippi River basin through the 
Great Plains states, thus el iminating 
chronic water shortages of the area. 
Larson described how this plan could 
boost agricultural productivity and in­
crease the use of barge transport for 
bulk shipments of commodities for ex­
port. The major block standing in the 
way of this and similar proposals, Lar­
son explained, has been the refusal of 
the Congress to appropriate funds for 
feasibility studies in the past 15 years. 

Guy jester, former colonel in the 
Army Corps of Engineers for the St. 

Louis district, picked up this line of 
discussion, stating that the problem 
facing all water projects is that "p r i ­
vate corporations cannot make long-
term capital investments. We need 
projects that can have 50 to 100-year 
payoffs; the federal government 
must become involved in this. We've 
been living off the fat of previous 
investments." 

Jester, who was speaking for the 
Association to Improve the Mississip­
pi River, then detailed the battle rag­
ing over the future of the Alton Lock 
and Dam 26, the vital l ink between 
the Illinois and Mississippi Rivers (see 
box). Jester warned: "The eco-freaks' 
vision of the future is of no growth, 
no employment, and no income . . . 
the futurje wi l l be a disaster." 

The two other speakers in the morn­
ing panel, Frank Spinner, president of 
the Tower Grove Bank, and Conway 
Briscoe, 11th ward Republican com­
mitteeman, discussed the positive 
impact a major port development pro­
gram would have on St. Louis. Spin­
ner explained how such a plan would 
not only create new employment op­
portunit ies, but wou ld expand the 
city's tax base for further growth. 
Briscoe put the issue blunt ly: "What 
people Have to realize is whether or 
not this development gets done is en­
tirely a polit ical quest ion. " 

Celebrating the City-Builders 
Next dn the conference agenda was 

a luncheon awards presentation. 
Roger Maduro, president of the Fu­
sion Enejrgy Club of Washington Uni­
versity, presented the Louis H. Sulli­
van awat/d for "outstanding contr ibu­
tions to city-building projects" to Gen. 
Leif Sverdrup, recently deceased 
founder of the Sverdrup and Parcel 
Engineering f i rm and former chief ad-
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visor to Gen. Douglas MacArthur. The 
award was received on behalf of Sver­
drup by former St. Louis mayor, John 
Poelker. 

In introducing the award, Maduro 
quoted Logan Uriah Reavis, an engi­
neer who drew up plans in 1866 for St. 
Louis to become the capital of the 
United States because of its unique 
geographical location along the artery 
of the Midwest. Maduro to ld of his re­
lationship to Sverdrup through his 
grandfather, who had worked wi th 
Gen. Sverdrup in 1926 to bui ld the 
first commercial bridge across the 
Panama Canal. "Amer ica , " Maduro 
concluded, is "a nation that builds 
nat ions." 

Lyndon H. La Rouche, Jr., 1980 
Democratic candidate for the presiden­
cy, then took the podium and shocked 
the audience by declaring: " M y friends 
in Europe are about to implement a 
new gold-backed monetary system that 
wi l l spark an era of developing Third 
Wor ld nations to our standard of liv­
i n g . " Such a gold-backed system he 
contrasted to the genocidal "cond i -
t ional i t ies" policy imposed by the 
International Monetary Fund on devel­
oping nations, describing the latter: 
"These policies were first implemented 
in Nazi Germany under Finance M in ­
ister HjalmarSchacht: they didn't work 
then and they won' t work n o w ! " 

LaRouche concluded by warning 
of the consequences of not pursu­
ing a gold-backed global recovery: 
" I f we don' t crank our nation's eco­
nomy up wi th a LaRouche presidency, 
then the prospect of war is a foregone 
conclus ion." 

In the afternoon, a three-person 
panel discussed the crisis in energy 
policy and the crisis of leadership to 
get the nation out of the mess. 



planned to link Hudson Bay wi th the east-west seaway— 
one in Manitoba via Lake Winnipeg and the Nelson River, 
and one from Lake Huron to James Bay. Finally, a north­
eastern barge canal wi l l directly link the iron and ore 
deposits of Labrador and Quebec wi th the Great Lakes 
steel mills. 

Hydrographic Impact 
Wi th vast areas of new land in irrigation under 

NAWAPA, ground reserves throughout the wpstern states 
can be expected to increase eventually by as much as 40 
MArV. 1 his is because about 30 percent of applied ground 
water wi l l percolate into deep ground water systems, re­
plenishing reserves which in many areas, notably in the 
Texas high plains and southwestern California, are already 
overdrafted. Another 10 percent of applied water wi l l seep 
into drainage systems and return to the natural river system. 

This augmentation of river flows from project runoff is a 
second hydrographic benefit of the project and wil l be 
especially crucial dur ing periods of low f low dur ing which 
navigation is constricted on some major waterways. Wi th 
such augmentation potential , the extension of existing 
river systems, such as the Missouri and Arkansas (now 
navigable nearly up to Tulsa, Oklahoma) and the devel­
opment of new systems, such as the Platte River in Ne­
braska and the Red River between Texas and Oklahoma, 
becomes viable. This wi l l provide mult iple links between 
the new Great Plains canal and the lower Mississippi, 
which is navigable all year round. 

A few statistics on waterway development and opera­
tions make the point about the eventual high return on 
the initial major investment in the NAWAPA masterplan. 
New investments in railroad lines are estimated to be 10 
times more costly per ton-mile of freight shipped than 
investments in waterways. The construction of railroad 
cars takes over 3.5 times more steel per ton of cargo 
capacity than a river barge. Energy and power require­
ments for the operations of railroads are about 1.5 to 2.0 
times that for barge traffic. 

Expanded use of new inland waterways and cost-efficient 
barge transportation wi l l also help to relieve congestion in 
America's crowded deep water ports. The most advanced 
barge transport has already been containerized and inte­
grated wi th oceangoing superships like the Lash and the 
Seabee. Both these ships lift loaded barges directly onto 
their decks for intercontinental voyages. In effect, these 
developments wi l l rapidly transform inland barge docks 
into international ports. 

A National Yardstick 
Back in 1932, Franklin Roosevelt identif ied the political 

necessity for government directed multipurpose water proj­
ects as fol lows: 

Here you have the clear picture of our great gov­
ernment power developments m the United States— 
the St. Lawrence River in the Northeast, Muscle Shoals 
[TVA] in the Southeast, the Boulder [Hoover] Dam 
project in the Southwest, and the Columbia River 
[Grand Coulee Dam] in the Northwest. And f rom here, 

Abundant'water supplies for irrigation have been a major 
factor in making American agriculture the most productive 
in the world. Here, the Friant Dam and an irrigation canal, 
part of the Central Valley project. 

my fr iends, in each of the four quarters of the United 
States, there wi l l exist forever a national yardstick to 
prevent extort ion against the publ ic and to encourage 
the wider uses of that servant of the American people 
—electric p o w e r . . . [that] means cheap manufactur­
ing product ion, economy and comfort in the farm and 
in the household. 

Indeed, a few years later, the benefits of such far-
reaching infrastructural development was clearly demon­
strated dur ing Wor ld War I I . At that t ime such "wh i te 
elephant" dams were used to furnish power and irrigation 
water for producing food , f iber, nitrate ferti l izers, explo­
sives, a luminum airplane fuselages, and, at Hanford, Wash­
ington and Oak Ridge, Tennessee, the first successful pro­
duction of fissile material for atomic power. To support 
the in-depth war effort, inland waterway navigation for 
transporting raw materials and f inished goods increased 
from 600 to 1,050 ton-miles in just four years (1940-44), an 
average annual rate of nearly 19 percent. 

Today the same kind of brute force effort is needed to 
put NAWAPA underway, and the benefit the nation wil l 
reap in terms of increased product ion, trade, and exports 
are even more important to national security. 
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Laser fusion scientists have demon­
strated a new scientific diagnostic 

that wil l produce a series of revolu­
tions in chemical, biological, and elec­
tronic research and technology. Re­
sults recently announced by Dr. Philip 
Mallozzi and his coworkers at Battelle 
Laboratories in Columbus, Oh io show 
that intense, short bursts of soft X-rays 
generated by lasers can be used to 
examine the atomic actions of a wide 
variety of materials. 

Called extended X-ray absorption fine 
structure spectrosophy, EXAFS, the new 
diagnostic makes use of the extreme­
ly short burst of X-rays generated by 
the interaction between the intense 
beam of laser light and a plasma. EXAFS 
wil l permit scientists to make "mov­
ies" of how atoms combine and inter­
act chemically and to examine such 
biological processes as the activity of 
magnesium in photosynthesis. 

The laser-generated short X-rays solve 
one of the problems with ordinary X-ray 
sources. Ordinary X-ray sources, such 
as those used for medical purposes, 
generate a full spectrum of X-rays, 
ranging f rom hard (very short wave­
length) to soft (longer wavelength) X-
rays. The hard X-rays are generally 
quite destructive, because they tend 
to induce chemical and other trans­
formations in the material through 
which they pass. For this reason, in 

the most important type of X-ray stud­
ies involving three-dimensional exam­
ination of materials, only solid crystals 
can be examined because others can­
not withstand the destructive effects 
of the hafd X-rays. 

To overcome this problem, scien­
tists hav^ developed special X-ray 
sources that generate primari ly soft 
X-rays. Particle accelerators, for ex­
ample, generate a predominantly soft 
X-ray spectrum by synchrontron radi­
ation of the accelerated electrons. 
These synchrotron sources are ex­
pensive, however, as well as quite 
diffuse, and samples being studied by 
this method must be exposed for 
relatively long periods of t ime. 

Laser Plasma X-Rays 

For many years, laser and fusion sci­
entists have been generating short 
bursts of X-rays when a laser beam 
interacts wi th matter. The duration of 
the X-ray burst is usually on the same 
scale as the pulse length of the laser 
beam—several bi l l ionths of a nano­
second. Furthermore, the spectrum 
of the X-rays generated by laser mat­
ter interaction can be custom-tailored 
by creating the proper geometry, 
shaping the laser pulse, and using the 
proper materials. 

Because the laser-generated soft 
X-rays are short and intense, they wi l l 
enable sc entists to virtually make mov-

62 FUSION 

Lawrence Livermore Laboratory 

ies of how atoms combine and inter­
act chemically. This wi l l be a tremen­
dous boon for the chemical industry, 
since catalysis and other important 
chemical interactions can be examin­
ed in detail, thus permit t ing develop­
ment of alternative industrial proces­
ses. 

In biology, an entire new wor ld wi l l 
open up for examination. For exam­
ple, scientists wi l l be able to measure 
the effects of trace elements in key 
biological processes, such as the ac­
tions of potassium in nerve cells. The 
temporal and spatial resolution made 
possible by the bi l l ionth-second-long 
bursts of soft-rays generated by laser-
plasma interaction wi l l permit scien­
tists to make "mov ies" of these mi­
nute amounts of atoms on t ime scales 
that allow the exploration of their 
chemical and other activities. 

The short wavelength X-ray is also 
important in the electronics field to 
generate very minute and detai led 
parts of microcircuits on photograph­
ic material. Previously, such X-ray ap­
plication has been l imited because of 
the presence of hard X-rays that pene­
trate and disrupt the deeper layers of 
the photo-activated microcircuit ma­
terial. Laser-plasma generated soft 
X-rays promise to revolutionize this 
technology. 

—Charles B. Stevens 



Cost Cutters Hit 
Nobel Prize for 
CAT Scanner 

The awarding of the Nobel prize of 
medicine to the developers of the CAT 
scanner, the $850,000 symbol of the 
battle over U.S. medical policy, has 
drawn predictable criticism from op­
ponents of the device. The Swedish 
Nobel prize was awarded in mid-
October to Allan MacLeod Cormack of 
the United States and Godfrey New-
bold Hounsfield of Britain. 

The Computerized Axial Tomogra­
phy scanner, or CAT scanner, is re­
garded as the most significant diag­
nostic revolution in the medical f ield 
since the development of X-rays. Using 
X-rays to photograph cross-sectional 
pictures (tomograms) of the patient's 
body, the information for each tom­
ogram is then compi led by computer, 
creating a pattern on the computer 
screen that enables doctors quickly 
and painlessly to diagnose forms of 
cancer and other disorders previously 
only diagnosed by exploratory surgery 
or highly specialized and excruciating­
ly painful tests. 

In Thick of Battle 
The widely acknowledged advan­

tages of the CAT scanner, and the 
promise of still more advanced related 
technologies like FONAR (Field Focus­
ing Nuclear Magnetic Resonance), 
which is currently being developed, 
have put the scanner in the thick of the 
battle between tradit ional technology-
proud medical forces and those push­
ing cost-cutting "appropriate medical 
technologies," right-to-die hospices, 
and heavy dispensing of drugs in lieu 
of more expensive medical care. 

The Cost-Cutters 

Proliferation of CAT scanner tech­
nology in the United States would be 
a sure sign that " the medical profes­
sion [has] passed the line of due re­
gard for our increasing medical bi l ls," 
the New York Times editorialized 
Oct. 15 on the Cormack-Hounsfield 
award. But, the Times admitted, "there 
are great pressures to use the scan­

ners even more. Patients and doctors 
want accurate diagnoses. . . . " 

The Times has also given much play 
to the views of Senator Edward Ken­
nedy, chairman of the Senate Subcom­
mittee on Health and Scientific Re­
search and a staunch advocate of "ap­
propriate" medical technology instead 
of more expensive advanced technol­
ogy and research. For example, the 
Times approvingly quoted Kennedy as 
saying, "Health technologies contr ib­
ute enormously to the inflationary spi­
ral, as much as 40 percent of annual 
increases in the cost of a hospital day 
can be attr ibuted to their use." 

This argument, of course, is false. 
In a healthy economy the widespread 
implementat ion of advanced medical 
technology would actually lower the 
cost of medical care. 

The CAT scanner's use in the United 
States has been severely hampered by 
the policy enunciated by the Kennedy 
forces. A maze of budgetary restric­
tions has created ceilings on hospital 
costs on both the federal and state 
level, and the cost-cutting decision of 
Blue Cross-Blue Shield not to reim­
burse patients for the diagnostic costs 
of using the CAT scanner have made 
the diagnostic tool a luxury i tem. 

Although the CAT scanner has been 
available for five years, only 1,100 scan­
ners have been sold in the United 
States and 900 in the rest of the wor ld . 

—Carol Cleary 

Lasers Used to Split 
DNA Molecules 

M. I. Stockmann of the Soviet In­
stitute of Automation and Electrometry 
in Novosibirsk reported that insertion 
of a dye in a DNA molecule permit ted 
him to use a nitrogen laser pulse of 
200 megawatts per square centimeters 
to split the DNA chain at a predeter­
mined location. Two-photon absorp­
t ion by the dye was fo l lowed by a 
transfer of the excitation to the DNA, 
according to Laser Focus Oct. 1979, 
which published Stockmann's report. 

Ultraviolet light has been known to 
split DNA, but wi thout the introduc­
t ion of the dye into the chain it had 
been impossible to split the molecule 
at a specific bond . 
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Letters 
Continued from page 5 
to tribal ways, wi th local deities and 
primit ive superstitions reminiscent of 
the t ime of the Old Dispensation? You 
know, of course, the alternative to 
progress is regression. No other alter­
native exists. If you say that your in­
tentions are sincere and that you are 
concerned that all men and women 
lead godly lives, then why have you 
not acted clearly and decisively to mo­
bilize our citizenry against the plag­
ues of the international dope network, 
deschooling of public education, and 
our banal and demoralizing popular 
culture? 

I ask you, noble members of the 
National Council of Churches: What 
are you going to do for impoverished 
humanity, hand out CARE packages? 
Talk the Gospel to bloated bodies and 
sleepy minds? How dare you quibble 
about the questionable dangers of high 
technology, in agreement wi th the 
most immoral of environmentalist rab­
ble, whi le you feed on its benefits and 
withhold its blessings from others who 
are more deprived! How dare you un­
dermine the policies and practices of 
our constitutional republic, which has 
the resources and traditions with which 
to provide the material basis for renais­
sances of starving cultures throughout 
the global communi ty . . . . 

We cannot pretend ignorance. We 
are, brethren, called to Knowledge. 
We are called to ful f i l l Knowledge's 
dictates. This requires that secular bod­
ies fol low the practices of "ecumeni­
cal Christian" conscience; not of Bible 
thumpers, but of reasonable men and 
women whose allegience is to the 
Good, whatever their profession of 
belief is . . . . And there are no limita­
tions to a man or insti tut ion of society 
of internal moral authority who desire 
to effectively to do good . . . . 

Sam Kahl, Chairman 
Parish Council of 

St. George Orthodox Church 
Portland, Ore. 

Comments from readers are wel­
come. Address correspondence to 
Fusion Magazine, Suite 2404, 888 Sev­
enth Avenue, New York, N.Y. 10019. 

Bumper Stickers That Say It All 

These are the weapons to wreck Ted Kennedy's 
presidential aspirations. 

Order them in bulk quantities for your friends, 
club or political group. 

$1.00 each; Any 25 for $15.00 
Any 100 for $35.00 
All vinyl, will not fade 
Custom stickers available too 
Make checks payable to: 

CAMPAIGNER STICKER 
Department F 
52 N. Arlington Ave. 
East Orange, NJ 07017 
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