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Editorial 

Stop the KGB Witch-hunt 
Against American Science 

For two years the American scientific community has been 
subjected to an outrageous series of propaganda attacks 
aimed at social and legal ostracism of German-American 
scientists, including some of the very best scientists of NASA. 
The particular targets of this campaign of "old Nazi" cal
umnies have been the aerospace engineers and scientists 
of greatest stature in America's space effort, as in the case 
of Arthur Rudolph. 

Rudolph came to the United States shortly after World 
War II. During the war he had worked at Peenemijnde, the 
center for German rocket development, under the direc
tion of Wernher von Braun. From 1962 to 1969, he was the 
project director for the Saturn V rocket, which took Amer
ican astronauts to the Moon. In 1968, NASA awarded Ru
dolph the Exceptional Service Medal. 

Last year, when the ugly charge was raised in the national 
press that he had personally abused slave laborers at the 
Nordhausen V-2 factory, Rudolph, now in his late 70s, chose 
not to spend his last years and life's savings mounting a 
legal fight against his accusers; instead, he quietly left the 
United States for West Germany. 

Soviet Disinformation Against the SDI 
The coordinating centers for this campaign against 

German-American scientists and against American science 
in general are the U.S. Justice Department Office of Special 
Investigations (OSI) and the Anti-Defamation League (ADL) 
of the B'nai B'rith organization. The sources, however, are 
directly East German and Soviet, and it is the KGB and the 
Stasi, the East German state secret intelligence service, that 
are picking out the targets. The not-so-subtle Soviet mes
sage is that President Reagan's SDI is based on German 
"Nazi" science, and to prove it, look at the "old Nazis" in 
the U.S. space and defense program. The so-called evi

dence the OSI produced against Rudolph, for example, 
consists of two witnesses manufactured by the Stasi, whose 
"testimony" is brandished by the OSI although the witness
es have denied ever making the statements used. The OSI 
has illegally refused to release its evidence to the West 
German government. 

Now this same anti-SDI Soviet disinformation operation 
has attacked another German-American scientist, the late 
Krafft A. Ehricke, a brilliant rocket scientist and space pi
oneer, who designed the Centaur rocket and developed a 
comprehensive plan for settling and industrializing the 
Moon. A little-known newspaper, Martyrdom and Resis
tance, whose listed address and phone number are those 
of the Anti-Defamation League headquarters in New York 
City, alleged in an obituary of Dr. Ehricke, the "Nazi back
ground of Dr. Ehricke and his wife." In the Jan.-Feb. 1985 
issue, Martyrdom and Resistance made the further outra
geous claim that "death spared them [the Ehrickes] an im
pending revelation of their past" by so-called Nazi hunter 
Charles R. Allen, Jr. No such "revelation" will appear from 
Allen, because it could never be substantiated. In fact, Allen 
and the Soviet agencies behind him would not have dared 
to make such a charge were Ehricke still alive to fight their 
lies. Interestingly, the only so-called evidence cited in this 
calumny is Allen's claim that Ehricke's "ideology has changed 
little. . . . He has been a contributor to Fusion magazine of 
Lyndon LaRouche." 

This particular slander is standard Soviet propaganda 
against this magazine and against Fusion Energy Founda
tion board member Lyndon H. LaRouche, Jr. Since Presi
dent Reagan's March 23, 1983 speech initiating the beam 
defense program, Soviet news outlets, including TASS, Iz-
vestia, New Times, and East Germany's Neues Deutsch-
land, have specifically attacked the FEF for supporting beam 
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Renowned space scientist 
Krafft Ehricke (right) at the 
October 1984 NASA-spon
sored conference on colo
nizing the Moon, held at 
the National Academy of 
Sciences in Washington. 
With him are his wife, In-
geborg Ehricke, and Phil 
Culbertson, the head of 
NASA's space station pro
gram. 

Marsha Freeman 

defense and LaRouche for " invent ing" Reagan's new doc
tr ine. 

Krafft A. Ehricke was one of the most creative and opti
mistic of the great space engineers and rocket pioneers of 
the 20th century, a man totally dedicated to human progress 
and dignity. To raise this crazy charge after his death betrays 
the Soviet and East German intell igence services' complete 
disregard for the t ru th . It betrays a Soviet KGB campaign, 
simultaneous in the United States and West Germany, of 
disinformation attacks against all potential collaborators of 
President Reagan's call to "make nuclear missiles impotent 
and obsolete"—the Strategic Defense Initiative. 

Allen's Soviet links are known. Described by KGB jour
nalist Oleg Polyanskii as his "closest Western contact," Al
len is a professional collaborator of the East German Stasi 
and the KGB. His fr iend Polyanskii is a former New York 
bureau chief of the KGB and a specialist employed by TASS 
to accuse Western scientists of being Nazis. Allen is also 
the primary U.S. collaborator of the "European anti-Nazi" 
network known as the W N , which is a control led creation 
of the Stasi. 

OSI: National Security Threat 
The fact that a nominal agency of the U.S. government's 

Justice Department, the Office of Special Investigations, is 
acting as a channel for Soviet KGB and East German Stasi 
charges against German-American scientists is a threat to 
the national security of the United States. It is also a threat 
to the scientific potential—the hope of technological prog
ress—of Western civilization as a whole , and of the non-
aligned nations of the developing sector. 

More than 500 German-American scientists in the United 
States alone are the targets of this agency and its so-called 

journalistic outlets, which include reporters at the Bulletin 
of Atomic Scientists, the New York Times, and the Washing
ton Post. The Fusion Energy Foundation and LaRouche are 
its special targets. Ehricke was hounded shortly before his 
death by one Dennis King, a stringer for the Anti-Defama
t ion League, High Times, and the New Republic, who spe
cializes in slandering LaRouche. Whi le preparing an article 
attacking FEFand LaRouche in summer 1984, King demand
ed of Ehricke on the telephone, "Is Arthur Rudolph also a 
member of the Fusion Energy Foundation?" And when an
other German-American scientist called the OSI to counter 
their lies about Rudolph, he was told that the agency 
wouldn ' t listen to h im, because he was associated wi th the 
FEFand LaRouche. 

Where does the OSI stand on the threat of Nazism today? 
The answer is clear. The OSI has refused to act on docu
mented evidence of the pro-Nazi activities of the West Ger
man Green Party, whose leaders have given open speeches 
calling for the revival of "brother Hit ler," and the OSI has 
used the East German-supported Green Party as a source 
against German-American scientists. We are only con
cerned wi th " o l d " Nazis, an OSI spokesman said, when 
questioned on whether the OSI was investigating Green 
Party activities, in particular those of party leader Petra Kel
ly, in the United States. 

We call on the scientific and engineering membership 
organizations of the United States to publicly condemn the 
activities of the Off ice of Special Investigations and its as
sociated journalistic outlets as a national security threat and 
a threat to the freedom of scientific work and association. 
The OSI itself and its admitted and primary dependence on 
Soviet and East German sources for its investigations should 
be investigated by Congress and dismantled. 
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FEF's Gallagher: The cuts in the fusion 
budget will hurt the beam defense pro
gram. 

Stuart Lewis 

Weinberger: The New York Times said 
the airplane wouldn't fly. 

News Briefs 
FEF EXECUTIVE DIRECTOR TESTIFIES ON FUSION BUDGET 
Fusion Energy Foundation executive director Paul Gallagher presented the 

FEF's views of the U.S. magnetic fusion budget before the House Committee on 
Appropriations April 3. Gallagher told the congressmen that the "deep cuts" 
recommended in this "crucial research program" will have a serious impact on 
the Strategic Defense Initiative, future energy supplies, and the overall econom
ic health of the nation. 

INDIAN MINISTER BACKS KRA CANAL PROJECT 
Indian Minister of State for Planning, K.R. Narayanan, inaugurated Fusion 

Asia's two-day conference in New Delhi April 12, and lent his support to the 
proposal for a new canal through the Kra Isthmus of Thailand and a "Great 
Projects" approach to industrializing India. The conference, titled "India, An 
Agro-Industrial Superpower by the 21 st Century: A Strategy for Economic Break
out," was attended by 60 participants representing the leading industrial sectors 
of the country. 

"Though extravagant, because we in India do not normally talk of superpower 
status for us, the title for this conference is an encouraging theme, an optimistic 
theme, and maybe a realizable thing," Narayanan said. "To give even a little to 
the people, we cannot do it with small science, with small technology, but only 
by mastering high technology and the most advanced technology." 

WEINBERGER CHALLENGES MEDIA ATTACKS ON BEAM DEFENSE PROGRAM 
Defense Secretary Caspar Weinberger began his speech to the American 

Society of Newspaper Editors in Washington April 11 with an attack on the New 
York Times and other media for their continuing editorial refrain that the Stra
tegic Defense Initiative is "technologically impossible." "To them I would quote 
a New York Times editorial, Dec. 10,1903: 'We hope that Professor Samuel P. 
Langley will not put his substantial greatness as a scientist in further peril by 
continuing to waste his time, and the money involved, in further airship exper
iments. He is capable of services to humanity incomparably greater than can be 
expected to result from trying to fly.' " 

"Samuel Pierpont Langley was the foremost American scientist of the day," 
Weinberger continued. "One week after that editorial appeared in the New 
York Times, two bicycle shop owners named Orville and Wilbur, who had a 
dream, took off from Kitty Hawk. Fortunately, they didn't believe everything 
they read." 

WASHINGTON POST INTERVENES TO STOP FEF BEAM DEFENSE BRIEFING 
The Washington Post intervened to try and stop a March 18 congressional 

briefing in Washington, D.C., sponsored by the Fusion Energy Foundation on 
the topic of the Strategic Defense Initiative, the economy, and Soviet strategy. 
Shortly after invitations to the briefing were sent out, the Post reported March 
13 that Indiana Senator Richard Lugar, whose office had arranged a conference 
room for the briefing, "canceled" the room reservation and told the FEF that the 
senator "doesn't want anything to do with your organization." Actually, as Fu
sion Washington editor Marsha Freeman wrote in a letter to the Post editor, it 
was pressure from Post journalists badgering the senator and others on Capitol 
Hill that forced the cancellation of the room. The reason given by Lugar's office, 
politely reported to the FEF, was that that the senator "only reserves rooms for 
groups based in Indiana." 

Despite the Post's lobbying, the briefing on the SDI occurred at another 
location with two dozen press and congressional offices present. The Post de
clined to print Freeman's letter to the editor. 

LT. GENERAL ABRAHAMSON: 'INCREDIBLE TECHNICAL PROGRESS' 
Lt. General James Abrahamson, head of the Strategic Defense Initiative, told 

the American Institute of Aeronautics and Astronautics April 9 in Washington: 
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" I t has been a year of incredible technical progress, and a year of rather amazing 
intellectual effort. The beam defense program is moving "so much more rapidly 
than even myself, a technical optimist, believed could have happened." 

POPE REASSERTS MAN'S 'LORDSHIP OVER NATURE' 
In a visit to the Center of Italian Space Telecommunications March 24, Pope 

John Paul II took a f i rm stand in reasserting man's " lordship over nature." 
Referencing the injunct ion found in Genesis 1:28 to "Be frui t fu l and mult ip ly; 
dominate the Earth and subdue i t ," the Pope to ld the workers, "Therein is 
indicated above all God's intent ion of entrusting man wi th the task of self-
realization, conquering wi th his labor a true lordship over nature." 

This means, he said, that "man can be himself and achieve the purpose of his 
l i fe, through the assiduous commitment to transformation of himself and an 
operational intervention into the wor ld around h im: overcoming obstacles, 
projecting new condit ions of existence, procur ing the necessary goods for the 
body and spirit. . . ." 

NAVY LEAGUE CITES FEF'S BEAM DEFENSE BOOK AS THE DEFINITIVE TEXT' 
The 1985 edit ion of the Navy League's Alamanac of Seapower in its review of 

various books on the subject of strategic defense states that although several 
books are basic explanatory texts, they "do not come close to the authenticity 
of the 1983 FEF's Beam Defense, which wi l l remain the definit ive text for some 
t ime." Beam Defense: An Alternative to Nuclear Destruction was publ ished by 
Aero Publishers and won the top award last year of the Space/Aviation Writers 
Association. 

FEF BRIEFS THAI OFFICIALS ON THE BEAM DEFENSE PROGRAM 
Fusion Energy Foundation research director Uwe Parpart Henke gave a semi

nar on the U.S. Strategic Defense Initiative in Bangkok Apri l 18 to 80 represen
tatives of the National Defense College, the Interior Ministry, the Special Branch 
of the Thai Police, and the Soviet and American embassies. Dur ing the question 
per iod, a Soviet representative asked, "Why bother investing in beam defense 
if it does not provide 100 percent protection?" Henke replied that since the 
Soviets thought the system was not feasible, why worry? 

100 ATTEND FEF BEAM DEFENSE CONFERENCE IN ROME 
A conference on beam weapon defense organized by the Fusion Energy Foun

dation and the Schiller Institute in Rome March 29 was attended by 100 military, 
industry, and diplomatic representatives. Among the participants were officials 
f rom the defense ministry, which has formed a new defense commission to 
study the areas in which Italy can contr ibute to the U.S. Strategic Defense 
Initiative. Speakers included Dr. Jonathan Tennenbaum, head of the FEF in West 
Germany, Michael Liebig of the Executive Intelligence Review, Italian FEF direc
tor Dr. Giuseppe Fi l ipponi, and Prof. Forrest Tierson of the U.S. Space Founda
t ion . Tierson to ld the Italians that President Reagan's offer of technology transfer 
to the Europeans is "a real offer," which Europe should accept quickly. 

LOUSEWORT LAURELS TO THE U.S. INTERIOR DEPARTMENT 
This issue's Lousewort Laurels award goes to the U.S. Interior Department for 

its March 15 decision to shut off the irrigation water to 42,000 acres of farmland 
in the western part of California's San Joaquin Valley. The ostensible reason for 
cutt ing off water to the nation's single, most productive agricultural-producing 
county in cash-value terms ($1.2 bi l l ion annually) is that the water runoff f rom 
the Valley violates the international treaties protecting migrating w i ld ducks. 
The problem is that minerals and other impurit ies f rom the agricultural waste 
water in the Valley f low into the Kesterson Reservoir and its wi ld l i fe preserve. 
Of course, the reason this occurs is that environmentalists prevented a 1970 
plan to drain the waste water into the Pacific Ocean. 
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Special Report 

Greens Show Their Nazi Colors 
There have been no limits to the 

praise in the Soviet press for the West 
German Green Party and its violent 
campaign against the U.S. military 
presence in Europe and the beam de
fense program. "A party of hope," the 
Soviets called the Greens after their 
latest election victories. Similarly, the 
Eastern Establishment media here have 
lauded the Greens as a benign political 
force against the Reagan administra
t ion. 

Whi le these fairy tales abound, the 
Green Party has bluntly admitted that 
it is a fascist party wi th a specifically 
Nazi ideology. "The Greens are rising 
to power in a way quite similar to the 
pattern of the Nazi Party," Green Party 
leader Rudolf Bahro told the Green 
Party congress in Hamburg, Dec. 8, 
1984, in his keynote speech. Another 
leadingGreen spokesman, RainerLan-
ghans, announced: "All of us want to
tal war against the system. In this re

spect, we can still learn something from 
our brother Hit ler." 

Like their "brother Hit ler," the 
Greens have begun to win some elec
tions. The Greens won 8.5 percent of 
the vote in elections to the European 
Parliament on June 17,1984, replacing 
the Free Democratic Party (FDP) as the 
third largest party in the country. Four 
of the seven Green deputies elected 
have terrorist backgrounds. 

The Greens also won 9 to 16 percent 
in municipal elections in the state of 
North-Rhine Westphalia on Sept. 30, 
and similar percentages in more re
cent elections. Comment ing on the 
Green electoral victories, the New York 
Times characterized the party and its 
rejection of Western culture as the 
"wave of the future." 

A Fascist Mass Movement 
The Green Party was begun in 1979 

by the Club of Rome as the electoral 
arm of the fascist environmentalism 

movement, a legitimate veneer for ter
rorist support. The doctrines of the 
Green Party are a 1980s version of the 
program of the Gregor Strasser wing 
of the Nazi Party, updated by the " l im
its to g rowth" phi losophy of the Club 
of Rome, which plans to eliminate 2 
bi l l ion of the world 's populat ion bythe 
year 2000. The Green leadership in
cludes neo-Nazis like Herbert Gruhl , 
August Hausleiter, and Udo Rein-
hardt, as well as acknowledged terror
ists and terrorist-supporters. 

The hallmarks of Green Party ideol
ogy are those of a fascist mass move
ment. There is a blood-and-soil mysti
cal worship of nature and "the peo
p le , " a romantic fl ight f rom the mod
ern industrial wor ld back to preindus-
trial t imes, and a Dionysian counter
culture of rock music and drugs. 

Here is the polit ical program of Ru
dolf Bahro, the East German emigre 
who was one of the founders of the 
Greens: "The only real alternative can 
be the construction of basic commu
nities, consisting of a proposed maxi
mum of 3,000 human beings. . . .These 
communit ies wil l unify themselves 
around a simple, 'steady state' mode 
of reproduct ion of their material foun
dations. They wil l produce their basic 
needs in nutr i t ion, c lothing, housing, 
education, and health care largely 
through their own work, deciding on 
specialized product ion for barter pr i
marily to surrounding areas. . . ." 

Not every Green sympathizer is a 
hard-core fascist, but under condi
tions of increasing political and eco
nomic crisis, the bad tendencies in 
each wi l l be encouraged and rapidly 
grow worse. Punks now openly wear 
swastikas, and the radicalized part of 
the Green movement has adopted the 
street-fighting tactics of the Nazi 
brownshirts, the SA. 

Green Terrorist Support 
The Greens not only are fascist in 

ideology; they also are the support ap
paratus for the hard core of terrorists 
who are carrying out acts of violence 

Steven Bardwell 

"All of us want total war against the system. In this respect, we can still learn 
something from our brother Hitler." Here Greens demonstrate in Frankfurt against 
nuclearpower. 
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and sabotage against German and 
American military facilities and per
sonnel—with blessings f rom the Sovi
et Un ion. 

Since early December, there have 
been scores of violent incidents, injur
ing many American soldiers and claim
ing the lives of French General Rene 
Audran and prominent German indus
trialist Ernst Z immermann. The terror 
dovetails with the step-up in the Soviet 
propaganda campaign againstthe U.S. 
Strategic Defense Initiative. According 
to reports in the French Le Figaro 
newspaper, Zimmerman was coordi
nating French and German participa
t ion in the beam defense program. 

The Red Army Fraction (formerly 
called the Baader-Meinhof gang) is
sued a " jo int declaration of war" w i th 
the French-based Action Directe and 
the Belgian Communist Combatant 
Cells Jan. 15, the same day a U.S. mil i 
tary social center in Brussels was blast
ed by a Combatant Cells car bomb, in
jur ing two guards and extensively 
damaging the bui ld ing. The Commu
nist Combatant Cells group has struck 
some five or six times over the last few 
months in Belgium, blowing up a NATO 
emergency fuel pipeline in December. 
Papers found in raids on RAF safehous-
es in July 1984 included Zimmer-
mann's name on a hit list as well as 
plans for the subsequent attacks on the 
NATO school in Oberammergau and 
the Belgium pipel ine. 

Terrorist coordination has been ev
ident for months, most clearly since 
the Dec. 4 initiation of a "hunger strike" 
by Red Army Fraction terrorist pris
oners. The hunger strike, which kicked 
off almost a dozen terror attacks in 
West Germany alone, is endorsed by 
the Green Party. In fact, the Greens 
called for creation of "mediat ion com
mittees" to be led by none other than 
convicted Red Army Fraction terrorist 
Brigitte Heinrich, now representing the 
Greens in the European Parliament. 

Heinrich was part of a Green dele
gation that visited the Mideast in De
cember, meeting wi th the terrorist Pal
estinian organizations PFLP and PDFLP 
and wi th the foreign minister of Syria; 
they were also scheduled to visit the 
Bekaa Valley, the most important cen
ter of Islamic terrorist and illegal drug 
operations. The Israeli government, 
however, denied the Green delega-

Siuart Lewis 

"The Greens are rising to power in a 
way quite similar to the pattern of the 
Nazi Party," Green Party leader Rudolf 
Bahro proudly told the Green Party 
congress in his keynote speech. East 
German emigre Bahro is shown here 
addressing a Sept. 1983 New York 
meeting of the N.Y. Committee for 
Marxist Education. 

t ion a visa, cit ing Heinrich's terrorist 
role. She was jailed in 1980 to serve a 
21-month sentence for supplying 
weapons to the RAF. 

The Israeli ambassador to Bonn, Yit
zhak Ben Ar i , went even further and 
accused the Greens not only of terror
ism but of reverting to a primit ive fo rm 
of antisemitism: "We live in the i l lu
sion that racism and antisemitism in 
this country are of no significance. The 
so-called strategy paper of the Greens 
teaches us otherwise." 

The Greens have insisted that the 
Federal Republic give in to the de
mands of the Red Army terrorists, who 
are threatening the "execut ion" of 10 
West German political leaders, includ
ing Chancellor Helmut Kohl, if a single 
hunger striker dies. In support, the 
Greenies threatened a total blockade 
of the Ministry of Justice. O n Jan. 31 , a 
Green delegation—Party leaders Antje 
Vol lmer, Christa Nickels, and Burk-
hardt Mann—met wi th Klaus Kinkel, 
State Secretary in the Ministry of Jus
tice, to present the terrorist demands 
in the name of the Green Party. 

A few days earlier, after a nuclear 
power plant tower in the town of 
Kruemmel was blown up Jan. 25 byan-
tinuclear terrorists, the Greens en
dorsed that attack. Thomas Wueppen-
sahl, district chairman of the Green 
Party as wel l as an official in the state 
police, went on television to declare 
that he cou ld , "after giving the matter 
some thought , quite ful ly approve" of 
the bombing. It is, he said, "self-evi
dent that such ways of acting wi l l now 
occur because that presents the only 
way" in which the "polit ical movement 
wi l l be accepted as part of the discus
sion of nuclear energy." 

Where the Money Comes From 
Despite their electoral gains, the 

Green base of support in West Ger
many is very small. How then are they 
supported? All evidence points to the 
Soviets and leading international ter
rorism coordinator Muammar Qadda-
f i . One West German government 
source put KGB support at several 
hundred mi l l ion marks each year in or
der to spread disinformation on nucle
ar energy to "mobi l ize the populat ion 
against nuclear power plant facil it ies." 
Other government sources say that the 
Soviet Union is spending $23 mil l ion a 
year in support of the Greens alone. 

Last November Green leaders met in 
Bonn wi th a delegation f rom the Su
preme Soviet, headed by Lev Tolku-
nov. After these discussions, the Green 
leadership met on its own to discuss 
"international solidarity," "revival of 
extra-parliamentary activities," and 
" the question of armed struggle." 

As for Qaddafi , there are long-time 
ties with the Greens, and he has poured 
mil l ions internationally into so-called 
peace movements. "I judge the Green 
movement in Germany as very posi
tive. . . . I hope that out of the Green 
movement a movement for the libera
t ion of all of Germany wil l also unfo ld. 
You must f ind new methods of strug
gle against oppression in Germany," 
Qaddafi said in November 1983. 

Ban the Greens! 
The Fusion Energy Foundation has 

been warning about the fascist danger 
of the Green Party for the past five 
years. In 1981, when space scientist 
KrafftA. Ehricke toured West Germany 
with the FEF speaking about nuclear 
and space development, gangs of 

Continued on page 17 
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Special Report 

WHAT RECOVERY? 

The United States Is a 
Postindustrial Nation 

The United States is now in adepres-
sion far more serious than the Great 
Depression of the1930s. Pathetic rhet
oric about a so-called recovery aside, 
the figures for the basic economic in
dicators leave no doubt that this is the 
case. 

U.S. heavy industry has been moth-
balled or destroyed, wi th entire sec
tions of steel, power, and machinery 
operating at below 1972 levels of ca
pacity; the industrial workforce has 
dropped sharply as a percentage of the 
total labor force; output per member 
of the labor force has dropped by more 
than half in the last 10 years alone; and 
individual household debt has dou
bled over the last seven years—just to 
look at a few indicators. 

In short, the United States has be
come an economy that no longer pro
duces even what it consumes. The se

riousness of the situation is under
scored by the fact that the Soviet econ
omy has cont inued to grow. 

Whi le certain political figures and 
government agencies cont inue to puff 
the "recovery," the Soviets have had 
no such il lusion about the U.S. econ
omy. In a Moscow television show 
March 30, produced for internal Soviet 
consumpt ion, "American specialist" 
Georgii Arbatov summarized the dis
cussion of the U.S. economy bluntly. 
"The Americans themselves wil l not 
survive, so to speak, I mean economi
cally," Arbatov said. 

The figures comparing Soviet out
put to U.S. output over the past 10 years 
bear out Arbatov's analysis: Soviet 
product ion of goods—from tractors to 
refrigerators—is going up, whi le U.S. 
product ion is p lummet ing (Figure 1). 

This is nothing short of a na

t ional emergency. 

Because the figures are so startling 
and, in general, are covered up by of
ficial reports f rom the various govern
ment agencies concerned, we have re
produced here some of the data com
piled by the weekly Executive Intelli
gence Review (EIR) for its Quarterly 
Report this spring. This report uses the 
LaRouche-Riemann economic model 
and a method of economic analysis de
veloped jointly by the EIR and the Fu
sion Energy Foundation. 

American System Economics 
The yardstick used in this model to 

measure economic growth is that of 
Alexander Hamil i ton in his out l ine of 
the American System of political econ
omy presented to Congress in a De
cember 1791 report " O n the Subject of 
Manufactures." Hamil ton, like the 
American System economists who fo l 
lowed h im, believed that "people are 
weal th." To make the economy grow 
and the nation prosper required "the 
increase of the productive powers of 
labor" through technological progress 
in capital-intensive, energy-intensive 
modes of development of agriculture, 
industry, and basic economic infra
structure. 

By this measure, gambling casinos, 
service jobs, and real estate specula
t ion , whose growth is used today to 
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puf f the so-called recovery, contr ibute 
nothing to the real economy. 

LaRouche's contr ibut ion to this 
American System approach is the con
cept of increased potential relative 
populat ion density. In other words, 
what is the average number of persons 

who can be sustained on an average 
square ki lometer of land, at any given 
level of technology, solely by the pro
ductive activities of that population's 
labor force component . The key mea
sure here is the rate of increase of the 
potential populat ion density that can 

be achieved in terms of a defined level 
of technology. In the LaRouche-
Riemann model , it is the variable rate 
of increase of this potential , by the 
spread of advances in employed tech
nology, that is the yardstick for the 
health of an economy. 

RAW STEEL PRODUCTION— 
60% OF 1973 RATES 

1973 

1976 

1980 

1981 
1982 
1983 
1984 

(in thousands of tons) 

Output 

150,799 

128,000 

111,835 

120,828 

74,577 

84,615 

91,000 

%1973 
Output 

100.0 

84.9 
74.2 

80.1 

49.5 

56.1 

60.3 

No More Steel Making 
Last year, as much as 50 percent of the f inished steel 

consumed in the United States was either imported f rom 
abroad or produced from scrap remelted in "mini-mi l l ' ' 
recycling plants. The Uni ted States produced only 48 mil
l ion tons of f inished steel in 1984—barely more than dur ing 
Wor ld War I. Of the 98 mil l ion tons of f inished steel con
sumed here, 48 mi l l ion tons were produced at home, 26 
mi l l ion tons were impor ted, and 24 mi l l ion were the result 
of recycling scrap. U.S. steel capacity is now at most 70 
mil l ion tons, or less than half the 160-mill ion-ton capacity 
of 1974, and lower than any t ime since 1931. 

Figure 3 
GENERAL INDUSTRIAL WORKERS DROP SHARPLY 

AS PERCENTAGE OF TOTAL LABOR FORCE 

Source: American Iron and Steel Institute Statistical Reports 
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The Wrecking of 
The U.S. Industrial Workforce 

The destruction of the productive powers of the U.S. 
labor force is tantamount to a national security threat. Even 
the most casual comparison of the U.S. workforce to the 
Soviet Union's makes this point. By 1972, the Soviet Un ion , 
still a relatively agrarian country, had pushed its industrial 
workforce to 47.4 mi l l ion, nearly twice that of America, at 
26.8mi l l ion, al though its total populat ion is only 20 percent 
larger than ours. 

The Soviets' ratio of industrial workers to total workers 
in the economy grew to 38 percent in 1972, surpassing that 
of the United States, which had fallen f rom 34 percent in 
1950 to 30 percent by 1972. The U.S. industrial workforce 
has cont inued to decline dur ing 1984 and 1985, despite 
claims of a falling unemployment rate by the Federal Re
serve. The U.S. percentage of industrial workers to total 
workforce declined to 25.8 percent, whi le the Soviet f igure 
reached 45 percent or more. 
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Figure 4 
U.S. OUTPUT PER MEMBER OF LABOR FORCE 

DROPPED BY MORE THAN HALF 

1972 76 
"First two quarters 

Figure 5 
SERVICE JOBS MORE THAN DOUBLED 

AS INDUSTRIAL JOBS STAGNATED 
Millions of workers 

70 

ers still employed, as many as 10 million, almost one third, 
lost their jobs at one point since 1978 and were recycled to 
lower-skilled jobs. The portion of the labor force employed 
part time to make ends meet is rising astronomically, from 
12.4 million in 1972, to 18.4 million in early 1985. Twenty 
percent of all non-farm workers in the United States today 
do not have a full-time job—about 65 percent of the indus
trial workforce. 

About half of the part-time workers are women, and 75 
percent of them are not earning extra money, but supplying 
a second income in a family where the main breadwinner 
can no longer support the family. 

Living Off Import Welfare 
Imports are not the cause of the loss of U.S. pro

duction but the replacement for what the United States 
is unable to produce. In 1984, 65 percent of all the 
radio and TV sets Americans bought was imported; 
27 percent of all the parts and components that went 
into American-brand cars was imported; 26 percent 
of all steel consumed was imported; and 27 percent 
of apparel and other mill products was imported. 

The biggest scandal concerning imports is the 
American car. While the Reagan economics staff claims 
that American auto production went up to 7.7 million 
units last year, if one reduces this amount by the 
content of foreign parts in supposedly American cars, 
one finds that American domestic car output totaled 
a scant 4.62 million autos, almost 1 million less than 
were produced in 1929! 

Between 35 and 40 percent of all American cars are 
made up of parts, accessories, and components that 
are "sourced" from abroad and imported. 
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Special Report 

There's no technical reason for 
not detecting and destroying il
licit drug fields! A multispectral 
scanner placed on the underside 
of the wing of a jet plane can de
tect drug plants by sensing their 
particular radiative signature. The 
remote sensing system designed 
for Mexico was able to cover 
12,000 square miles of land per 
day. Shown here is a Gates-Lear-
jet airborne platform; inset is a 
multispectral scanner made by 
Texas Instruments. 

Let's Use Our Technology 
To Wipe Out Drugs 

More than $400 bill ion of illegal drugs 
are grown wor ldwide each year. It is 
absolutely possible, using remote sen
sing technologies, to locate these illic
it drugs, so that they can be destroyed 
before they are harvested, processed, 
and on their way to ki l l ing the minds 
and bodies of a significant number of 
our populat ion. 

Between 1972 and 1982, the U.S. 
government, in a joint program of the 
State Department and the National 
Aeronautics and Space Administra
t ion , developed new remote sensing 
techniques that were proven success
ful in locating ill icit drugs. Airborne 
sensing systems, combined wi th Land-
sat satellite data, could p inpoint all sig
nificant op ium poppy, cannabis, and 
coca crops wor ldwide. 

The fact that this search system is not 
being used, even in nations like Mexi
co and Colombia, which have asked 
the United States to help them in their 
war on drugs, is a purely political de
cision. If the Uni ted States decides to 
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escalate its current war on drugs to in
clude searching for and destroying the 
crops in the ground, it can activate the 
international agreements and remote 
sensing systems already available to 
accomplish the task. 

Remote Sensing Capabilities 
The United States and Mexico signed 

a Memorandum of Understanding 
March 29, 1978, to develop an "ad
vanced airborne data collection and 
ground data processing system for use 
by the Mexican government in identi
fication of op ium poppy fields in Mex
ico." A total of $7.5 mi l l ion was allocat
ed for this effort. 

The program, called Curb Illegal 
Narcotics or C IN , ran for two years, 
dur ing which t ime the system was de
veloped, Mexican pilots and ground 
teams were trained, and the identi f i 
cation of the drug crops was proven 
successful. 

The sensing system consists of a 
multispectral scanner attached to the 
underside of the w ing of a jet plane. 

The scanner detects drug plants by 
sensing its particular radiative signa
ture. Every growing plant, when hit by 
sunlight, reflects back radiation in a 
specific array of frequencies that is dif
ferent f rom every other plant; thus the 
scanner can identify the signatures of 
ill icit drugs. 

For example, cannabis plants can be 
detected in the 1.55- to 1.75-micron 
band of the infrared part of the electro
magnetic spectrum, its specific, iden
tifiable signature. 

The remote sensing system de
signed for Mexico was able to cover 
12,000 square miles of land per day, or 
the entire country every 15 days. Be
cause the cannabis plants grow for 120 
days before harvest, this frequency of 
coverage allowed the program to "see" 
fields a few times before taking any 
action. Dur ing this per iod, Mexico was 
able to cut its heroin export to the 
United States f rom 14 tons per year to 
1/2 ton per year, according to a U.S. 
official who participated in the pro
gram. 

Despite the program's potential for 
el iminating a major source of illegal 
drugs, in 1982 the State Department 
cut off the funding for the recom
mended fo l low-on to the program, 
leaving the Mexicans wi th a remote 
sensing system they did not have the 
money to operate. For some tens of 
mil l ions of dollars per year, this system 
now could be locating most of the i l
legal drugs in Mexico. 

Colombia, the source now of ap
proximately 60 percent of the mari-
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juana and 80 percent of the cocaine 
illegally flowing into this country, was 
also cut off from funds to carry out the 
program after it was tested. In Novem
ber 1980, the Colombian Minister of 
Justice requested information from the 
U.S. Embassy in Bogota about using 
remote sensing technology to deter
mine the scope of illicit cultivation of 
cannabis and coca as a prerequisite to 
initiating a herbicidal eradication pro
gram. After the feasibility of using the 
remote sensing technology to aid the 
Colombian effort was demonstrated, 
no follow-on program was funded. 

The foreword to the 1980 Final Re
port by NASA on the Curb Illegal Nar
cotics project states that at the end of 
the program, "all scientific and tech
nical aspects of the project have been 
successful by both governments." The 
benefits of using the technology "had 
scarcely begun to be fully realized" at 
that time, the report notes. 

"Perhaps the real success," the re
port notes, "lies in the mutual coop
eration, respect, and trust realized by 
this merger of NASA technology, De
partment of State foresight, and Mex
ican talent and desire to excel. The two 
nations have opened new doors for the 
transfer of technology, and both na
tions have benefited." 

What a contrast to the recent war of 
words being waged against Mexico by 
the State Department, which has 
charged Mexico with a lack of serious
ness in fighting drugs. Although this 
destructive, lying campaign has been 
stopped as the White House—specifi
cally through Attorney General Ed 
Meese—has escalated the war on 
drugs, there has as yet been no move 
to dust off the Advanced Poppy Detec
tion System sitting in Mexico and use 
it to go for the kill. 

In many of the nations of Ibero-
America the governments themselves 
are heavily committed to the war on 
drugs, the growth of crops is illegal, 
and many of the drug-traffickers are 
therefore using smaller plots that are 
partially hidden. To win the war against 
drugs in this situation, airborne sen
sing systems that fly only a few thou
sand feet above the ground are nec
essary to obtain high resolution. 

In other nations, like Iran and Paki
stan, where the governments either 
sanction or ignore the growing of illicit 

NASA 

Marijuana fields are shown in white in 
this computer-enhanced scanner pho
to. 

drugs, the fields are so large that they 
can be identified by space-based Land-
sat systems that have a lower resolu
tion. If both the Landsat and the air
borne sensing systems were put to full 
use in a military mission to search and 
destroy drug fields, all significant illicit 
drug fields could be located. 
LaRouche: War Mobilization Necessary 

To eradicate drug traffic in the West
ern Hemisphere, requiresa military war 
plan. This is exactly what FEF board 
member Lyndon H. LaRouche, Jr. pro
posed in a 14-point program pre

sented at a March 14 conference in 
Mexico City sponsored by the Execu
tive Intelligence Review: "We must 
declare war on the pseudogovern-
ment of the international drug traffick
ers, and we must fight that war with 
the weapons of war—and win—in the 
same spirit with which we fought for 
the unconditional defeat of Nazism," 
LaRouche said. 

LaRouche proposed a treaty of alli
ance for conduct of war between the 
United States and the Ibero-American 
states that join the war on drugs. He 
also proposed that the United States 
supply countries with technologies 
appropriate to detection of growing, 
processing, and transport of drugs, in
cluding satellite-based and aircraft-
based systems. As soon as the growing 
of a relevant crop is confirmed for any 
area, he said, military airborne assault 
should be deployed immediately to 
destroy that crop, and the same policy 
should be followed for drug process
ing centers. 

LaRouche further specified that the 
banks and other institutions that are 
elements of this drug quasi-state 
should be classed as outlaws accord
ing to the "crimes against humanity" 
doctrine elaborated at the postwar Nu
remberg Tribunal. 

—Marsha Freeman 

Reagan, Betancur Issue Statement 
On Drug Eradication 

Colombian President Belisario Betancur met with President Reagan April 
4 to review "the drug scourge" and what the two nations could do to 
"combat the production, trafficking, demand, and use of illicit narcotics." 

In a joint statement—largely ignored by the nation's press—Betancur 
and Reagan said: "Drug trafficking is a criminal activity that has no frontiers 
and can only be controlled by a combined effort of all countries involved. 
We have shared our concern that the financial power resulting from the 
enormous profits of illicit narcotics trade poses a terrible threat to democ
racy in the Americas. Our mutual dedication to the anti-narcotics struggle 
is an integral part of the close relations that exist between our two nations. 
We both see a vital need to enlist the cooperation of other governments 
in this intensified effort. . . . 

"The cost of success in the past has been high. It has included the life of 
a Colombian cabinet minister, Rodrigo Lara Bonilla, and law enforcement 
officers from both cou ntries. We cannot allow such sacrifices to have been 
in vain. We pledge to each other to revitalize and intensify our efforts to 
destroy the trafficking network. Our decision is irreversible, our dedica
tion total. Nothing will deter us from this fight." 
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Nuclear Report 

Artist's depiction in 1970 of an 
SP-100 nuclear rocket space 
station. Inset is a schematic of 
the SP-100 power system. 

Forward 
Reactor / 

SP-100: 

The Space Challenge 
To Nuclear Technology 
by Marsha Freeman 

The United States may have a sec
ond chance to commercialize breeder 
and high-temperature nuclear reac
tors, using new spinoffs f rom the SP-
100 space nuclear program. These 
technologies were suppressed when 
the nation put its nuclear industry on 
the back burner, but now the SP-100 
program is likely to spin off further ad
vances in fuel and materials for high-
temperature fission reactors on Earth. 

The SP-100 program has a challeng
ing mission: to design a nuclear plant 
small enough to fit in the payload bay 
o f the Space Shuttle, powerful enough 
to deliver 100 kilowatts of electricity, 
and reliable enough to operate for sev
en to ten years wi thout requir ing any 
maintenance. 

Under development by the Depart
ment of Energy and the National Aero
nautics and Space Administrat ion, the 
SP-100 program became a national 
priori ty in February 1983, when NASA, 
the DOE, and the Department of De-
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fense signed an agreement to design 
and evaluate a 100-kilowatt space nu
clear reactor. 

The agreement includes a study, 
being carried out by the NASA Lewis 
Research Center in Oh io , to see " i f a 
reasonable need for mult imegawatt 
space nuclear power exists." If so, the 
agencies wi l l "embark on a long range 
technology development program" in 
this higher power level range. 

"We have to f ind ways to do it fast
er," General James Abrahamson, head 
of the Strategic Defense Initiative of
fice, told the Apri l 9 Washington meet
ing of the American Institute of Aero
nautics and Astronautics. In July, the 
three agencies involved wil l decide 
whether to bui ld a ground test reactor. 
As Abrahamson noted, the beam de
fense program wi l l need multimega
watt reactors as soon as possible. 

Nuclear power sources have been 
used in the planetary program for dec
ades, where solar energy is too faint. 

Now the manned space program and 
military needs in space require further 
nuclear development. 

Consider the first permanently 
manned space station, currently in its 
design stage at NASA. The early 1990s 
station includes solar panels to pro
vide 75 kilowatts of electric power for 
l ight, cooking, water puri f icat ion, and 
other human needs. It wi l l also power 
scientific experiments, small-scale 
manufacturing systems, and other fa
cilities. 

As the station grows and new labo
ratory and other modules are added 
on , the power requirements wi l l out
strip the reasonable capabilities of so
lar panels. To provide 20 kilowatts of 
power to the station wi th solar panels, 
250 square meters of solar array are 
needed. A nuclear station can provide 
five times that power—100 kilowatts— 
with less than 100 square meters of 
area. 

In addi t ion, a nuclear plant w i l l not 
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require any specific orientiation for the 
station, whi le solar panels always have 
to be pointed toward the Sun. Because 
solar arrays also increase the total area 
of the station, they increase its drag. 
The station gets slowed down by col
lisions wi th the atomic hydrogen and 
other particles surrounding it. (Space 
is not "empty.") The use of nuclear 
power means that less fuel wi l l be 
needed to keep the station at its prop
er orbital alt itude. 

Big Nuclear Plants 
With larger nuclear plants in space, 

the possibilities become even more 
exciting. Central power distr ibut ion is 
the most efficient way to power space 
industrialization. Why bui ld every 
communications satellite, space sta
t ion, and manufacturing plant wi th its 
own power supply, and why encum
ber larger space structures wi th huge 
arrays of solar panels, when central
ized Earth-orbiting nuclear plants could 
efficiently service a whole complex of 
space infrastructure. 

A large spaceborne electric util ity 
producing at least 100 megawatts of 
power could convert the electricity to 
laser light or microwaves and transmit 
the energy to users in orbi t . Micro
waves could be used economically to 

transmit power up to 100 kilometers 
f rom the power base, if the user is out
fitted wi th a 20-meter-long receiving 
antenna. 

O n the M o o n , a 20-meter antenna 
could also be used to receive power 
whi le a permanent settlement was 
being put in place. Such a central pow
er base in Earth-orbit could be about 
half the size of a football f ie ld, deliv
ering 10 bi l l ion kilowatt hours of pow
er over its l i fet ime. 

Even before central power stations 
were in place, smaller nuclear reactors 
could be the power source for individ
ual communications satellites. As the 
power is increased on the satellite, the 
stronger signal allows the use of a much 
smaller receiving antenna on Earth. If 
the on-board power is 50 kilowatts, for 
example, the Earth-based antenna 
would be 30 meters in diameter. If the 
power were doubled, the antenna 
would be reduced to a 20-meter d i 
ameter size. At even higher power lev
els, wristwatch-sized antennas could 
provide personal communications via 
satellite. 

Nuclear-Powered Defense 
President Reagan's announcement 

in March 1983 of a new strategic doc
tr ine for the United States gave new 

Los Alamos National Laboratory/LeRoy Sanchez 

purpose to the participation of the De
partment of Defense in the SP-100 pro
gram. 

The military has short-term require
ments for nuclear-powered space as
sets. Any military satellite is consider
ably more vulnerable with solar wings 
sticking out. The more compact nucle
ar reactor makes a smaller target. 

In addit ion to more bulk, a solar 
technology system to produce 100 kil
owatts of power would weigh at least 
2.5 times more than a comparable nu
clear reactor system. In contrast, a nu
clear power plant could double its 
power output with only a one third in
crease in reactor mass. This reduces 
the launch weight and constraints. 

The Soviets have had nuclear-pow
ered radar ocean surveillance satel
lites for years (two came back through 
the atmosphere, one in 1978 and the 
other in 1983), but the United States 
has yet to orbi t one. Even one space-
borne radar system could provide sur
veillance for the entire nation's de
fense against any air-breathing threats, 
such as aircraft. 

Using tens of kilowatts up to mega
watts of nuclear power, the system 
could provide for early warning of en
emy ballistic missiles. And as the pow-
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er of the radar signal increases, the an
tenna size goes d o w n , making the sat
ellite more dif f icult to spot. In addi
t ion , the number of " looks per sec
o n d " for detecting targets wou ld in
crease 80 percent over solar-powered 
systems, because the radar signal pulse 
rate wou ld be so much faster. 

Besides its obvious military applica
t ions, such a nuclear-powered space-
based radar could "see" through 
clouds and be used for air traffic con
t ro l , navigation for ships, and other ci
vilian applications. 

High-powered military space com
munications systems could produce a 
signal strong enough to "burn 
th rough" tactical energy jammers, and 
could also be used to power U.S. elec
tronic jammers. 

Laser and other directed energy sys
tems that are pumped electrically, such 
as the excimer laser, could be fueled 
by nuclear-produced power as well as 
by direct nuclear pumping of X-ray las
ers. These systems, which are the heart 
of the Strategic Defense Initiative, can
not be constricted to being a "nonnu-
clear" defense, as much as some of the 
antinuclear alleged supporters of the 
beam defense program wou ld like this 
to be the case. The fact is, for General 
Danny Graham and others, the term 
nonnuclear actually means "non-
beam-defense." 

The Technology Challenge 
A spaceborne nuclear reactor has to 

be small, compact, as efficient as pos
sible, and robust. The SP-100 program 
is examining designs that wou ld oper
ate for seven to ten years wi thout any 
repair or maintenance, reliably deliv
ering 100 kilowatts of electricity. In
dustrial and national laboratory teams 
are doing studies on different designs 
for the reactor itself, the cool ing sys
tem, energy conversion f rom heat to 
electricity, shielding materials, and 
power delivery—all of which wil l im
prove the technology available for 
Earth-based plants. 

The SP-100 has to f i t inside the Space 
Shuttle payload bay, wi th an upper 
stage attached to launch it into an orbit 
higher than one the Shuttle can reach. 
The total weight l imit for the nuclear 
power plant unit is 5,500 pounds. The 
nuclear reactor itself wi l l weigh less 
than 1,000 pounds, leaving 4,500 
pounds available to additional sys-
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terns. By far, the largest part of the 
power system is the radiator, which ra
diates waste heat in to space and con
tains the conversion elements. Light
weight carbon/carbon composites are 
being examined for this structure. 

In space, there wi l l be no steam tur
bines to convert heat to power. The 
thermal energy produced f rom the fis
sion reaction w i l l , in all l ike l ihood, be 
converted directly to electricity, w i th 
no moving parts. 

For this purpose, the Los Alamos Na
tional Laboratory has been developing 
high-temperature heat pipes to carry 
the reactor heat to thermocouples for 
power conversion (see photograph). 
Their reactor design operates at more 
than 1,400 degrees Celsius, which is 
considerably hotter than present ter
restrial l ight water reactors. 

Water wi l l not be used to cool space 
reactors. The heat pipes could be fi l led 
wi th l iquid l i th ium, which would evap
orate f rom the heat, deposit its energy 
wi th the thermoelectr ic converters, 
condense, and be reused. Such a d i 
rect conversion technology in space 
requires the higher temperatures that 
nuclear heat can provide, because the 
efficiency of conversion increases with 
the temperature difference between 
the hottest and coldest materials. 

New Materials 

One of the greatest technology chal
lenges of the SP-100 program is the de
velopment of new metal alloy and ce
ramic high-temperature materials to 
withstand hostile nuclear and space 
environments. 

In-core thermionic direct conver
sion systems are also under investiga
t ion. Tungsten is cladded over the nu
clear fuel element in one in-core de
sign. These cells, located inside the re
actor core, convert heat to electricity 
by "bo i l ing" electrons directly off the 
metallic thermionic material. 

Thermionic systems wil l have to op
erate in the 1,500 to 1,700 degree Cel
sius range to be efficient. At these very 
high temperatures, there are materials 
problems, swell ing of the fuel ele
ment, and other difficulties that need 
to be solved. Today's thermionic con
verters, which use a sil icon-germani
um alloy, can operate only at a maxi
mum temperature of about 1,000 de
grees Celsius. 

At that temperature, conversion ef-
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ficiency is about 7 percent. Selenium 
alloys, developed for the converters in 
the radioisotope thermoelectr ic gen
erator system for the Galileo probe to 
Jupiter, wi l l br ing the efficiency of 
conversion up beyond 10 percent. 
These radioisotope systems, called 
RTGs, produce heat as the p lutonium 
isotope decays. The thermal energy is 
directly converted into electricity us
ing thermocouples in which a voltage 
is created when two dissimilar metals 
are jo ined in a closed circuit, at differ
ent temperatures. 

The limitations of the RTG system 
are that its temperature goes down as 
the isotopes decay, and that it has a 
power density of only 5.5 mi l l ion elec
tron volts per alpha emission f rom the 
decaying p lu ton ium, whi le each fis
sion of uranium-235 produces 200 mi l 
l ion electron volts. 

It is also possible that dynamic sys
tems—such as Stirl ing engines, which 
do have moving parts—will be appli
cable to space requirements, and these 
kinds of systems are under investiga
t ion . 

Technology Transfer to Earth 
In 1977, the Denver Research Insti

tute did a study for NASA t i t led, "Ap
plications of Space Nuclear Power and 
Propulsion Technology" in which they 
examined the 18-year partnership be
tween the space and energy agencies 
in research and testing of space power 
and propulsion systems to determine 
which developments could and were 
being applied to the civilian nuclear 
industry. 

"Public policy has become the ult i
mate arbitrator of the applications for 
space technology in the civil sector," 
the study begins. Al though this is still 
largely the case, because the federal 
government has failed to make nucle
ar development a national pr ior i ty, the 
space nuclear projects of the previous 
generation indicate the potential tech
nology transfer for the future. 

The nuclear engine for rocket vehi
cle applications, the NERVA program, 
for example, gave the nuclear industry 
new materials, computer programs for 
testing safety systems, new instrumen
tat ion, testing techniques, high-
temperature themocouples, special 
materials fabrication techniques, and 
the possibility of bui ld ing l ightweight 

Continued on page 67 
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Fusion Report 

PPPL 
The spheromak can be smaller and more efficient than the tokamak because it 
uses the electric currents within the plasma itself to generate the confining 
magnetic fields. This eliminates the necessity for external copper coils. Shown 
is the diameter of the vacuum vessel forthe S-l in construction. Inset is a diagram 
of the plasma configuration. 

S-1 Spheromak Reaches 
True Plasma Operation 

Researchers at the Princeton Plasma 
Physics Laboratory in New Jersey re
ported in February that they had 
achieved the initial goals set for their 
S-1 spheromak experiment. Despite 
some preliminary mechanical prob
lems, the S-1 has now reached true 
plasma operation wi th temperatures 
above 1 mil l ion degrees Celsius (100 
electron volts) and energy confine
ment times of about .001 second. 

These results conf i rm the scientific 
principles of the spheromak, which 
were first demonstrated in 1983 on the 
Los Alamos National Laboratory's CTX 
spheromak. 

The spheromak is the most promis
ing advanced concept for economical 
and compact magnetic fusion reac
tors. In the near term, spheromaks 
have numerous potential applications 
to the development of pulsed power 
and directed-energy beam technolo
gy. The S-1 success is particularly sig

nificant because it proves the feasibil
ity of an entirely different kind of 
spheromak from that of the Los Ala
mos CTX. 

Self-Organized Magnetic Plasmas 
To achieve fusion, hydrogen gas 

must be heated to 100 mi l l ion degrees 
Celsius whi le being contained and 
thermally insulated to maintain the gas 
energy flux density. At these high tem
peratures ordinary matter becomes 
"electr i f ied"—ionized—and is called 
plasma. Ionized plasmas interact 
strongly wi th magnetic fields such that 
the plasma can be stabily confined and 
insulated wi th in a properly designed 
configuration of magnetic fields—a so-
called magnetic bott le. 

The most successful magnetic con
f inement designs have uti l ized copper 
coils that generate the magnetic bott le 
when an electric current is passed 
through them. In the tokamak, for ex
ample, the magnets are placed around 

a donut-shaped vacuum chamber in 
which the hydrogen fusion fuel is in
jected. 

The spheromak, and the compact 
torus more generally, improves on this 
type of approach by using the electric 
currents w i th in the plasma itself to 
generate the confining magnetic fields. 
By removing the necessity for external 
copper coils, the plasma donut can be 
made much smaller and more effi
cient. In particular, because plasmas 
can be held together by electric cur
rents, they can sustain much higher 
current levels than can conductors 
made out of ordinary materials. As a 
result, the spheromak offers a most ef
ficient and economical means to 
achieve the high energy-flux densities 
that are essential for both fusion and 
directed energy beams. 

Because the spheromak is a self-
organized magnetic plasma, it can be 
physically removed from the forma
t ion chamber and moved about. Fur
ther, because the spheromak contains 
a very small amount of mass—a few 
mil l ionths of a pound—conf ined wi th
in an intense magnetic f ield, it can be 
easily accelerated to hypervelocities in 
excess of 10,000 kilometers per sec
ond . 

Such "translation" experiments have 
been carried out on the FRC compact 
torus at Los Alamos, and other spher
omak translation experiments are 
being pursued at Lawrence Livermore 
National Laboratory in California. For 
power reactors, the ability to transport 
the fusion plasma, or plasmoid, can 
dramatically decrease the engineering 
problems and capital costs. 

In terms of directed-energy beams, 
the hypervelocity spheromak is ex
tremely important. The spheromak is 
made up of a small amount of mass and 
contains most of its energy wi th in its 
confining magnetic f ie ld; therefore, it 
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offers one of the best means of readily 
achieving energy densif ication. 

The plasmoid can be easily com
pressed and/or accelerated to high ve
locities nearthe speed of light wi th just 
a few yards of a simple, metal elec
trode shaped in the form of a funnel . 
The spheromak enters one end and is 
accelerated and compressed by an 
electric current that is passed through 
the conical (funnel) electrode. As a re
sult, the plasmoid is compressed. 

The self-confining magnetic field of 
the plasmoid plays two important roles 
in this energy compression process. 
First, it insulates the metal electrode 
from the heat of the plasmoid. Sec
ond , most of the energy amplif ication 
is taken up by the "compressed" mag
netic f ie ld. The magnetization of the 
compressed energy provides many 
versatile methods for its later conver
sion to useful electrical energy, such 
as the acceleration of charged particle 
beams. 

Traveling at a significant fraction of 
the speed of light the plasmoid could 
del ivera power flux on target in excess 
of 10,000 tr i l l ion watts per sqare centi
meter. Alternatively, a highly com
pressed or accelerated spheromak 
represents a versatile technology for 
power amplif ication for driving other 
types of particle beams, lasers, and mi
crowave generators. Lawrence Liver-
more is currently pursuing concepts 
for compression of electromagnetic 
waves wi th high velocity spheromaks 
to produce tr i l l ion watt microwave 
bursts. 

Future S-1 Plans 
The S-1 represents a qualitatively 

different approach to spheromaks from 
the Los Alamos CTX. The CTX is dy
namically created with a plasma gun, 
while the S-1 is statically generated with 
a complex magnet core system. Suc
cess wi th both systems represents a 
substantial rate of progress in the sci
ence of compact tor i . 

In the near future, Princeton re
searchers wil l be attempting to de
crease the size of the S-1 so that higher 
plasma electric current densities can 
be achieved. They wil l also be explor
ing the use of the dynamo effect found 
on the CTX, which could permit the 
spheromak to be sustained in a steady-
state mode of operat ion. 

—Charles B. Stevens 

Fusion Report 

Greens Show Their Nazi Colors 
Continued from page 7 

Greenies attacked the meeting sites. 
At a forum to support the construction 
of a nuclear power plant at Neckar-
westheim, 40 rock- and bott le-throw
ing masked youth tried to prevent 
people f rom entering the hall. Back in 
the United States, Ehricke reported to 
his American audience how shocked 
he was to see again the same patterns 
he had witnessed as a youth in Berlin 
dur ing the rise of the Nazi movement 
in 1929-1931. 

Now that the Greens' true colors are 
out in the open, others have finally be
gun to speak out and call the Greens 
Nazis. Parliamentarian Heinrich Aig-
ner, for example, said that the Greens 
were "leading the dangerous way back 
into the National Socialist policy of the 
1930s. . . . Whoever paves the way into 
the parliaments for the Greens today 
makes himself as guilty as those voters 
who decided to have a try wi th Hitler 
in 1933." 

Nevertheless, no vigorous pol i t ical, 

legal, or police measures have been 
taken to stop the new Nazi menace, 
and the mistakes of the Weimar period 
are being repeated wi th fr ightening 
precision—including the invitations 
f rom the U.S. State Department for 
Green leaders to tour the United States. 
The European Labor Party, the inter
national Schiller Institute, and the FEF 
have circulated a call for banning the 
Greens as unconstitutional under West 
German law. Time is running out, but 
such a move could still succeed if sup
porters of Western civilization move 
quickly. 

—Catherine Caffrey Schapiro 

Contributions to the 
Fusion Energy 
Foundation 
are tax deductible. 
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Kiyoshi Yazawa 

The Gamma 10 tandem mirror machine at Tsukuba University's Plasma Research Center is pioneering the thermal barrier 
technique to produce energy breakeven in a mirror machine. 

Japan's Gamma 10 Leads Mirror Fusion Work 
This article by Fusion Asia editor- in-

chief Ramtanu Maitra is adapted from 
his special report on the Japanese fu
sion program, which appeared in Fu
sion Asia July 1984. Maitra visited the 
Gamma 10 facility in March 1964. 

The world 's first tandem mirror ma
chine, Gamma 6, began operation at 
Japan's University of Tsukuba in Tsu
kuba Science City in 1978, and its suc
cessor, the much larger Gamma 10, is 
now in its second year of experiments. 
The mirror configuration is one of the 
most promising candidates for com
mercial fusion reactors because it is 
geometrically simple and can hold a 
high plasma pressure. Plasma pres
sure is a critical measure for the power 
density of a reactor. 

The main challenge of mirror con

f inement systems is to prevent the loss 
of particles (and associated instability) 
f rom the ends by "p lugging" them to 
the point that conf inement is suffi
cient to produce net energy in the 
plasma. The most advanced mirror 
plugging concept, now being studied 
in the Gamma 10, is the thermal bar
rier. 

The tandem mirror program at Tsu
kuba, under the direction of Dr. Syoi-
chi Miyoshi , head of Tsukuba's Plasma 
Research Center, includes a group of 
13 physicists and 5 technicians. As M i 
yoshi explained, the Gamma 10 pro
gram has three principal objectives. 
The first is to create an axisymmetric 
configurat ion in order to reduce radial 
losses caused by nonaxisymmetric 
components of the magnetic f ield. 

The second is to form a sloshing-ion 
density distr ibut ion in the end mirrors 
for improvement of microstability and 

to form hot electron rings near the 
midplane of the end mirrors to 
strengthen the plasma's macrostabili-
ty. Hot electrons may be produced in 
the minimum-B region to further the 
magnetohydrodynamic (MHD) stabi
l izing power of the anchor, it is hy
pothesized. 

Thi rd , the Gamma 10 wil l attempt to 
form a thermal barrier between the 
plug and the central cell in order to 
reduce microwave power require
ments for plug electron heating. 

Gamma 10's Design 
Gamma 10 is 27 meters long and 

weighs about 180 tons. Its magnetic 
field coil system is made up of 24 cir
cular coils, 6 minimum-B coils (also 
termed baseball coils because their 
shape is the same as the seams of a 
baseball), and 4 racetrack coils—all of 
which are excited by five indpendent 
power sources. 
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How a Mirror System Works 

The simple magnetic mirror works 
on the same principle as the Earth's 
magnetosphere works to prevent space 
plasma from reaching the Earth. The 
ionospheric plasma is trapped by the 
Earth's magnet icf ie ld, which increases 
in strength at the north and south 
poles. Given a magnetic field wi th two 
points of increased intensity, a plasma 
wil l always tend to be trapped between 
the two points. 

The first theoretical concept of a 
mirror fus ion reactor consisted of acy-
lindrical vacuum chamber and two 
magnet coils that slid up and down the 
cylinder. The two coils form magnetic 
fields that cause the plasma to "re
f lect" back—hence, the "mir ror" ma
chine. As the coils are moved togeth
er, they compress and heat the trapped 
plasma. As the plasma builds up ener
gy f rom fusion reactions, it expands 
against the magnetic fields, inducing 
an electric current in the external coils. 
Thus, in pr inciple, the mirror machine 
can convert fusion energy directly into 
electricity, wi thout the intermediate 
step of heating steam for a conven
tional turbine. 

However, this simple mirror system 
has one major problem—a phenome
non known as end loss and the insta
bility associated wi th it. The individual 
plasma electrons and ions are trapped 
into spiral orbits along the magnetic 
field l inesand when they approach the 
region of increased magnetic field in
tensity, they are reflected back in the 
opposite direct ion. Some particles, 
however, primarily the lighter elec
trons, do not get reflected and instead 
escape through the ends of the cylin
der. In fact, the simple mirror system 
experiences such extensive end loss 
that wi thout modif ication it is incapa
ble of producing energy breakeven. 

The electrons and ions that are lost 
have specific velocity distributions. The 
ratio of their velocity along the mag
netic f ield lines to their spiral velocity 
is greater than some determinable val
ue. This value, if graphed in three-di
mensional velocity space, wi l l define 
an upside-down three-dimensional 

cone. All the particles wi th in this cone 
area are lost out the ends of the cylin
der. 

Once the plasma is trapped in the 
mirror, the only way particles escape 
is through collisions that change their 
velocities such as to put them into the 
loss cone described above. In plas
mas, the electrostatic f ield of the plas
ma as a whole is mainly responsible for 
coll isionlike changes in individual par
ticle velocities. Further, this effective 
collisionality decreases wi th increas
ing temperature—a fact that has been 
used in designing an effective end plug. 

The Tandem Mirror 

Modif ications of the simple mirror 
system that have kept mirror fusion in 
the running for commercial power de
velopment have been undertaken in 
various laboratories. The tandem mir
ror system—developed independent
ly by researchers in California and Sib
eria in 1975, and first bui l t by Japan in 
1978—is the most promising of the 
modif ied systems to date. 

In the basic tandem mirror system, 
high-energy neutral beams are inject
ed at both ends of the cylinder to in
crease the plasma temperature there, 
and thus decrease collisionality and 
block end losses. At the same t ime, the 
pressure difference between the cen
tral and end-plug mirror regions of the 
plasma caused by the heating—a dif
ference that by itself wou ld exacerbate 
the end losses—is offset by the simul
taneous establishment of a positive 
electrical potential in the end-plug re
g ion, which acts to confine ions in the 
central region. The net effect is a great 
reduction in end losses. 

In addi t ion, the neutral beam heat
ing is complemented by magnetic field 
coil configurations at each end of the 
central solenoidal magnet coi l . The 
magnetic field geometry of the "end 
plugs," the minimum-B field coils, acts 
to prevent macroscopic or magneto-
hydrodynamic (MHD) instability 
caused by whatever leakage does still 
occur. The minimum-B fields stabilize 
the plasma by creating a magnetic field 
or "we l l " that increases in every direc-

SIMPLE MIRROR 
MAGNETIC FIELD 

TANDEM MIRROR 
MAGNETIC FIELD 

In the simple mirror, the lighter elec
trons escape out the ends of the cylin
der. In the tandem mirror concept, the 
injection of high-energy neutral beams 
changes the confinement geometry, 
greatly reducing end losses. 

t ion f rom the plasma center. 
The tandem mirror configuration has 

a number of additional advantages. The 
simple cylindrical configuration that 
traps the fusion plasma in the mirror 
and end plugs makes the construction 
of a reactor much easier and potential
ly less costly than other systems. Also, 
the simplicity of the mirror design 
means that modular construction can 
allow easy access and repair. 

19 Fusion Report March-Apri l 1985 FUSION 



Kiyoshi Yazawa 

Dr. Syoichi Miyoshi, director of the Plasma Research Center, discussing the 
Camma 10 with Fusion Asia editor Ramtanu Maitra. 

The central coil solenoid is 175 cen
timeters in mean diameter and is ca
pable of producing a magnetic f ield of 
up to 6 kilogauss. A 60-centimeter d i 
ameter ramp coi l , which produces a 
magnetic field of 30 kilogauss, is placed 
at each end of the solenoid, fo l lowed 
by two transition coils border ing the 
minimum-B coi l . An axisymmetric mir
ror coi l , which yields a maximum mag
netic f ield of 32 kilogauss, is then 
placed at each end for M H D studies 
and thermal barrier development. 

The device wi l l be capable of conf in
ing plasma wi th a temperature of 1 
ki loelectron volt and a density of 10" 
particles per cubic centimeter in the 
central uni form magnetic f ield region. 
But to attain this combined tempera
ture and plasma density in the central 
cell, the end losses have to be reduced 
and the macroinstability that is associ
ated w i th the end losses needs to be 
overcome. This is the purpose of both 
the elaborate end plug systems at each 
end of the central cell and the partic
ular improvements in these systems the 
Camma 10 has introduced. 

Unique Characteristics 
In Camma 10, the electrons in the 

outer hil l of the sloshing-ion distr ibu
t ion are heated to a few ki loelectron 
volts to produce a high potential bar
rier of about 2.5 kilovolts to conf ine 
central-cell ions. To facilitate forma

t ion of conf inement potential , Gamma 
10 also generates a thermal barrier be
tween the end p lug, where neutral 
beam injection is used to reduce end 
losses and the central cell by means of 
electron cyclotron resonance heating. 

This region of low potential acts to 
reduce the movement of electrons and 
to control the thermal f low from the 
end mirror coils, which yields a maxi
mum magnetic f ield of 32 kilogauss. 
This thermal barrier is expected to cre
ate sufficient conf inement potential 
wi thout providing high plasma density 
for the plug mirrors. It is expected thus 
to reduce the technical difficulties that 
arise in the use of neutral beams and 
strong magnetic fields to generate and 
maintain the end cell plasma. 

Camma 10's other innovation is axi-
symmetrization. Once the mirror is 
plugged at each end by means of po
tential confinement, the end loss drops 
sharply. But the focus shifts to the ra
dial leakage of particles—by means of 
resonance di f fusion, among other 
modes—which had earlier been ig
nored. 

Experimental evidence has con
f i rmed the theoretical predict ion that 
a significant fraction of central cell ions 
suffer cumulative radial drift as they 
reflect axially in nonaxisymmetric re
gions. The resonant radial diffusion 
driven by this mechanism can be ex

pected to be a significant loss process 
as axial conf inement t ime is improved 
wi th thermal barriers in a nonaxisym-
metrized system. 

To counter this prob lem, Miyoshi 
and his associates have added an axi
symmetric mirror f ield to the mini
mum-B fields. The entire device is 
made effectively axisymmetric in the 
sense that any ion reflection is de
signed to occur only at axisymmetric 
regions. Thus, the stability of the en
tire plasma is secured at the same time 
that ions are conf ined to the central 
system. 

Encouraging Results 
The results of the Camma 10 exper

iments are most encouraging. Myoshi 
emphasized that dur ing the electron 
cyclotron resonance heating pulse, the 
flux loss decreased dramatically at one 
end of the machine, although it in
creased slightly at the other end. At the 
same t ime, a slight increase in the cen
tral cell line density was observed. 

The experiments included using a 
combinat ion of neutral beams and gy-
rotrons at one of the axisymmetric end 
cells. Neutral beams are injected into 
each anchor and into each end cell. 
The former is to produce hot ions for 
M H D stability, whi le the latter is to cre
ate sloshing ions for plug/barrier for
mation. The existence of sloshing ions 
was noted, and the end loss fluxes and 
plug potentials were measured wi th 
end loss analyzers. 

The plugging experiments were car
ried out after the decay of gun-pro
duced plasma and dur ing the period 
of neutral-beam-sustained plasma. 
Electron cyclotron resonance heating 
was pulsed for 2 mill iseconds to clarify 
the combined effect. Energy analysis 
of the loss fluxes showed that the plug 
potential increased up to more than 
300 volts dur ing the plugging and that 
central cell ion temperature rose by 
several tens of electron volts. Because 
the plug cell density is almost equal to 
the central cell density, and the aver
age electron temperature in the plug 
cell is a few times larger than that in 
the central cel l , a conventional Boltz-
mann relation between density and 
conf inement potential does not hold. 

These results clearly point to the for
mation of a thermal barrier and plug 
potential in the axisymmetric end mir
ror. 
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Beam Technology Report 

Computer Programming Breakthrough 
Brings Real Time to Beam Defense 

CROSS-RATIO INVARIANCE 
Karmarkar took a nonalgebraic, synthetic geometry approach to problem 
solving that depends on the fact that the cross ratio remains invariant in 
projective transformations. Cross ratio is the fundamental concept of pro
jective geometry, just as length is the fundamental concept of metric ge
ometry. Cross ratio is not a ratio of lengths, but a ratio of ratio of lengths. 
For the four points above, A,B,C,D, on a line, the cross ratio equals 

CA : DA 
CB DB 

If the line containing points A, B, C, D is projected to another line, then 
corresponding points A ' , B', C, D' will have the same cross ratio as points 
A, B, C, D on the original line. 

For more than two decades the pow
er of computers has been increased 
every year by about a factor of 2. This 
steady advance in comput ing power 
has been almost entirely the result of 
improvements in computer hard
ware—smaller and faster circuits, and 
so on . Now a 28-year-old Indian-born 
mathematician, Narendra Karmarkar, 
work ing at Bell Laboratories in Murray 
Hi l l , N.J., has achieved a fundamental 
breakthrough in the science of com
puter programming that promises to 
vastly accelerate the evolut ion of com
puter capabilities. 

Al though there has been significant 
coverage on this breaking develop
ment in the national press, the initial 
reports have not pointed out what 
leading experts have reported to this 
publication: Karmarkar's discovery wil l 
revolutionize defense capabilities, in 
particular President Reagan's Strategic 
Defense Initiative (SDI). 

The area of computer programming 
in which Karmarkar has made his 
breakthrough is that of linear pro
gramming, the most uti l ized type of 
problem solving found in industry and 
defense computer applications. Unti l 
now, solving linear programming 
problems depended upon the simplex 
method developed by Dr. George 
Dantzig of Stanford University, which 
was restricted to a step-wise, algebraic 
counting procedure. 

Karmarkar's method, in contrast, in
volves a nonalgebraic, synthetic ge
ometry approach that generates a min
imal path to the desired solut ion. In 
particular, Karmarkar uses a series of 
projective transformations and the in-
variance of the cross ratio to create a 
sequence of points that converges to 
the optimal solution (see figure). 

Karmarkar's new method has al
ready been shown to be 50 times faster 
than the existing algebraic simplex 
method in direct comparison runs. On 
larger problems, the Karmarkar's 

method promises to be exponentially 
faster. Laboratory spokesmen said that 
they are about to release detailed data 
on comparison runs using the Karmar
kar discovery. They expect large-scale 
application of the breakthrough to be
gin by the end of 1985, and the De
fense Department is already discuss
ing the development and its military 
applications. 

Linear Programming 
Linear programming is the most 

general type of problem found in busi
ness, industry, and defense. For ex
ample, in running a factory or an air
l ine, one wou ld have numerous types 
of inputs that must be put together in 
the correct proport ions to make the 

system perform smoothly and effi
ciently. Linear programming consists 
of combining these input variables with 
linear equations that represent their 
functional interrelationship in o rder to 
f ind an optimal operational conf igu
ration. 

In the simplex method, the problem 
is represented as a three-dimensional 
solid whose corners represent poten
tial solutions. Each of the corners is 
examined by the computer to f ind the 
optimal solut ion. This search process 
is restricted to traveling along the edges 
of the solid. In contrast, using projec
tive geometric transformation, Kar
markar creates an entirely new path 
through the interior of the solid to the 
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There is 
no contradiction 
between 
a strong defense 
and 
a strong economy. 
Only one weekly magazine in the 
world tells you why: 

Executive Intelligence Review. 

EIR was the first publication to call for a 
beam-weapons defense system to make 
nuclear missiles "obsolete and impotent," 
when founding editor Lyndon H. LaRouche 
launched his call for a new strategic 
doctrine in February 1982. 

Today, it is President Reagan's Strategic 
Defense Initiative. And it's the key to 
reversing the present world economic crisis. 

EIR has the program for a reform of credit 
and monetary policies that will start a 
Second Industrial Revolution, based on the 
"spinoffs" of beam-weapons defense 
technology. 

With the national media in the hands of the 
speculative financiers who hate defense and 
high-technology economic growth, you 
can't afford to be without EIR every week! 

optimal solution corner. 
In the worst case, the simplex meth

od could involve examining all of the 
corners of the solid. Geometrically, the 
number of corners is determined by 
taking the number 2 to a power equal 
to the number of variables in the prob
lem. 

In other words, the number of com
putations needed to solve linear pro
gramming problems wi th the simplex 
method can grow exponentially wi th 
the number of variables involved. With 
the Karmarkar geometric method, the 
number of calculations grows only in 
direct proport ion to the number of 
variables involved. 

A Military Revolution 
Leading defense computer scien

tists have suggested that Karmarkar's 
breakthrough wi l l revolutionize all 
areas of military technology, in partic
ular meeting most of the computer 
needs of President Reagan's SDI pro
gram for developing beam weapon de
fenses against nuclear weapons. The 
key point emphasized by these spe
cialists and by Karmarkar himself is that 
the breakthrough so speeds up com
puter problem solving that problems 
can be solved in real t ime. That is, the 
computer produces the solution be
fore newdata inputs are received. This 
wi l l make radar, sonar, and various 
other target point ing, tracking, and ac-
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quisit ion systems much more self-
reflexive and interactive. 

One leading expert reports that the 
breakthrough could revolutionize 
submarine detect ion. Long-range sub
marine detection is primarily based on 
the ability to simulate wi th a computer 
the ocean's interaction wi th sound 
waves. In this way submarines can be 
detected over ranges of thousands of 
miles. But even wi th the largest com
puters, the comput ing t ime takes sev
eral hours wi th present methods. Kar
markar's breakthrough promises to re
duce this computer t ime by a factor of 
100. Thus the submarine could be de
tected wi th in an area of several 
hundred square miles instead of an 
area of 100,000 square miles. Air
d ropped, local sonar detection would 
then pinpoint the exact location of the 
sub. 

Reducing comput ing t ime to real 
t ime wi l l have the most dramatic im
pact on missile defense. Let's take the 
Navy's Aegis missile defense system for 
large carrier task force groups. Be
cause existing computer systems are 
not fast enough to analyze and absorb 
all the potential radar data that are ac
tually received on a real t ime basis, the 
Aegis system consists of methods de
veloped to minimize the amount of 
data that must be analyzed to f ind spe
cific targets. 
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For example, all ship radars are in
terconnected by a single, integrated 
computing system, and radar sensors 
are used on the antimissile missiles 
themselves to minimize the amount of 
radar/computing time that must be uti
lized to find a specific target. In this 
way the number of missiles that the 
task force could detect and destroy 
coming from any location was raised 
from a level of 6 missiles per second to 
about 100 missiles per second. 

The Karmarkar development prom
ises to improve this capability by many 
orders of magnitude, because by going 
to real time, the more accurate, nar
row radar beams will be able to be di
rected at targets. Now, because of the 
slow computing time, radar beams 
have to be used in a general sweep 
mode. 

Specific Beam Weapon Applications 
Here are some of the specific appli

cations of the Karmarkar break
through for beam weapons: 

Pattern recognition in real time. This 
means thatonly a minimum amount of 
sensor data inputs—radar, infrared, or 
visual images—would be needed to 
distinguish friendly forces from de
coys or enemy forces. 

Calculating missile trajectories. Pre
sent missile tracking capabilities are 
based upon either guessing the gen
eral missile trajectory or using a great 
deal of sensor capability to sweep large 
regions of space and thus keep the 
missile under observation. Real time 
computing will make the utilization of 
sensor systems far more efficient, per
mitting the tracking and targeting of 
tens of thousands of missiles and war
heads with a minimal deployment of 
sensor capabilities. 

Targeting and automatic pilots. 
Computational times currently limit the 
rate and accuracy of targeting. Making 
computation real time will immensely 
increase both accuracy and the num
bers of targets that can be intercepted 
during a given period of time. Auto
mated pilots are not fully realizable 
now because of the bottleneck in com
puting time. Real time computation will 
make true automated pilots feasible for 
the first time, thus greatly improving 
the effectiveness of all types of missile 
interception, whether antimissile mis
siles or beams. 

—Charles B. Stevens 

Microwave Bomb Under Study 
By Air Force for Beam Defense 

The tight security wraps on micro
wave bombs, one of the most potent 
systems for defense against nuclear 
missiles and for general military appli
cations, were lifted briefly, when the 
Air Force officially confirmed Jan. 7 that 
it had awarded a contract to study the 
bomb's possible development. Mis
sion Research Corporation of Santa 
Barbara, Calif, was awarded the con
tract, according to Lt. Ray Cornelius of 
the Air Force Armament Division at 
Eglin Air Force Base in Florida. 

Until the Air Force confirmation of a 
one-sentence news item that had ap
peared in Defense Dairy Jan. 4, the very 
name mircrowave bomb, let alone any 
R&D on the concept, was never men
tioned. 

There is a wide range of military ap
plications for microwave bombs, or m-
bombs. At lower power flux levels, the 
m-bomb can disrupt electronics; at 

higher levels, microwaves can cause 
physical destruction. As m-bombs are 
further developed, it will be possible 
to tune their output to achieve the most 
efficient means of destruction for a 
particular target. 

Although m-bombs can be used in 
an offensive fashion, they will be most 
effective for the defense. The reason 
is that offensive systems, like ICBMs, 
must move over great distances at high 
speeds to be effective. To attain loco
motion requires a connection be
tween the interior and exterior of the 
system, and this connection provides 
an efficient path for the microwave 
beam to follow and destroy the offen
sive system. This is readily seen in the 
case of rockets and jets, where the 
"connection" takes the shape of a large 
exhaust plume. 

With nuclear m-bombs, the defen
sive potential is truly immense. As Dr. 
Lowell Wood of Lawrence Livermore 
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National Laboratory recently to ld Con
gress, as reported by Defense Daily, 
"One contemplates the functional (and 
perhaps physical) destruction of entire 
fleets of ICBMs wi th a single weapon 
module lofted by a single defensive 
missile." 

Plasma Technologies 
The microwave bomb, or m-bomb, 

is based on the mastery of advanced 
plasma energy storage, conversion, 
and concentration processes. Plasma 
is an electrif ied state of matter. When 
a gas is heated to thousands of degrees 
Celsius, electrons normally trapped 
with in atoms become stripped away 
from them and are free to move in any 
direct ion. 

Contrary to popular mythologies 
concerning entropy and the so-called 
destructive effects of extremely high 
temperatures, plasma is potentially 
more highly organized and versatile 
than other states of matter. In particu
lar, plasmas are capable of storing en
ergy in great concentrations, at the 
same time efficiently transforming it 
into coherent forms and amplifying it. 
This means that plasmas can do work 
more efficiently than any other nonliv
ing medium. 

Since high-temperature plasmas also 
provide the means for ignit ing ther
monuclear fusion reactions, plasmas 
wi l l eventually become the general 
medium for almost all forms of indus
trial product ion. Some years ago, this 
concept of plasma processing was put 
forward as the fusion torch, a device 
that can take any material input—rock 
or garbage, for example—and gener
ate any desired output in the form of 
coherent energy and pure chemicals, 
wi th a min imum of waste and virtually 
no unwanted by-products. 

In fact, the technology for process
ing the radioactive wastes f rom nucle
ar fission reactors in a plasma torch has 
already been realized. 

Principles of the M-Bomb 
The m-bomb is based on the the 

same principles involved in the gen
eral concept of the fusion torch, but in 
this case the desired output is a pow
erful burst of coherent microwaves. 
Al though microwaves are a less energy 
dense, longer wavelength form of 
electromagnetic energy than that 
emitted by visible wavelength lasers, 
for example, the same fundamental 

principles of plasma dynamics can be 
extended to any port ion of the electro
magnetic spectrum. 

This can be seen in the case ot the 
free electron laser or FEL. Unlike pre
vious types of lasers, in which the gen
eration of coherent laser light de
pends on uti l izing the highly orga
nized electron orbits in atoms, the FEL 
uses high-energy beams of " f ree" 
electrons and intense magnetic fields 
to achieve lasing. 

At present, the electron beams and 
magnetic fields for FELs are generated 
by machines constructed of ordinary 
materials. Ultimately, however, the 
best medium for both magnetic field 
and beam product ion is that of plasma. 
Unlike ordinary materials, plasma can 
efficiently maintain virtually any known 
level of f ield intensity. This is because 
magnetic and electric fields are the pri
mary means of holding a plasma to
gether. 

In ordinary materials, on the other 
hand, chemical bonds hold things to
gether. When exposed to intense 
magnetic and electric fields, these 
chemical bonds disintegrate, and the 
configuration falls apart. In plasmas, 
just the opposite occurs. Intense elec
tric and magnetic fields generally only 
increase the potential strength and or
ganization of the plasma structure. 

For this reason, plasmas are the best 
medium for efficient generation of in
tense magnetic fields and electric fields 
needed to accelerate electrons to ex
tremely high energies. More signifi
cantly, plasmas can provide the essen
tial means to stabilize and concentrate 
intense electron beams. Unlike ordi
nary matter, which appears to interact 
primarily on the basis of individual col
lisions among atoms, high-tempera
ture plasmas become collisionless; the 
interactions of its individual constitu
ents are mediated through the total 
electromagnetic f ie ld. 

Therefore, it becomes possible for 
an extremely intense, high-energy 
electron beam to reside wi th in a plas
ma wi thout having its energy dissipate 
as heat. The plasma and beam do in
teract, but only in terms of the overall 
electromagnetic f ie ld. This type of 
plasma dynamics is called magneto-
hydrodynamics (MHD). If properly 
managed, the plasma can act as a sta
bi l izing buffer on a resident electron 

beam in a manner similar to that of 
f iremen holding a firehose to stabilize 
the water f low. 

Using this type of stabilizing buffer 
interaction involves only a very small 
margin of the energy f low of an intense 
electron beam. However, directing a 
slight change in the plasma parame
ters—for example, in the way in which 
its temperature or pressure is distrib
uted—can lead to dramatic changes in 
the beam-plasma conf igurat ion. Such 
changes lead to several different pos
sibilities, one of the most common 
being the generation of a burst of co
herent microwaves. 

As the plasma state is further mas
tered, it wi l l become possible to ex
tract almost any desired wavelength of 
electromagnetic or particle beam en
ergy desired. Unl ike existing systems 
that can produce these forms of co
herent energy, plasma-based process
es promise to achieve far greater en
ergy concentrations at far greater effi
ciencies. The m-bomb is therefore only 
just the beginning. 

Specific Designs and Applications 
It is important to note that micro

wave bombs can be powered either by 
ordinary chemical explosives or by nu
clear weapons. In both cases a signifi
cant fraction of the total energy pro
duced by the explosive can be con
verted into microwaves, and in some 
cases the actual power density of the 
explosive can be greatly amplif ied in 
the resulting microwave burst. Wi th 
chemical explosives, the initial energy 
is generally used to generate a large 
electrical current, which is then used 
to create a plasma. The plasma then 
produces the microwave burst. 

Wi th nuclear explosives, there are a 
number of different paths. It is possi
ble to util ize an arrangement similar to 
that of the chemical m-bomb, or to di
rectly use the plasma generated by the 
explosion itself. Alternatively, the pri
mary radiation output of the nuclear 
explosion can be used to create and 
drive microwave generation in an ex
ternal plasma. This last method occurs 
naturally wi th space-based nuclear ex
plosions, because the Earth's upper at
mosphere and magnetic f ield offer the 
requisite configuration for microwave 
generation—the so-called electro
magnetic pulse or EMP effect. 

—Charles B. Stevens 

24 FUSION March-April 1985 Beam Technology Report 



James Stoots, Jr./LLNL 

A 'Wire in the Sky' That Will 
Revolutionize Beam Weapons 

A new concept called Antigone, or 
"wire in the sky," would make possible 
the propagation of well-focused 
charged-particle beams through space. 
The beam would propagate through 
space in a plasma channel generated 
by a pulse of laser light, which would 
act as a wire and charge-neutralize the 
beam, thus permitting it to be well-
focused. Because charged-particle 
beams are thousands of times more 
effective than laser beams in destroy

ing missile warheads, this will revolu
tionize beam defense. 

The Antigone experiments were car
ried out by scientists at Lawrence Liv-
ermore National Laboratory using the 
Advanced Test Accelerator electron 
beam, according to Dr. Louis Mar
quet, director of directed energy 
weapons for the Defense Advanced 
Research Project Agency. Marquet said 
that previously it was thought that 
charged particle beams could not be 

The electron beam of the Advanced 
Test Accelerator at Lawrence Liver-
more remained well focused within the 
laser-generated plasma channel, even 
when the magnets were turned off. 

Shown here is the ATA electron in
jector. The technician is testing the 
water feed line just beyond the final 
accelerator module. The vertical black 
pipes are transmission lines that deliv
er 250-kilovolt, 70-nanosecond pulses 
to individual accelerator modules. In 
the injector, an electron pulse travels 
down the cable to a cold cathode disc, 
similar to a light bulb filament, creating 
a plasma of electrons. These particles 
are then injected into a region of strong 
magnetic field that accelerates the 
electron to 2.5 million electron volts. 

based in space. The positive ions or 
negative electrons in such beams, it 
was thought, have a mutual repulsion 
that will cause the beam to blow up 
and fly apart before it propagates a few 
feet in the vacuum of space. 

In the Livermore Antigone experi
ments, benzene gas was introduced 
into the accelerating vacuum chamber 
of the Advanced Test Accelerator, and 
a laser pulse then produced a plasma 
channel through the gas. It was found 
that the accelerating electron beam re
mained well focused within the laser-
generated plasma channel even when 
the focusing magnets of the accelera
tor were turned off. 

Possible Advantages 
Marquet's report appears to indi

cate that the Livermore Antigone con
cept is not limited to mere beam prop
agation. Over the past decade there 
has been substantial research on how 
a laser could be utilized to accelerate 
charged particle beams in plasma 
channels. There have been even more 
sophisticated studies than Antigone— 
like those of Craig Olsen's ionization 
front accelerator at Sandia National 
Laboratories—on utilizing lasers with 
electron beams to generate more 
powerful ion beams in such plasma 
channels. 

The point here is that a high-energy 
heavy ion beam can be more effective 
than electron beams in destroying tar
gets. Could Antigone mean that the 
beam propagator is also the beam 

Continued on page 67 

Beam Technology Report March-April 1985 FUSION 25 



Fred Rick/Los Alamos National Laboratory 

Laser Beam Research Spins Off 
Precision Machining Technology 

New ultraprecision machining tech
niques developed to meet the needs 
of the laser beam and nuclear research 
programs at the national laboratories 
are now ready for industrial develop
ment. As described by Los Alamos Na
t ional Laboratory, laboratory "machin
ists are now work ing wi th miniatures 
so exquisitely small . . . they can only 
be examined under a microscope." 

The ultraprecision machining tech
nique is made possible by the combi
nation of advanced machining meth
ods, specialized computer programs, 
and a Hewlett-Packard laser measur
ing system. 

The most immediate impact of this 
new technology is on the optics used 
in laser beam weapons. Ultraprecision 

machining provides a very economical 
means of obtaining the extreme pre
cisions needed for the large, irregular
ly shaped mirrors used for both 
ground-based and space-based laser 
beam weapons. The polishing meth
ods used now to obtain high-precision 
finishes for laser mirrors are very cost
ly and become more so as the shapes 
of the mirrors become noncircular. 

In some cases, once the desired 
shape mirror or lens is prepared wi th 
the new ultraprecision machining 
technique, it could be further im
proved wi th the old polishing tech
nique. Opt imal combinations of these 
various methods are now being re
searched. The main point , though, is 
that the new technology makes the 

To cut miniature parts, machinist Fidel 
Maestas uses special earphones to hear 
when his diamond cutting-tool touch
es the part. Then he bathes the piece 
with a cutting lubricant and uses an 
ultraprecision lathe. The inset com
pares two tiny machined parts to a 
number 8 sewing needle and thread. 
The parts, used as a target for a laser 
fusion experiment, have a sine wave 
inscribed on the left in a horizontal pat
tern and on the right in a vertical pat
tern. 

product ion of large, precision mirrors 
and optics economical. 

The essential ingredient for this new 
machining capability is the use of pre
cision measurements made possible 
with coherent laser l ight. The same 
method is also being applied to the 
laser radar technology needed for de
tecting nuclear warheads in space. The 
measurement resolution achieved is 30 
bi l l ionths of a meter—1 mil l ionth of an 
inch—about 40 times smaller than the 
wavelength of the laser light ut i l ized. 

The greater resolution is attained by 
using the coherent nature of laser light 
to measure the phase differences in 
light-wave packets. Sophisticated 
computer programs are used to ana
lyze the measurements of the phase 
changes induced by the interference 
of the object to be measured and the 
laser light. This same technique is also 
used to increase the resolution of or
dinary microwave radars. 

On the machining side, vibrat ion, 
heat, and rates of cutt ing must be care
fully control led in order to attain the 
maximum precision made possible by 
the Hewlett-Packard laser measuring 
system. As Dick Rhorer, who heads up 
the Los Alamos project, put i t : "The 
machinists play a major role. . . . Our 
machinists have had to develop spe
cialized skills for this novel technolo
gy, and they approach their work wi th 
an extra measure of patience." 

"Whi le not every industry wi l l feel 
they can afford the si ightly greater cost 
of machining miniatures and smooth 
surfaces," Rhorer said, " in the long run 
the expense is absorbed by the higher 
and longer-lasting performance of the 
nearfaultless piece." This is especially 
true, he said, if precision al ignment is 
needed, because the cost of adjusting 
fabricated parts often exceeds that of 
a machined piece. 
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Washington 

Decision Point for Fusion, 
Space Programs 

There is very little t ime left for the 
President Reagan to decide whether 
the United States wil l remain a leader 
in space technology and fusion. To en
sure the continuation and growth of 
programs whose very existence is now 
in jeopardy, the President must take 
actions that counter those of his Mal-
thusian "free enterprise" advisors. 

For the past four years there have 
been contradictory policies coming 
from the Reagan administration on fu
sion energy, the space program, and 
nuclear power. Al though the Presi
dent has put forward the correct policy 
in these areas, it has been null i f ied by 
his advisors and appointed officials. For 
example, President Reagan has ex
pressed a personal commitment for a 
stepped-up civilian space effort, cen
tered on a permanently manned orbit
ing space station. On March 29 he ap
pointed a National Space Commission 
to "devise an aggressive space agenda 
to carry America into the 21 st century." 

But the President has around him a 
financial mafia (known as "economic 
advisors") who would sooner shut 
down advanced energy research and 
space technology than support these 
developments as the way to get the 
economy moving foward again. 

Keyworth's Fusion Shell Game 
The fusion program is another case 

in point. Severe cutbacks in the pro
gram (with the exception of a small in
crease in small, high power density 
projects) have slowed down the rate of 
progress in fusion development—a lag 
that wi l l hurt the pace of the Strategic 
Defense Initiative. Yet presidential sci
ence advisor George Keyworth has in
sisted that the fusion budget could be 
cut because international cooperation 
could take the place of a wel l - funded 
U.S. fusion effort for the next-step ex
periments. 

"Wishful th inking about interna
tional cooperat ion" is the way Joseph 
Gavin of the Grumman Corporation 

characterized Keyworth's plan. Gavin 
heads up a Committee on Internation
al Cooperation in Magnetic Fusion En
ergy " to study and recommend a 
worthwhi le course of action in fusion 
cooperat ion." The committee was es
tablished in September 1983 by the U.S. 
National Research Counci l . 

Gavin evaluated the administra
tion's proposal to spend less on fusion 
in testimony March 18 before the En
ergy Research and Development Sub
committee of the House Committee 
on Science and Technology. The Eu
ropeans "don ' t see the United States 
having a detailed future plan," Gavin 
reported. "People overseas see the 
U.S. program as having peaked out and 
losing momentum," he explained. "We 
have been an unreliable partner in the 
past. International cooperation wi l l re
quire a long-term U.S. commitment . " 

Gavin's comments were seconded 
by Dr. Tihiro Ohkawa, vice president 
of GA Technologies. Unless the U.S. 
fusion program stays at the front ier, no 
international cooperation is realistic, 
Ohkawa said. "After a l l , " he stated, 
"who would want to cooperate with us 
if our capabilities were inferior to their 
own? 

Yes or No on Space? 
The situation wi th the space pro

gram is similar. President Reagan wants 
to see the space program grow into 
new capabilities. So did President Nix
on after the t r iumph of the Apol lo pro
gram. In 1969, Nixon set up a Space 
Task Group to plan the post-Apollo 
space program. Dr. Thomas O. Paine, 
the head of President Reagan's new 
National Space Commission, was then 
the head of NASA. TheTask Group rec
ommended a manned mission to Mars 
as a long-range goal and an increase in 
the NASA budget. 

Before the Task Group's recommen
dations were even considered, how
ever, the Off ice of the Budget slashed 
the NASA funding by $45 mi l l ion, end

ing all plans for a space station, lunar 
base, and Mars mission. 

The Office of Management and 
Budget, now under David Stockman, 
has done the same to President Rea
gan's 1984 space proposals. President 
Reagan mandated the development of 
a space station in January 1984. In a 
matter of months, David Stockman cut 
$50 mil l ion f rom the NASA request for 
the fiscal year 1986 space station budg
et. Unless the President takes on this 
sabotage, he wi l l watch his plans for 
the future of the nation evaporate. 

If he wants to save the nuclear in
dustry, he wil l have to change the eco
nomic and credit policies that are 
pushing suppliers and electric utilities 
into bankruptcy. If he intends to bui ld 
a strategic defense and ensure this na
t ion an unl imited source of energy, he 
wi l l have to stop the invention of all 
sorts of rationales for cutt ing the fu
sion budget and get on wi th the real 
development tasks. 

—Marsha Freeman 
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Medical science is about to tap the proverbial fountain of youth. Current and 
immediately available technologies can eliminate killer diseases, retard the aging 
process, and extend the productive life span. 

The Medicine of 
The Future 
Is Here Now 
by John Crauerholz, M.D., and 

Wolfgang Lillge, M.D. 

The artificial heart provides real hope for 
treatment of end-stage heart disease. 
Here, the /arvik-7 artificial heart. 

A revolution in the technology of diagnosis, treat
ment, and prevention of disease is under way. 
Recent advances in understanding the immune 

system, the development of the artificial heart and other 
life-saving technologies, and new breakthroughs in the use 
of directed energy beam (laser) processes have brought 
medical science to a point where man can now conquer 
many of the leading killer diseases and significantly extend 
the productive human life span. Ironically, man has reached 
the edge of this new era of ability to dominate nature just 
as the health infrastructure of the advanced sector is col
lapsing at an accelerating rate and starvation and disease 
threaten to decimate much of the developing sector. The 
wor ld was never more in need of the medical knowledge 
and tools to reverse a situation of imminent biological hol
ocaust. As we show, we have the medical knowledge and 
tools to do it. 

Lasers in Medical Treatment 
Research into lasers and other directed-energy technol

ogies has brought us to the verge of fundamental break
throughs in biology and chemistry that wi l l dramatically 
transform medicine and industrial chemistry. Technologies 

now available and soon to come on line are but the t ip of 
the iceberg of the most profound change since the intro
duct ion of the heat-powered engine that drove the indus
trial revolut ion. Already the use of lasers has greatly altered 
medical practice in many specialty areas, primarily as a sur
gical tool.The use of lasers in surgery is now widespread, 
and for some condit ions lasers are the only available ther
apy. Loss of vision f rom diabetes, diabetic retinopathy, for 
example, was untreatable 10 years ago, but now lasers seal 
the hemorrhaging blood vessels that once led inevitably to 
blindness. Medical lasers generate heat in the tissues on 
which they are used and this heat is used to destroy the 
tissue—in the case of tumors—or to coagulate or "we ld " 
the tissue, as in the treatment of retinal detachment in the 
eye. Because the laser energy can be precisely focused and 
varied in intensity, it is ideal for delicate eye and ear sur
gery. 

Now a significant development is unfolding in the area of 
laser surgery of coronary artery disease, one of the leading 
causes of death and disability in the United States. A new 
laser, known as an excimer or excited dimer laser, el imi
nates the problems that make current medical lasers un
suitable for treatment of coronary artery disease. Wi th oth-
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er types of lasers, the heating effect in blood vessels in
creases the tendency for blood to clot at the treated site, 
which is precisely what one wishes to avoid in coronary 
arteries. The other problem is perforation of the delicate 
arteries by the laser energy. 

The excimer laser avoids these problems, producing short, 
intense bursts of ultraviolet light that shatter the molecules 
of the atherosclerotic plaque without heating the surround
ing tissue. The bursts of light create shock waves that break 
the chemical bonds of the plaque molecules and vaporize 
the plaque into carbon dioxide, hydrogen, and other frag
ments. Each burst cuts away microns (thousandths of a 
millimeter) of tissue with great precision, thus reducing the 
possibility of perforation. The pulses are extremely short, 
lasting from 10 to 100 billionths of a second. 

The laser is incorporated into a 1.5-millimeter diameter 
catheter, containing three bendable glass fibers known as 
fiberoptic elements. One fiberoptic element carries the las
er energy; another shines a light on the catheter tip; the 
third provides a view of the area in front of the catheter. 
The initial laser used in the experiments was developed by 
NASA at the Jet Propulsion Laboratory for remote atmo
spheric sensing. So far the technique has been tested in 
cadavers, and live animal studies are expected within a year. 

The estimated cost of the perfected laser-fiberoptic de
vice is $100,000. With it, a patient could have his coronary 
arteries cleaned out in a few minutes and might not even 
have to stay overnight in the hospital! When one considers 
that 170,000 patients underwent coronary artery bypass sur
gery in 1982 at an average cost per person of $20,000, this 
would represent a savings of at least $3 billion a year. More 
important, a great many patients who could not tolerate 
surgery because of the severity of their disease could be 
treated by this method and restored to productive activity. 

A key factor in utilizing the laser as a surgical tool has 
been the development of fiber-optic technology. The abil
ity of thin, flexible, fibers to transmit light and laser energy 
has resulted in a series of instruments, generally referred 
to as flexible endoscopes. These can be inserted into the 
body through natural openings or small incisions, and used 
to visualize and remove or destroy, small tumors and other 
lesion6. As a result, polyps of the colon can be diagnosed 
and removed in one procedure, without the necessity of 
major abdominal surgery. Or lesions in the bronchial air 
passages can be directly visualized and biopsied, without 
having to open the chest. This avoids the complications, 
and expense, of major surgery and anesthesia, with their 
attendant problems of wound healing and general meta
bolic strain on the body itself. 

On a more prosaic level, reports from a French group 
indicate that a carbon-dioxide laser beam could be the most 
effective method of treating tooth decay. Laser treatment 
of dental caries produces a chemical and physical barrier to 
acidic decay and the formation of a tough pulp scar. 

Beam Defense Spinoffs in Diagnostics 
Some of the most promising areas now being explored 

in laser technology involve rapid, highly specific, and sen
sitive diagnostic techniques that minimize time and poten
tial risk to the patient. These developments are an out

growth of research on the beam defense and fusion pro
grams in the national laboratories. 

One device now passing from the purely research phase 
into medical application is the flow cytometer, developed 
at Los Alamos National Laboratory in New Mexico. In this 
machine, cells or individual molecules are suspended in 
liquid and pass through a flow chamber at rates up to 20,000 
cells a second. The cells are illuminated by lasers of differ
ent frequencies as they pass through the chamber, and the 
absorption or scattering of the laser light, or the fluores
cence of molecules excited by the lasers, is measured. 

In combination with another emerging technology, an 
instrument called an angular-scanning CIDS spectrometer, 
the flow cytometer can identify bacteria in less than an 
hour. CIDS stands for circular intensity differential scatter
ing; the device measures the scattering of left and right 
polarized laser light by viruses and bacteria. The CIDS can 
identify viruses in a few minutes, instead of the 2 to 14 days 
currently required. 

To get an idea of the potential of this new technology, 
consider the fact that clinical microbiology laboratories in 
the United States generate $30 million a week in the process 
of isolating and identifying microorganisms—viruses, bac
teria, fungi, and protozoa—from patients suspected of, or 
known to be suffering from, an infectious disease. Because 
of the time required by current techniques, the results are 
generally not available until after treatment has already be
gun, or treatment may be delayed—with sometimes serious 
consequences—until the diagnosis can be established. With 
this technology, a precise diagnosis can be rapidly estab
lished, thus avoiding delay and possible mistreatment. 

Another application of the flow cytometer is the detec
tion and isolation of cancerous and precancerous cells. 
Alterations in cells can be identified rapidly and with a high 
degree of specificity, utilizing a technique called laser im
munofluorescence, which detects antibodies bound to cell 
surface antigens. Antigens are generally protein molecules, 
sometimes combined with sugars, which form part of the 
membranes of cells. These antigens stimulate the immune 
system to produce proteins, called antibodies, which bind 
to them. A number of present diagnostic tests, known as 
radioimmunoassay, involve using antibodies labeled with 
radioactive isotopes or enzymes to bind to the surface an
tigens, which are then assayed for binding by measuring 
radioactivity or enzyme activity. These tests require multi
ple steps and the use of expensive radioisotopes. In con
trast, the flow cytometer uses a photometer to measure the 
intrinsic fluorescence of antigen-antibody complexes with 
a sensitivity two orders of magnitude greater than the iso
tope technique. Also, the new technique requires only one 
step prior to running the specimen through the cytometer. 

The flow cytometer can isolate individual cells in a min-
iscule, electrically charged drop of water and separate them 
from other cells electrically. Currently, Los Alamos scien
tists are working on the detection of single molecules by 
their fluorescence pattern after laser excitation, and sub
sequent isolation of these individual molecules in 1 pico-
liter, 1 billionth of a liter, of liquid. 

Another use of the flow cytometer, with longer-range 
implications, is a project of Los Alamos National Laboratory 
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and Lawrence Livermore National Laboratory to stockpile a 
complete library of the human genetic code. The library 
wou ld be a repository of complete genes and fragments of 
genes, the pieces of the genetic code that determine the 
characteristics of an organism. These fragments are sepa
rated in the f low cytometer and then genetic engineering 
is used to insert them into bacteria and produce quantities 
of the gene product. This library is three-quarters complete 
and wil l be finished in another six months. 

Another development that promises to have a major im
pact on one of America's foremost health problems—heart 
disease—is a diagnostic tool enabling doctors to "see" in
side a patient's arteries around the heart. This technique, 
the use of high f lux, monochromatic X-rays produced by a 
synchrotron accelerator, grew out of research on high-en
ergy particle accelerators. 

The present method for visualizing the arteries of the 
heart is to cut into an artery, thread a catheter into the heart, 
and then inject dye into the coronary arteries. There are 
many complications associated wi th coronary angio
graphy—as this technique is known—including possible 
heart attack and sudden death. By using the synchrotron 
X-rays and image enhancement techniques, the same in
formation can be obtained wi th only a small injection in an 
arm vein. This wou ld make coronary angiography feasible 
as a screening technique for asymptomatic patients who 
are at risk of coronary disease by family history or other 
factors. The first human studies of this technique are sched
uled late this year at Stanford University. 

Coronary artery disease often strikes middle-aged men 
in the pr ime of their productive lives. Screening by syn

chrotron angiography and treatment by f iberoptic lasers 
could result in prolonging mill ions of productive lives at 
relatively low cost, and the virtual el imination of one of the 
major killer diseases of our t ime. Even as a research tech
nique, the ability to do repeated, nontraumatic, coronary 
artery angiography would enable scientists to determine if 
other methods of treating coronary atherosclerosis actually 
work. 

X-ray Microscopy and Holography 
In recent years, significant progress has been made in 

imaging hydrated organic specimens wi th X-rays, and soon 
researchers expect to produce three-dimensional X-ray 
holograms of l iving matter with a resolution and contrast 
never before possible. This wou ld overcome the essential 
disadvantage of today's electron microscopy, which images 
only dead matter. Important work on X-ray imaging was 
done at the State University of New York at Stony Brook, 
Brookhaven National Laboratory, the Los Alamos National 
Laboratory, as well as other research facilities in the United 
States and West Germany. Because soft X-rays are not sig
nificantly altered by the presence of air and water, dynamic 
experiments and analyses of living, viable biological samples 
are now possible, using X-ray radiation that lasts for several 
hours. 

In fact, workable results in X-ray microscopy have already 
been achieved using a flash X-ray source, which is capable 
of producing an intense burst of soft X-rays lasting only 50 
nanoseconds (50 mil l ionths of a second). Further progress 
in terms of resolution and contrast is expected when the X-
ray source can be tuned to the specific absorption edges of 

Figure 1 
SCHEMATIC OF THE SLIT SCAN FLOW CYTOMETER 

A suspension of chromosomes stained with a DNA-specific fluorescent 
dye flows at 10 meters per second through a narrow tube past an intense 
blue laser light focused to a 1 to 2 picometer-wide ribbon. The laser light 
excites fluorescence from the illuminated region of each chromosome. 
The emitted fluorescence is focused by a microscope objective and sepa
rated by a spectral filter that does not transmit the scattered laser light. The 
fluorescent light illuminates a photomultiplier tube connected to a signal 
processor. 

Analysis of the time-varying intensity of the signal provides information 
on DNA content and the location of the centromere (a constriction that 
joins the units of DNA and protein in chromosomes that are in the meta-
phase stage of cell division). 
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a particular biological element, generating images of cell 
structures containing a concentration of elements that are 
of specific interest for biological research. 

Even more promising results could be obtained using X-
ray laser holography—which produces three-dimensional 
"movie" images—to study cell structures. Experiments at 
Lawrence Livermore and Brookhaven show that this tech
nology is now wi th in reach. In summer and fall 1985, a new 
series of holographic experiments wi l l be conducted, and 
the scientists involved hope to achieve a wavelength of 300 
angstrom units—a resolution roughly corresponding to the 
size of a cell or cell organelles. To achieve greater magnifi
cation, it is necessary to develop coherent X-ray laser sources 
wi th still smaller wavelengths, 30 angstroms and less, a feat 
that seems to be only a question of t ime. 

Imagine actually seeing three-dimensional processes as 
they occur in the microscopic and submicroscopic realm in 
real t ime! This wi l l open up research areas in biology and 
medicine that were not hitherto accessible—especially 
concerning structures and changes of structures accom
panying l iving processes—with space resolution down to a 
mi l l ionth of a meter and t ime resolution in bil l ionths of 
seconds. 

A hologram is created when a reference X-ray laser beam 
is correlated to a beam penetrating the specimen, where 
this latter beam is scattered and absorbed by the molecules. 
A "wave front reconstruct ion" is accomplished either by 
coherent i l lumination of the hologram or by an equivalent 
computer analysis. 

A 'New Window' into the Human Body 
Nuclear Magnetic Resonance or NMR technology now 

gives medical science a fantastic diagnostic tool—the ca
pacity to image the inside structure of the human body. But 
wi th some help f rom NASA, NMR is on the verge of becom
ing an even better diagnostic in a broad variety of fields, 
improving its quality by an order of magnitude. The key is 
a discovery two years ago that the computer that processes 
the data f rom NASA's Landsat satellite could also be used 
in the NMR imaging process. The potential for combining 
NASA-developed image processing technology wi th diag
nostic NMR might advance medicine as far as the use of X-
rays did some 50 years ago. 

A team of radiologists and engineers f rom NASA's Ken
nedy Space Center, the University of Florida at Gainesville, 
and the Mall inckrodt Institute of Radiology at Washington 
University Medical Center in St. Louis has shown that the 
Landsat computer, which processes satellite images of the 
Earth, is able also to recognize specific body tissues and 
reproduce them as colored cross-sectional photographs of 
the head, chest, and abdomen. This much more precise 
view of the inside of the body wi l l revolutionize diagnos
tics; doctors wi l l be able to "see" pathological changes in 
tissues and organs that unti l now have been inaccessible or 
accessible only by invasive means. 

The NMR machine consists of a large magnetic coil. When 
its strong magnetic field is imposed on a patient's body, it 
causes the proton of hydrogen atoms in water and other 
molecules to align themselves wi th the magnetic f ield lines. 
A second field of electromagnetic waves in the radio fre-

Fred Rick/Los Alamos National Laboratory 

Los Alamos scientist George Saunders demonstrating the 
flow cytometer, which can measure incredibly tiny amounts 
of substances precisely. 

quency is then beamed through the patient's body wh ich , 
when turned off abruptly, leads to a characteristic oscilla
t ion of the hydrogen protons involved. This extremely weak 
emission of radio signals is registered and stored by the 
NMR machine on at least three different channels or layers. 

The Landsat computer is ideally suited to interpret these 
kinds of data, since Landsat itself takes pictures of the Earth 
in several different spectral ranges that later are combined 
by the computer. In this way specific characteristics are 
enhanced, the constrast is sharpened, confusing details are 
removed, and so on . Some of the more spectacular 
achievements of the Landsat computer imaging have been 
its its detailed images of )upiter, Saturn, and Mars, and its 
locating of mineral deposits and rich fishing grounds. 

Even the initial results of NMR application "saved three 
years of effort that wou ld have been needed using our own 
equipment," said Dr. Michael Vannier of the Mal l inckrodt 
Institute, who initiated the joint work wi th NASA to see if 
computer processing techniques developed for satellite 
images could be applied to medical imagery. NASA spe
cialists estimate that future computer processing might 
produce even three-dimensional views of a specific organ 
of the body by appropriately combining the thin slices of 
NMR imagery. This wou ld mean that a three-dimensional 
reconstruction of any part of the body, viewed from any 
angle or even from the inside, could be reproduced on a 
computer screen! 

Researching the applications of Landsat to NMR, which 
has been done mainly at the Mal l inckrodt Institute in St. 
Louis, is still at the laboratory level of testing the most ap-
propiate computer analyses of the NMR data, but very 
promising prospects exist for significant progress in the 
near future. 
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In fact, the real potential of NMR imaging is yet un
touched; for, so far, only the resonance quality of hydrogen 
protons in tissue are being investigated. Actually, all atoms 
wi th an odd number of protons in their nucleus (atoms w i th 
a "sp in" like hydrogen, carbon, f luor ine, sodium, phos
phorus and so on) could be used in NMR imaging, which is 
also called NMR spectroscopy. Already researchers have 
been able to detect NMR signals f rom phosphorus in suffi
cient intensity to produce images. Furthermore, it was pos
sible to identify the relative concentration of phosphorus 
in compounds like phosphocreatine, adenosine tr iphos-
phat (ATP), and inorganic phosphate in human tissues or 
organs, which all play key roles in metabolic processes, 
especially energy transmission in cells. 

This method could have tremendous significance. For 
example, NMR spectroscopy could provide insights into 
the functional and metabolic status of the brain, the heart, 
and other organs, or peripheral muscle tissue in various 
physiologic and pathologic states. 

To advance this research, a more sophisticated computer 
facility is required—as is now potentially available wi th the 
Landsat equipment. In addi t ion, basic progress is needed 
to bui ld more efficient superconducting magnets wi th high 
field strengths and extremely high levels of f ield uniformity 
to reach adequate resolution of the signals emanating f rom 
the various phosphorus-containing compounds. 
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Dr. James Frazer at the Texas Medical Center in Houston 
has uncovered still another potential f ield of application for 
NMR, using the machine for both diagnostic and therapeu
tic means. Frazer found that tumor tissue absorbs and emits 
signals at frequencies and t ime distributions slightly differ
ent f rom normal tissue. Based on this f inding, Frazer con
ducted experiments " tun ing" the NMR machine exactly to 
the frequency of the tumor, and then rapidly increasing the 
power of the machine at this point. As a result, the tumor 
tissue heated up significantly, damaging or destroying the 
malign cells selectively wi thout impairing the healthy tissue 
around the tumor. Al though this method, too, is not yet 
introduced in clinical practice, it wi l l get a definite boost 
when NMR spectroscopy is better understood, using more 
advanced computer systems like the Landsat facility to in
terpret the data involved. 

The Artificial Heart and Related Technologies 
The artificial heart technology continues to progress, to 

the evident dismay of its critics. After five artificial heart 
implants, medical researchers have established that: 

The artificial heart can extend the lives of people dying of 
heart disease. The findings of numerous animal experi
ments, that it is possible to survive and gain strength after 
a heart implant, are now conf irmed in humans. Both Barney 
Clark and Wil l iam Schroeder have lived longer than they 
would have wi thout the implants, and Schroeder is now 
able to leave the hospital after recovering f rom a postop
erative stroke, compounded by a bout of influenza. A third 
patient, Murray Haydon is also do ing wel l . 

The artificial heart has the ability to react to a patient's 
activity by increasing blood flow. Al though the heart beat 
is set at a fixed rate, increased activity causes more blood 
to f low back to the heart, which then pumps out the in
creased volume wi th each beat. It is this ability to increase 
the quantity of b lood ejected wi th each heartbeat, known 
as the stroke vo lume, that enables the heart to increase the 
volume of b lood f low to the body or cardiac output wi thout 
increasing the pulse rate, as would occur in a regular heart. 

The portable power unit forthe artificial heart, the Heimes 
driver system, is very efficient. This enables the patient to 
have a good deal of mobil i ty. The portable drive is an 11-
pound, shoulder-slung unit , which resembles a large cam
era case. It is powered by a rechargable nickel-cadmium 
battery and wi l l enable the patient to leave his hospital 
room for for four to five hours at a t ime. The battery can be 
changed in seconds wi thout interrupt ing operation of the 
unit, and an emergency battery wi l l operate the unit for 
almost 12 hours if necessary. This is a very significant de
velopment for the future of the artificial heart as a treatment 
for heart disease and not just an interesting medical exper
iment. Ultimately the development of a self-contained unit 
driven by a p lutonium-powered electric motor wi l l enable 
the artificial heart to reach its potential as a treatment for 
severe heart disease. 

According to Robert Jarvik, M.D. , inventor of the Jarvik-
7 heart, the major problem with the present mechanical 
heart is breakage of the pump diaphragms, which must flex 
40 mil l ion times a year. His estimate is that the present 
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The artificial heart eliminates reliance on the death of another person for a transplant. Here, Barney Clark, pioneer recipient 
of an artificial heart. 

pump could last as long as five years, but wou ld probably 
fail before then. Another problem wi th the present Jarvik-7 
is size; the recipient's chest must be large enough to house 
the implant. The present heart consists of two chambers, 
each measuring 3.5 inches in height and 10.6 inches in cir
cumference, weighing approximately 2/3 pound. The 
chambers are molded f rom polyurethane supported on an 
aluminum base and are held together as a unit by a Velcro 
patch. Several researchers are work ing on developing 
smaller models. 

Other technological developments include the use of 
electronic stimulators to relieve pain and spasm in patients 
who have suffered various forms of nerve damage. This has 
recently been extended to a system that enables former 
paraplegics to walk again. Artificial ears, known as cochlea 
implants, could help up to 200,000 of America's 2 mil l ion 
deaf people. Artificial hips, arms, and hands are currently 
in use and being improved constantly, whi le artificial k id
neys are becoming cheaper and more compact. 

The artificial heart provides the only realistic hope for a 
treatment for end-stage heart disease that does not rely on 
the death of another person and that avoids the problems 
of graft rejection. Modern transplantation surgery has saved 
lives and made important contr ibutions to the understand
ing of basic immunology. However, the use of donations 
f rom cadavers has opened up the Pandora's box of brain 
death and criteria for terminat ion of treatment, and this has 
served as a wedge for the re int roduct ionof Nazi euthanasia 
policies into medical practice. 

Advances in Understanding the Immune System 
Acquired Immune Deficiency Syndrome, known as AIDS, 

is exemplary of how a pressing problem can stimulate the 
development of knowledge that transcends the problem 
itself. AIDS, a product of the cultural degradation of civil i
zation that primarily affects promiscuous male homosexu
als and intravenous drug abusers, has triggered fundamen
tal advances in our understanding of the immune system. 
AIDS research, combined wi th other breakthroughs, made 
1984 the year of the immune system. 

Last Apr i l , scientists f rom the United States and France 
announced the isolation of a virus that selectively destroys 
T-cells, one of two primary types of immune cells, as the 
causative organism of AIDS. Since then a technique for 
growing the virus in quantity has been developed and a 
blood test for exposure to the virus is now being used for 
screening tests on patients and donated b lood. This wi l l 
ultimately lead to product ion of an effective vaccine against 
the dreaded disease. 

In addit ion to susceptibil ity to unusual infections and 
rare cancers, an unusual debil i tat ing dementia occurs fre
quently in adults and children wi th AIDS. This dementia, or 
encephalopathy (disease of the brain), usually begins wi th 
impaired concentration and mild memory loss and pro
gresses to severe loss of all cognitive functions. Victims also 
may develop spasticity, staggering gait, and loss of leg func
t ion . These symptoms, believed to occur in many, if not 
most AIDS patients, progress over a period of weeks to 
months. 
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Recently (Science, Jan. 11, 1985), researchers reported 
finding evidence of the HTLV-III virus, believed to be the 
cause of AIDS, in the brain tissue of patients with AIDS and 
encephalopathy. This indicates that the virus itself, and not 
asecondary virus, parasite, or fungus, is responsible for the 
brain damage; it also indicates that there are similarities 
between the surface membranes of T-lymphocytes and brain 
cells. It is known that T-lymphocytes and brain cells share 
receptors for thymus hormone, and the affinity of HTLV-III 
for brain cells and T-lymphocytes suggests that these cells 
share a receptor for the virus. This could shed important 
light on the communication of information between the 
immune system and the nervous system. 

Delaying the Aging Process 
Immunology will be the spearhead of a breakthrough in 

the prevention and treatment of diseases of aging. A great 
many of the diseases and disabilities that occur in aging 
individuals are correlated with a decrease in function of the 
immune system. Immunologic changes in aging are mani
fest in two ways: One is a decreasing ability to respond to 
foreign antigens, including transformed (malignant) cells 
that have become essentially foreign to the body in which 
they arise. The second is an increase in antibodies pro
duced against the self (auto-antibodies). Thus total anti
body production is relatively unimpaired in older animals, 
but a significant portion of the antibodies produced are 
ineffective or harmful. 

Many aging changes such as atrophy and shrinkage of 
lymph glands, fibrosis, renal atrophy, immune complex for
mation, weight loss, arteriosclerosis, changes in skin and 

hair, thymic atrophy, amyloidosis, decreased responsive
ness to antigens, positive tests for autoantibodies, disturb
ances in T and B cell collaboration, increased numbers of 
suppressor cells, and activation of latent viruses are char
acteristic of autoimmune diseases. These changes occur 
mainly in the T-Cell (thymus-dependent) system, which is 
responsible for cell-mediated immunity and also plays a key 
role in activating the B-cell system, which is responsible for 
antibody production. The loss of T-cell function follows the 
age-associated shrinkage of the thymus gland, a plump, 
pink piece of tissue located at the junction of the neck and 
chest, which reaches its maximum size in late adolescence 
and shrinks almost to nothing by the mid to late40s. 

The key role of the thymus-dependent system in these 
changes has spurred scientists like Allan Goldstein of George 
Washington Medical School to examine the role of thymus 
hormones—for example, thymosin—in preventing or re
versing these aging changes. Studies in animals and in hu
man cells in laboratory cultures have repeatedly demon
strated reversal of age-associated changes in the immune 
system in response to administration of thymus hormones. 

The first clinical trials of thymosin in the elderly will be 
conducted at the University of Vermont School of Medi
cine. This will test the ability of thymosin to boost the re
sponse to influenza vaccination. Influenza is still a major 
cause of death in the elderly, because the depression of 
immunity in these patients prevents them from making ef
fective antibodies in response to vaccination. 

It has been known for a number of years that the epithe
lial cells of the thymus have receptors for acetylcholine, a 
chemical responsible for transmission of nerve impulses 

James E. Stoots/LLNL 

The X-ray laser, a spinoff of the beam defense program, will make possible three-
dimensional moving pictures (holograms) of biological activity at the atomic 
level of the cell. Shown here (above) is the target chamber of the two-beam 
Novette laser at Lawrence Livermore, which successfully produced soft X-ray 
lasers with a wavelength of 155 angstroms from the hot vaporized gases of 
selenium and yttrium. This is the shortest wavelength at which significant am
plification has ever been observed in a laboratory. Inset is the metal foil held in 
a postage-stamp-sized target used in the Lawrence Livermore experiments. A 
2,000 joule pulse of green light from each of the arms was directed onto the 
target to produce the X-rays. 
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Brookhaven National Laboratory 

The ultraviolet storage ring of the National Synchrotron Light Source at Brookhaven National Laboratory. The Synchrotron's 
high flux, monochromatic X-rays will enable doctors to "see " inside a patient's arteries, thus greatly simplifying screening 
for heart disease. 

f rom one nerve cell to another. Karen Bulloch of the State 
University of New York at Stony Brook has found that the 
autonomic nervous system sends nerve fibers to the thy
mus gland in a very specific pattern, which is similar in mice 
and men as well as chickens and lizards. The nerve effect 
on thymus epithelial cells, which secrete the hormone thy
mosin, is probably responsible for the development of the 
the T-cells, or thymus-dependent lymphocytes. In mice with 
deficient T-cell funct ion, the nerve pattern of the thymus is 
abnormally sparse. 

Other researchers have demonstrated that the spleen, 
lymph nodes, and bone marrow, as well as the thymus, 
have specific patterns of nerve fibers. These organs are also 
important parts of the immune system. The nerve fibers in 
these organs end in areas that are rich in T-cells and avoid 
areas rich in B-cells, which are ant ibody-forming cells de
rived from from the intestinal lymph glands. 

The T-cells themselves have been shown to have two sets 
of receptors for neurotransmitters, the chemicals respon
sible for transmission of impulses from nerve to nerve. One 
set is for acetylcholine, and the other for norepinephrine 
(adrenaline). 

O n the other hand, there is now evidence that the im
mune system can influence the nervous system, including 
the brain. Studies by Hugo Besedovsky at the Swiss Re
search Institute show that immune responses alter the rate 
of f i r ing of neurons (nerve cells), and Besedovsky has hy
pothesized that the immune system informs the brain about 
invading foreign antigens. 

The suggestion has been made that soluble chemicals 
released by the activated immune cells cause these changes 

in neuronal f i r ing. These include interferon and the inter-
leukins, which also regulate immune cell funct ion. This has 
led Allan Goldstein and Nicholas Hall of the George Wash
ington University School of Medicine to suggest the name 
" immunotransmit ter" for these substances, which are also 
known as biological response modif iers. 

The search for a cure for AIDS has given additional im
petus to the study of these biological response modif iers, 
especially those produced by the white blood cells and 
called lymphokines. One of the most promising of these is 
a substance known as interleukin-2, or human T-cell growth 
factor. 

Interleukin-2 is a critical factor for growth of T-cells and 
augmentation of T-cell funct ion. It is especially effective in 
stimulating product ion of specific cytotoxic (cell destroy
ing) T-lymphocytes and other cells, known as natural killer 
cells. These cells form the body's natural l ine of defense 
against cancer cells, which arise all the t ime, but are spotted 
and destroyed by a healthy immune system. Several studies 
in animals have shown protection against tumor growth, 
and regression or control of established tumors, wi th Inter
leukin-2 treatment. Interleukin-2 has the potential to re
verse deficits in T-cell funct ion caused both by cancer itself 
and as a side effect of chemotherapy. 

A focus on strengthening the immune system is a much 
more realistic approach to cancer prevention than the end
less search for carcinogens. This is especially the case since 
some studies wi th the f low cytometer indicate there is a 
certain spontaneous rate of malignant transformation in 
cell cultures, even in the absence of carcinogens—a fact 
that casts doubt on a great deal of carcinogen research. 
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Because of this, there has been intense interest in pro
ducing large quantities of this substance for use in clinical 
trials. Since lnterleukin-2 is a polypeptide (a chain of amino 
acids), one approach has been to produce it by genetic 
engineering. Al though this has produced pharmacologic 
amounts of the amino acid chain, it does not add certain 
sugars that are also present on the naturally occurr ing mol
ecule. A more promising approach has recently been de
veloped by acompany with the singularly appropriate name 
of lnterleukin-2, Inc., which has developed and patented a 
process for producing human inter leukin, w i th the appro
priate sugars, f rom normal human blood cells. This prod
uct, which is actually a "cocktai l " of a number of human 
lymphokines, was recently tested in phase 1 trials on cancer 
patients at St. Thomas hospital in London and has proven 
nontoxic and clinically effective in reducing the size of tu
mors. Phase 2 trials are now under way to evaluate thera
peutic response in patients wi th cancer and AIDS. 

Thymosin, like interleukin-2, is a biological response 
modif ier and shows promise in treatment of immune defi
ciency dieases, cancer, arthrit is, mult iple sclerosis, and al
lergies. Allan Goldstein characterized the enormous poten
tial of immunological therapy in his testimony at the U.S. 
Senate hearings on longevity and the lifestyle of older 
Americans held before the Aging Subcommittee of the La
bor and Human Resources Committee, Sept. 27,1984.: 

Indeed, the decade of the '80s, I believe, is ushering 
in a new age which should properly be called the 'Age 
of Immunopharmacology. ' Through the thymosins, 
monoclonal antibodies, and other biological response 
modif iers, we are beginning to learn how to manipu
late and harness the energy of the body's immune sys
tem in the same way that we have learned to harness 
the energy of the atom. Almost certainly, this infor
mation wi l l translate itself into the conquest of many 
diseases which are thought today to be ' incurable. ' 

As a result of this fundamental research on cell funct ion 
and reproduction and the elucidation of the workings of 
the immune system, biotechnology is the growth industry 
of the 1980s. Techniques have been developed that previ
ously were only wishful th inking. Today scientists can insert 
genes for the product ion of animal proteins into bacteria, 
which then produce the proteins in large quantities. They 
can fuse cancer cells and normal ant ibody-producing cells 
to make a "hybr idoma" cell, which then produces mult iple 
copies of a single antibody, the so-called monoclonal anti
bodies. These technologies, initially expensive to develop, 
actually hold the promise of ultimately producing relatively 
inexpensive treatments and cures for condit ions ranging 
f rom cancer and infectious diseases to the universal pro
cess of aging. 

Vaccine Breakthroughs 
One of the earliest—and still one of the most effective— 

methods of immune therapy is vaccination, which derives 
its name f rom the virus Vaccinia. This virus, which causes 
cowpox, was used by Wil l iam Jenner to inoculate against 
smallpox and has been responsible for the total eradication 

of this once dreaded disease. Scientists at the New York 
State Health Department have developed a technique for 
genetically altering this vi rus to express up to eight different 
antigens, thus enabling vaccination against eight different 
diseases wi th a single inject ion. 

Other breakthroughs in vaccine development include: 
A vaccine for chickenpox, which infects 2 to 3 mil l ion 

children a year and results in 60 to 100 deaths has been 
developed. 

A vaccine against hemophilus influenzae, the greatest 
cause of chi ldhood infections, including pneumonia and 
meningit is, has been developed and proven effective in 
infants as young as 18 months. Inoculation of all eligible 
children could prevent 60 percent of these infections, which 
are potentially life threatening. 

An inexpensive vaccine against hepatitis B has been de
veloped f rom a synthetic protein. This disease affects about 
a mil l ion people in the United States and 250 to 300 mil l ion 
people wor ldwide, primarily in the developing sector where 
it is believed to be the cause of hundreds of thousands of 
cases of primary liver cancer. In a related development, 
French and American scientists have developed a quick, 
inexpensive test for primary liver cancer, ut i l izing mono
clonal antibodies—chemicals that attach to specific target 
chemicals in the body. 

A new polio vaccine made from killed viruses promises 
to eliminate the last traces of pol io f rom the U .S. in the next 
two years. In addi t ion, scientists are developing a pol io 
vaccine that can be administered by inhalation and mass 
produced for about 10 cents a dose. 

One of the major breakthroughs has occurred in the long 
effort to develop a vaccine against the most serious form of 
malaria. Scientists have reproduced the genetic material 
that codes for a protein on the malaria parasite, thus stim
ulating the body to produce antibodies against the parasite. 
This genetic material can be inserted into bacteria, which 
wi l l then produce the proteins in large quantities 

We are thus in the paradoxical position of being able to 
significantly reduce and possibly eliminate major killer dis
eases like cancer and heart disease and to extend the pro
ductive human life span, at a point when we face the great
est ecological holocaust in human history. We are witness
ing the onset of a series of epidemics wh ich , unchecked, 
wi l l rapidly depopulate Africa in the immediate future, and 
then strike Asia, Ibero-America, Europe, and North Ameri
ca. If this is allowed to occur, average life expectancy in the 
United States wil l drop to 50 years or less wi th in the next 
generation, and what is left of the United States industrial 
economy wi l l cease to exist. 

The technologies discussed in this article, singly and in 
combinat ion, wou ld extend the average American life ex
pectancy to over 100 years wi th in the next decade and si
multaneously raise Third Wor ld life expectancy and health 
to present Western levels. Which way the wor ld goes— 
developing the technological fountain of youth or biologi
cal holocaust—is a political question. 

John Crauerholz, M.D., a forensic pathologist, and Wolf
gang Lillge, M.D., a general practitioner, are both on the 
staff of the Fusion Energy Foundation. 
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Perhaps the most real "risk" today is that the 
fear-mongering of the environmentalists and 
the media will succeed in making Americans 
incapable of reason. 

Putting 'Risk' 
In Perspective 
by Dr. Bernard L. Cohen 

EDITOR'S NOTE 

Since the Three Mile Island accident six years ago, the 
environmentalists and the media have flooded America with 
propaganda on the risks of nuclear energy in particular, and 
modern industrial society in general. Every technological 
advance is portrayed as somehow taking away the pristine 
healthfulness of a nonindustrial, bucolic society. As the 
Fusion Energy Foundation has documented, the opposite 
is true: The greatest risk to the world population lies in 
stopping technological progress. For example, the FEF cal
culated that 110 million people died in the past 15 years, 
simply because the United States did not develop nuclear 
power plants at the rate scheduled in the Atoms for Peace 

LOSS OF LIFE EXPECTANCY 
DUE TO VARIOUS RISKS 

Graph (a) shows loss of life expectancy measured in 
days, while (b) shows loss of life expectancy on a 
graph that is expanded vertically by a factor of 20. 

program. The increased efficiency of nuclear power would 
have created an enhanced economic growth rate, particu
larly in the developing sector, to enable these 110 million 
people to live instead of die. Today, the stakes are even 
higher; without increasing investment in advanced tech
nologies, we risk the lives of many more millions. 
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The best way to understand the magnitude of a risk is 
to compare it w i th other risks, and a convenient way 
of doing this is to compare risks on the basis of the 

loss of life expectancy that they cause. Let us say that a 
man's remaining life expectancy at age 20 is 55 years, and 
he takes a risk that has 1 chance in 1,000 of being fatal wi th in 
a short t ime. The loss of life expectancy caused by this risk 
is 55 x 0.001 = 0.055 year, or 20 days. Most risks, however, 
are wi th us to varying degrees at all ages, and their effects 
must be added up over a l i fetime to obtain the total loss of 
life expectancy. What I discuss here are the results obtained 
wi th a computer program calculating the total loss of life 
expectancy f rom a ful l range of everyday "r isks." , J 

To start wi th some the risks of disease: the loss of life 
expectancy caused by heart disease is 5.8 years; for cancer, 
2.7 years; stroke, 1.4 years; pneumonia and influenza, 0.4 
y e a b j h i s means, for example, that if a pill were developed 
to cuTe all cancers, the average life span in the United States 
would be increased by 2.7 years. 

A wel l -known voluntary risk some of us take is smoking 
tobacco. Some of the details are listed in Table 1 , where the 
loss of life expectancy is given in years. Note that the risk 
goes up wi th the amount of smoking, and w i th the depth 
of inhalation. 

One risk not usually considered is that of being unmar
r ied. A single man, age 20, can expect to live 6 years less 
than average if he remains single. When I first saw these 
figures, I assumed that much of this is because sickly people 
are less likely to marry, but that is apparently not the most 
important factor because mortality rates are even higher at 
all ages for the w idowed and divorced. Examples are given 
in Table 2. Note that men suffer more than women f rom 
being unmarr ied, and blacks suffer more than whites. But 
in all cases, the loss of life expectancy f rom being unmar
ried is several years. 

Another common risk is being overweight. If you are 10 
percent or more above the average for your height and 
bu i ld , each extra pound causes a loss of life expectancy of 
30 days; for example, an extra 24 pounds reduces life ex
pectancy by 2 years. Each extra 100 kilocalories of food 
intake, all other things being unchanged, gives a loss of life 
expectancy of 15 minutes. This is more dangerous than 
smoking an extra cigarette, which gives a loss of life ex
pectancy of 10 minutes (disregarding the facts that one cig
arette leads to another, whi le eating may reduce later food 

Table 1 
LOSS OF LIFE EXPECTANCY FROM SMOKING 

Condition 

1-9 days 

20-39 days 
More than 40 days 

No Inhalation 

Deep inhalation 

Began after age 30 

Began age 15-19 

Loss of life expectancy (years) 
Cigarettes Cigar Pipe 

Male Female (Male only) 

4.5 0.2 

6.8 3.5 

8.6 

4.5 0.6 0 0 
8.6 4.6 3.2 1.4 

2.0 1.1 

7.7 2.7 
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"Please marry me, Wi lma, I'll simply die without you!" 

" . . . A single man, age 20, can expect to live 6 years less 
than average if he remains single." 

intake). One diet soft drink has a loss of life expectancy of 
9 seconds, because of the risk of bladder cancer f rom sac
charin. But for an overweight person, a nondiet soft drink's 
kilocalories has a loss of life expectancy 100 times larger. 

The most widely recognized risks are those in fatal acci
dents; the loss of life expectancy f rom some of them are 
listed in Table 3. We note that males die in accidents twice 
as frequently as females, and this ratio also holds for motor 
vehicle accidents and for accidents to pedestrians. Note 
also the very small loss of life expectancy f rom the highly 
publ icized reactor mel tdown accident. The first f igure giv
en is f rom the Nuclear Regulatory Commission's Reactor 
Safety Study, and the second is f rom the antinuclear activist 
organization, the Union of Concerned Scientists. 

There is wide variability in the risk of being kil led in an 
occupational accident. Some data on this for various indus
tries in the United States and Canada are given in Table 4. 

Table 2 
LOSS OF LIFE EXPECTANCY 

FROM REMAINING UNMARRIED 

Status, age 

Single, age 20 

Single, age 55 

Widowed, age 55 

Divorced, age 55 

Loss of life expectancy (years) 
White White Black Black 
male female male female 

6.0 

3.2 

3.9 

6.2 

3.2 

1.9 

2.7 

2.5 

8.8 

3.5 

6.2 

6.0 

6.0 
4.1 

6.0 

4.0 



Actually, lumping whole industries together hides a lot 
of the risks. Much more detailed data are available from 
Canada, and large variations within industries appear: For 
example, among miners, the loss of life expectancy for shaft 
sinkers is 600 days versus 65 days for those in shops and 
service; among utility workers, the loss of life expectancy 
for those who work on power lines is 820 days versus 58 
days for mechanics and fitters; among foresters, the loss of 
life expectancy for log-fellers is 1,060 days versus 54 days 
for those who work in saw mills; and in construction, the 
loss of life expectancy is 1,560 days for demolition workers 
versus 38 days for plumbers and electricians. 

But death in accidents is only the "tip of the iceberg" for 
occupational risks. Occupational disease takes a far larger 
toll. The differences from average life spans for those in 
various occupations in Britain are shown in Table 5, cor
rected for social class. Note that in some occupations life 
expectancy is more than a year longer than average, where-

Table 3 
LOSS OF LIFE EXPECTANCY FROM ACCIDENTS 

Loss of Life Expectancy (days) 
Accident type Male Both sexes Female 

All accidents 669 

Motor vehicle 363 
Pedestrian 49 

Falls 49 

Fire, burns 31 
Drowning 49 

Accidents in home 95 
Pedal cycle 5 

Firearms 11 
Poison 17 

Suffocation, 13 
asphyxiation 

Reactor meltdown 0.02(2)" 
(if all U.S. power 
is nuclear) 

297 

150 
24 

52 
26 
11 

•First figure is from Nuclear Regulatory Commission Reactor Safety Study. 
Figure in parentheses is from the Union of Concerned Scientists. 

Table 4 
LOSS OF LIFE EXPECTANCY FROM 

OCCUPATIONAL ACCIDENTS 

Industry Loss of life expectancy (days) 

All U.S. workers 

Trade 
Manufacturing, service 
Transportation, utilities 

Construction 

Mining, quarrying 

Fishing (Canada) 

Forestry (Canada) 

74 

30 
45 

164 

300 

330 

400 
540 

as in others it is 3 or more years shorter than average. Choice 
of an occupation can affect life expectancy by several years. 

Similar data are shown for the United States in Table 6. 
These are by industries rather than by occupation and it is 
not corrected for social classs, but similar conclusions can 
be drawn from it. Note also that the risk caused by radiation 
to workers in the nuclear industry is relatively miniscule 
compared to other occupational risks. 

Table 5 
DIFFERENCE FROM AVERAGE LIFE 

EXPECTANCY FOR OCCUPATIONS IN BRITAIN 
(Data corrected for social class) 

Difference from 
Occupation average 

Postmen, packers 

Government officials 

University teachers 

Gardeners 
Inspectors (metal, 

electrical) 

Foundry, ceramic 
workers 

Brewers, printers, tailors 
Coal miners 
Pharmacists, nurses 

Shoemakers, 
watchmakers 

Fishermen 
Actors, musicians 

Steel erectors, riggers 
Ship workers 

+ 580 

+ 500 

+ 500 
+ 380 
+ 380 

-600 

-870 

-900 

-1,050 
-1,100 

-1,270 
-1,350 

-1,450 
-2,800 

Table 6 
DIFFERENCE FROM AVERAGE LIFE 
EXPECTANCY IN U.S. INDUSTRIES 

(Data not corrected for social class) 
Difference from average 

Industry (days) 

Clothing manufacture 
Communication 
Post office 

Rubber, chemicals 
Trade 

Paper, printing 

Business 
Metals, machinery manufacturing 

Oil, gas recovery 
Electric, gas utilities 
Construction, mining (not coal) 

Railroad 
Firemen, policemen 
Trucking 

Coal mining 

Power reactors (due to radiation) 

+ 760 
+ 500 

+ 480 

+ 290 

+ 250 

+ 80 
+ 80 

0 
-140 
-250 

-500 
-660 

-1,100 
-1,170 
-1,180 

- 1 2 
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Table 7 
LIFE EXPECTANCY IN 

VARIOUS AREAS OF CHICAGO 
CLASSIFI DNOMIC LEVEL 

Income Leve 

Whites 
1 (lowest) 

2 

3 
4 

5 
Suburban 
Nonwhites 
1 

2 
3 
Suburban 

1960 
Males 

60.0 

64.6 
66.5 

67.9 
67.4 

69.0 

56.7 

59.9 

65.1 

66.1 

Females 

67.7 

71.2 

72.8 
73.8 

73.6 
74.6 

62.5 

65.1 

68.1 

72.3 

1930 

Males 

51.2 

56.2 
59.2 

61.2 

63.0 

— 

38.9 
40.7 

47.6 

Females 

56.4 

60.2 

62.5 

64.4 

67.2 

— 

42.5 
45.4 
51.7 

Table 8 
LIFE EXPECTANCY (YEARS) IN VARIOUS 

REGIONS IN 1976 

Scandinavia 
Japan 

Australia, N. Zealand 
United Kingdom 

U.S., Canada 
Southern Europe 
Eastern Europe 

Soviet Union 
Argentina, Chile 

U.S. Blacks 
Carribean 
Mexico, Central America 

East Asia (not including Japan) 
Northern South America 
World average 
Southwest Asia 

North Africa 
Southeast Asia 
Southern Africa 

Middle South Asia 
East Africa 

Middle Africa 
West Africa 
Mali, Niger, Chad, Ethiopia, 

Upper Volta, Mauretania, Guinea, 
Angola 

74 

73 
72 

72 
71 
71 

70 

70 
67 

66 
64 

62 

62 

60 

59 
55 
52 

51 

51 

49 
44 
42 
41 

38 
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Most Dangerous Risks: Unemployment and Poverty 
But the most dangerous occupational risk is that of being 

unemployed. According to a recent estimate, a 1 percent 
increase in unemployment in the United States for 1 year 
causes 37,000 extra deaths, including 500 from alcohol-
related cirrhosis of the liver, 920 suicides, and 650 homi
cides.3 The loss of life expectancy from 1 year of unemploy
ment is about 1 year. In addition to the 37,000 deaths, there 
are 4,200 admissions to mental hospitals and 3,340 admis
sions to state prisons. 

Another risk some people take is being poor. Data for 
various districts of Chicago classified by socioeconomic 
class are listed in Table 7. We see that well-to-do people 
live 7-10 years longer than poor people; that is, being poor 
in Chicago means a loss of life expectancy of 7-10 years. 

Another study shows that men with professional, admin
istrative, managerial, and technical jobs live 4 years longer 
than unskilled laborers, and corporation executives live 3 
years longer than the former; similar results apply to their 
wives, which indicates that the problems are socioeconom
ic rather than due to on-the-job risks. The ratio of white 
male mortality rates between ages 20 and 64 for poor people 
to well-to-do people is 3.4 for accidents, 2.7 for influenza 
and pneumonia, 4.4 for tuberculosis, 1.3 for cancer, and 1.6 
for suicide. A closely related statistic is that college-educat
ed people live 4 years longer than those who drop out in 
grade school.4 

Table 9 
LOSS OF LIFE EXPECTANCY FOR U.S. PUBLIC 

FROM ENERGY GENERATION 

Source 

Coal 
Air pollution 

Transport accidents 

Oil 
Air pollution 

Fires 

Gas 
Air pollution 

Explosions 

Fires 
Asphyxiation 

Hydroelectric 

Dam failures 

Nuclear (if all U.S. power nuclear) 
Routine emissions 

Reactor accidents 

Transport 

Waste (eventually) 

Total 
Total if nuclear energy replaces coal 

Loss of life expectancy 
(days) 

12.0 

1.0 

2.0 

2.0 

0.2 

0.4 

0.4 

1.5 

0.2 

0.02 
0.02 (2.0)* 

0.01 

0.01 

20.0 
7.0 (9.0)* 

'First figure is from Nuclear Regulatory Commission Reactor Safety Study. 
Figure in parentheses is from the Union of Concerned Scientists. 



The situation is much less favorable in poor countries. As 
Table 8 shows, life expectancy in wel l- to-do countries is 
more than 70 years, whereas the wor ld average is 59 years, 
and in poor countries the average is about 40 years. 

Risks of Energy Generation 
The loss of life expectancy f rom the risks of energy gen

eration are listed in Table 9. The largest risk here is f rom air 
pol lu t ion, which is estimated to be kil l ing 10,000 Americans 
each year. These are mostly elderly people, wi th the aver
age victim losing only about 7 years of life expectancy; for 
the average American, this works out to be a loss of life 
expectancy of 12 days. 

One obvious observation f rom Table 9 is that coal burn
ing is much more harmful to human health than nuclear 
power. That is the unanimous conclusion of every scientific 
study of the quest ion, including studies by the U.S. Nation
al Academy of Sciences, the American Medical Association, 
the United Kingdom Health and Safety Executive, govern
ment agencies in various countries and states, and so on.5 

Even the technical study by the antinuclear activist Union 
of Concerned Scientists agrees, although that point is never 
mentioned in their nontechnical l iterature. The president 
of the Union has conceded the point publicly, and even 
Ralph Nader has conceded it privately. There are no scien
tific studies that conclude that nuclear power is more dan
gerous than coal burning. In fact, I have for several years 
been publicly offering a $50 reward for information leading 
to discovery of such a study, but there have been no takers. 

When all the risks of energy generation are added, they 
give a total loss of life expectancy of 20 days. If coal burning 
were replaced by nuclear power, this number wou ld be 
more than cut in half, even if we accept the estimates by 
the antinuclear activists. 

The 20 days loss of life expectancy f rom energy genera
t ion is modest in comparison wi th most of the other risks 
we have discussed. It also must be noted that energy gen
eration contributes substantially to wealth and prosperity, 
and that wealth adds years to our life expectancy. This sure-

"That will be three years, please." 

"Each extra pound causes a loss of life expectancy of 30 
days." 

ly more than compensates the 20 days of loss of life expect
ancy f rom Table 9. 

The Risks of Energy Conservation 
Some people seem to believe that energy generation is 

so dangerous that energy conservation should be practiced 
to preserve our health. But conservation also has its risks. 
Using smaller cars, even if everyone did it, wou ld give us a 
loss of life expectancy of 30 days. Tightening houses to 
reduce heat loss traps naturally radioactive radon gas in
side, giving us a loss of life expectancy of 25 days. This 
makes conservation by far the most dangerous strategy from 
the standpoint of radiation exposure! Reduced l ighting is 
often used as an energy conservation measure. If it causes 
5 percent more falls, it gives a loss of life expectancy of 2 
days. If it leads to 5 percent more murders, that gives a loss 
of life expectancy of 4 days. If energy conservation doubles 
bicycl ing, that gives a loss of life expectancy of 5 days. 
Comparing these estimates wi th those in Table 9 indicates 
that conservation is by far the most risky energy alternative. 

Some of the risks discussed here are exhibited on a bar 
graph in the f igure, page 37. Note the 20-fold expanded 
scale on the right side of that f igure, which exhibits the risks 
of nuclear power in true perspective. 

Many of the risks can be expressed as loss of l ife expect
ancy f rom individual actions. Some of these are listed in 
Table 10. Included there is the loss of l ife expectancy f rom 
exposure to 1 mil l i rem of radiation, the average dose re
ceived by those l iving nearby in the Three Mi le Island acci-

Table 10 
LOSS OF LIFE EXPECTANCY FROM 

INDIVIDUAL ACTIONS 

Action 

Smoking a cigarette 
Calorie-rich desert (if overweight) 

Crossing a street 

Driving an extra mile 
Diet soft drink 

Seat belt unbuckled (10 miles) 
1 millirem of radiation 

Coast-to-coast airline flight 
Skipping one PAP test 

Buying a small car 

Loss of lite expectancy 
(minutes) 

10.0 

50.0 

0.4 

0.4 

0.15 

1.5 

1.2 

100.0 

6,000 

7,000 
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dent. We see that their risk is equal to that of three street 
crossings or of driving an extra three miles. 

Table 11 shows the increased life expectancy f rom var
ious measures recently instituted or under consideration. 
It is clear that we are doing rather wel l in this area in com
parison wi th the highly publicized risks of energy genera
t ion in general and nuclear power in particular. Medical 
advances in curing cancer in any one month compensate 
for all the addit ional cancers that may be caused by radia
t ion f rom the nuclear industry. Clearly, if we put more effort 
into cancer research and less into reducing radiation, our 
health wou ld benefit. 

Risk Aversion 
Now consider the question of how much our society is 

wi l l ing to spend to save a life. This is based on a study in 
which all costs are expressed in 1975 dollars.6 It is not a 
study of the value of a human life, which is a moral, phi lo
sophical, ethical, and religious quest ion. Rather, it is a mat
ter of collecting observations and performing mathematical 
transformations on them, which is a straightforward appli
cation of scientific techniques. 

To illustrate wi th an example, if males over age 55 were 
given fecal b lood tests to detect cancer of the colon and 
rectum, the fraction in whom tumors wou ld be found is 
estimated to be 3 x 10 J, and an estimated 20 percent of 
these wou ld be saved by the early detect ion. Thus a pro
gram of testing 10* men in this age range should include 
3,000 victims, of whom 600 would be saved. A fecal b lood 
test costs $3, and it is estimated that collecting and deliver
ing a fecal sample involves about $3 worth of inconveni
ence, making the total cost $6 per test, or $6 mil l ion for the 
program. Hence an expenditure of $6 mil l ion for the pro-

The Unemployment Line 

"A 7% increase in unemployment for 7 year causes 37,000 
extra deaths." 

Table 11 
INCREASED LIFE EXPECTANCY 

FROM SAFETY MEASURES 
INSTITUTED OR UNDER CONSIDERATION 

Measure 

Service by mobile Intensive care units 
(advanced ambulances) 

Safety improvements in last 10 years 

Air bags in cars 

Speed limits 65 -» 55 mph 

Smoke alarms in home 

Annual improvement in cancer cure rate 

Increased 
life expectancy 

(days) 

110 

100 

50 

40 

10 

10 

gram wou ld save 600 lives, an average cost of $10,000 per 
life saved. Most men in this age range do not have these 
tests. 

Table 12 presents a summary of various programs that 
could save lives by medical screening or treatment. It is 
clear that many options are available that wou ld save lives 
in the price range around $50,000 each. Table 13 shows the 
cost per life saved in various approaches to improving au
tomobi le and highway safety. We see that there are several 
available highway safety measures that wou ld save a life for 
each $50,000 spent, and several automobi le safety options 
for which the cost per life saved is a few hundred thousand 
dollars. 

A summary of these and other life-saving costs is pre
sented in Table 14. The immunizat ion program in Indonesia 
would save 300,000 lives at a cost of $36 mi l l ion, an average 
of $120 per life saved. The figures for sulfur scrubbers and 
radium in dr ink ing water are Environmental Protection 
Agency estimates given in defense of their programs. The 
estimates for emissions control in nuclear power plants are 
based on the Nuclear Regulatory Commission's "1,000/man/ 
rem" rule. The defense high-level waste figure is based on 
a Department of Energy justif ication of their plans for dis
posal of radioactive waste f rom the Savannah River plant, 
and the i tem on civil ian waste is f rom the Department of 
Energy program at West Valley, N.Y., where a bi l l ion dollars 
is being spent to remove waste that has virtually no chance 
of ever harming anyone if handled in a much cheaper way. 

The f igure for reactor safety is based on the fact that the 
Nuclear Regulatory Commission has t ightened safety mea
sures in nuclear plants, requir ing addit ional labor and ma
terials and greatly increasing construction t imes, so as to 
raise the cost of a nuclear plant four to five t imes, by about 
$1.6 b i l l ion, since 1973.7 The commission estimate was that 
a plant completed in 1973 wou ld eventually cause an aver
age of 0.8 deaths. If these increased safety measures ac
tually avert these 0.8 deaths, the cost per life saved is $1.6 
x 1070.8 = $2 bi l l ion per life saved. 

The figures in Table 14 are most disconcert ing. We are 
spending billions of dollars to save lives from radiation while 
this money could save thousands of times more lives if 
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Table 12 
COST FOR MEDICAL SCREENING AND 

MEDICAL CARE OPTIONS 
NOT WIDELY PRACTICED 

Cost per life saved 
Item (1975 dollars) 

Cervical cancer screening 
Breast cancer screening 
Lung cancer screening 

Colo-rectal cancer 
Fecal blood tests 
Proctoscopic exams 

Multiple screening 
Hypertension control 

Kidney dialysis 
Mobile intensive care units in 

smaller towns 

$25,000 

80,000 

70,000 

10,000 

30,000 

26,000 

75,000 

200,000 

30,000 

spent on medical or highway safety programs. Thousands 
of lives are being lost unnecessarily each year because of 
this irrationality. 

The Bugaboo of Radiation-Caused Mutations 
In addit ion to ki l l ing people with cancer, radiation can 

induce mutations in sex cells that lead to genetic disease in 
future generations. That risk must be put into perspective.8 

First let me point out some common misconceptions. 
The wildest misconception put forward is that radiation 
f rom the nuclear industry can destroy the human race. This 
represents a gross misunderstanding of genetics. Radiation 
only causes mutations, and far more mutations also occur 
due to other causes, but the frequency of genetic disease 
does not increase. The reason is that bad mutations are 
bred out. The rate of breeding out is proport ional to the 
number N o r 

—3T = kN 

If new mutations are induced at a rate R, the problem is 
analogous to that of producing radioactive material, for 
which the well-known solution is 

N = R/\ (1 - e-*0, 

which approaches an equilibrium with N = K/A. Thus a 
small increase in R results only in a proportional increase in 
N. A full nuclear power industry—all electricity generated 
by nuclear plants—would increase R by about 0.003 per
cent, so the frequency of genetic disease would increase 
by that amount. 

Another unfortunately common misconception is that 
radiation from the nuclear industry can cause monsters to 
be born, such as children with two heads. When a sex cell 
is hit by a gamma ray, however, there is no possible way for 

Table 13 
COST OF PROGRAMS FOR IMPROVING 

AUTOMOBILE OR HIGHWAY SAFETY 

Cost per life saved 
Item 

Automobile equipment required by 
1966-70 regulations 

Steering column collapsible 
Air bag (driver only) 

Tire inspection 

Rescue helicopters 
Passive 3-point harness 
Driver education 

Construction and maintenance 
practice 

Better signs 

Guard rail improvement 

Bridge rails, parapets 

Wrong way entry avoidance 
Impact-absorbing roadside devices 

Breakaway sign, light posts 
Median barrier improvements 
Clear roadside recovery area 

(1975 dollars) 

$130,000 
100,000 
320,000 
400,000 

65,000 

250,000 
90,000 

20,000 

34,000 • 
34,000 

46,000 
50,000 

108,000 

116,000 
228,000 
284,000 

Item 

Table 14 
SUMMARY OF COSTS PER LIFE SAVED 

Immunization in Indonesia 
Food for India 
Medical (from Table 12) 

Highway safety (from Table 13) 
Automobile safety (from Table 13) 

Sulfur scrubbers on coal-burning 
plants 

Radium In drinking water supplies 
Nuclear industry 

Routine emissions control 
Iodine emission control 
Defense high-level waste 
Civilian high-level waste 

Cost per life 
saved 

(in 1975 dollars) 

$120 

5,000 
50,000 
50,000 

200,000 

500,000 

2,500,000 

8,000,000 

100,000,000 
200,000,000 

1,000,000,000 

it to "know" whether that gamma ray came f rom a natural 
radiation source or a reactor-produced source. Since man
kind has always been exposed to natural radiation, no new 
type of genetic disease can be expected to occur f rom nu
clear power. 

The eventual genetic impacts of having all electricity in 
the United States nuclear (250 GWe) wou ld be 20 cases of 
genetic disease per year caused by occupational exposure, 
13 cases per year caused by routine releases, and 4 cases 
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"No new type of genetic disease can be expected to occur 
from nuclear power." 

per year caused by reactor accidents (460 cases per year, 
according to the Union of Concerned Scientists), for a total 
of 37 cases per year—an increase over the natural rate by 
0.003 percent (0.04 percent according to the Union of Con
cerned Scientists). The risk of having a genetic disease to a 
future citizen would be 1.0 x 10~5 (the risk due to other 
sources is about 3 percent). The risk to the child of a pres
ent-day radiation worker is 1.6 x 10"\ and the risk to the 
child of nonradiation workers in our generation is 1.6 x 
10"7. 

Some perspective on these risks may be obtained by 
comparing them with other sources of genetic disease. One 
of these is delayed conception of children. The risk of chro
mosomal disorder, like Downs Syndrome, increases with 
the age of the mother, and the risk of new dominant muta
tions, like achondroplasia, increases with the age of the 
father. It tu rns out that the i ncrease of genetic disease caused 
by having all-nuclear electric power is equal to that from 
delaying conception ofall children by 2.6 days. The average 
parental age of conception typically changes by about 15 
days each year, giving six times the genetic effects of having 
all power nuclear. Freezing sperm and/or embryos from 
young prospective parents to be used when they are ready 
to have children would be hundreds of times more effective 
in avoiding genetic disease than stopping nuclear power. 

Pants Versus Plants: The Genetic Risk 
Another practice that increases genetic risks is men wear

ing pants. This increases the temperature of the gonads by 
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3.3 degrees Celsius, which increases the rate of sponta
neous mutations. The temperature response for mammals 
has not been measured, but if it is assumed to be the same 
as for drosophila—there is no obvious reason to expect it 
to be either higher or lower—the effect is such that the 
genetic effects of all-nuclear-generated electricity is equal 
to that of men wearing pants an extra 8 hours per year. One 
day each year of wearing kilts, or avoiding use of tight pants 
would more than compensate for the genetic impacts of 
nuclear power. 

Research offers great promise for future reductions in 
genetic disease. It is commonly said that half of all genetic 
disease can be eventually eliminated. And there is much 
that can be done to reduce genetic disease today, using 
such methods as amniocentesis, pulse echo sonography, 
fetoscopy, and alpha fetoprotein quantification in amniotic 
fluid or maternal serum. 

Our Beneficial Legacy 
A damaging insinuation about genetic disease in respect 

to the nuclear industry is that we enjoy the benefits today, 
while future generations must pay the cost. Yet look at the 
the process of history—each generation lives longer, 
healthier, and more rewarding lives. The reason is that each 
generation hands down a legacy of benefits. 

Our generation is no exception. We will provide our 
progeny with a huge fund of knowledge and understand
ing; a large system of roads, bridges, transport systems, 
and communication networks; a tremendous capital plant 
of buildings and machines, educational, political, econom
ic, and social institutions; and, above all, a thriving science 
and technology enterprise. Surely our beneficial legacy will 
grossly outweigh our detrimental legacy. 

Dr. Bernard L. Cohen, professor of physics at the Univer
sity of Pittsburgh, is a well-known authority on nuclear en
ergy. His books include Concepts of Nuclear Physics, Nu
clear Science and Society, and, most recently, Before It's 
Too Late. 
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The Universe 
Does Exist 
Leibniz Refutes Newton on Dynamics 

A new translation of Leibniz's essay on celestial motion 
and gravitation exposes the fraud of Isaac Newton. 

by Carol White 



In 1688, Gottfr ied Wi lhelm Leibniz published a refutation 
of Isaac Newton's Principia. This work , "An Essay on the 
Causes of Celestial Mo t ion , " appeared in the Acta Eru-

ditorum in reply to a lengthy review summarizing the Prin
cipia, which had been published in that Leipzig journal.1 

Even from the short account then available to h im, it was 
clear to Leibniz that Newton's Principia was a slick attempt 
to undermine continental science, which was then f lourish
ing under his leadership. 

Leibniz had created a European-wide scientific net
work—chief among whom were Christian Huygens and the 
Bernoulli brothers. This grouping developed the founda
tions of analytic mechanics and wave theory by applying 
Leibniz's method of differential equations. In the process, 
they attracted and trained the best scientific minds in Eu
rope. Essentially they were meeting the challenge put forth 
by Johannes Kepler some decades earlier to establish a new 
physics. To do this it had been necessary to reestablish the 
hegemony of the Platonic method in science, against the 
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wreckage created by the Jesuit Rene Descartes and his school 
of scientific pretenders. 

How the Universe Operates 
For Leibniz, as for Plato, God's universe is characterized 

by its tendency to perfect itself. Man has been placed here 
on Earth as its gardener, to carry out the command of Gen
esis: be frui t ful and mult iply. As Leibniz understood, the 
universe is inherently negentropic or self-developing. It is 
this overriding tendency that shapes all physical law. 

Although the physical universe can be understood, to a 
certain approximation, in terms of a sequence of effective 
causes—-like mechanical laws—the existence of the laws 
themselves, and the rules of their transformation, can only 
be understood in terms of this tendency toward the opt im
ization of perfection that is embedded in the universe. To 
show this, Leibniz pointed to the governing role of least-
action functions in determining what are normally consid
ered to be the laws of physics. In the simplest case, this is 
shown by the laws of reflection and refraction in optics 
(Figure 1). These least-action functions—in modern terms 
the calculus of variations—were key in his development of 
mathematical physics. 

At the start of the Renaissance, the significance of such 
principles was first recognized by Nicholas of Cusa in terms 
of the isoperimetric theorem of circular act ion, which states 
that for a given boundary measure, the circumference of a 
circle wi l l enclose the largest area. Then why aren't the 
orbits of the planets circular? One might think that the 
creation of the universe wou ld have fo l lowed this simple 
plan. However, the universe does not work on the principle 
of simplest circular action, because it is always transforming 
itself. Therefore, real physical processes develop by conical 
rather than circular action. For a cone, the least action is a 
logarithmic spiral. Such a spiral in one complete revolution 
is bounded by two circles whose axes can be projected to 
give the min imum and maximum radii of an ellipse (Figure 
2). Thus, it is no surprise that Kepler discovered in his first 
law that the planetary orbits are ell iptical. 

Kepler's Second Law establishes that the radius of an 
orbi t ing planet, connecting it to the Sun, wi l l sweep out 
equal areas of the gravitational f ield in equal amounts of 
t ime. If we look at how the rotational action of an orbi t ing 
planet accomplishes work, then at first sight it wou ld ap
pear that a maximum amount of work woufd be accom
plished if the planet's orbit were perfectly circular rather 
than ell iptical. But in fact, the elliptical orbit represents a 
crucial least-action funct ion. 

Not only did Cusa emphasize the importance of least-
action functions, but he recognized the crucial feature of 
such functions. Such functions represent the efficiency of 
progress (in economic terms, for example, the cheapening 
of the cost of reproducing capital investment), but they also 
determine a unique pathway for action in the universe. A 
simple example to illustrate the point is the case of the 
gradient of a hi l l . Unti l the top is reached, for every path of 
ascent there is an opposite, descending path on which points 
of corresponding gradient can be marked off. The top, or 
maximum, is therefore unique. Indeed, it was this feature 
of uniqueness, first developed in Cusa's treatment of the 



Figure 2 
LEAST ACTION ON A CONE 

Real physical processes develop 
by conical rather than circular ac
tion, and on a cone, the least ac
tion is a logarithmic spiral. In one 
complete revolution, the spiral is 
bounded by two level circles. The 
axes of these circles can be pro
jected onto a plane to give the 
minimum and maximum radii of 
an ellipse. 

isoperimetric funct ion, that Leibniz later elaborated. 
Nicholas of Cusa posed an essentially topological view of 

the universe, which sought physical law not in the metrical 
properties of events, but in the uniqueness of their occur
rence. Thus he emphasized that f rom the point of view of 
topology, a maximum and a min imum are the same. For 
example, Cusa said that the circle and its centerpoint are 
identical, since the one can be shrunk into the other. Con
versely, a point , in the sense that Euclid defines one, does 
not exist. In reality it is a quantum of action, that is, it has 
an area. The circumference of such a quantum of action 
bounds a singularity, or in Leibniz's terms, a monad. For 
Leibniz and for Nicholas of Cusa, epistemology and ontol 
ogy were not separate. 

In his "Essay on Dynamics," Leibniz essentially proposed 
a calculus of variations in its modern fo rm: 

A weight which rises in virtue of its velocity wi l l not 
attain a greater height, whether it rise perpendicularly 
or whether it rise obl iquely on an inclined plane or 
even on a curve. It is true that the inclined rise requires 
more t ime to arrive at the same height, but it takes also 

a longer path and it makes more deviations. So in order 
to evaluate force by t ime it is necessary to consider in 
addit ion all paths and all deviations. 

Leibniz's "Principle of Sufficient Reason" was merely an
other formulat ion of the fact that the universe operates 
according to a principle of least action, only he stated it in 
more clearly epistemological terms. Leibniz outlawed the 
goddess Chance as the explanation for the occurrence or 
nonoccurrence of an event. Thus, as he demonstrated in 
his correspondence wi th Isaac Newton (through the media
t ion of Clarke in the famous Leibniz-Clarke correspond
ence), space must be relative rather than absolute. Other
wise, by what criteria could we decide on the placement of 
an object here rather than there—this universe, rather than 
its mirror image? What is unique in space is relationship. 

For Newton and Descartes, existence either was gov
erned by chance, as an epiphenomenon of the arbitrary 
movement of matter, or was dependent upon the miracu
lous intervention of Cod . For Leibniz, existence was totally 
and uniquely lawful, f rom the microcosm to the macro
cosm. As he expressed it, f rom all possible universes, God 
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chose that which would maximize the good. From that 
choice, existence and all action followed necessarily. Thus, 
the smallest quantum of action plays an absolutely neces
sary part in the continued development of the whole. Were 
he alive today, Leibniz would totally reject the Heisenberg-
Bohr uncertainty principle by which these epistemological 
offspring of Descartes and Newton have reimposed the 
Gnostic goddess Chance upon science. The uncertainty 
principle assumes that action in the universe is only prob
abilistically knowable, since in Euclidean space the simul
taneous direct measurement of the position and momen
tum of an atom is not precisely knowable. Leibniz recog
nized and identified all the ensuing evils of statistical me
chanics and a probabilistic universe that follow from New
ton's Principia as hereditary principles—and that now bur
den scientific practice. 

In 1666, Leibniz submitted a thesis to the philosophy fac
ulty at Leipzig titled "Dissertation on the Art of Combina
tions," which, ironically, used the method of combinatorial 
theory to make a statement directly counter to the presup
positions of present-day statistical mechanics. (Combina
tional theory tells you how many ways a collection of ob
jects can be grouped; for example, out of 6 objects, one 
can get 15 different pairs.) For him, the universe was not 
probabalistic; it was not governed by a mean tendency. 
Rather, at every point, God governed his creation in order 
to optimize the amount of essence or active substance con
tained within the universe. This idea, in its final form, was 
expressed in Leibniz's Monadology. At any given point in 
its development, the universe is vectored to enhance its 
potentiality to create the greatest possible number of sin
gularities (monads). 

Were he alive today, Leibniz would be a vehement op
ponent of any willful limitation of population growth be
cause he would recognize this as a violation of God's law. 
In his own time, he led the opposition to Isaac Newton's 
view that the universe is constantly poised on the brink of 
extinction. This Malthusian presumption was embedded in 
the axiomatic structure of Newton's physics. Since Newton 
believed that matter existed in the final analysis as perfectly 
hard, ball-like atoms, which moved through avoid, he could 
not avoid the implication that without God's miraculous 
intervention, their continual collisions would cause a ces
sation of all motion. 

The Cartesian World View 
Before he could firmly establish effective principles for a 

new physics, Leibniz had to clear out the dead weight of 
Cartesianism from science. According to Descartes, matter 
was merely extended space and therefore lacked any innate 
capacity to act or accomplish work. Motion, therefore, was 
exogenous to matter. In his view, it was introduced into the 
universe at the moment of its creation, as an addition to 
matter or extended space, and was conserved as an invar
iant quantity. Not only did the physical universe operate 
like a machine, but even animals were considered to be 
mere machines. And man was a machine with an attached 
soul, connected through his pineal gland. 

In contrast, Leibniz understood that the universe is alive. 
Each of its parts reflects the whole, albeit from a unique 

point of view. Man alone has the capability of understand
ing and willfully acting to transform the whole. Motion is 
merely a reflection of the process of transformation that 
characterizes all life. The task of science is not to describe 
motion, but to penetrate beneath its appearance in order 
to judge the actual, underlying process of development 
that is occurring. 

Leibniz addressed this in the concluding section of his 
essay "On Dynamics": 

Motion is a transient thing which never exists strictly 
speaking, seeing that its parts are never all together. 
But it is force (which is the cause of motion) that truly 
exists, so in addition, apart from mass, shape, and 
change (which is motion) there is something else in 
corporeal nature: namely force. 

This criticism, which applied equally well to Newton, was 
also elaborated in his "Critical Remarks Concerning Des-
cartes's Principles": 

To be able to say that an object is moving, we will 
require, therefore, not only that it change its position 
with respect to others, but also that this body contain 
in itself the cause of change, a force, an action. 

This force can be evaluated in some instances by changes 
in motion, but it is not the same as motion. Huygens in his 
work on the pendulum, was the first to identify the impor
tance of mass x velocity squared as a measure of this force, 
but it was Leibniz who recognized its significance as an 
invariant measure. He termed it vis viva, or living force. 

Descartes asserted that the amount of scalar momentum 
in the universe is invariant. This, of course, as Leibniz dem
onstrated, is ludicrously wrong. To make matters worse, 
Descartes asserted a series of laws that purported to de
scribe the behavior of bodies upon impact. These were not 
only wrong, but fundamentally incoherent (Figure 3). 

Descartes asserted that a body striking against a stronger 
one would rebound, losing nothing of its movement, but 
were it to hit less strong one, it would lose as much motion 
as it would communicate to the other. For Descartes, such 
incoherence was not problematic; irrationality was embed
ded in his point of view, because his criteria for moral judg
ment were fundamentally existential. This is exemplified by 
his famous one-liner: "I think, therefore I am," which he 
otherwise stated more precisely as: "I doubt, therefore I 
am." From this follows his expressed doubt about the real
ity of the existence of the universe apart from man. For this 
Jesuit, free will was expressed not as the right to create but 
the right to doubt! 

Descartes's assumption that scalar momentum is con
served leads to the paradox of perpetual motion, which he 
apparently overlooked. Were the capacity to do work of a 
body of 1 pound traveling at a speed of 2 miles per hour, 
equivalent to that of a 2-pound body traveling at 1 mile per 
hour, a perpetual motion machine could be built. As Leib
niz pointed out, a body weighing 1 pound and falling from 
a height of 16 feet is able to raise a body weighing 4 pounds 
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Figure 3 
THE RULES OF MOVEMENT: DESCARTES VERSUS LEIBNIZ 

This figure is reproduced from Leibniz's "Critical Remarks Concerning Descartes's Principles," under the title 
Representation of the Rules of Movement for the Case of the Collision of Equal Bodies. 

Leibniz's subtitles summarize his evaluation of Descartes's rules. Leibniz notes in his legend, "Our diagram and 
the Cartesian agree on two cases only, H, and Hs out of an infinite number. Our diagram obeys the Law of Continuity, 
the Cartesian shows discontinuity and leaps, in the line (p(p in <J>3 and <p5, in the line XX in x3 andx5- The leap is marked 
by points to represent continuity. It is impossible to except from the coincidence of two continuous lines, <p(p and 
XX/ a determinate number of points, e.g., two, so that all points <p coincide with all the corresponding points x , 
except in two cases, namely (ps with x3, and <J>5 with xs- Yet this is what must happen in the Cartesian diagram." 

to a height somewhat less than 4 feet. It being assumed that 
the quantity of mot ion is always conserved, the 4-pound 
body wi th 1 degree of velocity wou ld be equivalent to the 
1-pound body wi th 4 degrees of velocity, rather than 2 de
grees of velocity—as is the case. 

The Principia Fraud 
Newton's Principia, as Leibniz immediately realized, was 

merely a new version of Cartesianism, although it pretend
ed to be an attack upon it. It is important to realize that at 
the t ime it was publ ished, Leibniz and his collaborators had 
already launched a full-scale attack against Cartesianism. 
The purpose of Newton's published disagreement wi th 
Descartes was to blunt the devastating attack that Leibniz 
and his grouping had already directed against Descartes. 

The so-called discovery of a universal law of gravity by 
Newton, the ostensible subject of Book One of the Princi
pia, was only a cover story for the real subject of the work , 
which is located in Book Two. In the second book, Newton 
claims to refute Descartes by showing that the planets can

not be made to circulate in the heavens by vortices. To 
substantiate this claim, Newton asserted a number of so-
called axioms of f luid mot ion—most of which proved to be 
false, or merely plausible. His presumed disagreement wi th 
Descartes about the existence of a vacuum was by no means 
fundamental to either of their mechanistic wor ld views. In 
fact, by controvert ing Descartes's incompetent physics, 
Newton was attempting a f lanking attack on the work of 
Huygensand Leibniz, both of whom agreed wi th Descartes 
that there was no such thing as a complete vacuum. 

Since, for h im, matter and space were identical, Des
cartes necessarily denied the existence of a vacuum. New
ton , on the other hand, accepted the existence of a vacuum 
in space. Yet, for him too, the universe was a dead place in 
which matter, in the form of hard balls, traveled aimlessly. 

Science, of course, is never divorced from polit ics. Whi le 
Leibniz devoted his l i fe tobu i ld ing the republican networks 
that 100 years later won the American revolut ion, Newton 
and Descartes served the opposing side. Wri t ing about 
Descartes's errors, Leibniz remarked, " I f these misunder-
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/saac Newton: His Principia was a slick attempt to under
mine continental science. 

standings happen in an argument that is almost entirely 
pure mathematics, what must we not expect in ethics and 
metaphysics." 

Newton was not a more challenging opponent than Des
cartes, in the realm of pure science; however, he was sup
ported by some particularly evil political networks. In the 
context of the Hanoverian succession to the British throne, 
the contest between humanist and oligarchical networks 
was deadly. In fact, there is good reason to believe that 
Queen Anne was murdered because she was furthering the 
Leibnizian faction over the Duke of Mar lborough, ancestor 
to the present-day Churchil ls. 

Newton's patrons were the same enemies of the Ameri
can revolut ion who later ran the British East India Company 
and masterminded the creation of the British empire. What 
was really being fought out , when Newton made the un
believable claim that Leibniz had stolen the calculus f rom 
h im, was the decision as to who wou ld control the throne 
of Britain. Newton was merely providing a thin cover for 
the operation by the Venetian-controlled Churchills to keep 
Leibniz out of Britain and force his British collaborator, 
Johnathan Swift, into exile. 

In 1686, when Isaac Newton published the Principia he 
was a relatively obscure Cambridge professor, even wi th in 
Britain. The book was used to catapult him into prominence 
wi th a massive promotional campaign, which is still in ful l 
force to this day. There is a never-ending series of biogra
phies of Newton that repeat the same canned stories. For 
example, over the last decade, there are three such that 

reshape the same material: Frank Manuel's Portrait of New
ton, Richard S. Westfall's Never at Rest, and Gale E. Chris-
tianson's In the Presence of the Creator.2 Newton is pre
sented in these repetit ious and lying accounts as the genius 
who founded modern mathematical physics. In fact, to take 
one of his alleged discoveries, Newton's theory of gravity 
was neither the cornerstone of modern physics nor even 
his own theory. This is made clear, despite the extravagant 
claims of his biographers, by reading between the lines of 
their own books. 

Thirteen years before Newton's Principia appeared, Huy-
gens had published a precise formula for calculating the 
centrifugal force of rotation—mass x velocity2 d iv ided by 
the radius of the circle of rotation, or MV/R. Once this was 
established, the centripetal force needed to maintain a body 
in orbit was essentially determined. To see this, merely 
substitute the ratio 2nR/T, the t ime of orbi t , in place of V in 
the formula, and mult iply the numerator and denominator 
of the resulting fraction by R. Since, according to Kepler's 
Third Law, the t ime for a completed planetary orbit is pro
port ional to the 3/2 power of its average distance from the 
Sun, this ratio can be restated as K x MR2, where K = 
4n2M (RVT2). 

Notwithstanding, Newton had not himself made this de
rivation, although in the 1660s he had discovered that the 
centrifugal force of the Sun was inversely proport ional to 
its distance from the Earth. In 1679, Robert Hooke suggest
ed to a surprised Newton that the inverse square law de
scribed a force law for gravity. 

At that t ime Hooke also corrected a fundamental blunder 
by Newton, who thought that a body fall ing through the 
Earth to its center wou ld fo l low a spiral rather than an el
liptical orbi t . So much for the independent genius of New
t o n ! The Principia, as we know it today, is in fact based 
upon the second edit ion of that work, which was complete
ly rewritten by Robert Coates, who was given the task of 
correcting the hundreds of errors that l ittered the pages of 
its first edi t ion. 

In 1960, C. Truesdale published a fascinating apologia for 
Newton, in the Archive for the History of the Exact Sciences, 
Volume 1. This article had the virtue of admitt ing Newton's 
bankruptcy as a scientist. As Truesdale correctly wro te : 

Except for certain simple important special prob
lems, Newton gives no evidence of being able to set 
up differential equations of motions for mechanical 
systems. . . . To summarize: In Newton's Principia oc
cur no mot ion for systems of more than two free mass 
points, or more than one constrained mass point . New
ton's theories of f luid are largely false; and the spin
ning top and the bent spring lie altogether outside 
Newton's range. 

Truesdale admits all this, but only because he founds his 
claim for Newton's importance upon Newton's supposedly 
unique ability to formulate the problems solved by his fac
tional oppponents (not so identif ied by Truesdale), the Ber-
noullis and their successors like Euler and Lagrange. Of 
course Truesdale eliminates Leibniz f rom notice. 

One need look no further than the Principia to document 
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Leibniz (left) and Kepler: Leibniz's European-wide scientific network fought to meet Kepler's challenge to establish a new 
physics based on the Platonic method in science. 

that Newton could not have invented the calculus—which 
he accused Leibniz of plagiarizing f rom him—because he 
did not even understand it in 1686. His later claim that he 
failed to apply it in the wri t ten version of that work because 
he preferred to develop the Principia along more rigorous 
geometric lines, is ludicrous, for the Principia is anything 
but rigorous mathematically or scientifically. In it, Newton 
develops his mathematical arguments not through strict 
geometric constructions, but through appeal to the intui
tive argument of differential triangles. This was, of course, 
the established method for differentiating and integrating 
before Leibniz invented the language of his calculus. 

As Leibniz noted in an annotated copy of the Principia 
later found among his possessions, Newton made the con
sistent error of confusing first and second order differen
tials, so that he confused the initial impulse to motion (ac
celeration), which functions as an element of velocity, and 
the summation or integral of these elements, which varies 
as the square of the velocity and which Leibniz called w's 
viva (Proposition X, Problem V of book one). 

Because Newton denied the existence of vortices in the 
heavens, he vacillated between denying the necessity to 
explain gravitational action at a distance and posit ing an 
occult explanation for it in terms of what he described as a 
spirit that diffused through space. Commentators try to 
identify Newton's more occult explanations of the action of 
gravity wi th modern f ield theory. The reader need only read 
the Principia and Newton's Opticks to disabuse himself of 
this.3 Indeed, Newton's predi lect ion for the occult has been 

amply documented by John Maynard Keynes, Manuel , et 
al. 

In fact, upon his entry into Cambridge University under 
the patronage of Humphrey Babbage, Newton was imme
diately assimilated into occultist networks. The first book 
that he purchased was a treatise on astrology (it was this 
book that led him to study tr igonometry). From the start, 
he was engaged in research in alchemy, and he was also 
deployed to research the gospels wi th a view to proving the 
legitimacy of the Syrian Bible as opposed to the New Tes
tament. Even before this anti-Trinitarian became a member 
of the Royal Society and the Scottish Rite Masons, he was 
actively involved in the gnostic project of seeking to refute 
Christ's divinity. 

The Three Laws 
For Leibniz, it was irrefutably clear that gravitational ac

t ion must be propagated f rom one body to another through 
some medium, or f ield. Such propagation wou ld not occur 
as an emission of gravitational particles, but as what we 
would now call an electrohydrodynamic effect. The plane
tary orbits must operate by laws of f lu id dynamics that dem
onstrate the necessary existence of vortices. How else, 
Leibniz asked, could the simple fact be explained that the 
planets all lie approximately on one plane and circulate in 
one direct ion. 

Leibniz had an even more tell ing argument. Newton in 
the Principia had asserted his famous three laws, of which 
the first puts forward the principle of inertia. Objects once 
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in motion continue to propagate forward in space. Newton, 
of course, saw this as a mere tendency to resist activation. 
Furthermore, he made the banal mistake of attributing ab
solute rest to objects, just as he believed in the existence 
of absolute space and absolute time. Leibniz recognized 
this inertial impulse as identical to the force that causes a 
rotating circle to tend to expand or that causes a rotating 
body to fly out of orbit if it is not otherwise constrained. 

Not only did Leibniz recognize the efficacy of a vector 
treatment of the interplay of forces, but it was precisely the 
appearance of such an inertial tendency that convinced him 
that a vacuum could not exist. Since rotational action is 
primary in the universe, if matter in a vacuum would tend 
to move in straight lines, then the vacuum could not exist. 
A medium must act that constrains the planets to rotate. 
Applying his least action principle, he wrote in a letter to 
Huygens on this subject: "For bodies take that position in 
which their motions are least interfered with. . . . The agi
tations of a confined fluid will turn into rotations." 

For Leibniz, the change in living force or vis viva repre
sented the capability of a body to do work or be worked 
upon. Newton, on the other hand, used the term force to 
describe a change in momentum; however he did not dis
tinguish between instantaneous force and its integral over 
time. This is his second law. Only by dealing with the special 
cases of uniform forces and uniform velocities in the Prin-
c/'p/'a, was Newton saved from extreme embarrassment. 

Newton's third law, which was the independent basis for 
Leibniz's theory of dynamics, opened up the whole can of 
worms for him. This law asserts that for every action there 
is always opposed an equal reaction. However, it does not 
explain how such mutual interaction can be instantaneous
ly propagated over enormous distances, without a medium 
of propagation being present. For Leibniz, Huygens, and 
the Bernoullis, of course, this law was key to their wave 
mechanics. In fact, Leibniz anticipated the work of deBrog-
lie in posing the existence of matter waves. 

It was upon the basis of the interaction of matter and the 
medium that Leibniz developed his theory of the elastic 
transmission of acoustic waves. In "On the Connection of 
Metaphysics and the Concept of Substance," he wrote: 

Active force . . . contains a certain action or entele-
chy, and is thus midway between the faculty of acting 
and the action itself, and involves a conatus [a velocity 
differential]. . . . I say that this power of acting inheres 
in all substance and that some action always arises from 
it, so that the corporeal substance itself does not any 
more than the spiritual substance, ever cease to act. . . . 
It will be apparent from our meditations that one cre
ated substance receives from another created sub
stance, not the force of acting itself but only the limits 
and the determination of its own preexisting striving 
or power of actions. 

Leibniz's Theory of Celestial Motion 
Leibniz's essay putting forth his own theory of gravitation 

was really not so much an alternative theory as a spirited 
defense of Kepler's method. This is clear from his introduc
tion, quoted here at length: 

It is well-known that the ancients, especially those 
who were determined to follow Aristotle and Ptolemy, 
had not yet understood the majesty of nature well 
enough. This at last became clear to our generation, 
and its predecessor, from whom it was learned that the 
hypothesis, which makes the planets revolved around 
the Sun, satisfies the phenomena beautifully. . . . 

This man IKepler] accordingly discovered that each 
of the primary planets describes an elliptical orbit, in 
one of the foci of which would be the Sun, moved 
according to the law that the areas swept out by the 
radii drawn from the Sun to the planet, are always pro
portional to the times. The same man understood that 
the several planets of the same system have periodic 
times in a ratio of one-and-a-half times the square of 
their mean distances from the Sun. He would have 
been even more astonishingly successful if he had also 
known, (what Cassini especially noted), that the satel
lites of Jupiter and Saturn observe the same laws with 
respect to their primary planets as the planets do with 
respect to the Sun. . . . 

The first evidence of the physical use of the natural 
law of the motions is owed to him. Gravity is either 
derived from this, or at least made wonderfully clear 
by it. For rotated bodies do endeavor to pull away from 
a center along a tangent. Thus, if chaff or straw are 
floating on water, and the containing vessel is rotated, 
the water is made to move in a vortex, and it forces 
some straws toward the center, while the straws that 
are denser, and thus stronger than the water, are driv
en away from the center. 

He shows how this is done at two or more points in 
the "Epitomy of Astronomy," although he is still a little 
doubtful, and does not understand his strength, and is 
not conscious enough how much would follow, in both 
physics and particularly, in astronomy. Later this was 
especially useful to Descartes, even, if in his usual way, 
he kept the author a secret. Indeed I am often astound
ed at the fact that, as far as is known, Descartes did not 
even begin to report the ratios for the laws of the heav
ens that had been discovered by Kepler. He either did 
not know the joy of what had been discovered, or did 
not think they had been observed in nature with suffi
cient care, or could not reconcile them with his opin
ions. . . . 

I conclude that nothing else is left to explain the 
cause of the movements of the heavens than that which 
arises from the movement of an aether, or to speak 
astronomically, from fluid orbits which carry the 
planets. This way of thinking is most ancient, even if it 
has been neglected. Leucippus expressed it that way 
in employing the name "dinis" (vortex) to form a sys
tem. And we have heard how Kepler foreshadowed 
gravity with the movement of water in a vortex. From 
the travels of Monconisius we learn that it was already 
the thinking of Torricelli (and, as I suspect, of Galileo 
also, who was his pupil) that like chaff or straw floating 
on water, so the stars, in their own medium, rotate 
around their own center more or less quickly. 

But it is not difficult for such general matters to come 
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into the mind. It has thus been proposed by us to de
velop these laws of motion more clearly. This will teach 
that the subject of the investigation is much more pro
found. And since a certain light of this sort struck us, 
and the investigations seemed to have been completed 
quite neatly and naturally, I have been uplifted in the 
hope that the true causes of the motions of the heavens 
had been approximated by us. 

From the extraordinary thinking of Gilbert it is also 
established that every large body of the universe, to 
the extent known by us, reproduces the nature of a 
magnet, and in addition, that the aligning force, with 
respect to certain poles, has the power to attract relat
ed (very small) bodies into its sphere. We call this grav
ity in things which pertain to the earth, and transfer it, 
by a certain analogy, to the stars. But, what the true 
cause of a phenomenon manifest so widely might be, 
and whether it is the same as in a magnet, is not estab
lished well enough. 

While the problem cannot yet be solved with a proof, 
we do nonetheless have phenomena which agree with 
each other in a wonderful way, and are recommended 
by their great likeness. It can, of course, be asserted 
that the attraction of heavy bodies is brought about by 
some bodily radiation, for immaterial things ought not 
to be employed to explain physical phenomena. Then 
it is consistent that there is, in the body of the globe, 
an explosive impulse of matter away from matter which 

is unlike it or disordered [in contrast to] matter which 
is in agreement with it and has a motion of its own type, 
so that it is attracted by the rotating impulse. . . . 

In this way different causes which have been as
signed to explain the fluid motion, come together so 
that we simultaneously have the centrifugal force, 
spherical radiation, the magnetic attraction, the blow
ing apart of what is disorderd, the internal motion of 
the fluid, and the rotation of the field. 

But, whatever the cause of gravity, it is sufficient for 
us that a globe which attracts, thrusts out material rays 
analogous to rays of light, or that in every direction, it 
emits impulses along lines which move away from the 
center. This does not occur in the same way as would 
be necessary for parts to fall from the earth to the 
depths, but as an impetus is propagated by matter im
pelling continuous matter, as in light and sound, and 
in the motion of a fluid. Therefore, those for whom it 
be a settled matter that the propagation of a percepti
ble effect can be accomplished instantaneously, are in 
error. . . . 

A short time ago it was proven by learned men [by 
Kepler, in fact] how bodies are illuminated by light in 
an inverse ratio to the square of the distances. It should 
be said that bodies are also attracted by gravity in the 
same way, by so much less the greater the square of 
the distance is from what is attracting. [That is, the 
attraction varies inversely with the distance] The ratio 
of both is calculated in the same way. 

Thus, let concentric spherical surfaces be described 
around a lighted or radiant center R [Figure 4]. Parts of 
these surfaces, made from the similar arcs and similarly 
located points ABC, LMN, are cut through at points A 
and L, or by the straight lines RAL, RCN, and rotated 
around the radius or axis bisecting the arc RBM. Next, 
the light, or attractive force, is uniformly diffused over 
each surface, or equal parts of the same surface are 
equally illuminated or stimulated. In this way, the whole 
light or force on the surface ABC is in a ratio to the light 
or force on the surface LMN, which is composed out 
of the intensity or the illumination and the extent of 
the surface. But the light, or attractive force, on the 
surface ABC is only as much as is on the surface LMN, 
therefore the intensities are inversely as the extent. 
That is, the illumination, or pull of gravity, is inversely 
as the surface. But the surfaces ABC and LMN are as 
the squares of the diameters RA and RL. So the illumi
nation, or the pull of gravity, is inversely as the squares 
of the distances from the center of radiation or attrac
tion. 

The Universe Is Harmonic 
Leibniz then proceeds to deduce the same law, as he 

says, a posteriori, using his method of the analytic calculus. 
Although he indeed describes the gravitational impulsion 
according to the inverse square law, Leibniz adapts his 
mathematics to his vortical hypothesis and adopts a rotating 
frame of reference, rather than treating space as an abso
lute Cartesian grid in the manner of Newton. He therefore 
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decomposes the elliptical planetary orbits into three sepa
rate motions. 

First, there is circular mot ion that imposes a circular or
bital velocity to the planet. This varies reciprocally wi th the 
distance of the planet f rom the Sun. Leibniz names this a 
harmonic funct ion. It is this harmonic rotation that pro
duces the conservation of angular momentum, otherwise 
expressed as Kepler's second law. 

Next, there is the interplay between the centrifugal mo
t ion arising out of the rotation and an additional gravitation
al attraction. These, of course, are radially vectored. Once 
Leibniz has derived the gravitational force, he has then 
established that his harmonic circulation funct ion is in fact 
the potential funct ion. Thus the rotation of the vortex cre
ates the potential funct ion f rom which gravitational action 
may be derived mathematically, as a first difference be
tween neighboring circles. 

Leibniz derives Kepler's law in a simple geometric man
ner and then wri tes: 
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It now fol lows from the above that the planets are 
moved by harmonic rotation (not only the primary 
planets which rotate around the Sun, but the satellites 
around their primary planets), as if around a center. 
For observation shows that when radii are drawn from 
the center of rotat ion, they describe areas proport ional 
to the duration of the rotation. . . . It is also consistent 
that the aether or fluid orbit and its planet are moved 
by harmonic rotation; for it was shown above that no 
body moves in a f lu id along a curved line on its own. 
Therefore there the aether must also rotate, and it is 
consistent wi th the rotation of the planet to believe this 
to be the cause of its mot ion, so that the rotation of the 
aether and its planet wou ld also be harmonic. 

In some way the aether and planet must disturb each 
other. For it is credible that when the planets are car
ried around in some matter, their interaction should 
be perceptible wi th respect to their density, which 
would produce a contrary tendency or resistance to 
the movement. Nevertheless the common path of the 
planets is convincing evidence that this is given as a 
common f luid orbit which carries all the planets. . . . 

We would establish in this way that a planet is moved 
by a twofold motion composed from the harmonic ro
tation of the orbit of the fluid which carries it and from 
radial motion, as if f rom its gravity or attraction, that is 
its impulse toward the Sun or primary planet. . . .Now 
that harmonic rotation has been explained we must 
come to the radial motion of the planetary system, which 
arises from the combination of the outward pushes 
which result from the rotation and the solar attraction. 
Although it is permissible to call this latter attraction, it 
should really be described as an impulse; for the same 
reason that we can conceive of the Sun as like a mag
net, since magnetic actions are derived wi thout any 
doubt f rom the impulses of f luids. We wil l name the 
disturbance of gravity f rom this, conceiving of a planet 
like a heavy body which tends toward the center, that 
is the Sun; wi th the proviso that this type of orbit is 
governed by a special law of attraction. We should 
therefore see what the law of attraction does to an 
elliptical l ine, and it is necessary, as we fol low this up 
to enter the inner sanctuary of Geometry for a short 
whi le. 

Leibniz then proceeds to show the derivation of centrif
ugal force. Since centrifugal force varies as the square of 
the velocity divided by the radius, and in a Keplerian orbit 
the velocity is inverse to the radius, it wi l l vary as the inverse 
cube of its radius. He then equates the centrifugal force to 
the constant area swept out by a radius in a given amount 
of t ime, to show that the centrifugal force wil l be equal to 
the square of that area (equivalent to the angular momen
tum) divided by the cube of the radius. 

He then establishes a proport ional i ty between the ratio 
of the orbital to the rotational velocity of a planet and its 
distance f rom the major axis of the ellipse that it sweeps 
out , and also between this first ratio and the mean propor
tional between the focal distances of the rotating planet. 
These proport ionali t ies are used in the derivation of the 



Figure 6 
LEIBNIZ'S ILLUSTRATION OF CELESTIAL 

MOTION 
Leibniz used this diagram to illustrate the 
motion of a planet in orbit. The motion is 
determined by the interplay of the cen
trifugal and gravitational force and the 
harmonic circular rotation of the ether. 
Centrifugal force would equal T2C and the 
gravitational force would equal CM,. The 
three dotted lines shown are circles on 
the ellipse. Arc T , ^ and arc T2M, which 
are on the circumferences respectively of 
two concentric circles. 

Leibniz's development of where e2, p2, 
and so on, are, comprises the rest of the 
translation excerpted here. Obviously with 
the excerpt alone, readers cannot confirm 
the entire derivation. The terms used are 
derived from geometric methods based 
on the use of differential triangles and 
similarity relations among them. The ex
cerpt is presented here to demonstrate 
how Leibniz utilized his calculus and to 
emphasize the contrast between his 
method and Newton's. 

common manner of the time, by reducing finite areas to 
their differential triangles (Figure 5). With this accom
plished, Leibniz proceeds to his derivation of the MR2 law. 
This section is reproduced here in full for its general inter
est, because it shows how Leibniz applied his method of 
the calculus to solve the problem and how his calculus is in 
sharp contrast to Newton's intuitive methods. More detail 
can be found in Figure 6. Leibniz writes: 

If what is moving has gravity, or is attracted to some 
center, as we assume a planet to be with respect to the 
Sun, it will be carried in an ellipse (or another conic 
section) by harmonic rotation, and the center, whether 
of attraction of of rotation, would be in a focus of the 
ellipse. The attraction, or gravitational disturbance, will 
be as the squares of the rotations directly, or as the 
inverse squares of the radii, or the distances from the 
focus. 

We discover this in the following way using a not 
inelegant example of our Calculus of Differences or 
Analysis of Infinites. Let A u> be q; OF, e; BE, b (that is 
the V[q2 - e2]); the radius OM2, r;0<p (or OM2 - FMJ 
2r - q, or by the shorthand p; and let WX, the latus 
rectum, be a equal to B2:q.4 

Let twice the part of the area, or twice the triangle M, 
M2 O, which is always equal, be xa, with a assumed 
from the latus rectum, T will represent a period of time 
which is always equal, and D2M3, the rotation, will be 
ra:r. Next let the difference between the radii D2M2 be 

called dr, and the difference between the differences, 
d2r. But by the preceding, dr (or D2M2) is to Ta:r (or to 
Q2/vf,) as the V(e2 - p2) is to b. Therefore, 6roV = 
TaVfe2 - p2) is the difference equation. The differen-
tio-differential equation (difference-of-the-difference, 
or second difference) equation for this, according to 
the laws of the calculus which I have introduced, will 
be dealt by us in this special section. 

As developed above, the equation is bdrdr + brd2r 
= -2 paj dr: V(e2 - p2). The dr should be canceled 
out of both sides of the equation, so that only d2r re
mains. This would give d2r = (b2a2 T2 - 2 a2qrt2): frr3, 
which was asserted. For d2r, an element of the radial 
velocity is the difference between b2a2 T2: b2r3, that is 
a2T2: r3, which is twice the centrifugal force,5 and 
2a2qri2: 62r3, that is (since b2:q = a) 2a T2 :r2. 

Therefore the gravitational disturbance must be 
2a T 2 :^ [actually the factor of 2 is in error] which when 
multiplied by the constant a:2 gives a2 T2: r2, the square 
of the rotation. Therefore, the gravitational disturb
ance is as the square of the rotation directly, and there
fore as the inverse square of the radii. The same con
clusion follows in the case of the hyperbola and para
bola, but most of all in the case of a circle, which is the 
simplest ellipse. However, the cause of the difference 
between these conic sections, and when circles and 
ellipses are generated before the others, will appear 
below. 

If someone wanted the example of the calculus we 
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show here to be explained to themselves more clearly, 
especially because we developed the differential above 
but made no mention of the second differential, as if it 
flowed from the former, they shall have the following. 
In the differential equation brdr = TaV(e2 - p2) (1), m 
is written instead of dr for reasons of conciseness, and 
n is written for (e2 - p1), which will give brm = TaVn . 
The differential equation of this equation (that is the 
absolute second differential) from the new general al
gorithm handed down by us, is brdm + bmdr = 
xa dn: 2 Vn"(2). But m is equal to dr, and then dm = d2r, 
and since n = (e2 - p2), thus dn = 2pdp, but dp = 2 dr, 
since p = 2r - q (for MaO - M3F = twice M30 -
/Aw).Thus by substituting the values discovered for m, 
dm, n, dn in the second differential equation (2), we 
will have brd2r + bdrdr = ~2axpdr: V(e2 - p2) (3). 

In this case, by substituting Ta: brior oVV(e2 - p2) 
from equation (1), and by substitutingT2a2(e2 - p^-.br2 

for bdrdr, and by canceling out the fractions from equa
tion (3), d2r is made equal to ( -e 2 + p2 - 2pr) x2a2: 
62r3 (4). Now e2 = q2 - b2 and p = 2r - q, and thus 
- e2 + p2 - 2pr = - 2rq + b2 (5). Therefore lastly, from 
equation (4) d2r is made to equal ( - 2rqt2a2 + fe2x2a2): 
b2/-3 (6), or since qa = b2, d2r is made to equal 
T2 a2: r3, - 2 T2 a : r2 [sic], or d2r is the difference 
between the quantities identified above as T2 a2: r3, the 
square of the centrifugal effort, and 2a T2: r2 the gravi
tational disturbance by which something moving is kept 
in orbit. 

Leibniz ends his paper by summarizing how the interplay 
occurs to keep the planets on their elliptical orbits. He ends 
with the statement: 

If the simple centrifugal force were equal to the at
traction, a parabola would be produced, if it were larg
er, a hyperbola would be created, the focus of which 
would be between it and the Sun. If a planet were not 
endowed with gravity, but with levity, and were not 
attracted by the Sun, but repelled from it, the opposite 
hyperbola would be created, and the Sun would be 
outside its focus. But it has been proven that our planets 
are not borne in parabolas or hyperbolae, because if 
they ever were moved in such a way, they would have 
disappeared into universal space sometime ago, since 
such curves do not turn back on themselves. It should 
be left to observation to determine whether comets 
are carried in parabolas, or hyperbolas, or similar 
curves, or whether their motions are turned back after 
a long timee toward their previous tracks. 

Furthermore the planetary ellipses do not depart to 
any great extent from perfect circles, and so they fight 
with each other less; however neither do perfect cir
cles result. Certain planets have greater solidity and 
power than others, and this effects their composition 
and distance apart. For the rest, what remains is for us 
to explain the motion of the solar vortex more clearly, 
so that the causes and laws of gravity and magnetism 
could be better understood in that, and radiation might 
be explained in a more perfect manner a priori. 

Viewed as a system, in first approximation, the solar sys
tem is a force free system. Yet, as Leibniz showed, although 
no net work is accomplished, there is a constant interplay 
between the centrifugal and gravitational force that may be 
understood as the work done by the planet and the work 
done upon it. While the circular harmonic orbits represent 
the simplest least-action function, the elliptic orbits into 
which they have been transformed also represent a least-
action function that allows for the oscillating interplay of 
work between the orbiting planet and the rest of the uni
verse. 

At the end of a completed orbit no net work will have 
been done, yet the fact that the elliptical oscillation takes 
place between circular orbits indicates the actual work in
volved in the creation of the solar system. 

Perhaps it seems a moot point now to resurrect Leibniz's 
treatment of the theory of gravitation. Yet the point is not 
merely to set the record straight-—notwithstanding the fact 
that without Leibniz there would have been no analytic 
mechanics. The point is, that without using Leibniz's meth
od, without the using the Platonic method, no fundamental 
scientific breakthrough has ever been made—nor will one 
be made in the future, lust as the notion of validity of pure 
mathematics detached from mathematical physics is a psy
chotic delusion, so the idea of a physics that merely de
scribes a chain of events is impotent. Mathematical physics 
must be based precisely on that formulation of Leibniz that 
was ridiculed by Voltaire: that this is the best of all possible 
worlds. Physics must accord with natural law by searching 
for those least-action functions by which the universe, and 
we as its caretakers, may further its perfectibility. 

Today, we are still living off the scientific capital of the 
last great scientist, Bernhard Riemann. If we are to prog
ress, as we must, we must, like Leibniz, ruthlessly attack 
the enemies of science, the heirs of Descartes and Newton, 
and we must reestablish the fundamentals of the Platonic 
method. It is with that task in view that Leibniz's work is 
significant today. 

Carol White is editor-in-chief ofFusion. 

Notes — . 

1. This first English translation of Leibniz's 1688 essay in Latin "Essay on the 
Causes of Celestial Motion" (Tentamen De Motuum Coelestium Causis) is 
by Christopher White. Copies of the translation in draft form are available 
from the FEF at $10 each, postpaid. The original essay was published in Vol. 
6 of C.P.I. Gerhardt's Leibnizens Mathematische Schriften in 1860. 

2. Frank E. Manuel, Portrait of Isaac Newton (Cambridge, Mass.: Harvard 
University Press, 1968); Richard S. Westfall, Never at Rest (Cambridge: 
Cambridge University Press, 1980); Gale E. Christianson, In the Presence 
of the Creator (New York: Macmillan, 1984). 

3. The earlier editions of Newton's Principia were called The Mathematical 
Principles of Natural Philosophy. The Dover edition, called simply Principia, 
was first published in 1934 and reprinted in 1962; see especially, pp. 6-12 of 
Volume 1 and pp. 543-547 or Volume 7. Newton's Opticks, first published in 
1704, is available from Dover (1952) based on the fourth edition of Newton's 
work, published in 1730; see pp. 339-405. 

Keynes's comments can be found in "Newton the Man" in the Newton 
Tercentenary Collection (Cambridge: Cambridge University Press, 1947). 

4. Leibniz here makes a trivial error, writing a rather than 2 a2. This does not 
affect his further derivation in any significant way, since a is the angular 
momentum per unit of time, which is constant for a given orbit. 

5. This is another trivial error. It is the centrifugal force, not twice the amount. 
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Conference Report 

The Fight for 
Nuclear Development 

In Bangladesh 
by Marjorie Mazel Hecht 

Do developing nations choose low 
technology instead of advanced tech
nology? The answer is that they are not 
given a choice. Malthusian institutions 
like the International Monetary Fund 
mandate that "appropriate technolo
gy" is all that poor countries will get. 

How the no-growth lobby blocks in
dustrialization was shown at an Inter
national Conference on Physics and 
Energy for Development held at Dhaka 
University in Bangladesh Jan. 26-29. At 
most international conferences like this 
in developing nations, the academic 
Malthusians predominate, spreading 
the lies that "small is beautiful" and 
that solar energy is most appropriate. 
Usually, they have a captive audience. 

But this time, the Malthusians met up 
with significant scientific opposition— 
a delegation from the Fusion Energy 
Foundation (FEF) and Fusion Asia mag
azine—and their game was spoiled. 

The FEF group, including research 
director Uwe Parpart-Henke, FEF Eu
ropean coordinator Jonathan Tennen-
baum, Fusion Asia editor Ramtanu 
Maitra, and fusion scientist Winston 
Bostick, was invited to participate in 
the conference by the Bangladesh 
Atomic Energy Commission, whose 
chairman, Dr. Anwar Hossain, is on the 
editorial board of Fusion Asia maga
zine. 

From the very first session, the battle 
was on—nuclear versus solar power. 

Bangladesh loses between 30 to 50per
cent of its onion crop each year to 
spoilage and insects—a loss that would 
be eliminated if the crop were irradi
ated after harvest. Here Uwe Parpart-
Henke examines irradiated shallots 
(without any sprouts) at the Institute of 
Food and Radiation Biology at Savar, 
where the Bangladeshis are beginning 
to commercialize food irradiation 

The audience was most Bangladeshi, 
about 150 scientists and government 
officials, with three dozen or so for
eigners, for the most part solar experts 
from Sweden, India, and the Trieste 
Center in Italy. 

Uwe Parpart-Henke led the attack 
with a hard-hitting presentation on the 
economics of energy, discussing the 
question from the standpoint of com
parative energy flux density. By the 
time he finished showing how outlan-
dishly expensive solar and biomass en
ergy are compared to the more-energy-
dense nuclear power, smoke was ris
ing from the back of the room. 

"It's not true, what you said about 
solar," shrieked the American solar ex
pert Bemhard O. Seraphin, from the 
University of Arizona, now on sabbat
ical at the Trieste Center. But Seraphin 
could offer no facts to back up his 
shrieks. 

Other solar advocates then argued 
that energy policies had to be adapted 
to the social and economic structure. 
"That's precisely the question," Par
part-Henke retorted. "Are you going 
to formulate your energy and science 
policy from the standpoint of adapting 
to and remaining in the existing social 
and economic structure or from the 
standpoint of your future goals, your 
desired future economic structure?" 

As the Bangladesh Daily News wrote 
in covering the conference, "Nuclear 
energy is the most efficient in terms of 
energy payback under the present 
technological development." Of the 
presentation by Parpart-Henke, the 
News noted that the FEF scientific eval
uation shows nuclear has a payback 
time of 1 year compared to 20.3 years 
for solar panels or 8.5 years for solar 
reflectors. 
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The Key to Development 

Here are excerpts from the inaugural speech at the International Con
ference on Physics and Energy for Development by Lieutenant General 
Hossain Muhammad Ershad, President and Chief Martial Law Adminis
trator of the People's Republic of Bangladesh. 

. . .The appropriate use of energy and power is not only the yardstick 
of the progress of a country, it is also the key to development. I hope 
this seminar will succeed in generating fresh enthusiasm and initiatives 
among the scientists and technologists toward making greater contri
butions to national advancement. 

Today's civilization bears testimony to the talents and sacrifices of the 
scientists and technologies. Only those nations which have been able to 
make proper application of the knowledge of science and technology 
have been able to accelerate their pace of development. An urge and 
determination to improve the quality of life are the main inspiration 
behind the work of scientists and technologists. The time-honored con
tributions and potentialities of science and technology cannot remain 
limited to a particular class, geographical boundary, or time frame. They 
are the means to achieve welfare for the entirety of mankind for all times 
to come. For this reason, I would make an appeal to the scientists and 
technologists to rededicate themselves to the welfare of the humanity 
from a universal point of view. I would particularly appeal to them to 
come forward to the well-being of the teeming millions in the developing 
countries. 

We are engaged in building a happy and prosperous new Bangladesh. 
This calls for achieving self-sufficiency in all spheres of our national life. 
We are determined to utilize the fruit of advanced knowledge of science 
and technology of the world for improving the living condition of our 
people. We need skilled manpower and a suitable infrastructure for 
higher science and technology to ensure proper use of the latest de
velopments in this field. . . . We cannot perpetually depend on financial 
and technological assistance from abroad. . . . 

You are aware that the paucity of the source of energy stands in the 
way of our overall development. At present natural gas is our main com
mercial fuel. The country's natural gas wealth has to be used in such a 
way as to derive maximum benefit out of it. . . . In view of the high oil 
prices, we have to think of the alternative source of nuclear power pro
duction at low cost. We believe that there is a necessity for installation 
of an atomic reactor in the western region of our country. Of course, it 
is a problem to arrange initial funds for the installation of such a project. 
The government, however, has been continuing its efforts to procure 
funds for the project. I am happy to know that this conference will discuss 
various aspects of the use of this technology. I believe the deliberations 
of this conference will go a long way in helping the developing countries 
in the peaceful use of atomic energy. 

The country's first experimental atomic research center is being in
stalled at Savar shortly. A substantial part of the implementation work of 
this project has been done by our own scientists and technologists. This 
is undoubtedly a laudable effort. I believe this reactor will provide training 
facilities and help build infrastructure for our programme in this re
gard. . . . 

The extent to which the Malthusian 
solar advocates from the West have 
brainwashed their captive audiences 
in developing nations—using, among 
other things, "conditionalities" at
tached to grants from agencies like the 
U.S. Agency for International Devel
opment—could be seen in the next 
session: a fierce academic debate over 
how to measure the amount of solar 
energy falling on any given spot of land 
at any time! Not surprisingly, each of 
the developing sector participants on 
the panel had studied with one or an
other Western solar professor. 

Solar Fakery and the Trieste Mafia 

The message from the Malthusian 
scientists, particularly those connect
ed to the Trieste Center in Italy, was 
stick to low technology, or else. For 
example, solar expert Seraphin re
sponded to the Parpart-Henke pres
entation: "These findings cannot be 
judged as the end of photovoltaics. A 
lot of research must be done. Bangla
desh must join this club of research
ers." 

This same message was conveyed via 
telegram to the conference by Abdus 
Salam, leading Malthusian ideologue 
at the Trieste Center: "Growing ener
gy demands and the trend of increased 
fuel prices make it imperative for less 
developed countries to expand and 
control their indigenous resources. 
This. . . is particularly true of noncon-
ventional energy—solar energy con
version—whose final success will de
pend on high-level science." 

Salam brings many scientists from 
developing countries on scholarships 
to the Trieste Center, where a kind of 
solar club is formed to perpetuate the 
solar hoax when they return to their 
countries. 

The solar presentations by propo
nents of this hoax were marred by slip
shod research and outright lies. One 
chap from the University of Kalyani in 
India, for instance, when his fishy data 
were questioned, replied that the fig
ures for solar energy batteries as op
posed to dry-cell batteries looked so 
attractive because "I favor solar ener
gy-" 

Other solar experts made it clear that 
they were not at all interested in sup
plying commercial or industrial pow
er, but only agricultural power—and 
even then only "traditional" agricul-
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"The epitome of ridiculousness " is how 
Fusion Asia editor Ramtanu Maitra 
(above) characterized this $16,000 so
lar-powered pump, that goes limp as 
soon as a cloud covers the Sun. 

ture, a euphemism for manual labor 
and rudimentary tools. 

Another Indian professor from Ka-
lyani University discussed a solar 
"power plant" composed of photovol
taic panels spread out over a vast area 
of land. One Bangladesh scientist pol
itely asked what would happen to the 
acres of panels during the three months 
of the year when Bangladesh was sub
jected to severe hail storms. "Why, the 
solar panels would have rickshaw 
wheels, and could just be wheeled into 
a nearby warehouse," the solar advo
cate said. Incredulously, the Bangla
deshi replied, "You mean, every six 
hours for three months. . . ." 

One of the Indians pompously put 
forward the thesis that Bangladesh— 
which uses only one-tenth the energy 
per capita as other Asian nations and 
is one of the most densely populated 
nations—actually uses as much energy 
as any developed nation, if you count 
the "hours of clothes drying in the Sun 
or sailboats sailing in the wind." An
other in the Indian delegation de
clared that India was "going solar" aft
er making the mistake of pursuing high 
technology solutions—a lie countered 
by Ramtanu Maitra, editor of Fusion 
Asia magazine in New Delhi. 

Maitra also refuted the British study 
touted by the World Bank that says nu
clear power costs $2,930 per kilowatt, 
which is more than 2V2 times what it 
cost India to build its nuclear plants. 

Will Nuclear Power Prevail? 
Despite its group of Trieste-Center-

trained advocates of solar power at 
Dhaka University, Bangladesh also has 
a faction of scientists and leaders who 
understand that nuclear energy is the 
only way to industrialize and bring 
Bangladesh out of the Dark Ages. As 
these pronuclear spokesmen noted, 
for Bangladesh the question of going 
nuclear is far from academic; it is one 
of life or death. Bangladesh is the most 
densely populated nation in Asia, and 
yet consumes a miniscule amount of 
energy, about one-tenth of the aver
age for Asia, according to Atomic En
ergy Commission head Dr. Hossain. 

There are indications that the nucle
ar faction will win the battle. The con
ference was opened by Bangladesh 
President Lt. General Ershad, who 
made a strong argument for advanced 
technology. "In view of the high oil 
prices we have to think of the alterna
tive of producing nuclear power at a 
low cost," Ershad said. 

"We believe it is a necessity to install 
an atomic reactor in the Western re
gion of our country. Of course the 
problem is to arrange the initial fund
ing for the installation. The govern
ment has been continuing efforts to 

procure funds. . . .The country's first 
experimental atomic research reactor 
is being installed at Savar. Undoubt
edly it is a laudable effort. I believe that 
this reactor will provide the training 
and infrastructure for our nuclear 
power program." 

The vice chancellor of the University 
of Dhaka, Professor Shamsul Huq, also 
argued for advanced technology in his> 
opening remarks to the conference. 
"The slogan of appropriate technology 
was created a few years ago as a eu
phemism for updated traditional tech
nology. The concept was probably well 
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intentioned, but it was based on the 
unacceptable premise that the tech
nology gap cannot be bridged." 

Without a doubt, the FEF interven
tion at the conference polarized the 
situation, and will continue to have an 
effect. After the first panel, for exam
ple, the panel chairman, Dr. Nazrul Is
lam, invited Parpart-Henke to speak 
further with the Bangladesh Planning 
Commission on the question of ener
gy flux density. The commission is 

drafting its Third Plan including a ma
jor new policy on science and technol
ogy-

At the plenary session of the confer
ence, Anwar Hossain spoke for an hour 
summarizing all the energy options and 
then endorsing nuclear as the most ad
vantageous for Bangladesh. Hossain, 
who has been fighting to develop a nu
clear plant in Bangladesh for more than 
a decade, described the specifics of 
nuclear economics. "Admittedly nu

clear plants are capital intensive, but 
the fuel cost is so low that the extra 
investment can be recovered in a mat
ter of a few years. . . . The further de
velopment of atomic power, especial
ly the fast reactor and fusion, will lead 
to inexhaustible sources of energy." 

The Nuclear Option 
Already the advantages of nuclear 

power are being explored and prac
ticed at the Institute of Food and Ra
diation Biology at Savar, where the 
Bangladeshis are beginning to com
mercialize food irradiation for pre
serving crops and fish and to develop 
other advanced nuclear technologies. 
Fresh fish, potentially a major source 
of protein in the area, for example, will 
keep refrigerated for 21 days once ir
radiated. At present the Bangladeshis 
are exploring packaging materials to 
prevent the reinfestation of irradiated 
dried fish, and are studying large-scale 
storage and transportation. 

The economics of such research are 
obvious in a tropical country, where a 
large percentage of basic crops and 
foodstuffs is lost to insects and rot. To 
take one example, at an international 
conference on food irradiation in 
Washington, D.C. March 4, the Ban
gladesh Atomic Energy Commission 
presented a paper summarizing the re
sults of its studies of low-level irradia
tion of onions. Onions are a seasonal 
crop, with the peak harvest in late 
March, and during the next several 
months in storage, between 30 and 50 
percent of the crop is lost. There is 
then a shortage of supplies and a price 
hike for this basic commodity, and the 
government has to import onions. Low-
level irradiation inhibits the sprouting 
of the onions, thus eliminating the high 
loss of the crop. 

In contrast to the advanced nuclear 
research, there is also a solar-powered 
pump project at Savar, which costs 
$16,000 to build and puts out a peak 1.5 
kilowatts—about $10,500 per kilowatt 
installation cost. As Ramtanu Maitra 
noted when the FEF delegation visited 
Savar, the solar panels were coated 
with dust and had to be cleaned con
stantly. Furthermore, as soon as a thin 
cloud covered the Sun, the pump went 
limp. "A solar power plant would have 
to be 500 times this size," Maitra said. 
"That's the epitome of ridiculous
ness." 

We Have to Make 
A Nuclear Beginning 

Excerpted here is the address of welcome to the conference by Dr. 
Anwar Hossain, chairman of the Bangladesh Atomic Energy Commission 
and president of the Bangladesh Physical Society. 

. . . The per capita commercial energy use of Bangladesh is about 50 
kg of coal equivalent and per capita electricity consumption is about 30 
Kwh. In comparison, the Asian average per capita consumption in 1981 
was 597 kg and 519 Kwh, while the world average was 1,893 kg and 1862 
Kwh, respectively. Our energy consumption is roughly 0.5 percent of 
that of developed countries and only one fourth of the consumption in 
the neighboring countries like India and Pakistan. On top of this, most 
of the energy used is noncommercial. Since agricultural and forest 
resources account for a substantial part of traditional sources, our ecology 
and environment is being adversely affected with the increasing use of 
noncommercial energy. We cannot afford to lose our agricultural and 
forest wealth any further. For faster growth of energy consumption, we 
have, therefore, to develop commercial energy sources. This calls for 
intensifying efforts to explore and exploit conventional energy sources 
and then look for new and renewable resources. . . . 

While we keep on exploring our land for new conventional sources, 
we should realize that the presently known reserve of exploitable resources 
is much less than our needs for energy that can ensure even a modest 
growth of our economy. With imported oil prices beyond the reach of 
our economy, we have to look for alternate fuel. Nuclear energy is now 
considered to be proven technology for production of electricity. Nuclear 
power plants are highly capital intensive, no doubt, but the fuel cost is 
so low that the generation cost is comparable if not cheaper than other 
alternatives. The extra investment for a nuclear plant could be recovered 
in a matter of few years' savings on fuel cost. It is true that a number of 
technical and other issues have constantly to be attended to, but we have 
to make a beginning with this source of energy, which has a big potential 
and is expected to last a long time globally. The conference has devoted 
a full session to discuss all aspects of nuclear power, including the spin
off benefits. Further development of the power of the atom, especially 
in the fields of fast reactor technology and fusion energy, will lead to an 
almost inexhaustible source of energy. . . . 
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SP 100—Space Challenge 
Continued from page 15 
systems for load peaking and emer
gency power. The new materials alone 
create the condit ions for developing 
the second-generation nuclear reac
tors that should have been operating 
today—breeder reactors and high-
temperature reactors—but have been 
polit ically sabotaged. 

One important example of technol
ogy transfer f rom the stringent space 
requirements to an improved ground-
based system, was in the f ield of nucle
ar fuel . The need to achieve very high 
temperatures in the space nuclear re
actor led to the development of bead
ed fuel particles—highly enriched ura
nium cores coated w i th graphite, 
embedded in a graphite structure. The 
coated fuel particles became the basis 
of the high-temperature gas-cooled 
reactor effort, HTGR. Later in the NER-
VA program, a composite of uranium-

'Wire in the Sky' 
Continued from page 25 
originator; that is, that both are of the 
same generation? 

Laser beams destroy their targets by 
either burn ing or b lowing a hole 
through them. The energy flux density 
required for this can range f rom the 
deposit ion of thousands of joules of 
laser energy per square centimeter for 
thin-skinned missile boosters to 
hundreds of thousands of joules per 
square centimeter for hardened reen
try vehicles (RV) that carry the missile 
warhead through space. 

Charged particle beams can be far 
more efficient. High-energy particle 
beams deposit their energy not on the 
target surface, but deep wi th in its in
terior. And this target penetration can
not be shielded against because it is 
always possible to " tune" the particle 
beam energy to penetrate any target to 
the desired depth. 

The interior of the reentry vehicle is 
densely packed wi th delicate electron
ics, and even minute amounts of 
charged particle energy can disrupt or 
destroy these electronic elements. A 
recent Los Alamos National Laboratory 
study on beam weapons demonstrat
ed that the specific range is that a few 
tenths of a joule of charged-particle 

z irconium carbide combined wi th 
graphite was used as the fuel matrix, 
which found application in the Liquid 
Metal Fast Breeder Reactor or LMFBR 
research program. 

Had these two nuclear technologies 
been commercial ly developed, we 
would now have breeder fuel factories 
supplying reactors with a cheaper, re
liable source of fuel , and HTGRs pro
vid ing high-temperature process heat 
for new industries. 

For example, electrolytic produc
t ion of hydrogen and many other 
chemical processes become econom
ically feasible using higher reactor 
temperatures. The General Atomic 
Company, which developed the fuel 
elements for NERVA, has designed 
HTGRs to supply manufacturing plants 
directly wi th high quality process heat, 
rather than increasingly expensive fos
sil fuels. 

NERVA and related programs creat
ed heat pipe and thermionic and ther-

energy deposited per gram of mass of 
the target wi l l disrupt the electronics, 
whi le a few joules per gram wi l l de
stroy them. 

The total amount of charged particle 
energy needed depends on how wel l -
focused the beam is. For example, if 
the beam is only a centimeter in di
ameter, just a few hundred joules of 
the properly " tuned" particle beam can 
achieve an assured electronic k i l l . 

Such electronic kill advantages are 
particularly characteristic of high-en
ergy ion beams. For this reason, neu
tral beam accelerators have always 
been seriously considered as potential 
beam weapons. However, both 
charged and neutral ion beam accel
erators generally have large weights, 
in excess of 50 tons. Wi th the Antigone 
concept for beam generation, much 
lower weight electron beam accelera
tors could be used. 

The basic idea is that the laser beam 
produces both a path for the propa
gation of the electron beam and the 
means to generate a well-focused ion 
beam wi th in the channel. Because the 
ion beam is being continuously gen
erated wi th in the channel along which 
it propagates to the target, it could be 
continuously refocused at the same 
t ime. 

—Charles B. Stevens 

moelectric conversion technologies 
that could be used in Earth-based elec
tric generating plants. These direct 
conversion techniques, along wi th 
magnetohydrodynamic (MHD) con
version, should be replacing the 100-
year-old rotating turbines and gener
ators still used in power plants today. 

The space nuclear programs of the 
1960s developed dozens of new mate
rials, including electrode materials for 
M H D generators, copper pipes coated 
wi th layers of superconducting mate
rials for more efficient transmission of 
electrical energy, and graphite and 
composite materials wi th control led 
physical properties for military reentry 
vehicles. 

The SP-100 program now promises 
to advance these technologies even 
further, taking fission to higher tem
peratures and new regimes. It gives the 
United States a second chance to com
mercialize second-generation fission 
technologies, as has Japan, Europe, and 
the Soviet Union. Ironically, at this 
point , the potential also exists to leap
frog into the fusion era, via the th i rd-
generation nuclear technologies of the 
fission/fusion hybr id. 

AN FEF SLIDE SHOW 
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Pascal and the 
Discovery That Air Has Weight 
by Paul Gallagher 

The history of science is a battle 
over methods of scientific thought. 
When the technologies or insights 
developed by great scientists are 
handed down to future generations, 
the continuing battle over method 
often hides, or even falsifies in the 
history and science books, the 
method of thinking that was respon
sible for those discoveries. 

For this reason, it is important to 
read what the scientists themselves 
wrote about their work and to be
ware of the silly stories of how sci
entists "accidentally" have made 
great discoveries. This tale of sci
ence gives just one example of how 
such discoveries occur mainly as part 
of the scientists' effort to prove their 
hypotheses and increase man's mas
tery of the laws of the universe. 

The fact that air has weight is one 
of those scientific discoveries that 
many history books tell you hap
pened "by accident." The demon
stration that air, or the atmosphere, 
is an invisible gas that exerts pres
sure against heavy fluids, was first 
understood by the great French sci
entist Blaise Pascal (1623-1662). 

Pascal's scientific work was done 
during the dark period of the Thirty 
Years War. At the time, Pascal bat
tled to bring to light his discoveries 
about atmospheres and vacuums 
against an antiscience group of Jes
uit fathers who sought to mystify na
ture and encourage superstition. Like 
the feudal lords who controlled Eu-

Blaise Pascal (1623-1662) 

rope, the Jesuits thought that it 
would be easier to control the pop
ulation if people believed in magic 
and astrology instead of reason. 

The battle Pascal waged was most
ly over questions of theology, such 
as the extent to which a man must 
take responsibility for his actions, but 

questions of pure science were also 
debated. Pascal, a devout Catholic, 
was ferociously opposed to what he 
called the Jesuits' "pagan" way of 
turning "Nature" into a person and 
then attributing likes and dislikes to 
Nature as if "she" were a goddess. 

Pascal particularly attacked the 
false explanation, which was then 
popular, of why a pump will raise 
water. "Nature abhors a vacuum," 
was the ignorant opinion. His rejec
tion of such a silly explanation— 
which was no explanation at all—led 
him to the discovery that air has 
weight. It may be hard to believe 
now, but in the 17th century people 
thought that air did not have weight. 
Instead, the common belief was that 
air had an innate tendency to seek 
its special place in the heavens. Ac
cording to this view, all matter was 
preassigned a particular place that it 
then naturally sought out. 

The Well-Planned 'Accident' 
The pressure of the atmosphere 

was proved in a famous mountain-
top experiment that Pascal de
signed. The experiment was per
formed by Pascal's brother-in-law, M. 
Perier, on the Puy de Dome, one of 
the highest mountains in Auvergne 
in France. Even today some still claim 
that Pascal's discovery was merely a 
lucky consequence of an accidental 
mountaintop observation by his 
brother-in-law, who was a council
man of Auvergne and not a scientist. 

In truth, Pascal had devised the ex-
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periment in detail and instructed 
Perier how to do it in a letter that 
Pascal printed at the time. So well 
planned was this "accident," that 
Perier wrote Pascal in his account of 
the experiment: 

"I gave notice of my intention to 
several persons of condition in the 
town of Clermont who had asked me 
to let them know the day when I 
would go up, of whom some are 
churchmen and others laymen . . . 
all very capable men not only their 
professions but also in all good 
learning, with whom I was delighted 
to carry out this fine project." 

It was not easy to carry out the 
project, as Pascal wrote to Perier: 
"But as great things are ordinarily 
found to be accompanied by diffi
culty, I anticipate much of it in car
rying out of this plan which requires 
that an unusually high mountain be 
picked out near a city in which there 
is a person capable of bringing to 
this test all the necessary accuracy. 
For if the mountain were distant, it 
would be difficult to carry to it the 
vessels, the quicksilver [mercury], 
the tubes, and many other necessary 
things, to undertake troublesome 
journeys as many times as might be 
required for finding on the moun-
taintops clear and suitable weather, 
which is not often met with there." 

'Abhorrence of a Vacuum' 
Here is how Pascal described the 

his hypothesis and the planned ex
periment in a letter Nov. 15,1647 to 
his brother-in-law: 

"I am now trying to . . . f ind ex
periments which will show whether 
the effects attributed to the abhorr
ence of the vacuum should really be 
attributed to it, or whether they 
should be attributed to the weight 
and pressure of the air; for, to tell 
you frankly what I think, it is hard for 
me to believe that nature, which is 
not animate or sensitive, is capable 
of horror, since the passions presup
pose a soul capable of feeling them, 

A sample of the drawings Pascal used 
to illustrate his 1647 experiments on 
the weight of air. 

TALES 
SCIENCE 

and I incline much more to impute 
all these effects to the weight and 
pressure of the air, because I consid
er them only as particular cases oi a 
universal proposition on the equilib
rium of fluids, which is to constitute 
the larger part of the treatise I have 

promised. . . . 
"I could not give you better evi

dence of how circumspect I am be
fore giving up ancient maxims than 
to remind you of the experiment I 
recently made in your presence with 
two tubes, one inside the other, 
which demonstrates a vacuum in a 
vacuum. You saw that the quick
silver in the inner tube remained 
suspended at the same height as in 
the ordinary experiment, when it was 
counterbalanced and pressed by the 
weight of the whole mass of the air, 
and that on the contrary it all fell 
down without height or suspension 
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when because of the surrounding 
vacuum it was no longer at all pressed 
or counterbalanced by any air, which 
had been removed on all sides. 

"You saw afterwards that this 
height or suspension of the quick
silver increased or diminished as the 
pressure of the air increased or di
minished, and finally that all the dif
ferent heights or suspensions of the 
quicksilver were always proportion
al to the pressure of the air. 

"Certainly after this experiment 
one might well be persuaded that it 
is not the abhorrence of a vacuum, 
as we suppose, which causes the 
suspension of the quicksilver in the 
ordinary experiment, butthe weight 
and pressure of the air which coun
terbalances the weight of the quick
silver. But because all the effects of 
this last experiment with the two 
tubes, which are explained so natu
rally by the pressure and weight of 
the air alone, can yet be explained 
with some probability by the abhorr
ence of a vacuum, I hold to that an
cient maxim, resolved however to 
seek the complete clearing up of this 
difficulty by a decisive experiment. 

"I have thought of one which can 
of itself suffice to give us the light we 
seek if it can be carried out accurate
ly. It is to perform the ordinary vac
uum experiment several times on the 
same day, in the same tube, with the 
same quicksilver, now at the bottom 
and now at the top of a mountain at 
least 500 or 600 fathoms high [1 fath
om = 6feet] , tof indoutwhetherthe 
height of the quicksilver suspended 
in the tube will be the same or differ
ent in the two situations. Doubtless 
you already see that this experiment 
will decide the question, and that if 
it should happen that the height of 
the quicksilver is less at the top than 
at the bottom of the mountain (as I 
have many reasons for believing it 
will be, although all who have con
sidered this matter are against me), 
it will follow necessarily that the 
weight and pressure of the air is the 
only cause of the quicksilver's sus
pension and not the abhorrence of 
the vacuum, since it is perfectly cer
tain that there is much more air 
pressing down on the foot of the 
mountain than on its summit; 
whereas it could hardly be said that 

nature abhors a vacuum at the foot 
of the mountain more than at its 
summit." 

The Experiment 
The following year, on Sept. 19, 

M. Perier ascertained that the weath
er was clear enough to see the top of 
the mountain and therefore suitable 
to carry out the experiment. With a 
group of reputable witnesses, he 
then performed the experiment at 
the "lowest place in town," the gar
den of the Minim Fathers, at 8 a.m. 
in the morning. First, he poured into 
a vessel about 16 pounds of quick
silver. Then he placed two 4-foot 
tubes, sealed at one end and open at 
the other, into the vessel with the 
open end under water. He found that 
the quicksilver left in each of them 
was at the same level—26 inches. 

Then he and his witnesses climbed 
the mountain, about 500 fathoms, to 
perform the same experiment, where 
he found that only 23 inches of 
quicksilver was left in the tube. By 
doing the experiment a few times at 
varying altitudes, Perier was able to 
tell Pascal exactly how much the 
quicksilver varied per fathom. 

Pascal then duplicated the experi
ment in the city and achieved the 
same results. He noted: "This ac
count having cleared up all my diffi
culties, I do not conceal the extreme 
satisfaction it gave me. . . . [Now] all 
students of nature can make the test 
for themselves at their leisure. 

"Many consequences can be 
drawn from this experiment, such as: 

"A way of knowing whether two 
places are at the same level, that is, 
equidistant from the center of the 
Earth, or which of the two has the 
greater altitude, however far apart 
they may be, even if they should be 
each other's antipodes; which would 
be all but impossible by any other 
means. . . . 

"The unequal pressure of the air, 
which at the same degree of heat is 
always much greater in the lowest 
places." 

You can read more about Pascal's 
experiments with the weight of air in 
his "Treatise on the Weight of the 
Mass of the Air," in The Scientific 
Treatises by Blaise Pascal, published 
in English in 1952 by Encyclopedia 
Britannica, Inc. 

Does your dog get 
more out off your 
newspaper than 

you do? 
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The Morphology of the Electron 
by Winston H. Bostick, Stevens Institute of Technology and University of New 
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Missing Energies at the Pair Production by 
Gamma Quanta 
by Erich R. Bagge, Institute for Pure and Applied Nuclear Phvsics, University of 
Kiel, West Getmanv 
A theorv of beta decay without neuttinos. 

The Relation between Angular Momentum and 
Star Formation in Spiral Galaxies 
by L. Carrasco and A. Serrano, Institute of Astronomy, University of Mexico 
Star formation takes place in galaxies at places of low specific angular momentum, 
suggesting that structure at one level is dependent on differentiation at lower levels. 

New Frontiers in Biophysics 
bv James Frazer, Houston Medical Centet, M.D, Andetson Hospital 
The absorption and emission spectra of biological surfaces suggest long-range coher
ence in electromagnetic action as the basis fot numerous biological processes, with 
immediate implications for the treatment of cancer patients. 
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Nuclear Magnetic Resonance (NMR), in 
combination with the computer NASA uses 
for the Landsat satellite, provides these 
extraordinary views of a brain tumor. 
Varying the recording channels of the NMR 
machine can highlight different kinds of 
tissues, producing the life-like image in (a) 
from the images in (b) and (c). 

In This Issue 
A REVOLUTION IN MEDICINE 
Fundamental advances in medicine, from new laser 
developments to new understanding of the immune 
system, have brought medical science to a point where 
man can now conquer many of the leading killer diseases 
and significantly extend the productive human life span. 
As John Grauerholz and Wolfgang Lillge show, we have 
the medical knowledge and tools to tap the proverbial 
fountain of youth. 

PUTTING 'RISK' IN PERSPECTIVE 
The environmentalists and the liberal media have been 
waging a relentless campaign, especially since Three Mile 
Island, to convince Americans that life in modern 
industrial society is just too "risky" compared to a more 
primitive lifestyle. Dr. Bernard L. Cohen, a well-known 
expert on nuclear power, puts the concept of risk in 
perspective. 

NUCLEAR POWER REACTORS IN SPACE 
The SP-100 program to design nuclear power reactors 
for space may give the United States a second chance 
to commercialize breeder and high-temperature nuclear 
reactors. As Washington editor Marsha Freeman explains, 
these technologies were suppressed when the nation put 
its nuclear industry on the back burner, but now the SP-
100 program is likely to spin off further advances in fuel 
and materials for high-temperature fission reactors on 
Earth. 

Illustration by Christopher Sloan 

Artist's depiction of an SP-100 space nuclear power station attached 
to a Galileo-type spacecraft launched by the Space Shuttle and 
destined for Neptune. 
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