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Editorial 

Congress Must 
Fully Fund the SDI 
This editorial is adapted from testimony delivered by Paul Gal
lagher, executive director of the Fusion Energy Foundation, to 
the House Appropriations Subcommittee on Defense Appro
priations, May 15, 1985. 

The ful l funding level for SDI requested by the President 
for fiscal year 1986, $3.7 b i l l ion, is still dwarfed by demon
strable Soviet levels of manpower and expenditures on stra
tegic, air, tactical and civil defense. The President's request, 
in our judgment, is the absolute min imum level necessary 
for U.S. national security in the most crucial, frontier areas 
of military technology development, which are known to 
be such by the Soviet leadership. The President has provid
ed for an acceleration of the program to initial technology 
demonstrations. His request is the min imum level neces
sary to prepare to develop these ABM technologies, if the 
Soviets cont inue their provocative confrontat ion policy— 
as in their shooting down of a U.S. officer in East Berlin and 
their refusal to apologize or even forego new such killings 
as policy. 

U.S. to Cut Back While Soviets Accelerate? 
Those calling for cuts in the SDI program from both inside 

and outside of Congress have stated that their goal is to 
prevent the program f rom entering the stage of broad-scale 
technology demonstrations and tests, like the Homing Ov
erlay Experiment (HOE) demonstration July 11, 1984. The 
proposed House cuts in the requested funds wil l clearly 
accomplish this goal. 

These cuts wou ld prevent the Shuttle-based demonstra
tions of sensing, point ing, and tracking technologies; the 
complementary aircraft-based technology demonstra

t ions; the demonstrat ion of ground-based lasers and fab
rications technologies for large, segmented optics; and 
other technologies essential to developing principles of 
midcourse, boost-phase, and terminal defense. 

It is precisely this strategy of technology demonstrations 
under the SDI that has forced the Soviets to take the poten
tial of this U.S. effort seriously, and that has generated the 
interest of our allies in contr ibut ing their own capabilities 
to the effort. 

Furthermore, these demonstrations and tests of ABM 
technologies have been conducted by the Soviet military 
with increasing frequency for seven years! The continuous 
test ingand upgrading of the Soviet ABM interceptor system 
and of capabilities for making it a mobile national system, 
is an undeniable fact. The Soviet demonstration and testing 
of capabilities for a national ABM radar tracking system is 
an undeniable fact. 

U.S. satellite and other intell igence since the 1970s has 
shown this Soviet military testing: the f ir ing of ground-
based lasers at reentry vehicles; the f i r ing of ground-based 
lasers at objects in space; the relay of ground-based lasers 
f rom mirrors in orbit to submarines; the propagation of 
high-power electron beams in the atmosphere; the dem
onstration of high-power X-ray lasers wi th various pumping 
modes at sites administered by the Lebedev Institute; and 
possibly both point ing and tracking and mirror fabrication 
f rom the Salyut space stations. 

In fact, the design conceptions being pursued by the U.S. 
beam defense program for both the neutral particle beam 
and electromagnetic launchers were borrowed f rom pre
viously developed Soviet design conceptions. 

Soviet Defense Minister Sokolov, attacking the SDI in an 
interview on Soviet television May 6, stated that the Soviet 
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Union "is developing all of the advanced technologies for 
space," but has not yet used them to develop space weap
ons—Soviet code words for ABM weapons. Sokolov clearly 
impl ied to his Soviet audience that Soviet advanced tech
nology ABM defense is nearing the shift to weapons devel
opment , tesjting, and deployment. If Congress wou ld direct 
its attention to the Soviet policy discussions and writ ings 
other than those explicitly intended for the eyes and ears 
of the Congress, then Soviet ABM policy, including the 
suppression of the U.S. SDI, wou ld become clear to them. 

Soviet Beam Defense Deployment Documented 
The Secretary of Defense, in the most recent issue of its 

report Soviet Military Power, has compi led for Congress the 
evidence that the Soviet strategic high-power laser and 
neutral particle beam programs can reach the deployment 
of first layers of defensive weapons systems dur ing this 
decade. Even that first stage of deployment, if it is unilateral 
on the Soviet side, wou ld irreversibly establish Soviet stra
tegic superiority over the U nited States and hegemony over 
Europe and Asia. 

ABM defense centered on high power directed-energy 
and plasma weapons has been stated Soviet military doc
tr ine and policy since 1962. The history of the wri t ing of the 
1972 ABM Treaty shows that it was on Soviet insistence that 
ABM technologies using new and advanced physical pr in
ciples were exempted in the language of that treaty. The 
Soviets have never shown the slightest will ingness to de
flect f rom that course, spending ultimately half of their 
military budget on defense. 

In the face of that reality, a rollback in the fiscal year 1986 
SDI budget to the levels of the "Carter years" research 
program wou ld tell the Soviet command that it wi l l achieve 
its goal—military dominance over the U.S. and decoupl ing 
of its allies by 1988-1989. Congress is being told to cut the 
SDI by washed-up former government military and scien
tific officials, weapons advisors, and designers f rom the era 
of Mutually Assured Destruction (MAD)—individuals and 
groups who publicly joined the Soviet leadership to declare 
war on the beam defense program immediately in 1983— 
and by representatives of international bankers who de
mand that the United States relinquish sovereignty over its 
own credit system and national budget. 

Will Congress Achieve Soviet Hegemony? 
Anyone proposing now that we should not rapidly ex

pand the Strategic Defense Initiative to involve the entire 
Western alliance, exploit our lab, industry, and university 
capabilities fully, and at least match the Soviet beam weap
ons program in manpower and engineering experience, is 
proposing strategic disaster and capitulation by the alliance 
to the loud publ ic demands of the Soviet Union. Anyone 
proposing to do this " for reasons of fiscal constraints," is 
simply f inding an excuse to meet the brutal, daily repeated 
Soviet demand. 

For Congress to be stampeded by this International Mon
etary Fund pressure is Soviet policy. On Soviet national 
television March30, Russia's leading "U.S. expert," Georgii 
Arbatov, bragged to the Russian populat ion that the SDI 
would be sabotaged: " In the next spiral of the arms race, 

the Washington leadership has apparently made a very se
rious mistake. The . . . resources of the American economy 
have been overestimated and the scale of the arms race has 
exceeded its resources . . . it is an objective fact—the cur
rent level of military expenditure is a backbreaking burden 
for the U.S. economy. Appropriate modifications must be 
made." 

The fact is that the fiscal 1986 SDI budget request wou ld , 
for the first t ime, place the United States and NATO seri
ously into the defensive weapons technology race with the 
Soviet Un ion. Prior to the SDI, U.S. programs in this area, 
relative to the Soviet level of effort, were a joke, and the 
fiscal 1985 SDI program was reduced by Congress below 
the inflation-adjusted level of the previous programs. The 
fiscal 1985 program funds are now being obl igated, and 
spent, at a rate greater than the defense budget as a whole— 
recent fraudulent claims to Congress notwithstanding. 

Holding the Western Alliance Together 
The potential of the Strategic Defense Initiative is now 

the only thing holding the alliance wi th Western Europe 
and Japan together against overwhelming Soviet strategic 
superiority in these theaters. Wi thout the potential of the 
SDI, the deployment of the Pershing missiles in Europe 

The proposed House Armed Services Committee cuts in the 
fiscal year 1986 SDI budget request would remove the ca
pability of realizing demonstration prototypes in this dec
ade and prevent the realization of any significant level of 
industrial infrastructure for laser and optics hardware. 

THE SDI BUDGET REQUEST 
AND CUTS PROPOSED BY 

THE HOUSE ARMED SERVICES COMMITTEE 

Program 

Surveillance and 
Tracking 

House Proposed Cuts 
Directed Energy 

Weapons 
House Proposed Cuts 
Kinetic Energy Weapons 
House Proposed Cuts 
Systems Concepts, 

Battle Management 
House Proposed Cuts 
Survival, Lethality, 

Key Technology 
House Proposed Cuts 
SDIO Program 

Management 

Total budget request 
Total proposed cuts 

1984 

366.5 

322.5 

195.8 

82.7 

23.5 

8.0 

Year 
1985 1986 1987 
(in $ millions) 

546.0 1,386.4 1,874.9 
-496.0 

376.4 965.4 1,195.6 

- 240.0 

256.0 859.7 1,238.6 

-350.0 

99.0 243.3 272.5 

-70.0 

112.0 258.2 316.7 

-84.0 

9.2 10.0 

$3.7 billion 
$1.2 billion 
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would not have been politically possible. The SDI is also 
the sole reason for the Soviet presence at the Geneva ne
gotiations. These are well known facts among our European 
allies. They publicly state that they require two things: a ful l 
U.S. commitment to a program large enough to involve 
them in developing strategic, tactical, and air defense; and 
a ful l share in large-scale industrial technology spinoffs. 
West German military specialists have in fact begun to evolve 
a strategic design conception for the entire European thea
ter side of SDI, which they have informally t i t led the Tactical 
Defense Initiative. 

The European op in ion, communicated to U.S. military 
officials, is that the "sleeping giant" of American technolog
ical and industrial strength can be focused by the SDI, for 
the first t ime since the NASA Apol lo program, in order to 
accomplish a genuine economic and strategic recovery. 

The United States has requested aid for this program 
f rom its allies, in the form of national spending and private 
industrial participation. The allies, wi th the present excep
t ion of France, have offered this aid. Their participation and 
aid will be lost overnight if the expansion of the U.S. pro
gram is now canceled, for reasons that should be obvious 
to anyone who sees strategic programs in real terms, rather 
than through the haze of budgetary numerology. 

The SDI is a program developing the most advanced tech
nologies known to man, the universal tools of the next 
century, into defensive weapons technologies wi th almost 
immediate revolutionary impact on industry. Those deny
ing its "feasibil ity" are challenging the industrial wisdom of 
scientists, engineers, and high-technology firms through
out the West. They are also disagreeing wi th the leading 
laser scientists in the Soviet Union before March 23,1983, 
when they were all placed under state orders to lie about 
the subject. 

A Crash Program 
In all past American experience, such breakthroughs have 

been achieved by crash programs, conducted by the largest 
possible scientific and engineering task forces. Each such 
program has been opposed and decried by government 
advisors of all kinds. Each led to success in its immediate 
objective, and leaps forward in U.S. industrial/technologi
cal strength. 

If Congress cuts this program back, it is capitulating to 
Soviet demands and the blackmail of international f inan
ciers who are speculating in U.S. government deficit and 
debt instruments. It is also ignoring the clear evidence of 
Edison's electrification projects, Wor ld War I I , the Manhat
tan and Apol lo projects, and many other "crash programs" 
going back to the 1690s' smallpox vaccination program in 
the New England colonies—which was equally vehemently 
opposed. 

The SDI is on record proposing to develop these tech
nological breakthroughs for civilian as well as military pur
poses, through open as wel l as classified research, involv
ing the nation's major universities and small firms as well 
as national labs and aerospace firms. 

This effort depends on the fiscal 1986 budget request, not 
the pit i ful previous levels of research funding, which were 
so impotent that unti l 1983 the Soviets contemptuously 

published general reports of their own beam weapons re
search in their open literature. 

In addit ion to the funding of the SDI itself at levels of $5 
bi l l ion or more per year starting immediately, Congress 
should be providing industrial mobilization credits of at 
least an equivalent amount to SDI spending, in order rap
idly to develop the industrial base for the success of the 
program. The FEF has proposed detailed legislation for this. 

The Question of National Sovereignty 
Defense Secretary Weinberger stated in his internation

ally televised press conference on the SDI April 10, that 
International Monetary Fund "surveil lance" of U.S. budg
etary policy, including its defense budget, as demanded by 
the IMF and other agencies of the international private cen
tral banks and money center banks, wou ld be an intolerable 
loss of national sovereignty and a threat to national security. 

Yet, whether or not the Secretary is aware of this, the 
United States granted such surveillance to the IMF, in doc
uments agreed upon by Whi te House Chief of Staff James 
Baker at the IMF meeting in Washington Apri l 15. The U.S. 
dollar was driven down by those international banks and 
private "central banks" f rom 3.45 deutschemarks to 2.97 
deutschemarks dur ing March and early Apr i l , in order to 
enforce that demand. When the demand for "surveil lance" 
was met, the dollar was allowed to rise again, to 3.23 deut
schemarks as of this week. At the same t ime, the drive for a 
defense budget freeze and massive cuts in the request for 
SDI funds was launched, by Robert Strange McNamara and 
Clark Cl i f ford—both leading representatives of interna
tional credit agencies and investment banks—and by the 
Counci l on Economic Priorities, a project of the Rockefeller 
family and Chase Manhattan Bank since 1968. 

The opponents of the SDI budget have absolutely no 
basis for their "estimates" of how, why, and what strategic 
defense wi l l eventually cost. They are attacking the White 
House on behalf of the IMF and, in particular, Federal Re
serve chairman Paul Volcker. Volcker has been coming be
fore Congress demanding these defense budget cuts for 
four consecutive years, whi le himself bal looning the fed
eral deficit through his interest rate policies and their effect 
on the U.S. economy. He would wil l ful ly sacrifice U.S. na
tional security needs to the "condit ional i t ies" imposed by 
the IMF on international credit, just as other nations have 
been forced to sacrifice the means of economic develop
ment and subsistence itself to these "condit ional i t ies." 

Furthermore, these opponents have consciously col lud
ed wi th Soviet representatives to try to eliminate the SDI or 
roll it back to an impotent research program, whi le pursu
ing their own goal of taking the costs of international usury 
out of the U.S. defense budget. 

Congress, in the U.S. national interest, must do the op
posite. Congress must vote full funding for SDI technology 
research and development, and vote, in addit ion, industrial 
mobil ization credits to allow this science driver to have ful l 
impact on the U.S. industrial base. The wealth produced 
and revenues f lowing back to the Treasury from this effort 
wi l l more than pay for the expenditures, and can start a 
genuine U.S. industrial revival based on the frontier of 
technology. 
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greater understanding, new 
interpretations, new 
explanations for scientific 
phenomena that should 
become known and 
discussed. It is the IJFE 
editorial policy to give 
authors with a new concept 
a chance to defend their 
ideas and theses before 
acceptance for publication." 

—Dr. Robert J. Moon 
Editor-in-Chief 
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EXHIBITS of the manufacturers of lasers, accessories and systems will be conveniently located to insure a good flow 
of traffic. Information on booth space can be obtained as indicated below. 

THE ADVANCED PROGRAM OR OTHER INFORMATION including exhibit brochures can be obtained by writing: 
LASERS '85, P.O. Box 245. McLean, VA 22101 or call (703) 642-5835 



News Briefs 

The FEF's Tennenbaum: Spain should 
participate in the SDI. 

100 SPANISH LEADERS ATTEND FEF BRIEFING O N SDI 
An impressive grouping of Spain's leaders gathered in Madrid Apri l 25 to hear 

a brief ing on the implications of President Reagan's Strategic Defense Initiative 
for the defense of Europe. The br ief ing, sponsored by the Fusion Energy Foun
dation and the weekly Executive Intelligence Review (EIR), drew 100 represen
tatives of the Spanish Defense Ministry, members of parliament, top represen
tatives of the Spanish Navy and Air Force, laser scientists, technical experts f rom 
Spanish industries, diplomats, and the national press. 

Dr. Jonathan Tennenbaum, who heads the FEF organization in Europe, gave 
an in-depth presentation on the latest scientific and technological break
throughs in the U.S. beam defense program, whi le Michael Liebig, strategic 
expert for the EIR in West Germany addressed the question of the future of 
Europe and Spain, in particular. Liebig called on Spain to join West Germany 
and other European countries in a crash program to develop beam defense 
against Soviet short- and medium-range missiles. 

The brief ing also featured a 30-minute videotape on the beam defense pro
gram by FEF board member Lyndon H. LaRouche, Jr. This paid-political broad
cast was shown on national television on election eve in 1984, when LaRouche 
was an independent Democratic candidate for President. 

Holding a photo of von Braun are his 
former colleagues Dr. Eberhard Rees 
(left) and Konrad Dannenberg (right), 
who worked with him at Peenemunde 
and Marshall Space Flight Center. 

LT. GENERAL ABRAHAMSON HITS WASHINGTON POST LIES O N SDI 
After the Washington Post asserted in a May 12 news story that the Strategic 

Defense Initiative Off ice had shelved directed-energy systems research in favor 
of a " two-generat ion" program based on kinetic energy weapons, SDI head Lt. 
Gen. James A. Abrahamson minced no words in letting the public know that the 
Post was wrong : "The Washington Post story on May 12 that claims that the 
SDIO has concluded that space-based lasers are 'beyond technical reach for the 
forseeable future' is a misinterpretation of both fact and op in ion. This negative 
conclusion is not correct. The SDIO is optimist ic about many of the advanced 
technology systems, including lasers and other directed-energy weapon sys
tems. We believe that our programs to date justify that opt imism," Abrahamson 
said. 

NBC network news went even further than the Post in a news piece that 
claimed that Abrahamson supports a " two-generat ion" approach to research 
and deployment, a point that Abrahamson specifically refuted in his press state
ment: "No [we don' t need a two-generation approach] . . . a much better way 
is to have a mixture." 

"The ultimate disservice of the Posf art icle," Abrahamson said, "is to twist 
progress on several fronts into an implication for potentially increased costs." 

U.S. MUST SHUT DOWN THE OSI, FREEMAN TELLS PRESS CONFERENCE 
"All of the supposed evidence presented by the Off ice of Special Investiga

tions against German scientist Arthur Rudolph has come either f rom the KGB or 
East German intell igence agencies. Our investigations have found that there are 
now hundreds of German-American scientists under investigation by the OSI. 
The Fusion Energy Foundation has called for congressional investigation of the 
OS!, and shutt ing it d o w n . " 

Wi th this charge, Fusion Washington editor Marsha Freeman put on notice a 
gaggle of press at a press conference of some 30 German scientists gathered at 
the space research center at Huntsvil le for a 40-year reunion of their work in the 
United States. "The witch-hunt against the leading space scientists of the United 
States is nothing less than a Soviet plot to destroy the military-scientific accom
plishments of the United States," she said. Wi thout these German.scientists, 
Freeman said, the U.S. rocket program and space program would not exist. 
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Among the press present was one Linda Hunt, author of an article in the Apri l 
issue of the Bulletin of the Atomic Scientists t i t led "U.S. Coverup of Nazi Sci
entists," in which she attacks Wernher von Braun and Rudolph, who led the 
development of the Saturn V rocket and designed the Pershing 1. 

THAI COMMUNICATION MINISTER ANNOUNCES KRA CANAL STUDY 
Thai Communications Minister Samak Sundaravej announced in a press con

ference May 1 in Bangkok that a feasibility study for the construction of a canal 
through the Kra Isthmus wou ld be carried out by the Mitsubishi Research Insti
tute of Japan, the Fusion Energy Foundation of Washington, and the TAMS 
consult ing f i rm of New York. The canal, crossing the Isthmus of Kra in southern 
Thailand, wou ld link the Andaman Sea and the Cul f of Thailand. Plans drawn up 
for the project in 1973 show that the canal wou ld save four days' shipping t ime, 
and that Thailand's east coast city of Songkla could be turned into a Southeast 
Asian superport. 

TAMS carried out an engineering feasibility study for the canal in 1973, but the 
project was shelved after the 1973-1974 oil crisis. The Fusion Energy Foundation 
launched a renewed drive for the canal in September 1983, wi th a series of 
conferences. The Kra Canal project has now become a major issue of policy 
planning not only in Thailand, but also in Japan. The canal is one of the projects 
designated in the Global Infrastructure Fund proposal of Masaki Nakajima, 
former board chairman of the Mitsubishi Research Institute. 

DIABLO CANYON BEGINS COMMERCIAL OPERATIONS 
California's Diablo Canyon nuclear power plant in California began commer

cial operations early May 7, generating about 1.1 mil l ion kilowatts of electricity. 
The plant had been stalled for more than 10 years by environmentalist attacks, 
egged on by former California governor Jerry Brown. "We have achieved a goal 
that has been underway for some 17 years," said Ron Weinberg, a spokesman 
for Pacific Gas and Electric. "It 's a tr ibute to persistence." He also reported "just 
a smile or two as we approached ful l power." 

Samak Sundaravej, shown here ad
dressing a Bangkok conference on the 
Kra Canal jointly sponsored by the Thai 
Communications Ministry and the FEF. 

FUSION AIRPORT SLOGANS HAVE LONG LIVES 
The Italian magazine Espresso ran an interview wi th Italian Science Minister 

Renato Altissimo Apri l 21 and asked him about the alleged "danger nuclear 
energy represents for people who live near a nuclear plant." Altissimo repl ied, 
"I will answer wi th an American slogan: More people have died in Ted Kennedy's 
car than in a nuclear plant." 

INDIA'S DEPARTMENT OF SPACE ANNOUNCES SATELLITE LAUNCH DATE 
India wil l launch its first 150-kilogram satellite in the indigenously designed 

and built Augmented Satellite Launch Vehicle in September, the Department of 
Space announced. The three-month delay in launch is the result of heavy dam
age at the launch center at Sriharikota f rom a cyclone that r ipped the coast of 
Andhra Pradesh last year. 

LOUSEWORT LAURELS AWARD TO NATIONAL ACADEMY OF ENGINEERING 
This month's Lousewort Laurels award goes to the National Academy of Engi

neering for its recent report on the U.S. Steel Industry concluding that the 
industry "probably wou ld never again reach the levels of product ion or employ
ment it once enjoyed." The report, prepared by a study panel in conjunct ion 
with the National Research Counci l , suffers f rom the fatal flaw of th inking small. 
Emphasizing "inevitable shrinkage," the panel notes, "As any economy matures, 
its demand for steel decreases." 
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Washington 

Weinberger on Soviet Military Power: 

Soviets Are Ready for 
Missile Defense 'Breakout' 

In an early morning press confer
ence April 2, especially designed to 
reach a Western European audience, 
Secretary of Defense Caspar W. Wein
berger presented the fourth Pentagon 
edition of Soviet Military Power 1985 
and some startling facts confirming the 
Soviets' breakout of the 1972 Anti-Bal
listic Missile Defense Treaty with both 
conventional and beam weapon sys
tems. 

According to data and photographs 
reported publicly for the first time by 
Secretary Weinberger, the Soviets seek 
a "monopoly" on missile defenses and 
they are completing a nationwide con
ventional ABM system that could "be 
operational in the late 1980s." Further, 
Weinberger said, "they have pro
gressed beyond technology research 
and they're actually developing pro
totype laser weapons . . . for ballistic 

missile defense by the late '80s," while 
simultaneously maintaining the larg
est offensive weapons buildup in his
tory. 

Soviets Preparing Beam Defenses 
Contrary to some news reports, both 

the Secretary and the Pentagon publi
cation described in stark detail Soviet 
programs for early deployment of ad
vanced beam weapon missile defen
ses that the Soviet Union has been 
working on for more than 20 years. 

Soviet Military Power reports: " By the 
late 1980s, the Soviets could have pro
totypes for ground-based lasers for 
ballistic missile defense. . . . The many 
difficulties in fielding an operational 
system will require much develop
ment time. . . . However, with high 
priority and some significant risk of 
failure, the Soviets could skip some 
testing steps and be ready to deploy a 

The Soviets seek a "monopoly" on 
missile defenses and are "actually de
veloping prototype laser weapons . . . 
for ballistic missile defense by the late 
1980s," Defense Secretary Weinberger 
told a Washington press conference 
April 2. Here Weinberger points to an 
illustration of a facility testing the SS-
X-25 ICBM—a Soviet violation of SALT 
II. 

ground-based laser BMD [Ballistic 
Missile Defense] by the early-to-mid-
1990s. . . . Soviet programs for the de
velopment and application of direct-
ed-energy technologies to strategic 
defense have been very vigorous in the 
past and will continue to be so in the 
future, irrespective of what the U.S. 
does about new strategic defense ini
tiatives." 

Weinberger emphasized this point 
using illustrations of Soviet sites: 
"Some of the most important data in 
the book relate to laser technology. 
The Soviet Union's high energy laser 
program is now much larger than the 
U. S. effort. It involves more than half 
a dozen major research and develop
ment facilities and test ranges, and the 
one shown here is at Sary Shagan. It 
has about 10,000 scientists and engi
neers devoting full time to this proj
ect." 

"The importance of it, of course," 
Weinberger continued, "is that they 
have progressed beyond technology 
research and they're actually devel
oping prototype laser weapons. 
They've already got ground-based las
ers that can be used to interfere with 
American and allied satellites. And they 
could have prototype space-based an-
tisatellite laser weapons by the end of 
the decade. They could have proto
types for ground-based lasers for bal
listic missile defense by the late 
1980s. . . . 

"These are the systems that the So
viets are doing everything they can to 
block the Americans from proceeding 
in, and it's quite obvious why they are 
doing that. It's because they are not 
only doing it themselves, but they've 
made very great progress, and they 
clearly want a monopoly in this 
field. . . . And even as they move ahead 
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in the ground-based and eventua ly 
space-based laser systems that are the 
heart of the Strategic Defense Initia
tive, they are work ing also on systems 
that interfere wi th U.S. and allied sat
ellites. 

"Meanwhi le, they're doing more 
than research. They cont inue to main
tain the world's only antisatellite sys
tem." 

'No Counterpart in the West' 
In terms of realizing the key tech

nological base for full-scale laser 
weapon deployment, the Soviets have 
apparently demonstrated one of the 
essential ingredients: a l ightweight, 
mobi le, and compact means of high-
power electr ici tygeneration. As point
ed out in Soviet Military Power, the So
viets "have developed a rocket-driven 
magnetohydrodynamic (MHD) gener
ator which produces 15 megawatts of 
short-term electric power—a device 
that has no counterpart in the West." 

The Soviet Union has long had the 
world's largest M H D development 
program. By actually constructing an 
MHD system that directly converts the 
high-power heat and thrust of rocket 
engine exhaust gases into intense 
pulses of electricity, the Soviet Union 
has perfected a compact beam power 
supply that can be used both on Earth 
and in space to power laser and parti
cle beam systems. 

In respose to a question about the 
Soviet nuclear-bomb-powered X-ray 
laser program, Weinberger comment
ed : "There are a lot of things that we 
were not able to put in the book. We 
have in the book . . . the maximum 

amount that can be published in this 
unclassified fo rm. " 

Offense and 'Civil Defense' 
At the same time that the Soviets are 

spending more on strategic defense 
than the United States, the Soviet nu
clear offensive buildup is awesome. For 
example, Weinberger revealed: "Ac
tivities at the ICBM test range indicate 
that two additional ICBMs are under 
development. . . . One . . . is likely to 
replace the SS-18," the monster battle 
queen of the Soviet nuclear missile 
force. This means that the Soviets wi l l 
have developed and deployed four 
new types of ICBMs wi th in the same 
period that it has taken the United 
States to develop and bui ld one—the 
MX Peacekeeper. 

Most sobering is the Soviet "civil de
fense" program, which is 700 times 
larger than that of the United States. In 
fact, whi le this nation is destroying its 
basic steel-making capacity by actually 
demolishing blast furnaces across the 
country, the Soviet Union is uti l izing 
its twofold greater steel output to build 
a "comprehensive and redundant sys
tem, composed of more than 1,500 
hardened facilit ies" for "175,000 key 
personnel" and "extensive sheltering 
in or near urban areas" for the general 
populat ion, according to the Pentagon 
publ icat ion. 

Soviets Violate 1972 ABM Treaty 
Both Weinberger and the 4th edi

t ion of the U.S. Defense Department's 
official review, Soviet Military Power 
1985, demonstrate how the Soviet 
Union is continuing its buildup of more 
conventional ABM, antimissile missile 

The Soviet large phased-array, early warning, and ballistic missile target-tracking 
radar at Krasnoyarsk—a violation of the ABM treaty. 

defenses and the radars that guide 
them, in direct violation of the U.S.
Soviet 1972 ABM treaty. 

In particular, Weinberger refuted 
some published reports that the new 
Soviet radar is not an ABM radar: "The 
new large, phased array radar for bal
listic missiles, early warning, and tar
get tracking under construction at 
Krasnoyarsk that you see here, a whole 
series of those well inside the perime
ters of the Soviet Union, is designed to 
close the final gap in their o ld radars 
and their modern, phased array radar 
network. . . . 

"This new radar violates the 1972 
ABM treaty. It is not located on the 
periphery of the Soviet Union. It's not 
pointed outward—and this complete 
network of these radars to provide tar
get tracking data for ABM deploy
ments beyond Moscow, which of 
course is another of the violations of 
the treaty. It probably wi l l be opera
tional in the late 1980s." 

Soviet Military Power elaborates on 
this: "The new, large phased-array ra
dars under construction in the 
U.S.S.R., along wi th the HEN HOUSE, 
DOC HOUSE, CAT HOUSE, and pos
sibly the Pushkino radar, appear to be 
designed to provide support for such 
a widespread ABM defense sys
tem. . . . In addi t ion, the Soviets are 
deploying one surface-to-air missile 
system, the SA-10, and are fl ight test
ing another, the mobi le SA-X-12. The 
SA-X-12 is both a tactical SAM and an-
titactical ballistic missile. It may have 
the capability to engage the LANCE and 
both the Pershing 1 and Pershing 2 bal
listic missiles. The SA-10 and SA-X-12 
may have the potential to intercept 
some types of U.S. strategic ballistic 
missiles as wel l . These systems could , 
if properly supported, add significant 
point-target coverage to a widespread 
ABM deployment." 

In summary, Secretary Weinberger 
emphasized: "If the Soviets should get 
a kind of defensive system that we are 
doing the research on now, and I say 
they've been work ing on it a lot longer 
than we have and in some areas are 
ahead of us, then you have a very much 
more dangerous wor ld in which stabil
ity wou Id not be one of the factors that 
you'd be permitted to talk about any 
longer. . . ." 

—Charles B. Stevens 
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Fusion Report 

Fusion by 1990: 
The Sandia Ion Beam Program Can Do It! 

Recent experimental results at San
dia National Laboratories demonstrate 
that light ion beam accelerator devices 
can deliver considerably more than the 
power necessary for achieving high-
gain fusion energy—mill ions of joules 
at power densities of 10,000 tr i l l ion 
watts per square centimeter. This 
means that commercial fusion energy 
wi th an inertial conf inement fusion 
device can be realized by the 1990s, 
despite the general curtai lment of the 
U.S. fusion research budget over the 
past eight years. 

Dr. J. Pace VanDevender, pulsed 
power sciencesdirectorat Sandia, and 
Professor Ravindra N. Sudan, director 
of the Cornell University Laboratory of 
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Plasma Studies, discussed the experi
mental and theoretical advances un
derlying this happy prognosis at the 
Apri l 17-19 conference at the Roches
ter University Laboratory for Laser En
ergetics. 

Sudan showed that experiments with 
high-current ion beam pulses over the 
past decade have demonstrated that 
such pulses act contrary to the simple-
minded pictures presented by anti-
beam-weapon spokesmen like Kosta 
Tsipis at the Massachusetts Institute of 
Technology. First, instead of dif fusing, 
high-current ion beam pulses tend to 
self-focus nonlinearly to higher power 
densities. Second, weak magnetic 
fields do not interact and change the 
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trajectory of such high-current beam 
pulses. Tsipis and other critics say that 
these results are " impossible." 

Well Beyond Breakeven 

At the Rochester meeting, Van
Devender reviewed experiments on 
Sandia's Proto I device in which 1.5 tr i l 
l ion watts per square centimeter were 
delivered to a target in May 1984. This 
spring, Sandia's Particle Beam Fusion 
Accelerator I, PBFA I, delivered an 8-
tr i l l ion watt pulse onto a spot 4.0 to 4.5 
mill imeters in diameter. This demon
strated that the Sandia light ion beam 
focusing process maintains itself as the 
current is increased. 

Proto I puts out a 1.4 mil l ion volt and 
.4 mil l ion amp beam; PBFA I operates 
at 2 mil l ion volts and 4 mil l ion amps. 
PBFA's successor, PBFA I I , wi l l dem
onstrate scaling with voltage, because 
its l i thium ion beam wi l l have 30 mi l
lion volts and 5 mil l ion amps. PBFA II 
wi l l begin operation in January 1986, 
and fusion target experiments are 
scheduled for early 1988. 

The recent experimental successes 
demonstrate that PBFA II has the po
tential for exceeding its original design 
specifications by a factor of 100. Thus, 
PBFA II wi l l be able to go well beyond 
fusion breakeven, for which it was 
originally designed. 

The Sandia program is among the 
youngest in the fusion f ield. Beginning 
in the early 1970s and making use of 
electron beam accelerators, which 
were otherwise being util ized to pro
duce intense bursts of X-rays in order 
to simulate nuclear weapon effects, the 
Sandia pulsed power effort has placed 
itself at the forefront of fusion re
search and on the br ink of realizing 
commercial fusion. In little more than 
a decade, Sandia converted the inher
ently high efficiencies and low costs of 
oi l- and water-insulated pulsed-power 
capacitors and Blumleins into the 
front l ine fusion program, although it 
has just a minute fraction of the pro
gram's resources. 

Fusion Report 

PBFA'S LIGHT ION BEAM DIODE IN CROSS SECTION 
This diode, tested on PBFA I, consists of a negative cathode (left-hatched 
area) and a positive anode (right-hatched area). The geometry and mag
netic fields of the diode produce ion beams that propagate toward the 
target at the center. The aiming mesh is transformed into a plasma as the 
ion beam passes through it. This plasma acts as a virtual cathode to focus-
but not stop—the ion beam as it travels toward the target. 



At right, artist's cutaway 
drawing of Sandia's PBFA-
II fusion accelerator, the 
device expected to reach 
better than breakeven be
fore 1990. The target cham
ber is at the center. The 
model (below) of the PBFA-
II shows the oil section 
(containing Marx genera
tors) at far right; the water 
section (containing cylin
drical components of pulse 
forming lines section and 
flat, leaf-like transmission 
lines); vacuum interface 
(with conductor stack con
ductors separated by lucite 
rings); and diode area at far 
right. 

The scientist most responsible for 
this is the former director of pulsed 
power at Sandia, Dr. Ceroid Yonas, 
who is now the deputy director and 
chief scientist for the Strategic De
fense Initiative. 

How the PBFA Works 
In order to achieve high-gain inertial 

confinement fusion needed for com
mercial power generation, it is neces
sary to deliver energy pulses contain
ing mill ions of joules at power densi
ties of several hundred tr i l l ion watts 
per square centimeter to a small target 
containing hydrogen fusion fuel . 
Hundreds of mill ions of joules of fu-

sion energy are generated in the re
sulting microexplosion; hence, the 
term high gain. 

In many ways, the Sandia particle ac
celerators are no more complicated 
than an ordinary spark plug and look 
very much the same—on a much larger 
scale. The accelerator experiments be
gin with a large, high-voltage pulse of 
electrical current lasting tens of bi l -
lionths of a second. This is delivered 
to two pieces of metal that are separat
ed by a vacuum—a kind of glorif ied 
vacuum tube diode. One metal piece 
is called the anode because it has a 
positive electric charge, and the other 
the cathode because of its negative 
charge. 

Ordinar i ly, when the high-voltage, 
high-current electrical pulse arrives at 
the diode, electrons would be accel
erated f rom the cathode to the anode 
and positive ions wou ld be accelerat
ed from the anode to the cathode. Be
cause the electrons are thousands of 
times l ighter than ions, they make it 
across first, thus generating an elec
t ron beam. A thin fo i l , properly placed 
at the anode, permits the electron 
beam to pass out of the machine. 

Alternatively, if a magnetic field is 
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Los Alamos, EG&G 
Report New Data for 
Muon-lnduced 'Cold' Fusion 

placed across the cathode—a method 
originally suggested by fusion scientist 
Dr. Friedwardt Winterberg at the De
sert Research Lab in Reno, Nev.—the 
lighter electrons wi l l become trapped 
and prevented f rom proceeding to the 
anode. In this case the positive ions 
wi l l make it across first, and a high-
current, intense ion beam wi l l be 
formed. 

In addit ion to properly arranging the 
geometry of the diode to permit the 
formation of a focused ion beam, a 
transparent plastic mesh is introduced 
between the cathode and anode. This 
mesh is transformed into a plasma— 
the ionized state of matter—when the 
electric pulse arrives at the diode. The 
plasma mesh acts as a "virtual cath
ode, " which evens out the intense 
electric f ield wi th in the diode and 
therefore results in an even accelera
t ion of the ions. Thus, the chief mov
ing parts of the Sandia particle beam 
accelerators are a plasma! 

Another plasma-engineered im
provement is to use intense bursts of 
extreme ultraviolet radiation to pre-
ionize the surface of the anode. This 
allows the more efficient and rapid for
mation of the ion beam when the elec
trical pulse arrives. 

Commercial Prospects 
Although many technical hurdles re

main for convert ing the scientific dem
onstration of light ion beam fusion into 
a practical, economical power plant, 
the pulsed-power technology upon 
which this approach to fusion is based 
has made major advances over the past 
decade, and the Strategic Defense Ini
tiative should accelerate this rate of 
progress. Pulsed power has always op
erated wi th high efficiencies—better 
than 30 percent of the input electrical 
power is converted into ion beam out
put. Already advances in high-power 
switching are clearing the way for 
achievingthe rapid refiring rates need
ed for power plants. 

The most significant problem to 
solve is that of propagating the ion 
beam over a sufficient distance in or
der to decouple the beam generating 
diode from the fusion microexplo-
sion, and here the cont inuing work on 
the beam defense program is point ing 
to solutions. In any case, the future for 
light ion beam fusion is bright. 

—Charles B. Stevens 

Los Alamos National Laboratory in 
New Mexico and EG&G in Idaho report 
that the latest experiments wi th muon-
induced fusion have increased the 
number of fusion reactions produced 
by just one muon from 100 to 160. And 
the scientists carrying out these exper
iments expect to soon increase this 
number to more than 300. 

More significant, the Los Alamos ex
perimental results are demonstrating 
new atomic and molecular processes 
not predicted by the currently accept
ed theory, indicating that the efficien
cy of muon-catalyzed fusion can be 
substantially increased above even 
these levels. Simultaneously, acceler
ator scientists at Lawrence Livermore 
National Lab and Los Alamos are de
veloping new technology and tech
niques that promise to decrease the 
energy cost of muon generation by as 
much as a factor of 100. The combined 
result wou ld produce substantial en
ergy gain for muon-catalyzed fusion. 

Scientists f rom Los Alamos National 
Lab and EG&G presented the latest re
sults f rom experiments with muon-
catalyzed fusion at the Washington, 
D.C. spring meeting of the American 
Physical Society in Apr i l . 

How Muon Fusion Works 
Until a few years ago, it was believed 

that no more than one fusion reaction 
could be catalyzed by one muon . But 
last year, experiments sparked by a new 
theory developed by Soviet scientists, 
showed that a single muon wou ld cat
alyze more than 100 fusion reactions. 

Ordinari ly, generating nuclear fu
sion reactions requires heating hydro
gen fuel to tens of mill ions of degrees 
Celsius. But by using muons—short
l ived, heavy electrons that are pro
duced in charged particle beam accel
erators^—as a catalyst, "co ld" fusion can 
be produced in molecules at temper
atures of less than a few thousand de
grees. 

When ions are accelerated to ex

tremely high velocities and energies 
and col l ide, they disintegrate into a 
large number of subnuclear entities 
often misnamed "elementary parti
cles." These collision-generated enti
ties are usually short-l ived. Chief 
among them are mesons, which rap
idly decay into muons, which have life
times no more than a few mil l ionths of 
a second. The muon then decays into 
a stable electron. 

Before it decays, however, the muon 
acts like a heavy electron, weighing 
about 200 times more. When the muon 
takes the place of an electron in an 
atom, its atomic orbit is hundreds of 
times smaller, because of its greater 
mass. This makes the atom much 
smaller. For example, if people had 
muons instead of electrons in their at
oms, they would be only about a half 
an inch tall. 

In the experiments at the Los Alamos 
Meson Physics Facility, the accelera
tor-generated muon beam is injected 
into a metal chamber containing l iquid 
hydrogen fusion fuel ; that is, the heavy 
isotopes of hydrogen, deuter ium and 
t r i t ium. 

The muon replaces an electron in a 
tr i t ium atom. This small atom then res
onantly penetrates a deuter ium-deu
terium or deuter ium-tr i t ium molecule 
wi th in 5 bi l l ionths of a second. The 
smaller orbit of the muon causes the 
two nuclei of the deuterium and tr i t i
um in the molecule to come closer to
gether, producing nuclear fusion 
within a tri l l ionth of a second. The small 
orbit of the negatively charged muon 
"shields" the two positively charged 
nuclei f rom their large, mutual elec
trostatic repulsion. 

Latest Research 
In determining the efficiency of 

muon-catalyzed fusion—the number 
of fusion reactions generated per 
muon—both the dynamics of the for
mation of muon atoms and molecules, 
and the various paths by which the 
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Los Alamos National Laboratory 

Particles receive their first boost in energy (to 750 keV) in this Cockcroft-Walton 
generator at the Los Alamos Meson Physics facility. 

muon can leak out of the reacting 
chamber must be fully explored. 

It was initially believed that upwards 
of 1 percent of the muons would be 

Fusion Report 

carried out of the reaction chamber by 
fusion reaction products in a loss pro
cess called alpha sticking. But the Los 
Alamos experiments now show that the 

alpha sticking fraction is less than one 
third of 1 percent. 

In terms of atomic and molecular 
processes, the Los Alamos investiga
tions have conf i rmed the Soviet theory 
of rapid, resonant molecular forma
t ion. And it has been found that the 
rate of molecular formation continues 
to increase wi th increasing fuel tem
perature and density. In particular, the 
molecule formation rate increases with 
increasing concentration of t r i t ium. 

Most significant, Los Alamos scien
tists have discovered new, beneficial 
molecular processes that are not pre
dicted by the Soviet theory. It was pre
viously believed that muonized atoms 
would have to significantly slow down 
by col l iding wi th other atoms before 
they could resonantly penetrate hy
drogen molecules. 

This slowing down took up valuable 
t ime in the short life of the muon. But 
Los Alamos results show that muon
ized atoms do not have to slow down 
to penetrate molecules. 

More generally, these careful Los 
Alamos measurements are detecting an 
altogether new array of atomic and 
molecular processes involved in muon-
catalyzed fusion—many of which al
ready appear to have the potential to 
lead to major improvements in the ef
ficiency of muon fusion. 

Future Prospects 
Although many practical problems 

must be overcome to attain economi
cal muon-catalyzed fusion energy gen
eration, the Strategic Defense Initia
tive is already producing significant 
technological spinoffs that are making 
progress toward this goal. For exam
ple, Dr. Steve Jones of EC&C reported 
on efficient, high-current particle beam 
accelerators like the Los Alamos RFQ, 
and there are innovative muon-pro-
duct ion techniques being investigated 
by Lawrence Livermore's Dr. George 
Chapline, the scientist who received 
the Lawrence Prize for developing the 
X-ray laser. 

It is likely that economic feasibility 
wi l l first be demonstrated for using 
muon-catalyzed fusion as part of a fis
sion fuel breeding facility. There both 
the muon fusion and the accelerator-
generated neutrons wou ld be used to 
"breed" fuel for existing nuclear fis
sion electric power reactors. 

—Charles B. Stevens 
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Beam Technology Report 

Los Alamos National Laboratory 
Aurora put out 10,500 joules of .248-micron "blue " ultraviolet laser light within 
500billionths of second—a power of approximately 20 billion watts. Its efficiency 
and high repetition rates make it a prime candidate for laser fusion and missile 
defense. Shown is the first burst of blue light from Aurora. 

Aurora Laser Hits 
Record 20-Billion Watts 

The Aurora laser at Los Alamos Na
tional Laboratory has achieved a re
cord output of 10,500 joules at a power 
level of about 20 bi l l ion watts. This ad
vance, announced by Dr. Damon 
Giovaniell i , deputy associate director 
for fusion research and applications at 
Los Alamos, can immediately lead to 
the high-power systems needed to 
harness nuclear fusion energy and 
provide a reliable defense against nu
clear-tipped missiles. 

In addit ion to furnishing the tech
nology for these major applications, 
the Aurora krypton f luoride excimer, 
"the largest ultraviolet laser of its kind 
in the wo r l d , " wi l l also provide the es
sential tool for research on the scien
tific frontiers of laser chemistry, X-ray 
laser development, and nonlinear 
spectroscopy. 

Giovanielli presented the details of 

this advance in eff icient, low-cost, 
short-wavelength lasers at the April 19 
technical symposium at the University 
of Rochester on "Lasers and Particle 
Beams for Fusion and Strategic De
fense." 

How Aurora Works 
The Aurora is an electron-beam-

driven excimer laser in which krypton 
(Kr) and f luor ide (F) gas at high pres
sures are irradiated wi th a high-power 
electron beam. The incident electrons 
cause the Kr, and F2 molecules to ion
ize and re-form as excited KrF mole
cules or "excimers." Because of the 
high energy density of the KrF exci
mer, it lases at a high-frequency, short-
wavelength—.248 mill ions of a me
ter—which is virtually at the limits of 
what ordinary optics (mirrors and len
ses) can reflect and transmit. 

The shorter the wavelength of a las

er, the longer distance over which it 
can be tightly focused and the more 
intensely it wi l l interact wi th matter. As 
a direct result of these propert ies, and 
the fact that it can reach 10 percent 
operating efficiencies wi th extremely 
high repetit ion rates (hundreds to 
thousands of shots per second), the 
KrF excimer laser is one of the best 
candidates for both laser fusion power 
plants and missile defense. 

In the latest experiments, Aurora put 
out 10,500 joules of .248-micron "b lue" 
ultraviolet laser light wi th in 500 bi l -
l ionths of a second—a power of ap
proximately 20 bi l l ion watts. Los Ala
mos scientists plan to upgrade the las
er's power 48-fold in the near future 
using the concept of multiplexing. The 
idea is that the single 500-billionths-of-
a-second laser pulse wi l l be broken up 
into 4810-billionths-of-a-second pulses 
that can be optically directed to arrive 
simultaneously at a target. In this way, 
the laser pulse is "compressed" in t ime 
48-fold, and its power density is in
creased 48 times. 

Missile Defense Applications 
Dr. Robert Hunter of Western Re

search Corporat ion, the chief contrac
tor on Aurora, reviewed at the Roch
ester meeting how optical multiplex
ing wil l primarily be util ized in laser 
fusion applications, whi le Giovanielli 
out l ined another approach to pulse 
compression that is slightly less effi
cient, but has major applications to 
missile defense—phase conjugation. 

Using the nonlinear interaction of 
an incident laser pulse with a gas, the 
gas can be transformed into an opt i
cally reflecting medium in which the 
"mi r ror " moves at the speed of light. 
This results in both laser pulse 
compression to higher powers and im
provement in the beam's optical qual
ity. Furthermore, this phase conjuga
t ion process can result in a shift ing of 
the laser light wavelength in order to 
attain the best wavelength for propa
gation through the Earth's atmo
sphere. 

Phase conjugation can be also be 
self-initiated. For example, the KrF las
er is operated in a low-power mode 
wi th a diffuse pulse output spread over 

Continued on page 19 
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National Labs Announce Advances 
In the Ultimate Laser: FEL 

Major advances in work to perfect 
the ultimate laser, the free electron 
laser or FEL, were announced by sci
entists f rom Lawrence Livermore and 
Los Alamos national laboratories at an 
April 17-19 symposium at Rochester 
University. The Livermore results in
dicate that a large, ground-based FEL 
prototype beam weapon, uti l izing or
bit ing mirrors, can be built before the 
end of this decade. Los Alamos re
vealed that thei rcompact FEL would be 
capable of being placed in space, but 
a prototype wil l probably be ready 
sometime later than that of the ground-
based Livermore FEL. 

The Livermore FEL is actually a laser 
amplif ier that greatly mult ipl ies the 
power of a conventional laser input. 
The Los Alamos system is a true FEL, 
which needs no other input. Both are 
based on convert ing highly accelerat
ed electron beams into laser light. 

The Livermore FEL amplif ier experi
ments are designed to demonstrate 
that laser light can be extracted rapid

ly, in a single pass, from the electron-
beam, whi le the Los Alamos system is 
based on relatively slow extraction of 
the laser light f rom an electron-beam 
passing continuously through the FEL. 
Livermore appears to have demon
strated the crucial concept of a "ta
pered wiggler," which is a prerequisite 
for significant ampli f icat ion. 

Space Basing 

The Los Alamos FEL, because of its 
relatively slow extraction, has a poten
tially high efficiency and can therefore 
make a compact system capable of 
being based in space. Recent Los Ala
mos experiments have achieved 10 
megawatt outputs, demonstrating the 
principles of the pure FEL concept at 
high powers. 

What makes the FEF the ult imate las
er is that it has the potential of master
ing the entire electromagnetic spec
t rum, providing an efficient means of 
defense as well as revolutionizing sci
ence and industry wi th its capability 
for molecular engineering. 

When an electric charge like an elec
t ron changes the direct ion of its mo
t ion , it generates an electromagnetic 
wave. For example, if many elec
trons—in other words, an electric cur
rent—are made to move back and forth 
between the ends of a 1-meter-long 
metal rod, this wi l l generate an elec
tromagnetic wave. In very general 
terms, the electromagnetic wave wil l 
have a 1-meter-long wavelength. To 
make shorter wavelengths, the anten
na—the rod—most be made smaller. 

In the FEL, a free electron beam is 
used instead of an antenna. Magnetic 
fields cause the electrons to oscillate 
(wiggle) back and for th. But when the 
electrons are relativistic, traveling at 
nearly the speed of l ight, the electron 
beam is relativistic and the size of the 
wiggle is relativistically contracted. This 
relativistic contraction shortens the ef
fective wavelength of the emitted elec
tromagnetic radiation. The same phe
nomenon wou ld occur if a regular an
tenna were moving at near the speed 
of l ight, but it is much easier to accel
erate free electrons to light speeds. 

The Livermore and Los Alamos FELs 
The main difference between the 

Livermore and Los Alamos FELs is that 
the Livermore system is not truly a free 

LAWRENCE LIVERMORE'S DESIGN 
FOR A FREE ELECTRON LASER FUSION 

POWER PLANT 
In this schematic drawing of a hypo
thetical power plant, up to 15 FEL am
plifiers converge on a fusion target. The 
wigglers consist of laser pipes sur
rounded by magnets. The laser pream
plifier subsystem consists of up to 15 
small krypton-fluorine lasers. The elec
tron source is a betatron. Preacceler-
ated electrons enter the betatron from 
a linear-induction accelerator, are ac
celerated, and exit into a switch ring. 
Magnetic switches in the ring divide 
the relatively long accelerator pulse into 
as many as 15 electron beam pulses. 
These shortened pulses are then mag
netically guided into the wiggler. 
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electron laser; instead, it is used only 
to amplify a laser beam generated by a 
more conventional laser, such as the 
KrF (krypton f luorine). The Livermore 
FEL amplif ier is designed so that the 
input laser beam can extract a great 
deal of energy f rom the relativistic 
electron beam in a single pass through 
the FELwiggler. 

In contrast, The Los Alamos FEL is a 
true free electron laser. Only a small 
port ion of the input relativistic elec
t ron beam is transformed into electro
magnetic radiation. This laser output 
is then trapped between two mirrors 
and the beam is recirculated so that 
many passes are made through the las-
ing wiggler chamber. When the pulse 
reaches sufficient power levels, it is 
optically switched out of the chamber. 

The repetitive extraction and bui ld
up process of the Los Alamos FEL makes 
it potentially far more efficient and 
compact. 

Recent Breakthroughs 
The Livermore FEL has scored a 

number of recent breakthroughs. Uti
l izing the Experimental Test Accelera

tor, earlier this year Livermore scien
tists demonstrated the principles of 
high-power FEL amplifiers in experi
ments at microwave wavelengths. 

More recently, Livermore has car
ried out experiments that appear to 
demonstrate that a " tapered" wiggler 
works. Because the Livermore system 
is based on a large extraction of the 
electron beam's energy in a single pass, 
the electrons are going to be signifi
cantly slowed down as they move 
through the wiggler. 

The FEL wavelength output depends 
on the electron velocity and magnetic 
field strength. Therefore, to keep the 
output at the same wavelength as the 
electron slows, it is necessary to in
crease the wiggler magnetic field 
strength—that is, to actually decrease 
the "wavelength" of the electron os
ci l lat ion. This means that the actual 
wiggle of the relativistic electron beam 
follows a tapered, conical path that rel-
ativistically is transformed into an even-
wavelength cylindrical path. 

On the much larger Livermore Ad
vanced Test Accelerator, scientists have 

Los Alamos National Laboratory 

The Los Alamos free electron laser has achieved W-megawatt outputs, demon
strating the principles of the pure FEL concept at high powers. Its efficiency and 
compactness make it a candidate for space basing. 

recently demonstrated a new method 
of guiding and focusing electron 
beams. Normally, magnetic fields are 
used in the accelerator to guide and 
focus the electron beam as it is accel
erated to high velocities. Wi th the 
newly developed Antigone concept, a 
low-pressure gas is introduced into the 
accelerator vacuum chamber and a 
small, pulsed laser is then used to gen
erate a th in , cylindrical plasma in this 
gas. 

The plasma both guides and focuses 
the electron beam through the accel
erator. The same principle has also 
been demonstrated for propagation of 
the relativistic electron beam through 
the atmosphere itself. Thus the Liver
more FEL could do double duty: first 
as a laser to intercept missiles in their 
boost phase, then as a particle beam 
weapon in which the beam is directed 
onto warheads as they approach the 
United States. 

The Livermore ATA wi l l be used to 
demonstrate high power FEL opera
t ion at infrared wavelengths wi th in the 
coming year. The next stage wi l l then 
be the construction of a prototype 
beam weapon. The same general tech
nology can, wi th some modif ications, 
be used to bui ld laser fusion power 
plants (see f igure, page 15). 

The Los Alamos FEL 
The Los Alamos FEL has also dem

onstrated high-power lasing—up
wards of 10 mil l ion watts—at the mi
crowave wavelength. Plans for con
struction of an even more powerful FEL, 
capable of being tuned to infrared 
wavelengths, were presented at the 
Rochester conference. The next step 
would be the construction of a proto
type space-based weapon. 

The Los Alamos FEL is not depen
dent on a conventional laser input and 
can thus be " tuned" to a wide range of 
frequencies. It also has intrinsically 
higher potential efficiencies. These are 
the prerequisites for revolutionizing 
current industrial technology. The pri
mary form of energy used in industry 
today is heat, which is incoherent in
frared radiation. The Los Alamos FEL 
wi l l provide the means for accessing 
efficiently the entire range of the elec
tromagnetic spectrum—at least that of 
X-rays to radio waves—coherently and 
at high power densities. 

—Charles B. Stevens 
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New Laser Technology 
Upgrades SLBM Effectiveness 

New developments in the use of las
ers to communicate with submerged 
submarines will soon make it possible 
to upgrade the effectiveness of U.S. 
submarine-launched ballistic missiles 
(SLBMs), and at the same time allow 
the near-term deployment of "pop-up" 
missile-defense systems from subma
rines. 

Strategic Defense Initiative chief Lt. 
Gen. James A. Abrahamson, testifying 
before the Senate Armed Services 
Strategic and Theater Forces Subcom
mittee in March, reported that the HOE 
missile-defense system demonstrated 
by the U.S. Army in June 1984 could be 
used as a postboost intercept system 
deployed from forward-based subma
rines. 

"It is important to recognize that we 
have already demonstrated the practi
cality of several layers of strategic de
fense," Abrahamson concluded. 

An essential, though not widely re
ported, contribution to this effort is 
the work of Dr. Lowell Wood, Law
rence Livermore National Laboratory's 
leading beam-weapon scientist. 
Working in collaboration with Dr. John 
Marling, Wood developed a new 
means of detecting low-power laser 
light, so that a small, space-based xe
non-chloride laser developed by 
Northrop will be able to communicate 
with submerged submarines. 

When combined with the Navstar 
guidance satellites, this new commu
nication system will vastly improve the 
fighting capabilities of ballistic-missile 
submarines, by the kind of defensive 
deployment implied by General Abra
hamson, and by raising U.S. nuclear 
offensive capabilities to a level more 
commensurate with that of the Soviet 
Union. 
Ballistic Missiles and Communications 

Land-based intercontinental ballis
tic missiles (ICBMs) are now far more 
militarily effective than SLBMs, be
cause they are far more accurate and 
easily commanded by secure commu
nication systems. The very elusiveness 
that makes submerged submarines 
relatively invulnerable, also makes it 
more difficult for them to communi

cate and determine their exact loca
tion at any given time. 

Forthis reason, only ICBMs current
ly offer a versatile means, through rap
id retargeting, of destroying hardened 
military targets in a dynamic military 
engagement. SLBMs represent pri
marily a long-response, retaliatory 
force, which could at most pin down a 
defender's missiles until the more ac
curate ICBMs arrived. Therefore, it is 
evident that the current U.S. strategic 
nuclear force, which is dominated by 
SLBM warheads, is primarily designed 
as a retaliatory force, whereas the So
viet Union has a predominance of 
ICBMs in its nuclear inventory. 

The United States is now developing 
the new Trident SLBM that, in con
junction with the currently deployed 
Navstar satellite system, will bring 
SLBM accuracy up to the level of land-
based ICBMs. Signals from several of 
the Navstar satellites provide the means 
for blind-launched SLBMs to get a fix 
on their own location and that of their 
targets, with an accuracy of less than a 
meter. The SLBM determines its loca
tion when it emerges from the ocean 
and receives the Navstar satellites' sig
nals. It then can zero in on prepro
grammed targets with an accuracy 
equaling that of land-based ICBMs. 

To make SLBMs the equal of ICBMs 
in dynamic war-fighting, however, it is 
essential that there be a secure means 
to communicate that will not make the 
subs open to easy detection. One 
method pursued for several years was 
that of utilizing extremely long wave
length electromagnetic waves that 
could penetrate the Earth and ocean. 
But this system is highly vulnerable to 
attack, since it relies on a massive an
tenna. Its communication data-rate is 
very small. 

For a long time it has been recog
nized that lasers could provide the 
means for reliable and high data-rate 
submarine communication. Tuned to 
the proper blue-green wavelength, 
laser light pulses can penetrate the at
mosphere, clouds, and a significant 
depth of ocean. Originally, the idea 
that was pursued was to utilize an ex-

U.S. Army 

With the aid of a new laser communi
cation technique, the HOE (Homing 
Overlay Experiment) can be used as a 
postboost intercept system deployed 
from forward-based submarines. The 
U.S. Army HOE is shown here streak
ing through the sky in June 1984 in a 
test flight. Minutes later it destroyed its 
ICBM target. 

tremely high-power, ground-based or 
air-based laser, which would have its 
beam relayed to a submerged subma
rine by a space-based orbiting mirror. 
This system was abandoned, however, 
when it was realized that it would be 
highly vulnerable and costly; the Navy 
returned to the long-wavelength elec
tromagnetic antenna approach. 

Then in the late 1970s, Wood pro
posed that by utilizing a new method 
of laser light detection, small space-
based lasers could achieve submarine 
communication at low costs and with 
a high degree of reliability. 

Wood is the "young scientist" Dr. 
Edward Teller has referred to as the 

Continued on page 19 

Beam Technology Report May-June 1985 FUSION 17 



An Electron-Beam 'Weapon' To Zap Pollutants 
"Star Wars is right here. We're put

ting technology similar to what's being 
developed by the Department of De
fense to good use—zapping pollu
tants." This is how Robert McKnight, 
chief environmental engineer for In
dianapolis Power and Light Co., de
scribes the new electron-beam 
smokestack cleaning system, ready to 
be "turned on" this month at the coal-
fired E.W. Stout electricity plant in In
dianapolis. 

The new electron beam process is a 
$6.2 million pilot project, designed to 
remove 90 percent of the sulphur diox
ide and nitrogen oxide emissions more 
effectively and cheaply than the con
ventional limestone wet scrubber pro
cesses. In addition, the electron-beam 
technology produces immediately us
able nitrogen fertilizer as its only by
product, instead of the usual sludge 
that requires storage and disposal. 

Full application of the electron-beam 
technology in the fossil fuel power 
sector would totally eliminate the ba
sis for outcry over acid rain—although 
it's important to keep in mind that a 
high percentage of this acid rain origi
nates not from industry but from vol
canic and other sources. 

When the switch is thrown this 
month in Indianapolis, this will be the 
first time such a revolutionary system 
is put in use on a generating station. In 
Japan, Nippon Steel has successfully 
removed 90 percent of nitrogen oxide, 
and 80 percent of sulphur oxides on its 
test steel mill stacks. 

'Speed Up Mother Nature' 
The electron beam process was de

veloped by Ebara International Corp. 
and tested in steel and other manufac
turing plants in Japan. Ebara's presi
dent, Norman Frank, says it is intend
ed to "speed up Mother Nature." 

The technology is simple. Combus
tion gases from the boiler are first rout
ed into a "spray tower" where water 
and ammonia are added. The mixture 
then moves into the process chamber, 
a three-story steel alloy structure. At 
the top of the chamber, two electron 
beam guns hit the gases, and produce 
a chemical reaction between the sul-

Indiana Lt. Governor John Mutz addressing the groundbreaking ceremony for 
the electron beam flue gas treatment process. The electron beam process is 
cheaper and more effective than conventional scrubbers, and it creates fertilizer 
as a by-product. 

phur, the nitrogen gases, and ammo
nia. 

The result is a valuable mixture of 
ammonium nitrate and ammonium 
sulphate immediately usable as con
venient powdered fertilizer. The solid 
by-products are removed in the pulse 
jet baghouse, and sent by pneumatic 
conveyor system to a storage tank for 
transfer to a fertilizer facility. The clean 
flue gas is sent to the smokestack. 

The Ebara system is easier to add to 
existing power plants than conven
tional wet scrubber technologies. The 
demonstration model structure shown 
in the photograph was built within the 
last year. However, because the elec
tron-beam apparatus is not being mass 
produced, the current system is still 
relatively costly. 

SDI will Bring Down Tech Costs 
The Tennessee Valley Authority es

timates that the current costs would be 
about $427 a kilowatt of power plant 
capacity—with the electron-beam-gun 
costing $6.17 per watt. In comparison, 

current limestone scrubbing systems 
cost $175 to $185 a kilowatt. If the elec
tron-beam-gun cost decreases, the 
Ebara process will go down to $157 per 
kilowatt and lower. This depends on 
mass production of the electron-beam-
gun apparatus coming down to less 
than $1.50 per watt. A gearup of the 
Strategic Defense Initiative and its 
technology spinoffs would bring the 
costs of such technologies way down. 

As Ebara president Frank comment
ed, "When they [electron-beam-gun 
manufacturers] can make more than 
one or two at a time, then it will bring 
down the price." 

In addition, the fertilizer by-product 
can be sold for $70 a ton. The Indian
apolis plant will produce about 6 
pounds of fertilizer a day. Many devel
oping nations have been requesting 
information on the process because of 
the fertilizer advantage, and in hopes 
of the technology cost savings to come 
from the SDI mobilization. 

—Marcia Merry 
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Laser Technology Upgrades SLBM Effectiveness 
Continued from page 17 
one who convinced him that beanti 
weapon defense against ballistic mis
siles was feasible. Wood has made ma
jor contr ibutions to laser fusion and X-
ray laser development, and heads the 
most outstanding group of scientists 
currently researching the means to 
make offensive nuclear weapons obp 
solete. 

A Laser Filter System 
The key to making cheap, invulner

able laser-submarine communicat ion 
possible was developed by John Mar
ling whi le work ing at Livermore wi th 
Wood . It is based on the fact that ce^ 
sium atoms are highly responsive to 
particular wavelengths of light. By 
combining a series of light filters wi th 
cesium gas, Marl ing realized the sci
entific basis for developing an ex
tremely sensitive atomic resonance 
laser light detector. 

The detector consists of a blue filter 
through which light passes, permitt ing 
only the desired blue-green-range 
wavelength to enter. This fi ltered light 
then passes through a cesium gas cell. 
The cesium absorbs only the .459-mi-
cron laser wavelength radiation, and it 

reemits this absorbed radiation in the 
infrared wavelength range. Since in
frared wavelengths had been f i l tered 
out by the first blue fi lter, the only in
frared radiation wi th in the cell wou ld 
derive f rom absorbed laser l ight. 

Therefore, by placing an infrared fi l
ter at the exit of the cell, all of the blue-
green wavelength range wou ld be f i l 
tered out , leaving just the infrared sig
nal wavelength deriving f rom the ce
sium atoms that had been excited by 
the .459-micron laser light. 

The result is that a deeply sub
merged submarine is able to detect a 
faint modulated signal f rom an orbit
ing, moderate-power laser, despite 
bright sunlight, turbid waters, or heavy 
cloud cover. 

In addit ion to encouraging and col
laborating wi th Marl ing, Wood 
mounted a campaign on Capitol Hil l to 
generate congressional support for the 
idea, at a time when Navy officials were 
extremely skeptical. Aviation Week and 
Space Technology reported Jan. 21 that 
Lockheed Missiles & Space Co., 
teamed wi th Nor throp, has been se
lected to design a xenon-chloride .459-
micron laser that is space-qualifiable. 

The communicat ion system could be 
deployed by 1990. 

Communications and Defense 
The requirements for quick-re

sponse communications are far great
er for defending against ballistic mis
siles than for the offense. Rapid retar
geting and launch commands are es
sential to successful interception of 
barrages of offensive missiles and war
heads. The HOE system is based on 
using a small interceptor rocket, which 
is deployed by a ballistic missile. The 
interceptor rocket contains homing 
devices and guidance computers; it 
destroys the offensive missile by col
l iding wi th it. 

Quick-response, Navstar-redi reef
ed SLBMs provide the means for 
achieving pop-up interception of ICBM 
warheads as they travel through space. 
More significant, the same SLBMs 
could deploy pop-up nuclear powered 
X-ray lasers, which could destroy of
fensive missiles in their boost phase. 
Each X-ray laser module could destroy 
scores of missiles, each of which car
ries many warheads, before they leave 
the territory of the Soviet Union. 

—Charles B. Stevens 

Aurora Laser Hits Record 
Continued from page 14 
hundreds of square miles. When a 
missile comes within this diffuse beam, 
some of the laser light is reflected back 
through the laser. This reflected light 
sets off the phase conjugation, and the 
laser output is then compressed and 
focused onto the missile. This integra
t ion of detect ion, point ing, and track
ing wi th in the laser weapon itself has 
many operational advantages. 

Ciovaniell i also revealed for the first 
t ime that short, high-intensity laser 
pulses provide new, more efficient 
means of kil l ing missiles and other of
fensive nuclear systems. The intense 
laser pulses produce intense bursts of 
microwaves, X-rays, and high-energy 
electrons on the surface of the target. 
These energy forms readily penetrate 
the interior of the missile and destroy 
delicate electronic controls. 

Both fusion and strategic defense 
require about 200 to 400 times more 
laser energy—that is, pulse outputs of 
2 to 4 mil l ion joules. As Dr. Reed Jen
sen, Los Alamos advanced laser pro
gram manager, put it, "we know how 
to do i t . " 

The economics of KrF lasers, as dis
cussed at the Rochester meeting by 
Hunter, are quite good. Mul t i -mi l l ion-
joule KrFs can now be built at costs on 
the order of a $100 per joule. If the ful l 
power KrF attains the sort of repetit ion 
rates now being demonstrated in small-
scale models—hundreds of shots per 
second—one could bui ld ground-
based systems wi th both orbi t ing and 
pop-up mirrors before the end of this 
decade. This wou ld give us an eco
nomical and robust defense against 
nuclear-armed missiles and planes. 

—Charles B. Stevens 
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Unless every resource at the 
disposal of the international 
scientific community is mobi
lized to launch and win a war 
on disease on the front-line 
battlefield of Africa, the bio
sphere itself cannot survive. 

Biological Holocaust 
Races Toward the 
Point of No Return 
by Warren J. Hamerman 

T he beginning outbreak of disease pandemics is now 
threatening the lives of hundreds of mil l ions of peo
ple wor ldwide. These pandemics are only one fea

ture of a biological-ecological holocaust that includes si
multaneous eruptions of human, animal, and crop disease; 
abrupt shifts in weather patterns, such as the onset of se
vere droughts; severe changes in the land surface, such as 
deserti f ication; and gross perturbations in the large-scale 
energy f low cycles of the biosphere, as evidenced in sud
den shifts in w ind patterns. 

These phenomena are not merely "unfortunate coinci
dences." They are part of a single process set in mot ion by 
the Malthusian economic policies imposed on the wor ld 
economy by the International Monetary Fund (IMF) and the 
Wor ld Bank, beginning in the early 1970s. By drastically 
lowering the energy and food consumption levels in certain 
areas that they chose to "tr iage," the IMF and Wor ld Bank 
have brought into being a devastating new situation—full-
scale holocaust on the continent of Africa. These Malthu
sian policies have unleashed genocide on a scale 100 times 

FAO 
Victims of drought in Upper Volta in 
1973. 

worse than Hitler! 
The scope of the impending holocaust is staggering. Im

mediately, several heads of state in Africa have warned that 
mill ions of the chi ldren in their nations wil l die of disease 
or famine before the end of the summer. Killer diseases are 
running rampant throughout the continent, and in other 
Third Wor ld areas where nutr i t ion and health levels have 
plummeted under depressed economic condit ions. 

Cholera. Reports f rom refugee camps in Ethiopia and 
Sudan are that cholera—for which there is a 10 cents per 
person cure—is now kil l ing thousands and perhaps 
hundreds of thousands in the refugee camps monthly. The 
governments involved have refused to conf i rm how many 
are dying, so there are no official figures, just estimates 
f rom relief workers. 

A min imum of 22 countries of Africa, wi th a combined 
populat ion of 311.9 mi l l ion, are now combating serious 
cholera epidemics. Since the first appearance of cholera in 
Africa in 1817, and up through 1970, cholera had never 
broken out in the interior of the continent. However, in 
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First published in 1974, the figure at left 
shows the expected increase in deaths 
(dotted line) and the catastrophic in
crease in the death rate (solid line), de
scribed in the study of ecological hol
ocaust headed by the author. The study 
projected a full ecological holocaust in 
1987-1988 if the policies of the Inter
national Monetary Fund were not 
stopped. 



1971, cholera raced across Guinea, Mali, Chad, and Niger, 
northward to the Maghreb and Dakar, Senegal. It spread 
south of the Equator, appearing in Abidjan, Nigeria, in Zaire, 
and in East Africa—Zambia, Kenya, Mozambique, and even 
South Africa. Before 1980, the mortality rate from cholera 
was 1 to 2 percent, but in the past five years, mortality has 
jumped to the range of 10 to 15 percent. 

Malaria. The World Health Organization conservatively 
estimates 160 million active cases in Africa alone. The spread 
of a drug-resistant form of malaria (resistant to chloro-
quine), Plasmodium falciparum, the lethal form of malaria, 
could create a catastrophe. 

AIDS (acquired immune deficiency syndrome) is spread
ing rapidly through the heterosexual communities of Cen
tral and East Africa. Scientists at an international conference 
on infectious diseases in Cairo in early May reported that 
the disease is spreading as quickly among African hetero
sexuals as it is among American homosexuals. Nine African 
countries are seriously affected—Zaire, Rwanda, Burundi, 
Uganda, Congo, Kenya, Zambia, and Tanzania. In the cities 
of Zaire, one in every ten persons is carrying the AIDS virus. 
In Uganda, a research team found 20 percent of the popu
lation in one study to be AIDS carriers, with men and wom
en equally affected. 

Diarrheal diseases. Massive outbreaks of diarrheal dis
eases in Asia, Ibero-America, and Africa constitute one of 
the major killers of weaning-age children. 

Hepatitis B. Eighty-five percent of the populations of Af
rica and China (who generally do not have access to cures) 
test positive for the lethal strain of this disease. Although 
not everyone who tests positive will come down with the 
disease, the pandemic potential is enormous under condi
tions of generalized breakdown in health. 

Trypanosomiasis (sleeping sickness). An uncontrolled 
epidemic is raging in Africa, with between 22 and 40 differ
ent strains of the disease already isolated. Chagas, the re
lated disease in the Americas, is also spreading. 

Measles. The fatality rate in Africa for children has jumped 
from the normal 3 to 10 percent range to the 50 to 70 percent 
fatality range in the refugee camps. 

Yellow fever, meningitis, schistosomiasis, influenza, le
gionnaire's disease. All are exhibiting severe growth pat
terns. Plague, which is endemic in key disease epicenters, 
remains a pressing danger, particularly given the collapse 
of basic sanitation services and the presence of drought 
conditions, which force plague-bearing rodents into pop
ulated areas. In addition, African rift-valley fever, once just 
an animal disease, recently became a severe human dis
ease. 

Many additional diseases fit this pattern, particularly if 
one considers animals and plants, as well as man. Rinder
pest, African swine fever, hoof and mouth disease and hog 
cholera, for example, are on the rise. What becomes pri
mary in looking at this picture, however, is the simultane
ous panorama of disease spread, which threatens to take 
the "bio" out of biosphere. For example, in the Central 
African area, where tsetse flies are endemic, there is an area 
already more than several million square miles in total, and 
growing, where animals cannot survive. This zone is grossly 
underpopulated by both man and animals, and as the rap-

A Conscious 
Genocide Policy 

Supporters of the IMF conditionalities for the Third 
World know that the results of these policies will be 
genocide; that is their purpose. Proponents of "pop
ulation reduction" programs for the developing sec
tor from Bertrand Russell to his environmentalist fol
lowers today have stated, often bluntly, that out
breaks of disease are the most effective way of rapidly 
reducing the population. 

The white population of the world will soon 
cease to increase. The Asiatic races will be long
er, and the negroes still longer, before their birth 
rate falls sufficiently to make their numbers sta
ble without help of war and pestilence. . . .Until 
that happens, the benefits aimed at by socialism 
can only be partially realized, and the less prolific 
races will have to defend themselves against the 
more prolific by methods which are disgusting 
even if they are necessary. 

—Bertrand Russell, Prospects of Industrial 
Civilization, 1923 

At present the population of the world is in
creasing at about 58,000 per diem. War, so far, 
has had no very great effect on this increase, 
which continued throughout each of the world 
wars. . . . War has hitherto been disappointing 
in this respect . . . but perhaps bacteriological 
war may prove effective. If a Black Death could 
spread throughout the world once in every gen
eration, survivors could procreate freely without 
making the world too full. The state of affairs 
might be unpleasant, but what of it? 

—Bertrand Russell, Impact of Science on 
Society, 1953 

idly advancing desertification encroaches, this once-fertile 
area will devolve into pure dust. 

Cholera, malaria, and AIDS are perhaps the most publi
cized of the arsenal of pandemics now assaulting Africa's 
human population, its fauna, and its flora. At stake is not 
merely the survival of the continent. Unless every resource 
at the disposal of the international scientific community is 
mobilized to launch and win a war on disease on the front
line battlefield of Africa, the biosphere itself cannot sur
vive. 

A Crisis That Was Predicted in 1974 
Contrary to media reports, the current crisis is not an 

unhappy accident but the lawful outcome of deliberate 
Malthusian policies. The perpetrators of these hideous pol
icies are not unaware of their crimes; they are quite willing 
to admit that they view disease and famine as a convenient, 
effective, and low cost method for culling what they consid
er to be excess human population (see box). 
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THE SPREAD OF PANDEMIC CHOLERA— 
19TH CENTURY, 1970S 

These figures are reproduced from the 1974 study of 
ecological holocaust. In the mid-19th century (a) chol
era swept the globe. Originating in India, it spread 
rapidly to Southeast Asia, Japan, the Mideast, the north 
and east coasts of Africa, Western Europe, and from 
there to the Americas. 

The route of the 1970s El Tor cholera pandemic, 
which originated in Southeast Asia, is traced in (bj. 
The geographical progress of the two pandemics is 
noticeably similar. In the 1970s pandemic, however, 
Africa, and especially the famine-wracked Sahel, is 
hard hit; in the earlier pandemic, the reatively unex
plored African continent was touched only peripher
ally. 

Today's unfolding biological-ecological breakdown was 
predicted 11 years ago in precise detail by a task force of 
the National Caucus of Labor Committees established by 
Lyndon H. LaRouche, Jr. LaRouche initiated the biospheric 
model ing project in 1974 to study the consequences if the 
zero-growth policies, then being implemented by the In
ternational Monetary Fund and Robert McNamara's Wor ld 
Bank, were not altered. Under my direct ion, the task force 
worked f rom September to December 1974, fo l lowing the 
research guidelines of LaRouche. Preliminary results of the 
study were presented atthe founding meeting of the Fusion 
Energy Foundation in November 1974, and at a December 
conference of the National Caucus of Labor Committees. 

We forecast at that t ime that a global ecological holocaust 
wou ld be the inevitable consequence of the policies then 
being implemented by the IMF and Wor ld Bank to slash the 
food and energy consumption of the world's populat ion. 
The IMF and Wor ld Bank specified the "tr iaging" of certain 
nations and entire regions, which were given the designa
t ion of the Fourth Wor ld . Wri t ten off as unworthy of any 
investment for economic development—"bad credit 
risks"—these Fourth Wor ld nations were established in
stead as loot ing zones. At LaRouche's suggestion, the task 
force investigated what the consequences wou ld be if the 
IMF and Wor ld Bank applied to the wor ld as a whole Adolf 
Hitler's economic policy of "primitive accumulation" against 
labor and capital infrastructure. 

Specifically, we concluded in that 1974 study that the 
holocaust wou ld develop in successive waves of famine and 
disease, ratcheting upwards in a succession of exponential 
step funct ions, to a final breakdown phase and a full eco-
logical holocaust in the period 1987-1988. This process would 
undergo several phase changes, which can be approximat
ed in simpli f ied form by the classic thermodynamic pro
gression f rom ice to water to steam. The principal global 
phase changes, prior to the 1987-1988 per iod, were forecast 
to occur in 1980, 1982, and 1984, as blight and collapse of 
basic agricultural product ion capacity were expected to hit 
Ibero-America and famine condit ions were to strike the 
underdeveloped nations of Asia, Africa, and Ibero-Ameri
ca. 

W e forecast that the outbreak of a cholera pandemic in 
Africa in the 1980s would precede the final breakdown phase. 
We predicted that in the 1980s, there wou ld be a renewed, 
virulent outbreak of a cholera pandemic in the region of 
the famine-wracked Sahel of Africa. Among the distinctive 
features of our study was the forecast that this cholera pan
demic, unl ike the one of the 19th century, wou ld be initially 
centered in Africa. We feared, as wel l , that at a certain stage 
the cholera pandemic wou ld be complicated by renewed 
outbreaks of bubonic plague ("Black Death") and new, mu
tated, even more deadly forms of disease, which wou ld 
totally overwhelm the immunological defenses of popula
t ions. 

In the final phase of ecological holocaust, we predicted 
that various strains of pandemic diseases wou ld simulta
neously attack the world's f lora, fauna, and human popu
lations—spreading rapidly throughout Africa, Asia, and 
Ibero-America, as well as invading the advanced-sector areas 
of North America, Europe, and Japan. We warned that the 
very areas that the Wor ld Bank and IMF wrote off, classify

ing them as "the Fourth Wor ld , " were the areas where plague 
and other diseases are endemic—the African Sahel, the Rio 
de la Plata region of Latin America, northern Brazil/Vene
zuela, the Middle East, Southeast Asia, and the Indian sub
continent. 

The task force presented data estimating that the final 
phase of ecological holocaust wou ld take a toll far, far great-
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er than did the Black Death centuries ago. Specifically, we 
forecast deaths through the 1987-1988 phase change to be 
approximately 1 bill ion persons, including 56,423,000 deaths 
in West Africa, 10,672,000 deaths in North Africa and the 
Mideast, 73,428,000 deaths in East Africa, 749,277,000 deaths 
in Asia, and 81,019,000 deaths in Latin America for a total 
globally of 970,819,000. 

The approximately 140,000,000 deaths we forecast by 1987-
1988 in Africa alone is fewer than the number of Africans 
now threatened wi th death by the outbreak of pandemics 
in the precise zone of Africa that we had pinpointed 11 years 
ago. 

Furthermore, we warned that the so-called cost-efficient 
Wor ld Bank programs of Robert McNamara in Ibero-Amer-
ica would generate condit ions of laterization and erosion 
of topsoi l . This wou ld result in ecological collapse in the 
areas of fragile jungle ecology, which would be compound
ed by the high rainfall. As topsoil and nutrients were washed 
to the sea, sheets of mineral salt would remain, wh ich , 
wi thout fertil izer input, wou ld turn once lush jungle into 
desert. The beginning destruction of a vast jungle area such 
as the Amazon would have global consequences on wor ld 
weather patterns. 

We said in 1974 that the policies of the IMF and Wor ld 
Bank, then on the drawing boards for global implementa

t ion, represented merely a "scaling up" of the economic 
program of Adolf Hitler's economics minister, Hjalmar 
Schacht. Consequently, those policies would generate a 
"scaled-up" tol l of mass murder and genocide. What is 
occurr ing today is what the LaRouche task force warned 
would be the consequences if Hitler's economic policies 
were repeated on a wor ldwide scale. 

The Historic Precedents 
Over the span of recorded human history, pandemics 

have inexorably resulted whenever an oligarchy has violat
ed the basis of natural law, that man obey God's injunct ion 
to "be f ru i t fu l , and mult iply, and replenish the earth, and 
subdue it ," and instead has imposed brutal populat ion re
duct ion and austerity regimes. In fact, f rom the first record
ed pandemics in the 14th century B.C., through the out
break of the IMF's cholera, malaria, and other pandemics 
today, science can document two basic epidemiological 
laws of wor ld history: 

First, pandemics do not strike productive, expanding 
populations, but rather follow inevitably as the conse
quence of decades of oligarchical debt-looting regimes. 

Second, although pandemics may first break out among 
a "weak link" localized population, under conditions of 
overall austerity regimes, the world's population as a whole 
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TODAY'S CHOLERA PANDEMIC IN AFRICA 
Twenty-two countries of Africa now face serious chol
era outbreaks. The failure to treat cholera victims (the 
cure costs only pennies), combined with the famine 
sweeping Africa, is a deliberate policy of the Interna
tional Monetary Fund. The 22 affected countries have 
a total population of 311.9 million. The mortality rate 
is in the range of 10 to 15 percent. 



LACK OF ANIMAL PROTEIN 
IN DIET 

A global ecological holocaust is the 
inevitable consequence of IMF and 
World Bank policies implemented 
in the 1970s to slash the food and 
energy consumption of the world 
population, triaging entire regions. 

PRIMARY LIVER CANCER 
Contrary to environmentalist pro
paganda that cancer is a disease of 
well-fed Americans, the data show 
that deprived populations, whose 
immune systems are weakened by 
famine, are extremely vulnerable to 
certain kinds of cancer. 

KNOWN PLAGUE AREAS AND 
PROBABLE FOCI 

Plague is endemic in the areas of the 
world that the IMF and World Bank 
have written off, creating ideal con
ditions for the rapid spread of pan
demics as the living standard and 
ecology plummet downward. 
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TODAY'S MALARIA PANDEMIC 
Experts conservatively estimate that 
there are 200 million malaria victims 
worldwide, 760 million of them in 
Africa alone. 

is the target. 
There is no lack of historical examples. As the Bible doc

uments, the very basis of Judeo-Christian civilization was 
defined as an organized movement against famine, drought, 
and pestilence. After each episode of brutalized slave labor 
and famine, pestilence ensued. The notorious policies of 
the Egyptian and Babylonian oligarchies caused severe 
breakdowns in food supply and led to condit ions of uncon
trol led famine, drought, and disease. 

• After the reign of the brutal Justinian in the 6th century 
A.D. , plague originated in Egypt in A.D. 542 and spread via 
Byzantium to Turkey and Europe. The "Justinian Plague" is 
estimated to have caused 100 mil l ion deaths. 

• In the 14th century, after the looting regimes of the 
Bardi, Peruzzi, and Acciaiuoli , a pandemic of "the Black 
Death" broke out, spread across Asia Minor and Africa, and 
then killed one-third to one-half of the European popula
t ion ! From a medical-scientific standpoint, the 1348 pan
demic was not fully ended for at least three centuries— 
breaking out as epidemic "f lare-ups," 

• In the 19th century, as a result of the British colonial 
austerity policies in India in the early 1800s, cholera pan
demics swept the globe. Originating in India, the pandemic 
spread rapidly to Southeast Asia, Japan, the Middle East, 
the north and east coasts of Africa, and Western Europe, 
and from there to the Americas. The cholera pandemics at 
the end of the 19th century occurred simultaneously w i th 
the renewed erupt ion of a massive pandemic of plague, 
which started in Yunnan in 1892 and reached Bombay in 
1896. In India alone it kil led 6 mil l ion people. 

• During the 20th century, protein intake of populations 
was drastically reduced around the period of the pre-World 
War I global crisis and the subsequent war, and then again 
dur ing the Great Depression of the 1930s. Under the brutal 
policies of British colonial ism, India suffered five major 
famines in the first 20 years of the 20th century alone. The 
collapse of l iving standards around Wor ld War I was com
pounded by the outbreak of plant diseases. In 1917, potato 
blight destroyed 40 percent of the Eastern European and 
Central European potato crop. The collapse of protein in
take in the advanced countries began simultaneously, as 

well as the increase of disease potential throughout the 
wor ld . Waves of epidemics swept Czarist Russia. In 1917, 
there were epidemics of syphilis and measles. 

In 1918, this process peaked, with the outbreak of a vir
ulently mutated strain of inf luenza—unlike any influenza 
today—with an enormously high mortality rate. It kil led 40 
to 50 mil l ion people wor ldwide in six months, an order of 
magnitude more than the number that had died f ight ing in 
the war. Half a mil l ion of these deaths were in the United 
States. During the 1930s Depression, a similar process oc
curred, again precipitated by policies that drastically re
duced the general nutrit ional levels of populations. 

The Black Death 
The infamous "Black Death" of the mid-14th century rep

resents the classic case to illustrate the consequences of 
populat ion-reduct ion and looting policies. As the available 
data show for the populat ion of Florence in the century 
after the death of Dante, the Black Death came after the 
imposit ion of brutal populat ion-reduction programs. The 
Florentine populat icn reached a peak in the year 1300, of 
105,000. By 1338, it had declined to 90,000, and by 1340 to 
75,000. In 1347, before the Black Death, the populat ion of 
Florence was only 80,000. In other words, the populat ion 
had already been decimated as a result of the policies car
ried out by the oligarchy. Furthermore, the long-term effect 
of this devastation was enormous. It took 400 years for the 
population of Florence to recover its population levels of 
the year 1300. 

For Europe as a whole, varying estimates indicate that 
between 25 and 50 mil l ion died in the initial attack of 1348, 
not to ment ion the resurgences of 1361,1371, and 1382. The 
plague appeared again and again throughout the 15th cen
tury in localized form. Then, f rom 1663 to 1668, there was a 
f inal, devastating, European pandemic flare-up. In 1663, for 
example, the plague kil led 10,000 in Amsterdam out of a 
population of less than 200,000. In the next year it ki l led 
another 24,000 in Amsterdam, spread to Brussels and Flan
ders, and on to London. Two-thirds of the inhabitants of 
London fled the city in panic, thereby spreading the disease 
throughout England. From Flanders, the plague passed to 
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THE SPREAD OF THE BLACK DEATH 
IN EUROPE 

The Black Death is a classic case of 
the consequences of population-
reduction and looting policies. Be
tween 25 and 50 million people died 
in Europe in the initial attack of 1348. 

Approximate area of advance of the 
plague shown at 6-month intervals 

Source: "Autour de la Peste Noire," by Elizabeth Carpentier in Annates: Economies, Societes, Civilisations (1962), pp, 1062-92. 

Westphalia, down the Rhine, into Normandy and Switzer
land, reaching Austria in 1668. Throughout the remainder 
of the 17th century, localized breakouts of the disease still 
occurred. 

What Is an Ecological Holocaust? 
In the final phases of ecological holocaust, as described 

in the 1974 study, disease organisms would have an increas
ing chance to successfully mutate into more virulent strains, 
as the resistance of the human populat ion is lowered. Dis
ease mutants wou ld be less likely to die out , because the 
human population's immunological defense system wou ld 
breakdown undercondi t ionsofdrast ical lydiminished pro
tein intake and collapse of basic irr igation, sanitation, and 
other health services. Under such condit ions, the increase 
in the total disease populat ion leads to the possibility of an 
increase in the rate of evolut ion of any given disease, and 
then the cycle continues. 

The outbreak of epidemics and pandemics, we said, was 
not l imited to the individuals or subpopulations catching 
or carrying the disease, but, especially under condit ions of 
massive reductions in the living standards of populat ions, 
was a threat to the human species as a whole. Furthermore, 
the disease outbreaks were only one prominent feature of 
what could become the full-scale collapse of man's bio
sphere itself, subsuming breakdowns in f lora, fauna, natu
ral irr igation, and weather cycles.Our historical studies 

showed that under condit ions of global economic brutality, 
full-scale economic/biological breakdown crises occur as 
one coherent process, and that under pandemic condi
t ions, annual death rates shoot up into the 20-25 percent 
range. Thus the outbreak of an epidemic in one port ion of 
the human species was in fact a threat to every member of 
that species. Given the interrelated nature of the wor ld 
economy in the late 20th century, we anticipated that this 
feature would be even more pronounced. At Lyndon La-
Rouche's suggestion, therefore, we adopted as our basic 
model ing concept an exponential step-function model for 
ecological holocaust. 

The Current Global Mapping of Pandemics 
Comparing the current global disease situation to the 

model we developed 11 years ago, there is no doubt that 
we were entirely accurate in forecasting a global biological-
ecological "point of no return" in the period leading into 
1987-1988. In addition to the human diseases erupting either 
in pandemic condit ions or as epidemics exhibit ing unusual 
qualitative features that suggest that they may either be
come pandemic or suddenly develop new strains, which 
may rapidly develop into pandemics, there is evidence of a 
phase change in the population's receptivity to disease. 

The uncontrol led outbreak of AIDS, Acquired Immune 
Deficiency Syndrome, f rom a restricted distr ibution in cer
tain "high risk" populations (homosexuals, drug users, he-

26 FUSION May-June 1985 



mophiliacs, and Haitians) to the world's populat ion as a 
whole represents a qualitative indication of the breakdown 
in the general level of disease resistance of the human pop
ulation under condit ions of collapsing nutr i t ion and sani
tation. 

To quote Dr. John Seale, a British specialist: 

The potential for the spread of AIDS in developing 
countries is almost unl imi ted. The overcrowded and 
unsanitary condit ions in which the bulk of the people 
live, combined wi th a high frequency of infections, 
injuries, and sores which break the skin, make blood 
contact among family members practically inevitable, 
wi th the transmission of the virus likely. 

In Congo, Rwanda, Uganda, and Zaire there is a high 
proport ion of AIDS antibodies among tested populations. 
Peter Piot of the Institute of Tropical Medicine in Antwerp 
states: " O n current data we estimate the incidence of AIDS 
in Kinshasa is about 17 per 100,000. This is a minimal esti
mate and is comparable to or higher than the rate in San 
Francisco or New York. "The present evidence is that healthy 
people can fight off exposure to small amounts of the AIDS 
virus (HTLV-III), while screening studies in the United States 
indicate that 500,000 to 1 mil l ion Americans have been ex
posed to the virus. However, large exposures, such as con
taminated blood transfusions, can infect otherwise healthy 
people, who are also weakened by the condi t ion requir ing 
transfusion. 

Those people whose immune systems are depressed by 
malnutri t ion and contamination f rom poor sanitation are 
highly susceptible to even small amounts of virus. Reports 
of nonsexual transmission between family members are 
just beginning to appear, mostly in Africa, where immuno
logical collapse in the populat ion is most marked. As nutr i 
t ion , medical care, and sanitation continue to decline in 
other areas of the wor ld , this can be expected to become 
more common. 

Thus, AIDS is a barometer of the general health of a so
ciety, and a sudden nonlinear increase in the disease prev
alence, especially among new population groups, indicates 
a nonlinear breakdown in general health condit ions. Med
ical experts in the United States and elsewhere are already 
posing the fol lowing fr ightening hypothesis, to use the 
words of one scientist from Texas: "We may be seeing the 
beginning of the Black Death of the 20th century." AIDS 
undergoes rapid mutations into new strains, he said. He 
reported that this is similar to what happens wi th African 
sleeping sickness, which undergoes antigenical changes 
once per week! Diseases that are so mutational are very 
diff icult to vaccinate against. These diseases are biologically 
novel and represent a complete challenge to basic biologic 
science. 

Declare a War on Disease 
Given the accelerating nature of the current health crisis 

globally, nothing less than the declaration of a full-scale war 
on disease, uti l izing the most modern military and scientific 
technologies, is necessary to stop the holocaust. The front 
line of this global war on disease is the campaign to save 
Africa. 

This question of returning virulence is of the 
greatest interest in the etiology of infectious 
diseases. An epidemic in which the enfeeble-
ment of the virus has been attained can flare up 
again by the restrengthening of the virus under 
certain circumstances. . . . The plague is a viru
lent disease peculiar to certain countries. In all 
these countries its virus must exist, ready to re
sume its active form whenever the conditions 
of climate, poverty, or famine give it a fresh 
opportunity. 

—Louis Pasteur, De I'attenuation des virus et de 
lew retour a la virulence, 1881 

The existing international health institutions—like the so-
called relief agencies, the Wor ld Health Organization and 
the International Red Cross—have proven themselves im
potent in the face of the magnitude of the problem. Worse, 
the so-called feeding stations set up in famine areas in fact 
funct ion as disease transmission centers—or, to use the 
more accurate term, extermination camps. Therefore, we 
propose that the war on disease be conducted through a 
military chain of command wi th a general staff composed 
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CONTROL OF A COMMUNICABLE DISEASE BY 
IMMUNIZATION IN THE UNITED STATES 

These data show starkly how science—and a pro-
growth policy can rapidly curb the spread of commu
nicable disease. 

Source: Control of Communicable Diseases in Man, Abram S Benen-
son, ed. (Washington, DC.: American Public Health Association, 1985). 

of representatives of the United States, the developing sec
tor, Western Europe, and Japan, wi th full respect for the 
national sovereignty of nations in which the battle lines 
occur. 

Were the commander-in-chief of the United States, for 
example, to declare a war on disease, the military could 
launch an immediate airlift of medical personnel, medical 
supplies, food , and water. Large aircraft such as C-5As and 
C-141s could be f lown into Addis Ababa, Khartoum, and 
Nairobi to be transloaded to short-landing-strip aircraft, 
which could be f lown to smaller airports. There, in tu rn , 
they would be transloaded onto helicopters. Various un
deruti l ized specialized units, such as the Army Corps of 
Engineers, could provide a major role in the war on disease. 

The emergency military " invasion" phase of the war on 
disease must address a finite number of logistical and policy 
questions, and all planning and logistical functions must 
funct ion under a strict military command. 

The first objective of the war on disease must be to in
stantly lower the morbidi ty rates on the front lines—name
ly, in Africa. Simultaneously, the spread of infection f rom 
the disease epicenters must be prevented at the same t ime 
as a basis is laid for prevent ion. Since the accelerating mor
bidity rates are the direct and indirect consequence of what 
are euphemistically termed IMF condit ionali t ies, we pro
pose that the first act of the war on disease be a full-scale 
moratorium on all IMF conditionalities. Furthermore, all 
debt payments to international financial institutions must 

be frozen, pending reorganized arrangements to be worked 
out in the context of international negotiations, to al low the 
concentration of maximum resources upon the task of win
ning the war on disease. 

Specifically, the prime objective of protecting the right 
to life of all human beings can be met through a military 
mobil ization program providing for the fo l lowing: 

Personnel. To supplement military medical units there 
must be a massive mobil ization of qualif ied doctors, nurs
es, and paramedics on a wor ld scale. In addi t ion, to recruit
ment of large numbers of African personnel currently in the 
United States and Western Europe, nations such as Egypt 
and India could funct ion as personnel mobil ization epicen
ters. 

Food. First, we must bring to an abrupt end the overall 
protein-energy-vitamin deficiencies of the world's popula
t ion by providing emergency min imum diets of 1,500-2,000 
calories wi th 50-100 grams of protein daily and a profi le of 
essential vitamins. This wou ld merely alleviate the famine 
condit ions that now exist. In many areas of Africa, starva
t ion diets of 500-1,000 calories now prevail. In Phase 2 of 
the project, virtually immediately after the raising of the 
diet to the emergency levels specified, a diet in the range 
of 2,300-2,500 calories wi th 100 or more grams of protein 
and a complete spectrum of vitamins is required. This wi l l 
allow the necessary immunological resistance to be built 
up. 

Clean and uncontaminated water. Specialized military 
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Carlos De Hoyos 

units capable of setting up desalination stations on the 
coastal areas already exist under military command. To sup
plement these stations, adequate water distr ibution sys
tems must be rapidly organized. 

Immunization. Mult ivalent vaccinations are necessary, 
carried out on a systematic, global scale wi th emergency 
mass immunizations in the so-called relief centers in Africa. 
In addit ion to the importat ion of vaccines, vaccine-produc
t ion facilities must be constructed on the front lines. The 
construction of indigenous medical facilities is an overall 
priority of the project. 

Medicines. A full arsenal of the antibiotic spectrum, es
pecially massive amounts of tetracycline, must be available 
on the front lines. A thoroughly uncontaminated blood 
supply—with ful l screening tests for AIDS and any other 
potential disease agents—must be available at all t imes. 
Furthermore, huge amounts of basic malarial and cholera 
treatments must be made available. In addit ion to rehydra
t ion medicines, the material for infusions must be made 
available. Overall , the operational procedure must be to 
administer medical treatment f rom the standpoint of "pre
sumptive treatment" for the worst case situation. 

Sanitation. Basic waste separation and disposal methods 
must be implemented. Basic sanitation must include pre
ventive measures such as control of rodents and arthro
pods, spraying and pesticides, chlorination of water sup
ply, pasteurization of mi lk, and so on. 

Other areas for emergency military-style action are quar-

1980 

CASES OF MALARIA IMPORTED TO THE U.S., 
1972-1980 

The rise of malaria coincides with increasing condi
tions of poverty and lowered living standards world
wide. 

antine measures, animal health management, and crop and 
flora health management. 

The particular programs required to address each of these 
areas are generally standard procedures, which can be up
graded through use of the most modern technological 
means. For example, NASA's Landsat Program is capable of 
precise land mappings, whi le NASA's space experiments 
have already demonstrated the capacity for upgrading med
icine production. Mobi le operational medical treatment and 
surgical units should be airlifted and deployed into critical 
battle zones. 

In addit ion to the first phase airlift wi th C-5As and C-141s, 
the shipment of emergency medical and food supplies re
quires war-footing-type upgrades of ports, rail and road 
networks, canals, and waterways. Mil itary methods of lo
gistical deployment, coordinated government-to-govern
ment between Western Europe, the United States, and oth
er food-export ing nations on the one hand, and the receiv
ing nations on the other, are required. The prototype for 
the operation is the Wor ld War 11 Normandy landing. 

In short, w i th a full-scale emergency mobil ization effort 
we can successfully stop the unfold ing biological-ecologi
cal holocaust. Mankind has no choice but to f ight and w in 
this war on disease. 

Science Can Save Africa 
Even whi le the first phase of the emergency program is 

being implemented, steps must be taken to increase agri-
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FAO 

United Nations 

A full-scale war on disease must use 
the most modern military and scientif
ic technologies to stop the holocaust. 
The front-line of this global war on dis
ease is the campaign to save Africa. 
Top left: Sorghum from Argentina on 
its way to Africa. Above: Ethiopia's 1968 
desert locust control program to pro-
tectitscrops. Left: U.S. Sorghumbeing 
unloaded in Upper Volta. 

cultural production within Africa, using the capital-inten
sive American model. Under present conditions, however, 
the African continent does not have the necessary water 
systems required to improve agricultural production, nor 
does it have the transportation networks required to dis
tribute it across the continent. The following longer-range 
infrastructure projects must simultaneously be under
taken : 

Basic agricultural development. Over time, food assis
tance must be replaced with capital assistance, so that each 
nation's own agriculture can produce enough to provide 
for its population. Water pumps and irrigation equipment 
must be brought on line as quickly as possible. The con
struction of a simple energy supply system must begin in 
rural areas in order to reduce the use of wood for fuel. This 
is of utmost importance to preserve forests and fight the 
process of desertification. Bottled gas and simple gas stoves 
are readily employed substitutes for wood-burning, until 
large-scale water power and nuclear power stations can be 
operational. 

An effective system of defense against vermin, and against 
plant and animal diseases, like rinderpest, must be built as 

an essential part of the assistance program. This includes 
the placement of equipment, vaccines, and insecticides 
and agricultural training by a team of experts. A well-run 
system of cattle-raising must also include sufficient barbed-
wire to prevent roaming herds from destroying vegetation. 

Great Projects. Two major infrastructural projects will 
rapidly have enormous effects on ending the drought-fa
mine-pestilence cycle on the continent of Africa: 

(1) a rail-system cutting across the southern Sahara from 
Dijbouti in the east to Dakar, Senegal, in the west; 

(2) a water redistribution plan, bringing surplus water 
north from Zaire in central Africa into Lake Chad for distri
bution to the entire Sahel region. 

The east-west trunk rail-line will intersect already existing 
north-south lines through Nigeria, Egypt, and Sudan. The 
east-west line across the southern Sahara-Sahel region will 
serve as a logical base for deploying to reverse the present 
southward spread of the Sahara Desert. A north-south link 
from Algiers in the north to Lagos in Nigeria will begin the 
crucial trading links among the Arab nations of the north 
and the black West African nations. The same will be ac
complished by a north-south route on the eastern side of 
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Left: A theoretical course on installing 
and maintaining a food canning facto
ry in Dakar. Below: A medical clinic at 
a refugee camp in Mauritania. 

United Nations 

the continent f rom Cairo south to Kampala in Uganda, past 
Lake Victoria to Lusaka, Zambia. 

In crisis-zone areas, appropriate development projects 
must be implemented military-style. For example, the Jon-
glei Canal Project—a 175-mile canal bypassing part of the 
Nile that winds through the Sudd, where huge quantities 
of water evaporate—was specifically planned to help make 
Sudan the breadbasket of Africa. The result of the IMF's 
successful campaign to block the project is the current mass 
murder of mill ions of Sudan's children through planned 
famine and disease. 

The capability exists to reverse this holocaust. The com
bined effect of railway development and water-manage
ment programs wil l provide the indispensable basis for the 
introduction of modern agriculture into Africa. This vastly 
underpopulated continent has the potential to become a 
breadbasket, feeding not only hundreds of mill ions more 
of its own people, but export ing from a food surplus to the 
entire wor ld . 

Over t ime, an advanced energy grid must be developed 
for Africa, one which combines the use of water and coal 
reserves, and the installation of nuclear energy. The dust-
gathering plans for "nuplex" developments, agroindustrial 
complexes centered around nuclear power plants, must be 
pulled off the shelf and implemented. Finally, a general 
improvement of communications wil l be an important con
tr ibut ion to increasing productivity. 

Creating Health for Mankind 
There is no excuse for any individual policy maker or 

scientist alive today to deny the thorough interrelationship 
of economic development and health. Approximately 100 
years ago, the great Louis Pasteur, in a series of beautiful 
and simple experiments, demolished for all t ime the idea 

that disease was caused through "spontaneous genera
t ion . " 1 

Pasteur developed the modern germ theory of disease 
through a series of specific studies in combating cholera 
and si lkworm disease (1865), anthrax (1877), chicken chol
era (1879), rabies (1880), and cattle pleuropneumonia. 

The pandemic nature of the disease threat confronted 
Pasteur f rom his first work on si lkworm disease, which was 
then ravaging French industry. It had shown its first symp
toms in France in 1849 and then had traveled to Italy, Spain, 
Austria, and eventually China (1864) before reemerging in 
a devastating French outbreak in 1865. The British Imperial 
cholera pandemic, which claimed 200 victims a day in Paris 
in October 1865, had spread f rom Egypt to Marseilles to 
Paris. 

In his Memoire on the Germ Theory (1878) Pasteur pre
sented the basic conception that disease results f rom spe
cific microorganisms that can be isolated and control led by 
man. Man has the capacity to make his own species "health-
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United Nations 

Above: The Kariba hydroelectric project on the Zambesi 
River is one of several 1960s big projects to industrialize 
Africa. This progrowth spirit by the 1970s was overrun by the 
Malthusian policy of population reduction and "small is 
beautiful" technology. 

Right: A Canadian C-130 Hercules cargo aircraft unloading 
food in central Niger. 

ier" f rom generation to generation—a conception that Pas
teur himself received from his self-acknowledged appreci
ation of the life's work of Benjamin Franklin. Pasteur dem
onstrated that th rough science and economic progress man 
had the ability to raise what he termed "the resistance level 
to disease." In addit ion to natural immunity (sanitation, 
bui ld ing up the immune system through better nutr i t ion 
and so forth), man can acquire immunity by vaccination 
against specific diseases. As he stated: 

Is it impermissible to believe that a day wi l l come 
when easily applied preventive measures wi l l arrest 
those scourges that suddenly desolate and terrify pop
ulations—such as the fearful disease [yellow fever] 
which has recently invaded Senegal and the valley of 
the Mississippi, or that other [bubonic plague], yet more 
terrible perhaps, that has ravaged the banks of the Vol
ga? 

For the sake of our posterity and the very biosphere itself, 
we dare not let those in the International Monetary Fund, 
the Wor ld Bank, and the U.S. State Department, who would 
dictate a negative response to Pasteur's quest ion, prevail— 

FAO 

lest even they themselves along wi th all mankind, eventu
ally suffer the horrible demise of those cavalier revelers in 
Edgar A. Poe's "The Masque of the Red Death." Let modern 
science, instead, fulf i l l its historic mission by creating a 
healthier human species here on Earth, beginning wi th the 
task of saving Africa. 

Warren J. Hamerman, a founding member of the Fusion 
Energy Foundation, has a background in basic immunolog
ical research. 

Notes-

See "The Overlooked Importance of Pasteur," by this author in the Fusion 
Energy Foundation Newsletter, May 1977, p. 4. This was also published by 
the Johns Hopkins Medical School and the Pasteur Institute of Lille, France. 
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U.S. Air force 

Getting the job done: This giant C-5A Air Force Galaxy, the world's largest transport aircraft, is carrying tanks here, but it 
could carry food and medicine. 

Proposed Guidelines for 
Transporting 25 Million Tons of 
Food Supplies into Africa 
by Col. Molloy C. Vaughn, Jr. 

The author, a retired 
colonel in the U.S. Army, 
presented this emergency 
program for Africa at inter
national conferences spon
sored by the Schiller Insti
tute in Richmond, Va. and 
Dusseldorf, West Ger
many this year. 

I. Personnel to carry out task 

A. Use of a "Berlin airl i ft"-type operation (Navy, Army, Air 
Force, Merchant Marine active units). 

B. Use of Peace Corps organization (no uniforms). 
C. Joint task-force of nations (under direction of the United 

States). 
D. Use of retired military to staff task-force. 

I I . Formation of site survey teams for each country to provide 
required data for in-depth planning. 

A. Gather all available data on each country that wi l l re
ceive aid. 

1. Latest maps of all affected areas. Sources: U.S. 
Army Map Depot (obtain permission of host country 
for their release), NASA map files, England, France. 

2. Existing communications data. 
3. Existing power sources available. 
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4. Existing ports and their capacities. 
5. Existing airports—their type and capacities: Ca

pability for fast aircraft turnaround. Ground handling 
equipment, fuel , aviation o i l , minor maintenance, 
navigation aids. 

6. Existing medical facilities and their capacities. 
7. Available storage facilities. 
8. Available resources in host countries for con

structing roads, bridges, storage facilities, housing 
for support personnel. 

9. Available dr inking water and fuel supplies (air
craft and auto). 

10. Available personnel to perform required labor-
support tasks, i.e., construction of roads, bridges, 
bui ld ing, seaports, airports, communicat ions, power 
plants, and medical support. 

11. Available (trained) host country administrators. 
12. Available security personnel. 
13. Estimates as to number of persons to be pro

vided for in each country, i.e., to feed, clothe, house, 
and provide medical support to . 

14. Obtain all available climatic studies (rainfall, 
temperature, dry and wet seasons, sand storms, and 
locust cycles). 

I I I . Upon receipt of all data in II above, determine the fol
lowing items: 

A. Priorities of support to be provided, i.e., supplies to 
be sent by airl ift; by waterl i f t ; by road transportat ion; 
by rail transportation. 

B. Amount of supplies to be provided. Schedule of arrival 
in host country, transit t ime to storage areas or to 
forward distr ibut ion points. 

C. Based on paragraph B above, determine support per
sonnel requirement by type of funct ion to be per
formed. Schedule for hiring, training (orientation), and 
arrival in host country. 

D. Medical requirement for support personnel and for 
personnel in host country based on agreed level of 
medical support to be provided by relief program. 

E. Housing and feeding requirements for support per
sonnel. 

F. Determine requirements for local hire of host country 
personnel. 

G. Determine amount of money .required to support and 
implement relief program in each country. 

H. Determine source of U.S. personnel, hire, and process 
for movement to host country; see paragraph C above. 

IV. Review all above data and prepare Master Plan for each 
host country that has been selected to receive the pro
posed relief program. Secure host country acceptance of 
the proposed Master Plan. 

A. Publish approved Master Plan for each host country 
and its implementat ion schedule. 

B. Move funds forward into host country's banks. 
C. Host country to have its support administration teams 

organized and on site. 
D. Have all customs regulations (cost and fees) agreed to 

by all parties. This wi l l also cover movement of relief 
supplies and support personnel across borders of all 
host nations. 

E. Start all local construction projects (i.e., roads, bridges, 
storage buildings, seaportand airport, communicat ion 
and power requirements). 

F. Establish complet ion dates for all required support 
projects in host countries. 

G. Based on paragraph F above, determine shipping dates 
(based on means available—air, water, road transpor
tation) for food and medical relief. 

H. Schedule arrival of relief supplies into host countries 
so that the established system is not overloaded, but 
can move the supplies to the forward distr ibution 
points, and so that the required storage facilities are 
available, and so that the personnel are in place to 
receive the relief supplies. 

I. A joint U.S.-host country team wil l handle all funds 
required to implement the relief program. 

J. Daily communications wil l be maintained between all 
forward distr ibution points and the central planning 
office (capital) to ensure there are no surprises. 

V. To be able to "crash" this program, the following steps 
are proposed: 

A. Select planning personnel wi th great amount of over
seas experience work ing wi th personnel of other 
countries in large projects. Many of the desired per
sonnel are known to me. 

B. Propose that serious consideration be given to the 
hiring of retired military personnel to fill the require
ments for support personnel for this relief project. 
This source of personnel wi l l provide a vast pool of 
experience in every aspect of this project. 

C. Select a civilian contractor to provide complete logis
tical support for all U.S. support personnel. This con
tractor is available now for this project. In the Middle 
East and Africa for the past 20 years, the London-based 
Abella Construction and Catering Service, Ltd., has 
and is cont inuing to provide complete logistical sup
port for all projects in the United Arab Emirates and 
Saudi Arabia and in many other areas of the wor ld . 
They fed over 90,000 persons dur ing the civil war in 
Nigeria. 

VI. With the implementation of the above proposed guide
lines, which would result in a successful receipt of 25 
million tons of relief supplies in Africa, many other vital 
projects could be started that are critical for the devel
opment and future industrialization of Africa. 

These wou ld include: a continental railroad system, a 
network of power systems that wou ld make available a 
power grid for the entire continent, roads and commu
nications networks, fuel pipelines to all nations, and new 
seaports and airports. These projects could start in con
junct ion wi th the recommended food relief project as stat
ed above. When this critical program is implemented, the 
long-awaited industrial revolution of Africa wil l at last be 
realized. 
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How the science of 
Tesla has been 
mystified to 
manufacture 
right-wing Greenies 
who prefer magic 
to reality. 

Illustrations by Christopher Sloan So, 
You Believe in Tachyon Energy? 
by Jonathan Tennenbaum 

I t is truly remarkable: Over the past two years, the se
cret knowledge about "Tachyon Field Energy" has been 
spreading out to growing circles of the populat ion. 

Supposedly, totally new machines, called "converters," en
able us to " tap" unl imited amounts of energy from the 
universe. The proponents of this theory draw the conclu
sion that nuclear power, and wi th it, all the other "or tho
dox" energy technologies, wil l become totally superfluous. 
It is said that in some places of the wor ld , such "Tachyon 
converters" are already in operat ion. 

Not only that, the Soviet Union, reportedly, has already 
piled up an arsenal of these awesome Tesla-weapons, based 
upon unorthodox principles, that allow them to influence 
the weather in the West, to trigger earthquakes, or to crip
ple all NATO forces at a moment's notice! Companies and 
research laboratories all over the wor ld should work fever
ishly to develop this technology—all of them under the 
strictest secrecy, of course. 

Although such "detailed knowledge" is claimed of these 
sensationalist applications, the specific physical laws of 
"Tachyon Field Energy" are clouded in general ignorance 
and confusion. But this does not prevent an increasing 
number of laymen and aficionados from having absolute 
certainty that this is a new energy source. The "insiders" 
are not irritated by the apparently insurmountable diff iculty 
in attempting to get hold of a funct ioning Tachyon device. 
Just the opposite, these difficulties merely generate more 
clouds of rumor, which "prove" all the more to the initiate, 
that a top scientific secret is involved. The interest in this 
adventurous nonsense is increasing. The persuasive power 
of the Tachyon rumors increases at exactly the same rate at 
which the discussion initiated by the Tachyon rumors 
spreads. We are confronted with the key characteristics of 
a classical fraud. 

If you look closer at these Tachyons with your investiga
tor's reason, they wil l quickly evaporate out of the realm of 
physical reality and reappear as a purely psychological phe
nomenon. Ask yourself, astonished, why so many people— 
among them very prominent personalities—could have 
been tr icked by this fraud, and you are reminded of the old 
saying of the famous American circus director P.T. Barnum, 
"There's a sucker born every m inu te / ' 

The issue of Tachyons, however, cannot be so easily put 
aside. The ideological manipulation includes an effort to 
drag people into a " r ight-wing" version of environmentalist 
or Green ideology. There is the danger that this manipula
t ion is an element of strategic deception to cover up the 
real intent and capabilities of the Soviet Union. It should 
be noted that the Tachyon discussion went into high gear 
just at the t ime when the United States, in the context of 
the Strategic Defense Initiative, entered into an accelerated 
development phase for laser and particle-beam weapons. 
Was the pu rpose of the Tachyon hoax to deflect money and 
energy f rom serious frontier research in directed energy, 
into nonsense? Moreover, the networks that are spreading 
the Tachyon fraud in the United States heavily overlap the 
KGB-infiltrated networks of the Esalen Institute and the cult 
circles of the L-5 Society. 

Some readers wil l not accept this statement. I can clearly 
imagine the indignant hecklings. "Why should we believe 
you , Mr . Tennenbaum? We have extremely confidential 
communications f rom highly reliable sources, which say 
that Tachyon energy and Tesla weapons have to be taken 
very seriously." Thank you very much for your reminder. It 
leads us directly to the quest ion, which we want to deal 
wi th in the first part of this article. The majority of those 
interested in Tachyons are, according to their own self-
evaluation, not able to form an independent judgment on 
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this question. They therefore are looking for the opinion of 
experts. But who are these "experts"? How do you know, 
that their "reliable source" wi l l answer the question posed 
reliably and correctly? 

The True Secret of Tachyon Generation 
The breeding ground, spreading the Tachyon fraud 

(quicker than any virus f rom the arsenal of biological weap
ons), is the inability of large parts of the population to make 
independent judgments, even when—as we shall show— 
the form, in which the fraud is spread, should suffice for 
people to recognize that it is a fraud. The intellectual and 
moral immune system of our populat ion is extremely weak
ened by reductionism in the natural sciences and by wide
spread cultural pessimism. In fact, one need not be an 
"expert" at all, to uncover the Tachyon f raud; all one needs 
is a rigorous faculty and some basic knowledge about the 
psychological and cultural weaknesses that favor the 
spreading of fraudulent operations, cults, and other swin
dles. 

In each decept ion, the essential and most dangerous ele
ment is not that the factual content of the proposit ion made 
is untrue, but the fact that in the victim's mind a wrong 
method of th inking is stimulated and exploited. Starting 
with this insight, it is easy to uncover the fraud. 

The key to uncovering psychological warfare, spreading 
of cults, and psychological mass manipulation is episte-
mology—raising the question of the criteria of judgment, 
or the mental processes, by which people are led to true or 
false knowledge. 

Take the case of the magician. He is an expert in psycho
logical warfare. It is not essential for a successful magic act 
what the auuience actually sees, but how they interpret 
what they are seeing. This is clear to anybody, who has 
himself performed a conjur ing trick or to whom the " t r ick" 
of such a performance was revealed beforehand. You then 
are astonished about the apparent blindness of the audi

ence to what is really occurr ing onstage: 95 percent of the 
deception is in the mind of the spectator. The magician 
succeeds by means of gestures and skillful speech in di
recting the attention of the audience so they do not see 
what is going on "r ight in front of their noses." The audi
ence "sees" a person disappear all of a sudden f rom the 
stage with flashes, f ire, and smoke. 

The kernel of the deception lies in the question of caus
ality. Whi le the magician is dealing with a process, which 
he simply steers by mechanical and optical means, the au
dience "sees" the intervention of "extraterrestrial forces." 
The success of the magician rests mainly on the uncon
scious wish of the spectators to be deceived, so they do not 
have to recognize the lawful process onstage. 

The spectators want to relax. For a short period of t ime, 
they want to be freed f rom the "oppressing" lawfulness of 
real life. They therefore make an unconscious "deal" with 
the magician. They surrender their critical faculty and allow 
themselves to be manipulated; they give the magician a 
certain "credibi l i ty." In return, the magician must deliver a 
moment of psychological " l iberat ion" from the demands of 
a causal universe, natural law. 

In t ime of crisis, this desire for l iberation becomes so 
strong that large parts of the population wil l grab every 
psychological equivalent of magic, like astrology, parapsy
chology, religious cults, psychotropic drugs, and so on . 
Dependency and passivity are created and util ized to weak
en or undercut the ability for independent judgment. The 
Tachyon fraud proves that this phenomenon does not stop 
outside so-called leading circles. 

A concrete example of mass brainwashing, which directly 
has laid the ground for the Tachyon fraud, is the "l imits to 
growth" hoax. 

The late founder and president of the Club of Rome, 
Aurel io Peccei, has described the notorious report on the 
"Limits to Growth , " which is still today respected by the 
majority of German professors as a "scientif ic" master
piece," as a "psychological command. " The details of this 
operation have been covered elsewhere; here we are con
cerned only with the fo l lowing points. 

• First, the wor ld populat ion was terrorized wi th "oi l 
shocks" and the prognosis of imminent catastrophe: re
source scarcity, energy crises, carbon dioxide pol lut ion, 
poisoned food , nuclear winter, and so on , starting in 1973, 
in order to create a widespread apocalyptic mood. 

• Then realistic solutions to the resource problem were 
blocked. There was particular sabotage against already uni
versally available nuclear energy by the antinuclear move
ment, and a general campaign of harassment against mod
ern technology was started. The possibility of solving the 
crisis wi th modern science and technology was blocked. 

• Finally, the Club of Rome and its allies in the suprana
tional institutions declared that the crisis anticipated by 
them could be solved "only globally" and that the individual 
nation states must delegate their sovereign power to supra
national institutions of "crisis management." ' 

Particularly the younger generation was provided an es
cape from the stress of "compl icated" reality and thrown 
into the arms of simplistic explanation of these "masters" 
of zero-growth phi losophy. 
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Th/s "Tesla shield" (above) and "TeslaABM Defense" 
are both featured in Star Wars Now! The Bohm-Ara-
ronov Effect, Scalar Interferometry, and Soviet Wea-
ponizat ion, edited by T.E. Bearden and published in 
1984 by Tesla Book Co., Millbrae, Calif. 

Generally, the insecurity in the populat ion grew, and 
through this, its manipulabil i ty. 

Tachyons—A Backstage View 
Now we enter backstage and review point for point the 

Tachyon fraud. Our primary source is Dr. Hans A. Nieper, 
president of the "German Association for Gravity Field En
ergy" and member of the founding board of the "American 
Association of Gravity Field Energy" in Huntsvil le, Alabama. 

Nieper prefaces his book, Revolution in Technology, 
Medicine, Society—Conversion of Gravity Field Energy, wi th 
an argument taken directly f rom the Club of Rome. He 
predicts an imminent collapse of nature: 

Mankind moves toward a catastrophic situation with 
breathtaking speed. Population explosion, destruction 
of nature, destruction of tropical jungles, increase of 
carbon dioxide content of the atmosphere, contami
nation of the water. 

The rational solution is b locked: predictably, Nieper op
poses nuclear energy. He continues: 

The true background is the uneven distr ibution of 
richness on earth. . . . [This] in turn has its essential 
cause in the fact that our modern technology is not 
able any more to maintain mankind adequately. . . . A 
first attempt to escape this diff iculty has actually broad
ened this di lemma. Nuclear power is technically, eco
nomically, sociologically, and politically unfit for this 
task. 

Nieper is shameless enough to trumpet out the lying 
demagogy of the Greenies. 

Nuclear power is essential to secure the wor ld energy 
supply of a growing mankind at an appropriate living stan
dard for all. The scale on which nuclear technology is used 
today, despite the sabotage of the zero-growthers, proves 
the opposite of Nieper's st ipulation. In France, 54 percent 
of electricity is generated in nuclear power stations, in Bel
gium 46 percent, in Sweden 36 percent, and so on . Nuclear 
technology is technically feasible, and especially wi th fast-
growing energy consumpt ion, it is the most efficient and 
safest energy source. Only the political sabotage of the 
antinuclear movement, initiated by the Club of Rome, has 
prevented its expansion. Nieper transforms this result of 
political propaganda into a seemingly self-evident axiom: 
"Nuclear power is politically unf i t , " Nieper says. 

But the credulous Tachyon supporter is facing further 
threats. Therefore, Tachyons to the rescue. Nieper wri tes: 

Whi le there is a wor ldwide energy crisis coming up, 
with catastrophic direct and indirect consequences and 
the responsible politicians don' t know how to solve it, 
a broader public for the first time realizes that the whole 
planet swims in an energy field of immensely great 
density, the so-called Tachyon f ield. Obviously, it is 
possible to plug into this energy field wi th only rela
tively small effort. . . . 

Very impressive! Nieper cont inues: 

This energy field essentially has nothing to do wi th 
light or the energy of the Sun, but is to be described as 
Graviton, Tachyon, or Neutr ino f ield. . . . 

In Nieper's theory, all so-called natural accelerations can 
be reduced to one and the same basic principle. According 
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to h im, they come about because of directed Tachyon de
celeration; this is true for gravity acceleration, electrostatic, 
magnetic, and electromagnetic radiation. 

It must be noted that Tachyons don' t belong to the nor
mal objects of physics. When some theoretical physicists 
are work ing on speculations about "Tachyons" or "Gravi-
tons" in their universities, they don' t do so because these 
apparent particles have ever been detected anywhere. The 
"Tachyon" was born in the course of purely formal algebra
ic games, when some theoreticians asked themselves what 
properties a particle theoretically must have when it travels 
faster than the speed of light. 

Nieper is-not impressed by the fact that there has never 
been an experimental proof for the existence of Tachyons. 
Just the opposite; he simply states a "Nieper's pr inciple," 
which says, that all existing actions in the universe are based 
on Tachyons! 

In other words, the cleaner one's wash, the more little 
green men must have been stored in one's detergent. At 
least, that is what the TV commercial wou ld have us believe. 

However, whi le supposedly Tachyon energy converters 
are funct ioning all over the wor ld to tap energy f rom the 
energy f ie ld, there appear again and again insurmountable 
difficulties when one tries to locate a suitable demonstra
t ion machine at a given place at a given t ime. For one reason 
or another, the machine cannot be viewed in action. 

Is There a Conspiracy Against Tachyons? 
And then there are long stories about bizarre persecution 

directed against Tachyon supporters. Take, for example, 
the case of the famous psychoanalyst Dr. Wi lhelm Reich, as 
reported by Nieper. 

Reich discovered a motor force in Orgone energy, 
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and in 1948, the first prototype of the Orgone Energy 
Motor was running. . . . This prototype supplied per
manent energy to a 25-volt motor and represented an 
energy converter for the primary, cosmic "energy of 
the thousand names," which today may be best known 
under the name of gravitation or Tachyon f ield. . . . 
Based on his spectacular Oranur exper iment. . .Reich 
was officially asked in March 1954, to give up any fur
ther research and study on the field of Orgone ener
gy. . . .Three years later, Dr. Reich died in an American 
prison. His books and writ ings were confiscated and 
burned. 

In fact, Reich was indicted—for fraud. 
Another example, is the case of Dr. Henry Moray of Salt 

Lake City, Utah. 

A year before, a furious "customer" had destroyed 
the prototype of the [Moray] machine wi th a heavy 
hammer, when Moray refused to give out all informa
t ion about set-up, principle, and materials used. For 
this reason Moray always carried a pistol in the labora
tory. . . . He equipped his car wi th bullet-proof w in
dows. Nevertheless, more attempts against him were 
t r ied, even in the open street. . . . Private researchers 
currently try to uncover the secret of composit ion of 
the semi-conductor material used. . . . 

And then there is the unhappy case of the American citi
zen Lester Hendershot: 

Only in 1960, a newly established research team of 
about 20 responsible personalities f i led a mot ion to the 
"U.S. Navy Office of Naval Research" for $150,000 to 
investigate the Hendershot machine, which was called 
"magnetronic generator." The mot ion was document
ed and accompanied by 22 certif ied testimonies of 
prominent personalities who had seen and watched 
the machine operating. . . . In Apri l 1961 Hendershot 
publicly declared his readiness to explain all details and 
the operational principles of the machine before prom
inent men of science. . . . The project and all the new 
plans associated wi th it ended wi th the suicide of Lester 
Hendershot on Apr i l 26,1961. 

Exemplary of how the hoax works is a caption on page 86 
in Nieper's book. He uses a typical magic trick to create an 
il lusion in the mind of the spectator. 

Curve of the increasing potential of Takamura's 
Gravity Energy Generator, which has an initial value of 
2 volts, whi le after 3 months it reaches 40 volts. This 
result shows continuous influx of gravity field energy 
f rom the gravity f ield. Wi th this machine we can obtain 
unl imited gravity energy. 

Here, the attempt is made to fool the layman, who does 
not understand the difference between electric voltage and 
energy. Wi th any normal transformer one can arbitrarily 
increase or decrease the voltage of alternating current, 
wi thout producing energy. A transformer is like the gear 



transmission of a car, for maximizing the use of its engine's 
power. Like the transmission, the transformer does not 
produce energy. 

The Secret of Nicola Tesla 
Nicola Tesla (1856-1943) is considered the great guru of 

the Tachyon movement. Born in Yugoslavia, Tesla was a 
gifted engineer and inventor, who laid the foundation of 
alternating current technique by bui ld ing the first alternat
ing current power plant at Niagara Falls. He is also the in
ventor of the Tesla transformer, which can generate very 
high voltages and frequencies; wi th this he made an essen
tial contr ibut ion to the development of efficient radio sta
tions. These other inventions of Tesla are integral parts of 
modern electrical engineering. 

The Tachyon fraud is largely based on a mystification of 
Tesla's method. Tesla, who had received a solid education 
at the Polytechnic School in Craz, Austria, applied two basic 
principles of physics and technology that were already for
mulated by Kepler and Leibniz: 

First, the principle of resonance, according to which all 
processes in the universe are ordered by harmonic relation
ships. Tesla was clear about the fact that the effect of elec
tromagnetic waves as, for example, radio waves, on physi
cal systems depends significantly on the frequency of the 
wave. At certain frequencies, especially strong interactions 
occur by resonance. 

Second, the principle of increasing energy density as it 
was employed by Leibniz on the problem of developing a 
Papin steam engine. Leibniz knew that the efficiency of a 
steam engine is improved by increasing its work ing tem
perature. Tesla employed this principle in electrical engi
neering by attempting to reach ever-higher voltages and 
frequencies. In this, he realized, constantly new physical 
effects (singularities) occur. Tesla was the first who , to the 
great interest and also joy of his colleagues, generated volt
ages of several mi l l ion volts. 

Al though we cannot discuss Tesla's work in more detail 
here, this should be enough to expose his so-called admi
rers of the Tachyon brigade, who have mystified this simple 
principle of increasing energy density—which Tesla em
ployed and which has been known to modern science since 
the work of Leibniz (since Archimedes, really)—by trans
forming it into an extraterrestrial mystery and mixing into it 
an absurd notion of perpetuum mobile. 

It is no argument for Tachyons that some things can be 
accomplished wi th a mil l ion volts that are impossible wi th 
only 10 volts; for example, one can generate spectacular 
sparks. But the Tesla transformer, which increases 10 volts 
to 1 mil l ion volts, does not create energy in the common 
physical technical sense of the word . The fact that certain 
phenomena occur only at higher energy densities points to 
a flaw in the normally accepted not ion of energy; the work 
potential of a given physical action cannot be sufficiently 
characterized by its so-called energy content or caloric val
ue alone. 

The Tachyon def rauders say that their machines are "open 
systems," meaning that they are in interaction with an outer 
physical system, the Tachyon f ield. Then, however, these 
experts must also describe the effect of their machines on 
this outer physical system, not only the supposed effect of 

the Tachyon f ie ld. But that they don' t do. The fact that 
between the Earth and its atmosphere there exists a voltage 
of about 100 volts per meter, does not mean that you can 
tap out of this " f ie ld " any volume of energy. As soon as a 
conductor is introduced, the voltage difference is leveled 
out through a very weak current down to Earth. 

Tachyon energy is a fraud. However, there is aperpetuum 
mobile, a system that generates constantly more energy. 
This perpetuum mobile is of a totally different nature than 
the Tachyon magicians would have us believe: It is human 
society! 

Through the development of science and technology, 
this perpetuum mobile runs ever more quickly and more 
efficiently—at least, if it is steered correctly. Why mystify 
this process? There is nothing mystical in it at al l ; it is the 
day-to-day reality of a progressing economy, in which cre
ative thinking—the development of new hypotheses me
diated through new technologies—constantly increases the 
power of man over natural forces. Decisive for this process 
are exactly such breakthroughs as Tesla made—not as the 
Tesla cultists portray h im, as an intuit ive, lonely genius, but 
as the inheritor of the science tradit ion of Kepler, Leibniz, 
and the founders of the French Ecole Polytechnique. This 
tradit ion is totally unknown to Nieper and his fol lowers; 
they don' t know it and don' t want to know about it. 

The perpetuum mobile of human economy cannot be 
maintained on the basis of a fixed set of technologies. Any 
technology is condemned to aging and scrapping by the 
relative limitedness of the resource base determined by it. 
The key is that technological progress continues from the 
basis reached so far and always creates the potential to take 
the next step. 

Today, we see at the horizon the possibilities of fusion 
power. Before it is technically realized, we must create the 
fast-expanding economic base needed for that. The chea
pest, cleanest, and best way to do that is the wor ldwide use 
of nuclear fission, which is already under our command. 
Today our old slogan is more true than ever: More Nukes, 
Less Kooks! 

Jonathan Tennenbaum is the editor-in-chief of the Ger
man-language Fusion magazine. 
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Laser Technologies 

Courtesy of Coherent General, Inc. 

Ready to Take the Economy 
Into the Plasma Age 
The laser technology spinoffs from the beam defense program are available today to make 
the next industrial revolution. All it takes is a political decision to reduce interest rates and 
issue low-interest credits to American industry. 

by Carol White 

T he spinoff benefits f rom the Strategic Defense Initia
tive program are ready to provide a "shot in the a rm" 
to the ailing U.S. economy, generating the increased 

productivity and increased tax revenue that wou ld more 
than pay for the entire beam defense program. These laser 
technologies, if applied to the civilian economy, would be 
the peacetime equivalent of the Wor ld War II economic 
mobil izat ion. A crash program to develop the Strategic De
fense Initiative and its spinoff technologies would cause a 
fourfo ld increase of economic productivity, an increase of 
4 mil l ion jobs per year, el imination of the U.S. trade deficit 
wi th in a two-year per iod, and a rise in real per capita income 
by 5 percent per year.1 

What's holding back the potential of laser and related 
technologies f rom fuel ing an industrial takeoff? The credit 

and investment policies of Paul Volcker, chariman of the 
Federal Reserve. 

The Assimilation of New Technology 
The health of any economy is immediately dependent 

upon the health of its capital goods sector—and especially 
those capital goods used to produce more capital goods 
and infrastructure. But in the longer run, its viability is a 
funct ion of the rate at which higher and higher rates of 
productivity are infused into the economy, by a rapid rate 
of introduction and assimilation of new technologies. Each 
new technology is in a sense a singularity. Whether or not 
it " f l ies," depends upon the ability of the system as a whole 
to assimilate it. 

The present financial manipulations of the economy by 
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The present financial manipulations of the economy by 
Paul Volcker, and the Eastern Establishment banking strata 
that he represents, are deliberately strangling the produc
tive economy in order to favor the speculative "black" 
economy typif ied by the illegal drug trade, the gambling 
casinos, and the real estate swindles through which they 
launder cash. This, of course, is coupled with the depres
sion of wor ld trade through the same policies by the Wor ld 
Bank and the International Monetary Fund. The effect of 
these policies on machine-tool product ion can be seen in 
T a b i d . 

To judge the impact of high interest rates, look at the cost 
of leasing laser equipment today. The standard leasing ar
rangement is for a three to five year per iod, at an average 
cost of 2 percent over the prime rate—a leasing cost today 
of about 12.5 percent. For the entire period between 1940 
and 1960, interest rates did not rise above 4 percent. If one 
compares the cost to industry of a laser leased at today's 
prices wi th that at a reduced 4 percent rate, one sees that 
the "tax" that industry is now paying to financial speculators 
is preventing any rapid modernization f rom taking place. 
Financed over five years, a $200,000 machine now costs 
$376,714, compared to $243,331 at the lower interest rate. 
The additional $133,381 is a 55 percent add-on to the cost of 
the machine. Similarly, a $500,000 purchase today costs an 
extra quarter of a mi l l ion dollars or more. 

There are other factors that also determine the rate at 
which new technologies are assimilated into an economy. 
Chief among them is perhaps the morale of the populat ion. 
During Wor ld War I I , the urgency of the task of meeting 
the goals of war product ion introduced a "crash program" 
mentality that mobi l ized the creative energies of the whole 
populat ion. Countless inventions at the shop-floor level 
must take place to upgrade the efficiency of any new inven
t ion and adapt its design to the specific tasks at hand. 

There is also a necessary density that must be reached 
before a new technology really takes hold. There was a 
phase change at the end of the 19th century f rom a steam-
powered economy to one dominated by electricity, but this 
only occurred over t ime. It was first necessary to introduce 
a sufficient number of motors into the economy to cheapen 
the cost of product ion and allow their assimilation on a 
volume basis. Today the nation is at the point where laser 
technology is poised for takeoff, with the potentialities much 
as predicted in the study carried out two years ago by the 
Fusion Energy Foundation and the Executive Intelligence 
Review—provided the appropriate changes are effected in 
credit and related policies. The laser industry is still small, 
but in the last two years, by any measure, it has registered 
real growth. People in the f ield estimate that about 20 to 30 
percent of lasers used in machine tool ing are used in the 
aerospace and defense industries, whi le the rest are spread 
throughout the economy. 

Between 1983 and 1984, total laser output doubled—al
though it should be borne in mind that most of the growth 
was in diode lasers, which are the least expensive, costing 
between $10 and $100 each. Nonetheless, all areas of laser 
product ion were up. One of the fastest growing areas for 
lasers is in the field of communications. AT&T has replaced 
copper wires by 700 miles of f iber optics on the East Coast 
of the United States, which carry a laser beam that transmits 

Table 1 
NUMBER OF U.S. MACHINE TOOLS 

PRODUCED 

1976 1980 1981 1982 

169,690 203,193 188,769 118,172 

1983 

150,837 

1984 

164,590 

Sources: UN. National Association of Machine Tool Builders 

Table 2 
NUMBER OF LASERS SOLD WORLDWIDE* 

Type of laser 

HeNe 
Ion 

HeCd 
Dye 

Carbon dioxide 
Solid state (YAG and ruby lasers) 

Diode 
Excimer 

TOTAL 

1983 

113,285 

10,387 

1,077 

655 
1,664 

4,203 

496,400 
355 

1984 

212,395 

10,765 

1,430 

739 
2,224 

4,451 

979,300 
397 

628,026 1,211,791 

"60% of laser sales worldwide are by U.S. companies. 

Table 3 
NUMBER OF LASERS SOLD TO 
METAL-WORKING INDUSTRY 

Type of Laser 1982 

Carbon dioxide 550 

Solid state (YAG) 600 
Excimer 3 

Total 1,150 

Table 4 

1983 

725 

630 
6 

1,358 

1984 

942 

733 

1,681 

LASER SYSTEM USE BY TYPE OF INDUSTRY 
(WORLDWIDE) 

(in millions of dollars 

Type of industry 

Printing/xerography 

Optical communications 
Color separations 

Tactical military 
Therapeutic medical 

Metrology 
Materials processing 
Audiodisk 

R&D 

Agriculture and construction 

TOTAL 

Source: Lasers and Applications 

1983 

805 

797 

505 

307 

199 
203 
186 

105 

94 

76 

3,442 

1984 

1,095 

1,067 

570 

316 

261 
248 
233 

160 

109 

86 

4,376 
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This automatic multistation drilling ma
chine can simultaneously drill eight .040 
inch holes in an automotive camshaft. It 
eliminates the cost of tool replacement. 
The savings in drill bits alone economi
cally justify the purchase of the system. 
Inset are perforated Mylar holes drilled by 
a carbon-dioxide laser. The holes are 
smooth and round, with precise hole 
density. 

sound at a greatly reduced cost and enhanced speed. This 
system wil l be extended to the West Coast. 

Al though metal-working consumes only a small amount 
of wor ld laser output (it ranks only seventh among laser 
users in industry), the rate of growth in this sector was 18 
percent in 1983 over 1982, and it increased 24 percent in 
1984 over 1983. Total sales for wor ldwide laser systems (that 
is, machines incorporating lasers) were $3,442 bi l l ion in 
1983 and $4,376 bi l l ion in 1984. The United States wou ld 
then have produced $22.50 bi l l ion in laser systems in 1984. 
Since total machine-tool sales were $2,650 mil l ion in 1984, 
a fair estimate wou ld be that laser machine tools accounted 
for 4 percent of these sales. The automation of laser pro
duct ion itself, wh ich depends upon the total parameters of 
laser use, wi l l of course benefit every particular application. 
One way of cheapening the cost of using a laser machining 
device is the prol i feration of laser job shops around the 
country, particularly in the northeastern United States. This 
makes lasers available for the small batch, 10,000 parts-to-
be-welded per month , type of job. 

The Laser Tool 
Although lasers in themselves would not now be the tool 

of choice for many cutt ing jobs, they are already demon
strating their value not only for their ability to concentrate 
energy at high densities, but for their ability to be applied 
flexibly to varied jobs, f rom cutt ing to welding and plating. 
Best of all, this same flexibil ity can be put to use in designing 
and redesigning machine tools with min imum effort. For 
example, where a punch press is designed to punch holes 
in preassigned places, based upon the dies that are inserted 
in the press, the die itself must be changed at a cost of 
several weeks' t ime and several tens of thousands of dol 
lars, in order to modify the distance between the holes. 
Wi th a laser, one need only insert a new program into the 
machine console. 

curtesy oPCoherent General, Inc. 

And, of course, the laser is capable of extraordinary pre
cision. Laser machines now in use can dri l l holes that are 
0.003 inch in diameter. A dri l l bit would break were it ap
plied to such small holes. One application that is under 
proprietary wraps at the moment is the making of semi
conductor chips for computers; which benefits f rom the 
capability of a laser to etch lines at hair thickness. At the 
moment, lasers are operating in the range of a couple of 
micrometers. What is needed is an etching line less than 1 
micron (micrometer) in thickness, which requires going 
beyond the ultraviolet range. Excimer lasers are now pro
ducing cuts 0.5 micron in w id th . This is being pursued in 
the United States and Japan. 

One immediate advantage of the application of lasers to 
machining is the ability to cut wi thout having to adapt a die 
to the shape being cut. This is especially useful in the case 
of etching rectangular shapes into steel balls, as in the 
placement of stems on ball bearings. For example, contrast 
the use of laser-cuttingdevices with conventional machines 
for making the blades that are attached to the end of jack-
hammers. Wi th the latter, five machines work for 40 hours 
a week to make a batch of blades, compared to one laser 
machine work ing only one eight-hour shift. This laser ma
chine also demonstrates a flexibility that wil l become typi
cal in the factory of the future. The same tool not only cuts 
teeth into sliced pieces of metal, but then fuses the serrated 
metal strip into a straight piece of metal to create the blade. 
Similar t ime savings have been reported by General Elec
tr ic, up to as much as 98 percent. 

Lasers can also be used to make nugget welds, which, 
unlike electric-arc welds, do not require copper flux. Wi th 
frequent welding, a $150,000 laser wi l l pay for itself in one 
year simply by el iminating the copper. 

Laser cutt ing of aluminum and copper has been espe
cially problematic, since these metals tend to absorb the 
applied heat. But dur ing the past year, wi th enhanced laser 
focusing, a YAC laser (a neodymium-doped yttr ium-alumi
num-garnet laser) has been developed that can cut these 
metals. It is superior as a cutt ing instrument to its more 
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high-powered cousin, the carbon dioxide laser, because of 
its higher frequency. Coherent-General of Palo Al to, Calif., 
has found a method of concentrating the energy of the YAC 
laser at its center, thereby considerably magnifying the en
ergy density that its beam can develop, whi le maintaining a 
fine incision. In the coming period we can anticipate large-
scale adaptation of methods now being developed to 
achieve precision targeting of beam weapons, and to achieve 
further energy densification of lasers at the point of pro
duct ion. 

In the area of robotics, whi le the Japanese are in the lead, 
Westinghouse has devised a laser-robot hookup that works 
along a monorail 40 feet long. Another Westinghouse ex
perimental system uses a 25-kilowatt laser to feed six work 
stations. As a metal-working too l , the laser beam is piped 
throughout the shop from one central laser source. 

New Materials: The Case of Zirconium 
One of the most significant elements of the new indus

trial revolut ion wi l l be the introduct ion of new materials 
into product ion. Now, a key bottleneck preventing leaps in 
productivity comes f rom the limits imposed upon the effi
ciency of machines by the inability of the materials of which 
they are composed to tolerate high temperatures or ex
treme variation in temperature. Other problems are dura
bility and resistance to corrosion. It is the latter, for exam
ple, that prevents the use of hydrogen as a replacement for 
petrochemicals. 

Materials are also the l imit ing factor in a large array of 
higher-temperature processes using lasers, plasmas, and 
advanced nuclear technologies, which should otherwise be 
commercially available, but are not economically attractive 
undercurrent depression condit ions. The SDI program and 
its space infrastructure wil l push currently available alloys 
and ceramics to their l imit, whi le also requir ing the devel
opment of new materials. The SP-100 nuclear reactor in 
space program, for example, demands reactors that are 
both compact and efficient. This means that they must be 
able to operate at a higher temperature. This program is 
already transforming the state of the art in materials. 

Over the past two years, this nuclear reactor develop
ment program has again become a focus for NASA, the 
Department of Defense, and the Department of Energy— 
not, as in the past, for propuls ion, but for space-power 
product ion for laser, particle beam, radar, and other mil i 
tary systems. This SP-100 program, jointly sponsored by the 
above three agencies, and a parallel effort that wi l l develop 
power sources larger than the 100-kilowatt SP-100 program, 
are resurrecting the materials work stopped in the early 
1970s. One material coming to the fore is partially stabilized 
z i rconium, a ceramic originally developed in 1977 by an 
Australian f i rm, Nilcra Ceramics, and patented in the United 
States in 1981. The three U.S. government agencies are 
presently considering use of some form of zirconium to 
strengthen refractory metals slated for use in the SDI space 
nuclear reactors against thermal shock. 

Pure zirconium is a ceramic wi th a high melt ing point. 
Although it is immune to chemical attack, in its pure form 
it is very bri t t le. At 1,090° Celsius it undergoes a change in 
its crystal structure, which usually results in cracking and 
then the decomposit ion of the material. Recently it has 

James E. Stoots/LLNL 

Lawrence Livermore's two-beam Novette laser used 
in laboratory experiments that promise the develop
ment of an X-ray laser capable of three-dimensional 
imaging of living processes at the atomic level. 

Lasers for Defense 
Lasers are a key element in any effective antibal-

listic-missile system because of the speed wi th which 
they can deliver energy on target, their ability to con
centrate that energy to deliver a knock-out punch, 
and the more subtle effects that are possible by " tun
ing" the delivery of a graduated series of shock waves 
to a target in order to render it dysfunctional by in
duced phase changes. One of the key elements of 
laser targeting is, of course, the alignment and focus
ing of the beam. These systems demand the most 
advanced computer controls and diagnostic capabil
ities. Not only must the beam be able to pinpoint its 
target, but it must be able to discriminate between 
live missiles and drones. All these elements of the 
system, applied to industrial product ion, provide 
greatly enhanced capabilities. 

As the Japanese experience now shows, we are on 
the verge of a revolution in robotics that can intro
duce the automated factory. The wedding of ad
vances engineered through the Strategic Defense Ini
tiative (SDI) program to these systems wil l continually 
upgrade their potentialities. At the same t ime, there 
is the possibility of introducing a whole array of new 
metals and ceramics into product ion. To engineer 
most efficiently the kind of industrial revolution this 
implies, wi l l demand real t ime diagnostics of the sort 
being developed through the SDI. 
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This laser welding system is 
designed to weld heat ex
changer plates used in large 
turbine engines. Its two car
bon-dioxide lasers and com
puter numerical controllers 
direct the entire welding op
eration as well as the load/un
load robot and automated 
tooling set. 

The cross sections of welds 
(below) on Vi inch steel indi
cate why laser welding pro
duces dramatic improve
ments in productivity. The 
conventional weld required 
several passes, while the laser 
weld was accomplished on 
one pass. The 15-kilowatt las
er travels at 47 inches per min
ute. The diffuse heating in 
conventional arc welding dis
torts the stock and may re
quire hours of treatment to re
store it to planeness. 

Naval Research Laboratory 

been found that alloying zirconium wi th magnesium, cal
c ium, or yt tr ium produces a material that can withstand 
300,000 pounds per square inch of pressure. Materials such 
as zirconium can only be introduced into product ion as 
methods of handling them become available. Lasers are an 
essential element in this conf igurat ion, because they are 
able to cut through such materials. For example, the ribs of 
aircraft are made wi th the super-hard metal t i tanium, which 
is easily cut wi th a laser, but otherwise requires the exertion 
of tremendous force. 

The SP-100 program has plans to use one of two heat-
resistant metal alloys for the fabrication of heat pipes. One 
of these, tantalum, wil l be doped with zirconium. This metal 
has a melt ing point at 3,269° Celsius. The application of the 
design features developed by the SP-100 program to the 
growth of a second generation of commercial nuclear re
actors, particularly in the design of high temperature gas 
reactors to give greater efficiencies of power generation, is 
essential if the nation is not to be held back by a severe 
power shortage. And , of course, the greater thermal effi
ciencies wou ld significantly cheapen the cost of power gen
eration. 

Courtesy of Coherent General, Inc. 

Energy efficiency wou ld also be achieved by the use of 
hydrogen gas as a fuel. The cost of cracking water to pro
duce hydrogen is directly dependent upon the heat at which 
the process takes place. This in turn depends upon a heat 
source as well as upon the availability of heat- and corro
sion-resistant materials. It is foolishly wasteful to burn pe
trochemicals, which are potentially l imited and are only 
now in apparent oversupply because of the present severe 
contraction of product ion. Partially stabilized zirconium 
(PSZ) has recently shown in successful laboratory tests that 
it can withstand the necessary high temperatures. What is 
lacking is the heat source itself. The present sabotage of 
the commercial nuclear power program not only has 
stopped the bui ld ing of nuclear reactors in general, but also 
has prevented the development of the high-temperature 
gas reactor, which could provide a cheap source of high-
temperature process heat. 

One immediate spinoff f rom this work is the develop
ment of internal combust ion and Stirling cycle external 
combust ion engines that could at least double the efficien
cy of current engines, because they operate at higher tem
peratures. The U.S. Army Tank and Automotive Command 
is funding research and development at Cummins Engine 
Co., in Columbus, Ind. , for the development of an adiabatic 
diesel engine. The goal of this research is the product ion 
of 70 percent thermal efficiency as opposed to the 30 per
cent efficiency of current diesels. 

This advance is made possible by the development of 
ceramics that have properties like those of steel, except 
that they can withstand the higher operating temperatures 
required to attain the desired thermal efficiencies. The op
timal ceramic for use in engines and the one that the Army-
Cummins program is built around turns out to be partially 
stabilized z i rconium. 

In laboratory tests so far, the Cummins engine has 
achieved a thermal efficiency of 48 percent. Cummins drove 
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a truck with one of these engines 10,000 miles, wi th report
edly excellent results. The engine does not require a radia
tor to dissipate heat. Cummins has dispensed altogether 
with 360 parts in addit ion to the radiator, by making cylinder 
linings, piston caps, valve guides, valve seats, and so on , 
out of partially stabilized zi rconium, so that the engine can 
operate with cylinder head temperatures of 760-870° Cel
sius. This produces a savings of 420 pounds in the weight 
of the engine, compared to a water-cooled diesel of the 
same power. 

The Army is interested in the engine because radiators 
are the most vulnerable spot in a tank. In order for the 
radiator to dissipate heat f rom the engine, it cannot be 
heavily armored. The result is that a single projectile into 
the lightly armored radiator stops a tank dead. Reportedly, 
the temperatures in the combustion chamber of the test 
engine are so high that one could use rags for fue l , not to 
mention kerosene. Cummins is now trying to use the par
tially stabilized zirconium to eliminate the need for o i l , to 
further reduce heat loss, and to raise the thermal efficiency 
even more. They plan to use solid lubricants for point con
tact and leave the lubrication of the pistons and other mov
ing parts to the circulating fuel itself. The Japanese are al
ready making replacement engine parts out of partially sta
bil ized z i rconium, but do not appear to be work ing on a 
new engine design. 

Making New Alloys with Plasmas 
High-quality metal alloys are made today in electric arc 

furnaces that operate at about 1,650° Celsius. Research in 
fusion energy and plasma physics over the past two decades 
has opened up the use of plasmas at an order-of-magnitude 
higher temperature, where more materials can be alloyed 
to steel. The most advanced plasma steelmaking process in 
the wor ld is nearing commercial demonstration in New 
Jersey by a private company. Only the underinvestment in 
the steel industry over the last decade, and now the current 
outr ight demol i t ion of capacity by the major steel produc
ers, has prevented this revolutionary new technology f rom 
placing the United States in wor ld leadership in this crucial 
materials f ie ld. 

The plasma furnace uses a high-temperature inert gas 
that has been ionized, consisting of positively and negative
ly charged particles. At 20,000°, no material could contain 
this hot gas; therefore, as in fusion experiments, magnets 
surround the furnace to hold the plasma in the shape of a 
cone. Pellets of the materials to be refined are dropped into 
the furnace from the top, and in the 0.45 second it takes the 
pellet to fall to the bottom of the furnace, the material has 
been refined. At these increased temperatures, alloys wi th 
barium and tungsten can be created. 

These super-hard materials can be used for tool steel, 
which cannot be cut even with a d iamond. Rather than 
changing the tool in an automatic lathe, for example, after 
each eight-hour shift, this new alloy extends the life of the 
tool f rom seven to ten times. The barium and tungsten 
alloys can withstand temperatures up to 2,210° Celsius, 
compared to the 1,650° of today's tool steels, and are oxy
gen-resistant. 

A significant stimulus to the design of new materials can 

be expected to come from the need to improve laser optics 
in beam weapons. In mid-February, the Los Alamos Nation
al Laboratory began a joint $3 mil l ion program with other 
laboratories and industry to develop improved optical coat
ings for use in defense weapons systems. In order to at least 
double the currently available power of lasers for military 
applications wi thout damaging their optics, basic research 
in materials, laser-material interaction, and chemistry wi l l 
have to be per formed. 

As in many other fields of SDI-funded research, there wi l l 
be numerous applications in industry f rom the technology 
developed through this program. An understandingof how 
lasers interact wi th the coating materials on their optical 
components in different kinds of environments wi l l allow 
the development of new coatings tailored for specific uses. 
These new materials wi l l extend the range of lasers used in 
industry. Lasers depend upon mirrors that amplify the re
flected laser beam in their internal design. Large mirrors 
located in space wil l also be used to target laser beams 
propagated through space. 

The SDI office has asked Los Alamos National Laboratory 
to develop materials that wi l l enable mirrors to withstand a 
factor of 2 or more power than laser optics can withstand 
today. In order to do that, scientists wi l l first have to devel
op an understanding of how coatings less than a mi l l ionth 
of an inch thick react when exposed to corrosive chemicals 
and intense radiation, because defense lasers and external 
mirrors could f ind themselves in hostile environments. Sci
entists estimate that the thin-f i lm coatings, which are usu
ally metallic oxides and fluorides evaporated onto a base 
material, can be made f rom 10 to 100 times more damage 
resistant. 

Of course, the converse is also true. Increase in knowl
edge of how lasers interact w i th materials wi l l improve the 
ability to kill missiles efficiently, which after all is the point 
of the SDI program. In some industrial processes such as 
laser weld ing, laser-induced "damage" is also the aim of 
the process. In many cases today, getting the weld desired 

Courtesy of Cummins Engine Co., Inc. 

The adiabatic diesel engine in this Cummins truck operated 
at temperatures of760° to 870° for 10,000miles with excellent 
results. The design makes use of partially stabilized zircon
ium and eliminates the need for a radiator as well as 360 
other parts. 
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is a hit-or-miss estimate, in terms of the length of the pulse 
or power level of the laser itself. If materials specialists 
understood more precisely how the laser "damages" the 
materials being welded, the laser pulse could be shaped for 
precision applications. 

For example, when the laser is applied to a material, it 
creates a plasma vapor at the surface. At high power dens
ities, a plasma wave propagates back up the laser beam. Up 
to a certain level, this plasma wave radiates heat back to the 
target material, enhancing the weld ing. Too high a power 
density can form that plasma into a shock wave, which can 
block the laser and reduce the efficiency of the energy 
coupl ing between the laser and material. It is also the case 
that the funct ioning of lasers themselves for industrial pur
poses could be improved by an in-depth understanding of 
laser-materials, such as the carbon dioxide laser, which 
produces its coherent light through a chemical reaction. 
The reaction can damage the optical components of the 
laser, causing clouding and other problems. 

Laser Chemistry 
There could also be significant improvements made in 

the use of lasers in chemistry—such as isotope separation, 
the creation of more powerful agents to clean up radioac
tive waste, and other processing techniques. In these situ
ations, the chemical interaction of the laser and material to 
be processed can produce a dri f t of chemical reactants out 
of the chamber where the laser chemistry is taking place, 
back to the laser, causing damage. The use of lasers in 
chemistry and the use of chemical lasers would both benefit 
f rom a scientific understanding of how the laser couples its 
energy to create various chemical reactions. Al though in
dustry may not use lasers at the power level that the SDI 
program is examining, if the one-shot threshold for optical 
damage is improved for military applications, it wi l l also 
improve the reliability of mult ishot industrial processes at 
the lower power levels. 

Since the development of laser technology in the 1950s, 
attempts have been made to use lasers in chemical appli
cations; however, so far, lasers are actually applied on a 
broader scale only in a few areas of chemistry. The main 
argument against laser use here is that investment in laser-
produced photons is not economical; tradit ional methods, 
although much less efficient, are considered to be superi
or. This may have been true unti l some years ago, but now 
efficient lasers of all different wavelengths and intensities 
are available, so that a reconsideration of potential appli
cations of lasers in the chemical and pharmaceutical indus
try is overdue. 

One of the most obvious applications of laser-generated 
photons is the product ion of Vitamin D, which the human 
body itself synthesizes in the skin by means of the ultravi
olet spectrum of sunlight. The method to apply laser light 
in this process was developed in 1982 at the National Re
search Council in Ottawa, Canada, but has not been used. 
" I t is commercially not feasible," commented Dr. Peter 
Hackett, the chief researcher at the Counci l , in an inter
view. 

Actually, laser application in Vitamin D product ion could 
serve as a paradigm for other areas. It works as fol lows: A 

laser beam of a specific frequency wi l l selectively excite 
only one of the reacting molecules, and a second laser at a 
different frequency inhibits the creation of an intermediate 
product, which would impuri ty the substrate. Laser appli
cation leads here to a yield of up to 80 percent of the end 
product, instead of a yield of only 35 percent with the tra
dit ional arc lamp as a light source. A similar process could 
be applied to produce the hormone prostaglandin, which 
is important in many metabolic processes in the human 
body. 

A broad area of potential laser application is also the 
product ion of antibiotics, most of which are still produced 
now by rather expensive, inefficient means. 

In fact, the only broader scale use of lasers is in the field 
of isotope separation, especially used for the separation of 
uranium atoms. One of the processes in use exploits the 
fact that U-235 absorbs energy of laser light at a different 
wavelength than does U-238, so that an ion extractor based 
on electromagnetic fields can separate the two ions. Two 
other processes wi th significantly higher efficiency than the 
o ld , energy-intensive method are known; however, all in
dustrial-scale application capabilities are now under strict 
classification for military reasons. 

The purif ication of chemical products wi th lasers proves 
to be a very efficient method, uti l izing the different absorp
t ion pattern of the contaminating substances in materials, 
which should have a high grade of purity. 

Basic research must be directed specifically to study the 
effects of tuned lasers upon molecules and molecule com
binations, to be able to apply photons in a way that con
trol led changes in these molecules occur. So far these pro
cesses are poorly understood, as tuned energy applied to 
specific chemical bonds, for instance, is redistributed too 
quickly over the whole molecule, before it can effect the 
wanted result. Some knowledge of these effects, a kind of 
fluorescence generated by specific resonance frequencies 
in atoms, is so far used only to study the reaction of certain 
chemical processes at the laboratory level. 

Other Spinoffs 
Although superconductors have existed for the past two 

decades, the expanded demand for their development in 
connection with the use of large accelerators to project 
electron beams should have a revolutionizing impact on 
product ion, similar to the earlier development of semi
conductors. A superconductor, when cooled to near ab
solute zero, is capable of transmitt ing large electric cur
rents wi thout any significant level of resistance. The me
chanical analogy would be to a frictionless machine, be
cause wi thout resistance there is no heat loss in the opera
t ion of the circuit. The only loss in transmitt ing the electric
ity then would come from the energy cost for maintaining 
the superconductor at cryogenic (near zero) temperatures. 
At 99 percent efficiencies, this can be made practicable. 

The SDI program depends upon vastly expanded com
puter capabilities, in order to process the vast amount of 
information necessary in real t ime. One line of develop
ment is in optical computers, and along wi th this is further 
development of what are called systolic systems; that is, 
computers that can carry out many parallel functions at one 
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t ime. A further line of development would be'use of organic 
chips; however, these have such fine-scale gauges that 
messages would have to be conveyed at X-ray frequencies. 
The development of organic material capable of sustaining 
X-ray irradiation wi thout damage is now being worked on 
with genetic engineering techniques. 

For more than two decades, the power 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 hardware, by reducing 
the scale of circuitry. Obviously, any such computer devel
opments immediately have an impact on the potentialities 
for the fully automatic factory. 

A new development has recently occurred wi th in the 
domain of linear programming, which may vastly improve 
the speed of computat ion. The author of this new system, 
Narendra Karmarkar, a mathematician now work ing at Bell 
Labs, claims that whi le the number of computations need
ed to solve linear programming problems with the simplex 
method can grow exponentially wi th the number of varia
bles involved, his new method requires calculations that 
grow only in direct proport ion to the number of variables 
involved. 

It was, of course, the Apol lo project that gave the greatest 
stimulus to the computer revolut ion, with the development 
of semiconductors cheap enough to become commercially 
feasible. It has been conservatively estimated that for every 

dollar spent by NASA, $10 was returned to the economy. 
The SDI has a far wider technology mandate. Over the past 
year, NASA has once again geared up its apparatus for 
reaching industry to transfer space-program developed 
technologies. The SDI office, on the NASA model , has start
ed to hold workshops wi th potential industrial contractors 
who wi l l be researching and bui ld ing the future defensive 
systems. In addit ion to briefing the contractors themselves, 
the SDI office could begin to establish pathways for non-
defense corporations to become involved in the transfer of 
new technology as it develops. 

All of this can and wil l occur only in an economic climate 
in which new capital investment is being made at an accel
erated rate, as opposed to the present system, in which 
existing capital infrastructure, l i ke thato f thesteel industry, 
is being destroyed wi thout replacement. 

Carol White is the editor-in-chief of Fusion. This report is 
based on material researched by Marsha Freeman, Richard 
Freeman, Charles Stevens, Robert Gallagher, and Wolfgang 
Lillge. 

Notes-

1. This report, "The Potential Economic Impact of Relativistic Beam Technolo
gy," was issued by the Executive Intelligence Review in June 1983 and is 
available from the Fusion Energy Foundation at $250. 

Courtesy of Hitachi 

Hitachi engineers with an electron beam lithography device that uses the sharply focused beam to write complex patterns 
on silicon wafers. 
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Rochester University's Laser Energetics Laboratory is the 
home of the record-breaking Omega laser fusion device 
and a thriving center for laser technology research. 

Rochester's 
High-Power 

Laser 
Fusion 
Lab 
Research on the 
Frontiers of 
Science 

by Charles B. Stevens 
LLE 

The Omega laser experimental chamber is in the center ol this 
massive structure. 
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I n suburban Rochester, a few miles south of Lake On
tario in upstate New York, scientists at the University 
of Rochester's Laboratory for Laser Energetics direct a 

concentration of energy 20 times more powerful than the 
total generating capacity of all the electrical power plants 
in the United States. This tremendous energy is in the form 
of the Omega laser's 24 beams, which can be focused onto 
a target less than 0.001 inch wide. The beams are about 12 
inches long, and traveling at the speed of l ight, it takes 
these powerful beams less than 1 bi l l ionth of a second, a 
nanosecond, to deposit their energy. Just a few days after 
the Omega laser came on line this spring, it set the record 
for generating laser fusion energy, with more than 1.6 tr i l 
l ion fusion neutrons measured. 

The University of Rochester Laboratory for Laser Ener
getics, or LLE, was established in 1970 as a joint effort of the 
University, New York State, and private industry. Its unique 
capabilities and competence were recognized when the 
federal government designated LLE as the only National 
Laser Users Facility among the national laboratories that are 
part of the Department of Energy's control led fusion re
search program. In fact, LLE is the most powerful and ver
satile research facility readily available to scientists 
throughout the wor ld , including researchers f rom academ
ic and medical institutions, industry, and government. 

Although the harnessing of laser fusion energy is the 
major mission of the Laboratory for Laser Energetics, sci
entists at the lab are involved in other laser research that 
promises to revolutionize every field of science and indus
try. This broader role of the LLE was featured at a confer
ence t i t led "Lasers and Particle Beams for Fusion and Stra
tegic Defense," held at the Lab Apri l 17-19 to coincide wi th 
the dedication of the ful l -power, blue Omega laser. 

The 24-beam Omega puts out more than 12 tr i l l ion watts 
of laser light. Recently it was converted to the short-wave
length, ultraviolet 0.351 micron—a laser wavelength that is 
called "b lue . " The advanced laser and optical technology 
developed at the University of Rochester has allowed the 
Omega to have one of the highest repetit ion rates in the 
wor ld for high-power lasers. Omega can be fired every 30 
minutes, whi le other facilities, like the 130-trill ion-watt, 10-
beam Nova at Lawrence Livermore National Laboratory in 
California, generally are capable only of just a couple of 
laser shots per day. 

This makes the Omega very productive for research. Over 
the past three years, more than 21 user experimental pro
grams have been carried out on the Omega. 

At the Frontier of Laser Science 
From its inception, the Rochester lab has been dedicated 

to exploring the full range of scientific and industrial appli
cations of powerful lasers. Specifically, in its charter, the 
LLE is dedicated "to investigate the interaction of intense 
radiation with matter." 

A look at some of the ongoing research projects conveys 
a sense of the breadth of the Rochester lab's work wi th 
high-power lasers: 

• Generation of bursts of radiation lasting less than a 
t r i l l ionthofasecond—a picosecond—and ranging from the 
long-wavelength microwave region (inches) to the short-

wavelength X-ray region (angstroms or atomic radii) of the 
electromagnetic spectrum. Combining and synchronizing 
with picosecond laser pulses provides a unique means for 
the examination and recording of rapid microscopic pro
cesses. This diagnostic is uti l ized in observing solid-state 
physics processes—the science of computer microchips, 
imaging of biological specimens and metabolisms, and 
chemical-reaction dynamics. 

• Generation of picosecond electron beams and electric 
pulse detect ion. This provides a new way of imaging fast 
processes and resolving microscopic resonances in the 
structure of various materials. 

• Development and application of ultra-high speed (tri l
lion times a second, a tr i l l ion hertz) sampling systems. 

• Creation of new types of optical materials and coatings 
for high-power, short-wavelength laser light and radiation. 

• Short-pulse, subnanosecond, high-resolution X-ray 
diffraction and crystallography. 

• X-ray laser development and application. 
• Demonstration of high-resolution X-ray l ithography to 

print microchips. 
• Development of high-repetit ion-rate, high-efficiency, 

high-power glass lasers. 
• Applications of solid-state switching technology to pi

cosecond, time-resolved spectroscopy for both biology and 
chemistry. 

Over the years, the Rochester lab has also accomplished 
a number of "f irsts," pioneering research in laser fusion 
itself. The lab conducted early experiments demonstrating 
the presence of nonlinear "parametric" processes in the 
interaction of laser light and matter. It made the first direct 
measurement of compressed fuel density in laser-driven 
targets and the first comprehensive measurements of har
monic and subharmonic emission f rom spherical laser fu
sion targets. It also did pioneering work on high-gain, non
linear, low-index-of-refraction phosphate glass for high-
power lasers, and it developed efficient nonlinear methods 
for upshift ing laser light frequencies—making shorter 
wavelengths out of longer ones. 

This last "f i rst," efficiently making shorter wavelengths 
out of longer ones, gives some indication of how laser tech
nology could increase U.S. industrial productivity. The in
novation has already saved the Department of Energy more 
money than the entire cost of the LLE facility! 

Upshifting Long Wavelengths 
By the late 1970s, it became clear that if there were to be 

any significant progress in laser fusion, existing high-power 
lasers would have to be efficiently converted to higher fre
quencies—shorter wavelengths. This is because longer-
wavelength laser light is not efficiently absorbed in matter, 
and the energy that is absorbed produces large fluxes of 
high-energy electrons, sometimes called hot electrons. Hot 
electrons, in particular, make the design of laser fusion 
targets very diff icult—if not impossible. The hot electrons 
penetrate to the interior of the fusion fuel pellet, whi le it is 
being compressed, and heat the fuel before maximum 
compression is reached. To achieve high-gain laser fusion, 
it is important to compress fusion fuel to extreme densities 
with a "cold isentropic" implosion. The preheating of the 
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The Omega laser system: 20 times the 
entire electrical generating capacity of 
the United States. Inset is an inside view 
of the target chamber showing the tar
get support stalk, focusing lenses, and 
diagnostic systems. 

fuel by these hot electrons prevents this. It has been shown 
that higher-frequency, short-wavelength laser light does 
not generate hot electrons, and simultaneously achieves 
high absorption efficiencies—effective coupl ing to the tar
get. 

The most powerful lasers in operation are made of glass 
embedded wi th rare earth elements that produce laser light 
in the near infrared region—with wavelengths of 1 micron 
(micrometer). The wavelength thought best for laser fusion 
is in the range of 0.25 to 0.33 micron. Thus, some means 
had to be found to efficiently convert the 1-micron wave
length into such shorter wavelengths. There were methods 
then in use for doing this, but they were less than 50 percent 
efficient. 

In 1980, Dr. Stephen Craxton of LLE proposed a new, 
nonlinear method for efficiently upshift ing the frequency 
of laser light. Craxton's primary area of research has not 
been that of optics or lasers as such, but the design of laser 
fusion targets. Target design involves the way in which shock 
waves generated at the surface of a pellet of fusion fuel 
compress and heat it to fusion condit ions. This is essentially 
a hydrodynamic problem and does not directly involve 
questions of laser-matter coupl ing and optics. 

An LLE experimental team demonstrated Craxton's meth
od of laser light conversion in 1980, and it had better than 
an 80 percent efficiency—almost twice that of previous 
methods. This meant that laser facilities could double their 
laser fusion capabilities. The new method alone saved the 

Department of Energy tens of mill ions of dollars on the 
mainline U.S. Nova laser system at Lawrence Livermore. 

How It Works 
The Craxton method of laser upshift ing simply involves 

the proper posit ioning of two crystal slabs through which 
the laser light is passed. The particular crystalline material 
involved is potassium dihydrogen phosphate (KDP). When 
a laser beam passes through a crystal, the beam travels wi th 
a speed that depends on its color (wavelength), its polari
zation (the geometrical alignment of the electric and mag
netic fields, which constitute the laser light wave), the angle 
at which the beam intercepts the optical axis of the crystal, 
and the crystal's temperature. Normally, different colors 
travel at different speeds in a material; this is what causes 
the refraction of whi te light into the colors of the rainbow 
in a prism. 

But polarized l ight, when directed at particular angles to 
the optical axis of a crystal, wi l l have the same velocity at 
different colors. When this happens to two coherent beams 
at dif fering wavelengths, they combine to form a beam with 
a single, shorter wavelength; and this nonlinear upshift ing 
can occur for beams of dif fering wavelengths as well as of 
the same wavelength. Therefore, aligning the KDP crystals 
at the proper angle to the incident laser beam leads to its 
upshift. When the incident laser light is at the same wave
length, the upshift ing process converts only about two-
thirds of the beam to the shorter wavelength. But by doing 
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it twice, a total of 80 percent of the original beam can be 
converted. 

At LLE, the process involves passing the laser light through 
two KDP crystals that are rotated 90 degrees wi th respect to 
each other. These two crystals must be tightly aligned wi th 
the incident laser beam, and their temperature must be 
maintained wi th in a fraction of a degree. When a laser beam 
passes through the first crystal, about 67 percent of it is 
converted f rom 1.0 micron infrared to 0.5 micron green 
light. The remaining 33 percent of the infrared light passes 
though the first crystal unchanged. The green light is called 
the first harmonic of the infrared, and has exactly double 
the frequency. 

When both the remaining infrared and converted green 
light pass simultaneously through the second crystal, they 
combine to form 0.351-micron blue light at about an 80 
percent total efficiency. 

Blue Light and Short-Wavelength Coupling 
The enhanced absorption and reduced hot-electron gen

eration wi th blue ultraviolet light not only aid the produc
t ion of high-density implosions for fusion energy produc
t ion ; they also provide the key to the generation of a wide 
range of X-ray radiation frequencies and energy pulse 
shapes. In itself, reaching the ultraviolet port ion of the 
spectrum is extremely important—it represents the transi
t ion to efficient atomic action. 

Imagine that the atom is like an assembly of concentric 
gears, wi th the innermost gears having the greatest energy 
flux densities of application. In this case, though, the 
"wavelengths" of the gears decrease as one proceeds to the 
energy-rich interior. The outer gear is the easiest to access 
because it has the longest wavelength and slowest speed of 
rotation. Attempting to act on it, though, wi th too long a 
wavelength of radiation could lead to the gear breaking 
before it is usefully engaged. The ultraviolet region repre
sents the point where the radiation wavelength is matched 
to that of the outer electron orbits of the atom—the "gears." 

In addit ion to engaging outer electron orbits wi th the 
precisely correct wavelength, which permits highly effi
cient management of chemical reactions, more significant
ly, the ultraviolet makes visible how these "gears" work, 
especially in molecules and crystals. Thus, real molecular 
engineering becomes possible. 

In the Craxton upshift ing system, this process is reversed 
by uti l izing the higher harmonics of a crystal lattice. When 
the incident angle is correct, the lattice as a whole is able to 
absorb the radiation and reemit it at a higher frequency. 
The key to this process is polarization. The KDP crystals 
have two axes of polarization. That is, when an object is 
viewed at the correct angle through the crystal it wi l l appear 
as two separate images. This double refraction provides the 
means to generate the upshift. 

As Christian Huygens first pointed out in the 1700s, dou
ble refraction seen in calcite crystals demonstrates that light 
is not a simple transverse wave. Take, for example, a jump-
rope that carries a vertically directed wave. A picket fence 
with vertical slots wil l permit the vertical rope wave to pass 
unaffected. But if the jump-rope has a horizontal mot ion, 
the wave wil l not pass through the picket fence. If there are 

Dr. Stephen Craxton holds a sample of KDP crystal, the type 
used in the frequency-tripling process he invented to con
vert infrared laser light to ultraviolet light. 

two successive fences, one wi th vertical and the other wi th 
horizontal slots, this wou ld appear to prevent the transmis
sion of any transverse wave, no matter whether its polari
zation is vertical or horizontal. But calcite transmits and can 
produce two images, each of whose polarizations is at right 
angles. This shows that electromagnetic waves are not sim
ple transverse sine waves, but rather have a form like that 
of a cylindrical helix. It is this same property of light that 
produces self-focusing in lasers, and this is what Craxton 
made use of to achieve a frequency upshift. 

Direct Drive Fusion 
The Rochester LLE is the leading U.S. lab exploring the 

development of direct-drive inertial conf inement fusion. In 
this approach, laser beams are directed onto a spherical 
target containing fusion fuel . The deposit ion of the laser 
energy on the surface of the target causes an outward ex
plosion of plasma. This outward explosion, in tu rn , pro
duces an inward force—action and reaction as in a rocket— 
which shock compresses the fusion fuel to high densities. 

The key to attaining the high fuel densities needed for 
high gain fusion is that of achieving the highest compres
sion pressures. One way of enhancing the power density, 
and therefore the pressure, of the laser beams driving the 
implosion is to arrange for the target to be in the shape of a 
hol low sphere, a spherical shell. This means that the spher
ical shell can be accelerated over the distance of the inner 
radius before any resistance to the compression is encoun
tered. 

One problem with this is that all port ions of the spherical 
shell must arrive simultaneously at the center. If this is not 
the case, the focusing of spherical geometry wil l be lost and 
the fuel wi l l not be compressed. Given that any practical 
irradiation scheme must involve small asymmetries in the 
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Figure 1 
LASER FUSION TARGET CONFIGURATIONS 

In the direct-drive target shown in (a), the cones represent incident laser beams that are symmetrically directed onto 
the surface of the sphere of fusion fuel. As the beam energy is deposited, the surface of the fuel target is boiled off, 
creating an oppositely directed force toward the center of the fuel target, and compressing the fuel to high densities. 
The fuel will now burn up before it blows up; that is, the small ignited core will generate sufficient fusion energy to 
heat and burn the remaining fusion fuel. 

In the cannonball targets shown in (b), the incident laser beam cones are trapped within the cannonball. In this 
indirect-drive method, the incident beam energy is transformed into another form of energy, usually X-rays, that 
then compresses and heats the fusion fuel target. 

application of the driver energy to the surface of the pellet, 
the imploding spherical shell wi l l experience small pertur
bations along its surface. These small-scale waves can grow 
at the expense of the implosion energy. More significantly, 
they can lead to larger wave motions along the pellet sur
face that preclude simultaneous arrival at the implosion 
center. 

Understanding and control l ing this process—often 
termed the Rayleigh-Taylor instability—is key to minimizing 
the driver power needed to attain high gain fusion. 

Wi th in the national weapons laboratories a second ap
proach to laser fusion is being explored based on indirect 
drive. In this case, the laser light is first converted to soft X-
rays wi th in a chamber called a hohlraum. An example is 
shown in Figure 1, the Osaka cannonball design developed 
at Japan's Institute for Laser Engineering at Osaka Univer
sity. 

The cannonball is the hohlraum. The laser light is intro
duced at an obl ique angle through the small holes in the 
cannonball and is then absorbed by the interior wall of the 
cannonball . The wall then emits X-ray radiation and hot 
plasma. The plasma rapidly covers the entrance holes so 
that all of the radiation is trapped wi th in the cannonball. 
The plasma also scatters the X-ray and remaining laser ra
diation so that it becomes quite symmetrically dispersed 
wi th in the hohl raum; that is, it becomes what is called 
blackbody radiation. 

The fusion fuel is contained with in a spherical target at 
the center of the cannonball and the highly symmetric 
blackbody radiation drives the implosion of this pellet. 

Because of this high level of symmetry, the hohlraum 
design can drive very hol low fuel targets, thus achieving 
the highest geometric mult ipl ication of the driver power. 
In fact, the ratio of the target's overall radius to the thick
ness of the shell can be as high as 40 to 50. (This ratio is 

often called the aspect ratio.) The direct-drive system does 
not appear capable of attaining such high levels of irradia
t ion symmetry; therefore, it must operate at lower aspect 
ratios that necessarily involve higher driver powers in order 
to attain high-gain fusion. In general, it is currently believed 
that direct drive can only stably implode targets wi th aspect 
ratios of less than about 10, even wi th a large number of 
incident, uni form laser beams. 

Hohlraum targets, however, also have numerous draw
backs. In the first place, whi le necessary driver power is 
reduced, the total beam energy needed is increased, be
cause a significant fraction of the beam driver input is ab
sorbed by the hohlraum itself. Potentially far more serious, 
the long plasma scale lengths and l imited angles of irradia
t ion inherently involved in hohlraums may lead to laser 
absorption problems. 

For example, most of the incident laser beam wil l have to 
transit a plasma generated from the interior surface of the 
hohlraum by the first part of the beam. The length of this 
path must be much longer than wi th a direct-drive target, 
because the indirect drive beam must generally come at an 
obl ique angle to the irradiated surface. In direct drive, the 
perpendicular (normal) angle of attack is used. This longer 
plasma scale length means that the incident laser beam has 
far more chance to interact wi th the blowoff plasma before 
it reaches the irradiation surface, and plasma-laser interac
tions produce highly nonlinear effects, such as hot elec
trons. 

Possibly more significant is the fact that in the simple 
hohlraum that the Japanese are pursuing, the angle of irra
diation is not parallel to the direction of the plasma blowoff 
density gradient. In general, the plasmablowoff density wi l l 
decrease, and this variation occurs along the normal to the 
irradiation surface. In the cannonball , the path of the laser 
is necessarily at an angle to the irradiation surface. 

52 FUSION May-June 1985 



REFLECTION-MODE SAMPLER 
TO MEASURE HIGH-SPEED PULSES 

This LLE device has a spatial resolution of 10 to 15 
micrometers and a temporal resolution of. 75 picose
cond and is used as instrumentation with very high 
speed semiconductor devices. An electrical signal, 
the excitation pulse, is generated by laser-induced 
photoconductivity in the gap. As the signal propa
gates down the transmission line, the electric field it 
generates penetrates into the thin slab of LiTaO>, and 
changes the slab's optical properties according to the 
strength of the electrical current. This electrically in
duced change is detected by a laser probe pulse that 
is reflected by the high-reflection coating on the slab. 

While there are some references to this question in the 
scientific l iterature, there is no thorough review of the is
sue. Yet this type of important question must be addressed 
if the advantages of direct and indirect drive are to be com
petently compared. This is a hole that Rochester is attempt
ing to f i l l . The Rochester lab wil l be carrying out major 
research on direct-drive, high-aspect ratio targets to exper
imentally determine the maximum aspect ratio that can be 
stably imploded. In addi t ion, the lab's cont inuing research 
wi th short-wavelength laser-plasma interaction may pro
vide insights to problems faced by indirect-drive hohlraum 
targets. 

Spinoff Technology 
Only a small port ion of the electromagnetic spectrum is 

being harnessed in industry and scientific research today. 
High-power lasers like Omega provide both the means and 
immediate motivation to rapidly extend this. Just a brief 
look at some of the spinoff technologies the Rochester lab 
is researching makes this point. 

The picosecond switch. High-power glass lasers, despite 
gargantuan outputs measured in tri l l ions of watts, are ac
tually quite fragile devices. They are designed, constructed, 
and operated with extreme accuracy. The buildings in which 
they are placed are made superclean and reinforced against 

even the smallest vibrations. Wi th in the bay of the Omega, 
for example, the atmosphere is maintained 100 times clean
er than the cleanest operating room found in the best hos
pital. 

Producing and measuring processes that last less than a 
bi l l ionth of a second necessitate operating some elements 
of the system on much smaller t ime scales—trillionths of a 
second or picoseconds. In developing a subpicosecond 
switch to control one of Omega's elements, Rochester sci
entists contr ibuted a major advance to computer micro
chips. 

Very-high-speed semiconductordevices, like the hetero-
junct ion bipolar transistor, have attained response t ime at 
less than a picosecond, but no current method exists for 
measuring such fast circuits, and measurement is essential 
both to circuit design and testing. The instrument needed 
to make such measurements must be able to detect cur
rents on a picosecond resolution wi th in a space less than a 
tr i l l ionth of a square meter—micron-scale spatial resolu
t ion. Rochester scientists developed such an instrument as 
result of their work on laser fast switching. 

The system, shown in Figure 2, is called the reflection-
mode sampler. In this particular case, a th in slab of LiTaO, 
is located near the surface of a coplanar electrical transmis
sion line built on Cr:CaAs substrate. The transmission line 
is broken by a 50-micron gap, which is also the dimension 
of its w id th . This forms two electrodes. The bottom face of 
the LiTaOj is covered wi th a high-reflection coating. Both 
ends of the electrode are connected to a few tens of volts 
potential. When a laser pulse is directed at the 50-micron 
gap, it interrupts through laser-induced photoconductivi ty 
the f low of electricity f rom one electrode to the other. Ut i
lizing a subpicosecond laser pulse, a subpicosecond elec
trical signal can be generated in this manner. As the electri
cal signal propagates down the strip l ine, it transforms the 
optical properties of the LiTa03. This optical transformation 
can be detected by a second laser beam, which is reflected 
off the coating on the bottom of the LiTa03. 

0.31 Time (picoseconds) 
Figure 3 

EXPERIMENTAL RESULTS OF 
REFLECTION-MODE SAMPLER 

The reflection-mode sampler has a time resolution of 
0.75 picosecond. The amplitude (in arbitrary units) is 
given on the vertical axis, with the response time on 
the horizontal axis. 
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An LLE scientist closes the 
cover of one of the many 
diagnostic instruments at
tached to the Omega tar
get chamber to monitor fu
sion reactions within. 

The experimental results using a 0.1-picosecond laser 
pulse is shown in Figure 3, where the electrical signal rises 
in less than 0.75 picosecond. Rochester is now preparing to 
test very-high-speed microchips. 

Picosecond electron microscopes. Today's microscopes 
wi th the greatest spatial resolution are electron micro
scopes, which recent advances have lowered to below 
atomic dimensions of 1 angstrom. Short laser pulses can 
generate electron beam pulses of short durat ion, which 
permits the electron beam pulse not only to image atomic-
scale processes, but to image them on extremely short t ime 
scales. This enables the examination of phase changes in 
structures like monomolecular layers—thin f i lms—which 
are the most essential element for constructing microchip 
circuits. 

Lasers and heart disease treatment. Biological and medi
cal research are proving to be the most ferti le fields for 
high-power laser diagnostics. One of the newest examples 
is angioplasty—the removal of plaque in the arteries of the 
heart using short-wavelength laser beams. 

The condit ion known as hardening of the arteries or ath
erosclerosis consists of the blockage of the heart arteries 
by plaque (Figure 4). When 80 to 90 percent of the cross-
sectional area of a coronary artery is occluded—blocked— 
the f low of b lood is seriously impaired and the risk of car
diac arrest and the general susceptibility to disease and 
infection is increased considerably. 

The present treatment for this condit ion is major surgery 
to restore the blood f low in occluded arteries, and arterial 
bypass surgery, one of the surgical treatments used, is the 
most commonly performed type of operation in the United 
States today. In this case the chest is opened and the sur
geon opens up the heart itself to graft bypasses to reroute 
the blood f low around blockages. Even for a healthy per
son, such a procedure is life threatening and necessarily 
involves a long convalescence. 

Rochester laser scientists are among the leaders in de
velopment of new techniques that would remove the plaque 
wi thout surgery. The new concept involves the injection of 
a minute fiber of optical material. This provides a channel 

Figure 4 
HUMAN ARTERIES WITH BLOCKED BLOOD FLOW 

Photograph of cross sections of human arteries show
ing various degrees of occlusion—blockage of blood 
flow—because of atherosclerosis. When 80 to 90 per
cent of a cross-sectional area of a coronary artery is 
occluded, the flow of blood is impaired and there is a 
increased risk of cardiac arrest. LLE is researching laser 
surgery as an alternative to the currently used high-
risk surgical procedures to remove the occlusion. 

to permit an intense burst of laser light to be directed onto 
the plaque blockage and blow it away—dissolving the plaque 
material into the blood wi thout damaging the artery. 

The optical fiber is combined wi th an endoscope for 
monitor ing the process and delivered to the artery site 
through a four-port catheter, introduced into the body 
though a small incision and threaded along the arterial pas
sageways. The other two ports are used for local blood-f low 
blockage and for suction and f lushing. The diameter of the 
entire catheter device is less than 2 mill imeters. 

The chief problem is to develop irradiation methods that 
remove the plaque wi thout damaging or scarring the tissue 
of the artery itself. Rochester scientists are investigating a 
wide range of laser wavelengths and power levels to f ind 
the optimal configuration for doing this, and expect to per
fect clinical applications wi th in 1985. 

Charles B. Stevens is director of fusion engineering for 
the Fusion Energy Foundation. 
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Research Report 

INTERVIEW WITH MISSION SPECIALIST BYRON LICHTENBERG 

Spacelab As a Testbed for Space Science 

NASA 

Technicians placing the experiment rack of the Spacelab inside its protective 
shell in preparation for the maiden flight of the NASA-European Space Agency 
project. 

Dr. Byron Lichtenberg was mission 
specialist on the Space Shuttle's 
Spacelab mission in November-
December 1983. A biomedical engi
neer, Lichtenberg was formerly with the 
Massachusetts Institute of Technolo
gy. He is interviewed here by the Fu
sion Energy Foundation's Wolfgang 
Lillge, M.D., in March 1985. 

Question: How would you summarize 
the most important results of the first 
Spacelab mission in November-Decem
ber 1983? 

The first is that we were able to dem
onstrate the usefulness and the flexi
bil ity of Spacelab and the way that the 
scientist on the ground can commu
nicate and interact with the scientists 
on board. In all previous space mis
sions, this has been pretty much open-
loop—the people on board would do 
the experiments and then at some later 
t ime, maybe even after the mission, 
send the data to the ground or talk with 
the scientist involved. 

In our Spacelab mission, we were 
able for the first t ime to close the loop, 
so that we could talk and interact im
mediately with the scientists. They 
would be able to see some of the sci
ence data and also be able to change 
the way the science experiments were 
going in real t ime, right dur ing the 
conduct of the experiments. 

Specifically, we were involved in five 
different science disciplines, and the 
areas which probably had the most in
teresting results were material science 
and life sciences. The other areas—as
tronomy, solar physics, and Earth ob
servations—were very successful, but 
those types of experiments have been 
done before in other flights. 

This flight used Spacelab as a testbed 
to show improvements in the types of 
science data that we would return from 
those areas. In the f ield of space plas
ma physics, we had some equipment 
problems and we were not able to con
duct all of the experiments we wanted 

to. So these wil l be flying in a future 
mission, called EOM (Environmental 
Observation Mission). 

Going back to materials: For the first 
t ime we were able to establish long 
columns of f luid supported by two 
plates. This was a set of experiments 
done on the f lu id physics module that 
was produced and built by the Fiat 
company and integrated into the Ger
man Material Sciences Double Rack. 
These types of experiments have not 
been done before, and we were able 
to make large columns of f lu id. By 
studying the shape and motions of each 
column of f lu id, we could learn more 
about the interactions of solids and l i 
quids, which has direct applications to 
growing crystals, and in the future, 
possibly for better electronic semi
conductor materials. 

In another field of material science, 

crystal growth, we had some very in
teresting and amazing results in grow
ing protein, that is, organic crystals. 
We did this very slowly over a period 
of days, and we were able to make two 
different organic crystals, one of which 
had a volume 1,000 times larger than 
any similar crystal grown on Earth— 
that means an increase by a factor of 
10 on each side of the crystal's size. 

The other crystal was smaller; it was 
only 27 times as large, but that still 
means a threefold increase on each 
side. These results were important, 
because we wil l be able to do X-ray 
crystallography on these much larger 
crystals and understand the structure 
of the protein crystals. By doing that 
we learn more about the binding forces 
in the proteins, and this wi l l hopeful ly 
lead to a better understanding of the 
way a variety of proteins work. This 
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certainly has a lot of applications on 
the ground for future medical tech
nology—for drug development and 
understanding of why and how certain 
drugs work. 

Question: Can you discuss some of ex
periments in the life sciences? 

In life sciences, we were primarily 
interested in the vestibular system, the 
organ of balance in the inner ear. This 
is implicated in the problems of space 
motion sickness. We learned quite a 
bit in the field of vestibular physiology. 
Very interesting results came from Prof, 
von Baumgarten's laboratory at the 
University of Mainz, looking at the ca
loric response. We injected either hot 
or cold air into one ear and the oppo
site temperature's air into the other ear. 

On the ground, that stimulates a 
conductive flow, which we thought was 
due to a difference in density; that is, 
you would heat the fluid on one side 
and it would become lighter and tend 
to rise, and on the other side it would 
be colder and tend to fall. This would 
induce a sense of motion in the sub
ject. 

The hypothesis was this would be 
the only mechanism involved, since in 
space there is no net force and tem
perature differences shouldn't really 
matter. Therefore, there should be no 
sense of rotation in this particular type 
of event. 

Early in the mission we did not get 
any difference, there was no sensa
tion; but later in the mission there was 
a sense of motion and a sense of rota
tion. This was not predicted at all. . . . 

The basic thought on the ground be
fore this, was that it was primarily a 
gravity kind of response. Let's say the 
left ear would be heated; then on the 
outside edge of the semicircular canal 
the fluid would become warmer; and 
in the presence of gravity it would be 
lighter and pushed upwards, and this 
would tend to stimulate the semicir
cular canal. 

On the other side of the head, where 
the cold air was going in, just the op
posite would occur. The fluids nearest 
the outside of the head would be cold
er and heavier and would be pulled 
down, and this would confirm and am
plify and go along with the same direc
tion as the signals from the left ear. 
Therefore, you get a strong sense of 

NASA 
Dr. Byron Lichtenberg at the materials science double rack facility during the 
Spacelab mission. 

rotation. 
In space we did see this sense of ro

tation, these eye movements during 
the later portion of the mission, and 
that means that there must be some 
other effect than just purely a density 
difference. It may be some direct tem
perature effect on either the semicir
cular canals or on the nerves that go 
from the semicircular canals to the 
brain, or some other effect. 

The causes are not clear yet, so we 
are not sure what is going on. There 
have been experiments on the ground 
that have shown a very small temper
ature asymmetry or temperature effect 

somewhere in that system, but it seems 
to be stronger in space; in other words, 
the speed of the eye movements was 
greater in space than one would pre
dict just on the basis of ground-based 
experiments. I think that there has to 
be a lot more work done on this. 

Crowing Human Lymphocytes 
Another very interesting experi

ment involved the growth of human 
lymphocytes, the white blood cells. 
This was done outside of the human 
body in an experimental test tube, in 
vitro. The activity of the lymphocytes 
was judged by first stimulating them, 
so that they were starting to produce 
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antibodies and proliferate. Then we la
beled them wi th a radioactive tracer, 
and hours later we were able to fix them 
in a fixative l iquid. 

From the first results, it looks like 
the ability of the lymphocytes and an
tibodies to respond to some sort of 
challenge or foreign substance was re
markably impaired. That does not quite 
go along with some of the experiments 
that we did on whole human b lood, 
where after the flight we saw almost 
no change in immunoglobul in activity. 
There is a lot of work to be done to 
reconcile these different results. 

Question: You will also be involved in 
the German Spacelab D-1 mission which 
is coming up in October 1985. What will 
you be doing on that mission? 

My role in the upcoming German D-
1 mission is as a science liaison wi th 
the American life science experi
ments. The D-1 mission is primarily in
volved wi th life science and material 
sciences. 

The life sciences wil l be done pri
marily on the vestibular sled, which is 
a linear accelerator that is capable of 
moving a human being back and forth 
in the Spacelab, along3.5 meter length. 
By putt ing very control led linear accel
erations into the test subject, we can 
start to study the parts of the inner ear 
which are called the otol i ths. These or
gans are sensitive to linear motion, and 
we can look at changes in the thresh
old (changes in the ability of these or
gans to detect very small motions) and 
changes in the perception of mot ion, 
that occur at a very high level in the 
brain. We can also record eye move
ments, which are driven and con
trol led to some extent by the otol i th 
organs and the inner ear system in 
general. 

Question: Where has this sled been de
veloped? 

In Europe through the European 
Space Agency (ESA)—it was primarily 
put together at the European Space 
Technology Center up in Hol land. It 
was ESA's decision that it is also being 
made available to some American in
vestigators. 

My role in the D-1 mission wil l be as 
a coordinator work ing in the science 
operations center near Mun ich , West 
Germany, in Oberpfaffenhofen. I wi l l 

" I think we are just 
beginning to scratch the 
surface of the types of 

experiments and activities 
we can do in space." 

be in telephone contact wi th the sci
entists in Houston, both wi th Prof, von 
Baumgarten and Prof. Young, and wil l 
be there at least as Prof. Young's rep
resentative to the science operations 
work ing groups and the payload con
trol center, people who wil l take a look 
at how the experiments are going and 
make decisions on resources or what 
experiments have to be rescheduled. 

Question: What is the current state of 
American-European cooperation in space 
research, and what would you propose 
to expand this cooperation? 

I believe that there is a good level of 
cooperation between scientists in Eu
rope, the United States, Canada and 
Japan. Of course, people want to ex
plore their own ideas, but the course 
of progress and results are published 
openly. Most space experiments, and 
especially some of those on the new 
space station, wi l l be, of necessity, co
operative in nature. The space station 
wil l be like a research facility similar to 
a large particle accelerator (CERN, for 
example). It wi lTbe relatively expen
sive to use and must be tightly sched
uled. This wi l l encourage cooperation 
and produce the best results from sci
entists throughout the wor ld . 

Question: Have you in mind other ave
nues of experiments in space that would 
tell us something basically new about the 
laws of the universe under conditions of 
zero gravity? 

That is a very diff icult and broad-
based question to answer. In a general 
sense, I think we are just beginning to 
scratch the surface of the types of ex
periments and activities we can do in 
space. Al though Spacelab is a very 
good place to do scientific research, 
the Space Shuttle is still l imited in the 
amount of t ime and the amount of ma
terials and people it can carry up. 

It wil l mainly be in the areas of life 
science and material sciences that we 

wil l see some very great strides made 
in the future. Other than talking about 
some of the interesting things in phar
maceuticals and crystal growths going 
o n , we just have to wait and see. 

Question: Many people want to know 
the immediate benefits of operations like 
Spacelab. Is the aim of such missions di
rected toward concrete, practical re
sults? 

So far it has been mainly basic re
search in the areas of life and material 
sciences. But we start to see more 
practical results in the field of phar
maceuticals, and we wi l l see some 
hopeful ly immediate—in terms of sev
eral years—application and maybe the 
ability to separate larger quantities of 
pharmaceuticals and drugs in space 
and bring them back to Earth and use 
them for curing some diseases here. 

Question: When you look back to the 
Apollo mission to the Moon, which once 
motivated a whole generation to turn 
thei r eyes to space, a new kind of cultural 
optimism was created. Today, such a push 
for a scientific and cultural revitalization 
seems more urgent than ever. Do you 
think that the current space programs 
can create this kind of mobilizing effect 
again? 

I am certainly an optimist, and I think 
it can, but it may take something a little 
more dramatic than Spacelab. It prob
ably takes a space station, an interna
tional joint cooperative venture wi th 
many European countries, Japan, Can
ada, and other countries involved. 
When people can see this actually or
biting over their heads—because it wil l 
in fact be a very large structure proba
bly visible at twi l ight and certainly be
fore sunrise—to know that people up 
there are continously doing science 
research, observation, and astronomy 
activities, this wi l l keep space research 
in people's minds. 

Then we need a new spacecraft to 
go f rom there, using the space station 
as a jumping-off point for a possible 
mission to Mars and/or lunar bases. 
These kinds of things wil l really spark 
the imagination of people and help to 
bring us all closer together, because of 
the very cooperative nature of the 
whole space station program. I see that 
coming down the road in five to seven 
years. 
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Conference Report 

INDIAN PLANNING MINISTER: 

Asia Should Cooperate to Build the KrasCanal 
The Kra Canal and a similar Great 

Project to turn India's Ganga River Bas
in into agricultural superproducer were 
both endorsed by Indian Minister of 
State for Planning, K.R. Narayanan, in 
his keynote address to the Fusion Asia 
conference on India's economy, held 
at the India International Center in New 
DelhiApril9. Sixty government, indus
try, and science representatives at
tended the two-day conference, titled 
"India, An Agro-Industrial Superpow
er by the 21st Century: A Strategy for 
Economic Breakout." 

"Though extravagant, because we in 
India do not normally talk of super
power status for us," Narayanan said, 
"the title for this conference is an en
couraging theme, an optimistic theme, 
and maybe a realizable thing." Naray
anan contrasted the theme of the 
meeting to the theories and predic
tions of economic hopelessness and 
political disintegration for India heard 
frequently in the West and even in In
dia. 

Commenting on the "Look East" 
trade policy for India proposed by Fu
sion Asia, Narayanan stated: "We are 

now entering a new era in which the 
old concept that Jawaharlal Nehru had 
entertained of Asian cooperation is 
again emerging as a practical possibil
ity. In this respect, the idea of a Kra 
Canal is a very crucial one. This is an 
idea I used to hear about 15 years ago 
when I was ambassador to Thailand. In 
order to link up India, China, Japan, 
and the Southeast Asian countries to
gether, this canal can play a far-reach
ing role, and I hope this will take 
shape—and it can take shape only with 
Asian cooperation." 

The development of the Ganga River 
Basin, was an early commitment of the 
Congress Party, Narayanan said, and 
received special attention from Jawa
harlal Nehru. He then read the text of 
the resolution passed by the Congress 
Executive Committee in 1937: "Com
prehensive river surveys are necessary 
for the formulation of a policy to pre
vent disastrous floods, to utilize the 
waters for the purposes of irrigation, 
to consider the problem of soil ero
sion, to eradicate malaria, and for the 
development of hydroelectric and 
other schemes. For this purpose, the 

Illustration by Christopher Sloan 

Above left, K.R. Narayanan, Indian 
Minister of State for Planning (center), 
with Susan Maitra of the Executive In
telligence Review and former ambas-
sadorto Surinam, M. Gupta. Right: Art
ist's illustration of the Kra Canal proj
ect. 

whole river valley will have to be sur
veyed and investigated, and large scale 
planning resorted to." 

"This is exactly what the Fusion Asia 
Conference is calling for," Narayan 
said. "Now Jawaharlal Nehru's grand
son has established the Central Ganga 
Authority to take up the problem of 
the river's pollution, and that is direct
ly related to the valley's overall devel
opment. "The Ganga is the country's 
lifeline," Narayanan asserted. "And the 
potentials of the valley are immense. 
The whole of India can be fed by the 
Gangetic Plain." 

'The Height of Technology' 
On the question of the use of high 

technologies, particularly lasers and 
nuclear power, to increase the pro-
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ductivity of the economy, Narayanan 
said: "To improve the standard of liv
ing of the people even marginally, we 
have to reach the height of technolo
gy. This is in a sense the logic and irony 
of life. We have to pursue the Moon as 
well as pick up the sixpence f rom the 
mud. This is typical of l i fe, typical of 
progress. 

"To give even a little to the people, 
we can not do it wi th small science, 
wi th small technology, but only by 
mastering high technology and the 
most advanced technology," Naray
anan cont inued. "If I may draw a par
allel to religious or cultural l i fe, we 
need a few saints and a few poets, great 
poets, in society f rom whom we can 
derive ideas and inspiration which keep 
the whole people going for centuries. 
This is not only typical of India, but of 
the whole wor ld . " 

Narayanan concluded his remarks 
wi th a mandate for concrete ideas and 
proposals. "I hope in your delibera
t ion you wil l th row up concrete ideas 
to realize these dreams, which may not 
be dreams, in regard to the develop
ment of the Ganges, the application of 
technology to daily life and produc
t ion, and to l inking Asia more effec
tively in a cooperative sense," he said. 
" I am looking forward to the final 
product of this conference." 

Other speakers at the conference 

included C. Hingarh, chief executive 
of Mod ipon Ltd. and chairman of the 
conference organizing committee, 
who welcomed the conference partic
ipants. Hingarh reviewed the thoughts 
and aims for the conference, and em
phasized thatthese deliberations were 
meant not to debate whether or not 
we should develop the Ganga Basin, 
expand economic ties wi th the rest of 
Asia, or have advanced technologies, 
but to discuss "how to get the job 
done." 

Editor-in-chief of Fusion Asia, Ram-
tanu Maitra, opened the panel on the 
specifics of the Ganges River Valley 
development, discussingthe potential 
as well as problems such as that of f lood 
control and replenishing ground water 
for the Valley. Fusion Asia proposed a 
full survey of the river, carried out by 
a panel of top experts, both public and 
private, pulled together by the govern
ment. The Ganges River valley, w i th a 
populat ion of 300 mi l l ion, is one of the 
poorest in the country, but potentially 
one of the richest because of its ferti le 
soil. 

Then, Dr. H.L. Uppal of Punjab Ag
ricultural University, who has made 
extensive studies of the rivers f lowing 
into the Ganges f rom the Himalayas, 
spoke on the specifics of river engi
neering. He is a former director and 
chief engineer at the Punjab land re-

clamation and irrigation department, 
and a former agricultural adviser to the 
Punjab government. 

India's High Technology Role 
The second day of the conference 

was opened by Fusion Energy Foun
dation research director Uwe Parpart-
Henke, who out l ined the historical re
lation between energy flux density and 
productivity. Henke described recent 
developments in the field of high en
ergy physics in biotechnology, lasers, 
and plasmas, making the point that In
dia must produce more manufactured 
goods of quality and begin to satisfy 
the immense shortage of capital goods 
in Southeast Asia. 

Ramtanu Maitra commented that al
though India had been at the forefront 
of science and technology f rom its very 
incept ion, it has not been able to catch 
up wi th the most recent advanced 
technologies and break out of a situa
t ion of long-term stagnation. 

Next, laser physicist D.K. Ghosh, a 
professor at the Indian Institute of 
Technology in Bombay, discussed the 
tremendous changes in industry to be 
expected as lasers are introduced. With 
a l imited budget, Dr. Ghosh has con
structed several lasers himself and with 
his students. 

The last speaker on this panel was 
Dr. Tata Rao, chairman of a state elec
tricity boards. Dr. Rao, a "grand o ld 
man" of the Indian energy develop
ment programs, made the point that 
the "fusion group has proven convinc
ingly, using the LaRouche-Riemann 
model , that the only way to enhance 
productivity is by introducing high 
technology into industry." He also 
strongly attacked the Club of Rome, 
noting that these are policy interven
tions by the Club of Rome, not mere 
theories. Human resources are the 
most important aspect of an economy, 
not raw materials or related questions, 
he said. 

The final panel on a "Look East" trade 
policy for India was chaired by former 
deputy governor of the Reserve Bank 
of India, Dr. R. K. Hazari. The first 
speaker was Professor P. N. Agarwal, a 
U.N. consultant who teaches at the In
stitute for Developing Economies in 
Tokyo. Agarwal focused on the Japa
nese perception of the requirements 
of the 21st century, contrasting this to 

Continued on page 62 

Fusion Asia editor-in-chief Ramtanu Maitra (second from left) chairs a New Delhi 
press conference to discuss the proposed Great Projects. With him are (from left) 
R.P. Swami, C. Hingarh, Uwe Parpart-Henke, and P. Adireksan. 
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Viruses: Some Day 
You May Want to Catch One 
by Gary Raham 

You may go to the doctor with a 
fever—and perhaps some aches and 
pains for good measure—and he 
might say, "Looks like you've caught 
a virus." Chances are he's very safe 
in saying that, because there are 
thousands of viruses that attack hu
man beings, and many of them pro
duce similar symptoms. 

There are many flu viruses, for ex
ample. Most viruses, fortunately, 
only make us sick for a few days, but 
a few can be very deadly, depending 
on our age, general health, and oth
er factors. 

But viruses are not always "bad 

guys," and some can even be help
ful . Scientists who work in the field 
of genetics, the science of heredity 
in living things, are finding ways to 
use viruses for the benefit of man. 

What Is a Virus? 
Viruses are unusual creatures. 

Some scientists debate about 
whether they are even "alive." They 
can be dried and crystallized, much 
like salt, and then lie dormant indef
initely. Viruses, however, cannot re
produce except within the living cells 
of some organism. 

There are many other organisms 
that survive as parasites on other 

creatures. To better survive in their 
hosts, these parasites have lost body 
parts or simplified them. This is true, 
for example, of the intestinal worms 
that can enter the human body 
through dirty food or bare feet. Vi
ruses may just be an extreme exam
ple of this sort of adaptation. 

Viruses are composed of the same 
classes of chemicals as other life: 
nucleic acids, proteins, and some
times simple compounds made from 
sugar molecules. Viruses are so 
small, however, that they usually 
contain only one or just a few mole
cules of each type (see Figure 1). 

Figure 1 
WHAT A VIRUS LOOKS LIKE 

If you were the size of the spi
derlike viruses shown here, it 
might look like this as you drifted 
down and landed on some bac
terial cells. The bacteria them
selves are only about 2 microns 
long (it would take 500 of them 
placed end to end to equal 1 mil
limeter), but the viruses are much 
smaller (0.36 micron, including 
the long tail fibers). After a virus 
attaches to a cell, it injects its 
DNA (or RNA) into its host. 
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All viruses have one of two nucleic 
acids, DNA or RNA, because, like all 
other life on Earth, they are depen
dent on these molecules for repro
duction and for the control of nec
essary chemical activities. DNA 
stands for deoxyribonucleic acid. 
Deoxyribose is a sugar that is con
nected to phosphate (a combination 
of phosphorus and oxygen) in two 
long, intertwined chains. Sugar and 
phosphate alternate positions in each 
chain—sugar, phosphate, sugar, 
phosphate, and so on. 

Connected to the sugars are four 
kinds of organic bases. They are or
ganic because they contain the ele
ment carbon and they are bases be
cause of their chemical activity (they 
react with acids to form salts). These 
bases—adenine, guanine, cytosine, 
and thymine—link the sugars in the 
two intertwined chains, much like 
the steps of a spiral staircase. RNA is 
similar to DNA, except that ribose 
replaces deoxyribose as the sugar, 
and uracil replaces thymine as one 
of the bases. All the information 
needed to create a virus particle is 
coded by the sequence of bases 
along the sugar-phosphate chain. 

Because the DNA or RNA of a virus 
is easily broken down by chemicals 
and other external substances, it is 
protected inside the hollow center 
of a coiled strand of protein. This part 
of the virus is often referred to as the 
head. Another protein forms the tail 
of the virus and allows it to latch on 
to some unsuspecting cell (see Fig
ure 2). A virus can do no damage un
less it successfully connects itself to 
a cell and transfers its nucleic acid 
inside the cell. 

The Virus Enters the Cell 
Once it has hooked on to a cell, a 

virus injects its nucleic acid through 
the cell membrane, probably with the 
help of a chemical that dissolves or 
modifies the membrane (Figure 3). 
Inside the host cell, the viral nucleic 
acid does one of two things. It may 
connect itself to the DNA in the nu
cleus of the host's cell, or it may latch 
on to the cell's chemical-making ma
chinery. 

In the first case, the viral nucleic 
acid is reproduced along with the 

Figure 2 
A BACTERIOPHAGE VIRUS 

This virus is called a bacterio
phage, because it attacks bacte
ria. The genetic material of the 
virus is protected inside the pro
tein cover. This part of the virus 
is known as the head. The virus 
tail enables it to latch on to some 
unsuspecting cell. 

host cell every time the cell divides. 
No real damage is done, and the host 
organism does not become sick. 

The other thing the viral nucleic 
acid may do, however, is stay out in 
the main part oi the cell, the cyto
plasm, and take over the host cell's 
machinery for making cell chemi
cals. The viral nucleic acid latches on 
to structures called ribosomes, which 
are necessary for the production of 
a cell's proteins. Then it uses the host 
cell's energy sources and enzymes 
to "read" the viral nucleic acid code 
and to produce virus protein. These 
proteins assemble themselves into 
heads and tails and form new virus 
particles from copies of the viral nu
cleic acid. The new virus particles 
eventually fill the host cell. When the 
host cell bursts, there are hundreds 

of new virus particles that can attack 
neighboring cells. 

The host feels "sick" when enough 
cells are destroyed to affect the func
tioning of the organ or part of the 
body that has been attacked or to 
cause the host's defenses to coun
terattack the virus. Viruses can be 
carried for years in their inactive 
form, attached to the host's DNA, 
until stress or some other factor 
causes them to go into their active 
form. 

A Virus 'Shuttle Bus' 
Viruses become useful to scien

tists when they make mistakes. They 
occasionally do this when they de
tach themselves from a host's DNA. 
Once in 100,000 times or so, a frag
ment of the host's DNA, containing 
one or more genes (protein codes), 
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sticks to the viral DNA. Thus, when 
the virus particle assembles with this 
nucleic acid in the head, it acts like a 
shuttle bus, driving a host cell's gene 
from one place to another. 

"What good is this?" you may ask. 
This virus "shuttle bus" might pro

vide the transportation for a very 
useful gene that scientists want to 
transplant from one organism to an
other. 

Another way of doing gene trans
plants is using plasmids, or little, in
dependent pieces of the genetic ma
terial of bacteria. 

The areas in which viruses are used 
widely for transplanting genes are 
agricultural and medical research. 
For example, some forms of plant life 
like apple trees can photosynthesize 

better than others like corn, wheat, 
and most cereals. That is, the apple 
tree can more efficiently convert the 
energy of sunlight into sugar (which 
provides energy for the tree, much 
as food does for human beings). By 
using viruses to improve the effi
ciency of photosynthesis in plants, 
scientists can produce more food for 
man. 

To take another example, many in
fants are bom with errors in their 
genes that may cause early death or 
life-long handicaps. PKU, phenylke
tonuria, is a one-gene defect that re
sults in the inability to use a chemi
cal, phenylalanine, commonly pres
ent in foods. If undetected, the de
fect causes brain damage and retar
dation. PKU can be predicted in the 

Figure 3 
HOW A VIRUS ATTACKS A CELL 

When a virus attacks a cell, it attaches to the surface at specific sites and injects 
its nucleic acid into the cell. The nucleic acid usually forms a closed loop (AT), 
and new viral DNA is made in a long string using the host cell's chemicals (A2). 
New virus heads and tails are also made (A3), and the viral DNA is cut to the right 
size and incorporated into the heads. When the virus particles are assembled, 
the host cell bursts. 

Sometimes, however, the viral DNA hooks up with the host DNA (B1-2) and is 
duplicated when the host divides (B3)> This can go on for many generations, 
before the viral DNA uncouples and follows path A. 

Rarely, when the viral DNA uncouples, it takes a piece of the host DNA with 
it. Then, when the viral DNA duplicates (CI), italso duplicates the host fragment. 
This gets assembled into a new virus (C2-3) and can be transmitted to other cells. 

unborn child by sampling fluid from 
the womb, and the effects of the dis
ease can be reduced with a restrict
ed diet. PKU can be cured, however, 
only if a way is found to insert correct 
gene copies for phenylalanine use 
into the child's body cells. 

Viruses, remember, may become 
part of a host's own genetic infor
mation. Thus, they can act to trans
port correct genes and insert them 
into defective cells. Of course, to do 
this, scientists have to know how to 
prevent the virus from transforming 
back to its infectious state. Viruses 
are also limited by the amount of ge
netic information they can carry in 
their heads. They cannot transport 
more than a few genes at a time. 

A Medicine Factory 
Viruses can be used in yet another 

way. They can transport genes that 
code for useful chemicals into other 
organisms, usually bacteria, that 
multiply the genes and their prod
ucts manyfold. This multiplication 
occurs when the virus reproduces. 
Thus, what might otherwise be a rare 
chemical can be produced in large 
enough quantities to be a practical 
medicine. 

Insulin, a hormone absent or pres
ent in only small quantities in dia
betics, who cannot use sugars and 
starches properly), is an example of 
the kind of products that could be 
and are now being produced in use
ful amounts. Interferon, a body pro
tein apparently important in fighting 
off diseases of various kinds, is an
other example. 

You can expect to hear more about 
viruses as scientists learn more about 
them and how they relate to the liv
ing world. All the news won't be bad. 
Some day you may want to catch a 
specially designed, custom-made 
virus. 
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Books 

Margaret Mead Wasn't Your Grandma 

Margaret Mead, A Life 
by Jane Howard, New York: 
Simon & Schuster, 1984 
$19.95 hardcover, 527 pp. 

With a Daughter's Eye 
A Memoir of Margaret Mead and Gregory 
Bateson 
by Mary Catherine Bateson, New York: 
William Morrow & Co., 1984 
$15.95 hardcover, 142 pp. 

Every t ime you see a young person 
wi th puffy, red-r immed eyes and a va
cant stare, shuffl ing down the street, 
in sync wi th a transistor radio wired 
into his or her ears—you should know 
that you have Margaret Mead and her 
three husbands to thank. That being 
the case, I wou ld not recommend that 
you rush out to buy either of the two 
biographies that were released last 
year. 

Each in its own way is meant to con
vince you that Margaret was a real dear. 
In fact, Jane Howard tries to turn her 
into a grandmother f rom the get-go 
because of her close relationship to 
her own grandchildren. However, it 
does not take too much reading be
tween the lines to determine that dear 
Margaret was a domineer ing, ambi
tious schemer, who wou ld stop at 
nothing in order to push forward her 
own professional career. 

But who really cares! The important 
thing about Margaret was expressed in 
her collaboration with a group of an
thropologists whose purpose was to 
engineer the counterculture. She was 
first deployed to Samoa by anthropol
ogists Franz Boas and Ruth Benedict to 
defend the thesis that sexual l ibert in
ism dur ing adolescence correlates 
positively wi th the mental health of a 
culture. Right before the start of Wor ld 
War I I , she and her th i rd husband, 
Gregory Bateson, studied Balinese 
culture. 

Bali was already a haven for homo
sexuals, op ium smokers, and modern 
artists f rom the United States and Eu
rope. The focal point of the culture was 
the Balinese dancers who performed 

in a state of trance, and in other as
pects of their life maintained a schizo
phrenic state of dissociation. How ef
fectively they were able to translate this 
experience is clear in those aspects of 
Gregory Bateson's career that his 
daughter does not think important to 
mention—such as his promot ion of 
LSD among youth. 

Bateson was the coordinator of those 
various programs which, in the 1950s, 
spread this mind-destroying psyche
delic drug among unsuspecting layers 
of the population, such as veterans and 
young people who were attracted to 
rock concerts. Bateson established the 
LSD research center at Palo Alto Vet
erans Administrat ion Center in Cali
fornia and sponsored Ken Kesey (of 
One Flew Over the Cuckoo's Nest) and 
the Merry Pranksters. 

According to her daughter, one of 
the few things Margaret reproached 
herself for was her stupidity in advo
cating the "legalization" of marijuana 
instead of calling for decriminaliza
t ion. Using the honest term had 
aroused too great an opposit ion in the 
populat ion. 

O n the other hand, Margaret prided 

herself on her collaboration wi th Dr. 
Benjamin Spock. Together they creat
ed the precondit ions for the counter
culture by convincing mothers to ma
nipulate rather than discipline their 
chi ldren. The general banality of post
war suburban life in the United States 
weakened the moral f iber of the na
t ion—but every aspect of the Mead-
Spock program was carefully planned 
to induce hedonistic values in chil
d ren , along with an unwill ingness to 
accept the necessary restraints of a 
work ethic. 

Mead Under Attack 
The two books were probably wr i t 

ten as an answer to an attack on Mar
garet Mead that has made the head
lines. In February 1983, Derek Free
man, an Australian anthropologist, 
documented that Margaret's account 
of life on Samoa was a complete hoax. 
It appears that the culture was para
noid and embittered rather than as she 
pictured it, relaxed and easy-going. 
Both Jane Howard and Catherine Bate
son go to some length to defend Mar
garet Mead f rom the charge of del ib
erate dishonesty by point ing out that 
anthropological studies are necessari-
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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. 
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ly biased and incomplete. 
This is contradicted, however, by the 

internal evidence provided by Howard 
herself. The same issue was a matter of 
bitter dispute between Margaret and 
another of her husbands, the anthro
pologist Reo Fortune. They did field 
research together in New Guinea. 
Mead, of course, was given the oppor
tunity of widely publ ishing her views, 
whi le the career of her quickly di
vorced husband was ruined. Anyone 
reading these two books wil l come 
away absolutely, and correctly, con
vinced that anthropology is a fraud. 

As I said, though, neither of these 
books is wor th reading. They do not 
explain that the purpose of anthropol
ogy is brainwashing whole cultures. 
Mead, and her teachers and hus
bands, studied primit ive, paranoid, 
small cultures in o rder to tes t the i r the-
ories as to how to turn the United States 
into such a col lection of paranoid 
communit ies. 

Who really cares that Margaret had 
a lesbian relationship with Ruth Bene-

Conference Report 
Continued from page 59 

current Indian perspectives. 
Next, Thai member of Parliament 

Pongpol Adireksarn showed how the 
Kra Canal would open up the entire 
area for economic development. He 
elaborated the history of the Kra Canal 
project, stressing that the new gener
ation of politicians in Asia—represent
ed by himself and Rajiv Chandi—are 
keenly aware of the necessity for this 
kind of development. He also stressed 
the tremendous boon for the entire 
area resulting f rom the large industrial 
areas on either side of the canal. 

The last speaker was the former In
dian ambassador to Thailand, Mr. Dal
ai, a staunch supporter of the Kra Can
al project. 

The Financial Express, India's main 
financial daily, covered the confer
ence in detail, in an article t i t led "Kra 
Canal Holds Hope for Engineering 
Uni t . " The article surveyed the im
mense benefits for India of the pro
posed Kra Canal, including tremen
dous opportunit ies for Indian engi
neers, the Indian steel industry, and 
the ports of India's east coast. 

—Douglas DeGroot 
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Institute for Intercultural Studies 

Mead in Samoa (left): sexual libertin
ism. 

diet among others—or that Gregory 
suggested to his daughter that they 
have a sexual relationship? (These were 
not the kind of mass murderers of 
whom it can be said: " O h , but they 
were so good to their family.") The im
portant thing is that they tried to " turn 
o n " the youth of the United States and 
Western Europe to perversion. And this 
neither author finds exceptionable, or 
worth report ing in detail. 

An interesting sidelight on the books 
is provided by the Derek Freeman con
troversy. Margaret Mead was spon
sored by Franz Boas as part of his pro
mot ion of cultural relativism in place 
of the more overt racism of the Harri-
man-sponsoredeugenicists of the Mu
seum of Natural History. This was the 
liberal wing of anthropology; the soft 
fascists who would deny the back
wardness of these primit ive cultures as 
a way of forever condemning people 
to the backwardness imposed upon 
them by the dominat ion of their var
ious imperial masters. 

The more open racists—the same 
people who exhibited a stuffed Eskimo 
in the Museum of Natural History— 
defend the view that "backwardness" 
is biologically determined. Freeman is 
of this latter school, which—sadly, but 
not surprisingly—is having a resurg
ence today. 

—Carol White 
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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! 

Yes, I want to subscribe to EIR. Sign 
me up for: 
D One year. Fifty 64-page issues @ $396. 
D Six months. Twenty-five 64-page issues 

@ $225. 
• Three months. Thirteen 64-page issues 

@ $125. 

Name 

Street 

City 

State Zip 

Telephone 
MasterCard 
or Visa # 

Exp. Date 

Make checks payable to: 

Executive Intelligence Review 
101016thSt., N.W., Washington, D.C. 20036. 
For telephone orders: (202) 955-5930. 





In This Issue 

The rapid spread of disease and famine throughout the con
tinent of Africa is not some unfortunate accident but the 
predictable outcome of deliberate Malthusian policies. We 
can save Africa—and the rest of the wor ld—from an other
wise inevitable biological holocaust by launching a military-
style war on disease and a crash program to build infrastruc

ture and industry. We have the science and technology to do 
it now. Warren Hamerman discusses the extent of the present 
biological and ecological destruction, how this was predicted 
11 years ago, and what to do about it. Col. Molloy Vaughn 
outlines a specific military-style program for emergency aid, 
making use of retired military experts. 

Unless every resource of the international scientific community is mobilized to launch and win a war on disease on the front-line battlefield of Africa, the biosphere 
itself cannot survive. 

Laser technologies are ready now to transform the depressed 
economy and revolutionize science and industry. From laser 
machining, to new materials suitable for use in high-temper
ature environments, to imaging processes that can make three-
dimensional movies of living matter on the atomic level—we 
have the science and technologies today to leap forward to 
the Plasma Age. What's missing are the credit and investment 
policies to make it happen. 

Carol White examines the technology potentials and their 
economics, while Charles B. Stevens reviews some of the laser 
advances at Rochester University's Laboratory for Laser En
ergetics. 

Courtesy of Coherent General, Inc. 

This laser cutting center has a beam so narrow that only a few thousandths 
of an inch of material is removed, allowing very accurate, complex shapes 
of high alloy steel to be cut with a virtually dross-free finish. 


