
FUSION 
November-December 1984 

An Ancient Battle for Science 
• 

Astifcmcfmj& 



This 
Holiday 
Season, 

Give the 
Greatest 

Gift of 

The 
Power of 
Ideas 
Books by Lyndon H. 
LaRouche and associ­
ates, guaranteed to 
make whoever reads 
them think. What 
better could you wish 
your loved ones this 
holiday season? 

Special holiday offer—four books for only $25.95 
(Postage included.) 

LaRouche: Will This Man Become President? 
by the editors of Executive Intelligence Review. 
A biography of the world's most controversial 
political figure. $4.95 

There Are No Limits to Growth 
by Lyndon H. LaRouche, Jr. 
A refutation of the arguments of the Club of Rome. $4.95 

The Hitler Book 
edited by Helga Zepp-LaRouche 
The philosophical roots of National Socialism, and the 
international networks that put Hitler into power and 
exist to this day. $9.95 

The N e w Dark Ages Conspiracy 
by Carol White 
An expose of men like Bertrand Russell and H.G. Wells, 
the grandfathers of today's anti-science movement. $4.95 



FUSION 
Vol. 6, No. 4 November-December 1984 

Features 

19 Beam Defense Works! 
A Point-by-Point Refutation of the SDI Critics 
Paul Gallagher 
Everything you need to know to convince any sensible person that 
beam-weapon defense will make nuclear weapons obsolete. 

32 Astronomy: The Foundation of Scientific Method 
Jonathan Tennenbaum 
The ancient science of astronomy must be revived to educate the 
population and defeat astrology, the secret weapon of the oligarchy in 
its age-old war on reason. 

42 How the Universe Is Created i 
Carol White 
A Mexican astronomer has extended Kepler's method to relate the mass 
and spin of astronomical objects over 40 orders of magnitude. 

51 Food Irradiation 
A Technology Ready for a Production Boom 
Marjorie Mazel Hecht 
There is a cheap and efficient way to expand the world's food supply— 
food irradiation. Yet the implementation of this beneficial technology 
has been stalled by the same Malthusian lobby that has blocked the 
development of civilian nuclear power worldwide. 

News 
NUCLEAR REPORT 

6 Will TMI Unit 1 Ever Reopen? 
SPECIAL REPORT 

8 You Can Live to Be 100 
Research on Aging Shows That It's Possible 

FUSION REPORT 
11 Japan's Cekko XII Laser Scores 

Major Advances in Inertial Fusion 
13 Kyoto's Heliotron: 

A Unique Machine with Great Promise 
16 Krypton Fluoride Laser Fired; 

'New Dawn for Fusion Research' 
17 Los Alamos Begins Work on Gamma Ray Laser 

THE YOUNG SCIENTIST 

58 A Preview of NASA's Manned Space Station 

Departments 
2 EDITORIAL 4 NEWS BRIE 
3 VIEWPOINT 61 BOOKS 

EDITORIAL STAFF 

Editor-in-Chief 
Carol White 

Managing Editor 
Marjorie Mazel Hecht 

Fusion Technology Editor 
Charles B. Stevens 

Washington Editor 
Marsha Freeman 

Energy Editor 
William Engdahl 

Books Editor 
David Cherry 

Art Director 
Alan Yue 

Photo Editor 
Carlos de Hoyos 

Advertising Manager 
Joseph Cohen 

Circulation and Subscription Manager 
Dianne Oliver 
(212) 247-8820 

FUSION (ISSN 0148-0537) is published 4 times 
a year by the Fusion Energy Foundation, 304 West 
58th Street, Fifth Floor, New York, N.Y. 10019. Tel. 
(212) 247-8439. Dedicated to providing accurate 
and comprehensive information on advanced en­
ergy technologies and policies, FUSION is com­
mitted to restoring American scientific and tech­
nological leadership. FUSION coverage of the 
frontiers of science focuses on the self-developing 
qualities of the physical universe in such areas as 
plasma physics—the basis for fusion power—as 
well as biology and microphysics, and includes 
ground-breaking studies of the historical devel­
opment of science and technology. 

The views of the FEF are stated in the editorials. 
Opinions expressed in articles are not necessarily 
those of the FEF directors or advisory board. 

Subscriptions by mail are $20 for 6 issues or 
$38 for 12 issues in the USA; $25 tor 6 issues in 
Canada. Airmail subscriptions to other countries 
are $40 for 6 issues. Back issues are available at 
$5 each, postpaid. 

Address all correspondence to FUSION, Fusion 
Energy Foundation, P.O. Box 1438, Radio City 
Station, New York, N.Y. 10101. 

Second class postage paid at New York, N.Y. 
Postmaster: Send address changes to FUSION, 
P.O. Box 1438, Radio City Station. New York, N.Y. 
10101. 

Note to Libraries and Subscribers 
We apologize for irregularity in our printing 

schedule, but we assure readers that the only pro-
nuclear science magazine in the country intends 
to continue publishing! Because of financial diffi­
culties, the FEF published only 4 issues of FUSION 
in 1983. The FEF will now regularly publish 6 issues 
a year, but only 4 issues in 1984, beginning with 
Vol. 6. No. 1, May-June 1984. 

Subscribers who purchased a 10-issue sub­
scription and those who purchased a 6-issue sub­
scription will receive the number of issues they paid 
for. 

Contributions to the FEF are welcome (and tax 
deductible). 

Copyright 9 1984 
Fusion Energy Foundation 
Printed in the USA 
All Rights Reserved 

ISSN 0148-0537 USPS 437-370 

On the cover: Spiral galaxy NGC 6946 in the 
constellation Cepheus; photograph by the U.S. 
Naval Observatory, courtesy of NASA. Cover de­
sign is by Virginia Baier. 

Philip Ulanowsky is the photographer of the 
mode! of the ear on the backcover of the Septem­
ber-October issue. His name was inadvertantly 
left out of the credit column. 



Editorial 

Since World War II, the United States has been the rec­
ognized world leader in theoretical science and industrial 
technology. This nation proved in the 1960s that with a 
national commitment and sense of mobilization it could 
overcome an impressive Soviet lead in space technology, 
leaving other countries behind in the dust. In defense, the 
United States has worked with its allies in Europe to protect 
Western civilization from any military threat. 

Today, however, we are facing the nearly inconceivable 
situation where the Western world could be held hostage 
to Soviet military threats because our directed energy beam 
weapon defense program is lagging. The paltry $1.8 billion 
requested by the Reagan administration for strategic de­
fense has been chopped to $1.4 billion by Congress. 

Allowing for inflation, the appropriation for beam weap­
on research and development represents no increase over 
the spending levels projected before President Reagan made 
his March 23,1983 speech proposing to make nuclear mis­
siles obsolete. The question now is whether the President 
will use his landslide election victory as a mandate for an 
Apollo-style ballistic missile defense effort, or whether the 
Soviets will have the first beam defense system in the world. 

Stepping Down in Technology 
The United States has been the leader in civilian fusion 

energy research for the past decade. Yet the ambitious and 
feasible plan to lead the world in the development of com­
mercial fusion power plants is fast disappearing. Goaded 
by the refusal of the administration to move toward power 
plant engineering development and by Capitol Hill hysteria 
over budget deficits, Congress has slashed the magnetic 

Krafft A. Ehricke 
It is with great sadness that we report the death of 

space scientist Krafft A. Ehricke on Dec. 11, 1984, as 
this issue goes to press. 

A man of exceptional vision and spirit, Ehricke de­
voted his life to developing the means by which man 
could conquer and colonize space. 

We are proud to have published some of his pi­
oneering work on colonizing the Moon, and we look 
forward to continuing his mission by helping to pub­
lish the work Ehricke was just completing, The Sev-

fusion energy budget by $43 million. At this rate, our only 
hope for having this cheap, clean, and plentiful energy 
source is if the Japanese build plants that the United States 
can import at the turn of the century. 

Fusion is not the only frontier science area where budget 
realities have squashed dreams of development; laser and 
plasma technologies are another example. In July, the So­
viet Union announced the establishment of its first national 
plasma technologies center at Novosibirsk in Siberia. Plas­
ma guns and other devices for materials processing are 
being mass produced there for large-scale introduction into 
industry. In contrast, U.S. industry does not have the eco­
nomic wherewithal to use the laser and plasma technolo­
gies that are already available, and the U.S. government has 
made no effort to transfer new defense-developed tech­
nologies to the commercial sector. 

To take other vital areas of technology development: If 
the United States wants to have nuclear breeder reactors, 
it will have to import them from France—if national policies 
continue in the current direction. And in the area of trans­
portation, local governments here are now considering 
purchasing magnetically levitated trains from Japan or West 
Germany to improve their rotting urban transport systems 
with the most advanced technology. 

Four more years of policymaking on the basis that this 
nation does not necessarily have to be "number one" will 
leave the West defenseless both in military and economic 
terms. The opportunity exists to reshape the policies of the 
second Reagan administration and restore the United States 
to a first-rate position in science and technology. Not to 
take this opportunity could cost us our future. 

was just completing, The Seventh Continent: Indus­
trialization and Settlement of the Moon. 

For more than 40 years, Krafft Ehricke fought tire­
lessly to create and advance man's knowledge and to 
prove, through his work, that there are no limits to 
growth. What better tribute to his memory than for 
us to rededicate ourselves to complete the task he set 
for himself—advancing the frontier of science and 
technology to create a better world for mankind here 
on Earth and throughout the solar system. 
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The possibilities for food irradiation 
are unlimited and exciting. One quart­
er of the world's harvested food is now 
lost to spoilage and waste. Food irra­
diation could vastly expand our food 
supply by killing bacteria and insects 
in harvested food. Besides acting as a 
possible substitute for EDB and other 
fumigants, low doses of irradiation 
eliminate trichinosis in pork and stop 
the medfly in citrus fruits and the cod­
ling moth in apples. Irradiation could 
also destroy botulinum and salmonel­
la in red meats, poultry, and fish, and 
extend the shelf life of fresh fruits, veg­
etables, and grains. 

This is why I will reintroduce the 
Federal Food Irradiation Development 
and Control Act in the next session of 
Congress to foster consumer and 
commercial acceptance of food irra­
diation. The time is now to promote 
irradiation and make the needed 
changes and additions to present law 
in orderto get this technology moving. 
The prior bill I initiated had 36 cospon-
sors from both parties, as well as the 
endorsement of several major national 
organizations, including the American 
Medical Association, the National Food 
Processors Association, the Grocery 
Manufacturers Association, the Na­
tional Pork Producers Council, the As­
sociation of Seafood Importers, and the 
United Fruit and Vegetable Associa­
tion. 

The impact of food irradiation as a 
postharvest treatment could be revo­
lutionary; it could be the most impor­
tant development in food preservation 
since the introduction of canning and 
freezing because it protects food from 
pests without leaving any residue. Ion­
izing energy penetrates the food, kill­
ing parasites and microorganisms, 

Rep. Sid Morrison, a family farmer who 
represents the fourth district in Wash­
ington state, will reintroduce the Fed­
eral Food Irradiation Development and 
Control Act in the next session of Con­
gress. Morrison, a Republican, serves 
on the House Committee on Agricul­
ture. This Viewpoint is adapted from 
his testimony on food irradiation. 

Viewpoint 

Viewpoint 
Food Irradiation: 
The Time Is Now 

by Rep. Sid Morrison 

without leaving any harmful residue. 
The food absorbs only the energy, not 
the radioactivity. It is physically impos­
sible to induce radiation in food at any 
of the dose levels now being studied. 

Experts agree that food irradiation is 
safe and wholesome. Severely ill can­
cer patients, who are highly suscepti­
ble to infection from microorganisms, 
are sometimes served foods sterilized 
with gamma radiation. These studies 
have shown no harmful side effects. In 
fact, food irradiation has been en-

Council on Radiation Applications 

An array of irradiated food—fresh and 
bacteria-free. 

November-I 

dorsed by the American Medical As­
sociation. 

A proposed FDA regulation permits 
limited application primarily for fresh 
fruits and vegetables up to a dose of 
100 kilorads, which is one-tenth the in­
ternational standard of 1 megarad (1 
kilorad = 1,000 rads and 1 megarad = 
1,000 kilorads). 

Legislative Provisions 
My new bil I retai ns the proposed def­

inition of irradiation of food as a pro­
cess or treatment and expressly ex­
cludes irradiation from the food addi­
tive definition. However, FDA would 
still retain authority to regulate food 
irradiation for consumer protection. 

The bill also provides for ongoing 
research and development of food ir­
radiation, national uniformity of food 
irradiation regulations, and further 
provides explicit authority for leasing 
of federally owned irradiation source 
materials to the private sector to en­
sure an adequate supply while ensur­
ing federal safety and transportation 
standards. 

The bill establishes a Joint Operat­
ing Commission to facilitate accept­
ance of food irradiation. The Commis­
sion will operate within the USDA and 
coordinate and manage currently frag­
mented research and information ex­
change efforts. It will also act as a liai­
son to promote consumer acceptance 
and private development. 

My experience has been that the 
public in general has an emotional, al­
most fearful response to food irradia­
tion. I hope that this bill will promote 
open discussion so that public con­
cerns about the pending use of irradia­
tion can be addressed. 

No matter how successful and safe 
food irradiation proves to be, it will 
never reach large-scale commercial 
application unless there is consumer 
acceptance. The consumer needs re­
assurance from the federal govern­
ment, and I view the Joint Operating 
Commission as the least restrictive way 
to facilitate public acceptance. 

The importance of federally spon­
sored R&D cannot be overstated, since 
it is only because of the 40 years of 

Continued on page 60 
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News Briefs 

Lawrence Livermore National Laboratory 

A "target" used to make the soft X-ray 
lasers. The aluminum frame is about 7 
inch by 112 inch. A metal-coated film is 
stretched across a gap in the frame. The 
laser light is focused to the central 150-
200 microns of the film. 

Illustration by Christopher Sloan 

Fusion on the Moon. In his extensive 
study of lunar industrialization, Eh­
ricke has proposed using large deuter­
ium-tritium reactors as a fuel factory to 
produce helium-3, potentially one of 
lunar industry's most valuable exports 
to Earth markets. 

LAWRENCE LIVERMORE MAKES 'SOFT' X-RAY LASERS 
Researchers from Lawrence Livermore National Laboratory announced Oct. 

29 that they had succeeded in producing soft X-ray lasers from the hot vaporized 
gases of the metals selenium and yttrium. The wavelengths were the shortest at 
which amplification had ever been observed in a laboratory, the yttrium at 155 
angstroms and the selenium at 209 and 206 angstroms. These wavelengths are 
25 times shorter than visible light and 5 to 10 times shorter than wavelengths of 
commercial lasers. 

The soft X-ray lasers use a powerful pulse of visible green light from the 
Novette laser aimed at a thin metal-coated film held in a frame the size of a 
postage stamp. The energy from the green laser vaporizes the film and strips all 
but 10 electrons from each of the energized metal atoms. When the first excited 
atoms spontaneously relax from their energized states, they emit X-rays that 
stimulate other ions to emit identical X-rays. This amplifies the original input to 
produce a coherent, increasingly bright X-ray pulse traveling along the length 
of the film. 

The soft X-ray laser will have a revolutionary impact on science and medicine, 
making possible microholographs that can "see" living processes on a molecular 
level without damaging the living tissue. The laser will also make possible sci­
entific measurements, now difficult or impossible, of various physical proper­
ties, as well as the production of compact circuit patterns on semiconductors. 
Lawrence Livermore is also studying "hard" X-ray lasers powered by nuclear 
explosives to serve as antimissile beam defensive weapons. 

DOD ANNOUNCES BREAKTHROUGH IN LASER PROPAGATION 
Optical phase conjugation may compensate for distortions produced in laser 

beams propagated through the atmosphere so that ground-based lasers could 
attack ballistic-missile targets in space, according to remarks by Robert S. Coop­
er, director of the Defense Advanced Research Projects Agency, in the Sept. 24 
issue oi Aviation Week & Space Technology. 

Optical phase conjugation is a nonlinear effect in nature. In one example, 
stimulated Brillouin scattering, a liquid backscatters a high-power incident beam 
so as to reflect a divergent, unfocused beam into a convergent and focused 
beam, which then interacts with the liquid to establish an acoustic shock front. 
This shock front backscatters the beam with a frequency down-shifted by the 
frequency of the acoustic wave. The phenomenon demonstrates the fundamen­
tal electromagnetic character of sound production. 

As a result of its ability to correct for distortions, Cooper argued that optical 
phase conjugation would also reduce the required precision of fabrication of 
high-energy laser optical components from a small fraction of a wavelength of 
the generated laser light to many wavelengths, perhaps even many tens of 
wavelengths. One effect of this application would be to reduce the precision to 
which space-based mirrors need be machined. One argument against beam 
defense has been the claim by Kosta Tsipis of MIT that the required precision 
would never be attained. Cooper's remarks, however, indicate that combined 
with optical phase conjugation present technology will suffice. 

EHRICKE PRESENTS LUNAR INDUSTRIALIZATION PLAN TO NASA MEETING 
Space scientist Krafft A. Ehricke gave the banquet address at a Washington, 

D.C. conference on a manned return to the Moon sponsored by NASA Oct. 29-
31 at the National Academy of Sciences. "If Cod had wanted man to go out in 
space, He would have given him a Moon," Ehricke quipped, at the beginning of 
his talk on the industrialization of the Moon. He received a standing ovation 
from the audience of scientists, former astronauts, engineers, and NASA admin­
istrators for his overview of the transport, energy, industrial and human tech­
nologies that will have to be developed in order to move our civilization off its 
home planet. 
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GREENS LAUNCH DRIVE TO BUILD MOVEMENT IN UNITED STATES 
Efforts are underway to establish a Green political movement in the United 

States modeled on Die Grunen, the Green Party of West Germany, which has 
recently gained double-digit votes in local elections. In August a group of 62 
self-professed anarchists, Aquarians, environmentalists, leftists, and assorted 
mystics met at Macalester College in St. Paul, Minn, to discuss how to build a 
Green Party out of the disparate community groups, environmentalist networks, 
and remains of the 1960s left-radical movement. 

Organizers for this effort are working out of offices provided by the Hubert 
Humphrey Institute in Minneapolis, which served as a policy think tank for the 
Mondale Presidential campaign. The seed money for the Institute was provided 
by Henry Kissinger through fundraising efforts in Great Britain. 

JET HITS RECORD FUSION CONFINEMENT TIME 
The Joint European Torus (JET) tokamak in Culham, England, has reached 

record energy confinement times for fusion plasmas in the range of seven tenths 
of a second—more than double that previously achieved on both the TFTR 
tokamak at the Princeton Plasma Physics Laboratory and on JET itself. The excel­
lent, early results on JET strongly indicate that this joint effort of the European 
Community not only will be the first to produce net-energy-producing fusion 
plasmas, but also could leap ahead of the U.S. machines to reach full fusion 
plasma ignition. JET's ignition potential is related to its larger size, experimental 
pulse length, and plasma current, in addition to its emphasis on radio frequency 
(RF) heaters. The RF heaters, antennas that direct electromagnetic waves into 
the plasma and increase the plasma temperature, can be used to further extend 
the pulse length of the experiment, thereby giving more time for the attainment 
of fusion ignition. 

FEF EXPANDS THE INTERNATIONAL JOURNAL OF FUSION ENERGY 
The first edition of the newly expanded International journal of Fusion Energy, 

to be published quarterly, will appear in January 1985, announced Dr. Robert J. 
Moon, editor-in-chief. Moon, a member of the Manhattan Project during World 
War II, is professor emeritus at Chicago University. 

Featured in this issue is "The Morphology of the Electron" by Dr. Winston 
Bostick, "Missing Energies at the Pair Production by Light Quanta," by Dr. Erich 
R. Bagge, "The Relation Between Angular Momentum and Star Formation in 
Spiral Galaxies," by Dr. Luis Carrasco, and "New Frontiers in Biophysics," by Dr. 
James Frazer. The issue also contains reports on progress in several areas of 
fusion research, astrophysics, and biophysics, as well as translations of two 
works on electrodynamics, one by Riemann and the other by Betti. 

Subscriptions are $80 for four issues ($100 foreign) and can be obtained from 
the FEF. 

LOUSEWORT LAURELS TO EPA'S OFFICE OF TOXIC SUBSTANCES 
This issue's Lousewort Laurels award goes to the Environmental Protection 

Agency's Office of Toxic Substances for its May 23 announcement of a "priority 
review" of the health effects of formaldehyde in industry. The review was 
prompted by one study that found that rats got nasal cancer after inhaling 15 
parts per million (ppm) of formaldehyde. The industry limit, enforced by OSHA, 
is 3 ppm, with the vast majority of industry sites at a level far below this. In 75 
years, and many studies, there have been no reported cases of such cancer in 
humans working with formaldehyde. In fact, formaldehyde, a simple chemical 
composed of carbon, hydrogen, and oxygen, is found everywhere and is pro­
duced naturally by plants, animals, and the human body. Formaldehyde is re­
sponsible for the "permanent" in permanent press, is an essential ingredient in 
wood products, and constitutes about 8 percent of the GNP. 

Readers can contact the EPA's Office of Toxic Substances at 401 M Street, 
S.W., Room E 409, Washington, D.C. 20460. 

Stanley Ezrol 

Green Party leader Petra Kelly at a 
1983 demonstration outside the White 
House. 
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Nuclear Report 

GPU Nuclear 

At the t ime of the incident at the 
Three Mile Island Unit 2 nuclear power 
plant in March 1979, Unit 1 was tem­
porarily shut down for routine refuel­
ing. Now, after more than five years of 
antinuclear intervent ion, this power 
plant is still closed, and the cost of 
keeping an operational plant ready but 
closed—while paying for replacement 
power—may become an unfeasible 
burden for the uti l i ty. 

GPU Nuclear Corporat ion is now 
paying $14 mil l ion a month to br ing in 
electrical power to replace the capaci­
ty lost whi le TMI U n i t l is closed, cost­
ing GPU's customers more than $400 
mil l ion since 1979. And if the Nuclear 

Regulatory Commission (NRC) cont in­
ues to bow to pressure f rom the envi­
ronmentalists and refuses to allow the 
plant to restart, the doors of Unit 1 
might shut for good. 

The Sabotage of Unit 1 
There is no legitimate reason that 

TMI Unit 1 , which was unaffected by 
the damage at Unit 2, is not back in 
operat ion. According to GPU Nuclear, 
U n i t l could be up and running four to 
six weeks after a go-ahead f rom the 
NRC. 

Admiral Hyman Rickover, the foun­
der of the Nuclear Navy, which bui l t 
the nation's first nuclear power reac­
tor, has done two evaluations of TMI 

Visitors tour Three Mile Island. The en­
vironmentalists have spent millions to 
ensure that the plant stays closed. 

operations. He has stated that "based 
on the assessment of GPU Nuclear 
Corporat ion organization and its sen­
ior management GPU has the manage­
ment competance and integrity to 
safely operate the TMI-1 plant." 

Testifying before the NRC in August 
1984, GPU officials said that there is 
"ample basis" for l i f t ing the 1979 shut­
down order of TMI U n i t l . 

Since 1979, GPU has spent $95 mi l­
l ion to modify the plant to meet new 
NRC safety requirements. In Septem­
ber 1984, an NRC staff report stated 
that Unit 1 is on par wi th other oper­
ating Babcock and Wilcox nuclear 
power plants in terms of plant modi f i ­
cations. Yet, the NRC is cont inuing to 
honor the delay tactics of antinuclear 
intervenors, which now wi l l put off re­
start at least past the first of next year. 
Over the past five years, the interven­
ors have run f rom pillar to post to in­
vent new reasons why the plant should 
not reopen: The plant is unsafe, they 
said; it wou ld be too "psychologically 
stressful" to open it; and radiation re­
leases f rom the damaged reactor have 
created biological damage to residents 
in the area. None of these arguments 
holds any water. 

On this last point , the State of Penn­
sylvania Health Department has car­
ried out exhaustive studies in re­
sponse to the environmentalists' out­
rageous claims of health damage f rom 
the TMI accident. In 1981, Dr. George 
Tokuhata, director of epidemiological 
research for Pennsylvania, stated that 
articles wri t ten by the notoriously an­
tinuclear Professor Ernest Sternglass 
were "highly inaccurate to the extent 
of creating unnecessary fear in the 
minds of Commonwealth cit izens." 

Charges included an increase in in­
fant mortality rates, which was abso­
lutely refuted by Health Department 
studies. The same is true for charges 
of congenital hypothyroidism and birth 
defects. 

Tokuhata summed up his rebuttal of 
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Sternglass by stating that Sternglass's 
words in The Nation magazine: "have 
the potential of creating fear, appre­
hension, stress, and even panic among 
the residents of central Pennsylvania. 
This is totally irresponsible and the De­
partment of Health regrets that the 
public has been subjected to such un­
founded statements f rom Dr. Stern-
glass." 

Unfdrtunately, there is one area in 
which the Health Department punted. 
Tokuhata has stated that dur ing the 
1979 TMI accident expectant mothers 
were under increased stress, and med­
ications were used in excess, includ­
ing tranquil izers, sleeping pil ls, anal­
gesics, and cardiac or hypertensive 
preparations. 

This increased use of medication 
supposedly led to lower bir th weight 
among newborns in gestation dur ing 
the accident. What Tokuhata does not 
point out , of course, is that the in­
crease in "stress" was caused by the 
deliberate exaggeration of supposed 
danger by so-called experts like 
Sternglass, by the media, and by Gov­
ernor Thornburgh, whose inaccurate 
remarks caused a near-stampede of 
fr ightened citizens f rom the Harris-
burg area. 

Now the intervenors are claiming 
that the uti l i ty is " incompetent" to run 
the facility, demanding that all nuclear 
power plants operated by CPU Nucle­
ar be shut down . This wou ld include 
the Oyster Creek nuclear plant in New 
Jersey, in addition to the two TMI units. 

That this is more of a wi tchhunt than 
any concern for "publ ic safety," was 
noted by GPU President Herman 
Dieckamp, who stated a year ago: "I 
can't help but contrast TMI wi th the 
DC-10 that crashed in Chicago, ki l l ing 
over 270 people, a few months after 
the TMI accident. Nobody called for 
the dismissal of the top corporate of­
ficers. There are no cont inuing inves­
tigations four years later. Why should 
it be so dif ferent for TMI and nuclear 
power?" 

The answer to Dieckamp's question 
was stated by a spokesman for the en­
vironmentalist group "TMI Aler t "—in 
brief, that the postindustrial state of 
Pennsylvania does not need power 
plants. "Through conservation and the 
slowing down of the economy, there 
is excessive power on the electric grid 

n Pennsylvania," the spokesman stat­
ed. The trend is for " industry to move 
to the south and southeast, and this 
trend wil l cont inue." 

Then and Now 
After the 1979 TMI incident, the Fu­

sion Energy Foundation went on the 
offensive against the antinuclear 
movement, exposing their efforts to 
use the TMI incident to shut down nu­
clear power and push the nation into a 
postindustrial era. We documented the 
possibility of sabotage at TMI , set up 
an Independent Commission of In­
quiry to look into this, and won the 
Freedom Foundation George Wash­
ington Medal of Honor for a series of 
articles in Fusion on TMI and the anti-
nuclear movement. 

At the t ime, we to ld the nuclear and 
util ity industries that unless they were 
ready to launch an aggressive cam­
paign to stop the sabotage of the na-

"To wage an all-out battle 
for the industrial future of 

this nation . . . requires nam­
ing the names of those who 

are sabotaging progress." 

t ion's electric grid system and, there­
by, its economy, they would soon f ind 
themselves out of business. The re­
sponse of the nuclear industry was for 
the most part to be a "nice ost r ich" ; 
maybe if we keep our head in the sand, 
nuclear leaders to ld us, we' l l get by. If 
we attack the environmentalists and 
their polit ical backers, they said, it wi l l 
only anger them and make things 
worse. 

Unfortunately but predictably, this 
ostrich phi losophy fai led, and the nu­
clear industry now finds itself rapidly 
disappearing. In the process, much of 
the American public, after several years 
of unadulterated antinuclear propa­
ganda and nuclear industry apologies, 
has become almost incapable of mak­
ing a rational judgment on the nuclear 
question based on the scientific facts. 

Three months after the TMI-2 inci­

dent, the United States had more than 
100,000 megawatts of nuclear capacity 
under construct ion. Dur ing the sum­
mer of 1979, the head of the Atomic 
Industrial Forum, Carl Walske, de­
clared, "Far f rom being the beginning 
of the end for nuclear, TMI was really 
the end of the beginning." 

But five years after this new "begin­
n ing," 50 nuclear power plants have 
been canceled or mothbal led, and not 
one new reactor has been ordered. The 
Washington State Public Power system 
has gone bankrupt, and other util it ies 
are threatened wi th fiscal ruin as even 
completed power plants have been 
prevented f rom coming on l ine. 

The Tennessee Valley Author i ty 
(TVA), which has the nation's largest 
power-producing system as well as the 
largest nuclear construction project, 
decided at the end of summer 1984 to 
scrap four unfinished reactors, wr i t ing 
off $2.7 bi l l ion in losses. 

Years ago the TVA planned to pro­
duce 40 percent of the power for their 
seven-state system through nuclear 
energy. But in 1982, the board can­
celed four units under construction 
and since then has canceled four more. 
Now the TVA is left wi th only two re­
actors operating and two more near-
ing complet ion. 

In October 1984, the only remaining 
market for U.S. nuclear power plants, 
the export market, began to unravel, 
as wel l . President Reagan had prom­
ised the industry that China wou ld be 
spending $10 to $20 bi l l ion on U.S. re­
actors. Now the West German press 
reports that U.S. sales are being frozen 
by nonprol i ferat ion agreements, and 
West German industry, led by the nu­
clear f i rm Kraftwerke Un ion, may 
"snare" some of the Chinese business. 

If the management of the TMI units 
decides that for financial reasons they 
cannot continue to carry the cost of 
maintaining the operability of the plant 
without actually producing power, this 
decision wi l l signal the end of a poorly 
fought battle for nuclear power in the 
United States. The opt ion still exists, 
however, to wage an all-out battle for 
the industrial future of this nat ion. As 
in 1979, it requires naming the names 
of those w h o are sabotaging progress 
and discussing exactly who benefits 
f rom surrender. 

—Marsha Freeman 
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Special Report 

You Can Live to Be 100 
Research on Aging Shows That It's Possible 
by John Grauerholz, M.D. 

A review of the rapidly expanding 
area of aging research shows that with­
in just one decade, a crash effort to 
apply already existing knowledge could 
add up to 30 years to the average hu­
man life span. A great number of the 
people living today might still be 
around, l iving productive, healthy 
lives, 100 years f rom now. 

The premises upon which research 
in aging are now based are mechanis­
t ic; work in the field is based on push­
ing back mortality rather than defeat­
ing it. Notwithstanding, the results 
achieved so far—with minimal budg­
ets—justify massively increasing these 
budgets. By pushing life to its seeming 
limits, we wi l l create the condit ions in 
which fundamental breakthroughs are 
more likely to occur. 

Immunity and Aging 
One area that holds great promise is 

study of the immune system, which 
protects the body against foreign or­
ganisms and against its own cells when 
they become cancerous. Studies of 
people who have lived to 100 or more 
indicate that their immune systems re­
tain the funct ioning level of younger 
people. So there seems to be some 
definite connection between the im­
mune system and the aging process. 
Clinically, as an animal ages, certain 
changes in the immune system accom­
pany, and even precede, symptoms of 
aging. 

For many years it has been known 
that the thymus gland reaches its max­
imum size in late adolescence and then 
progressively shrinks such that the 
gland has almost disappeared by the 
mid to late 40s. We now know that the 
thymus secretes a number of hor­
mones that are crucial for activating 
certain immune cells involved in de­
fense against infections and cancer. By 
the age of 60, however, thymus hor­
mone cannot be detected in most hu­
mans. 

Carlos de Hoyos 

Living to be 100 could be the norm if we accelerate research in promising areas. 
But if the Malthusians have their way, this man—and others like him who depend 
on renal dialysis treatments—would die at an earlier age. 

In fact, one branch of the immune autoimmune diseases in which the 
cells known as T-lymphocytes or (thy-
mus-dependent) T-cells shows age-re­
lated loss of funct ion that can be cor­
rected by administration of thymus-
generated hormones. T-cells are the 
cells that are damaged or destroyed in 
the tissue of AIDS (autoimmune defi­
ciency syndrome) victims, which leads 
to infection by rare organisms. 

In addit ion to their direct action 
against tumors and invading organ­
isms, the presence of T-cells also acti­
vates another group of immune cells 
called B-cells, which are responsible 
for product ion of protein antibodies. 
In aging animals the total product ion 
of antibodies is not significantly de­
creased, but some of the antibodies 
that are produced attack the body's 
own tissues, and the remaining anti­
bodies are less effective against both 
invading organisms and tumors. The 
situation is analogous to a watchman 
wi th failing eyesight who occasionally 
lets in thieves and shoots the owners. 

Many of the changes described in 
normal aging are produced in so-called 

body's immune system attacks the 
body's own tissues. Atherosclerosis, 
arthritis, and lupus erythematosus are 
examples of autoimmune diseases in 
the young that resemble the effects of 
aging. Investigation of the connec­
tions here is a promising avenue of re­
search. 

Agreatdeal of animal, and some hu­
man, research has demonstrated re­
versal of immune-system abnormali­
ties by administration of thymus hor­
mones and other substances called 
immunomodif iers. One of these im-
munomodif iers, known as interleu-
kin-2, can be produced from human 
white blood cells, and is already 
undergoing tests to evaluate its effec­
tiveness against cancer and age-relat­
ed immune deficiencies. 

The human cells used to produce in-
terleukin-2 are abundantly available 
f rom blood banks, where they are rou­
tinely discarded when whole blood is 
separated into plasma and red blood 
cells. The technology is relatively in­
expensive and could be rapidly up-
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graded to large-scale product ion. The 
thymus hormone thymosin is readily 
available f rom slaughterhouses and is 
also synthesized by a numbero f differ­
ent processes. Interestingly, a good 
deal of the research on thymosin ther­
apy appears in the Soviet l iterature. 

Theories of Aging 
In fact, the question of aging of tis­

sue, taken f rom the correct epistemo-
logical standpoint, wi l l prove to be the 
key that unlocks all the various disease 
processes for our understanding and 
ultimate contro l . Now, however, most 
theories of aging treat this entropic 
process as genetically preordained, 
either programmed by the DNA like a 
computer program of decay, or else as 
a by-product of the random destruc­
t ion of individual genetic molecular 
bonds. These theories view the DNA 
molecule as made up of "bui ld ing 
blocks" forming a programmed code 
in which genes are repeated in se­
quences, interspersed wi th so-called 
nonsense syllables of meaningless ma­
terial, to form chromosomes. 

The current aging theories have two 
extreme types: those who postulate a 
totally random accumulation of errors 
in the form of point mutations, and 
those who hypothesize a totally pro­
grammed reading out of genetic infor­
mation related to development, ma­
turat ion, aging, and ultimate life span. 
Somewhere in the middle is the theory 
that there is accumulation wi th age of 
chromosomal mutations whose lost 
functions are replaced by redundant 
(reserve) sequences unti l the reserves 
are depleted and senescence ensues. 

The actual role of DNA is far more 
beautiful and complex, acting as an 
energy transfer focus for cell growth 
and activities as well as the immune 
system (see Ned Rosinsky, "The Ge­
ometry of Life," Fusion, july-Aug. 1984, 
p. 41). In addi t ion, researchers have 
now discovered that " o l d " DNA pre­
sumed to be no longer capable of re­
generation can be made to funct ion as 
youthful DNA. 

One crucial question of aging that 
must be answered is whether it is "pre­
determined"—is there a clock that ticks 
only ti l l your t ime is up? Studies on 
fibroblasts (cells cloned from animal 
cells and made to grow in a culture 
dish) by Dr. Leonard Hayflick indicate 
that normal cells in culture undergo 

only a finite number of cell divisions 
and then stop dividing (at what is called 
the "Hayfl ick l imi t " ) . If o ld nuclei are 
placed in young cytoplasm, the num­
ber of remaining divisions appears to 
be inf luenced by the nucleus and not 
the cytoplasm. These studies are taken 
to indicate that there is some sort of 
clock in the nucleus that regulates life 
span, regardless of other condit ions. 

Recent experiments, however, have 
indicated that the Hayflick l imit can be 
exceeded by adding certain factors to 
the medium. Some researchers, such 
as Robin Holliday of Britain, contend 
that there is a populat ion of potentially 
immortal cells that are simply di luted 
out by standard culture techniques, 
leaving only so-called commit ted cells 
that have a f inite life span. 

Is the Hayflick l imit merely an exper­
imental artifact, caused by laboratory 

techniques and conditions? What con­
nection is there between the simple 
environment of a culture dish and the 
complex environment of l iving tissue 
with in a live organism? What interac­
tion is there between the individual cell 
nucleus and the hormonal messages 
wi th in a living body? These are some 
of the questions that must be an­
swered before one can accept the idea 
of a rigid clock. 

Cancer and Aging 
The incidence of cancer seems to be 

related to aging, in that the highest-
risk group is aged 45 to 65. There is no 
truth to the statistics supposedly 
showing a "cancer epidemic" ; the fact 
is that the populat ion of 45-to-65-year-
olds is much greater today than at any 
t ime in history, and therefore, people 
are living long enough for age-related 
cancers to occur. Past 65, the cancer 
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rate drops dramatically, indicating that 
if one's immune system is healthy 
enough to survive to that age, it can 
handle the occasional cancer cells that 
are constantly produced in everybody. 

Cancer should be viewed as another 
disease of the immune system, instead 
of wasting vast sums on identifying 
carcinogens. Since most carcinogens 
are natural substances, unavoidable if 
we want to live in this wor ld , and in 
fact many carcinogens are produced 
by the body itself, it wou ld be better to 
develop ways to cure flagging immune 
systems so that they can recognize and 
destroy cancer cells or the tumors they 
give rise to . 

One interesting line of research is 
that of Dr. Takashi Makinodan of the 
National Institute on Aging, who sug­
gests that decreasing caloric intake ac­
companied by vitamin and other sup­
plements or injecting immune cells 
f rom younger donors may prove a cure 
forcanceraswel lasaging. Presumably 
the reduction of caloric intake slows 
the maturation rate of the immune sys­
tem. This presents certain problems 
early in l i fe; however, if these are 
weathered, it extends the maximum (as 
opposed to the average) life span. 

On a more fundamental level, re­
cent breakthroughs in molecular biol­
ogy and neurochemistry are begin­
ning to reveal intimate interactions be­
tween the brain and the immune and 
endocrine systems. These connec­
tions have been especially well del in­
eated in the study of the hypothalmus, 
an area at the base of the brain that is 
connected to the pituitary gland, the 
"master gland." Immune funct ion is 
also affected by pituitary hormones 
and, in addi t ion, it has been demon­
strated thatT-cells have surface recep­
tors for the neurotransmitters respon­
sible for cell-to-cell communicat ion in 
the brain. 

Among the more exciting develop­
ments in the area of brain research is 
the recent report that new neurons 
(nerve cells) are formed in adulthood 
in canaries in association with learn­
ing. These cells arise f rom a popula­
tion of undifferentiated nerve cells that 
form a reservoir of potential new cells 
to replace lost or damaged cells. The 
implications of growth of new neurons 
in response to learning may have great 
relevance to the problems of brain in­

jury and aging. This may explain why 
staying mentally active, learning and 
teaching, seems to play a funct ion in 
avoiding senility. 

On another front there is evidence 
from both animal and human studies 
of benefits of transplantation of cells 
into the brain. The cells derived f rom 
the adrenal gland produce neuro­
transmitter chemicals that are lacking 
in such disorders as Parkinson's dis­
ease. At a recent conference, re­
searchers f rom the Karolinska Institute 
in Stockholm described two such 
transplants in humans conducted in 
1982 and 1983. 

The 'Garbage Glut' Theory of Aging 
The f inite-mult ipl ication character­

istic (Hayflick limit) of normal cells in 
culture does not apply to transformed 
(malignant or cancerous) cells, which 
wi l l divide infinitely as long as they are 
fed. In the process of transformation, 
whatever factor is responsible for 
stopping replication in normal cells is 
lost. When a normal old (nondividing) 
cell is fused wi th a transformed cell, 
the nucleus of the o ld cell wi l l synthes­
ize new DNA. This indicates that the 
DNA of the old cell may not be irrev­
ersibly altered by age. 

Free-radical damage to proteins and 
lipids has also been described as a pos­
sible mechanism for wear-and-tear ag­
ing; that is, the small slings and arrows 
of t ime may accumulate over the years 
to create a gross," garbage glut" effect, 
clogging the cell. Free radicals are 
highly reactive substances such as per­
oxides that combine with anything that 
happens to be in their vicinity to oxi­
dize it. Evidence for this is the golden-
yel low pigment l ipofuschin that accu­
mulates in certain aging cells, which is 
a waste product of membrane l ipid 
peroxidation by free radicals. 

Dr. Denham Harman has shown an 
increase in average life span up to 50 
percent in some animals by supple­
menting their diets wi th free-radical 
scavengers such as BHT (bis-hydroxy-
toluene), which apparently prevent or 
slow down damage. Further evidence 
is supplied by the fact that superoxide 
dismutase, one of the naturally occur­
ring antioxidants, is responsible for 
protection of mitochondria, the small 
bacterialike structures wi th in the cell 
that are involved in energy metabo­
l ism. 

Another readily available substance 
that has shown promise in delaying the 
aging process is a naturally occurr ing 
hormone known as DHEA (dehydroe-
piandosterone). This substance appar­
ently helps maintain the structure of 
DNA and suppresses enzymes that ac­
tivate carcinogens. It is currently being 
evaluated in animal studies, and initial 
results are quite promising. DHEA is 
elevated in fasting animals and may ac­
count for the prolongation of life span 
observed in calorically restricted ani­
mals. 

A New Approach Needed 
At present, scientists are in a posi­

t ion to begin to apply some of the par­
ticular facts obtained from aging re­
search, in order to extend the average 
human life span. Yet, we are in need 
of a coherent theory of aging that wi l l 
incorporate all of these various data 
wi th a better understanding of the 
negentropic life process itself. There 
are mountains of data that describe ag­
ing changes at various levels, molecu­
lar, cellular, tissue, organ, organ sys­
tem, and organismic, but there is no 
proper epistemological standpoint. 

The most coherent of the current 
theories indicate conformational 
changes in the cellular DNA and its as­
sociated proteins, which affect primar­
ily the neuroendocrine and immune 
systems that are in one way or another 
responsible for communicat ion and 
learning wi th in the organism. Disor­
dered funct ion of these systems then 
produces the spectum of physical 
changes subsumed under the heading 
of aging. 

In spite of the inherent theoretical 
l imitations of viewing life in terms of 
nonl iving chemistry and physics, a 
great deal of information on the aging 
process, and means of altering it, al­
ready exists. Wi th a crash program we 
could no doubt increase the average 
life span by 30 percent wi th in the next 
decade. Equally as important, we could 
postpone the debil i tat ing effects of ag­
ing to ensure the "elderly" the poten­
tial for an active and effective life. 

The real obstacle to life extension in 
the near future is not scientific or tech­
nical, but the neo-Malthusian political 
phi losophy that views life-extension, 
and indeed, some human life itself, as 
an excessively costly burden to society 
that just might have to be triaged. 
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Fusion Report 

Japan's Gekko XII Laser Scores 
Major Advances in Inertial Fusion 

Major advances in the Japanese in­
ertial confinement fusion program, 
achieved with the world's most pow­
erful laboratory laser, the Gekko XII, 
were announced by Dr. Chiyoe Ya-
manaka at the 10th International Con­
ference on Plasma Physics and Con­
trolled Nuclear Fusion Research held 
in London Sept. 12-19. Japan may now 
have leapfrogged the United States in 
this important technology, although 
this is impossible to judge since U.S. 
research in this area is top secret and 
there is no official cooperation with 
Japan on inertial fusion. 

Yamanaka heads the Institute for 
Laser Engineering at the University of 
Osaka, the world's most powerful and 
versatile inertial confinement fusion 
laser facility, which houses the 12-
beam, 30-kilojoule, 50-terawatt Gekko 
XII glass laser. At the conference, Ya­
manaka reported that Gekko XII was 
able to generate more than 40 billion 
fusion neutrons. Since one of the pri­
mary products of the fusion reaction is 
neutrons, this provides a direct mea­
sure of the number of reactions 
achieved; 40 billion is essentially 
equivalent to the best result previ­
ously attained with the U.S. Shiva laser 
at Lawrence Livermore National Labo­
ratory. 

(Because of funding cuts, Liver-
more's Nova laser system, the succes­
sor to the Shiva, will not begin experi­
ments until 1985.) 

More significant, fuel compressions 
more than 100 times the normal liquid 
density of hydrogen were achieved. 
Since density is the key to high gain, 
this result is even more important than 
the amount of fusion achieved and, 
again, is equivalent to the best results 
achieved by the U.S. program. 

Yamanaka also reported new exper­
imental results that promise greatly to 
enhance the efficiency and effective­
ness of indirect-drive targets—results 
that open up entirely new possibilities 

Steven Bardwed 

The beam system for the Gekko 2M 
laser in Osaka, a predecessor of Gekko 
XII. 

for inertial confinement. In indirect-
drive inertial confinement, the inci­
dent laser beam energy is transformed 
into another form, usually X-rays, that 
is then used to compress and heat the 
fusion fuel target. Indirect-drive re­
search is under top security wraps in 
the United States. 

The Osaka Cannonball 
The Osaka cannonball target sur­

rounds a direct-drive target with a hol­
low metal sphere. (In direct-drive in­
ertial confinement, the laser beams are 
symmetrically directed onto the tar­
get's surface, which ablates, creating a 

inertial force directed toward the cen­
ter of the fuel.) The metal sphere has 
holes in it so that laser beams can be 
directed onto the interior surface of 
the sphere. Plasma generated by the 
laser irradiation of this interior surface 
quickly moves across these openings 
and thus traps the laser beams within 
the sphere. 

There are two possible configura­
tions in the cannonball target. 

First, in & plasma cannonball, the fuel 
pellet surface is close to the interior 
surface of the metal sphere. The plas­
ma generated by the laser irradiation 
of the interior of the metal sphere will 
come into contact with the fuel target 
and compress it just as the hot gases 
trapped in a gun barrel propel a can­
nonball (Figure 1). 

Second, in an X-ray cannonball, the 
fuel pellet radius is significantly small­
er than that of the metal sphere, and 
therefore the two surfaces are geo­
metrically separated. In this case only 
soft X-rays from the plasma created on 
the interior of the metal sphere will 
make contact with the fuel pellet. 

It has been known theoretically for 
some time that X-rays generated by a 
laser-produced plasma offer the best 
means of achieving uniform and effi­
cient high-density compression of fu­
sion fuel. This is because the energy of 
the individual laser beams has been 
uniformly spread out in the plasma 
generated over the interior of the metal 
sphere. Therefore, the resulting X-ray 
radiation is quite uniform when it falls 
onto the fuel pellet. 

Also, it has long been known that X-
rays have the ideal wavelength for 
coupling electromagnetic radiation to 
solid matter. This means that the X-
rays will be most efficient in driving the 
implosion of the fusion fuel target. 

Experiments demonstrated that fair­
ly high implosion efficiencies in the 
range of 5 to 6 percent were achieved 
with both the plasma and X-ray can-
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nonball targets. Implosion efficiency 
is a measure of that part of the incident 
laser energy that goes into compress­
ing the fuel. As seen in Figure 2, the 

cannonball targets achieved a higher 
absorption of incident laser energy at 
higher laser intensities than did direct-
drive targets. 

Figure 1 
LASER FUSION TARGET 

CONFIGURATIONS 
A direct-drive target is shown in (a), 
where the cones represent incident 
laser beams. In direct-drive fusion, the 
beams 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, 
a process called ablation. Like a rocket 
exhaust, ablation creates an opposite­
ly directed force toward the center of 
the fuel target, 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 fu­
sion energy to heat and burn the re­
maining fusion fuel. 

Two different geometries for can­
nonball targets are shown in (b). Here 
the incident laser beam cones are 
trapped within the cannonball. In this 
indirect-drive method, the incident 
beam energy is transformed into an­
other form of energy, usually X-rays, 
that then compresses and heats the fu­
sion fuel target. 

(a) Direct-drive target 

Laser intensity (watts per square centimeter) 

Figure 2 
ABSORPTION RATE OF VARIOUS LASER TARGETS 

The various types of cannonball targets achieved higher absorption of 
incident laser energy at higher laser intensities than did direct-drive targets. 
The experimentally measured absorption rate of incident laser energy is 
given in percentages; incident laser beam intensities are given in watts per 
square centimeter. 

Tuning into the Target 
In addition to successfully demon­

strating the essential features of both 
plasma and X-ray cannonballs, the 
Osaka group discovered a new possi­
bility that could significantly decrease 
the requirements for high-gain inertial 
confinement fusion. First, the Osaka 
group reported that in the laser gen­
eration of X-rays, the resulting X-rays 
can be tuned to specific wavelengths 
by choosing different materials for the 
interior of the metal cannonball. These 
"tuned" X-rays are often called line ra­
diation. 

Second, the fuel target can be made 
so that its surface consists of layers, 
each of a different material. The layers 
can be arranged so that X-rays of one 
wavelength will readily penetrate some 
layers and deposit their energy on an 
interior surface of another layer. 

By generating several different X-ray 
line radiation wavelengths and using a 
number of material layers on the fuel 
target, the deposition of the total X-ray 
energy can lead to the simultaneous 
generation of several compression 
shocks on the interior of the pellet. 
This can lead to the tuning of the 
compression process to achieve the 
most efficient densification of the fuel. 

This same type of tuned X-ray dep­
osition can also be used to achieve an 
increase in the effective power density 
of the incident X-rays. The fuel target 
surface layers can be further modified 
such that in deposition of the line X-
rays, their energy is transformed into 
soft X-rays (often called blackbody ra­
diation), which are trapped between 
two surface layers. 

Because the layers are imploding on 
one another, this trapped blackbody 
radiation will be driven to higher pow­
er densities. The theoretical papers of 
the Osaka group indicate that this type 
of X-ray power amplification can re­
duce the initial beam requirements for 
inertial confinement fusion by more 
than one order of magnitude. 

As these processes are further ex­
plored experimentally and theoreti­
cally they could lead to a major de­
crease in the projected costs of inertial 
confinement fusion power and to en­
tirely new, energy-dense plasma re­
gimes that will further advance the ho­
rizons of fundamental science. 

—Charles B. Stevens 
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Kyoto's Heliotron: 
A Unique Fusion Machine 

With Great Promise 
The author, Fusion Asia editor-in-chief 
Ramtanu Maitra, toured the Plasma 
Physics Laboratory at Kyoto University 
during a trip to Japan in February 1984. 
This article is adapted from his special 
report on the Japanese fusion program 
in the July 1984 issue of Fusion Asia. 

Heliotron E, the latest in a series of 
unique magnetic-confinement fusion 
machines, has made steady progress 
toward attainment of breakeven con­
ditions with relatively high confine­
ment time, and its results rank with all 
the mainline experiments. The device 
is located at the Plasma Physics Labo­
ratory at Kyoto University, where Pro­
fessor Koji Uo has been conducting 
heliotron fusion research for the last 
26 years. 

Although it is a promising alterna­
tive route to magnetic-confinement 
fusion, the heliotron has progressed 
in relative obscurity, with more atten­
tion paid to it in the United States than 
in Japan. 

The heliotron is a high-f3, steady hel­

ical system that produces a currentless 
plasma, using the toroidal field coils to 
regulate field properties rather than to 
confine the plasma. The only other 
large device for helical systems at pres­
ent is the Wendelstein VIIA in West 
Germany. 

Trained as an electrical engineer, Uo 
developed the heliotron concept from 
his understanding of electromagnetic 
fields, and he has continued to main­
tain hands-on involvement in every as­
pect of its development. 

The idea is elegant in its simplicity 
and in the extent to which it takes ad­
vantage of the natural behavior of the 
plasma. Uo built the first heliotron— 
Heliotron A—in 1958, and the sec­
ond—Heliotron B—a year later. A new 
and improved model has been built 
every five years since then. The pres­
ent generation is called Heliotron E. 

The heliotron project, financed by 
the Ministry of Education, Science, and 
Culture, rather than the Japan Atomic 
Energy Research Institute (JAERI), em­
ploys 19 physicists. It also has signifi­
cant help from private corporations 

Heliotron E, the latest in a series of 
heliotron machines designed by Pro­
fessor Koji Uo at Kyoto University, has 
registered relatively high confinement 
time. 

such as Hitachi, Mitsubishi, and Toshi­
ba. Uo feels that the apparent official 
indifference to his work will change. 
"The heliotron will do it [produce 
commercial fusion power] before the 
tokamak does," he said. 

The Heliotron Concept 
There are two different ways to con­

fine a high-temperature plasma with 
magnetic fields to produce controlled 
fusion energy. In the first, the magnet­
ic pressure is comparable to the plas­
ma pressure, as in a pinch-type ma­
chine. In mirrors, tokamaks, and heli-
otrons, however, the magnetic pres­
sure is much greater than the plasma 
pressure. 

The heliotron has a donut-shaped 
vacuum chamber similar to the toka­
mak, but the heliotron's magnetic field 
is entirely different. Where the toka­
mak has toroidal coils, shaping coils, 
joule heating coils, plasma heating 
coils, and divertor coils, the heliotron 
possesses only helical, vertical, and to­
roidal field coils. 

A currentless steady-state operation 
is the basic design concept of the he­
liotron series. (That is, there are no 
currents within the plasma itself, al­
though an electric current must be 
used to produce the magnetic field.) 
Uo's experiments have clearly dem­
onstrated two noteworthy features of 
the heliotron: first, the heliotron plas­
ma remains extremely stable; and, 
second, the level of impurities is re­
markably low, a fact that, in turn, con­
firms the efficiency of the plasma con­
tainment. 

Moreover, the plasma is so stable 
that it is not disturbed by infusion of 
even small amounts of impurities at the 
plasma center. What the impurities do, 
however, as Uo explained, is restrict 
the rise of plasma temperature. To deal 
with this problem he has conceived a 
"secret design" to keep the plasma 
completely clean, and he will incor­
porate this design in the next model, 
Heliotron ES, which is now on the 
drawing boards. 

Uo has also worked out the param­
eters of a commercial heliotron, Heli-
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otron H, and expects this to be built by 
the year 2000. 

First-Generation Heliotrons 
Heliotrons A and B, the first gener­

ation, were simple: The magnetic field 
was produced by the electric current 
in a series of pair coils wound around 
the discharge tube at regular intervals. 
The electric current in each coil of the 
pair differed both in intensity and di­
rection. The lines of force in this field 
were undulated near the tube axis 
without cutting the wall, while those 
near the tube wall crossed the wall. 
Thus the high-temperature plasma 
could be produced by ohmic heating 
in the central region of this field and 
be prevented from touching the wall. 

In fact, the plasma current was ob­
served to flow only within the central 
region, whose mean cross-sectional 
diameter was about 3 centimeters, and 
the plasma had a sharp boundary. 
Outside of this region there was no 

current. From the experimental re­
sults, it became evident that the hot 
plasma was almost perfectly isolated 
from the stainless steel tube wall by 
the heliotron's magnetic field. 

Heliotron B, made of stainless steel, 
had the shape of a race track. The 
stainless steel tube's skin thickness of 
2 millimeters was insulated byaceram-
ic tube at one of the two linear legs. 
Nine apertures for diagnostics were 
located in the tube. 

The negative and positive coils that 
produced the Heliotron B magnetic 
field were contained in gun metal cas­
es fixed on the iron trusses supporting 
the tube. The primary winding, which 
induced the accelerating field for the 
ohmic heating, was wound on the out­
side of the gun metal cases, parallel to 
the tube axis. An 84-kilojoule-maxi-
mum-energy capacitor was the energy 
source for the field coils and ohmic 
heating winding. 

SCHEMATIC OF THE HELIOTRON E 
The Heliotron E has a donut-shaped vacuum chamber similar to the 

tokamak, but the heliotron has only helical, vertical, and toroidal field 
coils. The confining magnetic field is produced by a combination of these 
coils. 

The helical conductor, mounted outside the vacuum chamber, closes 
itself after 2 toroidal and 19 poloidal rotations. An opposing vertical field 
is necessary to cancel the vertical field produced by the helical coil. The 
toroidal field coils are not needed to produce the confining field, but are 
used to change such field properties as rotational transform, shear, and 
volume of the confining region. The electrical power is fed to the coils by 
a 330-million-volt-amperes AC generator through rectifiers. 

The Heliotron E produces a currentless steady-state plasma of high sta­
bility and with a low impurity level. 

It was observed in Heliotron B, how­
ever, that the confining conditions 
seemed rather strict, and therefore 
particles were lost from the circular-
cusp series. Thus, after experimenting 
with Heliotron C (a circular machine), 
Heliotron D was built to overcome 
these faults by making the coils helical 
around the tube. The field thus be­
came similar to the field produced by 
the helical windings in a stellarator, but 
in Heliotron D the pitch of the wind­
ings was made shorter and the helical 
winding carried only unidirectional 
current. 

Heliotron E, the present generation, 
has a major radius of 2.2 meters and a 
minor radius of 0.2 meter. The toroidal 
magnetic field is 1.0 tesla. The machine 
uses electron-cyclotron resonance 
heating to produce and heat plasmas. 
It is also equipped with a neutral beam 
injection system that has three beam 
lines, each with two injectors of a mag­
netic multicusp type. Two beam lines 
are deliberately arranged at 28 degrees 
off the normal injection angle and one 
in the perpendicular injection angle of 
the torus in order to investigate the 
influence of injection angles. By May 
1984, the neutral beam system was ex­
pected to provide 4 megawatts at max­
imum beam energy; the resonance 
heating system will use about 1 mega­
watt heating power. 

Present Results 
In resonance heating, the torus is 

filled with hydrogen gas 500 millise­
conds (msec) before the radiofre-
quency (RF) pulse. During the pulse, 
additional gas is put in to keep the den­
sity constant. The plasma is consid­
ered to be fully ionized 2 msec after 
the beginning of the RF pulse. The cen­
tral electron temperature continues to 
rise to 1.0 kiloelectron volt (keV) at 20 
msec, after which it seems to saturate 
during the RF pulse. The central ion 
temperature is much less, 0.11 keV at 
20 msec. 

The ion temperature saturation phe­
nomenon, Uo stressed, may be caused 
by the charge-exchange loss. A new 
set of experiments has been carried 
out replacing hydrogen gas with heli­
um gas. Since the charge-exchange 
cross section of helium plasma is much 
smaller than that of hydrogen plasma, 
the temperature attained was higher. 

—Ramtanu Maitra 
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Fusion Asia 

Professor Koji Uo showing the history of the heliotron design concept to Fusion 
Asia editor Ramtanu Maitra (right). 

'A Prototype Reactor by 1999' 
Professor Koji Uo spoke with Heinz 

Horeis, managing editor of the Ger­
man-language Fusion, at the 11th Eu­
ropean Conference on Controlled Fu­
sion and Plasma Physics in Aachen, 
West Germany. Here is an excerpt from 
that interview. 

"Many people say that the realiza­
t ion of fusion wi l l take 50 or 70 more 
years, unti l the middle of the next cen­
tury. In our country there are some 
people who have this op in ion, too, but 
most do not think this way. I believe if, 
for example, our present experiment 
is successful, we can realize a reactor 
in this century—if we get the necessary 
funding. Then we can proceed very 
quickly. 

" In Kyoto we are work ing now wi th 
the Hel iotron E machine—a high-beta, 
steady, helical and currentless system. 
If it is successful, we could have a pro­
totype power reactor, the Hel iotron G, 
wi th 1,000 megawatts around the year 
1999. . . . 

"Japan conducts almost all the alter­
native lines to the tokamak, including 
the compact tor i , the plasma pinch, the 
plasma focus, and the sphero-
mak. . . . The phi losophy behind this 
approach is that our projects are sep­

arated in two parts. JAERI [a govern­
ment institute] is more or less fol low­
ing the safe way—mainly the tokamak, 
because most of the wor ld is focusing 
on this principle. JAERI is now bui lding 
the JT-60, which wi l l be completed in 
1985. 

"The universities, on the other hand, 
belong to the Ministry of Education, 
Science and Culture. Their research is 
very free. The Ministry of Education 
does not order, 'You have to do this or 
that. ' If a university has a good idea, a 
project w i th good prospects, then it 
wi l l get the funding for it. . . . 

"Japanese industry is deeply in­
volved in fusion research because . . . 
in our universities the manpower is 
very poor, and we have no or very small 
machine shops. So everything, begin­
ning with the small-sized machines, we 
order f rom industry. We do the design 
and the supervising of the construc­
t ion . 

"This gives our industry a great ad­
vantage in being involved in the crea­
t ion of new technologies f rom the very 
beginning. Now the machines wor ld ­
wide are very large and no university 
or laboratory machine shop could build 
them. So we already have the industry 
wi th the necessary knowhow." 

EIR 
was right 
about the 1980s 
depression. 

All the other 
forecasters 

were 
dead wrong. 

For thirteen quarters since 1979, Execu­
tive Intelligence Review has published 
summaries of the LaRouche-Riemann 
model's quarterly forecast of the U.S. 
economy. We warned that if Paul 
Volcker's high-interest rate policies 
continued, the U.S. economy would 
slide through two dips into the worst 
world depression in modern history. 
Every other econometric forecast, 
government and private, predicted an 
"upturn." 
EIR was consistently right; the Brand X 
forecasters were consistently absurd. 
That's the standpoint from which our 
independent worldwide intelligence 
gathering network works. And that's 
why we have been right about a lot of 
things where all the media have been 
wrong. 

EIR 
3 months $125 
6 months 225 
lyear 396 

D Please send me a brochure on EIR. 
• I would like to be contacted by a 

sales representative. 

Name 

Company 
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Photos by Fred Rick/Los Alamos National Laboratory 

Left: Quartz mirrors reflect multiple images of researcher George 
York as he checks the paper target that successfully documented 
Aurora's pinpoint accuracy. Above: The krypton fluoride laser at 
Los Alamos. 

Krypton Fluoride Laser Fired: 
'New Dawn for Fusion Research' 

Aurora, the krypton f luoride gas las­
er at Los Alamos National Laboratory 
in New Mexico, was successfully f ired 
July 3, making it one of the most prom­
ising candidates for practical laser fu­
sion electric power reactors. Los Ala­
mos titled its news release on the event, 
"Aurora: New Dawn for Fusion Re­
search?" 

The krypton f luor ide laser is also a 
primary candidate for a defensive beam 
weapon that can destroy nuclear-
t ipped missiles in their vulnerable 
boost phase. 

Aurora takes us much closer to a fu­
sion reactor because it meets the ex­
acting specifications needed for prac­
tical laser fusion energy product ion. 
According to Louis Rosocha, manager 
for the Aurora project: "I t has a short 
wavelength for efficient coupl ing of 
laser energy to fuel targets, the capa­
bility of being cost-effectively scaled 
to a large size, the ability to fire re­
peatedly, and a tremendous, econom­
ical efficiency in comparison wi th o th­
er lasers—a possible 10 percent effi­
ciency. . . or more than five times that 
of some systems." 

These same quali t ies—coupling of 
laser energy to targets, economic scal­
ing to higher energies, high repetit ion 

rates (tens to thousands of shots per 
second), and high laser beam genera­
tion efficiency (10 percent)—also make 
the krypton f luoride laser an effective 
system against nuclear-tipped mis­
siles. 

Near-Term Developments 
The July 3 test achieved a 3,000-joule 

laser pulse generated wi th in 400 bi l -
l ionths of a second. Los Alamos exper­
imenters plan soon to bring this total 
energy up to 10,000 joules in the same 
pulse length. 

Experiments using angular mult i ­
plexing to compress the pulse length 
to 5 bil l ionths of a second—increasing 
the beam energy flux density by a fac­
tor of 80—will also be carried out in 
the near term. Angular mult iplexing is 
a form of optical compression in which 
the light pulse is cut up into many parts 
and spatially stacked to form a more 
compact and powerful pulse. 

The Aurora laser module is the pro­
totype for a full-scale mult imodule las­
er needed for both fusion and beam-
weapon applications. Los Alamos re­
ports that a prototype mul t imodule 
system, the Polaris, is under design 
now, which would be only one stage 
removed f rom the mil l ion-joule ener­
gy levels needed for deployable sys­

tems for fusion energy product ion and 
for beam defense. 

"So impressive is the new system, 
the 50,000-joule laser called Polaris may 
be underway as early as mid-fiscal-year 
1986," the lab said. Polaris can be re­
alized this quickly because it can make 
use of the existing structures of Los 
Alamos's long-wavelength carbon 
dioxide laser, Antares. 

The KrF Laser and the X-Ray Laser 
When combined wi th the nuclear-

bomb-pumped X-ray laser, the KrF las­
er provides the overall capability for 
making offensive nuclear missiles ob­
solete. The X-ray laser is the most le­
thal beam weapon yet demonstrated. 
Each X-ray laser system popped up into 
space when a large-scale missile attack 
is detected could destroy scores of 
ICBMs as they rise out of the atmo­
sphere. 

But the X-ray laser must kill above 
the Earth's atmosphere (about 70 kilo­
meters alt itude), because dense air ab­
sorbs X-rays and prevents the propa­
gation of the X-ray laser beams. In this 
regard, the krypton f luoride laser pro­
vides a major complement to the X-ray 
laser. The krypton f luoride laser beam 
is capable of penetrating well below 
the 70-kilometer alt i tude limit of the X-
ray laser, ki l l ing missiles wi th in the at­
mosphere and in their boost phase. 

In fact, the krypton f luoride gas laser 
represents the most effective laser for 
achieving this complementary capa­
bil i ty to the X-ray laser, because it has 
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Los Alamos Begins Work 
On Gamma-Ray Laser 

just about the shortest wavelength with 
which optical transmission can be 
achieved. At the even shorter wave­
length of X-rays, all existing types of 
materials used in optical systems, such 
as mirrors and lenses, are destroyed 
by the electromagnetic waves. The 
0.248-micron wavelength of the kryp­
ton f luoride laser represents the cur­
rent min imum for which such mate­
rials can still be uti l ized. 

Wavelength and Lethality 
Both in terms of propagation range 

and coupl ing of laser energy to a tar­
get, wavelength is an essential param­
eter. Laser beam divergence is directly 
proport ional to wavelength. There­
fore, given laser beam pulses of equal 
energy and uti l izing the same size mir­
rors, the 0.248-micron krypton fluor­
ide laser wou ld have a lethal range 10 
times that of the 2.7-micron chemical 
laser. 

In terms of coupl ing, the advantage 
of shorter wavelengths becomes most 
evident. For the longer-wavelength 
chemical lasers, upwards of several 
thousand joules per square centime­
ter may be needed; the krypton fluor­
ide laser can achieve the same result 
wi th just a fraction of the energy flux 
density. The krypton f luoride laser and 
X-ray laser pulses achieve kills by 
shock-induced damage, whi le longer-
wavelength lasers depend on burn ing 
holes through their targets. 

At the krypton f luoride wavelength, 
the laser light is deposited right on the 
target's surface. At longer wave­
lengths the energy is deposited in­
stead in the low-density plasma gen­
erated dur ingthe laser light irradiation 
of the target. The result is that the en­
ergy in the latter case is deposited over 
a larger vo lume, therefore generating 
a smaller pressure bui ldup per unit en­
ergy. This difference between the short 
and long-wavelength coupl ing is anal­
ogous to the difference between trying 
to drive a nail or a hammer through a 
piece of wood . 

Deployment and Future 
Although the X-ray laser unit itself, 

because of its small size, wou ld be 
popped up into space on a small rock­
et for boost-phase intercept, the kryp­
ton f luoride laser wou ld most likely be 
deployed either on mountaintops or 
large aircraft. The krypton f luoride las­
er beam would then be transmitted via 

Continued on page 18 

Scientists at Los Alamos National 
Laboratory have launched a major re­
search project "that could result in the 
world's first nuclear laser in just a few 
years," the lab announced Sept. 21. A 
research team headed by Dr. George 
Baldwin has studied this idea of a gam­
ma-ray laser (or "graser") for 20 years 
and now feels confident in going ahead 
wi th the next step: actual experiments 
to discover what material wil l be a good 
graser substance. 

"Crasers offer enormous scientific 
potent ial ," said Baldwin. "In the 1960s 
they looked utterly impossible to make. 
Now I th ink it can be done and in just 
a few years." Achieving the graser, 
however, wi l l be "as diff icult a chal­
lenge as any ever undertaken," ac­
cording to Baldwin. 

Most graser research has been car­
ried out in the Soviet Union over the 
past several decades. Now the United 
States wi l l try to catch up wi th experi­
ments designed to discover whether 
the extreme condit ions needed to at­
tain gamma-ray lasing can be practical­
ly realized. 

Gamma-Ray Lasing 
Unlike ordinary lasers, which util ize 

electron energy levels (characteristic 
of chemical reactions), the graser al­
most certainly must be based on nu­
clear-level transitions. 

Baldwin's team wi l l explore candi­
dates for the host material with the help 
of the Los Alamos atom smasher accel­
erator. The sought-after host sub­
stance must be able to absorb a precise 
amount of energy in the nucleus f rom 
an external source, store the captured 
energy whi le remaining in an excited 
state, and release this extra energy as 
gamma-rays and not as other kinds of 
radiation. 

The Los Alamos team wi l l try to f ind 
out if there are ways of producing the 
desired nuclear transitions and main­
taining them until a sufficient amount 
of such "exci ted" material has been 
concentrated in order to produce the 
macroscopic condit ions for grasing. 

For generating the desired nuclear 
transitions, the Los Alamos team has 
been exploring the possibilities of a 

two-stage process. Nuclei are first ir­
radiated with neutrons and brought up 
to a certain energy level. Then when 
they are assembled in a concentrated 
fo rm, they are irradiated wi th a laser 
pulse. This pulse changes the electron 
configuration of the atom and is found 
in some cases to effect a transition in 
the nucleus. 

Through this means it is hoped to 
f ind a way to transform quickly a long-
lived nuclear excited energy state into 
a short-lived one capable of lasing. 

A second type of experiment being 
carried out is that of using lasers for 
rapidly separating excited nuclei f rom 
unexcitedones. In this way the excited 
nuclei can be concentrated quickly in 
a sufficient dense quantity to support 
grasing. 

The graser wi l l have importance in 
military defense as part of an antiballis-
tic beam defense, because it wi l l f ire 
highly energetic pulses of penetrating 
radiation in repeatable and accurate 
beams that can easily pass through the 
atmosphere. In fact, the graser wi l l 
have all the advantages of the X-ray las­
er, only more so, because of its shorter 
wavelength and higher frequency. 

Electromagnetic radiation ranges 
over a spectrum of wavelengths and 
characteristic energies of action, wi th 
wavelength and frequency being d i ­
rectly inverse. The longest wave­
lengths are those of radiowaves, which 
also have the smallest characteristic 
energy of action. X-rays have far short­
er wavelengths and are far more ener­
getic and penetrating. Visible l ight 
waves, which are the energy form in 
lasers, fall in between, and gamma-rays 
have the shortest wavelengths and 
highest characteristic energies of ac­
t ion. 

The distinction between gamma-rays 
and longer-wavelength ranges of the 
electromagnetic spectrum is like that 
between chemical and nuclear reac­
tions. In fact, l ight waves and X-rays 
are generally capable of directly induc­
ing only chemical types of transfor­
mations in matter, whereas gamma-
rays are capable of producing nuclear 
reactions. 
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This is because of the respective 
wavelengths. Imagine a grid with slits 
through which the light or ray must 
pass, where the size of the slits con­
trols what wavelengths or "widths" of 
rays can pass through. On the atomic 
scale, such "slits" are on the order of 
10_1° meter (or 1 angstrom) for the 
atomic radius, including the electron 
energy levels where chemical reac­
tions are controlled. Thus visible light 
with wavelengths on the order of 10"7 

meter can affect only the outer shells 
of atoms while X-rays with wave­
lengths on the order of 10"9 to 1 0 " 
meter can actually penetrate the at­
oms. 

To interact with the atom's nucleus, 
however, requires wavelengths com­
mensurable with its radius of about 
10~13 meter. Only gamma-rays have 
small enough wavelengths (down to 
10~M meter) to reach and interact with 
nuclei. 

Crasers for Beam Defense 
Gamma-rays are in fact the most 

penetrating form of radiation, and pass 
easily through the atmosphere with­
out deflection or loss of energy. This 
offers great possibilities for a system 
of defensive beam weapons to shoot 
down attacking nuclear missiles. One 
advantage of the graser over that of the 
X-ray laser is that it could penetrate 
more deeply into the atmosphere. This 
would mean that even fast-burn rocket 
boosters could not escape destruc­
tion. Moreover, when "tuned" to the 
appropriate wavelength, gamma-rays 
will react vigorously with atomic nu­
clei. 

Because of these characteristics, 
graser beams would be the most effi­
cient and effective beam weapons. 
They could be tuned to efficiently 
propagate through the air and other 
material barriers. At the same time they 
would react vigorously with "heavy" 
nuclei like the uranium and plutonium 
fuel used in nuclearweapons. Because 
the incident gamma-rays would gen­
erate nuclear reactions, only a minute 
energy deposition would effectively 
denature a nuclear weapon, turning it 
into a dud. In other words, with an 
energy equivalent to the tap of a hu­
man fist, the graser beam could kill of­
fensive nuclear warheads. 

In terms of range, the short-wave­
length graser has the potential of at­
taining destruction of nuclear war­

heads over gigantic distances—mil­
lions of miles. In fact, just as the X-ray 
laser will be vastly superior to the first-
generation chemical lasers that should 
be on-line now, so the graser will 
supersede the X-ray laser for beam de­
fense. 

A Revolution for Science 
Lasers produce coherent beams of 

radiation—electromagnetic waves in 
phase and all at the same wavelength. 
This means that the radiation they gen­
erate can be focused to extremely high 
power densities. Since gamma-rays can 
cause nuclear reactions without being 
focused, a focused graser beam would 
provide the means of attaining super-
nuclear energy densities, a unique state 
of matter providing the conditions for 
all sorts of experiments addressing 
fundamental problems in physics, such 
as the birth of the universe. 

Having a coherent source of electro­
magnetic radiation also makes three-
dimensional pictures—holograms— 
possible. The wavelength of the co­
herent radiation determines the reso­
lution with which the three-dimen­
sional picture of an object can be made. 
Holograms made with light lasers, 
whose resolution is only in the range 
of one-millionth of a meter, are al­
ready used in industry. 

For example, a hologram of a piece 
of machinery can be superimposed on 
the actual machine. As the machinery 
is brought into operation its physical 
shape becomes distorted by strain and 
stress. These distortions will cause vis­
ibly apparent interference patterns 
with the superimposed hologram im­
age. In this way the actual stresses can 
be seen on a microscopic scale. 

Experiments are already being car­
ried out to use coherent X-rays from X-
ray lasers and synchrotron radiation 
facilities to produce X-ray microholo-
grams. The much shorter wavelength 
of X-rays makes possible the imaging 
of individual molecules. Most signifi­
cant, the shorter-wavelength radiation 
also makes possible much smaller 
temporal resolutions. 

The net result is that it is possible to 
achieve something like a moving pic­
ture of the molecules of living matter. 
Because of the even shorter wave­
length of grasers, this type of micohol-
ography of living cells can be greatly 
extended in both resolution and the 
types of objects that can be imaged. 

Thus, as a diagnostic tool, grasers will 
provide a unique way of dissecting the 
nucleus and atom and become a po­
tentially powerful microscope that 
could actually examine individual cells 
and their structure in unprecedented 
detail. The most exciting aspect of this 
is not merely the possibility of viewing 
molecules of DNA in detail, but the 
fact that such molecules will be living 
and in action while viewed. 

For the first time, man will be able to 
observe directly the structures and 
chemistry responsible for life itself. 
Cancer and aging research, as well as 
all aspects of disease and health care, 
will be revolutionized overnight. Ge­
netic bioengineering will become a 
fully elaborated science. The potential 
impact is so great scientifically that the 
comparison to the discovery of the 
telescope falls far short; it is like the 
invention of the eye. Graser microhol-
ography promises to revolutionize all 
medical and biological research. 

This is best seen in the case of nucle­
ar spectroscopy. For over a century 
spectroscopy with electromagnetic ra­
diation in the light range has been used 
to unravel the chemical dynamics of 
matter. In other words, this type of 
spectroscopy is used to "see" the elec­
tron structure of atoms in molecules. 
Grasers will extend this capability to 
the nucleus itself. Besides vastly im­
proving the possibilities of extending 
our fundamental understanding of nu­
clear processes, graser nuclear spec­
troscopy will open up entirely new 
forms of nuclear energy. 

—Charles B. Stevens 

Krypton Fluoride Laser 
Continued from page 17 
orbiting mirrors to be directed to the 
target. These mirrors would be of two 
types—some orbiting during peace­
time and others popped up when an 
attack is detected. Each krypton fluor­
ide laser could generate tens to 
hundreds of lethal shots per second. 

Once the Polaris system is realized, 
deployment would only be a question 
of engineering resources. Given the 
recent Los Alamos developments there 
appears to be no reason that such de­
ployed systems could not be attained 
within five years if there is a crash ef­
fort to get the job done. 

—Charles B. Stevens 
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A Point-by-Point Refutation of the SDI Critics 
by Paul Gallagher 

U.S. BEAM-WEAPON EXPERTS have submitted reports 
summarizing their progress through mid-1984 on President 
Reagan's Strategic Defense Initiative (SDI)—the plan to de­
fend against nuclear attack with antimissile systems based 
on land, sea, in the air, and in space. 

The breakthroughs these scientists are report ing dramat­
ically demonstrate the near-term potential for the whole 
range of antiballistic missile (ABM) defense capabilities, 

Artist's depiction of a homing overlay interceptor like the 
one that made the first direct-impact intercept of an ICBM 
reentry vehicle in June 1984. The Army's Homing Overlay 
Experiment, HOE, has an infrared sensor in its nose section 
for "homing" in on the warhead, plus three other sensing 
devices that track the target. 

f rom Earth-basing or low-Earth orbit and "pop-up" deploy­
ment, to geosynchronous orbit 22,000 miles up and be­
yond. As Dr. Lowell Wood of Lawrence Livermore National 
Laboratory emphasized recently, "My colleagues and I 
wou ld not be expending this effort on a development for 
the 21st century." 

The national laboratory reports were writ ten to debunk 
the incompetent critiques of beam defense that dominate 
publ ic discussion through the press. These critiques have 
the general authoritative character of the famous 1945 re­
mark by President Roosevelt's naval aide Admiral Wil l iam 
Leahy, "The atomic bomb wi l l never go off, and I speak as 
an expert on explosions." 
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One such technology review paper on antimissile de­
fenses was prepared at Los Alamos. National Laboratory. It 
shows that the most publicized anti-ABM policy papers—in 
particular, "Directed Energy Missile Defense in Space," is­
sued in April 1984 by the U.S. Office of Technology Assess­
ment (OTA) with the authority of the U.S. Congress—are 
outright scientific frauds, perpetrated deliberately by indi­
viduals whose political goal is to stop the Strategic Defense 
Initiative. 

These fraudulent reports have been produced by what 
the New York Times has called the "Shadow Cabinet" of 
defense strategists, centered around a group of Harvard 
University and Massachusetts Institute of Technology phys­
icists and arms-control "experts." The most famous anti-
beam-weapon report, written by former defense adviser 
Dr. Ashton Carter of MIT and published by the OTA, has 
been rendered into anti-"Star Wars" pulp by virtually every 
Sunday magazine supplement in the United States and Eu­
rope. Other well-known attacks on antimissile defense from 
the Union of Concerned Scientists were written by the same 
circle, which includes Carter, Richard Garwin of IBM, and 
Hans Bethe of Cornell University. 

Blatantly Incompetent Criticism 
The Los Alamos report, issued in May 1984, shows that 

beam scientists have surpassed every one of the "funda­
mental limits" that, according to Ashton Carter, would make 
beam defense impossible. Furthermore, it is now clear that 
the OTA report both compromises classified information 
and fakes its claims that beam defenses will not work. Ac­
cording to Deputy Secretary of Defense William H. Taft, 
who asked the OTA to withdraw the report, it should "not 
be taken seriously by anyone attempting to understand 

either the design approach to multitiered ballistic missile 
defense systems or the potential effectiveness of such sys­
tems." 

The Los Alamos group insists that the OTA report is not 
merely wrong but irrelevant to the actual progress of the 
SDI: "When the errors are removed, the arguments lose 
their impact. . . . The OTA paper purports to demonstrate 
that the prospects for the SDI are remote. But the analysis 
provides no support for this conclusion, which must be 
viewed as essentially the personal opinion of the principal 
author." 

In fact, the national laboratory reports reveal that anti­
missile beam-weapon technology, as well as ABM rocket-
interceptor technology, is leaping ahead toward the stage 
of engineering development. "As to the factors that 'con­
spire' to make directed energy BMD remote," the Los Ala­
mos report concludes, "the first—that the defense of soci­
ety [that is, population centers] is difficult—is true, but that 
doesn't make it any less worthwhile. The second—that 'for 
every defense concept . . . a countermeasure has already 
been identified'—is incorrect." The countermeasures make 
for heavier, less maneuverable boosters and "buses," and 
smaller warhead payloads—precisely what the boost-phase 
layer of defense is supposed to do, the report says. 

REFUTING THE LIES 
OF THE BEAM CRITICS 

LIE # l . 

There is no defense against 
nuclear missiles. 
The most general attack on beam defense by proponents 
of Mutually Assured Destruction is the argument that even 
small leakage of warheads through a layered defense will 
devastate the United States. They claim that either a retal­
iatory or a preemptive nuclear strike will always succeed, 
once launched, because there are so many warheads. 

In fact, ever since the first rocket interceptor (then called 
"antimissile missile") systems were designed around 1960, 
the military commands of the nuclear powers have recog­
nized that even these crude clustered interceptor defenses, 
spread around the defending country, could defeat an all-
out launch of single-warhead missiles. 

This fact is what led to the requirement for an offensive 
strike to deliver massive salvos of tens of thousands of sep­
arate warheads, decoys, and the like—and to repeat this 
more than once—to overcome such interceptor systems 
sufficiently to inflict significant destruction upon a country 
defended by antimissile missiles. If the massive, multiwar-
head strike fails to inflict critical damage to military and 
related systems of the country under attack, then the at­
tacker is at the point of defeat. 

Nuclear missiles and other types of delivery systems can­
not tolerate being hit from the outside with the kinds of 
radiant energy—electromagnetic radiation or particles—that 
they carry within their own nuclear explosive cargo. Nucle­
ar weapons are a very highly organized, extremely energy-
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dense form of energy, but they are carried to their target by 
vehicles powered by diffuse chemical energy. Therefore, 
nuclear weapon delivery vehicles have always been vulner­
able to precisely directed nuclear explosives, used defen­
sively. This has been known and proved by live test series 
since the end of the 1950s. 

The defense can put small, precisely designed nuclear 
warheads, triggered by advanced proximity fuses, on rock­
et interceptors. This pits various forms of radiation from 
nuclear explosions, traveling at or near the speed of light, 
against mere metal shells traveling several hundred thou­
sand times slower. 

Very low frequency radiation (microwaves) from nuclear 
explosions kills the electronics of missiles and warheads. 
Very high frequency radiation (X-rays) from the explosions 
blows apart the missiles or the warheads themselves. Par­
ticle energy (neutrons) from the explosions, especially if 
enhanced in neutron warheads, disrupts the warhead ma­
terials and the nuclear explosive inside and destroys the 
electronics. 

Thus, for 20 years we have had the means to use the 
radiant energy from small, precise nuclear explosives to 
destroy large numbers of attacking nuclear warheads far 
above our own territory, if we could use fast interceptor 
rockets to get the nuclear explosives up near the incoming 
warheads. These interceptors can sweep small areas of the 
sky clear of incoming warheads, destroying their electron­
ics, fuel assemblies, and fuses so instantaneously that they 
cannot explode. 

Scientists are now working on engineering the means to 
propagate the same kinds and flux levels of radiant energy 
over thousands of miles, as focused beams traveling at or 
near the speed of light. This would destroy missiles as they 
are just rising from enemy territory or as they are passing 
through space. 

The same physical principles by which the radiant elec­
tromagnetic and particle energy is able to destroy mis­
siles—the high energy density and the super-high speed of 
propagation of the radiation—also make possible highly 
accurate sensing and tracking of the missiles, buses, or 
reentry vehicles. Virtually every kind and wavelength of 
electromagnetic beam that is being developed to high pow­
er levels in order to disable missiles, can be used at low 
power levels to sense and track them at longer ranges. In 
addition, space-relay laser systems are being tested by the 
Soviet Union for the tracking of submarines under the ocean, 
and may eventually be able to attack the submarines them­
selves, not just their missiles after launch. 

Thus, it was inevitable from the invention of nuclear ex­
plosives that the form of energy thus unleashed could, be­
fore too long, be precisely controlled and targeted to de­
stroy the various kinds of missiles and planes that deliver 
those weapons. The radiant energy of nuclear explosives 
and the broader class of controlled radiation devices like 
lasers, microwave beams, particle beams, and so forth, 
would eventually become defensive weapons superior to 
their offensive forms. 

So much for nuclear missiles being the ultimate offensive 
weapon. 

LIE #2. 

The Soviets can protect their ICBMs 
in the boost phase. 
Critics have largely given up arguing that the physics of 
beam defense are impossible to engineer. They now admit 
that beams of the necessary power and focused brightness 
to destroy missiles can be generated and propagated, and 
mirrors can reflect and refocus them. Instead the critics 

Figure 2 
FIRST INTERCEPTION OF AN ICBM 

IN 1962 
A Nike-Zeus missile fired from the 
Kwajalein Missile range in the Mar­
shall Islands makes the first suc­
cessful interception of an intercon­
tinental ballistic missile on Dec. 12, 
7962. The photo captures on film the 
point where the Nike-Zeus missile 
intercepts an Atlas D ICBM launched 
from Vandenberg Air Force Base in 
California, 5,000 miles away. 

Ballistic Missile Defense Organization 
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Figure 3 
X-RAY LASER POP-UP DEFENSE 

Pop-up deployment is ideal for putting beam weapons into firing position as close as possible to the flight of the 
missiles they are seeking to destroy. When an ICBM launch is detected, defense X-ray lasers are "popped-up" into 
space on hypersonic rockets from land bases in Western Europe and Asia, from submarines, and from aircraft. 

now argue that it is impossible successfully to engineer 
these systems for battle against large missile launches and 
that it is impossible to defeat "countermeasures" aimed at 
protecting the missiles. 

For example, the critics claim that during the boost phase, 
ICBMs are protected from beam attack by the atmosphere! 
Specifically, they claim that the beams of X-ray lasers— 
small, light, mobile, ideal beam weapons for attacking the 
boost-phase missile—cannot pass through any atmosphere 
at all. They say that the same "laws of nature" restrict parti­
cle beams as well. 

Therefore, say these peace-loving experts, the enemy 
missile is safe until it leaves the atmosphere and emerges 
into space, about 2 minutes after the launch. All the Soviets 
have to do is build "fast-burn" boosters that will burn out 
within 1 minute, while the missile is still in the atmosphere. 
Then by the time it emerges into space as a target for X-ray 
lasers and particle beams, it will be a cold, dark object that 
infrared and laser sensors cannot find and track. Therefore, 
our lasers and particle beams will search in vain for the 
missile they could now destroy if they could find it. 

These critics make a similar claim against the "pop-up" 
deployment of beam weapons—the concept of not putting 
the beam weapons in orbit in advance, where they them­
selves could be attacked, but launching them on fast-rising 
missiles from submarines only when an enemy launch was 
seen to be underway or immediately in preparation. "Pop­
up" deployment is potentially ideal for putting the beam 
weapons up into firing position as close as possible to the 
flight of the missiles they are to destroy. The beam weapons 
can be "popped up" from submarines in Arctic waters, close 
to the Soviet Union and directly in the path of rising missiles 
headed over the Pole at North America. They also could be 
popped up from European or Japanese territory to attack 
missiles being boosted toward those countries. 

Ingenious, say the beam-weapon critics, but it will never 
work, because of the curvature of the Earth! The beam 
weapon we launch must get high enough into space that its 
beam can be fired for a thousand kilometers or more with­
out passing through any atmosphere, and then it must wait 
until its target missile emerges above the highest level of 
curvature of the atmosphere in between. At that point the 
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booster engines are burn ing out ; by the t ime the X-ray laser 
or particle beam has a clear line of fire over the atmosphere, 
the missile has become a dead, cold carrier bus full of war­
heads, which our sensors cannot f ind or track. 

First, let's deal wi th this fast-burn idea. In fact, the Soviets 
have no "fast-burn ICBMs," and the United States has only 
a study done by one contractor for the Defense Department 
who proposed to bui ld fast-burn ICBM boosters by the 
1990s. Current Soviet boosters (SS-18, SS-19) make bright, 
burning targets for 300 seconds (5 ful l minutes); the next 
generation MX-type solid fuel booster (and the Soviet SS-X 
and SS-NX types now being developed) wi l l burn ou t in 3 
minutes, so they wi l l still be burning brightly far above the 
atmosphere. 

What if the Soviets over the next 15 years or so spend 
tens of bil l ions replacing most of their ICBM force wi th 
"fast-burn boosters" to defeat our lasers and particle beams? 
Then, as even "authori tat ive" critics like MIT's Ashton Cart­
er admit, these new ICBMs wi l l have much lighter payloads 
wi th fewer warheads; they wi l l have a much more dif f icult 
and costly t ime of deploying decoys, and it wi l l be three or 
more times as costly to deliver a single warhead to our 
terr i tory. 

In other words, this "fast-burn booster" wi l l be a very 
expensive adaptation to U.S. defenses. By deploying it, the 
Soviets wou ld make boost-phase defense a little harder, 
but all the other stages of defense, later in the missile's 
f l ight, much easier. And that's what boost-phase defense is 
all about. 

Now for the critics' claim that the "laws of physics" pre­
vent X-ray laser beams f rom passing through the atmo­
sphere: In fact, these critics are just plain wrong. Al though 
newspapers and television shows on "Star Wars" constantly 
repeat the litany that X-ray beams and particle beams, the 
most potent antimissile weapons, cannot pass through the 
atmosphere, national laboratory scientists have stated in 
their recent reports to Congress the actual results they are 
testing: X-ray beams can penetrate into the atmosphere 
f rom space, down to an altitude of 40 to 50 miles wi th cur­
rent development designs. This is below the burn-out alti­
tude of the fastest-burn "fast-burn booster" anyone is talk­
ing about. And wi th higher power levels and better focus­
ing, there is no reason these X-ray lasers should not burn 
their way down much farther into the atmosphere. 

The same th ing is true of beam of neutral particles gen­
erated by a particle-beam accelerator. Ordinary high-pow­
er chemical lasers, and "projecti le gun" accelerators, can 
propagate down into the atmosphere, of course, although 
they carry heavy fuel loads and cannot be "popped up " ; 
they must be in predetermined low-Earth orbits to begin 
w i th . 

There are many devices and many ways being developed 
to attack missiles even dur ing a very short boost phase, and 
the atmosphere wi l l not protect them, despite the claims of 
the " ICBM protection society." Thus, there is no need for 
our antimissile defensive systems to "wai t " after sensing 
the launch of the missiles, because "one can see all the way 
to the g round" f rom space, including through cloud cover 
wi th infrared sensors. The defense can attack as soon as the 
missiles leave their silos. 

LIE #3 . 

Missile skins can be hardened 
against beams. 
Next, the critics, insist, the Soviets wi l l merely harden their 
boosters so that beam weapons cannot destroy them. Or , 
they wi l l design boosters that cover their surfaces wi th con­
stant showers of water, to cool their skins against the burn­
ing of the laser. As you might suspect, this is more wishful 
th inking by the " ICBM protect ion society." 

First, let's take particle beams: The critics say that shield­
ing against neutral particle beams wou ld be "heavy, but still 
an attractive countermeasure." In their most authoritative 
reports, the critics assume that only a few mill imeters thick­
ness of lead shield wil l be coated on the booster. However, 
the fact is that high-energy particle beams wi l l penetrate 4 
centimeters—400 mil l imeters—of lead. The actual lead 
weight required to stop them wou ld be 20 times as much 
per centimeter of surface as the authoritative beam-weap­
on critics claim. In fact, the lead shielding required wou ld 
weigh more than the entire load the booster is carrying into 
orbi t—the carrier "bus" and all of its warhead reentry ve­
hicles. So each "shie lded" booster wou ld be much heavier 
and more costly, and thus wou ld have to carry many fewer 
warheads, making later stages of defense easier. 

The same is true when it comes to hardening the missile 
against laser beams. For this, the critics say, the Soviets wi l l 
mult iply the hardness of their boosters by 20 times. Today, 
a few kilojoules of laser energy per square centimeter of 
the booster wi l l burn through it very rapidly. Therefore, the 
Soviets wi l l harden this to 10, 20, or even 30 kilojoules per 
square centimeter, say the critics. How? Again, by adding 
that lead shielding to the missiles, which means fewer war­
heads traveling toward our military forces, industry, and 
cities. Another suggestion is that they wi l l add ablative ma­
terial like that on the bot tom of the reentry vehicles in 
Project Apol lo, which adds not only weight but drag, slow­
ing down the booster as it rises through the atmosphere. 

And what wi l l the Soviets do to counter the lasers that are 
now being developed to destroy a hardness of 10 to 30 
kilojoules per square centimeter of booster? Wel l , say the 
critics, the Soviets wi l l make the boosters spin as they rise, 
spreading out the laser burn on the surface. 

This spin countermeasure is a tr ick that has not been 
tested and wou ld exact unknown penalties against the ac-
cu rate guidance of the missile, which is crucial to its success 
as a weapon. What's more, if the booster is spinning, the 
laser merely has to track its own burn-spot on the booster 
as it turns, since many types of antimissile lasers wi l l disable 
the missile before it could spin through even one revolu­
t ion. The laser can do this because in addit ion to a radiation 
beam to disable the missile, it wi l l probably have a laser 
"p robe" beam to track the missile as we l l , like a battlefield 
laser gun sight. Thus, once the laser and its probe beam are 
on the missile, they are " locked o n " to the missile surface 
as it burns; they no longer need the other sensor probes 
that found that missile for them in the first place. 

The X-ray laser, critics admit, wi l l kil l the vulnerable 
booster with an instantaneous, hammerlike blow: The high-
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Figure 4 
THE ICBM TRAJECTORY 

ICBMs are most vulnerable in 
the boost phase. Current So­
viet boosters, the SS-18 and 
SS-19, make bright, burning 
targets for 5 full minutes. 

Midoourse 

power X-rays literally burn off the booster's outer layer of 
skin in an explosive instant, sending destructive shock waves 
into the interior. Thus, no "hardening" wi l l stop the X-ray 
laser. So, the beam-defense critics claim, in addit ion to 
carrying layers of lead, spinning, and "fast-burning," the 
Soviet boosters wi l l also send out showers of lead dust to 
interfere wi th the X-rays. 

This might work if the booster did not have to defend 
itself w i th such lead dust showers unti l after it was out into 
space. However, since the X-ray laser can attack the booster 
whi le it is still in the upper atmosphere, these lead dust 
clouds wi l l be swept away by the atmosphere that is rushi ng 
past the missile. Unless the booster is loaded wi th enough 
lead dust to spray clouds of it for 45 seconds or more, this 
"countermeasure" won ' t work. 

LIE #4. 

Too many beam weapons 
would be required. 
As we have shown, ICBM boosters are b ig, br ight, g lowing, 
slowly lumber ing, vulnerable targets. Furthermore, as they 
rise through the th inning atmosphere and out into space, 
beam weapons have the lethal power and concentration of 
energy to disable missiles, using control led radiation that 
moves at the speed of light against mere metal—whether it 
be spinning, showering, ablating, or even dancing the hora. 

The next argument, made famous in two of the most 
publicized and so-called authoritative anti-beam-weapon 
reports—the Office of Technology Assessment report to 
the Congress and the Union of Concerned Scientists re­
port—is that there could never be enough beam weapons 
to defend against an all-out attack. As the missile f l ight rises 
and heads for the United States 25 minutes away, these 
experts say, there cannot possibly be enough beam weap­
ons in posi t ion, in orbi t , or popped up, close enough to the 
missiles and accurate enough to destroy them. Too many 
of the beam weapons, they insist, wou ld have to be else­
where around the globe in their orbits at the time of launch, 
and therefore "out of range." This is what gives rise to the 
very wel l -known scenarios drawn by the critics, in which 
the United States and its allies wou ld have to put in orbit 
literally thousands of antimissile lasers, in order to have 
enough over the Soviet missile fields at all t imes to attack 
the missile launch. This, they say, wou ld require so many 
mill ions of tons of chemical fuel for the lasers to be put in 
orbi t that the Space Shuttles wou ld be flying for centuries 
to lift it all up there. 

For this to be the case, the sorcerer's apprentice of fairy 
tale fame—not our nation's best energy-beam physicists, 
space engineers, and technicians—would have to be plan­
ning beam defense, simply f looding space wi th lasers in the 
least efficient way with no planning at all. First, such a nov­
ice puts 32 lasers in four orbits around the Earth, 8 beam 
weapon positions in each orbit . Then he puts 32 more at 
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the same posit ions; then 32 more, and 32 more, unti l he 
has 10 lasers sitting on top of each other at each orbital 
posit ion. No wonder he needs a lot of lasers! This is like 
trying to ti le a f loor by choosing 32 tile squares out of the 
whole f loor, and pi l ing up tiles to the ceiling on those 
squares, leaving the rest of the f loor bare! 

Fortunately, our military and laboratory beam-weapon 
planners have planned to spread out the laser stations a 
little more intell igently. In fact, just 100 to 150 laser stations 
could cover the Soviet missile fields quite well at all times. 
The average range at which a laser wou ld be f ir ing at boost­
ers might be 1,000 miles or less. At this range, each laser, 
after all, can attack one booster after another, ki l l ing up to 
dozens. 

Because the critics assume big holes in the laser defense 
and lasers f ir ing at missiles f rom very long distances, they 
also assume that the laser beams wi l l spread out as they 
travel these distances, resulting in the beam hit t ing a large 
circular "spot" on the missile, wi thout great intensity or 
brightness. If you do things that way, each laser does need 
many tons of fuel and needs to stay locked on the missile 
surface for many seconds to disable it. This is, indeed, very 
hard to do. 

However, beam scientists point out , our lasers wi l l be 
using "battle mirrors" to refocus their beams. These mir­
rors wil l be in many orbital stations around the Earth, spaced 
in between the lasers and their missile targets. These mirror 
"relays" are like addit ional lasers, refocusing the beam 
against the missiles f rom f ight ing positions much closer to 
the missiles than the laser itself. This makes for a shorter 
effective range, and a smaller, brighter, more intense "spot" 
of laser radiation burning through the missile skin. Thus, 
much less fuel is needed than the critics claim, and scien­
tists estimate that 100 tons of chemical fuel could be enough 
for the whole constellation of laser stations. Ten launches 
of the Shuttle could br ing that much fuel into orbi t . 

Pop-up Relay Mirrors 
Taking this one step further to greater effectiveness, many 

of the lasers and their fuel can be kept on Earth! Only the 
relays of battle mirrors need go up into space, and they can 
be "popped up " because they are much lighter. Two relay 
mirrors can relay the lethal laser beam around the Earth at 
the speed of light unti l the last "battle mir ror" refocuses it 
onto the missile f rom close range. 

This wi l l never work , cry the critics; everyone knows that 
laser beams are only l ight, and as they travel up through the 
atmosphere they wil l be distorted and spread. But here the 
critics are deliberately misstating the state of the art in op­
tics, one of the most astonishing precision fields of tech­
nology today. Two years ago, a prestigious optical science 
conference in San Diego was suddenly th rown into contro­
versy when the Defense Department asked that many of 
the papers prepared for it nor be presented there. Why? 
Because the work to be discussed was the technology of 
"nonlinear, adaptive opt ics," which is being developed 
precisely to enable high-power laser beams to burn their 
way through tens of miles of atmosphere—and out into 
space. By all publ ic reports, this is succeeding. 

Very large mirrors not only reflect the laser l ight; they 
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Figure 5 
DISTRIBUTION OF DEFENSIVE SATELLITES IN 

NEAR-EARTH ORBIT 
The Los Alamos National Laboratory and the Depart­
ment of Defense have chosen the even deployment 
configuration (a), deploying battle stations evenly 
along their orbits. This is efficient and leads to a much 
smaller proportion of the defense satellites being ab­
sent from the area of the launch. 

In contrast, the Office of Technology Assessment 
report on beam defense chose the clustered deploy­
ment configuration (b), in which the satellites are 
clustered at a few points along each orbit. As both the 
Los Alamos Lab and the DOD's Office of Strategic 
Defense have pointed out, this configuration seems 
to have been chosen to decrease the efficiency and 
effectiveness of the battle stations. 



Figure 6 
LASER MIRROR RELAY 

SYSTEM 
Laser mirror relays willrefocus 
the beam against the missiles 
from fighting positions that 
are much closer to the missile 
than the laser itself. This 
means a shorter effective 
range and a more intense spot 
of laser radiation to burn 
through the missile skin. 

can also refocus it, actively correcting for distortions in the 
laser light that hits them. In fact, our relay mirrors in space 
will have small laser beacons on them that shine their beams 
down on our ground-based lasers! With the information 
gathered by this "probe" beam on its way down through 
the atmosphere, the optical mirrors and advanced lenses 
of the laser below can predistort the high-power antimissile 
beam to compensate for the condition of the atmosphere 
above it. The high-power beam can then "burn through" 
all the way up into space and arrive at the relay mirror 
focused and bright. 

So far, this "shield full of holes" argument by the critics 
concentrates only on chemical-powered lasers, because 
the critics imagine that in this way they can mislead the 
public with images of vast oceans of chemical fuel that must 
be carted up into space. However, this would be the case 
only if the sorcerer's apprentice were in charge. 

With the lightweight "pop-up" systems like the X-ray las­
er, in which a small nuclear explosive fires 50 beams of 
superlethal X-rays at 50 missiles at once, these arguments 
obviously do not apply. In fact, leading beam-weapon critic 
Carter says in the OTA report: "X-ray lasers on submarines 
stationed in the Kara Sea or the Sea of Okhotsk could climb 
to firing position before burnout" of the Russian ICBMs, 
and each laser could attack over 100 boosters. Thus a single 
submarine, launching 10 "pop-up" rockets carrying X-ray 
lasers into firing position, could attack a massive Soviet 
launch of 1,000 ICBMs. 

Why then do Carter and his friends in the "ICBM protec­
tion society" assert that an array of X-ray lasers will not be 
able to wipe out the missile threat? 

Well, they say, look at the insides of the X-ray laser or the 

neutral particle beam. (This, of course, is something we, 
the general public, are not authorized to do, nor are the 
laboratory scientists authorized to tell us about these "in­
sides" in any detail. Yet the critics, who are not working on 
these devices, claim not only that they know what goes on 
inside X-ray lasers like the back of their hand, but that we 
should believe them.) Light lasers, the critics say, make 
their beams precisely focused, pointed, and bright by mul­
tiple reflections back and forth between internal mirrors. 
But, they claim, X-rays cannot be reflected from mirrors, 
because their frequency is so far above visible light and 
their radiation is so intense it would destroy the mirror's 
metallic surfaces. Thus, X-ray lasers, they say, are not really 
lasers but bursts of coherent radiation, and they spread out 
very rapidly, making them impossible to focus onto a mis­
sile at any great distance. 

To quote Carter, "Since X-rays are not back-reflected by 
any kind of mirror, there is no way to direct the X-rays into 
a beam with optics like the visible and infrared lasers." 
These critics also insist that particle beams "diverge" very 
rapidly for related reasons and lose their precision and 
brightness except at very short distances. 

What do the scientists who are actually working on beam 
weapons say about this argument? To quote one group at 
Los Alamos: "That is simply incorrect. Experimental optical 
devices for X-rays have actually been developed, which 
enable one to perform the same sort of optics with X-rays 
which are done for visible light." They answer the criticism 
of neutral particle beams similarly. 

Remembering that the X-ray laser and neutral particle 
beams are by far the most powerful and most lethal anti­
missile devices against which hardening attempts are use-
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less, the ability to keep these beams just as focused and just 
as bright as ordinary lasers means that an X-ray laser beam 
could, in fact, destroy a missile from geosynchronous orbit, 
22,000 miles up. Think about that. From geosynchronous 
orbit, boosters are really sitting ducks in a shooting gallery. 
The laser itself at that altitude is virtually invulnerable to 
any kind of antisatellite attack. And it is motionless above a 
single spot on the Earth's surface. Therefore, 100 X-ray las­
ers could be stationed permamently directly above the So­
viet missile fields. Even if each one emitted only a few high-
intensity beams as it exploded, this armada of lasers could 
severely thin out any missile launch, leaving the rest to be 
attacked by particle beam and laser devices in low orbit and 
on the ground. 

LIE #5. 

The Soviets will saturate our post-
boost defense. 
We have shown even our critics that boost-phase intercep­
tion of missiles exercises a great leverage against the suc­
cess of a preemptive missile attack as a whole, even if some 
boosters get through. Some critics claim that the Soviets 
could minimize this leverage, by launching all 1,400 or so 
of their boosters within a few seconds, thereby "overload­
ing" the boost-phase interception systems. Perhaps, but 
such instantaneous total launch pays a penalty at the other 
end. Missiles launched instantaneously will deliver their 

warheads to their targets over a period of several minutes, 
rather than all at once, making the terminal defense job 
easier. 

Missile interceptors and particle beams stationed at ter­
minal-area defense locations in the United States could 
attack the first warheads arriving at the targets along the 
Canadian border; then the next wave arriving across the 
central belt of the country; then the final wave of warheads 
hitting targets in the South. This would enable the defend­
ers to reply with more concentrated, more effective fire at 
the incoming warheads. 

Conversely, to saturate our terminal defenses, the Sovi­
ets would want to launch their missiles in salvos over sev­
eral minutes, which would give our boost-phase layers 
"several shots each," knocking out more of the launch in 
boost phase. 

However, since some missiles will get through, we come 
next to post-boost-phase defense, when beam weapons go 
to work against the warhead carriers or "buses" that are 
released by the boosters. If 100 buses have gotten through, 
the buses start maneuvering to launch their 500 to 1,000 
warheads. 

Now the critics say something cute about attacking these 
buses: They say it just isn't worthwhile, that "they are tar­
gets of declining value as they release their warheads. "The 
critics also claim that buses are easier to harden because 
they are smaller than the boosters. 

The second of these two statements is particularly fool­
ish, because the bus is a canister with a metal-plate door 

Figure 7 
NEUTRAL BEAM DEFENSE FOR THE 

BOOST, POSTBOOST, AND 
MIDCOURSE PHASE 

A particle beam accelerator in near-
Earth orbit at an altitude of'600 miles 
engages missiles in the boost, post-
boost, and midcourse phase of their 
trajectories. A diffuse laser beam di­
rected from a relay mirror in geosyn­
chronous orbit is used to light up 
the neutral beam so that it can be 
easily directed onto the missiles in 
the same manner in which tracers 
are used by antiaircraft guns. 

The Los Alamos lab report com­
ments: "Neutral particle beams 
would have the very high effective­
ness against postboost vehicles, 
which are heavily dependent on 
electronics and can stand little in­
terruption in their function, and 
reentry vehicles, which are exposed 
for a very long time and very suscep­
tible to neutral particle beam effects 
in midcourse." 
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over its front end; and the door, which is built in segments, 
must open up in order for the warheads to be released. 
Hardening a segmented door that must split open precisely 
in space is a very difficult task indeed, a little like trying to 
"harden" the Shuttle bay doors with thick lead coatings, 
and then expecting them to function properly. 

Another strong discouragement against hardening these 
"buses" is that they are the last stage of the missile that does 
any maneuvering; therefore, the penalties for any addition 
of weight to this stage are greater, in terms of fuel require­
ments and loss of maneuvering accuracy, than any previous 
stage. 

What the critics are really saying, with their assertion that 
the bus is "a target of declining value," is simply that the 
warheads will drift to the end of their trajectories even if 
the bus is destroyed. But if it is destroyed, those warheads 
will come nowhere near their targets. They will tend to fly 
all the way back down to Earth in dense clusters, since it is 
the maneuvers of the bus that direct them toward separate 
targets. Thus every bus we can destroy makes the attack 
less effective militarily and the warheads easier to destroy 
by midcourse and terminal defenses later in the flight. 

More serious critics claim that the bus is simply hard to 
see—hard for sensors to pick up and track, because it has 
no bright, hot plume behind it and is not as large as the 
booster. Also, they say, it can start launching decoys right 
away, and thus our sensing and tracking system will get 
"overloaded" just at the beginning of the warheads' long, 
20-minute free-fall flight through empty space. 

This classic argument against antimissile defense—that 
the defensive sensors and trackers will always be overload­
ed by the sheer numbers of objects to track and discrimi­
nate—might still be true if all we were using for our most 
advanced tracking were infrared sensors that pick up heat. 
This is the primary technology for tracking boosters, which 
give off large amounts of heat. However, these infrared 
sensors will be tracking every booster that gets through the 
boost-phase interceptors, and when that booster burns out 
and releases its dark, cold bus, the sensors will have told 
our computers the trajectory of that bus. So finding the bus 
again in space will not be like finding a needle in a haystack, 
but finding a needle on one side of your knitting, when you 
know exactly where you stuck it in on the other side! 

More important, we will use much more than infrared 
sensing to find these buses. We will use lasers to illuminate 
them. In fact, when our lasers are in battle, even those that 
are out of range to "kill" missiles are not too far away to be 
used as probes to sense them. Many other laser and particle 
beam probes will be launched as well. The visible lasers will 
illuminate the buses; and the particle beams and infrared 
lasers will heat them slightly so that the infrared sensors 
can track them. 

Virtually all sensing devices are, in fact, "coherent energy 
beams" of one sort of radiation or another, just as the anti­
missile weapons are. When we are just passively using the 
beam to sense something, as in radar, the beam cannot find 
anything that is smaller than the beam. But "when we are 
actively illuminating and heating a target," beam scientists 
tell us, "we can produce a very bright return" to our sen­
sors. Then we can perform the process known as "signal 

processing," or beam division, as is done with the advanced 
class of radars known as "phased array radars." We can then 
"see," even at great distance, very small objects and pick 
out such small objects from large crowds. By the slight 
differences in the heating or lighting of these targets—dif­
ferences that are picked up by the sensors—our computers 
can tell which are the heavier buses or warheads and which 
are the1 lighter decoys, aerosol sprays, balloons, and other 
diversionary devices. 

It may take some minutes for this sensing and discrimi­
nation process to occur, but the bus phase precedes the 
longest phase of the warhead flight, the free fall through 
space, which takes some 20 minutes in all. Any buses we 
knock out will make this long "duck shoot" easier in the 
discrimination and tracking of the ducks. 

To quote the report of Los Alamos beam scientists, "Neu­
tral particle beams would have very high effectiveness 
against post-boost vehicles, which are heavily dependent 
on electronics and can stand little interruption in their func­
tion " 

LIE #6. 

Midcourse defense is too difficult 
because there are too many 
warheads, decoys, and so on. 
The midcourse of the nuclear missile attack is by far the 
longest of the 30-minute flight time—a period of 20 minutes 
of free ballistic flight through space, in which the major 
problem confronting the defense is the very large number 
of warheads, decoys, and other objects, totaling thou­
sands, even if up to 90 percent of the warheads have been 
destroyed or disabled in boost-phase and bus-phase de­
fense. They reach a maximum altitude of 700 to 900 miles, 
depending on how they are launched, and are therefore up 
above many of the beam weapons attacking them, but still 
passing within fairly close range of line after line of antimis­
sile weapons. They are also heading over the North Pole in 
a "corridor" only 2,000 to 3,000 miles wide as they fly toward 
the United States, so that beam weapons, in polar orbits or 
"popped up" into space over polar regions, "pass in file" 
across and under the phalanxes of warheads flying over 
them. 

The critics say that in this phase there are truly so many 
objects to track and discriminate, selecting the warheads 
and "killing" them is an impossible task, even if only 1,000 
remain on course. These warheads, they insist, are very 
small and nowhere near as vulnerable as the booster, being 
much harder. In addition, they say, the region of the en­
gagement will be the scene of nuclear explosions as Soviet 
submarines launch missiles into space to detonate their 
nuclear explosives there, both to "pin down" the U.S. ICBMs 
in their silos and to make sensing of Soviet warheads im­
possible. 

However, although nuclear explosions high in space may 
make infrared heat sensors and ordinary optical telescopes 
worthless for use in detection, they do not stop higher-
wavelength radiation—X-ray and ultraviolet—from getting 
through and back again with tracking information on the 
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warheads. In fact, X-ray and ultraviolet beams have been 
used for years in nuclear weapons tests to "see" inside the 
plasma fireball. Such beams have had the same uses in 
diagnosing what is going on inside plasmas in experimental 
fusion energy machines. This is called "backl ight ing" with 
X-rays or ultraviolet, and is the most sensitive and "active" 
means of detection and tracking in space—but it must be 
combined with infrared, optical, and radar scanning. 

The beam weapons themselves are also trackers—what 
they don' t hit wi th enough energy to disable, they detect! 
And in the midcourse phase, the greatest variety of antimis­
sile devices wil l be at work , wi th the greatest expanse of 
t ime for them to track and attack the warheads. 

Neutral particle beams, for example, according to the Los 
Alamos report, "have very high effectiveness against reen­
try vehicles, which are exposed for a very long t ime and 
very susceptible to particle beam effects in midcourse." A 
space-based version of the neutral particle beam is now 
expected in prototype during the 1980s. Free-electron las­
ers are also being prepared for space basing. These lasers 
are superefficient in converting their fuel energy into beam 
power and can operate at the high frequencies (visible and 
ultraviolet) that are desirable for both detection and de­
struction of warheads in midcourse. 

So-called excimer lasers, which are powerful and efficient 
lasers to be based on Earth, also produce these desirable 
high frequencies up into the ultraviolet region. This makes 
them easy to refocus f rom relay mirrors that do not have to 

Figure 8 
ARMY HOMING OVERLAY EXPERIMENT (HOE) 

SUCCESSFULLY INTERCEPTS AN ICBM 
The Army's Homing Overlay Experiment lifts off from 
the Kwajalein Missile range in the Marshall Islands on 
its way to the first intentional direct-impact intercept 
of a reentry vehicle from an ICBM, June 10,1984. Less 
than 10 minutes later, the HOE vehicle's third stage 
collided with the reentry vehicle, shattering both ve­
hicles. 

Inset (a) is a photograph made from video recorded 
through a 24-inch tracking telescope at Kwajalein Mis­
sile Range. It shows the rocket plume from the HOE 
vehicle just a fraction of a second before it collides 
with the dummy warhead from the ICBM. The short 
horizontal bar above the plume is a tracking marker. 
The rectangle defines an area in which the telescope 
automatically tracks objects. The five smaller points 
of light are stars. 

Inset (b) shows the clouds of debris that followed 
destruction of the target ICBM reentry vehicle, which 
was flying from right to left. It is estimated that the 
body-to-body collision smashed it into approximately 
a million pieces. The larger cloud in the center is de­
bris from the HOE vehicle. 

be very large, because they are reflecting radiation wi th a 
short wavelength. 

In addition, when the warheads approach within 500 miles 
or so of their targets, they can be knocked down and de­
stroyed outr ight by homing interceptor rockets, as the U.S. 
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Army proved in spectacular fashion June 10, 1984. The war­
head that "homing overlay interceptor" knocked out was 
tracked by a combination of three sensing devices: an air­
craft-based infrared sensor, an optical telescope, and a 
ground-based radar. In addi t ion, the interceptor had an 
infrared sensor in its nose section for "homing" in on the 
warhead. 

The beam critics are also ignorant about the ful l poten­
tials of particle beams that make warheads so vulnerable to 
them. Particle beams can be " t uned " ; this means that if the 
range over which the particle beam wil l travel is known with 
fair accuracy (as it wou ld be in a midcourse interception of 
a warhead), then the particle beam can be generated in 
such a way as to "save its energy" whi le passing through 
the distance to the target, and deposit all that energy very 
suddenly in the metal skin of the target and within the 
nuclear fuel inside. This turns the insides of the warhead 
into nuclear mush, so to speak. 

LIE #7. 

Even with terminal defense, the 
nation will be destroyed. 
In the terminal defense stage, only 200 to 300 warheads wil l 
still be flying toward their targets, as the midcourse attacks 
by phalanxes of beam weapons end. These warheads wil l 
reenter the atmosphere over the United States, only 100 
seconds or so f rom their assigned destruction of those tar­
gets. The thousands of remaining decoys, balloons, and so 
on , slow down and burn up in the atmosphere, leaving the 
warheads easy to discriminate and track by simple optical 
means and wi th radar. 

Now, say the opponents of antimissile defense, even if 
we have gotten this far and knocked out 95 percent of the 
warheads in a ful l launch, the nation is lost. Even if only 15 
or 20 of these hundreds of warheads still on course get 
through to their targets, the destruction wil l be devastating. 
What's more—and this the critics imagine to be conclu­
sive—even those warheads that are intercepted after this 
point wi l l detonate, because of a technique called "salvage 
fusing" available to the attacker. Al though this technology 
is not perfect, it is thought that warheads can be " fused" 
late in the fl ight to detonate as soon as they sense contact 
wi th any attacking object or burning on the skin of the 
warhead. 

The critics are dead wrong on three counts. First, and 
most general: If we can knock out 90 percent of those 
remaining reentry vehicles, the damage done by the 20 or 
so that reach their targets may be locally devastating, but it 
wil l not be militarily significant against our retaliatory forces. 
The attacker wi l l have thrown his best punch wi thout doing 
dramatic damage to U.S. military strategic capabilities. The 
enemy's slow-moving bombers and cruise-type missiles wil l 
be left to face our entire strategic capability. The enemy wil l 
have thus lostthermonuclearwar. Should the Soviets know 
that this result is the likely outcome of attacking the U.S. 
beam defense—or even that it might come out that way— 
they face the most powerful possible deterrent to attacking. 
Once a nation has launched a course of war or war confron­

tat ion, it is not the fear of retaliatory destruction alone that 
can then deter that nation f rom attacking at some point, 
but rather the fear of losing the war through that attack. 

Second, those 200 to 300 remaining, highly visible war­
heads can be attacked wi th "everything we can throw," and 
today's frontier accelerator technologies wil l al low us to 
throw quite a lot against those warheads, at very high ve­
locities and accuracies. Particle beams wil l be the techno­
logical front end of terminal defense, electron beams, beams 
of muons or heavy electrons, proton beams, positrons, and 
so on . Today's large accelerators, used for atomic physics 
research, are capable of combining high energy per particle 
with high current (a large stream of particles). And , like the 
neutral particle beams discussed above, they can be " tuned" 
for very specific deposit ion of their energy in the first few 
centimeters of a warhead's surface, to destroy it. Salvage 
fusing, since it rests on electronics, wi l l be too slow to 
detonate the warhead in most such cases. 

These electromagnetic accelerators can fire at very rapid 
rates, hundreds and even thousands of times per second. 
The same accelerators that send up particle beams, can also 
be used to aim and electromagnetically accelerate larger 
projectiles, the size of rocks, to velocities up to 5 to 10 miles 
per second. These wil l smash into the warheads and knock 
them off course, although their salvage fuses could then 
detonate them. 

The same is true of the very fast-rising antimissile inter­
ceptors for terminal defense, of the "Sprint" type the United 
States made 20 years ago, but no longer produces or stock­
piles. A slower variant, called "Patriot," is produced today 
for antiaircraft defense. The Soviets, however, have a large 
variety of advanced terminal interceptors for ABM defense 
already deployed around Moscow and warehoused else­
where in the country—one of their many gross violations 
of the 1972 ABM Treaty. 

These interceptor rockets, because they can rise and home 
in on missiles over hundreds of mile ranges, wi l l be used 
for "area defense," not just last-ditch defense of point tar­
gets. Area-defense interceptor bases wi l l be established at 
a certain number of locations around the country in a "gr id , " 
each wi th responsibilities to "cover" one geographical re­
gion but wi th capabilities to "help out" by overlapping into 
another. 

Now, the critics still insist, you may hit a lot of these 
warheads and knock them off course, but many of them 
wi l l still detonate because of "salvage fus ing" ; their high-
altitude fireballs wi l l wreak tremendous damage below, as 
have nuclear weapons ever since Hiroshima. But these op­
ponents of beam defense are wrong again—if we give up 
the currently widespread taboo against putt ing nuclear 
warheads on our interceptors.The defense can sweep out 
warheads from areas of the sky even under close-in at­
tacks—including very short-range attacks f rom offshore 
submarines, or the intermediate-range and tactical rocket 
attacks Western Europe would face f rom the Warsaw Pact— 
if the defense can used hyperacceleration interceptors 
armed wi th nuclear warheads. The intense radiation f rom 
the small nuclear explosives on the interceptors, including 
EMP (electromagnetic pulse), microwaves, and X-rays, de­
stroys the electronics of attacking warheads instantaneous-
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Figure 9 
TERMINAL DEFENSE SYSTEM 
Particle beams will be the 
technological front end of 
terminal defense. These can 
be "tuned" for specific de­
position of their high energy 
in the first few centimeters 
of the warhead's surface. 

ly, preventing salvage fusing, as it destroys the warheads 
themselves before they can explode. This is effective for a 
range of 5 miles or more around the interceptor, depending 
on its altitude when it detonates. 

If the warheads are neutron warheads, the defense can 
do an even better job. The neutron flux travels farther from 
the interceptor detonation, scrambles nuclear fuel and 
electronics on attacking reentry vehicles, and fries attack­
ing bombers and their crews. Small nuclear warheads are 
powerful defensive weapons against their more destructive 
offensive versions. 

LIE #8. 

Beam weapons can't defend against 
submarine-launched missiles. 
Since President Reagan's announcement of the SDI on 
March 23,1983, its most violent and continual "critics" have 
been the Soviet command. One of their most highly publi­
cized rejoinders to the U.S. beam-defense program has 
been to aggressively station more missile-launching sub­
marines close to both United States coasts. Your antimissile 
defenses, the Soviets growl, will never stop these subma­
rines from gettingtheirwarheads to theirtargets, some only 
a few minutes flight time away from their stations. Not only 
are the flights of submarine-launched ballistic missiles, 
SLBMs, short, but they are low in trajectory, staying within 
the atmosphere for virtually their entire course. 

But submarine-launched missiles are by no means invul­
nerable to a fully deployed, multilayered defense. First, 
from boost phase through reentry, these missiles travel at 
significantly slower velocities than ICBMs. That makes them 
easier to track and hit. 

Second, submarines can only launch one of their missiles 
at a time, or, in the case of the largest subs, two or perhaps 
three. After the first missile or small salvo leaves the water, 
the sub's position has been identified. The next flight of 
slow-moving missiles that boost out of the water 1 or 2 

minutes later, can be attacked by aircraft-based lasers, such 
as the one tested in May 1983 by the U.S. Air Force against 
Sidewinder missiles, or by beam weapons popped up from 
aircraft to follow the missiles and fire at them. 

Third, as the missiles near their midcourse, they can be 
attacked from space and by beam weapons popped up di­
rectly in their path from Earth. Pop-up defenses are partic­
ularly effective against slower-moving missiles with short 
flight paths, since the beam weapon can pop up into a firing 
position that is at very close range to the booster or war­
head. What's crucial is that because SLBMs stay within the 
atmosphere for most of their flight, they have much more 
difficulty launching decoys. These decoys and camouflage 
items hit the drag of the atmosphere as soon as deployed, 
and are slowed down and fall behind the warheads, which 
therefore remain clearly defined as targets. 

Finally, when the submarine-launched warheads come in 
at their targets, they are still traveling25 percent more slow­
ly than ICBM warheads. Thus our interceptor missiles, pro­
jectile accelerators, and particle beams can track and hit 
them more easily. 

It should be clear that what we have said about the greater 
ease of defending against submarine-launched missiles, 
applies equally to the intermediate-range nuclear missiles 
(SS-20s) that threaten Europe and japan and to the shorter-
range tactical nuclear missiles like the SS-21. Imagine how 
foolish it is, then, for the opponents of beam defense to 
claim that the SDI "offers no defense against cruise mis­
siles, bombers, and other air-breathing threats"—since 
these threats travel 30 to 50 times slower than even subma­
rine-launched and intermediate nuclear missiles. 

For anyone interested in the defense of the country and 
a more stable strategic situation worldwide, it is clear that 
beam weapons work and that the reality of technology de­
velopment refutes the lies of the anti-beam-defense lobby. 

Paul Gallagher, the executive director of the Fusion En­
ergy Foundation, writes, lectures, and debates frequently 
on beam-defense issues. 
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The ancient science of astronomy 
must be revived to educate the 
population and defeat astrology, the 
secret weapon of the oligarchy in its 
successful age-old war on reason. 

The 
foundation 
Of Scientific 
Method 
by Jonathan Tennenbaum 

RECENTLY A WEST GERMAN newspaper reported that 
one of the leading items of business expense in German 
firms is the payment of astrologers. Many firms, it seems, 
have a "house astrologer," who provides star readings as 
the basis for decisions about whether and when to sign 
contracts. In Italy, one of the most famous European phy­
sicists, Professor Amaldi, who was head of the CERN parti­
cle accelerator in Geneva and is a leading member of the 
Pugwash disarmament movement, is presently carrying out 
experiments on how dying animals send electromagnetic 
signals to the center of the galaxy. Tens of millions of hou­
sewives read the daily horoscope sections of their fashion 
magazines, sandwiched in between the latest gossip about 
the kings and queens and barons of Monaco and Lichten-
stein. 

This is not just a European phenomenon. Robert Mc-

Above: Illustration of the zodiac. Below: English armillary 
sphere, circa 1730. 



Namara, former defense secretary of the United States and 
now head of the Wor ld Bank, who is one of the leaders of 
the so-called peace movement in the United States, also 
has a peculiar relationship wi th the heavenly bodies: He 
reportedly belongs to a cult of individuals who go out into 
the woods on the day of a full moon and bathe themselves, 
naked, in the moonbeams. And in U.S. bookstores, the 
section on the "occul t " and "astrology" is now three times 
as large as the science section. 

Do you think this is harmless nonsense? What wou ld you 
think if your doctor were consult ing the stars to determine 
whether or not to remove your appendix? Or would you 
feel safe if you knew that NATO military deployments were 
planned according to the phases of the Moon and Venus? 

I am sure many of you have occasionally looked up f rom 
your morning paper and exclaimed: "What is going on here? 
Is the wor ld going insane?" 

Indeed, in a precise sense the wor ld is going insane. It is 
going insane because of the age-old oligarchical families 
who have long declared war on reason in order to secure 
their arbitrary rule over a brutalized and ignorant mass. 
Unfortunately, they are winn ing. The oligarchical program, 
their declaration of war, has now come out in the open: It 
is called the "Age of Aquarius." It means, as Mari lyn Fer­
guson declares in her book The Aquarian Conspiracy/ the 
end of rationality in a great epidemic of kookery. If this 
conspiracy succeeds, then this may mean the end of man­
kind. As humanists interested in a future for the human 
race, we must defeat the Aquarian Conspiracy. 

In the fight against oligarchism and kookery, our weapon 
is science. If we are to have republican nations, if the pop­
ulations of these nations are to determine what policies 
these nations must fo l low, according to their own interest, 
then those populat ions must be educated to be able to 
determine what is right and what is wrong , what is reality 
and what is i l lusion, fantasy, or swindle. Reality, however— 
"r ight" and "wrong"—is not determined by the mere opin­
ions of parents, teachers, fr iends, religious leaders, or the 
latest copy of the New York Times. All of these might be 
fatally w rong ; they might already be hooked on astrological 
kookery. 

Science Versus the Aquarian Conspiracy 
"Right" and "w rong " are a question of scientific method, 

a question of how each person can seek the truth wi thout 
having to accept bl indly whatever belief or prejudice his o r 
her friends or society might wish to enforce. If we are going 
to save the wor ld f rom the Aquarian Conspiracy, we must 
know what reality is, how to f ind the t ru th . More important, 
we must be able to impart the scientific method to the 
populat ion around us, so they can discover reality them­
selves. 

The foundat ion of scientific method is astronomy—the 
basic question about how the universe as a whole is orga­
nized. You may be astonished by this. You may ask, "Do 
you mean I must know about planetary motions in order to 
run my business? Aren' t you getting into the astrology you 
were just warning us about? What do the stars have to do 
wi th problems here on Earth?" 

I w i l l tell you a secret: Whether you realize it or not, every 

thought an individual has, every opinion and every judg­
ment, is based on certain assumptions embedded in his or 
her mind concerning how the universe functions, how it 
was created, and what its fundamental laws are. For many 
people, these ideas take the form of religion; more gener­
ally they are embedded in the culture of every society. Some 
people might say, "I t doesn't matter how the universe func­
t ions; it obviously doesn't make any difference to me how 
the planets revolve." Such persons are simply asserting that 
the universe was built to satisfy their infantile desires—this 
is their hypothesis, a very unscientific one. Such people 
change their views only when something falls f rom the sky 
and hits them on the head. 

Throughout history, there have been two main cultural 
tendencies, one oriented toward science and one oriented 
toward magic. Therefore, we can talk about two basic forms 
of cul ture: astronomical culture and astrological cul ture, 
which are also known as humanist culture and oligarchical 
cul ture, respectively. 

There have been more than 40,000 years of battle be­
tween astronomical and astrological cultures, the battle for 
scientific method against superstit ion and magic. I wi l l use 
the most elementary questions of astronomy—how our so­
lar system is organized—to illustrate and distinguish be­
tween the scientific and the oligarchical methods down 
through the ages up to today. 

The firsthand report below on the astronomical accom­
plishments of pre-Vedic astronomers, around 40,000 B.C., 
indicates how the basic astronomical questions were treat­
ed by early civil ization and the early oligarchical enemies of 
scientific culture. These same ideas and method underl ie 
the later breakthroughs of the greatest astronomer of more 
recent t imes, Johannes Kepler. In contrast, Gali leo, Des­
cartes, and Newton—far f rom being the great protagonists 
of science advertised in popularized myths—actually op­
posed the scientific method of Kepler and opened the way 
for modern versions of astrological cult ism. 

The Aquarian conspirators of today are merely carrying 
on the tradit ion of pseudoscientif ic kookery in cooking up 
the myth of the "Big Bang" and quarks on the model of the 
old Egyptian cult of Isis and Osiris. Fortunately, there has 
been recent work on a new hypothesis concerning the early 
development of the solar system. This hypothesis, con­
ceived by Fusion Energy Foundation board member Lyndon 
H. LaRouche, Jr., shows the scientific method in action 
today, at the forefront of fusion energy, astrophysics, and 
atomic physics, applied to a very simple and fundamental 
quest ion: Where d id the Earth and the planets come from?2 

Astronomy 40,000 Years Ago: A Firsthand Report 
The fo l lowing is a report f rom one of the most il lustrious 

pre-Vedic astronomers, f rom around the year 40,000 B.C., 
on the great astronomical accomplishments of his day. Ad­
mittedly, this report was not found by archaeologists dig­
ging around somewhere; it originated in the general vicin­
ity of my typewriter. However, perhaps it is not entirely 
unrealistic. (The interested reader is referred, among other 
sources, to the works of the great Indian scholar Tilak for 
relevant historical evidence on the advanced astronomy of 
the pre-Vedic period.3) 
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Now, we do not know exactly who the earliest astrono­
mers were, nor exactly how far and in what way they devel­
oped their knowledge about the heavens. We do know that 
they developed astronomical calendars—methods of mea­
suring time and mapping events on the basis of astronom­
ical cycles—that reveal a very high level of scientific method 
compared with that applied even in the technical sciences 
of today. 

In addition to what we can learn from old documents and 
traditions, our own comprehension of scientific method 
gives us a second, most necessary way to construct a pictu re 
of the ancient astronomy. Namely, we can place ourselves 
in the shoes of the ancient astronomers and ask, "What 
would we have done? What could we have done, without 
any of the modern instruments, without any prior knowl­
edge, from scratch, to develop a scientific astronomy?" 
Then, we can compare what we come up with to archaeo­
logical and other historical evidence to arrive at a reason­
able estimate of what ancient advanced astronomy must 
have been. 

Here then is the report of the ancient astronomer. 

* * * 
"My nation is a nation of seafarers and city-builders. We 

have colonized vast regions of the world, braving the seas 
and oceans with our ships and establishing new cities far 
and wide. We live by fishing in the rich waters of the sea 
and the mouths of the great rivers. We have invested our 
wealth and leisure in developing the inland areas, where 
we have established some plantations. It may surprise you 
that we, more than 40,000 years in your past, can easily 

navigate across the oceans. Actually, it is easy if one knows 
astronomy as well as we do. You don't need any complicat­
ed instruments, just a good pair of eyes. 

"Although we do possess a written language, it may sur­
prise you that we use written records much less than your 
culture or the oppressive, bureaucratic hierarchy of Baby­
lon, which your historians claim to be the forerunner of 
modern civilization. Instead, we compose and sing beauti­
ful poetry, and by this method pass down our knowledge 
and history from generation to generation, without change, 
over thousands of years. Our ancestors for this purpose 
gave names to groups of stars and invented funny little 
stories about them to help remember them. So, we have 
precise astronomical records from thousands of years back, 
in the form of astronomical songs. . . . 

"Let me explain how we plan our cities (Figure 1). We 
choose a high point, where the horizon is everywhere visi­
ble. We mark the point with a large stone. It will be the 
center of our city. Now, we watch the motion of the stars 
from this point. This is especially easy in those regions that 
are dark for half the year (which you call the polar regions). 
Otherwise, the Sun interferes with observation. Actually, 
we know how to observe the stars even during sunlight 
periods. (Guess how!) 

"In any case, there are some stars that rise at some point 
on the horizon and disappear again at some other point. 
For the most prominent stars that rise and set we place 
stone markers as far as possible from our center to mark 
the points on the horizon. Some other stars never set, but 
just turn around in the heavens. And there are some very 
special stars that just barely touch the horizon at their low-

34 FUSION November-December 1984 

Figure 1 
DETERMINING THE POINTS OF THE COMPASS 

The ancient astronomer describes how cities are planned around an observatory located at a point where the horizon 
is visible in all directions. East and west are then located at points where stars rise and set exactly opposite to each 
other in relation to the observatory. North is located at the point where some stars (such as the pole star) just barely 
touch the horizon at their lowest point. 



est point. This point we mark wi th a special stone; it is the 
same for all stars of this special sort. We call this the 'nor th ' 
direct ion. The opposite direct ion we call 'south. ' 

"Another special set of stars rises and sets at points ex­
actly opposite each other with relation to our observation 
point. We mark these points also with special stones; the 
rising point we call 'east' and the setting point 'west. ' Now 
we bui ld two roads through our center point , running east-
west and north-south. At the center we make a central 
square, and in the middle of this square an astronomical 
observatory, around which we bui ld the rest of our city. 
You may ask, why do we use the stars to mark out and 
construct the foundations of our city? This observatory has 
the work of organizing the calendars, predict ing the weath­
er and change of seasons, the tides and movements of fish 
and other creatures. It shall also be the center of education 
for our youth , a center for the history and archives of our 
nation. 

"All the stars, wi th the exception of those you call the 
Sun and planets, move together, in circles or parts of cir­
cles, and they always return to their original positions at the 
same moment. I call this stellar cycle a 'day.' But I want to 
know more: I want to know where each day belongs in the 
history of the universe. I want to f ind longer cycles wi th in 
which each day finds its individual place. We think of this 
as 'navigating in t ime. ' With the help of these longer cycles 
I can construct a map of the history of the creation of the 
universe, which I call a calendar. 

The Development of a Calendar 
"Now, different cultures construct calendars according 

to different principles. Some peoples base their calendars 
on the motions of the M o o n , which they imagine to be very 
important. (We call such people 'lunatics.') Others use Ve­
nus. Some use just the Sun, and still others try to fit various 
cycles together into a single 'great year,' which is a very 
interesting problem. 

"As for my cul ture, we keep developing our calendar, 
trying always to f ind the longest possible astronomical cycle 
as its basis. This is because we believe that the shorter 
cycles are always derived f rom the longest by division. So, 
we always measure t ime in terms of division of cycles. 

"But, by what principle must we determine the manner 
of division? On what appropriate and lawful division is a 
day or a year based? We decide to take the circle, which 
represents a cycle, as a foundat ion along wi th the simplest 
polygons that can be constructed in a circle: the triangle, 
the square, the pentagon, and the hexagon. All these divide 
a circle into segments that we call 'periods' (Figure 2a). A 
square divides the circle into four segments, a pentagon 
into f ive, and s o o n . 

"Each of these segments we can represent as a smaller 
circle, dividing it again with another polygon. Thus, for 
example, using a triangle, we can divide the original circle 
into three segments and then, using the square, divide each 
of these three arcs again into four segments (Figure 2b). 
This produces a division into 12 segments, which has been 
used by many peoples for division of the year—especially 
since 1/12 of the year approximates the cycle of the moon. 

"Other divisions are also familiar: 

"Square and hexagon: 24 parts, used by some to divide 
the day into hours. 

"Triangle, square, and pentagon: 60 parts, used by some 
to divide the hour into minutes and the minute into sec­
onds. 

"Triangle, square, pentagon, and hexagon: 360 parts, as 
a rule used to divide any circle into 360 parts for the pu rpose 
of measurement of angles. 

"So, first, my predecessors looked for the cycles of the 
Sun. They observed that contrary to the other stars, the Sun 
does not rise and set at the same place; the rising place 
slowly shifts f rom the eastern point toward the nor th, 
reaches a farthest point , and returns, passing through the 
east point and shifting to the south. And this movement 
determines the season: at the northernmost point , it is 
summer, at the southernmost rising point it is winter. This 
is easy to understand, since the Earth gets its light f rom the 
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Sun, and the northernmost position is at the same time the 
position in which the Sun's path is the longest. In the north­
ernmost regions of our world, the Sun actually rises com­
pletely above the horizon in summer, and never goes down 
again until fall! 

"Of course, it is not good to look directly at the Sun. Long 
ago, someone found away to map the Sun's motion without 
having to look at it. They simply placed a stick in the ground, 
and watched the shadow. But, the astronomers of my na­
tion regard this as an incorrect and misleading method. For 
we argue that it is wrong to represent motion in the uni­
verse on a flat surface, except when there is no other choice. 
For, the flat surface is not closed on itself, and can only be 
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made closed by adding a boundary of the universe, whose 
choice would be arbitrary, whereas all the motions are closed 
by themselves. 

The Spherical Solar Observatory 
"So one very smart fellow conceived of marking the shad­

ow of the Sun on the surface of a sphere, which is closed 
and complete and is its own boundary! In fact, he pointed 
out that if we stand on top of our observatory and point an 
arm in various directions, then our hand moves around on 
a sphere, whose center is at our shoulder. The sphere is 
thus a good choice for a map. By the way, in case you didn't 
realize it, your own eyes function by spherical projection. 
Just look at the retina of the eye, which is a spherical sur­
face! 

"In Figure 3a you see the plan of my spherical solar ob­
servatory; the shadow is cast by a small sphere suspended 
at the midpoint of the sphere. Of course, we can only proj­
ect if we leave away the upper portion of our sphere; then, 
the equator corresponds to the horizon. Figure 3b, by the 
way, is a photograph of a similar instrument made much 
later by the Creeks. Now I can trace the path of the shadow 
throughout the year! 

"Now maybe you know what the result of these obser­
vations is: each day, the image of the Sun describes a part 
of a circle on the sphere; but this circle shifts slowly, always 
parallel to itself. In Figure 3a I have marked the two extreme 
circles, corresponding to northernmost and southernmost 
settings of the Sun, known as the solstices. In between 
these circles is a third, half of an equator, that occurs two 
times in the year when the Sun rises exactly in the east and 
sets exactly in the west. These you call the equinoxes. 

"We argued that if some of the stars always stay above 
the horizon, making full circles of motions, and if also in 
the northern regions in summer the Sun itself makes full 
circles above the horizon, then why not imagine that the 
actual daily motion of the Sun is a full circle, part of which 
is just hidden from us underneath the horizon after the Sun 
goes down ? So, some very wise astronomer decided to add 
an upper hemisphere to the lower hemisphere, and to com­
plete the daily circles of the Sun by means of curves traced 
on the upper sphere! Of course, to see them we trace the 
curves on the outside of the sphere. So, these curves above 
represent an imaginary projection of the Sun, for its motion 
below the horizon during the night. You see, by using this 
hypothesis we have a beautiful and simple theory. 

"Of course, some people got very angry about this spher­
ical map. They objected, 'Who has ever seen the Sun at 
night?' They call this idea crazy and impractical. But I an­
swer: if our world were transparent, then we would see the 
Sun shining beneath our feet after sunset! They just say, 'If 
you can't see it, then you can't talk about it! ' 

The Method of Hypothesis 
"You see, we use the geometrical method of hypothesis. 

Our spherical mapping is hypothesis: It is not a model of 
the universe, in the sense that the degenerate systems an­
alysts of your culture understand 'model.' It is, rather, an 
image-concept upon which the data of our senses (our ob­
servations) can be mapped in such a way as to permit us to 



Figure 4 
COMPARISON OF SOLAR OBSERVATIONS FROM DIFFERENT POINTS OF THE GLOBE 

The ancient astronomer described an astronomical conference at which the data from spherical solar observatories 
throughout the world were compared. The lines on the bowl represent the image of the Sun's path in the sky as it 
appears at different latitudes. By comparing the data the astronomers concluded that the earth was round. 

transcend the limits of the 'here and now' of sense-certain­
ty, and look at the universe, so to speak, from the outside.' 
With our method of hypothesis we exercise exactly those 
divine capabilities of mind that distinguish us from the an­
imals. For, no animal can ever 'step outside' the here and 
now to examine processes as a whole. 

"My predecessors set up observatories like this in many, 
many cities. Then, at periodic intervals the spheres were 
brought to a single place, where they made an astronomical 
conference, and compared them. Figure 4 is a drawing 
showing their spheres brought from various parts of our 
world (Central Africa; Frankfurt, Cermany; and the North 
Pole). They found a very interesting thing: everywhere, the 
sphere rotates relative to the horizon, until at the North 
Pole itself (where there is actually no northward direction), 
the horizon coincides with the planes of all the circles. 
Since the motion of traveling upon the Earth corresponded 
to rotating the sphere, they concluded that the Earth must 
also correspond to a rotation, that is, the Earth must be 
roundl Actually, all wise men have always throughout his­
tory immediately known that our world is spherical. 

"This coincidence of spherical mappings made a big 
impression on everybody. We immediately recognized that 
a single spherical mapping suffices to completely represent 
the daily motions of the stars; from any position in our 
world. Our map, shown in Figure 5, we call an armillary 
sphere. We have marked the relative positions of all the 
stars on the rotating sphere. The outer, circular disk rep­
resents the horizon. As we rotate the sphere around the 
axis you see a representation of how the stars rise in the 
east and set in the west. The equator or largest parallel ci rcle 
on the globe determines the positions of those stars that 
rise and set in the exact east and west. This you call the 
celestial equator. To determine the appearance of the heav-

Figure 5 
ARMILLARY SPHERE 

This armillary sphere, drawn by Kepler, shows the rel­
ative positions of all the stars on a rotating sphere. 
The outer, circular disk represents the horizon. 
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ens in any place on the Earth, we have merely to shift the 
position of the axis of the sphere according to the angle 
determined by the local solar observatory. 

Mapping the Sun's Movement 
"Wi th this excellent mapping instrument, we could next 

tackle the question of the movement of the Sun. Someone 
got the wonderfu l idea that for this purpose it was enough 
simply to observe the regions of the stars in which the Sun 
was located at different t imes; in other words, we need not 

worry about the daily mot ion since it is already represented 
by the rotation of the sphere. Now, how can you tell where 
the Sun is located, when its light obviously is extinguishing 
that of the stars in the vicinity? I won ' t tell you the answer! 
It's really very easy once you have put together a good 
spherical map such as we have done. Now we can, so to 
speak, 'stand outside' the daily motions, and look at the 
motions f rom the standpoint of the sphere of the stars as 
fixed. 

"What do we f ind for the Sun? 
"Another wonderfu l discovery! The Sun describes, very 

slowly and in the course of a ful l year, a complete, great 
circle through the sphere of the stars—the circle that our 
Greek successors named the ecliptic. In Figure 5 you can 
see it f ixed upon our spherical astrolabe. 

"Now everything becomes clear. As the Sun moves slow­
ly along the ecliptic, the result of the daily rotations around 
the polar axis is to run the Sun around circles of changing 
radius, resulting in the circles we had earlier observed for 
winter, summer, spring, and fall. Now we can see why the 
days are longer in summer than in winter: because the 
port ion of the daily circle that runs above the horizon is 
longer. We also see that when the Sun reaches one of the 
two points of intersection wi th the celestial equator, then 
the Sun that t ime wi l l rise in the exact east and set in the 
exact west. This wi l l be a t ime when day and night are 
exactly the same length—the so-called equinox. There are 
two such points—the spring equinox and the fall equinox. 

"This discovery of the motion of the Sun along the ecliptic 
circle caused a great scientific controversy. For, now there 
seemed to be two completely different modes of action in 
the universe—the rotation of the whole celestial sphere 
around the axis of the North Pole, and the rotation revealed 
by the Sun's mot ion, a rotation around the axis perpendic­
ular to the plane of the ecliptic. Some people just shrugged 
their shoulders and said, 'Why not?" 

"But the wisest men insisted that there could be only one, 
unif ied mode of action in the universe, and hypothesized 
that the celestial and ecliptic rotations must be somehow 
l inked together and subsumed under a common principle. 
They said, 'Watch the equinox points, for these are the 
singularities,' th inking that the relation between the two 
rotations must be revealed through the points at which the 
corresponding circles (celestial equator and ecliptic) inter­
sect. 

"And, indeed, ancient t radi t ion, handed down for several 
millennia in our ancestors' astronomical poetry, told us two 
things. First, the path of the Sun through the stars remains 
almost exactly the same from century to century; the eclip­
tic changes very slowly, if at all. But, our forefathers, who 
were always careful to note the positions of the equinoxes, 
tell us that many centuries ago, the stars that are now found 
at the equinoxes were displaced, and instead other stars 
occupied those singular points. 

"We therefore decided to make a very precise series of 
observations, and for this purpose devised a new tech­
nique, using carved stones placed atop a distant mountain 
as reference points for measuring very small changes in the 
trajectories of the stars. In fact, we were able to measure 
displacements of less than a hundredth part of a degree. 
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"We found that in the course of a few years, the stars that 
formerly were at the fall equinox were no longer rising 
exactly in the east, but had now shifted slightly to the north 
(Figure 6). At the same time, the stars belonging to the 
region of the spring equinox were now rising to the south 
of the exact eastward point. We made a daring hypothesis: 
we guessed that the entire celestial equator is moving, ro­
tating relative to the ecliptic circle, in such a way that the 
points of intersection, the equinoxes, are shifting along the 
ecliptic. 

The Precession of the Equinoxes 
"Extensive observations confirmed this hypothesis com­

pletely. This is the motion your astronomers call the preces­
sion of the equinoxes. What is happening is that the axis of 
the celestial rotation is itself rotating—around the axis of 
the ecliptic! In other words, we have a 'rotation of a rota­
t ion! ' (See Figure 7.) 

"Many people find this a very abstract and obscure idea. 
But we astronomers are delighted, because it completely 
resolves the paradox of the two modes of action in the 
universe. For, the 'orbit' of the celestial equator around the 
ecliptic axis proves that the ecliptic rotation is primary. Ev­
erything—the whole universe—is organized around the ro­
tational axis of the ecliptic! At least, this was our hypothesis. 
We found further proofs of this: the paths oi the Moon and 
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the other planets all lie very close to the ecliptic. Further­
more, the circle of the Moon's orbi t , like the celestial equa­
tor, also precesses around the ecliptic. 

"A f inal, very beautiful proof came f rom our observation 
of the Sun. During some years and months you can actually 
see some dark spots on the Sun's surface, when you ob­
serve it just at dawn or sunset. We found that in the course 
of about 12 days, these spots drift f rom one side of the Sun's 
disk to the other, along a line or iented exactly along the 
ecliptic d i rect ion! So, we concluded that the Sun itself is 
rotating, and that the axis of the Sun coincides with the axis 
of the ecliptic. 

"Incidentally, our measurement of the shifts in posit ion 
of the equinoxes shows that a complete cycle takes about 
26,000 years! That is, in 26,000 years the axis of the ecliptic 
makes a complete rotation around the celestial axis, and 
the same stars as today occupy the positions of the two 
equinoxes. 

"We make it a practice in our educational system to have 
our chi ldren work out the measurement of the equinox 
cycle themselves, as a tremendous proof of the lawfulness 
of the universe and the power of the human mind to com­
prehend that lawfulness. Also, the idea that a process exists 
in the universe that requires 26,000 years to complete gives 
our young people a remarkable not ion of history. Rather 
than just l iving in the egoistic prison of the 'here and now' 
like your youth , our young people see their lives as part of 
the great drama of the creative enfolding of the universe. 

The Spiral Hypothesis 
"Now I want to close by report ing the most remarkable 

and exciting discoveries made just recently (that is, 40,000 
years ago to you). I said that the rotation associated wi th 
the ecliptic seems to be the primary one. I should have said 
'the axis of rotat ion, ' because, in fact, we f ind different 

Carlos de Hoyos 

"Of all living beings, the snail shell is the simplest and most 
characteristic in its growth." Shown is the chambered 
nautilus. 

lengths and speeds of various cycles for different phenom­
ena, although all can be related to this axis. So, we have the 
year, and the precession of the equinoxes, the periods of 
the planets, the period of the M o o n , and even the cycles of 
that strange object which you call Halley's Comet, which 
also moves close to the ecliptic and seems to return about 
every 76 years. 

"We decided to look for a new hypothesis, a new way of 
mapping these cycles. One of my friends got an idea when 
he saw a whi r lpool in water—where all parts rotate around 
a center, but the closer parts move slower, the ones farther 
out move faster. Then, in discussion, we decided in favor 
of a similar but different model—a snail shell whose wind­
ings are closer near the center but grow wider in constant 
proport ion farther out. I proposed to use such a spiral shell 
to map the various cycle lengths, since I believe the uni­
verse is constantly developing like a living being, and of all 
l iving beings the snail shell is the simplest and most char­
acteristic in its growth. Therefore, we took the snail shell as 
our higher hypothesis and decided for the moment to for­
get about the spherical model , and just map the cycle times 
of various cycles onto the shell. 

"So, I took some point on the spiral as my base point , to 
represent one year (Figure 8). Say, I use the distance from 
the center of the cone to represent the length of cycles. 
Then, since the cycle or year of Mars is a little less than 
twice that of the Earth, that is, a little less than two years, I 
move along the spiral unti l I f ind the point whose distance 
is a little less than twice the distance for the starting point. 
For the planets Mercury and Venus, which have shorter 
periods, I have to go up the spiral toward the center. In any 
case, if I map the cycles of the planets in this way, I f ind that 
f rom the point representing the Earth, Mars requires about 
one rotation around the spiral, Jupiter requires f ive, and 
Saturn requires seven. To get the point for Venus, I must 
go back one rotation. To get to Mercury I need three, and 
to get to the period of the Moon (one month) I need five. 

"As you see, just about exactly a whole number of rota­
tions separates the points for any two planets! It seems that 
there is a gap between Mars and Jupiter, where we might 
expect f rom the pattern a planet at three rotations down 
from the base point ; in fact, I understand you modern peo­
ple have actually found , not one, but a whole group of 
planets wi th the corresponding per iod, which you call the 
asteroids or little planets. 

"You might be amazed that practically all the other cycles 
known to us map very well to our spiral hypothesis. For 
example, the precession of the equinoxes corresponds to 
almost exactly 21 rotations (of course, I wou ld need a gigan­
tic shell to go around that far; I can tell you this because I 
have deduced it f rom the law of the spiral). Halley's Comet 
is almost exactly at 14 rotations, and the cycle of eclipses, 
which I d idn' t talk about, but which is about 18 1/3 years, 
corresponds to exactly six rotations. If you check, you wil l 
f ind the same thing for some of the cycles better known to 
you today, such as the periods of Uranus, Neptune, and for 
the galactic rotation (almost exactly 30 rotations). It may 
surprise you to know that we already knew about the gal­
actic cycle in my t ime. 

"Now, I don' t want to give you the idea that everything is 
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perfect in my nation. In fact, the astronomical method has 
already been destroyed in many parts of the wor ld by a 
strange group of individuals who call themselves 'priests,' 
'seers,' and 'magicians.' They go around saying that this 
sphere upon which we were mapping the universe really 
exists up there in the sky! Furthermore, they go around 
tell ing people that those wonder fu l , imaginative stories and 
fables that we used to help us remember the positions and 
movements of the stars are actually true—that the stars are 
dangerous gods whose battles can make one man happy 
and destroy another. 

"They don't tell anyone about our marvelous spiral-growth 
hypothesis, which shows how even the smallest l iving crea­
ture is similar to the universe, but instead, they say that the 
heavens and the Earth are ruled by completely different 
laws. Some of these priests say that the heavens are fixed 
and eternal, but the Earth is evil and corrupt, and they tell 
people to forget about improving their lives and prepare to 
die, so they can get to heaven as soon as possible. Others 
say that both heaven and Earth are chaotic and wi thout 
order. But all these priests try to get power and influence 
by scaring people. Every t ime some disaster happens, they 
correlate this wi th the mot ion of some star or planet and 
say the disaster was caused because people failed to pro­
pitiate the god. This is pure random correlat ion, but some 
people fall for it. 

" In many cities now these priests have taken over the 
observatory and turned it into a temple for sacrifices and 
strange rituals. They have hidden all the astronomical in­
struments and do not permit anyone else to use them, so 
they bui ld themselves up as the sole experts and authorities 
in these matters. Also they have invented strange, secret 
symbol languages and wr i t ing, to mystify everybody (some­
thing like your algebra). 

"When they have succeeded in making everybody igno­
rant and fearful, then they force them to start worshipping 
the 'Great Mother '—they say that if you do not make sacri­
fices and propitiate the Great Mother and all the other gods 
every day, and do what the priests say and give them food 
and gold, then something terrible wi l l happen. They also 
say that the Earth is flat and that no one should venture far 
f rom the coast in ships. Anyway, once astronomy has been 
forgotten, no one wi l l know how to navigate anymore, so it 
really wi l l be dangerous. You see what they are trying to do 
to us." 

Jonathan Tennenbaum, a mathematician, is director of 
the Fusion Energy Foundation in Europe and editor-in-chief 
of the German-language Fusion. This article is adapted from 
a speech he gave in 1984 at a European conference of the 
International Caucus of Labor Committees. 
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a = Galactic cycle of the Sun (234 million years) 
b = Precession of the equinox (25,800 years) 
c = Period of Revolution of Uranus (84 years) 
d = Period of Halley's Comet (76 years) 

Figure 8 
MAPPING OF THE ASTRONOMICAL CYCLES 

ONTO A SPIRAL 
This self-similar (logarithmic) spiral expands accord­
ing to the golden section: 

k = '/if? + V5)~ 7.678 

Every astronomical cycle corresponds to a point on 
the spiral, whose radial distance from the center is 
proportional to the length of the cycle. An arbitrarily 
chosen point represents the period of the Earth (one 
year) and forms the unit for the radial distance. The 
point nearest the midpoint corresponds to an Earth 
year, followed by Mars, and a series of marks for the 
different periods of the asteroids, lupiter, and Saturn. 

If longer cycles are to be represented—for example, 
the galactic cycle (234 million years)—the spiral must 
be expanded on a gigantic scale. These cycles can 
nonetheless be projected onto the outer circle, in 
order to give the direction in which the corresponding 
points of the different cycles—seen from the mid­
point—would lie if they were inscribed on the spiral. 

The cycles group themselves in the region of the 
general directions that correspond to the Earth year 
and the galactic cycle. This means that virtually all the 
cycles are distinguished from those two through ap­
proximately whole-number powers of the golden sec­
tion. 



ALMOST 400 YEARS AGO, astronomer Johannes Kepler 
laid the basis for modern astronomy. Even though he is best 
known for his three laws of planetary motion, his primary 
interest was to develop a theory to account for the creation 
of the planets. While his work has not yet been qualitatively 
superseded, the Mexican astronomer Luis Carrasco has 
succeeded in extending its application to account for the 
formation of all observed astronomical structures in the 
universe.1 

Carrasco and his collaborators have pulled together the 
otherwise disparate findings of a number of modern astron­
omers in order to demonstrate the fundamental impor­
tance of rotational action, in the form of angular momen­
tum, to the process of forming what he calls astronomical 
objects. To do this he has extended Kepler's Third Law and 
applied it to a correlation between the mass and the angular 
momentum of a wide variety of these structures, from as­
teroids to galaxies. (Angular momentum is the product of 
the square of the radius of a rotating object and its angular 
frequency times its mass.) Kepler's Third Law states the 
invariance of the ratio between the arithmetic mean dis­
tance of a planet from the Sun at aphelion and at perihelion, 
taken to the 3/2 power, and the period of the planet's orbit 
(see Figure 1). This law can also be stated as an invariant 
ratio between the angular momentum squared of an orbit­
ing planet and its mean distance from the Sun. 

Carrasco has established a relationship between specific 
spin angular momentum and mass as a generalization of 
Kepler's Third Law, and he has applied this law to all astro­
nomical objects observed in the universe. Kepler's Third 
Law states that 

A,3 : 77 = A2
3: T* 

42 FUSION November-December 1984 

Palomar Observatory Photograph 

The "Whirlpool" spiral galaxy, NGC5194, in Canes Venatici 
with its satellite galaxy, NCC 5195, photographed with the 
200-inch Mt. Palomar telescope. 

(where A is the arithmetic mean distance from the Sun and 
T is the period of the planet's orbit) and will be determined 
by the mass of the Sun. Carrasco's law equates the two-
thirds power of the mass of a given "astronomical object" 
to its specific spin angular momentum. Specific angular 
momentum is the angular momentum per unit of mass of 
the rotating object. Specific spin angular momentum mea­
sures the daily rotation of the planets, the moment of inertia 
times the angular frequency per unit of mass. 

Carrasco used the method of Karl Gauss (in which the 
mass of the astronomical object in question is treated as 
"smeared out" over the extent of its orbit) to develop the 
formula 

M»3 ~ }IM 
(where 7 is the spin angular momentum), which he uses to 
relate the mass and momentum of astronomical objects. It 
should be noted that the extension of Kepler's Third Law to 
satellite bodies rotating about a central body establishes a 
relationship between the mass of the planet, for example, 
and that of the Sun. The ratio of the quantities AM : Twill 
be invariant but different in the case of planets rotating 
around the Sun, or moons rotating around a planet. It is 
equal to the ratio of the square root of the masses of the 
two central bodies. 

(Actually, as Newton pointed out, this ratio will not be 
precise, because the mass of the rotating body must also 
be taken into consideration.) 

Carrasco's main contribution to astronomy has been to 

Is Created 

A Mexican astronomer has extended Kepler's method to relate the 
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understand the significance of the work of a number of 
astronomers and to generalize their results into one theory. 
In 1967, the astronomer L.M. Ozernoy2 discovered the cor­
rect law, M111 = j (where/ equals specific spin angular mo­
mentum), applied to galaxies; and in 1970, the astronomer 
R.P. Kraft3 applied it to the Sun. Similar studies have been 
made since 1963 by other astronomers, but none of these 
applied the correct power law over the whole range of 
astronomical objects—or in some cases, they d id not rec­
ognize the correct power of the mass. The relationship 
between angular momentum and mass for a wide range of 
astronomical objects varying over 20 orders of magnitude 
was first noticed by the astronomer P. Brosche,4 who , how­
ever, expressed it as a correlation between mass squared 
and spin. 

Minimum Angular Momentum and Characteristic Density 
Carrasco has studied the angular momentum of various 

astronomical objects over almost two decades. He began 
by studying the loss of angular momentum in the Sun as a 
by-product of solar f laring. Through the solar flare the Sun 
loses a certain amount of mass and also extends its mag­
netic f ield. It transfers momentum to the plasma gas disk 
that surrounds it and thereby brakes its own angular veloc­
ity. Carrasco became interested in the fact that astronomi­
cal objects seemed to be formed where angular momentum 
was at a min imum locally. He was attracted by the simplicity 
of a law that was nonetheless universal. As is well known, 
the angular momentum of a rotating body determines its 
stability. Therefore, for a star to fo rm, for example, there is 
a maximum angular momentum that the star wi l l tolerate. 
If the angular momentum of the gas f rom which the star is 
to be formed is too great, then centrifugal force wil l prevent 
the gas f rom ever condensing into a star. 

The rate at which angular momentum is shed is reduced 
with t ime. Our own Sun is a good example of this. It wou ld 
have been rotating at a far greater speed when it was first 
formed than now, and would have experienced a great deal 
more flaring. This process of solar flaring is important in 
understanding the evolut ion of stars. The predict ion by 
Carrasco some years ago that high levels of solar flaring 
should be seen in the case of young stars has been con­
f i rmed experimentally by NASA's Einstein X-ray detecting 
satellite. 

As the rotating gaseous disk f rom which a star is to be 
formed loses momentum, the disk contracts to a certain 
min imum density that is the characteristic density at which 
star formation takes place. The mass/spin law shows that 
characteristic densities exist throughout the universe for all 
types of astronomical objects—over 40 orders of magni­
tude—from asteroids to clusters of galaxies (see Figure 2 
and Table 1). This characteristic density is a k ind of least-
action funct ion, which allows the object to shed the barest 
amount of angular momentum necessary to guarantee sta­
bility. Al though the object in question must shed angular 
momentum in order to achieve stability, the structure that 
is formed wi l l be larger, the greater the angular momentum 
of the disk f rom which it was formed. At the point that the 
maximum tolerable angular momentum is reached, the ob­
ject establishes an identity as star, galaxy, or what ever. 

Carrasco has found that structure formation is quantized 
in narrow bands like the harmonic spacing of the planets, 
at points of lower angular momentum and greater cloud 
density, so that objects do not form at random. The only 
variation in the law is in the case of spiral galaxies, where 
the mass to the three-fourths power is related to specific 
spin angular momentum. Carrasco explains this variation 
in the power f rom two-thirds to three-fourths by the fact 
that a spiral galaxy is essentially two-dimensional rather 
than three-dimensional. 

A New Look at the History of the Universe 
Carrasco has discovered a new way of dating the forma­

tion of stellar mass. Galaxies, as such, are divided into two 
main categories—spiral galaxies like our own—and el l ipt i­
cal galaxies. The elliptical galaxies, ellipsoids wi th three 
different axes, are far more dense than spiral galaxies, yet 
they have less angular momentum than spiral galaxies by a 
factor of 20. It appears that elliptical galaxies had a higher 
efficiency for the removal of torque at the t ime of their 
formation than had spiral galaxies. They have already 
stopped the process of star format ion. They have little sur­
rounding gas left, and what there is, is ionized and there­
fore too "ho t " to support cont inued star format ion. 

The formation of stars or planets f rom the gaseous ne­
bulas occurs as vortices are formed. The spin angular mo­
mentum is a funct ion of the angular momentum of the disk 
out of which the planet is formed and the rate of change of 
the momentum over the area of the disk. Such vortices 
formed in a plasma wi l l give rise to an electromagnetic f ield. 
Carrasco's work demonstrates that it is essential to inte­
grate the field of plasma physics into the center of astron­
omy. 

A great amount of work has been done establishing that 
an induced magnetic field wi l l scale wi th angular velocity. 
In the presence of a stellar w ind , even a moderately strong 
magnetic field wi l l suffer large losses of angular momen­
tum. Rotating stars can be expected to slow down when 
their stellar wind interacts wi th the surrounding convective 
envelope, as verif ied by astronomical observations in 1971 
and 1983. As the angular velocity decreases, the magnetic 
f ield decreases, and as a consequence torque and stellar 
activity also decrease. Carrasco has found that after their 
formation all galaxies tend to lose angular momentum uni­
formly, as a funct ion of t ime rather than of mass. It is this 
that allows us to treat them as quasirigid structures. The 
mass/momentum law operates as a step funct ion, al lowing 
us to date galaxies according to the amount of specific spin 
angular momentum that they have shed since their forma­
t ion. This dating has been independently conf i rmed by oth­
er criteria. 

Johannes Kepler attr ibuted the force field between the 
Sun and the planets to magnetic action. Although the spe­
cific form of his hypothesis has obviously been superseded, 
the importance of the electromagnetic field has been large­
ly overlooked by astronomers. Only recently has the work 
of plasma physicists been applied to astronomy, as it has 
been recognized that "space" is also a plasma, despite the 
disrepute of ether theories. Traditionally, cosmologists have 
ignored the importance of the electromagnetic field in the 
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Figure 1 
KEPLER'S THREE LAWS OF PLANETARY MOTION 

The physics contained in Kepler's three laws laid the 
basis for modern astronomy. 

(a) Kepler's First Law 
The orbit of a planet sweeps out an ellipse, with the 
Sun at one focus. Shown is a greatly exaggerated el­
liptical orbit (the orbits of the planets are actually within 
1 percent of being circles). 

(b) Kepler's Second Law 
A planet sweeps out equal areas in equal times, no 
matter how far it is from the Sun. The time it takes the 
planet to travel from A to B is the same as it takes to 
travel from C to D. The planet travels slightly faster 
between Cand Dto make up for the shorter distance 
between A and B. 

Another way of stating this is that the rotational 
velocity at a certain point is inversely related to the 
radius at that point. The equal area law is also equiv­
alent to the statement that without the addition of 
external forces, angular momentum h is conserved. 
The angular momentum at A equals the length SA 
times the circular velocity along the arc AY, a con­
struction adapted from Leibniz. 
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SMISN is approximately equal to h,2/ft2
2 

A = (a + b)l2 nAB = area of ellipse AMfT = n/2 k 

B = VaB nAB/2h = T 

SM = &/A nABI2k (B/VA) = nl2k(A^) = T 

(c) Kepler's Third Law 
The Third Law says that the ratio of the cube of the distance 
of the planet from the Sun to the square of the time it takes 
the planet to go around the Sun is the same for every planet. 
This law holds also (with a different constant ratio) for the 
moons of Jupiter and Saturn. 

Kepler's Third Law is derived from two relationships. First, 
the square of the angular momentum h of two planets is 
approximately proportional to the semilatus rectum, the 
radius perpendicular to the focus, of each planet. (We can 
overlook the small discrepancy introduced by the respec­
tive masses of the two planets.) Thus SM/SN is approximate­
ly equal to h,2lh2

2. 
Second, as shown in Kepler's Second Law, the orbital area 

a planet sweeps out equals nAB, where A is the semimajor 
axis and B is the semiminor axis of the elliptical orbit. Thus, 
we can divide this by twice the angular momentum, 2h, to 
get the planetary year, or period, times some constant k that 
represents the Sun's mass and the gravity constant. How­
ever, the angular momentum h equals the semiminor axis B 
divided by the square root of the semimajor axis A. By al­
gebraic substitution, we arrive at Kepler's Third Law: 

A3m = k. 



evolution of the universe, treating the process of structure 
formation as an interplay between gravitational and centrif­
ugal forces. 

In 1958, the plasma physicist Winston Bostick correctly 
predicted that the plasmoids he had identified in a labora­
tory setting would be found in space by astronomers5 (Fig­
ure 3). Although his work has been largely overlooked, 
Bostick's prediction has been amply confirmed with the 
identification of vortex filaments, such as the recent discov­
ery by astronomers Mark Morris and others of an arc of 
parallel filaments near the core of the Milky Way Galaxy. 
This coheres with the discovery by Bostick of barred-spiral 
structures in his laboratory plasma-focus device. So far a 
mean magnetic field running in the same direction of the 
arm of a spiral galaxy has been detected, by studying radio 
polarization maps (Figure4). It is extremely likely that some 
helical vortical structure will be discovered in these arms, 
similar to those seen in the laboratory plasmas by Bostick. 

Carrasco has also determined that astronomical objects 
are formed at those places in which, locally, angular mo­
mentum is at a minimum. These local minima appear to 
occur in bands, which suggests the possibility that there 
are magnetic sheets that create different rates of rotation 
(see Figure 5). In 1979, it was shown by investigators that 
the time scales for magnetic transport of angular momen­
tum in a typical interstellar cloud are extremely short—in 
astronomical terms, ranging between 100,000 and 1,000,000 
years for the value of magnetic field strengths observed. In 
his latest work, Carrasco has studied mechanisms through 
which magnetic braking may cause stars to lose angular 
momentum over time. This is substantiated in a large vol­
ume of work that associates stellar activity, such as X-ray 
emission, with a star's angular velocity. 

Carrasco's mass/momentum law operates discontin-
uously; however, by adding a density factor to his function 

he was able to transform it into a continuous function with 
a very high correlation coefficient. In its initial form, Car­
rasco's law was able to account for asteroids, planets, sat­
ellites, main-sequence stars, double stars, open and glob­

20 28 36 44 52 
Log Mass/Mass of the Sun 

Figure 2 
CORRELATION OF ANGULAR MOMENTUM AND 

MASS OF ASTRONOMICAL OBJECTS 
Plotted here is the log of specific angular momentum 
(y axis) in relation to the log of the mass of a large 
variety of astronomical objects (x axis). Note the high 
degree of correlation. Angular momentum occurs al­
most as a line function and does not scatter below a 
maximum. 
Source: Adapted from Luis Carrasco, et al., "Density Scaling of Angular 
Momentum Versus Mass Universal Relationship," Astron. and Astro-
phys., Vol. 106, page 89 (1982). 
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ular clusters, bulges, elliptical and spiral galaxies, local 
groups of galaxies, and superclusters. With the exception 
of spiral galaxies noted above, he found that wi th in each of 
these categories, whose mass and specific spin angular mo­
mentum increase exponentially, there is a high degree of 
relationship between mass and momentum. Plotted on a 
log-log graph they appear as step functions. However, by 
including an additional density factor—actually a step sug­
gested in 1967 by the astronomer Ozernoy—Carrasco found 
that he could achieve a dramatic improvement in his data: 
a continuous linear correlation on a log-log graph. Since 
this density factor operates over 24 orders of magnitude, it 
is by no means negligible (Figure 6). 

Newton's Method or Kepler's Method? 
The very simplicity of Carrasco's results has resulted in 

his work being undervalued by astronomers. Yet, of course, 
it is precisely this quality of apparent simplicity that char­
acterizes all important scientific breakthroughs. Kepler's 
work, too, was simple. Unfortunately, since the death of 
Bernhard Riemann in 1866, scientists have increasingly been 
diverted f rom the path of Kepler into the sterile methodol­
ogy of Isaac Newton. 

The question is indeed one of method—obviously no 
modern scientist wou ld espouse Newton's mechanics in 
place of relativity theory or quantum theory. What they do 
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share wi th Newton, however, is the conviction that the 
universe is fundamentally linear—or entropic. For the work 
of Carrasco or Bostick to receive the attention it deserves, 
for a new generation of scientists to be educated so that a 
much needed scientific renaissance occurs, the fundamen­
tal issues raised by Newton's attack upon Kepler must be 
resolved once and for all in Kepler's favor. 

Isaac Newton rejected Kepler's emphasis on the primacy 
of rotational action. Instead, he believed that the universe 
was composed of material atoms moving through a vac­
uum, whose tendency was always to move in a straight line. 
For Newton, the orbital pathway of a planet was not a con­
t inuous curve but an infinite-sided polygon, whose sides 
were infinitely small. Essentially, he tr ied to square the cir­
cle with his physics. It is as if he could only see the heavens 
through the prism of a computer simulation—an ellipse 
projected onto the screen of a computer as a series of linear 
approximations. 

Kepler adopted the point of view of Plato and Nicholas of 
Cusa. He recognized that the universe was necessarily cre­
ated by rotational action. It was one of his outstanding 
contr ibut ions to recognize that in the case of the planets 
this rotational action was elliptical rather than circular, and 
to understand that this elliptical form of the planetary orbits 
indicates the existence of a force f ield that governs the 
interaction of the planets and the Sun, and represents work 
done upon itself by the universe. Kepler identif ied this field 
as a magnetic f ield. 

A merely cursory knowledge of astronomy would con­
vince even the most "empirically minded" that the universe 
is indeed governed by rotational mot ion, were he or she 
not fettered by the bonds of ideology. Not only are the 
orbits of the planets ell iptical, but galaxies take the form of 
spirals and ellipses. Yet the dead weight of Newtonian ep-
istemology still stultifies mathematical physics and astron­
omy to this day. By asserting the primacy of linear action, 
Newton constructed a theory to give ideological substanti­
ation to his view of the universe. A linear universe, by def­
in i t ion, must be dissipative, entropic in nature. Newton's 
hysterical demand that all orbital mot ion be resolved into 
linear mot ion was merely a thin veneer to make credible 
his claim that the universe was doomed to suffer heat death. 

Since the hard balls of which the matter was putatively 
composed wou ld lose energy as they col l ided wi th each 
other, gradually all mot ion in the universe wou ld come to 
a halt. To account for observed rotational mot ion, Newton 
was forced to endow his hard balls wi th certain occult qual­
ities. They were able to attract each other over immense 
distances separated by a vacuum, and this attraction, ac­
cording to h im, was propagated instantaneously. This was 
his theory of gravity. Wi th such a theory, which even he 
found to be embarrassing on epistemological grounds, it is 
not surprising that he found it necessary to assert that it was 
not the responsibility of a scientist to offer hypotheses to 
explain how physical processes occur, but only to describe 
them. This, of course, has become the credo of the antira-
t ional cult of quantum mechanics. 

In the modern per iod, Albert Einstein attempted to offer 
a cosmological alternative to Newton's theory; however, it 
was based on the flawed premise that whi le the universe 



was curved in the large, it could be treated as linear in the 
small. Such a universe wou ld necessarily lack capacity for 
growth and development, since change could only be an 
epiphenomenon of the rearrangement of what already ex­
isted, and energy could not be created. Such a universe 
would be fundamental ly entropic, even if it were locally 
negentropic. Thus, Einstein's universe leads to the appar­
ent cosmological alternatives of the Big Bang hypothesis: 
Either the universe wi l l keep expanding and dissipate, or it 
wi l l alternately expand and then implode, going through 
successive phases of destruction and re-creation. 

Natural Law 
The methodological point at issue is illustrated by the 

two fo l lowing quotations, one from Newton and the other 
f rom Kepler. For Newton, man is a diminut ive creature in a 
universe that operates by mechanical laws; for Kepler, man's 
true vocation is to be a scientist who views the universe as 
its Creator wou ld . For Kepler, the " imitat ion of Christ" is a 
scientific as wel l as moral imperative for man. 

Here is what Isaac Newton writes in his Mathematical 
Principles of Natural Philosophy, Book 3. 

This most beautiful system of the Sun, planets, and 
comets, could only proceed f rom the counsel and do­
minion of an intell igent and powerful Being. . . . This 
being governs all things, not as the soul of the wor ld , 
but as Lord over al l ; and on account of his domin ion is 
wont to be called Lord Cod or Ruler; for Cod is a rela­
tive word , and has respect to servants; and Deity is the 
domin ion of Cod not over his own body, as those who 
fancy Cod to be the soul of the wor ld , but over ser­
vants. . . .As a bl ind man has no idea of colors, so have 

we no idea of the manner in which the all wise Cod 
perceives and understands things. . . . What the real 
substance of any thing is we know not. 

For Newton, just as for Niels Bohr, the universe is fun­
damentally irrational and unknowable, and Cod is a pagan 
diety. Tragically for the moral f iber of the society as a whole, 
this school of physics is dominant today. 

Kepler had a directly opposite view of science. As a hu­
manist scientist and republican, Johannes Kepler charted a 
course for Gottfr ied Leibniz, Karl Gauss, and Bernhard Rie-
mann. In Kepler's earliest work , Secrets of the Universe, he 
wro te : 

For wou ld that excellent Creator, who has intro­
duced nothing into nature wi thout thoroughly fore­
seeing not only its necessity, but its beauty and power 
to del ight, have left only the mind of man, the lord of 
all nature, made in his own image, wi thout any delight? 
. . . For the reason why the mind was joined to the 
senses by our Maker is not only so that man should 
maintain himsel f . . . but also so that f rom those things 
which our eyes perceive to exist we should strive to­
wards the causes of their being and becoming, al­
though we should get nothing else useful f rom them. 

For Kepler, as for all humanists, man's capacity to create 
is the mirror, w i th in the human soul, of the divine capacity 
for cont inuous creation that characterizes the universe as a 
whole. This epistemology is today reflected only in the sci­
entific work of Lyndon H. LaRouche, Jr. and his collabora­
tors. As LaRouche and Jonathan Tennenbaum, for example, 
have discussed, only a universe whose principle of action 
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Figure 4 
FILAMENTARY STRUCTURE 

NEAR THE GALACTIC CENTER 
Recent observations with a radio tele­
scope of a system of narrow filamentary 
structures perpendicular to the galactic 
plane that are parallel to each other, reg­
ular, unbroken, and homogeneous in ap­
pearance. The typical width is 20 arc sec­
onds. A halo of 8 arc minutes diameter 
surrounding the shell can also be seen, 
consisting of a number of large-scale pro­
trusions directed perpendicular to the 
galactic plane. These radio continuum 
observations of Sagittarius A were made 
by Mark R. Morris, Farhad Yusef-Zadeh, 
and Don R. Chance with data from the 27-
antenna Very Large Array radio telescope 
in Socorro, New Mexico. 

The National Radio Astronomy Observatory, operated by Asso­
ciated Universities, Inc. under contract with the National Science 
Foundation 
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Figure 5 
ANGULAR MOMENTUM, STAR FORMATION, 

AND CAS DENSITY 
The rate of change of angular velocity (y axis) with 
distance from the galactic center is shown in (a). (Dis­
tance is measured in kiloparsecs; 1 parsec equals 3.26 
light years.) There is an inverse relation shown be­
tween the peaks and troughs of angular velocity in (a) 
and the areas of greater and lesser star formation shown 
in (b). The histogram in (b) shows the radial distribu­
tion of gas (solid line) together with a histogram of 
the radial distribution of the ionized hydrogen, till, 
regions (hatched area) for the Milky Way. These fill 
regions are proportional to the stellar formation rate. 
Source: Adapted from Luis Carrasco, et al. 

can be modeled as a Gaussian conical function can repro­
duce itself and develop further.6 

The model for this is a self-similar spiral upon a cone 
(Figure 7). One complete rotation of such a spiral deter­
mines the boundaries of a planetary orbit, and these 

Figure 6 
CORRELATION OF ANGULAR MOMENTUM 
AND MASS OF ASTRONOMICAL OBJECTS, 

CORRECTED FOR DENSITY EFFECTS 
Plotted here is the log of specific angular momentum 
(y axis) in relation to the log of the mass of a large 
variety of astronomical objects (x axis), as shown in 
Figure 2, with a correction for density effects. This 
correction for density enhances the high degree of 
correlation, and angular momentum occurs nearly as 
a continuous linear function that operates over 24 
orders of magnitude. 

Source: Adapted from Luis Carrasco, et al., "Density Scaling of Angular 
Momentum Versus Mass Universal Relationship," Astron. and Astro-
phys.. Vol. 106, page89 (1982). 

bounding circles can be orthogonally projected onto a plane 
to produce an ellipse, whose major focus lies at the vertex 
of the generating cone. The net work accomplished by the 
universe in creating the planet can be measured as the 
discrepancy between the arithmetical and geometrical mean 
of the bounding circles. These give the semimajor and sem-
iminor axes of the elliptical orbit. They also indicate the 
exponentially increasing rate of growth of the spiral, since 
in half the time of a complete rotation the spiral has only 
grown to its geometric mean, leaving the major amount of 
net work to be created in the second half of its rotation. 

In the process of creating a given planet, the universe 
accomplishes net work upon itself. This is preserved in the 
form of the planet's elliptical rather than circular orbit. The 
ellipse must be seen as a projection of the original spiral 
action upon the plane of the ecliptic, which conserves that 
action in the form of repeated action. The orbiting planet 
exists in a force-free configuration. Gravitational force, such 
as Newton described, occurs only when an object gets out 
of orbit, as is the case when it is lifted above the Earth, 
without orbiting around it. The tendency of plasmas to or­
ganize themselves in such force-free structures is not lim­
ited to astronomical bodies. As Bostick has shown, energy-
dense plasmas tend to organize themselves in force-free 
structures. For example, in experiments he has conducted 
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Elliptical orbit of a 
planet, produced by the 
boundary circles that define 
one full rotation of the spiral 

The geometric mean 
is the height of the 
spiral after making a 
half- rotation. The 
arithmetic mean is the 
midpoint of the vertical 
distance traversed by 
the total action. 

at the Stevens Institute of Technology in New Jersey, using 
a plasma-focus machine, he has found that the vortices the 
device produces align themselves in a force-free Beltrami 
f low, in which the electric, magnetic, and velocity fields all 
travel in the same direct ion. 

Kepler's Laws 
Kepler's laws of planetary mot ion are usefully stated in 

terms of angular momentum. He viewed the planetary or­
bits as the product of two different actions occurr ing si­
multaneously. According to Kepler, the spinning Sun car­
ries the planets around it in a series of circular orbits that 
are deformed into ellipses because the Sun alternately re­
pels and attracts the planets, as a magnet wou ld . He as­
sumes that whi le the planets have both magnetic north and 
south poles on their surface, that the Sun has only one 
surface polarity, wi th the other pole at its center. 

As Cott f r ied Leibniz showed in a spirited attack he wrote 
to refute Newton's Principles of Nature, these particular 
assumptions about the difference between the "magnetic" 
action of the Sun and of the planets are unnecessary. Leib­
niz used the discovery by Christiaan Huyghens that the 
centrifugal force produced by rotational mot ion would 
combine wi th a vortical magnetic f ield. The combined ac­
t ion of both would account for variation of the orbi t ing 
planet's radial distance f rom the Sun, which determines its 
orbit as that of an ellipse. 

Key to Leibniz's approach was the insistence that gravity 
could be understood only as an impulsion produced by 
vortical action of the etherial medium in which the planets 
were situated. As Leibniz said, attacking Newton for occul­
t ism, no other physical hypothesis could account for the 
fact that the planets maintain their orbi t , despite what he 
called their tendency to break out of orbi t in a tangential 
direct ion. Leibniz insisted that even taken at its own value, 
Newton's theory of gravity could not account for the simple 
fact that the planets all travel in the same direct ion, since 
for him their initial velocity is arbitrary. 

Kepler actually discovered his so-called Second Law, the 
law of conservation of angular momentum, before he de-

Figure 7 
A NEGENTROPIC PRINCIPLE OF ACTION 

FOR THE UNIVERSE 
The model for a universe that can reproduce itself and 
develop further is a self-similar spiral on a cone (a). 
One complete rotation of this spiral determines the 
boundaries of an elliptical planetary orbit. When or­
thogonally projected onto a plane, the ellipse pro­
duced by these bounding circles produces another 
ellipse, whose major focus, the Sun, lies at the vertex 
of the generating cone (b). The net work accom­
plished by the universe in creating this planet can be 
measured as the discrepancy between the arithmetic 
and geometric means of the bounding circles, which 
give the semimajor (AS and semiminor (B) axes of the 
elliptical orbit (c). 

termined that the orbits of the planets were ell iptical, his 
so-called First Law. The Second Law states that if no external 
force is brought to bear, a system wi l l conserve its angular 
momentum. In such a system, as a planet approaches more 
closely to the Sun it wi l l speed up; conversely, its orbital 
velocity wi l l be reduced as it recedes f rom the Sun. This is 
an inverse variation of orbital velocity and radius, and an 
inverse square relationship between the angular frequency 
and radial distance. This being the case, the radius of a 
planet wi l l always sweep out an equal area of the orbital 
ell ipse, in an equal amount of t ime. 

Kepler's Third Law can be derived by taking the ratio of 
the area of the ellipse swept out by an imaginary radius 
connecting the planet to the Sun, and one-half of its angular 
momentum. This wi l l give the period of its planetary "year." 
Now it is only necessary to note that the semilatus rectum 
(the radius perpendicular to the major axis) of the orbit is 
equal to the square of the angular momentum mult ip l ied 
by a constant mass factor. Substituting the ratio of the square 
of the semiminor axis to the semimajor axis, the usual for­
mula results. The angular momentums of the different 
planets wi l l be related as the square root of their semilatus 
recti, respectively. 

Kepler was concerned in his earliest work, reported in 
Secrets of the Universe, to account for why certain orbits 
were preferred over others. In the course of his life he 
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offered two complementary hypotheses. The first related 
the orbits by supposing them to be circles on spheres that 
enclosed the five regular Platonic solids, beginning with 
the cube, which separated Saturn and Jupiter, and then 
embedding the other planets in a tetrahedron, dodecahed­
ron, icosahedron, and octahedron, respectively (Figure 8). 
The results he achieved for the orbital distances from the 
Sun are remarkably accurate to this day. 

At the close of his life, Kepler introduced a second hy­
pothesis that accounted for the eccentricity of the elliptical 
orbits according to the harmonic relationship between the 
angular velocities of the planets at their nearest and farthest 
distance from the Sun—at perihelion and aphelion. He 
compared the extreme angular velocities of a given planet 
with the converging and diverging extreme velocities of 
neighboring planets (that is, one at aphelion with the other 
at perihelion). He found that these velocities could be treat­
ed as notes of a scale—and indeed were related as scale 
steps in a predominantly minor key (Table 2). This relation-
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Ratio of Angular Velocity 
of Perihelion to Aphelion 

Planet 

Mercury 

Venus 
Earth 

Mars 
Jupiter 

Saturn 

Uranus 
Neptune 
Pluto 

(kilometers per second) 

38.824 

34.78 

29.278 

21.964 

12.435 

9.128 

6.4902 

5.3833 

3.6763 

58.921 

35.256 

30.272 

26.490 

13.7 

10.177 

7.1161 

5.4732 

6.1024 

Consonant Interval 

Minor third 

Almost the same note 

Almost the same note 

Fifth 

Minor third 

Major third 

Minor third 

Almost the same note 
Devil's interval 

Table 2 
KEPLER'S HARMONY OF THE PLANETS 

Kepler found that the ratio of the angular velocity of a 
planet at its nearest point to the Sun (perihelion) to 
the angular velocity at its farthest point from the Sun 
(aphelion) is consonant. Shown here are these ratios 
for each planet and the harmonious intervals they 
sound. 

ship is borne out by the later discovery of the planets Nep­
tune and Uranus. The one exception to this rule, discov­
ered by Gauss's collaborator Johan Wilhelm Andreas Pfaff, 
ironically confirms it; the four largest asteroids not only do 
not have their extreme velocities within one scale, but also 
are totally discordant—making the so-called devil's interval 
of an augmented fourth. Thus, the orbit between Mars and 
Jupiter is confirmed to be an unstable orbit. 

In this aspect of his work, Kepler can be best likened to 
Leonardo da Vinci, whose scientific discoveries were criti­
cal to the scientific renaissance that created the industrial 
revolution. Da Vinci discovered that all living forms devel­
oped morphologically according to a golden mean ratio. 
Kepler looked to the same principle in searching for a rela­
tionship between the embedded solids and a harmonic 
principle of music. It is this aspect of his work that must be 
carried forward, in the direction outlined by LaRouche and 
Tennenbaum, if we are to go further in our search to dis­
cover how the universe is created. 

Carol White is the editor-in-chief ofFusion magazine. 
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Food 
Irradiation 
A Technology 
Ready for a 
Production Boom 

by Marjorie Mazel Hecht 

There is a cheap and efficient way to 
expand the world's food supply—-food 
irradiation. Yet the implementation of 
this beneficial technology has been 
stalled by the same Malthusian lobby 
that has blocked the development of 
civilian nuclear power worldwide. 

low dose irradiation could save t h d ^ ^ H b n tons of grain 
per year that never reach the const^^^E:ause of insect 
infestation and spoilage—enough fl9 0 million peo­
ple for a year. Here, grain is beinS^^Btpnto barges in 

FISH THAT STAYS FRESH in the refrigerator for two or 
three weeks, strawberries that don't go bad, potatoes that 
don't sprout, and flour that doesn't get mealy: This was the 
promise of food irradiation intf\e Atoms for Peace days of 
the 1950s, and 30 years of extensive testing have proved the 
technology to live up to every bit of the spectacular expec­
tations. Irradiation eliminates insect infestation, retards 
spoilage, prolongs shelf life, ensures purity, and permits 
shipping and storage of meats without refrigeration—all at 
relatively low cost. 

Furthermore, food processed with gamma irradiation or 
X-rays from an electron beam accelerator is perfectly safe, 
tastes good, and is as wholesome as it is when fresh. For 
these reasons, irradiated food (including dinners of beef, 
pork, smoked turkey, and corned beef) was selected by the 
U.S. National Aeronautics and Space Agency as the most 
tasty, pure, and convenient way to feed astronauts in flight. 

Perhaps most incredible, the technology of food irradia­
tion brings the promise of nearly doubling the food avail­
able for consumption in some parts of the world, not by 
producing more food, but by ensuring that current food 
supplies are not lost to insects, rodents, or fungi. At pres­
ent, an estimated 50 to 60 percent of the food shipped to or 



produced in much of the developing sector never reaches 
the intended consumer because of insect infestation and 
spoilage. In terms of grain alone, the amount lost to insects, 
rats, and fungi yearly is 33 mil l ion tons—the equivalent of 
the agricultural product ion of 12 mil l ion acres of land, or 
enough to feed the U.S. populat ion for a year! The U.S. 
National Academy of Sciences estimated that by 1985, food 
losses would total at least 107 mil l ion tons per year at a value 
of $11.5 b i l l ion. 

Food irradiation is also cheap, when compared to present 
methods of food preservation, like canning and chemical 
treatment. Initial cost estimates put the cost as low as one-
third that of conventional methods. 

A Proven Technology 
The technology of food irradiation is not new, although 

it has not yet been commercialized in the United States. A 
long-awaited pending change in the U.S. Food and Drug 
Administration regulations, however, wi l l open the door to 
commercialization and should spur further use of food ir­
radiation wor ldwide. 

Scientists began investigating the usefulness of nuclear 
irradiation dur ing Wor ld War I I , and it has undergone near­
ly 40 years of rigorous testing for safety and wholesome-
ness, coming out wi th a clean bill of health. As the U.S. 
Atomic Energy Agency put it in 1970, food irradiation has 

been "more thoroughly tested than any other method of 
food preservation." 

Given these outstanding benefits, the obvious question 
is: What has prevented this technology f rom being com­
mercialized in the United States, the country that led the 
wor ld in civilian nuclear development? 

The answer is one that even veterans in the nuclear tech­
nology f ield puzzle over. In the early 1950s, in the spirit of 
President Eisenhower's Atoms for Peace program, the 
United States was gearing up to commercialize food irra­
diat ion under jo int government and private management, 
at first for use by the U.S. Army to produce food for the 
troops that wou ld not require refrigeration. But just as con­
struction was conf i rmed for what the Department of De­
fense called "the first and most comprehensive pilot pro­
duction-size food radiation facility in the wor ld , " in Stock­
ton , Calif., the U.S. Congress kil led the emerging technol­
ogy outr ight by classifying irradiation as a " food addit ive," 
instead of a process. The 1958 Food Additives Amendment 
to the Food, Drug, and Cosmetic Act classified as a food 
additive "any substance and any source of radiation intend­
ed for use in producing, manufacturing, packing, process­
ing, preparing, treating, packaging, transporting, or hold­
ing food . " 

This classification effectively stopped commercialization 
of food irradiation, putt ing those interested in promot ing 

How It Works 
Food irradiation uses the ionizing 

radiation (or ionizing energy) f rom a 
decaying radionuclide such as cobalt-
60orcesium-137as it's radiation source. 
X-rays and electron beams can also be 
used as the source of radiation. 

The very short wavelength gamma 
rays penetrate inside solid particles and 
kill microorganisms by breaking down 
the cell walls or destroying the meta­
bolic pathways of the organism, so that 
the cell dies. At higher doses, all mi­
croorganisms are ki l led, steril izing the 
processed food. 

There is no radioactivity induced in 
the processed food. The chemical re­
action caused by the gamma rays does 
not involve the atomic nuclei of the 
food , and therefore the atomic struc­
ture of the molecules is not changed. 
Of course, some natural radiation, 
called background radiation, is pres­
ent in all foods, but irradiation pro­
cessing does not add to this. 

One of the bugaboos of food irra­
diation has been the claim that gamma 
rays would change the chemical struc­

ture of the food , producing unique ra-
diolytic products (chemicals) that might 
prove harmful. All the years of testing, 
however, have determined that of the 
radiolytic products produced, 90 per­
cent are the same as those in nonirra-
diated food. The remaining 10 percent 
are chemically similar to natural food 
components and constitute only 3 parts 
per mil l ion of the processed food. 

The conclusion of the FDA is that the 
difference between irradiated and 
nonirradiated foods is "so small as to 
make the foods indistinguishable in 
respect to safety." 

Gamma irradiation is a " co ld " pro­
cess; that is, it produces no significant 
temperature increase in the food. This 
makes it particularly useful for fumi­
gating spices, because it does not drive 
off the volatile substances that give 
spices their characteristic flavor and 
aroma. Irradiation also does not dam­
age the nutrit ional quality of the food. 
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In fact, in radiation steri l ization, the 
low temperature allows meats to re­
tain more of thei r nutrients than do the 
other methods of preservation, such 
as canning. 

The penetration capability of the 
gamma irradiation permits the pro­
cessing of food that is already pack­
aged and sealed, thus ensuring that no 
new contamination takes place in the 
packing process. Packaging materials 
have been developed and approved by 
the FDA for use in food irradiation. 

Irradiation Facilities 
Irradiation facilities for food or med­

ical supplies are not elaborate: There 
is the radiation source wi th its shield­
ing, an automatic conveyor system that 
transports the produce to and from the 
source, various control systems to 
manage the processing at the appro­
priate rate, and storage facilities. 

In a typical facility, the cobalt-60 is 
embedded in pencil-thin rods, which 

The irradiated sample 
18 months later is 
as good as new. 

IRRADIATED CONTROL • £ 



the technology in the position of applying for clearance to 
the FDA product by product, with extensive testing to prove 
safety and wholesomeness. According to one authority, 
this required spending at least $250,000 for each item to 
conduct three years of tests in which the three to five gen­
erations of animals eat the particular food under consider­
ation for 30 to 40 percent of their daily diet. The FDA pro­
cedure resulted in an enormous amount of excellent re^ 
search on all aspects of food irradiation; but in 26 years, the 
only products that the United States has permitted to be 
irradiated are potatoes to prevent sprouting, grain to pre­
vent infestation, and, most recently (July 1983), spices. Pe­
titions to permit irradiation of many other foods were turned 
down by the FDA, despite extensive government and in­
dustry testing that showed safety and wholesomeness. 

What prompted this strange amendment in 1958? One 
long-time researcher blames actress Gloria Swanson, a food 
faddist and the )ane Fonda of her day, who lobbied strongly 
for eliminating any potentially "cancer-causing" additives 
to food. 

In the years of plentiful energy and booming agricultural 
productivity, there was not a lot of pressure in the United 
States to change this situation. However, for the develop­
ing sector—countries where often the majority of a post-
harvest crop is lost to pests or fungi—the effect of this U.S. 
slowdown in research and development can be measured 

in terms of starvation and death. As A. Sreenivasan, a sci­
entist at the Bhabha Atomic Research Center in Trombay, 
India, told a 1972 conference on food irradiation in Bombay 
sponsored by the International Atomic Energy Agency: 
"Perhaps the greatest negative input that can be singled out 
for its adverse impact on food irradiation programs around 
the world has been the action of the U.S. Food and Drug 
Administration in withholding clearance for radiation-ster­
ilized ham and in revoking that given earlier to radiation-
sterilized bacon. . . .The action of the U.S. FDA has result­
ed in a misunderstanding in some quarters over the safety 
of irradiation procedures for food preservation as a whole." 

The U.S. Army Program 
The pioneer agency in food irradiation research is the 

U.S. Army, which during World War 11 asked the Massachu­
setts Institute of Technology to investigate whether irradia­
tion could extend the shelf life of foods needed for feeding 
the troops abroad. Within five years, MIT had demonstrat­
ed the efficacy of food irradiation, and in 1953, the Army set 
up a special laboratory center—the Quartermaster Corps 
Research and Development Command in Natick, Mass., 
near Boston—to consolidate the government-sponsored 
food irrradiation projects. 

The history of this Natick lab is a success story in the 
development of an advanced technology. Once scientists 

are submerged in a well of water that 
serves as a shield to protect the per­
sonnel from the radiation when the 
source is not in use. About 10,000 cur­
ies of radiation are contained in each 
pencil. The area housing the gamma 
irradiation source is shielded with six 
to eight feet of concrete. The products 
to be irradiated travel on conveyor belts 

to the source, which is automatically 
raised out of the water on cables when 
needed. The dose of radiation re­
ceived depends on the time of expo­
sure and also the product's distance 
from the source. 

The capital cost of such a basic unit 
may be as much as $2 million, but with 
the proper design, the same facility 

One of the plant designs available from Atomic Energy of Canada, Ltd. 

could handle both food products and 
medical supplies simultaneously, thus 
ensuring maximum use of the equip­
ment. 

Ninety percent of the cobalt-60 used 
in irradiating medical products and 
food is supplied by Atomic Energy of 
Canada Limited, a crown corporation, 
which produces the cobalt-60 as a by­
product of its fission reactors. The U.S. 
Department of Energy is experiment­
ing on a very small scale with cesium-
137 as a radiation source, using the 
waste products from the nuclear de­
fense project. While cobalt-60 has an 
effective lifetime of 5.5 years before it 
must be replaced, cesium-137 lasts for 
30 years, and its use in food irradiation 
would literally halve the amount of nu­
clear waste that the nation has to dis­
pose of. 

The DOE is now building a trans­
portable irradiation unit, the Trans-
Portable Cesium-137 Irradiator or TPCI, 
which is expected to test the effective­
ness of irradiation in disinfesting crops 
such as citrus fruits right at the harvest 
site. Such a facility would also be use­
ful in developing countries, where 
there is a lack of transportation at the 
harvest and storage site. 
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Radiation Technology president Dr. Martin A. Welt at his 
New Jersey plant. On display are samples of irradiated meat, 
poultry, and beans that are just as fresh today in their sealed 
packages as they were when they were processed several 
years ago. 

knew in general what the technology could do, they set out 
to perfect it. As described by Dr. Eugen Wierbick i , a re­
search leader in the project, the U.S. Army program was 
designed to determine which condit ions—irradiation level, 
temperature of processed food , packaging, and so o n — 
wou ld produce the most wholesome and tasty products as 
wel l as to test the effect of feeding irradiated food to gen­
erations of animals. Scientists had to be sure, for example, 
that the irradiation did not cause the formation of any del­
eterious radiolytic products in the food being processed, 
and that there were no genetic changes induced from a diet 
of irradiated food. They also had to solve aesthetic prob­
lems, such as the funny smell that the early experiments 
wi th high dose radiation produced in meats; and they had 
to develop the appropriate packaging materials in which to 
seal the food product before irradiation. 

Just at the point when the Natick laboratory had wi thout 
question advanced the technology of food irradiation to 
the commercialization stage—that is, having produced the 
data that could objectively meet the stringent specifications 
of the U.S. Food and Drug Administrat ion—the U.S. Army, 
under the Carter administration, disbanded the program. 
In October 1980, all 56 scientists at the laboratory were 
dispersed around the country, the irradiation source (co-
balt-60) was given to a state university for research use, and 
the laboratory was shut down. The ostensible reason given 
was that the Army should no longer be involved in some­
thing that was ready for commercial ization. However, this 
deliberate destruction of a successful U.S. research team 
on the verge of realizing the fruits of 30 years' labor is a 
vivid example of how food irradiation has been sabotaged 
to prevent the technology f rom implementing its most im­
portant promise: the el imination of hunger and starvation 
in the wor ld simply by preventing food loss to insects and 
spoilage. 

Stuart K. Lewis 

Today only one of the Natick scientists is still work ing on 
food irradiation, under the aegis of the U.S. Department of 
Agriculture, which took administrative control of the Natick 
project. 

Taking the Technology Off the Shelf 
The U.S. Food and Drug Administration in March 1981 

published an advanced notice of its proposed change in 
regulations for the approval of irradiated foods. Al though 
a very small step—allowing foods processed wi th up to 100 
kilorads to be commercially marketed wi th no further test­
ing—it was not unti l Feb. 14, 1984 that the proposal was 
given a preliminary green light by the secretary of Health 
and Human Services, Margaret Heckler, whose agency had 
been reviewing the proposed chartge for three years. The 
public was given 90 days to comment on the proposed new 
regulations, and the FDA is expected in early 1985 to issue 
the final version of the new rules, which wil l then be law. 

Once law, the new regulations wil l open the door for 
commercialization of food irradiation in the United States, 
although the proposed allowable dosage—100 kilorads—is 
so low that the full range of benefits of the technology wil l 
still be prohibi ted. Also, since profitabil ity depends upon 
volume wi th food irradiation facilities, the proposed 100 
kilorad l imit of the FDA wi l l restrict commercial growth, by 
restricting the range of products that can be processed. 

This 100 kilorad level of radiation (a rad is a measurement 
of radiation energy absorbed) is sufficient to inhibit sprout­
ing in onions and potatoes; to eliminate parasites and in­
sects in meat (such as trichina in pork), grains, and soft 
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fruits; and to delay ripening of perishable foods. But it is 
far lower than the 1980 regulations set by the Joint Expert 
Committee on Food Irradiation, an international project 
involving 25 countries, sponsored by the Food and Agricul­
ture Organization, the World Health Organization, and the 
International Atomic Energy Agency. This committee estab­
lished that any food irradiated to a dose of up to 1,000 
kilorads (1 megarad) was toxicologically safe for human 
consumption. Ayear later, in 1981, the Codex Alimentarius 
Commission of FAO and WHO supplemented this with a 
list of recommended international standards for individual 
irradiated foods. "All the toxicological studies carried out 
on a large number of irradiated foods, from almost every 
type of food commodity, have produced no evidence of 
adverse effects as a result of irradiation," WHO concluded. 

The three-year review of the FDA regulations within the 
Health and Human Services agency has centered on the 
question of labeling: Should irradiated foods bear the label 
"irradiated"? The agency concluded that this was not nec­
essary, except for bulk shipments (those not yet packaged 
for individual sale) so that the product would not be irradi­
ated again in processing it for sale. Some countries, includ­
ing the Netherlands and South Africa, have adopted a small 
symbol to label irradiated products. Many experts feel that 
since the process is so safe, so thoroughly tested, and leaves 
absolutely no radiation in the product, such labeling is un­
necessary and would simply provide a target for the anti-
nuclear environmentalists. 

(The flavor of such environmentalist opposition can be 
seen in the remarks of the director of the energy project of 
the Ralph-Nader-connected antinuclear group Critical Mass, 
who told the author of a May 1983 Baltimore Sun feature on 
food irradiation: "We haven't had time yet to fully research 
the issue of irradiated food, but I have an instinctive nega­
tive reaction. . . .We oppose on principle the commercial­
ization of nuclear material—whether it's Three Mile Island 
or smoke detectors. And I basically see this as a way of 
further legitimizing the weapons business.") 

Commercialization: How Soon? 
There are a handful of U.S. private firms ready to go with 

commercialization of food irradiation, including Radiation 
Technology, Inc. and Isomedix in New Jersey and Interna­
tional Nutronics in California. 

Dr. Martin A. Welt, president of Radiation Technology, 
Inc. has been the most active advocate of commercializa­
tion in the United States for nearly two decades, and it was 
his petition to the FDA that produced the regulation last 
July permitting the irradiation of spices. Currently Welt's 
company operates three plants in the United States to irra­
diate food for export, including poultry, grapes, strawber­
ries, and fish. Welt has just signed a contract with a Hawaiian 
firm, for the radiation processing of tropical fruit, such as 
mangoes and papayas, which must be fumigated before it 
can be exported. And Welt's company has also just signed 
a licensing agreement with the Japanese engineering firm, 
Toyo Engineering Corporation, to expand Radiation Tech­
nology's patented multipurpose irradiator system in the Far 
East and Southeast Asia. The international market, specifi­
cally the Pacific Basin and Latin America, is also where In­

ternational Nutronics sees its future. This firm just com­
pleted a pilot project plant in Irvine, Calif. 

Once the new FDA regulations finally become law, these 
companies expect to be on the front line of a long-awaited 
revolution in food processing. One of the immediate U.S. 
projects will be the use of irradiation on harvested citrus 
fruits to kill fruit flies and their eggs, now that the pesticide 
EDB has been banned as a fumigant for this purpose. This 
use of irradiation, in fact, was specifically mentioned by the 
Environmental Protection Agency as a viable substitute for 
EDB, although estimates are that it would take at least 18 
months to build the on-site plants required in Florida and 
other citrus-growing areas. In early March, Radiation Tech­
nology successfully completed a series of radiation pro­
cessing tests involving packaged grapefruits loaded onto 
pallets in order to determine the feasibility of using gamma 
radiation for insect disinfestation. Radiation Technology 
president Welt notes that his plant can process 2 million 
pounds of the fruit per day, and has expansion capability. 

The new FDA regulations should also open up an export 
boom, for although many other countries now permit the 
marketing of irradiated foods, the U.S. go-slow attitude has 
been responsible for the sluggish development of food 
irradiation worldwide. At this point, the total world output 
of irradiated food is under 2,000 tons per year, a miniscule 
amount. 

Used in 28 Countries 
The rest of the world has not stood still, however, while 

the United States reviewed and researched to death the 
technology of food irradiation. Most countries have worked 
out their own regulations, many in line with the interna­
tional recommendations cited above. More than 40 differ­
ent food products have been cleared by 28 countries, with 
some countries, such as the Netherlands, approving 20 dif­
ferent foods and Japan, a nation that has pioneered in nu­
clear technology, irradiating everything from seafood and 
seaweed to spices. In addition, Canada is aggressively pur­
suing the lead in exporting food irradiation technology, 
having built 60 of the 100 or so facilities now in use world­
wide for food irradiation and supplying 90 percent of the 
radiation source, cobalt-60, worldwide, including that used 
by the American firms to sterilize medical supplies. (About 
30 percent of all medical supplies are sterilized by this irra­
diation method.) 

Ironically, unless the United States accelerates commer­
cialization of food irradiation, it may be in a position of 
importing advanced technology in this area from countries 
that have moved forward more rapidly. This was the conclu­
sion of California Congressman George Brown who re­
cently visited nuclear technology facilities in India, a devel­
oping sector nation that has pursued high-level research 
and implementation to increase its food supply and the 
wholesomeness of food products. 

It is in the developing sector—where food spoilage is a 
life and death question because of lack of refrigeration and 
other infrastructure—that food irradiation could make a 
critical, short-term difference in providing food to the starv­
ing. In 1972, at the international conference in Bombay 
cited above, the official recommendations of the confer-
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ence led with the statement: "Developing countries should 
promptly move forward in introducing this process regard­
less of the progress in developed countries where the need 
for this new method of food preservation may be less acute 
and where the existence of other established alternative 
technologies has made it difficult for the introduction of a 
new process." 

Even the U.S. Agency for International Development, 
which is notorious for its funding of population control and 
low-technology projects only, considers food irradiation an 
"appropriate technology" for the Third World. In a recent 
interview, AID official Dr. Robert Morris predicted that 
within a year the agency would have an active program in 
this area. At this point, he said, the technology is being 
reviewed at the top level of the agency in terms of its poten­
tial for treating a wide variety of products. It is definitely 
more appropriate than freezing as a preservation measure 
and much cheaper than canning; much of the cost of canned 
foods for a developing sector—50 to 60 percent—is to pur­
chase the containers, Morris said. 

Many developing sector nations have conducted re­
search programs, some under the aegis of the International 
Atomic Energy Agency, on the feasibility of using gamma 
irradiation with specific crops. India, for example, has thor­
oughly studied the feasibility of reducing postharvest loss­
es in onions and potatoes, while Bangladesh has examined 
the use of irradiation in the preservation of dried fish, a 
major source of protein in this region. One 1975 study by 
the Department of Atomic Energy in Bombay concluded 
that with a commercial irradiator operating at 50 percent 
capacity for eight months, "high returns on investment may 
be expected for the economy as a whole and for potential 
entrepreneurs." U.S. advocates of food irradiation expect 
that the change in FDA regulations will expedite collabora­
tion with developing nations in implementing these well-
studied technologies. 

Another key to how fast this revolution in food produc­
tion will take hold is consumer acceptance. In the United 
States, the fact that the FDA has dragged out its change in 

regulations over the decade of the 1970s means that the 
public today is considerably more fearful and less able to 
apply scientific standards than it was in the Atoms for Peace 
days or even in the days of NASA's Apollo project. This 
process of devolution, of course, is deliberately fostered 
by the environmentalist groups promoting a postindustrial 
society and the media, and there is every indication that 
both groups will treat food irradiation as just another as­
sault on their natural environment. The New York Times, 
for example, in its article reporting on the proposed FDA 
regulations noted that "Some scientists. . .expressed con­
cern aboutthe proposal, sayingthe long-term safety of food 
irradiation had not been demonstrated," and then devoted 
more than one-third of the article to the specific comments 
of one such scientist, John Cofman. (Gofman's prescrip­
tions for safety testing are such that we probably would not 
have bathtubs and certainly not automobiles if his judg­
ment had prevailed.) 

Curiously, a representative for the Isomedix company 
told this writer that he was not interested in having a pro-
nuclear magazine advocating food irradiation because the 
company wanted to dissociate itself from the word nuclear 
to get better consumer acceptance. Specifically, he said he 
was working with consumer groups associated with Ralph 
Nader and counting on the cooperation of the Naderites 
not to attack the irradiation process. 

The Immediate Future 
The new FDA regulations, once law, will permit 100 kilo-

rads of irradiation to process food in the United States. At 
this low dose level, one of the main applications will be to 
kill insects. This low-level irradiation is able to easily kill any 
kind of insect in any physiological stage, compared with 
other disinfestation measures, which do not always elimi­
nate insect eggs. 

With a low dose limit of 100 kilorads: 
• potatoes, onions, and garlic can be irradiated to inhibit 

sprouting (6 to 15 kilorads); 
• citrus fruits and tropical fruits can be irradiated to kill 

Radiation Technology, Inc. has plants 
on Arkansas and North Carolina that 
can process 7 million pounds each per 
day of fresh poultry. Right: The control 
room of a Radiation Technology pro-
cessingplant, with the automated con­
veyor system and the entry to the 
source area seen through the win­
dows. Left: A technician loading con­
tainers with the food product to be ir­
radiated onto the conveyor. 
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all insects and their eggs (20 to 50 kilorads); 
• grain in storage can bedisinfested (20 to 100 kilorads); 
• strawberries and blueberries can be treated to inhibit 

mold and prolong shelf life for one to two weeks; and 
• bananas, tomatoes, pears, avocados, mangoes, papay­

as, and other fruits could have their r ipening process de­
layed (25 to 35 kilorads). 

The new FDA regulations, however, wou ld not apply to 
meats, poultry, and f ish, which would require a separate 
FDA regulation. If the FDA grants the same level of irradia­
tion—100 kilorads: 

• fresh fish could have its shelf life extended; 
• pork could be made free f rom trichina at just 20 to 30 

kilorads (the United States now has one of the highest rates 
of trichinosis among the advanced sector nations and for 
this reason, a number of European nations embargo U.S. 
pork products); and 

• ground meat could be decontaminated, prolonging its 
shelf life by lowering its bacteria count (specifically, the 
pseudonoma bacteria that cause ground meat to putrefy 
when kept for more than a couple of days are very sensitive 
to irradiation). 

Killing Bacteria and Sterilizing Food 
At the next dose level, 100 to 500 kilorads, radiation can 

provide other crucial benefits: 
At 100 to300 kilorads, many pathogens can be eliminated 

f rom meats and poultry. For example, salmonella, accord­
ing to the Interdepartmental Committee on Irradiation 
Preservation, contaminates as much as half of all chicken 
and leads to more than a mi l l ion cases of gastroenteritis per 
year. Atomic Energy of Canada Limited reports this f igure 
as much higher, 10 to 15 mil l ion people in North America 
yearly, and estimates that 250 irradiation facilities could 
completely eliminate salmonella in poultry at a cost of 2 
cents per pound . 

At 200 to 500 kilorads, shelf life of many products can be 
extended significantly, as can refrigerator storage. Poultry, 
for example, can stay fresh for up to 25 days. This dose level 

can also reduce the microbial level of food products signif­
icantly. And at 500 kilorads, frozen shrimp and frog legs can 
be guaranteed free f rom salmonella. 

At even higher dose levels, 500 to 1,000 kilorads, spices, 
condiments, and dehydrated onions can be fumigated ef­
ficiently and wi th no loss of aroma, since irradiation is a dry 
process. And at 1,000 to 3,000 kilorads, irradiation could 
serve as a partial replacement for sodium nitr i te in pro­
cessed meats. 

For total sterilization of foods, el iminating all pathogens 
and viruses, high dose rates of 2.5 to 5 megarads are re­
quired. With high dose irradiation and secure packaging, 
food products including meats can stay fresh wi thout re­
frigeration indefinitely. This is what the astronauts eat in 
space, and this is the way hospital patients who require 
germ-free meals can be fed. 

The U.S. Army Natick laboratory developed a high dose 
radiation technique, which first blanches the meat (to pre­
vent enzyme deterioration), vacuum packs it, and then 
freezes it and irradiates the packages in the frozen state. 
Once processed in this way, the meat can be shipped and 
stored wi thout refrigeration, remaining fresh for years. Ac­
cording to Dr. Eugen Wierb ick i , a research leader in the 
Army program, these meats were rated tasty in tests by U.S. 
Army personnel and retained their taste and wholesome-
ness when tested 10 years later. 

The FDA has not yet approved this high dose irradiation 
for sterilization and long-term storage, but a decision is 
expected after the results of a mammoth 8-year study by 
the U.S. Army and the USDA on irradiation-sterilized chick­
en are officially reviewed in the near future. To determine 
wholesomeness, more than 300,000 pounds of sterilized 
chicken were fed to various animal species for several gen­
erations over a period of years. 

As stated by Wierbicki in December 1981, ". . . there is 
not a single indication that the irradiated food performed 
less efficiently than the nonirradiated control or that it 
caused any abnormalities in organs, reproduct ion, and 
growth [of the animals participating in the study]. 

Many of the researchers who have been work ing for food 
irradiation for 30 years, and of course those in the irradia­
t ion industry today, have been anticipating the long-await­
ed commercialization boom since the FDA first announced 
its intention of changing the regulations on irradiation in 
March 1981. Their vision is that of the Atoms for Peace years, 
using the most advanced technology for the benefit of man­
k ind. 

As the president of Radiation Technology, Inc., Dr. Mar­
t in Welt , put it, "The United States can prove to the wor ld 
that it cares about underdeveloped nations and their peo­
ples by approving radiation preservation of food for Amer­
ican consumers and making use of this same technology 
for low cost and extended shelf l ife shipments to the Third 
Wor ld or disaster areas." 

Marjorie Hecht is the managing editor of Fusion maga­
zine. A follow-up article on commercializing electron-beam 
food irradiation—a spinoff of the beam weapon defense 
program at Lawrence Livermore National Laboratory—will 
appear in a future issue. 
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A Preview of 
NASA's Manned Space Station 
by Marsha Freeman 

In just a few years, some of us will 
have a new kind of address. We won't 
live in New York or Kansas, or in 
some other country: We will move 
off the planet Earth and live in small 
cities in low-Earth orbit, about 200 
miles or so away from Earth. For the 
first time, man will be able to make 
his home in space. 

The recent successes of the Space 
Shuttle transportation system mean 

that we can now embark on a whole 
new era of space exploration, space 
utilization, and space colonization. 

By 1992, the U.S. National Aero­
nautics and Space Administration, 
NASA, is planning to start operation 
of its first permanently manned space 
station. In that year, we will also be 
celebrating the 500th anniversary of 
Columbus's discovery of America. 
Right now, NASA is evaluating de­

signs for the first permanent space 
station. 

Building a Space Station 
The first permanent U.S. space 

station will be transported to space 
in the form of separate modules that 
are built on Earth. These modules will 
consist principally of living quarters 
and complex instrumentation pack­
ages. They will be delivered to low-
Earth orbit in the Shuttle cargo bay. 

Figure 1 
EARLY SPACE STATION DESIGNS 

Early space station designs looked like large spinning wheels or tops (a). 
Space scientist Krafft Ehricke's early design (b) resembled a paddlewheel. 
He designed this fueling station satellite to rotate around its hub more 
than two times a minute, producing an artificial gravity about one-third 
that of the Earth. The artist's depiction shows a spaceship being serviced. 

This 1976 rotating space station (c) is designed to house 10,000 people. 
The nonrotating shell around the outside of the station shields the station 
from cosmic rays and solar flares. Such protection is required because this 
station was planned for a high orbit, at least 500 miles high, which is outside 
the protective blanket of the Van Allen radiation belt. The colonists here 
would live in houses on the inner surface of the large central sphere, which 
is 1 mile in circumference. The sphere rotates to produce gravity compa­
rable to that on Earth. 

The spaceship drawings are by artist William A. Kocher. They are taken from the book SfaSons in Space by 
Donald Cox (New York: Holt, Rhinehart and Winston, 1960). 
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In addition to these modules, there 
will be machines to transportto space 
that will automate the erection of 
space structures. Grumman Aero­
space Company, for example, is de­
veloping an automated beam build­
er. This machine takes rolled sheet 
metal, forms it into tubes, and welds 
the tubes together. These pieces be­
come structural building parts for 
large structures like solar arrays and 
huge communications antennas. 

The space station will provide a 
place for people to live and work. 
Scientists will have laboratories with 
equipment that allows them to do 
ground-breaking studies about life 
in space, manufacturing without 
gravity, and astronomical studies of 
the Sun, the stars, and other galax­
ies. 

Workers living in orbit will repair 
satellites in space, fuel spaceships 
going to other planets or the Moon, 
and build other large structures that 
will be attached to the station or will 
orbit near it. 

Scientists and engineers and oth­
ers have been dreaming about build­
ing space stations for many years. In 
the last century, Edward Everett Hale, 
a New England clergyman, suggest­
ed that a space satellite (what he 
called an artificial moon) could be 
built like an Earth house—out of 
bricks! 

Figure 2 
THE POWER TOWER' 

The power tower concept shown here now seems to be the most likely 
space station design for NASA to develop. The structure is strong, with a 
stable spine truss in the center, about 400 feet long. 

The five modules for living quarters and laboratories are attached to the 
base, where the Shuttle is docking, and there is easy accessibility to other 
parts of the station. These modules can be "Earth-fixed, "pointing toward 
Earth for work such as Earth remote sensing (detailed photography of the 
Earth's surface and subsurface). At the same time, the solar panels at the 
other end can be rotated separately so that they are always pointing toward 
and tracking the Sun. These panels provide about 75 kilowatts of electric 
power from the Sun's rays. 

The central truss could be built in space by a beam builder; the modules 
would be constructed on Earth, brought up by the Shuttle, and attached 
to the truss. The central spine structure would also anchor the instruments 
for astronomical viewing. 

This design is very flexible and could be easily enlarged by adding mod­
ules at the bottom. 

Many of the space station designs 
during the first half of this century 
assumed that the station would be 
rotating to create an artifical gravity 
(Figure 1a). These included designs 
by space scientists Wernher von 
Braun and Krafft A. Ehricke (Figure 
1b). 

People inside a rotating space sta­
tion would be pulled toward the out­
er rim by centrifugal force, similar to 
the way gravity holds your feet on 
the ground as you walk on the sur­
face of the Earth. 

In more recent designs, engineers 
have decided that it would be easier 

to work outside of the station in 
space if it were not spinning around. 
Besides, many of the things we will 
want to do in space, such as making 
perfect crystals, will need to take ad­
vantage of an absence of gravity. 

What Do Space Stations Look Like? 
Eventually, different kinds of space 

stations will be built to serve differ­
ent purposes and perhaps to be in 
different Earth orbits. 

If you have a station where scien­
tists want to do studies of the Earth, 
for example, you will want the in­
struments on board pointed toward 
our planet. But other stations might 
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specialize in astronomy, where the 
scientific instruments would be 
pointed out toward the heavens. As­
tronomical observatories and indus­
trial plants to manufacture new metal 
alloys, medicines, crystals, and oth­
er products would be disturbed by 
the movement of people around the 
space station. These facilities could 
be placed on unmanned platforms 
that could be serviced by space sta­
tion crews. 

NASA has been looking at many 
kinds of space station designs. Engi­
neers have decided that the station 
will not be spinning. They are favor­
ing what is called a "power tower" 
design, which will have the living and 
working quarters at one end and the 
solar cell arrays to power the station 
at the other (Figure 2). 

The modules at the bottom of the 
power tower could be pointed to­
ward Earth, while the module at the 

top could house the telescopes and 
other instruments for away-from-
Earth viewing. 

An International Project 
Over the next year, countries in 

Europe, as well as Japan and Canada 
will decide on how they will work 
with NASA to build this manned 
space station. Hopefully, they will 
decide to contribute to the space 
station by building modules, such as 
scientific laboratories like the exist­
ing Spacelab. The crews that work 
and live in the space station will 
probably come from many different 
nations of the world. 

The space station will be the first 
step toward moving part of human 
civilization off planet Earth and into 
space, our next frontier. From the 
space station, it will be easy to return 
to the Moon, and then go on to Mars. 

Will your address in the year 2000 
be 200 miles up above the Earth? 

Viewpoint 

Figure 3 
MORE RECENT SPACE STATION DESIGNS 

This 1982 space station design by Rockwell International shows several 
modules for living quarters, command and control of the station, experi­
ments, payload storage racks, and solar panels for electrical energy. 

Nearby (at right) is a small Orbital Transfer Vehicle that can be used to 
go from the station to other places in space. The vehicle can be manned 
or unmanned and can go to high-Earth orbit to fix communications and 
other satellites. 

This space station design would be stable in its operation (not rotating). 
Its various units are clumped together, however, and it does not provide 
for unmanned platforms to house instruments and experiments away from 
the movement of the astronauts. 

Continued from page 3 
research by the U.S. Army and the De­
partment of Energy that we today can 
see food irradiation as a safe substitute 
to pesticides, a tool for export expan­
sion, and a partial answer to world 
hunger. This experience proves that 
federal R&D pays. 

Infrastructure Required 
In order to gain widespread com­

mercial application, a food irradiation 
technical infrastructure needs to be 
built. More field testing of the tech­
nology is required. Different types of 
radiation sources need to be thor­
oughly studied including nuclear by­
products like cobalt-60 and cesium-
137, X-rays, and machine-generated 
sources of radiation such as electron 
beams. Various food commodities 
need to be studied to see how food 
irradiation could be used effectively 
and in a cost-competitive way. Differ­
ent doses under special conditions also 
need to be researched to determine 
the most desirable combination of cir­
cumstances and appropriate econo­
mies of scale. 

Since cobalt-60 is in short supply, 
cesium should be developed as an al­
ternative source. To help facilitate the 
use of cesium, my legislation estab­
lishes guidelines for leasing cesium and 
other nuclear by-products to the pri­
vate sector, with the government re­
taining title as a profit-making venture 
to save tax dollars. 

Twenty-eight foreign countries are 
now using gamma irradiation for food 
protection; and various international 
organizations have fully endorsed ir­
radiation up to 1 megarad, which is 10 
times higher than the 100 kilorads pro­
posed by the FDA, as wholesome and 
safe. In short, the time is now to get 
this technology moving here in the 
United States. 

Contributions to the FEF 
are tax deductible! 
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Books 

Beams . . . But Not X-Rays 
Beam Weapons: The Next Arms Race 
by Jeff Hecht 
New York: Plenum Press, 1984, $17.95 

Beam Weapons: The Next Arms Race, 
by Jeff Hecht, is one of many books 
and studies that have appeared in the 
past year on the feasibility of directed-
energy defense against nuclear-armed 
missiles. Most of these studies, such 
as that of Kosta Tsipis at the Massachu­
setts Institute of Technology, Ashton 
Carter's report for the Congressional 
Office of Technology Assessment, and 
the Brookings Institution's Ballistic 
Missile Defense, are " r iddled wi th 
technical errors," as a recent national 
laboratory review put it. Even Hecht 
notes of these studies: "Their analyses 
are so determinedly pessimistic that 
they can become unrealistic. . . .They 
have stacked the deck to come out with 
the answers they want to hear." 

In contrast, Hecht is bil led as an ex­
pert communicator for the layman on 
the complex technologies involved in 
laser and particle beam weapons. He 
has wri t ten scores of articles on laser 
technology and related subjects for 
Laser Focus, High Technology, New 
Scientist, and Omni magazines and 
takes what might be called a mildly pro-
beam-defense view in his book. 

In particular, the book is supposed 
to reveal the true story behind the X-
ray laser: "For the first t ime, super-
secret efforts to bui ld X-ray lasers en­
ergized by nuclear bombs are ana­
lyzed in dep th , " the blurb on the cover 
says. 

It is precisely in the area of X-ray las­
ers, however, that Hecht's book is it­
self " r iddled wi th technical errors." 
Al though he does not repeat the more 
blatant errors of the other studies con­
cerning the X-ray laser, his analysis 
contains many critical flaws. Hecht tries 
to demonstrate, for example, that the 
problems of targeting, point ing, and 
tracking are far more diff icult for the 
nuclear-bomb-pumped X-ray laser than 
for other types of more conventional 
beam weapons. His own data, how­

ever, demonstrate the opposite to be 
the case: The problems of pointing and 
tracking for X-ray lasers actually are or­
ders of magnitude less than for other 
beam weapons. 

Specifically, X-ray laser pulses de­
stroy missiles wi th in a billionth of a 
second, whi le more conventionally 
powered systems such as chemical las­
ers take f rom a fraction of a second to 
seconds. In the first case, the missile 
wil l have moved only a few inches while 
being lased, whereas in the second it 
wi l l have moved miles. Therefore, 
tracking difficulties are billions of times 
less diff icult for X-ray laser missile kills. 

A second example is Hecht's impl i ­
cation that the X-ray laser beam wou ld 
be much narrower and therefore re­
quire much greater accuracy in point­
ing: "The more strongly emitted X rays 
wi l l be concentrated into a t ight 
beam. . . . The narrower the beam, the 
more likely it is to miss its target," he 
writes. In fact, however, the X-ray laser 
pulse is projected as having much 
greater energy and power than con­
ventional beam weapons and wil l 
therefore be able to destroy missiles 
wi th much more diffuse beams. Again, 
the facts demonstrate that point ing X-
ray lasers wi l l be orders of magnitude 
less diff icult. 

Thi rd, Hecht implies that it wou ld be 
necessary to abrogate several treaties, 
such as the one banning space-based 
testing of nuclear weapons, in order to 
perfect the bomb-powered X-ray las­
er. Actually, because of the extremely 
high lethality of the X-ray laser and its 
significantly reduced problems of tar­
geting and tracking, nuclear-bomb-
energized lasers tested in " legal" un­
derground explosions wi l l be more 
than sufficient for determining the X-
ray laser beam parameters. 

Once you know how the beam 
propagates over 100 yards, you know 
how it wi l l propagate over thousands 
of miles. Nonnuclear components, 
such as targeting, point ing, and track­
ing, can be tested "legally" in space 
today. And since the whole idea of the 
"pop-up" X-ray laser is to deploy them 

after a nuclear missile first strike has 
been detected, in actual use they would 
be no more in violation of arms control 
treaties than the offensive nuclear 
warheads being hurt led through space 
by Soviet ICBMs. 

Teller's Toy? 
Permeating Hecht's f lawed techni­

cal analysis of the X-ray laser are two 
underlying premises: 

(1) The near-term prospects for the 
X-ray laser are just a joke, and the whole 
idea is actually the product of a mad 
scientist—"Teller's Toy" and " 'first 
strikers' wi th in the Pentagon" are the 
words he uses in the book. 

(2) "If someone does f ind a way 
around the formidable technical di f f i ­
culties, a pop-up X-ray laser weapon 
system could be the realization of the 
nightmares of the harshest critics of 
beam weapons. . . .You don ' t have to 
be a radical critic of the beam-weapon 
program to conclude that the most 
credible role for a pop-up X-ray laser 
system is as part of a first-strike sys­
tem, " he writes. 

The truth is actually the opposi te: 
Pop-up X-ray lasers uniquely demon­
strate the potential capabilities for 
making massive, sneak first strikes mi l­
itarily unthinkable and unworkable. As 
inadvertently detailed by the calcula-

Continued on page 64 
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Cancer and the Big Lie 
The Apocaiyptics 
by Edith Efron 
New York: Simon and Schuster, 1984, 
589 pages, $19.95 

The subtitle of this remarkable book, 
"Cancer and the Big Lie," sets out its 
major theme. Recounting the false al­
legations that synthetic chemicals pro­
duced by American industry were 
dooming hundreds of thousands of us 
to death by cancers that wou ld not oth­
erwise occur, the author attempts to 
explain how and why this happened. 

In 1962, Rachel Carson warned that 
technology could wipe out the entire 
human race by the 1980s. Eight years 
later, a small group at the Massachu­
setts Institute of Technology pub­
lished similar opinions in "Man's Im­
pact on the Global Environment," a re­
port that went directly to the United 
Nations as authoritative, wi thout any 
peer review or analysis by competent 
scientists. In 1972, a computer study 
by this same group, commissioned by 
the Malthusian Club of Rome, was 
published under the tit le Limits to 
Growth. Al though widely crit icized as 
"unscientif ic nonsense," statements 
f rom both MIT studies have been ban­
died about the Earth as gospel t ruth by 
those who relish predictions of global 
disaster. 

'Apocalyptic Chic' 
After the popular "radical chic" in 

this country, says the author, we have 
been confronted by an "apocalyptic 
chic." Many persons who were for­
merly saturated wi th Marxian escha-
tology now "harbor expectations of— 
or yearnings for—a cataclysmic col­
lapse of American capitalism." 

A likely explanation for the bl ind ac­
ceptance of apocalyptic chic, Efron be­
lieves, is that most "humanists" are 
untrained in science. They readily ac­
cept that the biosphere is in great per­
i l , even though no data exist to sub­
stantiate such a claim. "Few of them 
noticed the voids, the logical fallacies, 
and the actual rejection of science that 
lay beneath the apocalyptic rhetoric," 
she says. 

Space l imited coverage of all facets 
of apocalyptic chic in this book, so Ef­
ron concentrated on the topic that 
elicits the greatest public anxiety, 

namely, cancer. Many controversial 
questions are considered here: 

Should all chemicals be considered 
guilty unti l proven innocent? What 
proport ion of human cancers are 
caused by man-made synthetic chem­
icals? How carcinogenic are natural 
chemicals? Is it possible to prove that 
any synthetic or natural substances are 
not carcinogenic? 

Is there a " threshold" level below 
which exposure to a carcinogen wi l l 
not result in cancer development? Is a 
single molecule of a carcinogen suffi­
cient to trigger cancer, as some apoc­
aiyptics theorized? How reliable is the 
Ames test in assessing the potential 
carcinogenicity of either synthetic or 
natural chemicals? How reliable are 
extrapolations f rom megadosed ex­
perimental rodents to humans ex­
posed to doses thousands of times 
lower? 

How appropriate is the Delaney 
Clause as a guide for regulatory agen­
cies considering whether to ban or re­
strict chemicals? Should the thou­
sands of naturally occurring carcino­
gens in our environment also be reg­
ulated by the Delaney Clause? 

Capricious Regulatory Agencies 
Questions such as these are dis­

cussed in detai l , incriminating regula­
tory agencies as biased and capricious, 
wi th greater interest in politics and 
propaganda than in seeking the truth 
about chemicals. 

OSHA has repeatedly testified that 
only a very small number of chemicals 
are carcinogenic (belitt l ing scientists' 
claims that a great many are capable of 
causing cancer in rodents). Refuting 
their own testimony, however, OSHA's 
1980 policy statement specified that, 
" I t is important to emphasize that 
'negative' results in carcinogenicity 
bioassays simply define a l imit beyond 
which carcinogenic activity would have 
been detected" if higher doses had 
been applied (emphasis added). 

OSHA also said that an assay that "is 
not positive for carcinogenicity is the 
same as if the chemical has never been 
tested for carcinogenicity." They can 
thus condemn as a threat any chemical 
they wish to attack. 

'Natural' Carcinogens 
In a 1983 Science magazine article, 

Bruce Ames (who developed the Ames 

test, which screens substances for mu­
tagenicity on microorganisms, a pos­
sible marker for carcinogenicity in 
higher organisms) pointed out that 
many natural substances are much 
more carcinogenic than man-made 
chemicals. If the naturally occurr ing 
carcinogens were viewed by regulato­
ry agencies with the same degree of 
concern as synthetic substances, the 
public wou ld have to be warned that 
very little we breathe, eat, dr ink, wear, 
use, or contain can be proven to be 
noncarcinogenic. 

Apocaiyptics could ban all man-made 
products, close all factories, and reg­
ulate all industrial and technological 
activities, says Efron, but the natural 
carcinogens wou ld still be everywhere 
and could not be avoided or turned 
off. Obviously the no-threshold, sin­
gle-molecule theory would never have 
been proposed if the natural carcino­
gens had been properly acknowl­
edged before the apocalyptic propa­
ganda concerning man-made sub­
stances was exploi ted! 

Unfortunately, the author's reliance 
on many scientists who requested an­
onymity may diminish the acceptance 
of her book. Such anonymous sources 
were not needed, since many out­
standing scientists already had been 
publicly proclaiming those same facts 
for decades and were readily quotable 
sources. Efron failed to give credit to 
those authorit ies, such as George 
Claus, Thomas Jukes, Edward Laws, 
Robert White-Stevens, and many oth­
ers who were leaders in the long fight 
against apocalyptic propaganda. 

A great many other scientists were, 
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however, given good treatment in the 
book and contributed to the overall 
credibility of Ef ron's allegations. 

Scientific Truth versus Delusion 
If this dramatic book receives the 

media attention that it deserves, it may 
help rejuvenate the ancient objective 
of "truth in science." Also, reporters 
(and politicians) could not so easily 
misinform readers, viewers, and lis­
teners with myths about "cancer epi­
demics" in the United States. 

The public has been brainwashed 

Bound for the Stars 
by Saul J. Adelman and Benjamin Adelman 
Englewood Cliffs, N.J.: Prentice-Hail, 1981 

Steering clear of the twin perils of 
science fiction and mundane report­
ing of present plans and past accom­
plishments, Bound for the Stars lays 
out a clear, scientifically competent, 
and yet imaginative program for man's 
future exploration and conquest of 
space. 

Written by a father-and-son team of 
science writer and astrophysicist, the 
book is almost unique in its strong 
pronuclear bias and its location of the 
development of technologies neces­
sary for the conquest of space in the 
context of simultaneously developing 
those high-energy technologies nec­
essary for the industrial development 
of the Earth. In accordance with this 
outlook, the book contains an excel­
lent refutation of the "L-5" fantasy of 
moving select portions of mankind into 
solar-powered Hiltons in space, an an­
tisocial vision that is largely hegemon­
ic among much of the popular space 
literature. 

The book's greatest strength lies in 
its correct emphasis on the impor­
tance of propulsion technology, and 
nuclear propulsion in particular, to the 
future of space exploration. The au­
thors explain the importance of going 
beyond our present chemical rockets, 
which can gain a maximum specific im­
pulse of 450 seconds of thrust per 
pound of fuel, to solid-core nuclear 
rockets like the Nerva, which could at­
tain 900 seconds; gas-core fission 
rockets, which might attain from 2,500 
to 5,000 seconds; and fusion rockets, 

Books 

into believing that "chemicals" are evil, 
while "nature" is benign. Efron thinks 
most people are now wise enough to 
realize that those who frightened us 
concerning man-made carcinogens, 
while avoiding all mention of natural 
carcinogens (even though they were 
well aware of them), were either seek­
ing to generate more antitechnology 
funding for themselves or were simply 
hoping to pit us against our own in­
dustrial and economic system. 

As Efron says, "When the public un-

whose specific impulses can reach up 
to a theoretical limit of 1 million sec­
onds. 

They then narrate the suppressed 
story of the history of successful de­
velopment of nuclear rockets in the 
United States, and the wrecking of the 
program through budget cuts. "This is 
not a scientific failure or an engineer­
ing failure," they accurately conclude. 
"It is a political failure of the first mag­
nitude." Before these cuts, NASA had 
planned a manned mission to Mars by 
1981. Now the Soviets are announcing 
that they will accomplish this first for 
mankind. 

Fusion in Space 
! The authors go on to an inspiring 
; discussion of how the same fusion-

based technologies that will make 
: quick interplanetary travel cheap and 
; routine will also ultimately make pos­

sible the settlement of solar systems 
f throughout the galaxy. They show how 
• a straightforward fusion rocket, such 
• as that outlined in the British Interpla­

netary Society's Project Daedalus, 
; which might attain a maximum veloc­

ity of 12 percent of the speed of light, 
i is marginally applicable for such a task. 

R.W. Bussard's interstellar ramjet, 
I however, which gathers its fusion fuel 
; from interstellar hydrogen using large 

magnetic fields and thus can attain ve-
» locities close to that of light, may 
, someday give man a practical solution 

for interstellar flight in reasonable time 
r scales. The Adelmans also discuss a 
r number of ideas, such as the proposal 

by Daniel Whitmire to use either the 
l neon-sodium or the carbon-nitrogen-
) oxygen cycle to catalyze the hydrogen 
, fusion reactions in the ramjet, that 

derstands the magnitude of the ideo­
logical delusion in which the entire 
country was enmeshed, a few more 
sophisticated questions will be asked, 
for example: While the Biologist State 
was concocting a pseudo-science and 
regulating industry on the basis of a 
fairy tale . . . while it was suffocating 
human minds with myth . . . where 
were the critical scientists who knew 
that this was happening. . .andwhere 
was the watchdog press?" 

—Dr. J. Cordon Edwards 

represent significant steps toward so-
! lution of the many technological prob-
I iems that will have to be solved before 

the Bussard ramjet can be realized. 
•> The book also contains an excellent 
i chapter on possible astronomical 
i techniques that could be used in the 

near future to detect other solar sys-
, terns, and a fair chapter (although of 

somewhat inadequate detail) about 
possible techniques that might be used 
to transform other planets within our 
solar system, especially Mars, into 

I habitable planets. 
> The writing in Bound for the Stars is 

clear enough to be understandable by 
i a bright high school student, while the 
l information is detailed enough to make 
; the book valuable and interesting to 
\ those with extensive scientific educa-
I tion. Serious researchers will find es-
> pecially valuable the extensive list of 

sources and technical paper refer-
i ences that follows each chapter. 
t —Robert Zubrin 
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Books for Young Scientists 
On the Path of Venus: Discovering the 

Structure of Our Solar System by Lloyd 
Motz, and Experiments in Space Science 
by Peter Greenleaf are both recom­
mended for inquir ing minds at the sev­
enth through tenth grade level. Oth­
ers, including especially science 
teachers, can learn something of ped­
agogy from these books. 

On the Path of Venus (New York: 
Pantheon, 1977, $7.95 hardcover) traces 
the process of discovery of the solar 
system's order, f rom Aristarchus to 
Newton. How did Aristarchus figure 
out that the Earth orbits the Sun? Motz 
demonstrates in detail what observa­
tions lead to this result and tells how 
this great achievement was "forgot­
ten" unti l Copernicus. 

Motz's assertion that Newton and 
Einstein are the two greatest scientists 
in history is far f rom the t ru th ; yet his 
book discloses the dialogue a great 
mind has to carry on wi th its predeces­
sors, and wi th the evidence, to reach a 
great advance. 

Experiments in Space Science (New 
York: Arco Publishing, 1984, $4.95 pa­
perback) is not a beautiful book to look 
at, but its contents are outstanding. 
Since astronomy is the foundat ion of 
space science, it is appropriate that this 
book is chiefly astronomy. How to 
bui ld a transit to f ind your latitude; 
make a sky clock to tell t ime from the 
stars; locate and trace the ecliptic in 
spring and winter; f ind the perigee and 
apogee distances of the Moon f rom 
the Earth; plot the orbits of the planets; 
distinguish sidereal from solar t ime; 
gather and separate cosmic dust f rom 
Earth dust; make a spectroscope; make 
a reflecting telescope—this is a sample 
of the contents. 

Wonders of the Sky—Observing Rain­
bows, Comets, Eclipses, the Stars, and 
Other Phenomena by Fred Schaaf (New 
York: Dover Publications, 1983, $6.95 
paperback), although not bi l led as a 
book for young people, is so wri t ten 
that a serious ninth grader could read 
it. The book is devoted to naked-eye 
astronomy, and its distinctive feature 
is poetic th ink ing, which is the proper 
point of departure in science. 

In his preface Schaaf observes: 
"What chi ldren at first have, and adults 

largely lose, is the sense of wonder. 
But is it inevitable that gaining more 
experience of the wor ld should result 
in lossofwonder? Not always. If aper-
son resists the tyranny of th inking that 
all his factual knowledge and classifi­
cations are justifiably fixed and f inal, 
. . . he can retain some of that native 
wonder and bring it to his experience 
of a wor ld far more complex and rich 
than that of any ch i ld . " 

Wonders of the Sky is an observer's 

guide that wi l l teach the beginner a 
great deal. 

Astronomy Handbook by James Muir-
den (New York: Arco Publishing, 1982, 
$8.95, hardcover) is suitable for an 
eighth grader on up. The book's bri l ­
liant and well-captioned color photos 
and diagrams literally create in the 
viewer an urge to read the book. The 
young person who wants to learn about 
astronomy could work his or her way 
through this book quickly—and be well 
prepared for more challenging mate­
rials. 

—David Cherry 

Beams ... But Not X-Rays 

Continued from page 61 
t ions of Ashton Carter in his report for 
the Office of Technology Assessment, 
just one submarine wi th 10 or more X-
ray lasers to pop up could negate a full 
simultaneous Soviet launch of 1,000 
missiles. And as the recent govern­
ment revelations made in counter ing 
the Office of Technology Assessment 
report by Ashton Carter emphasize, the 
bomb-pumped X-ray laser has a tre­
mendous potential for making missile 
defense workable, boost-phase inter­
cept in particular. 

It is important to note in this context 
that it is not necessary to be capable of 
ki l l ing all Soviet missiles launched in a 
sneak first-strike salvo. Even a 60 per­
cent kill capability, accomplished at a 
small cost, wou ld be more than suffi­
cient to militarily deter any such at­
tack. Sneak first strikes, therefore, 
wou ld no longer be a rational opt ion 
for Soviet military planners. 

Hecht, however, then takes these 
objections further: He suggests that 
the X-ray laser never be developed by 
the United States. . " . . I cannot see ad­
equate reasons for a crash-priority, 
mult ibi l l ion dollar program," he says. 
Hecht also downplays "reports" that 
the Soviet Union has a far larger and 
more advanced beam-weapon de­
fense program underway: 

"The Soviet Union historically tends 
toward making risky demonstrations 
early in a development program. . . . 
The Soviet Union managed a first few 
spectacular shots, most notably Sput­
nik, but was eventually overtaken by 

the United States. In keeping wi th this 
pattern, the Soviet Union might be the 
first to demonstrate (or try to demon­
strate) a laser weapon, but that dem­
onstration might not indicate a com­
manding lead," he writes. 

Who Is Jeff Hecht? 
Once you realize that the technical 

cover for these observations about the 
X-ray laser is riddled with errors, it then 
becomes obvious that Hecht must have 
some other motivation for his views. 
Clearly, his purpose is not to support 
real beam-weapon missile defenses or 
give people an accurate assessment of 
the potential of the X-ray laser. 

Perhaps some light may be shed on 
Hecht's selective report ing if we look 
at one of the more revealing examples 
of Soviet espionage that he briefly dis­
cusses: 

"High-energy laser mirrors are high 
on the Pentagon's list of strategically 
important technologies. Thus, gov­
ernment officials became very upset 
when a metal mirror able to withstand 
high laser powers found its way f rom 
Spawr Optical Research Inc., a small 
company in Corona, California, to the 
Soviet Un ion , through the company's 
West German sales representa­
tive. . . . Both Spawr personally and the 
company were convicted of violating 
export regulations." 

A most interesting case history—but 
the author neglects to point out that 
Spawr at the t ime was publisher of Las­
er Focus magazine whi le Hecht was the 
managing editor. 

—Charles B. Stevens 
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The world will have widespread 
fusion power by the year 2000. 

The only question is whether it will be 
delivered by an ICBM or a tokamak. 

It's up to you! 
With your help, the Fusion 
Energy Foundation can 

• put Fusion magazine into the 
hands of 200,000 progrowth 
Americans 

• educate America on the 
benefits—economic, military, 
and scientific—of developing 
directed energy beam 
technologies 

• send speakers nationwide to 
debate nuclear freeze advocates 
on campuses and at commun­
ity meetings 

• promote science and 
technology—specifically the 
development of nuclear fusion 
and fission and space explor­
ation—as the most important 
tools for continuing human 
progress. 

Join the Fusion Energy 
Foundation and give gift 
subscriptions to Fusion magazine. 

Yes I want to support the Fusion 
Energy Foundation. 
Enclosed is: 
• Sustaining membership $250 
• Individual membership $75 
• Corporate membership $1,000 
(All memberships include 6 issues of 
Fusion) 
• 1-year subscription to Fusion $20 

(6 issues) 
• 2-year subscription to Fusion $38 

(12 issues) 
Make checks payable to Fusion Energy 
Foundation, Box 1438, Radio City 
Station, New York, N.Y. 10101 



In This Issue 
ASTRONOMY: THE FOUNDATION 
OF SCIENTIFIC METHOD 
Astrology and magic, age-old weap­
ons in the war against science and 
reason, are today becoming hege­
monic in the minds of much of the 

population. Jonathan Tennenbaum 
discusses why astronomy is the foun­
dation of scientific method and why 
it must be revived if we are to defeat 
the forces of unreason. To illustrate 
the basics of astronomical science, 
he presents the fascinating account 
of a 40,000-year-old astronomer and 
his civilization and how they deter­
mined the laws of the universe. 

Bringing this process of astronom­
ical knowledge up-to-date, Carol 
White discusses the current work of 
the Mexican astronomer Luis Car-
rasco. Carrasco has extended the 
method of Kepler to relate the mass 
and spin of astronomical objects over 
40 orders of magnitude, thereby ac­
counting for the formation of all ob­
served astronomical structures in the 
universe. 

EVERYTHING ANYONE NEEDS 
TO KNOW ABOUT WHY BEAM 
DEFENSE WORKS 
U.S. scientists in the national labo­
ratories have recently demonstrated 
the near-term potential of the whole 
range of antiballistic missile defense 
capabilities—from Earth-basing or 
low-Earth orbit and "pop-up" de­
ployment, to geosynchronous orbit 

22,000 miles up and beyond. In short, 
the U.S. labs are doing what the beam 
defense critics say is "impossible." 
FEF executive director Paul Gal­
lagher describes these advances in 
detail and refutes the anti-beam-de­
fense arguments of the self-described 
"Shadow Cabinet" at MIT and 
Harvard. 

FOOD IRRADIATION 
TECHNOLOGY: 
LET'S TAKE IT OFF THE SHELF 
Low-dose irradiation could save the 
33 million tons of grain per year that 
never reaches the consumer because 
of insect infestation and spoilage— 
enough to feed 230 million people 
for a year. Irradiation retards spoil­
age, prolongs shelf life, eliminates in­
sect infestation, kills microorganisms 
like trichina in pork, and ensures 
purity. 

As Marjorie Mazel Hecht docu­
ments, after 40 years of rigorous test­
ing for safety and wholesomeness, 
food irradiation has come out with a 
clean bill of health. It's time for the 
United States to stop stalling and 
commercialize this technology. Then 
we can get on with the job of feeding 
the world efficiently. 

Los Alamos National Laboratory 

The krypton fluoride laser, now being developed at Los Alamos Na­
tional Laboratory, has about the shortest wavelength with which op­
tical transmission can be achieved, and it will be capable of killing 
missiles within the atmosphere and in their boost phase. Shown here 
are the red magnets that confine the electrons that energize krypton 
fluoride gas. The grid is a 32-piece glass mosaic through which laser 
light is delivered. 

Courtesy of Jacek Sivinski'CH2M Hill 

Food irradiation can save fish, a major source of protein in Asia, from 
spoilage. Shown here are bags of dried fish in Bangladesh. The fish 
irradiated with 100 kilorads (left) remains insect-free, while nonirra-
diated fish (center and right) has been eaten away by insects. 


