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EDITORIAL 

An American Century? 
In the 19th century, the crucial distinction between the 

United States and the nations of Europe was the versatility 
and technological competence of the American workforce. 
Starting wi th a broad base of literacy, the economy was 
characterized by its dependence on capital-intensive in
vestment. A whole continent was there to be developed, 
and human labor and skills were at a premium. 

In the 20th century, the nation accomplished the leap 
from colony to superpower. Al though the century began 
wi th historians like Frederick Jackson Turner complaining 
that America had lost its pioneering spirit, under President 
Kennedy the nation reaffirmed that there could always be a 
new frontier. He def ined a national mission—to land an 
American on the Moon wi th in a decade—and reasserted 
the basic values that made this nation great. 

We had barely started the program to land on the Moon 
when the space program was cut back. Wi th the murder of 
President Kennedy the United States indeed suffered a 
grievous blow. 

This nation was created and dedicated, in the words of 
Tom Paine, as a "Temple of Liberty and Beacon of Hope" to 
all the wor ld , including future generations. We were meant 

to be a nation that could accomplish the impossible—a 
vision that in the past 25 years has been progressively 
d immed. 

President Reagan was elected to office eight years ago by 
a constituency that supported a strong defense and ad
vanced technologies and rejected the environmentalist 
policies of the Carter per iod. Unl ike Jimmy Carter, Presi
dent Reagan gave the country hope. He committed us to 
do great things. He said in 1981 he would see to it that the 
nuclear industry was back on its feet. He commit ted the 
nation to the Strategic Defense Initiative in 1983. He com
mitted us to deploying a space station by the year 1994; and 
after the Challenger disaster, he commit ted us to develop
ing the aerospace plane. 

Unfortunately, belief in the magic of the marketplace, 
radical free enterprise, and an economic "recovery" that is 
a hoax meant that he could not fo l low through on these 
commitments. In the main, President Reagan's two terms 
of office have not provided a favorable climate for science, 
as this brief summary shows: 

Defense and SDI. Because the administration's misguid
ed policies destroyed our ability to do even those things we 
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had done in the past, such as launch large payloads, the Air 
Force could not launch an important surveillance satellite 
for a year and a half. The SDI has had to postpone or cancel 
most of the tests it planned to conduct in space. 

Certainly, the SDI has stimulated advances in laser tech
nologies, computers, and areas in electronics associated to 
the development of advanced sensors. Nonetheless, other 
areas of high technology have been stifled for lack of fund
ing, the direct result of the administration's irrational poli
cies. 

Energy. President Reagan's policies destroyed the U.S. 
nuclear industry and research and development—some
thing Jimmy Carter tr ied to do for four years but failed. 
When Reagan was elected, there were about 100 nuclear 
power plants under construction or planned. Only a few of 
those plants have operated since then. The rest were can
celed or "mothba l led" ; the projects were kil led by high 
interest rates and by the Nuclear Regulatory Commission. 

The administration also blocked implementat ion of the 
Magnetic Fusion Engineering Act of 1980, displaying con
tempt for Congress. And then, after the President had re
moved support f rom efforts to make the U.S. energy inde
pendent wi thout fossil fuels, he refused to protect the do
mestic oil industry f rom import competi t ion f rom the Aya-
tollah Khomeini . 

Space. President Reagan allowed opponents of the space 
program wi th in the Justice Department to tar and feather 
the administrator of NASA, James Beggs, driving this com
petent and innocent man from office. The administration 
then appointed an incompetent man, Dr. Wil l iam Graham, 
to head the agency for reasons of political patronage, and 
Graham made the wrong decisions, resulting in the Chal
lenger disaster. Graham has since been promoted to Pres
idential Science Advisor. 

Medicine and public health. At the same t ime, President 
Reagan has presided over implement ion of the most reac
tionary policy in medicine and public health in the history 
of this country. His administration has lied to the American 
people about the danger of infection f rom the virus that 
induces AIDS, and, " to save money," the administration 
has neglected to fund the necessary scope of research to 
f ind a treatment or to develop a vaccine against it. Now that 
more than 4 mil l ion U.S. citizens are infected, the President 
seems interested only in selling the National Institutes of 
Health to "private investors" who would tear it apart, and 
wi th it, a good deal of the nation's capability to fight AIDS. 

The Fusion Example 
What President Reagan and his advisors did to the fusion 

program is a good example of his bad policy. He took office 
only months after Congress had passed the Magnetic Fu
sion Energy Engineering Act of 1980 in a nearly unanimous 
vote. The law mandated construction and operation of an 
engineering test reactor fusion power plant by the year 1990 
and a commercial prototype reactor by the year 2000. This 
fusion engineering device wou ld have produced net fusion 
power, but the Reagan administration refused to fund it. 

Reagan's science advisor, Dr. George Keyworth, said pr i
vately that he was opposed to implementing the fusion law 
because going ahead wi th fusion engineering "wou ld de-
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stroy fusion as ; science program"! Then he announced 
publicly that the Jate for achieving commercial fusion pow
er had to be post aoned until 2050 for budgetary reasons. In 
defiance of a la v Congress passed nearly unanimously, 
Keyworth annou iced that the wor ld "does not need a new 
energy source b' the end of this century." 

By 1983, Reags n's policy was surrendering leadership in 
the developmen: of fusion energy to Japan, thus fulf i l l ing 
Keyworth's litan ' that the United States does not have to 
be first in the wor ld in science and technology. In 1985, 
taking Keyworth s advice, Congress began cutt ing the fu
sion budget. 

At the same tii ne, the Whi te House suppressed a report 
by a distinguished panel of scientists that concluded that 
there was "no physical reason" that inertial confinement 
fusion could not soon be achieved. The House Armed Ser
vices Committer had mandated that the Executive branch 
carry out a reviev' of the civilian inertial conf inement fusion 
program in its 19 56 appropriations bi l l , but when Keyworth 
received this mandated report in July 1986 he decided not 
to release it. 

This report sav i the light of day only after Dr. Stephen O. 
Dean, president af Fusion Power Associates and a member 
of the advisory b sard of 21st Century, demanded its release 
under the Freedom of Information Act. 

Keyworth's so-called pure science phi losophy also de
layed init iation o : the space station program for three years. 
NASA Administr itor Beggs had called for a space station at 
his conf irmation hearings in 1981. Keyworth's answer was 
that we did not need men in space, that a space station 
would be "a mistake" and "a step backward"—and that it 
would benoth in ; new anyway, because the Soviets already 
had one. 

Al though Pres dent Reagan went against his advisors and 
initiated the spa< e station program in 1984, he has allowed 
it to be halved i I size and postponed in t ime because of 
budget constrair ts. The level of funding for the program, 
including the 40 percent congressional cut f rom NASA's 
request for this ; ear, has stretched out the schedule by at 
least two years, i nd downgraded the capability of the orig
inal station. 

The problem c f our commitment to extending the tech
nological frontie cannot be viewed in isolation. As Marsha 
Freeman docum ;nts in this issue in her feature on the So
viet space progr. im, whi le the United States is lagging be
h ind, the Soviets are resolutely pushing ahead. 

What this cou l try needs to get out of the present eco
nomic recession is precisely the kind of investment that 
President Reagar is fearful of making. Not only should the 
space station be :ompleted according to its original design 
and schedule, b i t we can—and must—do much more. Just 
as we were able 1 o meet President Kennedy's goal success
fully and land a rr an on the Moon in the span of one decade, 
so we can meet the schedule proposed by the National 
Commission on >pace to get back to the Moon and to es
tablish a U.S. col sny on Mars in the next 40 years. 

The 20th centu ry was sometimes known as the American 
century. The dec isions that we, as a nat ion, make over the 
next year wil l de ermine if the 21st century is to be a Russian 
century. 
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The 
Lightning 
Rod 

My dear fr iends, 
Build a better Mouse Trap, and the 

World will beat a path to your door. 
In New Hampshire, it was decided 

to bui ld such a Mouse Trap. In design, 
it was by far the best that had ever been 
conceived. It featured a self-baiting 
device offering the mouse, not mere 
Cheese, but a "Total Pleasure Environ
ment"—analagous in its effects to 
those sun-and-sand-filled tourist spots 
featured on winter television commer
cials. Of course, since no human was 
required to risk his fingers setting a 
spring and baiting the Trap, it was also 
much safer and cheaper than the o ld-
fashioned "cheese-fueled" Mouse 
Trap. 

But despite great initial Enthusiasm 
for the trap, certain persons had Ob
jections. 

"We've never done this before," they 
said. "What if the Total Pleasure Envi
ronment turns out to be dangerous to 
other l iving creatures?" 

They announced the formation of a 
"cit izens' action group, " which called 
itself "The Fabulous Furry Freak Broth
ers and Sisters." They surrounded the 
Mouse Trap Site and blocked access. 
They received environmental service 

awards f rom the ambitious Governor 
of a neighboring state. They wrote 
movie scripts and lobbied Washing
ton . Hol lywood benefits were held. 
Laws were passed. 

Teams of gerbils were sent in to do 
Daily Inspections. Hamsters, chip
munks, and Ralph Nader filed class ac
tion suits. Governmental commissions 
were created and dispersed. Emergen
cy evacuation plans for all Woodland 
Creatures were drawn up. The now-
famous Governor of the neighboring 
state appointed several Furry Freak 
Brothers and Sisters to his staff. 

It took years longer and cost much 
more than planned to complete the 
Better Mouse Trap. 

When it was finally tested, the Trap 
was a great success. Many times more 
powerful than the now obsolete 
"cheese-fueled" trap, it proved irre
sistibly attractive to the mice, who lined 
up in orderly rows for the privilege of 
being quickly and painlessly disposed 
of by this Superior Product. No ger
bils, chipmunks, or other Woodland 
Creatures were injured by the Trap. 

But now opponents had a new ar
gument. 

" I t is not cost-effective," they com
plained. "We could have built an o ld-
fashioned trap for much less. Anyway, 

demand is fal l ing—there are fewer 
mice." 

The proprietors of theTrap, the Pub
lic Service Util i ty Trap Co. of New 
Hampshire, tr ied to point out that this 
might have something to do wi th the 
rate at which mice were being effi
ciently disposed of, in tests of the Bet
ter Mouse Trap. In vain. 

"It 's too dangerous!" the oppo
nents cr ied. "It 's too costly! We've 
never done it before!" 

Stil l, it seemed as if the trap would 
finally open, provided the uti l i ty com
pany were granted a rate increase. Alas, 
one day there was a terrible accident— 
two matched pairs of Yuppies wan
dered into the Mouse Trap by mistake. 
And before you could say "BMW," the 
Total Pleasure Environment had sub
jected them to brain-wave effects eval
uated by safety experts as equivalent 
to those of a year at Club Med . 

A tumultuous hue and cry went up. 
The Governor of the neighboring state, 
citing one of the numerous laws passed 
at the behest of the Fabulous Furry 
Freak Brothers and Sisters, refused to 

approve any evacuation plan for Yup
pies, thereby stalling the Trap's open
ing. The rate increase was denied. 

Finally, the Public Service Utility Trap 
Co. of New Hampshire fi led for bank
ruptcy. The next day, four out of five 
respectable liberal newspapers and all 
three national television networks de
clared Governor Rat the f rontrunning 
candidate for President. 

Moral: Go ahead and build a better 
Mouse Trap, but make sure you also 
have something to take care of the Rats. 

Computer 
Aided 

Illustration 
For times when computer graphics 

just aren 't enough. 

Supply us with anything from engi
neering plans to rough sketches. We'll 
use the latest 3-D modeling software 
combined with in-depth technical and 
artistic experience to produce accurate, 
realistic renderings of your ideas. Your 
choice of watercolor or oil We can also 

work from your own CAD images. 

For more information and for estimates, 
call or write: 

Compute r Aided I l lustrat ion 
25 Richard Drive 

Flanders. NJ 07836 
(201)927-9120 
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NEWS OF 
THE FUTURE 

50 Years from Now 
May 5, 2038, WASHINGTON, D.C.— 
The National Academy of Sciences 
hosted a reception here today for its 
"over 125" division. The event cele
brated the opening of a special exhibit , 
"50 Years of Science," that documents 
the life and work of the division's 
work ing scientists in several fields. 
Several "over 125s" took part in a si
multaneous gathering on the M o o n . 

100 Years from Now 
May 5, 2088, MARS—The park areas of 
Mars burst into b loom this week wi th 
a profusion of spring f lowers. This is 
the first outdoor f lower display, made 
possible by the newly installed artifi
cial atmosphere, held in place electro-
magnetically over the entire colony. 
The highlight of the display is a new 
tu l ip , "Martian Red," developed es
pecially for the colony. 

Editor's Note. Readers are invited to contribute to 
this column. Please limit entries to 100 words for 
each item. Contributors whose entries are printed 
will receive a gift subscription to 2 7sf Century. 

Gift 
Subscriptions 
Wanted 

You can help ensure that 
America trains astronauts, not 
cavemen by donating 21st 
Century gift subscriptions to 
schools and libraries. 

For more information, call or 
write 21st Century. 

Build Dr. Moon's 
Model of the 

Atomic Nucleus 

Read about Manhattan Project 
physicist Robert J. Moon's model 
of the atomic nucleus, based on 
the concept of quantization of 
space and time. Then build it 

yourself! 
Kit includes: complete materials 

and instructions for building these 
sturdy metal models of the nested 

Platonic solids. 
Price: $19.95 (postpaid) 
Make checks payable to: 

Ben Franklin Booksellers 
27 South King Street 
Leesburg, VA 22075 

(703) 777-3661 

NRI's At-Home Training in Electronic Design 
Technology Can Put You in a High-Paying 
Career as an In-Demand Design Technician 
The best jobs in electronics today go to the 
people who have the skills to think and work 
creatively. Conceive and design circuits and 
equipment. Initiate ideas and cany them 
through. Now NRl can help you be one of 
these people—design technicians who 
command up to $22,000 as starting salanes, 
earn $35,000 oc more with experience. 

NRI's Electronic Design Techonology 
course starts you with the fundamentals and 
builds from there to prepare you for an 
electronics career with real growth potential! 

No Previous Experience Necessary 

Even if you've never had any 
previous training in 

lour hands on training includes 
all this the unique NRl Circuit 
Designer, a sotderless bread-
boarding system you build and use 
lor circuit design, prototype 
construction, component evaluation, 
and testing- . the NRl Model 250010 
MHz tnggered sweep oscilloscope, 
invaluable in etctromc trouble
shooting. .. a Tl-30calculatorlor fast, 
accurate computations . and3-''i 
digit, hand-held digital multimeter you 
learn to use as professionals do to 
perlorm electronic tests and 
measurements. 

electronics, you can succeed with NRJ training. 
You stan with the basics, 
then rapidly build on .*^ 
them to master advanced 
electronics concepts. 

NRJ Circuit Designer ™ 
Gives You Invaluable Hands-
On Experience 
The heart of your lab training is the 
exclusive NRJ Circuit Designer you build. 
It's a totally unique instrument with full 
breadboarding capability, built-in muluple 
power supplies, and a multifunction signal 
generator for circuit testing. Fast, simple 

connections let you create prototype 
circuits, immediately check them out 
for function or faults. Your Circuit 
Designer will handle both linear and 

digital integrated circuits as well as 
discrete components such as 
transistors and diodes. 

Send for FREE Catalog 

Send the coupon today for NRI's free 
catalog that gives you all the details about 
the Electronic Design Technology course. 
If the coupon is missing, please write to 

NRl School of Electronics, 3939 Wisconsin 
Avenue, Washington, DC 20016. 

Send coupon today for free NRl catalog. 

I MWM Wk,& SCHOOL OF ELECTRONICS 

| McGraw-Hill Continuing Education Center 
| 3939 Wisconsin Ave. Washington, D C . 20016 
. Please send information about NRl training 
I in Electronic Design Technology. 

I 
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NEWS BRIEFS 

U.S. Air Force 

Canceled: Artist's concept of the min
iature Air Force ASAT vehicle as it clo
ses on the obsolete U.S. Solwind sat
ellite during a successful ASAT test in 
September 1985. 

NASA 

NASA's Space Telescope is a 10-ton 
unmanned optical telescope that will 
enable scientists to see seven times 
farther into space than is now possible. 

U.S. SATELLITES ENDANGERED BY CANCELLATION OF ASAT PROGRAM 
The cancellation of the U.S. antisatellite (ASAT) program was announced by 

Secretary of Defense Frank Carlucci in mid-February as a budgetary measure. 
Congressional opponents of the ASAT program have tr ied to justify the cuts by 
saying that the Soviets ASAT program is crude and can only hit U.S. satellites in 
low-Earth orbi t , less than 300 miles up, whi le U.S. communications, reconnais
sance, and early-warning satellites are higher up. However, as documented in 
this issue (page 44), the Soviets can use the new Energia superbooster to put 
their ASAT program into high-Earth and geosynchronous orbits, making all U.S. 
satellites vulnerable—and now wi thout any threat of retaliation. 

U.S. STUDENTS RANK VERY POORLY IN SCIENCE 
Students in the United States in the f i f th, n in th , and twelf th grades perform 

poorly in science compared to their counterparts around the wor ld , according 
to the results of an international science survey released Feb. 29 by the National 
Science Foundation. U.S. fifth graders ranked 8th among 15 countries, ninth 
graders placed 15th in a field of 16, and seniors placed last out of 14 countries, 
w i th an mean score of 37.9 percent. Advanced chemistry students placed 11th 
and second-year physics students placed 9th among 13 countries. 

INFANT AIDS INFECTIONS HIGH IN NEW YORK CITY 
One baby in every 61 in New York City is born infected wi th the AIDS virus, 

according to recent tests by New York State health officials. The blood of 19,157 
infants—every infant born in New York State dur ing a month- long period begin
ning in late November—was tested for AIDS antibodies. Of 9,047 born in New 
York City, 148 carried antibodies to the AIDS virus. Statewide results varied f rom 
1 in 43 babies infected in the Bronx, to 1 in 749 infected in upstate New York. A 
related study of anonymous blood samples found about the same proport ion of 
women infected as babies who tested positive for the antibodies. 

State Health Commissioner Dr. David Axelrod called the results of the baby 
study "alarming," and wrote physicians in the state that "the implications of 
these findings warrant immediate at tent ion." 

HIGHER ORBIT FOR HUBBLE SPACE TELESCOPE UNDER CONSIDERATION 
Because the Hubble Space Telescope (HST) wil l now be launched near the 

1991 solar maximum, placement in a slightly higher orbit is under discussion, 
according to NASA officials. The 11-year maximum in solar magnetic activity 
causes Earth's upper atmosphere to warm and expand slightly, increasing the 
drag on a satellite in orbit at 320 nautical miles, where the HST was to be put. 
The increased drag would degrade the telescope's orbi t , impairing point ing 
accuracy and posing the danger of reentry. Occasional reboosting has been part 
of the plan for HST from the beginning, but wi th launch at solar maximum— 
instead of min imum as originally planned—a reboost wou ld be required wi th in 
one year. Meanwhi le, some scientists think the coming maximum may be like 
the last one—the worst in recorded history. A small increase in orbital dis
tance—such as 10 nautical mi les—would make the difference. 

"The Shuttle is capable of this, but it does l imit our opt ions," said Al Boggess, 
Associate Director of Sciences for Space Telescope. "You need reserve fuel to 
station-keep the Shuttle and the HST. My impression, however, is that the 
present upper l imit of 320 nautical miles is a conservative one. We are discussing 
this wi th the Johnson Space Flight Center. At 330 miles, when the orbit d id begin 
to degrade, the atmosphere wou ld already be shrinking again," he added. 
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Dixy Lee Ray: "It is distressing that an 
elected official. . .would. . .take such 
a dangerous attitude toward our need 
for energy and economic security." 

Council on Radiation Applications 

Low doses of radiation can destroy tri
chinae in pork, extend the shelf life of 
strawberries, delay spoilage of shrimp 
or maturation of mushrooms and broc
coli—all without changing the flavor of 
the food or affecting its nutritional 
quality. 

May-June 1988 

DIXY LEE RAY ATTACKS GOV. DUKAKIS FOR SABOTAGING SEABROOK 
Former Washington state governor Dixy Lee Ray lambasted Massachusetts 

governor Michael Dukakis for sabotaging the Seabrook nuclear power plant in 
New Hampshire. Ray, a former chairman of the Atomic Energy Commission, 
stated: "The Seabrook nuclear power plant has not received a license largely 
because Dukakis has refused to allow Massachusetts to take part in the emer
gency planning required by federal regulators. If he had cooperated, the planl 
wou ld be operating today; it wou ld be reducing our oil imports by 10 mil l ior 
barrels a year; the cost of the plant wou ld be mil l ions of dollars less; and Public 
Service of New Hampshire would be solvent, if not prosperous." Ray's remarks 
were made in a letter to the editor of the Seattle Post-Intelligencer Feb. 14 
comment ing on the paper's coverage of the issue. 

"A secure supply of electricity is vital to the economy of New England," Ra> 
said. "Its eight nuclear plants avoid the burning of over 50 mil l ion barrels of oi 
every year, and supply New England with one third of its electricity. Nucleai 
plants have been operating safely there since 1960. Electric power demand ir 
New England is increasing faster than the national average, and wi thout nucleai 
energy the only real options are more imported oil and Canadian electricity 
Both hurt our balance of payments and each has a security of supply risk. 

"I t is distressing that an elected off icial—one who is presenting himself as ; 
presidential candidate—would not only drive a company into Chapter 11, bu 
more important, take such a dangerous attitude toward our need for energy anc 
economic security." 

SOVIET UNION INFANT MORTALITY RIVALS THAT OF THIRD WORLD 
Infant mortality statistics published by the Soviet government late in 198; 

reveal that Soviet infant mortality on average is worse than in some developing 
nations. The Soviet official mortality rate is 25.6 deaths per 1,000—on a par witr 
Paraguay and Thailand. However, according to Soviet pediatrician Dr. Vyaches 
lav Tabol in, a member of the Soviet Academy of Medical Sciences, the actua 
rate is at least 30 per 1,000. One way the statistics are lowered is by recording 
the deaths of infants 10 and 11 months old under the category of 13-month-olds 
thus taking them out of the infant category. 

The figures for Musl im republics outside of Russia are even worse. For exam 
pie, in 1986, the death rates per 1,000 live births in the Uzbek, Tajik, andTurkmer 
republics were 46.2,46.8, and 58.2, respectively. 

Infant mortality rates in these three republics have worsened since 1970. 

NEW JERSEY GOVERNOR REFUSES TO BAN SALE OF IRRADIATED FOOD 
New Jersey Governor Thomas Kean vetoed a bill approved by the state legis 

lature Jan. 7 that wou ld have banned the sale of irradiated food in the state. Th<: 
legislative debate was characterized by an abundance of environmentalist lie i 
and antinuclear fears. However, the governor had said he would not sign the 
bil l if the state health department recommended against it, and apparently th< i 
scientists in the health department prevailed. 

Among those counseling Governor Kean to veto the bill was Dr. B.P. Sonnen
bl ick, the author of New Jersey's radiation protection law. Sonnenblick told t b i 
governor that 30 years of testing on animals had demonstrated no ill effects, 
Sonnenblick characterized the anti-food-irradiation environmentalist groups a ; 
"Luddites, similar to the antiscience mob which burned the house of physicist 
Priestley" in the 1790s. 



VIEWPOINT 
For the past 25 years, irrationality not 

scientific fact has prevailed on the 
pesticide issue, and the individual 
consumer has been the loser. Those 
spreading fear are not just the environ
mentalist groups who made their rep
utation by banning DDT and other life-
saving and cost-saving pesticides, but 
also some overzealous scientific 
groups wi th political motives. 

The problem is typif ied in a report 
by the National Research Council of 
the National Academy of Sciences that 
calls for restrictions on the use of ag
ricultural chemicals, allegedly be
cause such chemicals are tumor-caus
ing. Released in May 1987, the report 
is a "worst case analysis" of the type 
that was abolished by the Whi te 
House's Council on Environmental 
Quali ty in 1986. 

The Council on Environmental 
Quality had determined that only "rea
sonably foreseeable" effects that are 
supported by "credible scientific evi
dence" should be considered in fed
eral reports, and not "worst case" sce
narios that breed endless debate and 
speculation. Unfortunately, the Na
tional Research Council ignored this 
call for a return to the rule of reason, 
and instead produced a report based 
on fantasy rather than fact. 

Worst Case Scenario 

The Research Council report lists 
specific pesticides that may be detect
ed in some agricultural products by 
means of extremely sensitive analyti
cal equipment. If the council had sim
ply studied adverse human reactions 
associated wi th the application of ag
ricultural chemicals on crops, its re-

) . Gordon Edwards, professor of en
tomology at San Jose State University 
in California, has taught biology and 
entomology there for 39 years. He is a 
long-time member of the Sierra Club 
and the Audubon Society, and is a fel
low of the California Academy of Sci
ences. His Climbers Guide to Glacier 
National Park was published by the 
Sierra Club, and many of his articles on 
birds have been published by the Au
dubon Society and other environmen
tal groups. 

Let's Tell the Truth 
About Pesticides 

Dr. J. Gordon Edwards 

port wou ld have been very reassuring 
and would not have provided any 
fr ightening headlines. 

Instead, the Research Counci l de
vised a computer program that calcu
lated the total U.S. acreage of each crop 
studied and then assumed that every 
one of those acres would be treated 
wi th the maximum legal amount of all 
pesticides approved by the Environ
mental Protection Agency for use on 
each crop. 

Since every crop is threatened by 
more than a single species of weed, 
mo ld , mite, insect, and nematode, 
many different herbicides, fungicides, 
acaricides, insecticides, and nemati-
cides are registered for each. The Re
search Counci l computer was padded 
wi th the maximum allowable volumes 
of each of these registered pesticides 
for the crops studied, all at the same 
t ime! No crop has ever been treated 
wi th such massive amounts of pesti
cides. 

Usually only one pesticide is applied 
for each kind of serious pest per year, 
and then only if it appears essential! 
The California Tomato Growers Asso
ciation keeps careful records of pesti
cide applications by its growers. The 
association reported that "no pesti
cides" were used on more than 70 per
cent of the tomato acreage in the state, 
and that no single insecticide was used 
on more than 40 percent of the total 
acreage. The National Research Coun
cil's calculation of the amounts of pes
ticides applied per acre of tomatoes 
was therefore sheerest fantasy! 

The Research Council 's computer 
program was also fed unreal figures 
regarding the amount of pesticides in 
the food that people consume. The 
computer program assumed that the 
maximum allowable levels of every 
pesticide registered for use on each 
food crop would be used, and that large 
proport ions of each would be present 
in every bite of that kind of food eaten 
dur ing the entire l i fet ime of each per
son. 

Every actual sampling of pesticide 
residues in commercial foods belies 
that ridiculous assumption. In Califor
nia, thousands of food samples are 
analyzed each year by the state. In 1986, 
more than 84 percent of the samples 
contained no detectable pesticides, 
and less than 1 percent had any illegal 
residues. ("I l legal" means either that a 
pesticide un registered for that crop was 
present, or that a registered pesticide 
was present at a level exceeding the 
allowable tolerance level.) 

The Research Counci l computer 
program further assumed that every 
person in the United States ingests all 
of the 15 kinds of foods studied by the 
council every day throughout his or her 
entire life. Presumably the council an
ticipated that every day each person 
eats tomatoes, potatoes, apples, 
peaches, grapes, oranges, lettuce, 
beans, carrots, soybeans, corn, wheat, 
chicken, beef, and pork. 

The computer then mult ip l ied the 
legal maximum tolerance level of each 
chemical in each of these foods by the 
U.S. Department of Agriculture's cal
culation of the number of milligrams 
of that food consumed, per kilogram 
of human body weight. That mult ip l i 
cation yielded a "Theoretical Maxi
mum Residue Cont r ibut ion" orTMRC. 

For each specific chemical, the TMRC 
figure was then mult ipl ied by a hypo
thetical " tumor potency factor." The 
resultant f igure was considered as the 
"risk of excess tumor development" 
posed by that particular chemical dur
ing a citizen's l i fet ime. 

Based on the false assumption that 
we all eat all 15 foods every day and 
that all allowable pesticides are used 
to the maximum on each crop, the Re-
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search Council cranked out a hypo
thetical estimate of the "Worst Possi
ble Estimate of Oncogenic Pesticide 
Residues in Food." That estimate, it as
serted, indicates the total combined 
amounts of pesticides, calculated as the 
TMRCs of all registered pesticides from 
all major foods eaten dur ing the life
t ime of a// U.S. residents. According to 
that "worst possible case" scenario, the 
Counci l concluded that pesticide res
idues in our food could cause up to 
20,000 excess cancer deaths a year. 

More realistic calculations, based on 
actual levels of pesticides in the actual 
amounts of food eaten by people every 
day, were not studied by the National 
Research Counci l . When those realis
tic data are considered, they indicate 
that there are zero excess cancer deaths 
a year attributable to legally applied 
pesticides on crops. Dr. Arthur Upton, 
a member of the Research Counci l 
study group, has in fact stated, "Pesti
cides are not presenting the American 
populat ion wi th a major health haz
ard. " 

The Infamous Delaney Clause 
Although the Council report refers 

to "oncogenic pesticide residues in 

ESTIMATED U.S. FOOD LOSSES 
WITHOUT PESTICIDE USE 

Crop Percent Loss 
Wheat, Great Plain 70 
Soybeans, south 50 
Corn, corn belt 60 
Apples, north 100 

Potatoes, northeast 100 

Melons, Calif. 45 
Lettuce, Calif. 96 
Strawberries, Calif. 94 

Cole crops, Calif. 95 

Tomatoes, Calif. 70 
Sorghum, Tex. 50 

Source: Dupont Agrichemicals Section, 1979 

Crop diseases, insect plagues, 
and weed pressures even with 
today's level of crop protection, 
still claim one-third of the world's 
potential food harvest. In under
developed countries, the /osses 
can be as high as 90 percent. 

f ood , " and relies upon the 1954 Dela 
ney Clause of the Food, Drug, anc 
Cosmetic Act as the reason for restrict 
ing pesticide use on crops and in ou 
food , there was actually no ment ion o 
"oncogenic" hazards in the Delaney 
Clause. The clause states, "that no ad 
ditive shall be deemed to be safe if it k 
found to induce cancerwhen ingestec 
by man or animal, orifitis found, afte, 
tests which are appropriate for tht 
evaluation of the safety of food addi 
tives, to induce cancer in man or ani 
mal." Notice that the infamous, shod 
dily wr i t ten clause referred only tc 
" food additives." Pesticides applied tc 
crops were specifically excluded frorr 
its provisions! 

The general counsel of the Depart 
ment of Health, Education and Wei 
fare at the t ime quickly pointed ou 
that "the Delaney Amendment doe: 
not apply to pesticidal chemical resi 
dues in raw agricultural commodit ie: 
or in foods processed from lawfu 
crops." 

The Environmental Protectior 
Agency has frequently observed tha 
the Food, Drug, and Cosmetic Act spe 
cifically al lowed for legal limits of ag 
ricultural chemicals and their by-prod 
ucts to be present in food . These lega 
limits are referred to as "tolerance 
levels permitted for each crop/pesti 
cide combinat ion. The legal to lerana 
is usually at least 700 times less thai 
the amount that experimenters havt 
found to have no effect on animals. 

The most important words in th< 
Delaney Clause are ignored by the 
antipesticide activists and are usuall* 
omit ted f rom media references to the 
clause. Those words are "rests which 
are appropriate." Tests on animals us 
ing dosages hundreds of times greate 
than they could ever encounter in rea 
life are certainly not appropriate. Ever 
worse, the chemicals have frequentl ' 
been administered in totally unnatu 
ral, inappropriate ways, such as satu 
ration, intravenous inject ion, fetal in 
tubat ion, gavage, and so on . 

The Tumor Fraud 

The Delaney clause specifically re
ferred to additives that induce "can 
cer," which was def ined at that t ime a i 

CHEMICALS INCREASE 
CROP YIELD 

Despite the "organic farming" 
propaganda, chemically protect
ed crops produce greater, higher 
quality yields. In one "carrot 
project" demonstration in Mon
terey, California, farmers showed 
in adjoining plots the following 
yields: 

No chemicals, 
not weeded 1.05 tons per acre 

No chemicals, 
hand weeded 1.47 tons per acre 

Treated 21.30 tons per acre 

a malignant growth w i th the tendency 
to spread to other parts of the body. 
"Tumors," on the other hand, were 
nonmalignant growths that do not 
spread and that often disappear after 
the massive chemical insults are ter
minated. (The Food and Drug Admin
istration had defined carcinogenic 
substances as "those that cause can
cerous tumors.") 

In 1976, to make it easier to invoke 
the Delaney Clause as an excuse for 
banning pesticides, Environmental 
Protection Agency administrator Rus
sell Train, an attorney, redefined "can
cer" and " tumor." Train stated that "for 
purposes of carcinogenicity testing, 
tumorogenic substances and carcino
genic substances are synonymous." 

Leading scientists objected to this 
unscientific ploy. For example, Dr. 
Carroll Wei l of the Carnegie Mel lon 
Institute wrote, "The main point of 
content ion [regarding the Environ
mental Protection Agency's cancer 
policy] is the unacceptable redefini
t ion of ' tumor ' to mean 'cancer.' " De
spite scientists' opposi t ion, the EPA 
deleted the words "carcinogenic" and 
" tumor igenic" f rom their rulings and 
began using the word "oncogenic" to 
designate substances that caused either 
cancerous or benign tumors in test an
imals. 

The word oncogenic was then con
sidered sufficient to justify the ban
ning of pesticides by simply invoking 

Continued on page 11 
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NEW DELHI REPORT 

A Venture Capitalist 
Approach to Development 
by Ramtanu Maitra 

A n Indian venture capitalist f rom 
Chicago has managed to cut 

through India's vast bureaucracy to 
upgrade the nation's communications 
system. Working for just 1 rupee a year, 
Sam Pitroda has shown that India can 
break out of a situation where it has 
the third largest pool of scientists and 
engineers (after the Soviet Union and 
the USA), yet 70 percent of its popula
t ion is still trapped in subsistence ag
riculture. Although the country has had 
an admirable bui ldup of indigenous 
R&D capabilities since independence, 
this has not had the necessary qualita
tive impact on economic develop
ment. 

This is a problem whose solution is 

at the top of Prime Minister Rajiv Gan
dhi's agenda for India, and one that 
has prompted the launching of five 
"technology missions" over the past 
18 months charged wi th making break
throughs in drinking water, oilseed 
production, eradication of illiteracy, 
immunization of children, and tele
communications. 

The "mission approach"—targeting 
a specific area in applied science where 
real gains can be made wi th a relatively 
short, concentrated application of hu
man and financial resources—is clear
ly intended to break through the iner
tia bui l t up and carefully maintained by 
a highly poli t icized government bu
reaucracy that has operated for years 

Linda de Hoyos 

India's technology mission to eradicate illiteracy "with the support of all available 
information technologies and improved pedagogical inputs " was announced in 
March 1987. As of the 1981 census, India's literacy rate was only 36 percent, in 
spite of a constitutional mandate that all children up to the age of 14 must have 
free, compulsory education. Above, children at Sunni University in Lucknow. 

as a chain of f iefdoms. 
The telecom mission is exemplary. It 

started in 1984 wi th government ap
proval of a proposal by the nonresi
dent Indian telecom engineer, Sam Pi
troda, to bring Indian te lecommuni
cations up to wor ld standards in 10 
years, indigenously. At age 42, Pitroda 
had 19patentsandseveral mult i -mi l l ion-
dollar high-tech businesses in Chicago 
to his credit, but had nurtured a dream 
to accomplish something in India. 

The Telecom Mission 

Pitroda proceeded to put together a 
new R&D facility, the Center for De
velopment of Telematics (C-DOT), with 
a first-stage budget of $3 mi l l ion and a 
three-year mandate to design a range 
of electronic switching systems for the 
country. 

It has turned out to be a critical test 
case, challenging nearly 40 years of 
government policy and practice in In
dia's telecommunications sector. 
Government takeover of the Bombay 
Telephone Company in 1943 brought 
the visionary scheme of its general 
manager to set up an Indian industry 
fo r the manufacture of telephones and 
telephone exchange equipment un
der government contro l . 

Wi th in a few months, political ma
neuvering f rom Delhi had pushed the 
technically qualif ied individuals out 
and fi l led all the chairs wi th civil ser
vants wi th no experience in industry. 
A mid-1960s initiative in telecom R&D 
was similarly smothered. Meanwhi le, 
the 1956 Industrial Policy Resolution 
brought all telephone equipment 
manufacture under government con
t ro l . 

Ever since, the telecom bureaucracy 
has carefully tended its power and 
privilege as gatekeepers for foreign 
concerns that since 1975, at least, have 
been unloading $80-$100 mill ion worth 
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of foreign-made equipment—which 
could have been made here—into In
dia every single year. 

The result? Today, after more than 
30 years, there are a mere 3 mil l ion 
telephones in India to service a popu
lation of 750 mi l l ion. Since 90 percent 
of those are in the cities, where only 
25 percent of the population lives, 
300,000 phones are left for some 560 
mil l ion villagers to share. 

There are only 36,000 public tele
phones, most of which get only local 
numbers, in the entire country. More
over, at any given t ime, 4 out of 10 
phones don' t work in Delh i ; 7 out of 
10 in Calcutta. There were other side 
effects, such as India's failure to de
velop an electronics industry. 

Pitroda was convinced not only that 
India had to bui ld its telecom network 
indigenously, but that it was eminently 
feasible. Moreover, he argued, w i th
out extensive rural communication, no 
real development and modernizat ion 
of the country could occur. The broad 
mission he out l ined aims to have 30 
mil l ion lines and 3 mil l ion public 
phones by the year 2000, wi th at least 
one reliable public telephone and telex 
and one data terminal per village by 
1995. I twi l l also bui ld up infrastructure 
for a single national telematics net
work, and digitize the network. 

Panicking the Timeservers 

But if Pitroda's brash, can-do spirit 
seemed to make him an easy target in 
the snake pit of Delhi's court polit ics, 
his success has panicked the timeserv
ers. The fact that the 375 young engi
neers Pitroda organized at C-DOT ac
tually delivered the new switching sys
tems technology they promised— 
wi th in the timetable and under cost— 
ought to make it clear that the game is 
up. 

And since Pitroda has just been qui
etly appointed the prime minister's ad
viser wi th ministerial rank, responsi
ble for all the rest of the technology 
missions, the lessons of the telecom 
mission wi l l not end there. The myth 
in India that things must be as they are 
and always have been has been shat
tered in a way that promises far-reach
ing effects. 

Ramtanu Maitra, a nuclear engineer, 
is the editor-in-chief of the magazine 
Fusion Asia. 
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FUSION REPORT 

Compact Ignition Torus Put on 
Austerity Budget by Congress 
by David Cherry 

Magnetic fusion energy develop
ment was all but strangled by Congress 
in January 1988, when conferees of the 
House and Senate appropriations 
committees agreed to authorize only 
$8 mil l ion to initiate construction of 
the Compact Ignit ion Tokamak (CIT). 

This bare-bones budget for fiscal 
year 1988 was authorized after the Sen
ate had deleted all funds for the CIT, 
which is to be built at the Princeton 
Plasma Physics Laboratory. The Rea
gan administration had asked for $19 
million for the CIT, but even this is only 
half the amount that wou ld be re
quired to put this next-generation fu
sion device on a minimally adequate 

schedule. 
The Compact Ignit ion Tokamak wil l 

take the essential next step—plasma 
igni t ion—required for the U.S. mag
netic fusion program to move toward 
commercially viable fusion power pro
duct ion. 

Existing tokamaks require a great 
deal of energy to produce a mere tric
kle of fusion. Yet they are providing 
the knowledge necessary to bui ld a 
new generation of devices capable of 
ignition, self-sustained fusion burn ing 
without continuous external heating of 
the plasma. Al though valuable along 
the experimental road toward com
mercial fusion, continuous external 

Fusion: How Close Are We? 
Despite major cutbacks over the last decade in funding, the U.S. fusion 

program has maintained steady progress in developing the science and 
technology for harnessing magnetic fusion energy. This has chiefly been 
carried out on experiments designed and initiated in the mid-1970s, such 
as the Princeton Tokamak Fusion Test Reactor (TFTR). 

Now both the Japanese and Western Europeans have larger experiments 
that wi l l significantly outdistance the performance of the TFTR. This is 
occurr ing at the same t ime that the TFTR is demonstrating that there are 
no major scientific or technical barriers to achieving energy-producing 
fusion plasmas. 

The fusion program has also been a technology driver for the nation. 
Even the recent fusion report of the Office of Technology Assessment (an 
office not known for its friendliness to advanced technologies), noted that 
the U.S. fusion program had produced most of the scientists and much of 
the technology that has gone into the Strategic Defense Initiative program. 
In fact, many spinoffs f rom fusion research are already laying the basis for 
entirely new physical processes to harness energy; for example, the gen
eration of so-called antimatter, and new technologies, like the gamma-ray 
laser and tunable free electron lasers, which wil l revolutionize every as
pect of scientific research. 

How much wi l l fusion energy cost? Major engineering studies carried 
out by the Lawrence Livermore National Laboratory in 1983 demonstrated 
that existing frontier technologies would lead to advanced fusion reactors 
that would operate at twice the efficiency of existing types of power plants, 
generating electricity at half the cost. 

—Charles B. Stevens 

heatingwil l not get the fusion program 
to its goal of generating more energy 
than it consumes. 

The Road Not Taken 
In 1983-1984, the Princeton Plasma 

Physics Laboratory proposed a large 
machine, the TFCX, to achieve ignit ion 
whi le incorporating many engineering 
features necessary for a commercial 
reactor. The machine was designed to 
use superconducting magnets and to 
produce 250 megawatts of thermal en
ergy for 5 minutes at a t ime. 

Five minutes' "burn t ime" affords a 
convincing approximation of steady-
state fusion energy generation, since 
any plasma instabilities usually occur 
wi th in mill iseconds. TFCX wou ld not 
have been a working reactor, but would 
have brought the program close to that 
goal. The Reagan White House and its 
presidential science advisor, George 
Keyworth, balked at the $1.5 bi l l ion 
price-tag for taking this step toward 
achieving a virtually unl imited and 
cheap source of energy. 

A less expensive alternative to the 
TFCX was to bui ld a smaller machine 
wi th a very intense magnetic field to 
achieve igni t ion, wi thout otherwise 
approximating a work ing reactor. This 
was an approach championed by fu
sion scientist Bruno Coppi of the 
Massachusetts Institute of Technolo
gy-

The Compact Ignit ion Tokamak is 
Princeton's design for such a machine, 
although in a more conventional form 
than that advocated by Coppi . The CIT 
is projected to cost $350 mi l l ion, and a 
Soviet contr ibut ion is being sought in 
exchange for Soviet access to the ma
chine. 

The CIT's magnets, which wil l 
achieve the enormous field strength of 
10 tesla, wi l l be made of resistive cop
per, not superconductors. Hence it will 
run only for about 3 seconds before 
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PRELIMINARY DESIGN OF COMPACT IGNITION TOKAMAK 
The donut-shaped chamber for confining the plasma is seen in cross-
section (see arrow). The CIT needs an average $50 million per year to be 
completed by 1995. 

requir ing shutdown for cool ing the 
magnets. The CIT wil l be too small to 
allow for a "blanket" to absorb the 
neutron emission—a necessary step 
toward convert ing a reactor's thermal 
energy output to electricity. 

In fact, instead of scaling up f rom 
the radial dimensions of existing fu
sion machines such as Princeton's To-
kamak Fusion Test Reactor or TFTR, the 
CIT scales down by about a th i rd . 

Since the team of scientists and en
gineers assembled at the Princeton 
Plasma Physics Lab wil l exhaust the ex
perimental possibilities of its existing 
devices by about 1990-1991, the team 
wi l l go out of existence unless a next-
generation device is bui l t quickly. 

At a total cost of $350 mi l l ion, the CIT 
must receive an average $50 mill ion per 
year to be built by the beginning of 
1995. But this t imetable is too slow. Sci
entif ic and engineering teams for f ron
tier projects—buil t up over years and 
carrying much of their know-how 
around wi th them in their heads—are 
not readily replaceable, and the team 
at Princeton is ready to bui ld CIT now. 

How the CIT Works 
The deuter ium-tr i t ium fusion reac

t ion—around which such machines as 
the CIT and the TFCX are d e s i g n e d -
produces 80 percent of its energy in a 
spray of neutrons and 20 percent i n the 
form of alpha particles (helium-4 nu
clei: two protons, two neutrons). Since 

FUSION REPORT 

neutrons have no charge, the spray c f 
neutrons does not respond to th 
magnetic field used to confine th 
plasma. The neutrons fly out in all d 
rections and their energy can be cap 

Continued on page 55 
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BIOLOGY AND MEDICINE 

AIDS Study Shows 13 Million 
Dead or Sick by 2005 

Dr. Allen Salzberg is director of med
ical services at the Veterans Adminis
tration Hospital in Miles City, Mont. 
His computer study on the AIDS epi
demic in the United States, summa
rized in the Dec. 18,1987 Journal of the 
American Medical Association, pre
dicts an economic, social, and medical 
catastrophe unless the U.S. adopts 
mandatory testing and other tradition
al public health measures for AIDS. 

Salzberg, who has a medical degree 
and a doctorate in plasma physics, was 
interviewed by Kathleen Klenetsky Jan. 
16. The interview does not express the 
view of the VA or any other govern
ment agency. 

Question: What have you found so far in 
your study? 

Our numbers at the present t ime 
show approximately 64,000 cases at the 
end of 1987 and about 1.1 mil l ion car
riers. By the end of 1991, we're esti
mating f rom 410,000 to 490,000 cases, 
wi th 5 mi l l ion carriers. 

Question: Your initial projections showed 
that by 2005,25 million Americans would 
be sick or dead, and another 40 million 
would be infected. . . . 

The more recent model has made 
that look a litt le better, although it's 
still terrible. Ourestimates nowfor2005 
are between 7 and 13 mil l ion dead or 
sick, and another 18 to 35 mil l ion car
riers. . . . The most fr ightening th ing 
we're f inding is that AIDS wi l l sneak 
into the heterosexual populat ion, 
slowly but very inexorably. AIDS has 
to move into the heterosexual popu
lat ion, because there are only so many 
high-risk people. After they're all sat
urated, who's going to be next? The 
virus isn't going to go away. 

The lower number in these figures 
assumes improved behavior in the 
populat ion, which wi l l slow the spread 
of the disease. 

Question: How has the Centers for Dis
ease Control responded to your projec
tions? 

They say that although the data are 
accurate enough at the present t ime, 
they don' t feel that these numbers [for 
later years] wi l l be found—which I 
think is absolutely meaningless. . . . 

Question: Your initial study estimated 
that the epidemic would cost the U.S. 
$8.2 trillion by 2005. 

Yes, that f igure (in 1987 constant 
dollars) included losses due to pre
mature death. Because of the time-shift 
in the model projections, that figure 
won ' t occur unti l 2008. We estimate 
direct costs of $29 bi l l ion cumulatively 
by the end of 1991. By 1995, costs wil l 
have risen to $150 bi l l ion. And by 2005, 
to over $1 t r i l l ion. If you included the 
costs of premature deaths, you could 
just about tr iple those numbers. 

Question: Does your study assume that 
AIDS is transmitted only through IV drug 
use, sexual contact, and blood products? 

Yes. And although it might be trans
mitted in other ways, the rate of trans
mission would be far lower than the 
normal rates. There is some worry 
about transmission by insects. I'm not 
going to say there's a zero chance of 
that, because nobody can say that. . . . 

Question: Your projections are based on 
what would happen if the U.S. fails to 
adopt public health measures, including 
mandatory testing. How would it help if 
we did? 

The main problem is that we don' t 
really know what's going on in the 
country, because we don' t have the 
kind of testing program that wou ld al
low us to know this. The disease can 
be stopped. The cost of a testing pro
gram wou ld be, in the first yearly cycle, 
a little over $1 bi l l ion. The Army now 
has got false positives down to 1 in 

If we do not institute universal testing, 
there will be 7 to 13 Americans sick or 
dead of AIDS by the year 2005, and 18 
to 35 million Americans carrying the 
disease. The lower number presumes 
improved behavior that will slow the 
spread of the disease. 

100,000. And there's a new test coming 
out , the immunofluorescent antibody 
test, which wi l l get it down by another 
factor of 10 to 100. 

Another important reason for test
ing is that the drugs coming out—AZT 
and much safer ones—might signifi
cantly slow down the progression from 
infection to disease. If you knew you 
were infected, you could take advan
tage of the drugs much more quickly. 
This wou ld also lower the rate of infec
t ion , because the drugs decrease the 
number of viral particles shed. . . . 

Of course, if you just d id testing, 
you'd have to rely on how people's be
havior changed. Some studies show 
that a lot of people wou ld change their 
behavior. . . . But there wil l be a mi
nority who wi l l probably not change. 
Society wi l l have to deal w i th these 
people, as they are found to be acting 
in a manner contrary to human life, in 
an according manner. You wouldn ' t 
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allow a person to shoot a gun in a 
crowded schoolyard. . . . 

Question: Are there other reasons we 
should have universal mandatory test
ing? 

One, you wou ld know what's going 
on . So if anything does change with 
the disease, you wou ld know. If things 
are getting better, you could relax 
things. If things are getting worse, 
you'd know what to do. If you did get 
a mutat ion, you 'd pick it up real fast. 
Second, you wou ld target education 
on the people who test positive. Also, 
you could then have contact tracing, 
and you'd also be able to inform 
spouses, if their partners tested posi
tive. If someone wi th AIDS were be
having irresponsibly, you would have 
the evidence that they already knew 
they were infected, and you could do 
something about it. 

Question: What do you say to those who 
claim that testing or contact tracing is a 
civil rights violation? 

So is death! In fact, the populations 
at risk whom [civil libertarians] say 
testing would discriminate against, are, 
unfortunately, now more black and 
Hispanic. If you don' t stop the spread 
of AIDS, these groups wil l be saturated 
by the mid-1990s. They'l l die. I can't 
see anything worse than that. 

. . .Also, you've got to realize we 
have tested in the past. This is not a 
new concept in the Uni ted States. We 
tested for syphilis at one t ime, and in 
the days before we had penici l l in, we 
darn wel l d id contact tracing. W e had 
no cure. You had to go after the car
riers. And we did control the epidemic 
to a large extent that way. TB was an
other th ing we worked on very hard. 
We had sanitoriums. . . . 

Question: Is there a danger that if the 
U.S. continues on its present course, 
people will suddenly realize in a few years 
how bad things have become, and react 
the way people did during the Black 
Death: murdering AIDS carriers, or ex
iling them where they'll get no treat
ment? 

I'm afraid of that. Either we act ra
tionally now, or we're going to act ir
rationally later. I don' t know about no 
medical treatment, but I can see things 

Continued on page 64 
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After dye particles have attached them
selves to the virus envelope, red light is 
used to excite the dye to a higher energy 
state. The light-excited dye results in an 
altered envelope. Below, Dr. Frank So-
gandares-Bernal works on the system used 
to treat blood with a xenon light source. 

Using Electror lagnetic Waves 
To Kill the AIDS Virus 

Low-power laser light can dest oy 
viruses in the b lood—includ ing p JS 
sibly the AIDS vi rus—without harm ng 
the blood itself, according to phys ol-
ogist James L. Matthews of the Bay lor 
Research Foundation at Baylor Univ er 
sity Medical Center in Dallas. 

Matthews's group is work ing under 
a contract wi th the Strategic Defense 
Initiative Office to study poten ial 
medical applications of lasers, es >e 
daily lasers newly developed under he 
SDI program. The medical research ;rs 
are particularly interested in the pas 
sibilities of the free electron laser, >e-
cause it is tunable; most lasers are I m-
ited to a single frequency. 

The method used by the Baylor 
group is a form of photodynamic Xh er-
apy, already in use against tumors. Fi st, 
researchers f ind a nontoxic dye tha t is 
uniquely taken up by the target - - in 
this case, the envelope of the virus. A 
laser frequency that induces an ef
fect—probably a photochemical ef
fect—in the dyed target is then u;ed 
to irradiate the virus. The Baylor grc up 

successfully tested the technique on 
herpes, measles, and cytomegalovirus 
before tackling HIV, the AIDS virus. 

"We attained a 100 percent viral kill 
wi thout seeing any evidence of dam
age to the normal blood elements," 
Matthews said. The outcome for HIV 
wi l l be known very soon, he added. 

Why Does It Work? 
In simple laser surgery, a thermal 

(heating) effect is achieved in the tar
get by using sufficient power. Indeed, 
tumor tissue may be literally burned 
up wi thout damage to neighboring tis
sue in some medical applications. But 
the nonthermal effects that occur at 
lower powers—as in photodynamic 
therapy—are not always clearly under
stood. In order to pass the laser beam 
through a stream of b lood wi thout 
damaging its components, the Baylor 
group used a nonthermal power level 
of only 5 joules/cm2 and succeeded in 
kil l ing the viruses. They got the same 
result wi th noncoherent (nonlaser) xe
non light of the same wavelength. 

Earlier studies of viruses wi th envel-
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opes suggest that the virus loses its 
ability to infect if its envelope is dis
rupted, and Matthews's group be
lieves they may be causing minor dis
ruptions of the envelope by a photo
chemical or physical mechanism yet to 
be ident i f ied. 

The Baylor project is only the most 
advanced of several efforts to deacti
vate the AIDS virus using portions of 
the electromagnetic spectrum. 

The Promise of Radiowaves 
Pathologist John Grauerholz, an as

sociate editor of 21st Century, ad
dressed the general concept of using 
nonioniz ing electromagnetic radia
t ion against the AIDS virus in a paper 
presented to the Engineering in Med
icine and Biology Society in November 
1987. Grauerholz drew attention to So
viet and German experimental results 
over the past 15 years indicating that 
low-intensity microwaves and other 
radiowaves can selectively control the 
expression of genetic material regulat
ing cell processes. 

AIDS, Grauerholz noted, results 
f rom changes in genetic expression 
wi th in cells infected by Human Im
munodeficiency Virus (HIV), and might 

therefore be control led by radiation of 
specific frequencies. 

Grauerholz stated that the experi
mental results are well ahead of the 
science necessary to understand them, 
and therefore the scientific questions 
must also be tackled in order to guide 
research toward useful results. How 
can microwaves affect the processes 
of cells whose dimensions are thou
sands of times smaller than the micro
wave wavelength? How can radiation 
wi th an energy that is tremendously 
lower than that required to break 
chemical bonds—and even lower than 
the thermal energy attr ibuted to mol
ecules in l iving organisms—affect cel
lular processes?* 

The RNA Nucleus As Antenna 
In late January 1988, physicist Mar

vin L. Luther of Ill inois State University 
(at Normal) proposed a highly specific 
use of microwaves against AIDS to the 
National Institutes of Health. 

Luther plans to pass HIV-infected 
b lood through an intense, solenoidal 
magnetic field where the f ield is 
changing most rapidly, forcing the 
electron-dense RNA nucleus of the vi
rus to align its symmetry axis parallel 

to the direction of the blood f low. 
Whi le held in this posit ion by the mag
netic f ie ld, the nuclei are to be irradi
ated by polarized microwaves propa
gating directly into the oncoming f low 
of b lood. 

The RNA nucleus wi l l funct ion as "a 
properly sized and orientated anten
na, wh ich , if it absorbs sufficient en
ergy at its natural resonating frequen
cy, or some mult iple thereof, wi l l be 
so violently agitated as to alter its con
format ion, most probably by displac
ing one or more Ca2* [doubly ionized 
calcium] ions." 

Luther suggests circulating the pa
tient's b lood outside of the body, in 
the manner of renal dialysis, in order 
to treat it. "If the damaged virus is re
turned immediately to the patient it wil l 
stimulate an immune response to the 
protein coat and viral agents wi l l begin 
to be destroyed." Once the immuniz
ing agents in the blood are ident i f ied, 
he says, they can be cultured as a vac
cine for others. 

* An edited version of Grauerholz s paper was pub
lished in the Executive Intelligence Review, Jan. 
22,1988. 
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'Vacuuming' the Ocean Floo 
by Christopher J. Crowley 

Miles below the ocean's surface, vast 
numbers of small, potato-shaped 
lumps of rock called manganese nod
ules litter the f loor of the ocean. De
veloping ways to mine these nodules 
for the valuable minerals they contain 
is a challenging job, but one promising 
method has already been put to the 
test: Tons of these manganese nod
ules have already been raised from the 
dark, cold depths using a long pipel ine 
to "vacuum up" the nodules by f low
ing air and seawater. 

Explorers first discovered the man
ganese nodules only about 100 years 
ago. They are coal black or dark brown 
in color, and can be as small as the tip 
of your finger or as big as a soccer ball. 
They weigh about twice as much as a 
volume of water equal to their size. 

How are these remarkable nodules 
formed? They "g row" by collecting the 
remains of microscopic sea creatures 
that drift to the ocean f loor and decay. 
Through chemical reactions, the nod
ules are assembled, bit by tiny bit, 
around other small rocks or pieces of 
fish bone. The largest nodules take 
mil l ions of years to grow. 

Changes in the populations of the 
sea creatures over these years cause 
the rate of the growth to vary. As a 
result, when you slice open a nodule, 
you can see that it is layered like an 
on ion , w i th thick and th in rings. 

The valuable metals contained in the 
nodules include manganese, cobalt, 
nickel , and copper. Manganese metal 
makes up the largest fraction of the 
weight—about one f i f th—which ex
plains how the nodules got their name. 
Recent explorations of port ions of the 
ocean f loor, along wi th predictions by 
experts, suggest that many mil l ions of 
tons of these metals are waiting in these 
nodules at the bot tom of the Atlantic, 
Pacific, and Indian Oceans. 

All these metals have important uses. 
Manganese, for example, is added 
dur ing the manufacturing of steel to 
give the steel extra strength. Cobalt is 

RESOURCES 

SCHEMATIC OF COMMERCIAL 
AIRLIFT SYSTEM 

Air bubbled into the pipeline part 
of the way down induces a con
stant upward flow of water at the 
dredge. The manganese nodules 
are swept up into the collection 
basket by this water-driven vac
uum cleaner. 

ic methods, were begun as early as 1976 
by a mult inational consort ium of Ger
man, Japanese, Canadian, and Ameri
can scientists. The initial test, which 

Continued on page 58 

U.S. conventional mine production 

Source: Natiorjal Commission on Materials Policy Interim Report, April 1972. 

This forecast for the year 1990 sho ws the United States continuing to import 
the majority of its nickel, copper, cobalt, and manganese to meet the 
projected demand. In fact, imports of these metals have been growing 
since about 7955. 
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especially useful in making jet engine s 
and computer parts. Manganese, co
balt, and nickel are known as strateg c 
metals, in fact, because of their critic il 
use in aircraft and defense. In 1979, tr e 
United States was import ing 98 per
cent of its manganese, 90 percent of i :s 
cobalt, and 77 percent of its nick* I. 
Wi thou t mining the sea for resource 5, 
the reliance on imports wi l l cont ini e 
(see figure for projections for the ye ir 
1990). 

The incredible pressures at the oce in 
depths where manganese nodules a 'e 
found create special problems in mi v 
ingthe nodules. If you have ever div id 
to the bottom of a pool just 6 or 10 feet 
deep, you probably have felt the pre s-
sure on your eardrums. Three mil=s 
below the ocean surface, the presst re 
wou ld be equivalent to having seve al 
thousand people sit on your chest! T ie 
weight of all this water can even cru sh 
the hulls of the strongest submarine s. 

Since people cannot survive at the se 
depths wi thout special protect ion, t i e 
mining methods being looked at n-
volve various mechanical devices. :x-
periments to determine the feasibil ity 
of ocean min ing, by airlift and hydra j l -



A l though an elaborately refined set of rules exists to 
explain many phenomena observed at the atomic 
level, there is no satisfactory model of the atomic 

nucleus, the central core of the atom around which a pre
cise number of negatively charged electrons is presumed 
to orbit . Any attempt to produce a coherent theory of or
biting electrons, without knowledge of the structure around 
which these orbits are constructed, wou ld seem to be 
doomed to failure. Nonetheless, a highly elaborated alge
braic theory of the atom, designed to account for a mass of 
data gathered from spectral analysis and other operations, 
does exist in the form of the quantum mechanical model . 
Most of this theory presumes no more about the atomic 

nucleus than that it contains a certain number of positively 
charged particles agglomerated in a central mass. 

It wou ld seem past t ime to arrive at a more developed 
theory of the atomic nucleus, and f rom there to rework the 
cumbersome and very problematical portrait of the atom 
that the quantum mechanical model has bequeathed us. 
University of Chicago physicist Dr. Robert J. Moon has pro
posed a geometrical model of the nucleus to do just that. ' 

Moon has produced a synthetic geometric construction 
of the periodic table of the elements in such a way as to 
account geometrically, in a first approximation, for the ex
istence of the 92 naturally occurr ing elements and many of 
their physical properties. I have added to Moon's hypoth-
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esis a construction that provides a nonmagical cause for the 
Magic Number theory (the theory that attempts to account 
for changes in the nuclear properties of the elements), and 
I have reexamined in a new light some of the original data 
used to establish the periodicity of the elements. It is hoped 
that a further work ing out of this approach wi l l offer a causal 
explanation for the electron shells and orbitals and so pro
vide a more solid grounding, as it were, for a new quantum 
mechanics. 

Professor Moon's Hypothesis 
The existing dogma of nuclear physics requires us to be

lieve that protons, being all of positive charge, wi l l repel 
each other up to a certain very close distance correspond
ing to the approximate size of the nucleus. At that point, 
the theory goes, a binding force takes hold, and forces the 
litt le particles to stick together, unti l they get too close, at 
which point they repel again. Thus is the holding together 
of the protons in the nucleus accounted for. 

Disdaining such arbitrary notions of " forces," and pre
ferr ing to view the cause of such phenomena as resulting 
f rom a certain characteristic of physical space-time, Moon 
and the author demanded a different view. Considerations 
of "least act ion" suggested to M o o n a symmetric arrange
ment of the charges on a sphere, whi le the number of such 
charges (protons), and the existence of shells and orbitals 
beyond the nucleus (electrons) suggested a nested ar
rangement of such spheres. Our belief that the universe 
must be organized according to one set of laws, applying 
as wel l to the very large and the very small, suggested that 
the harmonic proport ions which the astronomer Johannes 
Kepler found in the order ing of the solar system wou ld also 
be evident in the microcosmic realm, so we looked for this 
also in the arrangement of the nucleus. 

We were led immediately to the five regular or Platonic 
sol ids—the tetrahedron, cube, octahedron, icosahedron, 
and dodecahedron (Figure 1). Moon developed a nested 
model , using the Platonic solids to define the atomic nucle
us in much the same way that Kepler determined the orbits 
of the planets of the solar system. In Moon's "Keplerian 
a tom," the 92 protons of the naturally occurr ing elements 
are determined by the vertices of two identical pairs of 
nested solids. Before elaborating the construct ion of this 
model , let us review the properties of the Platonic solids. 

The five Platonic solids define a type of l imit of what can 
be perfectly constructed in three-dimensional space. These 
solids are the only ones that can be formed with faces that 
are equal, regular plane figures (the equilateral tr iangle, 
square, and pentagon) and equal solid angles. A derivative 
set of solids, the semiregular or Archimedean solids, can 
be formed using two or three regular plane figures for faces 
in each f igure. Both species of solids can be circumscribed 
by a sphere, the circumsphere, such that all the vertices of 
the f igure are just touched by the sphere. The Platonic 
solids are unique in that each has just one sphere, the 
insphere, that wi l l sit inside, just tangent to the interior of 
each one of the faces (Figure 2). The Archimedean solids 
must have either two or three distinct inspheres. 

A th i rd species of sphere, the midsphere, is formed by a 
radius connect ing the center of the solid wi th the midpoint 

ed§ e of each of its 
and Archimed 
sphere pokes 
ure. Two of the 
and the icosi 
midspheresof 

The surfaces 
solids represent 
according to a I 

s, and is associated wi th both the Platonic 
eari solids (Figure 3). The surface of the mid-
b(J>th inside and outside the faces of the fig-

Archimedean solids, the cuboctahedron 
dcldecahedron, actually are formed by the 

t l e Platonic solids. 
)f the Platonic solids and related regular 
unique divisions of the surface of a sphere 

ejast-action principle.2 

How the Model Works 
In Moon's "Kdplerian atom," the 92 protons of the natu

rally occurr ing ( lements are determined by two identical 
sets of nested solids each containing 46 vertices. Moon's 
proposed arrangement is as fol lows: 

Two pairs of n gular Platonic solids, the cube-octahedron 
pair and the icos ahedron-dodecahedron pair, may be called 
duals: one wi 
centrally on the 
inside a sphere 
metrically divid 

quence—cube, 
ron—such that 

it inside the other such that its vertices fit 
faces of the other, each f i t t ing perfectly 

whose surface is thus perfectly and sym-
d by the vertices (Figure 4). The tetrahe

dron is dual untb itself and therefore plays a different role. 
The four dua solids may be arranged in a nested se-

octahedron, icosahedron, dodecahed-
he sum of the vertices is 46 (Figure 5): 

Cube 
Octaheti 3 ron 
Icosahejdron 
Dodecahedron 
Total 

hedron do not 

= 8 
= 6 
= 12 
= 20 

46 

The nesting c f the cube-octahedron and icosahedron-
dodecahedron i ; clear f rom a study of the duality relation
ship. However, o fit the first pair of duals into the next pair 
appears at first to be a prob lem: The 6 vertices of theocta-

it obviously into the 20 faces of the icosa
hedron, nor co j ld the four fo ld axial symmetry of the for
mer be simply i lserted into the f ivefold axial symmetry of 
the latter. Yet, he octahedron may still be placed wi th in 
the icosahedron in a manner that is f i t t ing and beautiful. 
Six vertices of 1 he octahedron may be placed near to six 
vertices of the i< osahedron, such that the distance f rom the 
nearby vertex o : the icosahedron to the edge opposite it is 
divided in the divine proport ion [<p = (V5 + 1)/ 2 = 
approximately1 .618] (Figure 6).3 

The axis of th » cube-octahedron pair is thus skew to the 
axis of the icos; hedron-dodecahedron dual, and a special 
relationship exi its at this point of singularity in the model. 

Examining t h ' ! edges of the figures so nested, and desig
nating the leng h of the smallest inner f igure, the cube, as 
unity (1), we f in i: 

Edge of cube 1.00 
Edge of octahedron 2.12 
Edge of icosahedron 1.89 
Edge ol dodecahedron 1.618 

Then taking 
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cube to be unity, the radii of circumscribing spheres stand 
in propor t ion : 

Cube 1.00 
Octahedron 1.733 
Icosahedron 2.187 
Dodecahedron 2.618 
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Note that the ratio of edges between the inner and the 
outer figures is in the divine propor t ion. Also, the ratio of 
radii between inner and outer spheres is the square of the 
divine proport ion (approximately 2.618). 

Building the Nucleus 
If we now take the vertices of the solids so arranged to be 

the singularities in space where the protons are found , a 
remarkable structure to the nucleus appears. First we see a 
sort of periodicity in the nucleus, formed by the complet ion 
of each of the "shells," as we might call the circumspheres 
of the cube, octahedron, icosahedron, and dodecahedron. 

Let us first look at wh ich unique elements correspond to 
the completed "shel ls": 

Oxygen (8) = completed cube 
Silicon (14) = completed octahedron 
Iron (26) = completed icosahedron 
Palladium (46) = completed dodecahedron 

Uranium (92) = completed twin nested 
figures 

Thus, highly stable oxygen, which makes up 62.55 per
cent of the total number of atoms in the Earth's crust, and 
si l icon, which makes up 21.22 percent, are represented by 
the first two completed figures. Together these two ele
ments account for 84 percent of all the atoms in the Earth's 
crust. Al though the curve of the relative abundance of the 
elements declines exponentially wi th increasing atomic 
number, i ron, the completed icosahedron, is three orders 
of magnitude higher than the elements near it on the atomic 
number scale and makes up 1.20 percent of the atoms in 
the Earth's crust, and 5 percent by weight. Iron is also a 
most unique element in that it represents the min imum of 
the mass packing fraction and the endpoint of the natural 
fusion process. 

A look at the graph of atomic volumes (Figure 7) is also 
very thought-provoking in this regard. The periodicity ex
hibi ted in the atomic volumes (atomic weight divided by 
the density oi each element) was being examined by the 
German scientist Lothar Meyer in I869 at the t ime he and 
Russian scientist Dmitr i Mendeleyev simultaneously devel
oped the concept of periodicity. It was later discovered that 
other physical propert ies—compressibi l i ty, coefficient of 
expansion, and reciprocal melt ing point—obey the same 
periodicity (Figure 8). 

Most textbooks discuss the maxima of these properties 
occurr ing at atomic numbers 3 , 1 1 , 19, and so o n , the so-
called Croup 1a, or alkalies. Moon's construction drew my 
attent ion, however, to the minima. The minima occurring 
in the range of 4-8,13-14, 26, and 46 suggest that a minimal 
space-filling and maximal structural stability occur at the 
complet ion of each Platonic solid wi th in the nucleus. We 
shall see later how a second periodicity of the neutron 
structure can be derived f rom the same geometric picture 
to account for the maxima observed, thus def ining both the 
maxima and minima of these periodic properties f rom wi th
in the nucleus. 

Figure 1 
THE FIVE PLATONIC SOLIDS 

The five regular or Platonic solids represent a limit of 
constructibility in three-dimensional space. Euler's 
formula correlates the relationship of vertices (V), faces 
(F), and edges (E) for each solid asV + F = E - 2. 

Polyhedron Name Vertices Faces Edges 

Tetrahedron 4 4 6 

Cube 8 6 12 

Octahedron 6 8 12 

Icosahedron 12 20 30 

Dodecahedron 20 12 30 



Fission of the Nucleus 
Moon's model beautifully accounts for the process of 

fission. Filling out wi th protons the outermost f igure, the 
dodecahedron, brings us to palladium, atomic number 46, 
an element that has an unusually symmetric character. First, 
a look at the table of electron configurations (Table 1) shows 
palladium to be the only element in which an outer electron 
shell, previously occupied, is completely abandoned by the 
extra-nuclear electrons. Second, palladium is a singularity 
in the fission process, fall ing at a min imum on the table of 
distr ibut ion of fission products. Palladium also marks the 
boundary point for the sort of fission that occurs wi th very 
high energy (for example, protons of bi l l ion-electron-volt 
energies), when nuclei are split up into two parts of similar 
size. Silver, atomic number 47, is the lightest of the ele
ments that may split this way. 

To go beyond palladium in our model , a twin structure 
joins at one of the faces of the dodecahedron (Figure 9) and 
begins to fi l l up its vertex positions wi th protons, beginning 
on the outermost f igure. (Silver, atomic number 47, is the 
first.) Six positions are unavailable to i t—the five vertex 
positions on the binding face of the second figure and the 
one at the face center where a vertex of the inscribed ico-
sahedron pokes through. 

Thus on the second nested dodecahedron f igure, 15 out 
of 20 of the dodecahedral vertices are available, and 11 out 
of 12 of the icosahedral vertices. We now fil l 11 of the avail
able dodecahedral vertices, thus creating 47-silver and con
t inuing through 57-lanthanum. At this point , one face of the 
dodecahedron remains open to allow f i l l ing of the inner 
figures. The cube and octahedron fil l next, producing the 
14 elements of the lanthanide, or rare earth series (58-
cerium to 71-lutetium). Placing the proton charges on the 
inner solids causes a corresponding inward pul l ing of the 
electron orbitals. Thus, the otherwise unaccounted for f i l l 
ing of the previously unf i l led 4-forbitals (see Table 1), and 
the mystery of the period of 14 for the rare earths are ex
plained. 

The figure is complete at radon, atomic number 86, the 
last of the noble gases. To allow the last six protons to f ind 
their places, the twin dodecahedra must open up, using 
one of the edges of the binding face as a "h inge" (Figure 
10). 

The element 87-francium, the most unstable of the first 
101 elements of the periodic system, tries to f ind its place 
on the thus-opened f igure, but unsuccessfully so. Less than 
one ounce of this ephemeral substance can be found at any 
one t ime in the totality of the Earth's crust. Then 88-radium, 
89-actinium, and 90-thorium find their places on the re
maining vertices. Two more transformations are then nec
essary before we reach the last of the 92 naturally occurr ing 
elements. 

To al low for 91-protactinium, the hinge is broken, and 
the f igure held together at only one point (Figure 11). 

The construction of 92-uranium requires that the last pro
ton be placed at the point of jo in ing, and the one solid 
slightly displaced to penetrate the other, in order to avoid 
two protons occupying the same posit ion. This obviously 
unstable structure is ready to break apart at a slight provo
cation. And so we have the fission of the uranium atom, as 

Tetrahedron 

Cube 

Oct ihedron 

Dodecahedron 

Figure 2 
INSCRIBING THE PLATONIC SOLIDS 

Both the I latonic and Archimedean solids may be 
circumscril >ed by a single sphere (the circumsphere), 
but the fiv( Platonic solids are unique in having only 
one sphert that may be inscribed within them (the 
insphere), ps shown. 
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hypothesized 3y Dr. Robert J. Moon, one of the scientists 
who first mad s fission happen in a wartime laboratory on 
the University of Chicago football field. 

How Free Is Free Space? 
Before proc ;eding, let us pause to consider the implica

tions of this FT odel. The sympathetic reader is perhaps in
trigued with t ie model, but probably wondering whether 
we actually irtend him to believe that protons find their 
way into theso pretty little shapes and if so, how and why 
they do it. 

The answer to the first part of the question is, yes. As to 
the second p£ rt, the reader would best find the answer by 



Table 1 
THE ELECTRON ORBITS OF THE ELEMENTS 

(Atomic numbers 1-54) 

Atomic 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 

Ele
ment 

H 
He 
LI 
Be 
B 
C 
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Ne 
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Se 
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Cd 
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Sb 
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2 
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1 
2 
2 1 
2 2 
2 3 
2 4 
2 5 
26 
26 
2 6 
2 6 
2 6 
2 6 
2 6 
2 6 
2 6 
2 6 
26 
2 6 
26 
26 
26 
2 6 
2 6 
2 6 
26 
26 
2 6 
26 
2 6 
2 6 
2 6 
26 
26 
26 
2 6 
2 6 
2 6 
26 
26 
2 6 
2 6 
2 6 
2 6 
2 6 
2 6 
26 
2 6 
2 6 
2 6 
2 6 
2 6 

M 
3 

s p d 

1 
2 
21 
2 2 
2 3 
2 4 
2 5 
2 6 
2 6 .. 
2 6 .. 
2 6 1 
2 6 2 
2 6 3 
2 6 5* 
2 6 5 
2 6 6 
2 6 7 
2 6 8 
2 6 10* 
2 6 10 
2 6 10 
26 10 
2 6 10 
2 6 10 
2 6 10 
2 6 10 
2 6 10 
2 6 10 
2 6 10 
26 10 
26 10 
26 10 
26 10 
2 6 10 
2 6 10 
2 6 10 
2 6 10 
2 6 10 
26 10 
2 6 10 
2 6 10 
2 6 10 
2 6 10 
2 6 10 

N 
4 

s p d f 

1 
2 
2 
2 
2 
1 
2 
2 
2 
2 
1 
2 
2 1 
2 2 
2 3 
2 4 
2 5 
2 6 
2 6 
2 6 
2 6 1 
2 6 2 . . 
2 6 4*.. 
2 6 5. . 
2 6 6. . 
2 6 7 . . 
2 6 8*.. 
2 6 10*.. 
2 6 10 .. 
2 6 10 .. 
2 6 10 .. 
2 6 10 .. 
2 6 10.. 
2 6 10 .. 
2 6 10 .. 
2 6 10 .. 

O 
5 

s p d f 

1 
2 
2 
2 
1 
1 
1 
1 
1 
0 
1 
1 
21 
2 2 
2 3 
24 
2 5 
26 
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asking himself a question: How otherwise would he expect 
to find elementary particles arranged? The reader probably 
does not have an answer, but might, if pressed, retort: "Any 
one of a million possible ways, but why yours?" The reader 
who answers this way has made some assumptions about 
the nature of space-time and matter, probably without even 
realizing it. He has assumed that "things," like protons, are 
pretty much free to move about in "empty space," except 
insofar as certain universal "forces," like "charge," "gravi
tation," and the like might prevent them from doing so. 
These are assumptions that have no place in thinking about 
such matters as these. 

Take one example, which is relevant to the thinking that 
went into the development of this nuclear model: 

Figure 3 
FORMING THE CUBOCTAHEDRON FROM THE CUBE 
The cube is shown (a) with the circumsphere, which 
is internally tangent to the 8 vertices, and insphere, 
which is tangent to the interior of the 6 faces. The 
midsphere (b) is tangent to the midpoints of the 12 
edges. When these 12 points are connected (c), the 
figure formed is the Archimedean solid known as the 
cuboctahedron. The midsphere of the cube is the 
circumsphere of the cuboctahedron. 

* Note irregularity. 

Source: Adapted from Laurence S. Foster's compilation in the Hand
book of Chemistry and Physics (Boca Raton, Fla.: CRC Press, 
1980), p. B-1. 



There is a certain maximum-minimum relationship in 
electrical conductivity. There is the impedance of free space 
of 376 ohms, a value used for the tuning of antennae, for 
instance. There is also the "natural resistance" of 25,813 
ohms, demonstrated by Nobel prize winner Klaus von Klitz-
ing in his experiments w i th very th in semiconductor sur
faces (see Fusion, May-June 1986, pp. 28-31). The ratio of 
the two is 1 : 68.5, and when the pairing of electrons is 
allowed for, it is seen to be twice this, or 1:137. The same 
ratio also appears in the fine structure constant and in the 
ratio of the velocity of an electron in the lowest orbi t to the 
velocity of l ight. Von Klitzing also found a quantization in 
his results. The resistance reached plateaus and appeared 
as a step funct ion downward f rom the maximum, suggest

Figure 5 
The sequence of four solids whose 46 vertices form half \>f the "Keplerian atom." 

21st CENTURY May-June 1988 23 

ing a discrete elationship between the number of elec
trons and impe dance. 

The most important thing to observe is that there is a 
continuity of re lationship between the impedance of "free 
space" (the va :uum) and the resistance found in a thin 
semiconductor sheet. The point is elaborated in the accom
panying article on the subject written by Moon (page 26). 
We are led to i|uestion how "free" is free space. Indeed, 
the very idea o : empty space, filled by particulate matter, 
must come into question. We look instead to identify the 
appropriate ge< imetry or curvature of space-time. A proper 
solution would lead immediately to a solution of the puzzle 
of supercondu< :tivity, and a great many more problems fac
ing science today. 

Figure 4 
THE PLATONIC DUALS 

The cube and octahedron are dual, meaning that they fit one inside the other (a, b). Similarly, the icosahedron and 
dodecahedron are dual (c, d). The tetrahedron is dual to itself (e). 



Implications for the Periodic Table 
We have hinted in some ways—for example, in the case 

of the rare earths—how such an arrangement of the nucle
us might be reflected in the arrangement of extra-nuclear 
electrons. It remains the case, however, that the periodicity 
of physical and chemical properties, as demonstrated in the 
crowning achievement of 19th and early 20th century chem
istry, the periodic table of the elements, is not the same as 
the periodicity of the proton shells. The latter, we have 
shown, fo l low the sequence 8,14,26,46, as determined by 
the Platonic solids. The former are governed by the great 
periods of 18 and 32, and the small periods of 8, once called 
the octets. 

Years after the establishment of the periodic table, its 
t ruth was verif ied by the data of spectroscopy, which estab
lished that the extra-nuclear electrons are found in shells 
(labeled K, L, M, N, and so on), each containing one or 
more subshells, designated s, p, d, and f f r o m the appear
ance of their spectral lines. The "occupancy level" of each 
shell and subshell is well established and can be seen in the 
electron configurations in Table 1. The order ing of succes
sive subshells, as fo l lows, 

2 
2,6 
2,6 
10,2,6 
10,2 ,6 
14,10,2, 6 

= 2 
= 8 
= 8 
= 18 
= 18 
= 32 

corresponds to the order ing of the number of elements 
that can be seen in the periods (rows) in the table of the 
elements—the small and great periods. 

What causes this number series is one of the great mys
teries. Rydberg, one of the early contr ibutors to the devel
opment of quantum theory, was fond of presenting it in a 
manner which the great German physicist of the t ime, Ar
nold Sommerfeld, characterized as " the cabalistic f o r m " : 

2 x 1 2 = 2 
2 x 22 = 8 
2 x 3 2 = 18 
2 x 4 2 = 32. 

'Magic Numbers' 
The modern theory of the atom is also premised on an

other mystery series, this one more aptly named "Magic 
Numbers" by its discoverer, physicist Maria Coeppert-
Mayer. Carefulobservat ionof the nuclear properties of the 
elements showed certain patterns that seemed to abruptly 
change at certain key elements. Goeppert-Mayer noticed 
that whether we were looking at the atomic number (Z), 
which tells us the number of protons in the nucleus, or the 
number of neutrons (N), or the sum of the two , which is 
known as the mass number (A), there were certain so-called 
Magic Numbers that identi f ied abrupt changes in nuclear 
properties. These numbers are: 

2 ,8,20,28,50,82,126. 
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Figure 6 
THE OCTAHEDRON INSIDE THE ICOSAHEDRON 

The octahedron fits within the icosahedron (a) such 
that 6 of the 20 faces of the icosahedron receive ver
tices of the octahedron. The vertices strike the trian
gular face of the icosahedron (b) so as to divide the 
altitude line in the divine proportion. Thus, alb = 
b/(a + b). 

Figure 7 
PERIODICITY OF ATOMIC VOLUME 

The periodicity of the atomic volumes (the ratio of 
atomic weight/density) of the elements guided the 
19th-century German scientist Lothar Meyer in devel
oping the periodic table. The maxima at atomic num
bers 3, 11, 19, 37, 55, and 87 identify the Croup la 
elements that begin each period. Notice how minima 
occur at or near the atomic numbers 8, 14, 26, 46, 
which mark the completed proton shells. 



Figure 8 
OTHER PERIODIC PROPERTIES OF THE ELEMENTS 

Many other physical properties of the elements, in
cluding compressibility (bottom line), coefficient of 
expansion (middle), and reciprocal melting point (top), 
obey the same periodicity as atomic volume. 

An element containing such a Magic Number either as its 
atomic number (for example, 2 for he l ium, or 82 for lead), 
or its neutron number (also 2 for hel ium, or 8 for oxygen, 
or 126 for lead or bismuth), or its mass number (for exam
ple, 20 for neon, or 28 for silicon) is likely to manifest an 
abrupt change in nuclear properties f rom its nearby neigh
bors in the periodic table. This is not a hard-and-fast rule, 
but a tendency. 

But what can be the cause for this strange series of num
bers? Can it be that the same Creator who built into the 
structure of the atom the simple and harmonious arrange
ment of the 92 protons, which we have shown here, wou ld 
leave to chance the configuration of the rest of his creation ? 

A Hypothesis on Neutron Configuration 
I could not believe this, and so I struggled wi th the prob

lem, unti l I had a solut ion. I had already noticed one pecul
iar th ing about the Magic Numbers—the first-order differ
ences of part of the sequence corresponds to the numbers 
of the edges of the Platonic solids. Thus, 8 - 2 = 6, the 
edgesof the tet rahedron; 20 - 8 = 12, the numbero f edges 
for the cube and octahedron; and, skipping 28, 50 - 20 = 
30, the number of edges in the icosahedron and dodeca
hedron. 

It was necessary, also, that the neutrons have a lawful 
place in the structure of the nucleus, for otherwise, why 
should some isotopes exist in abundance and others not? 
However, lacking charge, the neutrons would not have to 
have the same degree of symmetry as the protons. It was 
whi le considering the question why iron and pal ladium, 
two key singularities in the proton structure of the nucleus, 
did not appear as Magic Numbers that the idea for a lawful 
placement of the neutrons wi th in the hypothesized struc
ture of the pro ton shells came to me. 

Figure 10 
HINGING THE TWIN DODECAHEDRA 

To go beyc nd radon (atomic number 86), the twin 
dodecahed a open up, using a common edge as if it 
were a hinge. 

Figure 11 
BREAKING THE HINGE 

To create 9t-protactinium, the hinge is broken at one 
end, stayin EJ attached at the other end. 

Iron has 30 neutrons, palladium 60. The sum of the edges 
of the tetrah :dron (6), cube (12), and octahedron (12) is 
equal to 30. The tetrahedron fits wi th in the cube such that 
the midpoints of its edges lie one on the center of each 
cubic face (F gure 12). Wi th in the tetrahedron, can sit an-

Continued on page 28 
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Figure 9 
THE TWIN DODECAHEDRA 

To go beyof d palladium (atomic number 46), which 
is represent ;d by the completed dodecahedron, an 
identical do lecahedron joins the first dodecahedron 
at a face. Wf en fully joined in this way, the two figures 
represent ths nucleus of radon (atomic number 86). 



DR. ROBERT J. MOON: 

'Space Must Be Quantized' 

Robert J. Moon, professor emeritus at the University of 
Chicago, discussed the idea that led to his hypothesis of 
the geometry of the nucleus in an interview published in 
Executive Intell igence Review, Nov. 6, 7987. His remarksare 
excerpted here. 

The particular experiment that provided the immediate 
spark leading to the development of my model of the nu
cleus was one by Nobel Prize winner Klaus von Klitzing. 

Von Klitzing is a German who looked at the conductivity 
of very thin pieces of semiconductor. A couple of elec
trodes are placed on it. The electrodes are designed to keep 
a constant current running through the thin semiconductor 
strip. A uni form magnetic f ield is applied perpendicular to 
the thin strip, cutt ing across the f low of the electron current 

Philip Uianowsky 

in the semiconductor strip. This applied magnetic f ie ld, 
thus, bends the conduct ion electrons in the semiconductor 
so that they move toward the side. If the field is of sufficient 
strength, the electrons become trapped into circular orbits. 

This alteration of the paths of the conduct ion electrons 
produces what appears to be a charge potential across the 
strip and perpendicular to the original current f low, pro
ducing a resistance. If you measure this new potential as 
you increase the magnetic f ie ld, you f ind that the horizontal 
charge potential wi l l rise unti l a plateau is reached. You can 
cont inue to increase the magnetic f ield w i thout anything 
happening, wi th in certain boundaries, but then once the 
magnetic f ield is increased beyond a certain value, the po
tential wi l l begin to rise again until another plateau is 
reached, where, w i th in certain boundaries, the potential 
again does not increase wi th an increasing magnetic f ield. 

What is being measured is the Hall resistance, the voltage 
across the current f low, horizontal to the direction of the 
original current, divided by the original current. 

All of this was done by von Klitzing at l iquid hydrogen 
temperatures to keep it cool and prevent the vibration of 
particles in the semiconductor lattice, a sil icon semi
conductor. The cu rrent was kept constant by the electrodes 
embedded in it. 

Under these special condit ions, as the current is plotted 
as a funct ion of the magnetic f ie ld , we f ind that plateaus 
emerge. There are five distinct plateaus. At the highest f ield 
strength the resistance turns out to be 25,812.815 ohms. As 
we reduce the f ield, we f ind the next plateau at 12,906 ohms, 
and so on , unti l after the f i f th, the plateaus become less 
distinct. 

The theory is that the strong magnetic field forces the 
electrons of a two-dimensional electron gas into closed 
paths. Just as in the atomic nucleus, only a definite number 
of rotational states is possible, and only a definite number 
of electrons can belong to the same state. This rotational 
state is called the Landau level. 

What we have here is a slowly increasing magnetic induc
t ion, and resistance increases until plateau values are found. 
At these values, there is no further drop in voltage over a 
certain band of increased magnetic induct ion. Some elec
trons now appear to travel through the semiconductor as if 
it were a superconductor. 

Dr. Robert J. Moon: "I began to conclude that there must 
be structure in space, and that space must be quantized." 
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The question I asked myself was, why at higher field 
strengths did no more plateaus appear? Why did no higher 
plateau appear, for example, at 51,625 ohms? At the lower 
end it was clear what the boundary was—at the point at 
which six pairs of electrons were orbi t ing together, the 
electrons would be close-packed, but the magnetic field 
was too weak to create such a geometry. However, I asked 
myself what the l imit was at the upper end. 

This was what led to my model of the structure of the 
atomic nucleus. I started out by considering that the orbital 
structure of the electrons would have to account for the 
occurrence of the plateaus von Klitzing found , and I real
ized that the electrons had to be spinning together in pairs 
as wel l as orb i t ing. That was the significance of the upper 
boundary occurr ing at the value of 25,000-plus ohms. 

I first concluded that this happens because the electron 
has a spin. It spins around its axis and a current is produced 
by the spin, and the spinning charges produce a litt le mag
net. 

According to Ohm's law, the current is equal to the field 
divided by the resistance, so that the resistance is equal to 
the field divided by the current. Von Klitzing found that the 
resistance in the last plateau was 25,812 ohms. I wanted to 
f ind out why this was the last distinct plateau. 

First of al l , I realized that the electrons seem to like each 
other very wel l . They travel around in pairs, especially in 
solid-state materials such as semiconductors. The spins wi l l 
be in opposite directions, so that the north pole of one wi l l 
match up w i th the south pole of the other. 

Wel l , as long as we are limited to a two-dimensional space, 
then we see that by the t ime we get six pairs orb i t ing, we 
wi l l have close packing. We see a geometry emerging, a 
structure of the electron f low in the semiconductor. 

Now, the Hall resistance is determined by Planck's con
stant divided by the ratio of the charge squared. But we also 
f ind this term in the fine structure constant. Here, however, 
the Hall resistance must be mult ip l ied by the term ( | i0xc) 
[c = the velocity of l ight ] ; in other words, we must take the 
ratio of the Hall resistance to the impedance of free space. 
We can look at this as a ratio of two different kinds of 
resistance, that wi th in a medium to that wi th in free space 
itself. 

This led me to look for a three-space geometry analogous 
to that which I had found in the two-dimensional space in 
which the Hall effect takes place. I began to wonder how 
many electron pairs could be put together in three-space, 
and I saw that one might go up to 68 pairs plus a single 
electron, in order to produce 137, which is the inverse of 
the f ine structure constant. 

Wel l , that's the way ideas begin to grow. Then it becomes 
very excit ing. And then you begin to wonder , why these 
pairs, and why does this happen? 

Space Has a Structure 
The velocity of light times the permeabil i ty of free space 

is what we call the impedance of free space. There is some
thing very interesting about the impedance of free space. 
According to accepted theory, free space is a vacuum. If 

this is so, how ca i it exhibit impedance? But it does. The 
answer, of course is that there is no such thing as a vacuum, 
and what we call f ee space has a structure. 

The impedance of free space is called reactive imped
ance, since we c; n store energy in it wi thout the energy 
dissipating. Simil irly, radiation wi l l travel through a vac
uum wi thout losir g energy. Since there is no matter in free 
space, there is no hing there to dissipate the energy. There 
is nothing for the radiation to coll ide w i th , so to speak, or 
be absorbed by, s D the energy just keeps there. This is what 
we call the reacti\ e component. 

It is "reactive," because it does not dissipate the energy, 
but is passive. A id this equals 376+ ohms. This reactive 
impedance is o r e of the important components of the 
equation of the fi ie structure constant. 

The equations or the fine structure constant wi l l always 
involve the ratio, ' :137, and actually this ratio, as Bohr looked 
at it, was the ratk of the velocity of the electron in the first 
Bohr orbi t to the 'elocity of l ight. That is, if you mult iply the 
velocity of the e\> ;ctron in the first Bohr orbit of the hydro
gen atom by 137, you get the velocity of l ight. 

The orbi t ing electron is bound to the hydrogen atom 
around which it i orbi t ing. This stuck in my mind for several 
years. Immediati :ly as you begin looking at this ratio, you 
see that this is i< entical wi th the impedance in a material 
medium, like t i e semiconductor von Klitzing experi
mented w i th , co npared to the permeability of space. 

Since the Hall 
a ratio between 

No Empty Space 
esistance is dissipative, then we have here 
two different kinds of resistance, a resis

tance wi th in a m; terial medium and a resistance of "space." 
That being the c ise, we are enti t led to seek a geometry of 
space—or in ot ler words, we are no longer able to talk 
about "empty space." From looking at von Klitzing's exper
iment, I was led :o these new conclusions. 

This is the eq i ation for a, the fine structure constant: 
1/a = 2/i/(e2u0c). 

Another cone usion I was able to draw, was why the num
ber "2 " appears n the fine structure constant. Wel l , it turns 
out that the 2 i idicates the pairing of the electrons. And 
when you get t l is ratio, this turns out to be 1:137. So you 
have the ratio >f the impedance of free space, which is 
nondissipative, aver the impedance in a material media, as 
measured by vc n Klitzing, which is dissipative, giving you 
approximately 1:137. We have seen major advances in 
semiconductor in recent decades which permit us to make 
very accurate m ;asurements of the fine structure constant. 

Today, we ha e even better methods based on supercon
ductors. In a si perconductor, the impedance wi l l be very 
low, like that of ree space. There is no place for the electron 
in the supercor ductor to lose energy. 

As a result of :his, I began to conclude that there must be 
structure in sp. ice, and that space must be quantized. Of 
course, I had t een th ink ing about these ideas in a more 
general way, fc r a long t ime, but looking at von Klitzing's 
work in this wa r, al lowed me to put them together in a new 
way, and make some new discoveries. 
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other smaller tetrahedron, dual to its parent (Figure 13). 
The connect ion of the midpoints of the edges of the other 
four solids creates, respectively, the cuboctahedron—from 
the cube or octahedron—and the icosidodecahedron— 
f rom the icosahedron or dodecahedron (Figure 14). 

These are the key concepts of geometry needed to see 
how the neutrons are lawfully placed on the al ready existing 
structure of the nucleus. Once this is done, it can be seen 
that the periodicity of Meyer and Mendeleyev's periodic 
table is completely coherent with this new view of the nu
cleus. The points of completion of the proton shells define 
the points of greatest stability of the nucleus, reflected in 

Figure 12 
TETRAHEDRON INSCRIBED IN A CUBE 

Every cube implies a tetrahedron. Four diagonally op
posite vertices of the cube form the vertices of the 
tetrahedron. The six edges of the tetrahedron form 
the diagonals of the cube's faces, and their midpoints 
are equivalent to the center of the cubic faces. 

the abundancy of these elements, while the completion of 
the neutron shells corresponds to the ends of the periods 
of the periodic table. The neutron shells also have a highly 
symmetric and sometimes complete configuration in the 
elements for which the proton shells are complete. This is 
all readily seen in the table of neutron configurations I have 
hypothesized (Table 2). 

The structure begins wi th a hel ium nucleus, or alpha 
particle—a tetrahedron containing two protons and two 
neutrons at its four vertices. To go on to the th i rd element, 
l i th ium, the protons must move outward to start bui ld ing 
up their first shell on the vertices of a cube. The two neu-

Figure13 
ALPHA PARTICLE AND TETRAHEDRON 

The smaller dual tetrahedron, which represents the 
alpha particle, has an edge length only one third that 
of its parent. 

Figure 14 
CUBOCTAHEDRON AND ICOSIDODECAHEDRON 

The Archimedean solid known as the cuboctahedron can be derived by connecting the midpoints of the 12 edges 
of either the cube (a) or the octahedron (b). Similarly, the icosidodecahedron is derived by connecting the midpoints 
of either the icosahedron (c) or the dodecahedron (d). 
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trons that were on the vertices of the alpha particle have no 
need to leave. However, any additional neutrons will place 
themselves at the centers of the faces of the cube, which is 
the same place as the midpoints of the edges of the larger 
tetrahedron. (The smaller tetrahedron is called the alpha 
particle.) Thus, at 6-carbon-12, there are two neutrons on 
the alpha particle and four on the faces of the cube (Figure 
15)." For clarity, here is another example: the proton struc
ture of 8-oxygen-16 (Figure 16). Of the eight neutrons, two 

are on the inner alpha particle and six on the midpoints of 
the six edges of :he larger tetrahedron (or, the same thing, 
the face center; of the cube), marking the completion of 
this shell. The e ght protons locate on the eight vertices of 
the cube. Thus, not only is oxygen highly symmetrical with 
respect to its pr )ton configuration, but also one of its neu
tron shells is co nplete. 

Now, to go o i to the end of the period, there are only 
two more place ; where the neutrons can go: that is, on the 

Element 

2-He-4 

3-Li-7 
4-Be-9 
5-B-10 
6-C-12 
7-N-14 
8-0-16 
9-F-19 

10-Ne-20 

11-Na-23 
12-Mg-24 
13-AI-27 
14-SI-28 
15-P-31 
16-S-32 
17-CI-35 
18-Ar-40 

19-K-39 
20-Ca-40 
21-SC-45 
22-TI-48 
23-V-51 
24-Cr-52 
25-Mn-55 
26-Fe-56 
27-CO-59 
28-NI-59 
29-CU-64 
30-Zn-65 
31-Ga-70 
32-Ge-73 
33-A8-75 
34-Se-79 
35-Br-80 
36-Kr-84 

37-Rb-85 
38-Sr-88 
39-Y-89 
40-Zr-92 
41-Nb-93 
42-MO-96 
43-TC-98 
44-RU-101 
45-Rh-103 
46-Pd-106 

N= 

2 

4 
5 
5 

12 
12 
14 
14 
16 
16 
18 
22 

20 
20 
24 
26 
28 
28 
30 
30 
32 
31 
35 
35 
40 
41 
42 
45 
45 
48 

48 
50 
50 
52 
52 
54 
55 
57 
58 
60 

Table 2 
PROPOSED NEUTRON DISTRIBUTION C*IART 

Alpha 
particle 

Edges of 
Tetrahedron Cube Octahedron Icos: hedron 

2 Complete period 

2 2 
2 3 
2 
2 
2 

3 
4 
5 

2 6 Complete proton shell 
4 T 6 
4 6 Complete period 

4 6 2 
4 6 2 
4 6 4 [ 
4 6 4 Complete proton shell 
4 6 6 
4 6 6 
4 6 8 
4 6 12 Complete period 

4 6 10 0 
4 6 10 0 
4 6 12 2 
4 6 12 4 
4 6 12 6 
4 6 12 6 
4 6 12 8 J 
— 6 12 12 Complete pro 
— 6 12 12 2 
— 6 12 12 1 
— 6 12 12 5 
— 6 12 12 5 
— 6 12 12 10 
— 6 12 12 11 
— 6 12 12 12 
— 6 12 12 15 
— 6 12 12 15 
— 6 12 — 30 

6 12 12 18 
— 6 12 12 20 
— 6 12 12 20 
— 6 12 12 22 
— 6 12 12 22 
— 6 12 12 24 
— 6 12 12 25 
— 6 12 12 27 
— 6 12 12 28 
— 6 12 12 3C 

on shell 

Complete period 

Complete proton shell 
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remaining two vertices of the inner alpha particle. This is 
the configurat ion for 10-neon-20, the noble gas that ends 
the first small per iod. A similar situation, in which the neu
t ron shells are completely f i l led, occurs wi th respect to the 
noble gases 18-argon-40 and 36-krypton-84, the latter w i th 
a slight perturbat ion. 

At i ron, the inner tetrahedron ceases to exist as a config
uration for the neutrons, though, as we know, the config
uration appears again as a mode of emission in the alpha 
decay of the heavier elements. Iron has an extraordinary 
symmetry for both its proton and neutron configurations, 
as shown in Table 2. Finally, at palladium, the symmetry is 
perfect and complete. The proton shells are entirely fi l led 
and so are those of the neutrons. Note that the neutrons 
always remain on the inside of the nucleus, one level deep
er than the protons. Their existence outside this realm is 
precarious, where they have a half-life of only about 12 
minutes. 

The neutron configurat ion beyond palladium is struc
tured on the same model , though it is not as simply repre
sented since the figures making up the proton shells do not 
close until 86-radon. But the continuation of the same sys
tem all the way through the last natural element can be 
simply accounted for. 

To close the case, let us take the last element, uranium. 
How, one might ask, can we account for uranium-238, which 
has 146 neutrons—considerably more than twice the 60 
found in palladium? Recall that there were a few empty 
spaces left over on the faces of the icosahedron. When the 
octahedron was fit inside, its vertices took up only 6 of the 
20 faces, leaving 14 open. Count ing both "halves" of the 
uranium nucleus, that leaves 28 extra locations for the neu
trons to fit symmetrically; 26 of them are used to create 
uranium-238, the preferred configuration. But uranium-240, 
the heaviest isotope of the last naturally occurr ing element, 
w i th a half-life of 14.1 hours, takes up all those possible 
places wi th its 148 neutrons. 

Laurence Hecht, a geometer by avocation, worked closely 
with Robert J. Moon to elaborate Moon's hypothesis forthe 
geometry of the nucleus. 

Notes 

1. Dr. Moon developed his theory of the nucleus in spring 1986, shortly after his 
75th birthday, while working at the Fusion Energy Foundation in Leesburg, 
Va. For a personal account of the development of his theory, see his two-
part interview in the Executive Intelligence Review, Oct. 30,1967, p. 31, and 
Nov. 6,1987, p. 18. 

2. All the Platonic solids can be formed by the intersections of great circles on 
a sphere, the great circle being the least-action path on the surface of the 
sphere, and the sphere the minimal three-dimensional volume created by 
elementary rotational action. The best way to see this is to consider the 
intersections of the great circles in a Torrianian, or Copernico-Pythagorean 
planetarium [cf. Johannes Kepler, Mysterium Cosmographicum, Dedicatory 
letter, trans. A.M. Duncan (New York: Abaris Press, 1981).] 

In the device constructed by Giovanni Torriani to demonstrate Kepler's 
nested solid model for the solar system, the vertices of the regular solids are 
formed by the intersections of great circles. Three great circles intersect 
doubly to form an octahedron. Six great circles intersect triply in 8 places to 
form the vertices of a cube and doubly in 6 places over the faces of the cube. 
Fifteen great circles intersect 5-at-a-time in 12 locations, 3-at-a-time in 20 
locations, and 2-at-a-time in 30 locations, forming respectively, the vertices 
of the icosahedron, dodecahedron, and icosidodecahedron 

It is interesting that the tetrahedron is not uniquely determined in this 
construction, but is derivative from the vertices of the cube. 

3. The divine proportion, also known as the golden mean or the golden section, 

Figure 15 
PROBABLE LOCATION OF CARBON NEUTRONS 

In the author's scheme, the six neutrons in the carbon 
nucleus are positioned as shown: two on the vertices 
of the inner tetrahedron, four on the edge midpoints 
of the larger tetrahedron (which are the same as the 
face centers of the cube). 

defines the geometry of growth for living systems, plants and animals alike— 
from the seashell, to the leaf arrangement on a branch, to the proportions of 
the human body. It is also the characteristic ratio for nonliving processes in 
the very large and the small. The divine proportion divides a line so that the 
ratio of the full length of a line to its largest segment is proportional to the 
ratio of the segments to each other. When a decagon is inscribed in a circle, 
the ratio of the radius to an edge is the divine proportion. Designated math
ematically as 0, the divine proportion ratio is (V5 + 1 )/2 or approximately 
1.618. 

4. This allows a speculation on the relation to extranuciear properties, viz. the 
carbon problem. Carbon has a tetrahedral bonding which is conventionally 
explained by the fact that the inner 1s orbital is held more tightly, while the 
four "valence" electrons do the bonding. Why? Now we can see that the tight 
bonding of the inner orbital might be caused by the alpha particle inside. For 
carbon, only four of the protons might move to the cube, locating themselves 
on the four vertices of the cube which correspond to a tetrahedral symmetry. 
These would be the four charges that determine the carbon bond. To main
tain the charge symmetry, the other two would be held in the original alpha 
particle. 
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Figure 16 
PROBABLE LOCATION OF THE OXYGEN-16 

NEUTRONS AND PROTONS 
Shown here are the likely locations of the eight neu
trons (open) and eight protons (solid) in the oxygen-
76 nucleus. There is a neutron on all six faces of the 
cube and on two of the four vertices of the alpha 
particle. Eight protons cover the eight vertices of the 
cube. 



Curing AIDS by Mastering 
The 
Harmonies 
Of Cell 
Mitosis 
No single biological question 
allows us to more directly 
confront the fundamentals of 
living processes—from curing 
AIDS to counteracting the aging 
process—than mitosis, the 
capacity of living organisms to 
grow, reproduce themselves, and 
transmit information to their progeny. 

by Warren J. Hamerman 

V iewed f rom the standpoint of mitosis, the overall 
capacity of l iving organisms to reproduce them
selves is virtually continuous. In the human being's 

bone marrow and other high mitotic areas, for example, 10-
mil l ion cell divisions are occurr ing every second. The fron
tiers of 21st century biology wi l l be shaped by science's 
success in understanding how this mitotic process is 
" tuned , " its species-specific and tissue-specific harmonic 
laws, and the nature of the overall "musical system" wi th in 
which healthy living forms have the freedom to lawfully 
develop, differentiate, prol i ferate, and evolve. 

Just as surely as Johannes Kepler's discovery and Karl 
Gauss's later elaboration of the harmonies of the planetary 
solar system unveiled the mysteries of astrophysics, so too 
wi l l the study of the harmonies of cell mitosis and cell divi
sion unveil the mysteries of the living process. 

The unique biological feature of the slow-acting AIDS 
virus is that when it infects a cel l , the genetic message or 
genome of the virus migrates to the nucleus, where it in-

The geometric ordering of the cell is beautifully evident in 
this chicken embryo fibroblast, as seen by immunofluoresc
ence microscopy. 

M. S :hliwa, The Cytoskeleton (New York: Springer-Verlag, 1986), p. 50. 

corporates its :lf into the normal genetic message of the 
cell. Although the virus's genome succeeds in getting in
corporated in o the host cell's DNA, it may lie dormant 
across many iiell divisions of the parent cell before the 
virus's messag e takes over, expresses itself whi le the cell is 
undergoing m tosis, and turns the cell into a virus "factory." 

What is the lature of the "activation signal" that converts 
a latent inf ecti Dn into an actual one? This is one of the most 
central questiDns of AIDS research. There is currently a 
debate in the scientific community over whether the acti
vation signal s an antigenic or a mitogenic stimulus, or 
both . (An anti »enic signal refers to a stimulus f rom an anti
gen or protei T specific to another disease to which the 
immune syste n is responding; a mitogenic stimulus results 
f rom a specifi : growth factor associated wi th cell division.) 
No matter wr 
mechanism 
process, and 

at the or ig in, however, the signal's " tuning 
nust be governed by the same fundamental 
it is theoretically possible to send the cell 

nucleus a "deactivat ion" signal instead of an "activation" 
signal 

Perhaps thd most important biological clue to the unique 
nature of AIDS is that when the virus is activated, it causes 
the cells it i r fects to rapidly divide and grow, fusing or 
c lumping tog ;ther wi th hundreds and thousands of other 
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cells, in a process often called cell fusion. The mitotic pro
cess in AIDS-infected cells looks exactly like the processes 
of reproduct ion that occur among the most primit ive or
ganisms in the evolutionary scale, such as the slime mold . 
The pr imit ive slime mold grows in clumps in which one 
large mass can have hundreds and thousands of nuclei in 
the midst of a single cellular blob. 

Cell fusion can be artificially induced and control led in 
the modern laboratory by two means: First, and less effi
cient, is by various enzymes and chemicals, using the out
dated technologies of molecular biology; second, and more 
efficient, is by " tuned" or "shaped" electromagnetic pulses, 
using the technologies of the 1990s and the 21st century in 
optical biophysics and bioelectromagnetics. 

Cell fusion, however, is not just a phenomenon of labo
ratory experiments or primit ive slime molds; it is the es
sence of what the AIDS virus does to the human body when 
the infection takes over. Medical doctors refer to the AIDS-
caused cell mass or clump as a syncytia or multinucleated 
giant cell in the brain or other organs, because of all of the 
nuclei contained in the large mass. 

Since the AIDS virus incorporates itself into the chro
mosomes of infected cells, the means for future outbreak 
of the fu l l -b lown disease state is reproduced in the very 
process of mitosis and replication of the infected tissues. 

Therefore, the types of experimental approaches that give 
science the most advanced nonlinear spectroscopy of mi
tosis ought to be the basis for front ier AIDS research. Rap
idly expanding the scientific knowledge base in this area 
not only wi l l reveal some of the basic secrets of the l iving 
process itself, but also wil l open the way for future scientific 
research to intervene by " re tun ing" living cells away from 
unnatural "dissonances," like the deadly diseases of AIDS 
and cancer, as well as the unnatural aging processes. 

To cure AIDS, and not just f ight a losing war of attr i t ion 
by "crisis managing" the clinical symptoms of a dying pa
tient wi th chemotherapy, a scientist must cause the host 
cell l ine to "eject" the virus message dur ing the course of 
mitosis. The goal is to cause the host cell to reproduce only 
the healthy portions of the DNA, and to not reproduce the 
portions of the nuclear DNA that contain the virus's mes
sage. Almost certainly, such a strategy wil l require at mini
mum 10 years of research on fundamentals. The key is not 
to base such intervention in the mitotic process on the "hi t 
and miss" methods of molecular biology or biochemistry, 
which randomly try to f ind a unique gene, chemical, or 
molecule and then deduce its funct ion through a series of 
trial-and-error experiments. Success requires the alterna
t ive, more advanced method of optical biophysics or non
linear biological spectroscopy, the method of biological 
inquiry introduced by Louis Pasteur (1822-1895). 

AIDS, Optical Biophysics, and Electrohydrodynamics 
Optical biophysics is the study of the interaction of living 

substances wi th electromagnetic radiation over the entire 
range of wavelengths—from high-frequency gamma rays 
and X-rays to low-frequency radiowaves (see table). Today, 
these areas promise not only to give even more wonderfu l 
diagnostic and therapeutic methodologies to biology and 
medicine, but also to unlock the secrets of how living pro
cesses are " tuned . " 

Light, the basis of all biological activity, must be under
stood as a form of electromagnetic radiation that covers 
radiowaves, wi th wavelengths around 10_1 meters, to gam
ma rays, on the other end of the spectrum, with wave
lengths around 10~11 meters. Historically, optical biophys
ics began in the visible range of the electromagnetic spec
t rum, which is just a t iny segment of the spectrum, f rom 4 
x 10~7 to 7 x 10 - 7 meters. Spectroscopy refers to all the 
interactions of electromagnetic radiation wi th matter, in
cluding optical rotat ion, scattering, absorpt ion, and emis
sion. 

One of the most exciting aspects of frontier optical bio
physics is that there is no clear division between split-
second precise diagnostics and screening on the one hand, 
and potential therapeutic interventions on the other. The 
scientist compares the unique spectral signatures of a 
healthy and diseased cell. At the moment he or she achieves 
a signal or spectra f rom those cells, the researcher also has 
the potential to " re tune" or "detune" the source of the 
signal, and thus stop the spread of the disease. 

In its broadest terms, the optical biophysics approach 
continues the classical electrohydrodynamic tradit ion that 
can be traced back to the studies of Leonardo da Vinci and 
Lucia Pacioli on the "golden harmonic" geometries appro-
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MEASURING ELECTROMAGNETIC RADIATION 
Shown are the relationships of energy, frequency, 
and wavelength for the entire electromagnetic 
spectrum. 



priate to l iving forms and the filamentary "singularit ies" 
generated in hydrodynamic processes. This approach was 
cont inued through the work of Johannes Kepler, who stud
ied the planetary musical intervals in the solar system, as 
determined by the five Platonic solids. This tradit ion was 
cont inued and enriched in the last decades of the 17th 
century by Gottfr ied Leibniz. 

Leibniz inf luenced subsequent generations through his 
writ ings against the automatism and reductionism of New
ton and Descartes, founding the method of analysis situs 
f rom the standpoint of a polemic against both of them. It is 
Leibniz's work , in fact, that carried science into the work of 
the great Gottingen scientists of the 19th century, Karl Gauss 
and his student Bernhard Riemann. 

Bodies do not exist independently of posi t ion, and the 
geometric nature of space is not everywhere the same. In 
nature, the measure of the curvature is not everywhere 
constant. It was Gauss, Riemann, and their associates who 
laid the basis for our ability to apply geometric conceptions 
to basic electrohydrodynamic processes; they established 
the ability to study transformations f rom one phase space 
to another. 

One would expect that only a mathematical-physics based 
upon synthetic geometry wou ld be "pl iable" enough to 
map biosyntheses through growth and development. Geo
metrically speaking, Riemann's approach to physics is cen
tered upon the concept of an n-fold extended manifold, in 
which each phase space generates its own metrics and sin
gularities. The nature of the series of manifolds is deter
mined by the intrinsic generation of singularities through 
the series of transformations. 

In his famous 1854 paper, "Hypotheses Which Lie at the 
Foundations of Geometry," Riemann cautioned that the 
ability to study nature faithfully, "just as far as the micro
scope permits," rests upon the geometric method the sci
entist employs: "Knowledge of the causal connection of 
phenomena is based essentially upon the precision wi th 
which we fol low them down into the infinitely small." 

Mitosis and Electromagnetics 
Modern electron micrograph images of the ell ipsoid 

spindle and other filaments in the mitotic process are more 
than visually suggestive of the phase space transformations 
in a harmonic self-ordering process of the sort depicted by 
Leonardo da Vinci in his studies of the golden proport ion 
harmonics of plant and animal growth and the braided f i l 
aments and vortices displayed in hydrodynamics (Figures 
1-3. 

The first observations of the self-ordering of the ell ipsoid 
spindle threads and the movement of the chromosomes 
along these protein " f ie ld lines" to the two poles through 
the various phase states of mitosis were made by biologist 
Walther Flemming (1843-1915), a little over a century ago. 
Work ing in Germany, Flemming first used the term mitosis 
in 1880 to describe the replication of the chromosome 
"threads." Slightly more than four decades later, the Rus
sian biophysicist Alexander Gurwitsch (1874-1954), trained 
in Germany at the University of Mun ich , discovered the 
existence of mitogenic radiation in his famous experiments 
of rapid mitotic effects in onion roots. Over the past three 
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Figure 1 
THE PROCESS OF MITOSIS 

In living c rganisms the process of mitosis and cell 
division is 'irtually continuous. Although the "stages " 
of mitosis ire useful to organize one's thinking about 
the continuous process, the curtain does not come 
down bet\ 'een acts, so to speak. 



How Mitosis Occurs 
Mitosis is the division of the cell nucleus into two daughter 

nuclei. Eukaryotic cells, the more advanced cells that are 
common in most plants and animals, undergo the complex 
nuclear division process of mitosis, while the more primitive 
prokaryotic cells reproduce through simple binary fission. 

During the early 1950s, it became apparent f rom 
microspectrophotometry and from autoradiography studies 
that DNA synthesis itself occurred during a restricted period 
among these eukaryotic cells. In 1953, A. Howard and S.R. 
Pelc proposed the fo l lowing terminology for the eukaryotic 
cell division cycle: 

C0 = the ground state or resting stage; 
C, = the first growth phase before replication synthesis 

of DNA; 
S = synthesis of DNA; 
C2 = the second growth phase after synthesis in which 

the cell prepares for the division process itself; 
M = metaphase, in which the spindle fibers and bipolar 

orientation is well def ined, the centromeres align 
on the metaphase plate, the chromatids unwind ; 

A = anaphase, in which the chromosomes move toward 
the poles along the spindle f ibers; 

T = telophase, in which the chromosomes regroup into 
two nuclei at each of the poles, fol lowed by the 
development of a nuclei membrane separating two 
daughter cells. 

The DNA synthesis and duplication of the chromosomes 
represent a relatively late event in the mitotic cycle, as 
scientists by the late 1950s were able to precisely measure 
(see Figure 4). In the mult ipl ication of a mammalian cell 
wi th an average 25-hour mult ipl ication cycle, the S period 
of DNA replication does not begin for 12 hours into the 
cycle. The S phase lasts for an 8-hour per iod, fo l lowed by 
a4-hour C2 per iod, and a 1-hour period fo r the metaphase-

anaphase-telophase division process. The t ime of the 
division cycle varies according to differences in both species 
and t issues w i t h i n the same species, and ce l lu la r 
environmental factors such as temperature and bioradiation 
condit ions. 
By the mid-1960s, it was known that in nearly all eukaryotic 
cells, there is periodic rather than a continuous synthesis 
of DNA, whi le in prokaryotic cells there is continuous 
synthesis. The question remaining is, what regulates this 
highly ordered negentropic process? 

Mitosis fs Not Mechanistic 
There are fundamental problems of reductionist-

mechanistic theories in studying mitosis in l iving biological 
phase states. 

First, biochemical approaches are l imited by their me
chanical model of complex interactions among fixed struc
tures in which mysterious forces push and pull little hard 
molecules into or away from each other. Nonetheless, a 
cell may have as many as 100,000 chemical reactions per 
second; no amount of built- in structural templates or intri
cate interaction of so-called forces can regulate and coor
dinate such an intricate process. Many thoughtful biolo
gists have recently published papers acknowledging that 
the field itself was t roubled by a series of seemingly unsolv-
able "anomalies." 

Are the chromosomes pushed or pulled to the poles along 
the spindle fibers dur ing anaphase? If so, by what, how, 
and why? The spindle fibers have been analyzed to have an 
amino acid composit ion similar to that of the muscle pro
tein actin. Do the two main proteins that are responsible 
for the force product ion in contracting muscle fibers—ac
t in and myosin—appear at just the right moment in the right 
quantities to catalyze a muscle-like contraction among the 

Figure 2 
THREE PHASES OF MITOTIC NUCLEAR DIVISION 

These photomicrographs show three successive phases of a mitotic nuclear division. In (a), the chromosomes are already 
visible in the center region where the spindle is organizing. The spindle is fully developed in (b) and the chromosomes 
are regularly aligned in its equatorial plane. 

In (c) the two daughter sets of chromosomes have separated and each set is being drawn toward one pole of the spindle. 
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wind. The completely unwound DNA from a single mam
malian cell n jcleus is approximately 50 centimeters (cm) 
long and it is packed into a nucleus whose diameter is 10 
micrometers wide. In other words, were DNA to be con
ceived of as i single statue gently rotating on its own ped
estal, it woul J have to fold upon itself 50,000 times simply 
to fit into the nucleus. The DNA in the body of one human 
being alone, f unwound, would correspond to the diame
ter of our pla letary system—about 10 billion kilometers. 

Figure 4 
MAMMALIAN CELL CYCLE 

By the late 7S 50s, scientists had measured the various stages 
in the appro) imately 25-hour multiplication cycle of a mam
malian cell. (I0 represents the resting or ground state, where 
there is least action and greatest coherence; G, represents 
the growth i tefore DNA replication; and S represents the 
DNA synthe ;/s stage. Note that in G„ radiation begins in 
the optical n nge and downshifts to the microwave range. 

st CENTURY May-June 1988 35 

Figure 3 
THE HYDRODYNAMIC TRADITION OF LEONARDO 

Leonardo da Vinci's nature drawings depict not onl) 
the living form, but the process of growth involved 
Right, a "star of Bethlehem" and above, a study o 
water falling into a pool. Both drawings are from thi 
collection at the Royal Library, Windsor Castle. 

spindle fibers and thereby tug the chromosomes to their 
respective poles? Or, do microtubules miraculously assem
ble at just the right moment to push the organelles apart, 
and do they then begin to disassemble again at just the right 
moment to pull the organelles together? 

Second, molecular biology approaches—molecular ge
netics, genetic engineering, and recombinant DNA tech
nology—cannot escape the mathematical l imitations of a 
supersophisticated computer-tape model where the gen
omic "software" is presented as a linear code readout. De
spite the effectiveness of genetic engineering technologies 
as the basis for performing all sorts of useful and wonder fu l 
interventions into the cell process, the methodology be
hind the engineering is completely inadequate for under
standing fundamental causality in the reproduct ion pro
cess. 

It has been possible, for example, to completely se
quence the genetic code of the rapidly mutating AIDS virus 
wi thout understanding how or why it biologically interacts 
wi th the cell. 

For instance, molecular biologists themselves know that 
their conception of a "point mutat ion" as a change in one 
so-called codon , or tr iplet base-pair sequence in the DNA 
"backbone," cannot deal wi th the rather regular phenom
enon of "frame-shift mutat ions." The computer "language" 
of the linear code is post-World War II information theory, 
in which the sequence of nucleotide bases in the DNA 
molecule serves as a coded template for the synthesis of a 
linear tape sequence: DNA is transcribed into RNA, which 
is in turn translated into enzymes (protein), which catalyze 
all the cellular biochemical reactions. According to the dog
ma, one gene codes for one enzyme (protein). Yet, what 
causes the right amount of mitogenic polypeptide "growth 
factors" and the so-called regulatory peptides to appear in 
just the right amounts in the right place at the right time? 

In real biological space-time, the DNA is superdensely 
packed into the nucleus; it is not a free-standing, neatly 
ordered stack of computer disks, or an elegant double-
helical statue on its own pedestal, gently rotating in the 



1960s, electron microscopists began to speak about mitotic 
microtubules or paired fibrils. By the mid-1960s, the lability 
of the fibrils of the spindle became the basis for an entire 
range of theories to explain the movement of the chromo
somes. 

Simultaneously, biophysicists have developed a growing 
arsenal of spectroscopic instruments wi th which to image, 
measure, and study the electromagnetic phase changes of 
the mitotic process in the small. Therefore, we are now at 
the beginning stages of a thr i l l ing scientific era in which we 
can study the overall electromagnetic, spatial, and geomet
ric characteristics of the developing cell cycle f rom the 
standpoint of a self-developing electromagnetic f ie ld, as 
described by Gauss. Indeed, no observer who is literate in 
the history of classical science can view the beautiful geo
metric order ing of the spindle fibers wi thout th inking about 
the geometric and experimental work of Gauss and the 
school he initiated at Gott ingen University—encompassing 
the work of the Weber brothers and later Riemann—on the 
nature of electromagnetic fields, the relationship between 
shifting electromagnetic flux densities and the nature of 
the surface as a whole , the generation of singularities in
trinsic to the development laws of the process, and the self-
ordering character of the overall process. 

Over the past 15 years, biologists have focused consid
erable attention on studying the various filamentary com
ponents of the cytoplasm—microtubules, microfi laments, 
intermediate fi laments, and associated proteins—which 
collectively have been given the unfortunate name "the 
cytoskeleton." This integrated system of molecules that 
provides cells with their shape and internal spatial geome
try, far f rom resembling a rigid skeleton, displays the un
mistakable characteristics of a sequence of phase space 
transformations first explored by Leonardo da Vinci. 

One of the intrinsic problems of modern biology is that 
so many detailed images of once-alive cells have been pub
lished, that people have a mental image of a static flat sur
face on a plane adorned wi th various structures. Electron 
micrographs, for instance, which magnify images up to 
200,000 times, can be made only by first ki l l ing the sample, 
slicing it very th in , pour ing heavy metal stains over it, and 
placing it in a vacuum for viewing. Unfortunately, the dead 
u/trastructures one then views through this method can 
easily be suggestive of a nonhydrodynamic, mechanical 
process. 

Science has strayed far f rom the classical method epito
mized by the electrohydrodynamic t radi t ion. Whi le an im
mense amount of knowledge has been accumulated by 
modern biologists on the mechanics and structure of the 
mitotic process, very little is actually understood about what 
causes the difference between healthy dividing cells and 
cells that are provirus (replicate the means of infecting other 
cells), tumor cells, and aging cell lines. 

As a series of recent review articles by leading cell biolo
gists has emphasized, despite all that is now known, the 
study of mitosis may be at a dead end in terms of under
standing the basic biological causality of the process. A self-
reproducing cell line cannot be explained as a sequence of 
"bags of enzymes" or "l i t t le biochemical factories" fueled 

by a closed-cycle heat engine and directed by a supercom
puter center with a fantastically complicated computer-tape 
software program wi th bui l t- in nonlinear pathways. Such 
models cannot make the " j u m p " f rom one cell to its daugh
ters. They cannot explain how or why a cell may " throw 
ou t " a virus particle f rom its own genetic material. 

New Research Directions 
There are three scientific research efforts in optical bio

physics that converge on a common concept in expanding 
our knowledge base about the mitotic process: The work 
of Professor Sydney Webb of Canada; various U.S. re
searchers at Los Alamos National Laboratory, the University 
of New Mexico, and Lawrence Berkeley Laboratory, work
ing on advanced circularly polarized microscopes; and Dr. 
Fritz-Albert Popp of the Kaiserslautern Technology Center 
in West Germany. Each line of research has demonstrated 
unique experimental data that show variations in the optical 
biophysics characteristics of cell life over the course of cell 
mitosis. These three very different experimental setups, 
support a common hypothesis: Over the course of the cell 
division cycle the electromagnetic radiation spectra vary. 

For his part, Webb has studied the harmonic properties 
of l iving cells, uti l izing mil l imeter microwaves and Raman 
spectroscopy, and found that the biologically effective fre
quencies formed a definite nonlinear series, suggesting 
that they all were related via the "harmonics" of some fun
damental oscillatory mode or modes in l iving processes. 
Raman scattering and Raman resonance spectroscopies give 
information on molecular vibrations that cause upshifts and 
downshifts in the frequency of light that hits and is scat
tered by the sample. Al though the frequencies changed 
wi th t ime and nutr i t ion, their nonlinear relationship did 
not. 

Webb discovered that in every healthy growing cel l , two 
definite series could be clearly demonstrated: the healthy 
cell undergoing mitosis was " tuned" differently than the 
cancerous cel l . Whi le healthy cell growth had two definite 
harmonic series, mouse mammary carcinoma cells (those 
wi th cancer) formed three and sometimes four series. Fur
thermore, Webb observed that in mitosis there is a differ
ence between the tuning of the mother cell and the daugh
ter cells. In a result which may be related as well to the 
aging process, he observed that each cell-division cycle 
seems to start f rom a slightly higher energy level so that 
each new generation of cells has to exert more energy in 
reproduct ion. Raman spectroscopy of the living cell at rest 
found that such cells were Raman inactive. However, under 
mitosis, the cell progresses to higher-frequency oscilla
t ions. 

In the experiments wi th circularly polarized light at the 
laboratories ment ioned above, researchers util ized a spe
cial spectroscopic technique which enables them to map 
transformations in the molecular structure—its spatial or
ganization—by the pattern in which it interacts with circu
larly polarized light (Maestre et al. 1985). What is measured 
is circular dichorism (CD), the difference in absorption cross 
section exhibited by a sample when it is i l luminated succes
sively wi th right- and left-circularly polarized light. As a 
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Concentration (log) milligrams per milliliter 

Figure 5 
DNA AS THE CELL'S 'LASER' 

The double helical organization of DNA with its 
"golden " geometric proportions gives it the potential 
to "store," "upshift," and "transmit" photons in the 
form of coherent electromagnetic action, according 
to F.-A. Popp. A correlation between the unwinding 
and rewinding of DNA with a parallel increase and 
decrease of photon emission from the DNA is shown 
in (a). Ethidium bromide (EB), a red dye, intercalates 
itself into the DNA molecule, thereby unwinding its 
superstructure, a process than can be established by 
DNA sedimentation. After the complete unwinding 
of the DNA (circular form in the center), it renews 
rewinding in the opposite spin direction. Shown in 
(b) are ultraweak cell photon emissions after treat
ment with EB solutions. The lowest curve (after 1 hour) 
already shows the same EB concentration dependen
cy seen in (a). 

result of this research, a related phenomenon of light scat
tering was discovered, called circular intensity differential 
scattering or CIDS. 

These technologies have been used to study Chinese 
hamster cells through the cell cycle. As the cells progressed 
through the mitotic cycle, their spectral data shifted re
markably, as the chromatin first replicated and then orga
nized into "handed" superstructure geometries that differ
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entially scattered circularly polarized light. As the eel 
marched through its cycle, the spectral data clustered ir 
three main spectral regions: (1) the region above 290 na 
nometers(nm) or the scattering region; (2) the 250-290 nrr 
regions, which conform to nucleic acid absorpt ion; and (3 
the region belc w240 nm, which is characterized as the are; 
of maximum protein absorpt ion. 

This spectro; copic technique is based upon the insight; 
of Louis Pasteu' into the relationship between the geomet 
ric "handednes s" of biological molecules, the way they ro 
tate, fo ld , and organize space, and their optical activity 
interaction wit l polarized light. Thus, the research on the 
cell cycle gives a unique scientific "w indow" into the wa) 
in which the sr. atial organization varies over the course o; 
the cell cycle. 

Mitogenic Radiation 
Finally, Dr. I ritz-Albert Popp's work presents the mosi 

general insight; into the process of radiation variation ovei 
the course of tr e cell cycle. Popp has devoted his life's work 
to studying col erent ultraweak photon emissions f rom liv
ing tissues. Usi i g cucumber seedlings, he has demonstrat 
ed that photor emission is most pronounced when cells 
are rapidly divi ding, as in the seedling stage. He has dem
onstrated expe ' imentally and theoretically that the biopho-
ton luminescei ice originates f rom an electromagnetic fielc 
wi th a surprisir gly high degree of coherence. The DNA car 
be conceived o f as the cell's "antenna," having the potentia 
to store and th ;n retransmit b iophotons, or coherent elec
tromagnetic ra Jiation. 

Popp's hypo hesis is that the biomolecule wi th the high
est informatior density, DNA, is the best candidate for the 
site of the biop hoton regulatory radiation and that it func
tions as an exc plex laser. In DNA, excited molecule com
plexes or excip exes are generated when one port ion of the 
complex takes in a photon and stores it in a relatively long-
living metastat le state of excitation. The localized area has 
been described as an "excited energy t rap" and character
izes many of th ; most interesting biological "antenna" mol
ecules—for e> ample, DNA, RNA, chlorophyl l , and ATP, 
Transitions int a exciplex states are synchronized and are 
capable of coh ;rent photon emissions. 

The living ce II can be conceptualized as a light-receiving 
and light-abso bing system, which is "pumped" like a lasei 
by its own metabolism (Figure 5). Mitosis is a method b) 
which the cell rreates a higher state of coherence in tissue 
After division two cells are coherent wi th each other ir 
terms of freque ncy and harmonic ordering. The critical even' 
is the triggerir g of the cell f rom the C0 (resting phase) tc 
the C,. In the C, phase, the radiation starts in the optica 
range and then shifts downward into the microwave range 
as the cell divi: ion process proceeds: 

This phenamenon of "ultraweak" photon emission 
f rom living c ells and organisms which is different f rom 
bioluminescence, exhibits an intensity of a few up to 
some hund ed photons per second and per square 
centimeter )f surface area. Its spectral distr ibut ion 
ranges at lea st f rom infrared (at about 900 nm) to ultra-



violet (up to about 200 nm). . . . There are distinct cor
relations of photon intensity and conformational states 
of DNA, or DNase activity during meiosis. At present 
there exists no further doubt about the physiological 
character of biophoton emission, since it exhibits just 
the same temperature dependence as it is characteris
tic for most of the physiological functions [Popp 1986]. 

Popp has constructed a laboratory means to measure the 
low-level luminescence, which corresponds to the inten
sity of a candle at a distance of about 10 kilometers, and this 
has allowed him to reap a rich amount of experimental data 
in exploring "mitogenic radiation." 

Popp is building on much earlier work by the German-
educated Russian scientist Alexander Curwitsch, who dis
covered mitogenic radiation as a lawful extension of apply
ing the classical scientific conception of the electromag
netic field to biological phenomena. In a 1912 paper, Gur-
witsch first introduced the conception of the biological field. 
Since genes act in different cells in a coordinated fashion, 
as in the development of certain tissue-specific cell lines 
from the same embryo, obviously there is some type of 
supracellular command. 

Beginning in 1904, Curwitsch began to study the morpho
logical field in various embryos. In a series of experiments 
beginning with research on the development of shark brains 
in 1912, Gurwitsch studied the coordination of large num
bers of cells that behaved as a common suprageometric 
living form: the biological field. He pursued his work on 
sea urchin eggs and began to study the remarkable syn
chronization of mitosis in a developing living form. Up 
through a certain stage of divisions of the blastomeres, all 
cell divisions are synchronous and produce the same re
sults, as they share a common surface. Then, the mitotic 
divisions begin to exhibit cellular differentiation. How is 
this highly complex process coordinated? 

Gurwitsch came to the conclusion that mitosis is regulat
ed through a radiation phenomenon. Early in the 1920s, he 
studied the meristems of onion roots. Plant meristems are 
the areas with one of the highest mitotic indices in the living 
world (the mitotic index is the ratio between the number of 
cells undergoing mitosis to the total number of cells). 
Through these famous experiments, Gurwitsch developed 
a cellular resonance theory based upon a conception of 
what he called mitogenic radiation. He found that the po
tential for mitosis is relative to the size of the cell colony. 

Gurwitsch demonstrated that the radiation was in the 
ultraviolet portion of the electromagnetic spectrum. In his 
experiment, he observed a large increase in the number of 
cell divisions of an onion root, when a second onion root 
was brought near to the first. When quartz glass, which 
does not absorb in the ultraviolet region, is placed between 
the two onion roots, the enhanced cell divisions occurred 
just as if there were no glass separating them. However, 
when normal ultraviolet-proof window glass was placed 
between the two onion roots, the "mitogenic effect" 
stopped. After World War II, as a result of the development 
of sensitive photon counters, scientists began to detect 
extremely weak emissions from dividing animal and plant 
cells. 
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Among the most fruitful explorations of radiation phe
nomena in cell division are those of Professor Sydney Webb, 
who has conducted a several-decades-long exploration of 
the harmonic properties of living cells across the cell divi
sion cycle. He found that when cells were exposed as aer
osols to periods of semidehydration and various doses of 
electromagnetic radiation, the cells could not tolerate si
multaneous "step-down" changes in both their carbon and 
nitrogen supply until at least one cell division had been 
allowed to occur in the altered nutritional environment. As 
long as the cells were allowed to "adjust" through the pro
cess of mitosis to the changed nutritional environment, the 
cell line would survive. This occurred despite the fact that 
the mother cell did not do well in the stressed environment. 

In other words, when experiments exposed a cell to nu
tritional changes, the cell's response was to produce two 
daughter cells equipped, so to speak, with an adjusted en
zymatic molecular constituency. This could be measured, 
for the mother cell line conducted mitosis at a much slower 
rate than the daughter cell line. Neither the standard as
sumptions of biochemistry nor those of molecular genetics 
can explain the causality of such a process. Webb looked 
to the conception of what is called the electrohydrodyn-
amic field in basic physics for an approach to such ques
tions. 

Webb began in the early 1950s by studying the relative 
stability of some plant viruses under the stresses of dehy
dration and radiation, and his experiments proceeded to 
investigate the role played by "bound" water molecules in 
the structure and function of macromolecules and com
plexes of them in the living process. As a by-product of this 
work, he hypothesized that biologically bound water should 
absorb microwaves. 

Webb extensively studied the bioeffects of microwaves 
on cells as their age and nutrition varied. His work has 
established that the cell responds only to certain frequen
cies of waves, and that the particular frequencies change 
with its age and nutrition. In other words, the effects are 
"expressed" through mitosis. 

The frequencies able to change the rate of RNA synthesis 
in the living cell differ from those able to effect the synthesis 
of protein and DNA. However, the RNA made under irra
diation from a frequency able to alter protein and DNA 
synthesis has a small molecular weight, which suggests that 
the coding from DNA to protein via messenger RNA is "un
coupled." 

Like many crystals, the cell has to be activated to respond 
to these waves. In its active state (post mitosis), the cell not 
only can receive electromagnetic energy but also can am
plify it. This would play a crucial role when the individual 
oscillations of macromolecules are not simply added to
gether but "shift" to a new coherent ordering frequency as 
the macromolecules form complexes. 

More recently, Webb has used Raman spectroscopy to 
show the internal oscillations of whole cells. Instead of the 
very complicated spectrum of lines that would be expected 
from the large number of ongoing individual oscillations, 
there was no spectrum at all in the resting stage, C0. Once 
the cell mass was activated, however, by addition of a suit
able nutrient containing a usable oxidizable carbon source, 



Two waves of the 
same amplitude 
whose phase difference 
is 90° 

Helical pathway of the beams in (a) 

Figure 6 
SCHEMAT C OF CIRCULARLY POLARIZED BEAMS 

Circularly pc larized light is composed of two waves 
of the same amplitude whose oscillations are not in 
the same ph jse. In (a) the phase difference between 
the two wax es is n/2 or 90°. One beam is polarized 
along xy am' the other is polarized 90° phase-shifted 
along the yz axis. Thus, when the phase difference is 
n/2 and the amplitudes are equal, one wave super
imposed on the other will generate a helical pathway. 
The helical oathway of circularly polarized light of 
n/2 radians ihase difference is illustrated in (b) and 
(0. 

Two bear is—one left circularly polarized and the 
other right :ircularly polarized are superimposed on 
one anothe • in (d) and (e). The beam is left circularly 
polarized if the rotational action goes around coun-
terclockwis : looking at the beam head-on, and right 
circularly p ilarized if the rotational action is clock
wise. Two c ircularly polarized beams of equal ampli
tude are sh( >wn in (d) where the E vector is rotating in 
a right-hani 'ed (R) and left-handed (L) sense. The re
sultant oft! ese two components is a plane-polarized 
wave. 

The clasi ic geometry for circular dichroism (CD) 
studies is s Town in (e). The left and right circularly 
polarized b :ams have different amplitudes after pass
ing through the biological sample. In other words, (e) 
shows that i wo circularly polarized beams combine to 
give an ellif tically polarized beam. The sample inter
acts with the beams to alter their amplitude depend
ing upon fi >e geometric organization of the sample 
being studied—both the way in which the molecular 
sample org inizes its own space and the way it folds 
upon itself. 

a Raman spectrum appeared. Later when the spectra were 
analyzed wi th respect to t ime, lines between 200 and 3,400 
c m " 1 were found to gradually move to higher frequencies, 
whi le those between 5 and 200 c m - 1 moved to lower ones. 

Interestingly, just before cell division, the spectrum be
came essentially devoid of lines except for one or two lines 
of high intensity and high frequency, around 2,100 c m - 1 , 
which suggested that all available energy at this stage was 
devoted to the division process. Webb comments on the 
work : 
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A recent rr athematical analysis of the lines above 200 
cm - 1 has sh( wn that they all emanate from 2 to 4 fun
damental m >des; that is, all lines appear to be the 
nonlinear "r armonics" of 2 to 4 fundamental in vivo 
oscillations. The implication, therefore, is that, be
cause these lines move to higher frequencies as the 
cell progres! es through its life cycle, each successive 
metabolic st ;p it makes requires a higher energy input, 
thus higher and higher energies must be directed to 
and concent ated in given areas of the cell as it ages. . . . 
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[T]he daughter cell does not begin its cycle wi th the 
fundamental oscillations of the parent generation, but 
wi th ones of the next higher harmonic; thus every gen
eration asexually produced seems to require slightly 
higher energies to begin its cycle [Webb 1985]. 

Other analyses on the Raman lines below 200 cm ~\ which 
remain longer dur ing the cell's l i fetime although moving 
slowly to lower energies, correspond to the fundamental 
and harmonics of a solitary wave known as a sol i ton, trav
eling through large macromolecules and complexes of them. 
A soli ton is the opposite of a water wave, which quickly 
dissipates to a series of ripples. 

To study the relationship between a soliton theory and 
the movement of oscillations to lower frequencies as the 
cell aged, Webb constructed a histogram of the lines seen 
in eight Raman spectra taken at the same t ime in the life 
cycle of Escherichia coli cells. In addit ion to the bacterial 
cells, he studied normal and tumor cell lines. 

Mitosis and Advanced Spectroscopy 
How can the electromagnetic radiation variation through 

the cell replication cycle be precisely discerned? Further
more, can the process give a unique "signature" in such a 
way as to present any clues of the interrelationship between 
the tuning and fo ld ing of the superhelical tertiary structure 
of biological molecules? In short, is there a "phase angle" 
relationship, which can be characterized as a Gaussian 
complex funct ion wi th two intertwined rotational action 
components—a strictly geometric angular momentum 
component per se as well as an electromagnetic radiation 
(tuning) action component? 

One such spectroscopic approach which goes in the di
rection of such a complex signature of l iving processes has 
been pursued since the 1970s at the Los Alamos National 
Laboratory in New Mexico, the University of Arizona, the 
University of California at Berkeley, and the University of 
Texas. 

Studies of synchronized cell populat ions, in which mi
totic cell populations passed through the same stage of the 
mitot ic cycle at the same t ime, have been conducted by 
various scientists. Both circular dichroism or CD spectra 
and circular differential scattering or CIDS spectra have 
been obtained for single Chinese hamster cells. The laser 
f low cytometer and a static cuvette system have been at
tached to a microscope that looks at the differential absorp
t ion (CD) and the differential scattering in intensity (CIDS) 
when left- and right-circular polarized light are alternately 
placed on a sample. This spectroscopic technique is partic
ularly sensitive to mapping the primary, secondary, and 
tertiary structures of biological macromolecules. 

The theory behind this technology rests upon the break
throughs made by Louis Pasteur 140 years ago. Pasteur es
tablished that there was a direct relationship between the 
way in which a biological molecule organized space— 
namely, how it was curved and fo lded, whether in a left-
handed or a right-handed direct ion—and the way in which 
the molecules acted upon plane-polarized light. Pasteur 
called the action of the substance in shifting the polarized 
l ight, its "optical activity." Since the angle degree to which 

Source: Keller et al., 1985. "Imaging of Optically Active Biological Structures by 
Use of Circularly Polarized Light," Proceedings Nat'lAcad. Sci. 82:401 (Jan. 1985). 

Figure 7 
IMAGING BIOLOGICAL STRUCTURES WITH 

CIRCULARLY POLARIZED LIGHT 
Shown in (a) is a model of how optically active biolog
ical structures are imaged by use of circularly polar
ized light. Of the three helices, the two large helices 
are equal in size (pitch = 600 nm, radius = 300 nm, 
three turns long) but have opposite handedness; while 
the small helix (also three turns long) has a pitch of 
200 nm and radius of 100 nm. 

The image of the three helices using the circular 
differential approach is shown in (b). The light is in
cident from the bottom; the point of view is looking 
down from the top. Continuous contours indicate 
positive values for the circular differential image, while 
dotted contours indicate negative values. The inci
dent wavelength is 60 nm. The circular differential 
image is achieved by subtracting the values of images 
formed under alternating beams of right- and left-
circularly polarized light. 



the polarized light was shifted to the left or right could be 
precisely measured in a polarimeter, precise knowledge of 
what Pasteur called the "molecular dissymmetry," its geo
metric spatial organization, could be precisely adduced. 

The modern spectroscopies of CD and CIDS are based 
upon sophisticated adaptations of Pasteur's approach. When 
a sample is alternately i l luminated with successive beams 
of first right- and then left-circularly polarized l ight, the 
geometry of the sample wi l l determine how it differentially 
absorbs or scatters the light (Figures 6and 7). 

When the scientist is looking at the differential rates of 
absorption of the left- and right-polarized light the tech
nique is called circular dichroism. CD spectra have been 
used to map the fo ld ing patterns of structures ranging f rom 
small "handed" molecules, of the order of nucleic acid 
monomers, to very large biological structures like intact 
bacterial cells, cell nuclei , and eukaryotic cells in solut ion. 

As the scientific work proceeded, the CD spectra seemed 
to have certain unexplained "tai ls" or signals in a range 
where they should not have occurred—namely, in scatter
ing regions. These scattering contr ibut ions appeared in 
cases where very large organizations of substance—for ex
ample, eukaryotic cells and cell nuclei—were being stud
ied. It was then realized that these "differential scattering" 
spectra were extremely important. They reflected the 
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higher-order " landedness" or spiral orientation and fo ld
ing of the biolc gical materials being studied. 

In short, bic logical materials exhibit a preferential l ight 
scattering for cither left- or right-circularly polarized light 
depending not only upon how the material is organized (as 
a double helix for example) but also upon the way that it 
folds upon itse If in the substance being studied. The differ
ential scatterir g mode (CIDS) is particularly sensitive to 
mapping the hi *her-order "handedness" of the way in which 
biological heli :es fold upon themselves, since the tech
nique is based jpon the preferential light scattering of right-
or left-circular y polarized light. 

Using speci; I techniques the scientists obtained several 
different samples where the cells were predominantly in 
one of the fou i stages of the cell cycle. They then measured 
398 cells in the CD/CIDS microscope by scanning over the 
wavelength w i h a 32-power and a 100-power objective. The 
reason for the two different power objectives is that each 
captures different amounts of scattered light. In 39 cases, 
the same cell was measured wi th both the 32- and 100-
power objective. In short, the CD/CIDS was measured by 
the microscop ! as a funct ion of cell cycle posit ion, on single 
Chinese hams! er cells randomly selected f rom the four dif
ferent stages c f the cell cycle: 18 f rom G „ 5 f rom S, 2 f rom 
C2I and 14 f ron M. Dramatic results were obtained showing 

Figure 8 
MEASURING THE ELECTROMAGNETIC SIGNALS OF THE C ELL CYCLE WITH CD/CIDS 

The different stages of the mitotic process give clearly different electrorm gnetic signals when studied with the CD/ 
CIDS technology. These cell samples were synchronized to ensure that tl e signals of cells in the G, phase, the 5-G2 

phase and the M phase could be studied separately. The three distinct sp< ctra of the cell cycle stages can be seen in 
(a). The spectra take into account readings with two different types oflen ; magnification. The raw data forthe three 
cell stages as a function of wavelength with a32x magnification are show n in (b). 



different spectra for each of the four stages of the cell cycle 
(Figure 8). As shown in the f igure, the spectra clustered in 
three wavelength regions. 

Toward a Riemannian Biology 
The most fundamental aspect of metabolism at the cel

lular level is that the very substances that synthesize and 
react wi th one another could not exist wi thout the mitotic 
process in that cell's ancestors. There is a wealth of experi
mental evidence to show that l iving cells do not operate 
according to the statistical kinetics of test-tube chemistry. 
In fact, cellular metabolism itself refutes the so-called Sec
ond Law of Thermodynamics. The immense number of re
actions and movement of molecules f rom place to place in 

the cell dur ing metabolism occurs wi thout any appreciable 
change in heat energy f rom the 37-degree Celsius level. 
Therefore, any "bioenergetics" approach that is posed in 
terms of the heat energy units and scalar concepts like the 
calorie is inadequate to study the living process. 

Whi le nearly all cellular oxidations and syntheses revolve 
around the way in which energy-rich phosphorous sub
stances and carbon compounds interreact, the energy re
leased and stored by "phosphorylat ing" biomolecules like 
ADP and ATP does not operate on the principles of a f ixed-
technology steam engine. The "energy" used in metabo
lism is present in the spatial organization and bonds of the 
enzymes and other macromolecules that were produced in 
a prior cell generation. In other words, two daughter cells 
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Figure 9 
THE HARMONICS OF CIRCULAR ACTION 

Circular action is a simple harmonic oscillation, as shown in (a) where 
point P rotates around a circle with a constant angular speed w and 
constantly changing direction. In simple harmonic motion, the fre
quency of oscillation v is independent of the amplitude of the oscilla
tion, in this case, the radius r. The foot of the perpendicular from Ptoa 
diameter moves with a simple harmonic motion. The angle <t> is the 
phase angle. 

The circular action maps onto a graph as a simple sine wave oscillation 
about 0, or as a self-similar spiral on a cylinder. The phase angle is what 
defines motion in such maximum-minimum functions. In circular ac
tion, of course, the minimum action generates the maximum area. The 
point P is at a minimum at Ptand a maximum at P,. 

The phase angle relationship appropriate to growing, self-reproduc
ing systems is shown in (b), where a self-similar spiral on a cone repre
sents expanding harmonic circular action. Theaction defined by a trans
verse cut at a has a smaller area of action than a circle cut atb. The phase 
angle a from the center of the cone to each level of growth defines an 
expanding self-similar spiral around the surface of the cone. 

A tranverse cut from circle a to circle b is an ellipse. Gauss explored 
this elliptical geometry, determining that the geometric mean Vab be
tween circles a and b is found at one half-cycle of the self-similar spiral. 
The arithmetic mean (a + b)/2 is found at one-half the distance between 
circles aandb. 

The Gottingen school established by Gauss and advanced by Rie-
mann thought about the phase angle relationships in terms of a family 
of nested cones (c). In such a complex system of self-ordering growth, 
the phase angle defines both a geometric-angular and a frequency-
amplitude harmonic system. 



are endowed wi th the vibrational or bond energies provid
ed to them f rom the nutrients supplied by the mother cell 
before mitosis. The primary activity of the cell is not self-
nourishment but perpetuation of the species through the 
process of cel l-mult ipl icat ion. Herein rests the key to ap
proaching the nonlinear directionality and development of 
l i fe—cellular electrohydrodynamics. 

As ever more advanced techniques of nonlinear biologi
cal spectroscopy and imaging of in vivo systems in the ang
strom dimensions and femtosecond t ime scales become 
developed, science is able to learn and see more about the 
electrohydrodynamic nature of these processes. 

Not accidentally, the basic phenomenon encountered 
" in the small" in the living cell resembles many of the same 
geometric qualities of two other frontier domains of mod
ern science—plasma physics and astrophysics. From a sim
ple phenomenological standpoint, the filamentary struc
tures—"pai red" vortices, left- and right-handed fi lamen
tary singularities, solitons, and so for th—encountered in 
the past two decades or so in force-free electron-dense 
plasmas in fusion energy research regimes " in the small," 
have many of the same fundamental geometric character
istics as the various astrophysical geometries observed in 
galaxies " in the large." 

What is the nature of a related scientific hypothesis that 
addresses the question of the harmonic ordering of cell life 
through generations of self-development and reproduc
tion? 

Our hypothesis can be posed in the fo l lowing summary 
fo rm: First, the living cell operates according to a tuning 
principle whereby the particular harmonic frequency ratios 
vary over the course of the various stages of mitosis and the 
cell cycle as a totality. 

Second, the internal variations in frequency, which can 
vary wi th the age, nutri t ional environment, and stage in the 
cell cycle, appear to be tuned themselves to an overall har
monic that has the characteristic of being both species-
specific and tissue-specific. Thus, what is critical is not a 
fixed particular frequency but the tuning ratios as a totality. 

Thi rd, the "conductor of the orchestra," so to speak, 
which regulates the tuning of the cellular orchestra, is DNA, 
funct ioning as a laser-antenna that broadcasts to the cell. 
Dur ing the cell cycle, the electromagnetic radiation has the 
quality of downshif t ing and then upshift ing again to char
acteristic frequencies on the electromagnetic spectrum. The 
act of mitosis restores the coherent harmonics otherwise 
downshif ted in the process of cellular life. 

There is a potential ly knowable interrelationship be
tween tuning and the geometric order ing, the folding of 
the super-helical tertiary structure in biological molecules. 
In short, there is a "phase angle" relationship, which can 
be characterized as a Gaussian complex funct ion wi th two 
rotational action components. The Gaussian approach to 
complex functions is based upon the geometric mapping 
of self-similar spiral action around a cone (Figure 9). The 
process of self-similar spiral action around the cone deter
mines a given frequency in growing ampl i tude. The next 
degree of action is the transformation among a "nested" 
family of cones. The rotational action or phase angle has an 
angular momentum component as the harmonically deter

mined action proceeds upwards around the cone. When 
the geometric ield being studied is the electromagnetic 
flux density in a living organism, the "upshif ts" and "down
shifts" in electromagneticwave action propagat ingthrough 
the process ref ect a process of tuning action. 

As Louis Past ;ur proved more than 130 years ago, biolog
ical substances organize space, as they spiral and fold on 
one another, ir left- and right-handed helical geometries. 
The essence o' our hypothesis is that the geometric self-
order ing of the biological material is thoroughly interrelat
ed wi th its tun ng properties. The overall character of the 
biological pha e state in which these nonlinear photo-
acoustical effe( ts occur is electrohydrodynamic. 

In sight of th2 21st century, we are just walking through 
the entrance-w ly into a marvelous domain where there are 
common unde lying principles to the living process, plas
ma physics, a r d the heavens. No more enriching pursuit 
for scientific re search can be proposed than for mankind to 
embark upon i crash scientific effort to explore in depth 
the basic musical system that orders these processes. 
Through centimes past, we have already learned that the 
most frui t ful sc ientific approach to studying these process
es is electrohydrodynamic. In this regard, based upon all 
we now know the biological phase state appears to have 
an integrated lun ing and geometrical character that is ac
tually k n o w a b l ; by man. 

Warren J. Ha Herman, an associate editor of list Century, 
has been the c irector since 1973 of the Biology Task Force 
of the weekly j turnal Executive Intelligence Review. 
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The Soviets 
Challenge the U.S. 

in Space 

Contrary to their 
disinformation campaign, 

the Soviets have already 
"militarized" space and 
can now threaten every 

satellite the United States 
has in space. 

One of the best kept secrets f rom the American pub
lic is the fact that every U.S. satellite and spacecraft 
can now be attacked by a Soviet antisatellite sys

tem, that these capabilities have already been tested, and 
that the Soviets are readying new space capabilities for the 
next decade that wi l l enable them to totally dominate space. 
At the same t ime, U.S. antisatellite systems have been out
lawed by congressional fiat and canceled by budget cuts. 

A deliberate campaign of disinformation has led most 
Americans to believe that the United States has the same 
military space capabilities as the Soviets. In polls taken in 
the past two years, more than 70 percent of the respondents 
said they thought the United States has an anti-ballistic-
missile (ABM) system, and more than 60 percent said the 
United States has an antisatellite (ASAT) system. America 
has neither. 

The media and the friends of the Soviets have told Amer
icans that any new military capabilities the Soviets threaten 
to develop are a reaction to U.S. programs, such as the 

The heavy-lift Energia, with its four strap-on boosters, can 
carry about 100 metric tons to low-Earth orbit. 

by Marsha Freeman 

Sovfoto 

Strategic Defense Initiative (SDI), and that it is U.S. pro
grams that are "escalating the arms race." But the Soviets 
have always been years ahead of the United States in plan
ning, developing, and deploying military space systems, 
although they do not admit that often. However, even Gen
eral Secretary Gorbachev, in a November 1987 interview, 
admitted that the Soviets have been working on SDI re
search for years. 

Americans are told that, like the United States, the Sovi
ets have never, and would never, develop an offensive 
weapons capability in space. The United States is blamed 
for "militarizing space" for just planning to develop an SDI 
and ASAT capability. The United States has never been told 
about the Soviets' four ASAT systems or the Soviets' tests 
to orbit nuclear bombs. 

Soviet propaganda would have Americans believe that 
the Soviet manned space station program is a civilian pro
gram just like the U.S. Space Shuttle because Americans 
are allowed to see snatches of it on television. Americans 
have no idea that there is no Soviet civilian space program, 
nor any system that is not overseen by the Soviet Strategic 
Rocket Forces. 
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The alarm was sounded at a January 1988 conference in 
Huntsvil le, Ala., called "Red Star 2000," where U.S. analysts 
of the Soviet space program documented that less than 5 
percent of the Soviet assets in space at any one t ime are 
related to their space station program, and more than two 
thirds of their spacecraft launched each year are for entirely 
dedicated military missions (Figure 1). Overal l , there are 
Soviet space capabilities developed by the military that are 
used for mult iple purposes and missions, including sci
ence, technology development, and industry. 

One argument used by apologists for the Soviets is that 
U.S. technology has a commanding lead over Soviet tech
nology and, therefore, Soviet antisatellite and other mil i 
tary systems are no real threat to America. Al though it is 
true that, for example, the Soviet first-generation antisatel
lite system is only between 60 and 75 percent effective, 
considering that the United States has no such system, this 
is a grave strategic imbalance. Furthermore, next-genera
t ion ASATs now undergoing testing wil l soon supersede 
this 1960s Soviet system. 

The point is that the United States dismantled its one 
ABM system 15 years ago in order to comply wi th the ABM 
treaty, whi le the Soviets have scores of documented viola
tions of the same treaty, including mult iple ABM systems 
that now have ASAT capabilities. 

Most so-called surprises, when the Soviets surface new 
technologies, have proven to be just another case in which 
the U.S. public has been deliberately kept in the dark about 
ongoing Soviet developments. Because the media never 
cover ongoing Soviet research and planning and long-term 
development, people in the United States th ink that the 
Soviets wi l l always "surprise" us with space spectaculars, 
like the launch of Sputnik and last year's test launch of the 
Energia, and that this country has no way of knowing what 
the Soviets are doing, or of being prepared. 

The United States cannot meet the Soviet challenge in 
space simply by trying to match what the Soviets do in 
space, system for system. The Soviets treat space the way 
they treat land, sea, and air—as a "theater of military oper
ations," and only secondarily as an important technology 
driver, a place to show off and garner international prestige, 
and a possible location for protected industrial product ion 
capacity. The Soviets know that in today's wor ld , warfare 
cannot be successfully conducted in any theater, wi thout 
the control of space. 

Does that mean that the Soviet space program is always 
successful? Not by any means. Does it mean that the United 
States cannot catch up to what is an appalling operational 
Soviet space superiority? Obviously not. It means recogniz
ing that despite failure and even significant loss of l ife, 
Soviet programs have cont inued because they are consid
ered to be strategically necessary. The contrast to the U.S. 
delays in getting the Shuttle back into operation needs no 
comment : It is past t ime for the U.S. space programs, f rom 
rocket launchers to man-in-space (which barely exist at this 
t ime), to operate f rom the same principle. 

Space War-Fighting Capabilities 
In order to be able to "call the shots" in space, the Soviets 

have to have a ful l array of assets in place at all t imes; be 

able to replaa any malfunct ioning or damaged spacecraft 
in a matter of lours ; have people in space available to do 
emergency re| lair, reconnaissance, or other work ; be able 
to maintain roaust networks of satellites in case a confl ict 
in space shou d disable any satellite; and maneuver satel
lites on orbit q uickly to provide extra support in crisis areas 
anywhere in t le wor ld . The Soviets can meet all of these 
requirements. 

There is no 
sky, or batalli 
wor ld that do 

J.S. or Soviet ship on the ocean, plane in the 
>n of troops on the ground anywhere in the 
;s not depend upon space-based communi

cations, navig i t ion, electronic intell igence, and reconnais
sance. In this 
anywhere wi I 

Lest people 
only concent ated in developing defensive capabilities to 
protect their £ 
interfere with 

lasers to cripf 

at Tyuratam. 

had hereyesi 
was believed 
in the area. 

At present, 
any U.S. antii 
/burdif ferent 
satellites in o 

sense, the outcome of any Soviet confl ict 
be decided in space, 
be misled, however, the Soviets have not 

ssets and make sure the United States cannot 
Soviet access to space. In a presentation at 

the January V. 88 "Red Star 2000" conference, Vice Admiral 
Wil l iam Rams zy, deputy commander and chief of the U.S. 
Space Comm; nd, reported that the Soviets have been "sni-
ping"at U.S. I >w-Earth orbi t ing satellites. 

Over the p j st few years, a number of incidents have been 
reported of i r ter ference wi th U.S. reconnaissance systems 
by Soviet grc und- and sea-based laser systems. Most re
cently, Unitet Press International reported Jan. 24 that U.S. 
intell igence s >urces believe the Soviets f ired ground-based 

e optical equipment on board a U.S. satellite 
that was after lpt ing to scan the major Soviet launch center 

On Oct. 2, 1987, a U.S. military pi lot , f lying 
near Hawaii w here the Soviets were conducting missile tests, 

ht disturbed for about 10 minutes, f rom what 
:o be a flash of laser light aboard a Soviet ship 

Advanced ASAT Systems 
whi le Congress has put a halt to the testing of 
atellite system, the Soviets have no less than 
systems that can be used to cripple or destroy 
bit. 

The first-ge neration Soviet ASATs became operational in 
the 1970s (Fig j re 2). Using radar guidance, the ASAT homes 
in on its tarj et and explodes near enough to throw out 
deadly shrap le i—not terribly sophisticated, but about 70 
percent effe< tive. A second-generation orbital ASAT sys
tem, tested i ntil 1982, was not as successful. This system, 
which used i l frared homing devices and single-orbit pop
up launches, has apparently been put on hold for possible 
further devel apment. Unlike the United States, the Soviet 
Union never hrows anything away, even if it does not work 
the first t ime 

Three oth( r 
nologies are 
ingoperat ior al. 

Critics of U.S. defense have stated that since the Soviet 
orbital ASAT las not been tested for 10 years, it is no longer 
"operational " Soviet space experts have pointed out that 
the ASAT lau i ch vehicle, the SL-11 booster, is fully opera
tional and is launched about five times per year to orbit 
radar ocean r sconnaissance satellites. According to the De-

r Soviet ASAT-applicable systems and tech-
ilready operational or on their way to becom-
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Figure 1 
SOVIET AND U.S. SUCCESSFUL LAUNCHES 

The dramatic increase in Soviet launches from 
1960-1975 and the steady rate of about 100 
launches per year for the past decade have 
been primarily the result of increased dedi
cated military missions, about two-thirds of 
all launches. 

1 9 8 5 Source: U.S. Department of Defense. 

partment of Defense, the Soviets have stored ASATs and 
boosters, and could launch several per day at any t ime, 
f rom each of two launch pads at the Tyuratam launch facil
ity. 

Nicholas Johnson, a noted Soviet space analyst wi th Te-
ledyne Brown Engineering, has pointed out that the last test 
in the unsuccessful second-generation orbital ASAT series 
was very significant. When it was launched on June 18,1982, 
it was l inked to the most impressive display of strategic war-

Figure 2 
SOVIET OPERATIONAL ANTISATELLITE FACILITY 

The operational antisatellite interceptor is launched 
at Tyuratum. The facilities are designed to support 
several launches per day. 

Source: U.S. Department of Defense, Sovief Military Power, 1985. 

f ight ing capability ever carried out. In one seven-hour pe
riod that day, the Soviets launched two test intercontinental 
ballistic missiles, two antiballistic missiles, one submarine-
launched ballistic missile, and one SS-20 intermediate-range 
ballistic missile. In addi t ion, dur ing the "chase" phase of 
the ASAT test, the Soviets launched two other unrelated 
satellites, something that had never been done before. 
These launches represented the replacement of Soviet sat
ellites negated by All ied forces dur ing a military engage
ment. The overall exercise required coordinated com
mand, cont ro l , and intell igence from a number of disparate 
launch sites to a number of space assets aimed at different 
targets. 

Even if all the Soviets had was their 60 to 80 percent effec
tive first-generation orbital ASAT, " i t only takes very few 
effective launches to negate our capabilit ies," stated Air 
Force Secretary Edward Aldridge in congressional testimo
ny in August 1987, because "the numbers of [U.S.] assets 
that exist are very small ." 

The "Soviets consider their ASAT an integral part of their 
military force structure and have used it in war exercises on 
several occasions," Aldridge said. "Failure to have a U.S. 
ASAT would be equivalent to having a Wor ld War II situa
t ion in wh ich enemy reconnaissance aircraft could overfly 
our forces uncontested." 

In today's situation, American commanders would f ind 
themselves trying to operate wi thout being able to com
municate w i th , locate, or deploy their assets. 

Whi le the Soviets have their orbital ASAT as a proven 
technology, three other systems also exist. The first is the 
set of Galosh exoatmospheric interceptors that make up an 
ABM system surrounding Moscow. These missiles could be 
targeted against low-orbi t ing satellites as they pass over the 
Moscow region, kil l ing spacecraft up to about 150 kilo
meters. 

The second is the set of ground-based lasers at the Sary 
Shagan test site, which have already been blamed for "snip
ing" at U.S. satellites. In addit ion, in fall 1986, Aviation Week 
magazine reported that French SPOT satellite images con
f i rmed that "a massive Soviet strategic defense program is 
under way to develop lasers for both ASAT and missile 

46 May-June 1988 21st CENTURY 



defense operat ions" at Nurek, on a 7,500-foot high moun-
taintop near the Afghan border, 25 miles south of Du
shanbe. According to Aviation Week, laser and possibly 
microwave facilities were under development at Nurek, 
powered by the Brezhnev hydroelectric dam 10 miles away. 
Satellite images revealed three domed bui ldings, each 33 
feet in diameter, believed to be laser mounts. There is also 
evidence of a tracking station for tracking objects and 
point ing the lasers. 

A month after this report, syndicated columnists Evans 
and Novak l inked this Nurek facility to the bl inding of a U.S. 
satellite wi th a high-powered microwave transmitter. 

These ground-based directed-energy systems would not 
be able to accomplish a "hard k i l l " of a satellite beyond a 
few hundred ki lometers, but can cause general component 
damage to spacecraft up to about 1,000-kilometers altitude 
and targeted component damage all the way up to geosyn
chronous orbi t . This involves damaging the satellite sen
sors picking up signals for a particular part of the electro
magnetic spectrum by transmitt ing light in specific fre
quencies (Figure 3). 

In addi t ion, the Soviets can use electronic warfare, or 
radio-electronic combat, to jam the upl ink and downl ink 
communications of U.S. satellites f rom their ground trans
mitters. And by knowing the operating frequencies of the 
satellites, the Soviets can even "take over" their operational 
control by sending false commands. Wi th this mult i t iered 
antisatellite capacity, the Soviets can protect any of their 
space assets against attack by, presumably, the United 
States. However, so far, the systems have been engaged in 
a threatening and provocative offensive capacity. 
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Figure 3 
POTENTIAL SOVIET ANTISATELLITE 

WEAPON SYSTEMS 
The Soviets can now damage U.S. satellites from low-
Earth to geosynchronous orbit, using a variety of avail
able technologies. 

Source: Nicholas Johnson, Teledyne Brown Engineering. 

Figure 4 
SOVIET V EDIUM-LIFT BOOSTER ON LAUNCH PAD 

The SL-16 medium-lift booster, introduced into the 
Soviet flet t in 1985, has a very simple and efficient 
launch fac lity. 

©C.P.Vict! 19£ 5-6 

The combined Soviet SDI and ASAT programs allow the 
Soviets to chec cmate the United States and its allies in space 
and, therefore in every other theater of potential military 
combat. 

De ense-in-Depth Launch Capability 
In order to d Dminate any field of battle, it is necessary to 

have duplicate e and redundant capacities, quick response 
times, and syst sm integrity under battle conditions. By ap
plying the princ iples of mass production to both their launch 
vehicles and s jacecraft, building and maintaining redun
dant and robui t ground facilities, never throwing away any 
design or hare ware, and keeping military control over all 



aspects of the space program, the Soviets have achieved 
this defense in depth. 

While the United States is struggling to requalify its launch 
vehicles and get all four of them f lying, the Soviets are flying 
nine operational boosters and wil l qualify the new Energia, 
perhaps this year. The Soviets have a launch infrastructure 
that includes more than 100 launch pads, three major launch 
sites, a new medium-l i f t booster (the SL-16, Figure 4) intro
duced in 1985, and the Energia Saturn-V-class booster. 

Even if we admit that U.S. satellites are technologically 
superior to the Soviets and therefore need to be launched 
less frequently, the problem of lack of redundancy is a 
serious one in t ime of war. This is further complicated by 
the U.S. shortfall in launch capability. 

Meanwhi le, the Soviets have launched as many as eight 
separate payloads atop one booster. Over the years, they 
have conducted two launches wi th in 24 hours on 25 differ
ent occasions. Twice, two launches have been carried out 
wi th in an hour of each other. On Jan. 16-17, 1986, three 
missions were launched using three different families of 
boosters. 

Soviet vehicles do not spend as much t ime on the launch 
pad as U.S. vehicles do, largely because of the more ex
treme climate. The payload is mated to the vehicle and 
brought out to the pad horizontally on rail cars. There it is 
put in a vertical posi t ion, fueled, and launched. Many ve
hicles, therefore, can be prepared in parallel in sheltered 
production facilities, occupying the launch pads only a short 
t ime before an actual launch. 

For the past decade, the Soviets have averaged about 100 

launches per year. Unti l recently, however, only about half 
of the satellites wou ld still be in operation at the end of the 
year in which they were launched. The reason was that 
many satellites, particularly photo reconnaissance satel
lites, d id not last longer than a few weeks, requir ing fre
quent replacement. In fact, photo recon has been the most 
active Soviet program, wi th 28 missions per year. 

According to data presented by Nicholas Johnson, how
ever, annual mission-days for these satellites has tr ipled 
since 1980. The first-, second-, and third-generation photo 
recon satellites lasted only a couple of weeks, but the fourth-
generation spacecraft were operational for nearly two 
months, and the fifth-generation advanced satellites now 
in use have pushed the technology to more than eight 
months. Soviet space expert Saunders Kramer reports in 
the November/December 1987 issue of The Space Times 
that Kosmos 1810, the sixth spacecraft in the fifth-genera
t ion series, operated for 259 days last year. Interestingly, 
although Soviet photo recon satellites stay in orbit much 
longer now, launch rates have not dropped. Instead, the 
Soviets are able to have two or three in operation at the 
same t ime, not just one. 

The photo recon satellites have also upgraded their tech
nology. In 1982, the Soviets finally introduced digital elec
tronic imaging wi th Kosmos 1426, wi th the capability of 
transmitt ing data instantaneously to ground stations. For 
years, the Soviets had dropped fi lm canisters f rom the sat
ellites, and waited to develop the pictures on the ground. 

The Soviets plan their economy in five-year plans, and 
they plan their space program in multiples of five-year plans. 

Lift-off weight (kg)' 290,000 
Lift-off thrust (kg)- 410,000 

Payload to 180 km (kg)* 6,300 

* Approximate 
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Figure 5 
SOVIET LAUNCH VEHICLE ARSENAL 

These statistics for the Soviet launch vehicle arsenal were released in 1985, and confirmed the anticipated use of the 
medium-lift vehicle as the booster for the Soviet space plane. 
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According to Charles Vick, an historian at the Alabama Space 
and Rocket Center and an expert on the Soviet space pro
gram, the Soviets plan on a 40-year product ion lifetime for 
any major system, and therefore invest in the product ion 
facilities, manpower, and other infrastructure required for 
the long-term. 

As in the U.S. program, nearly all Soviet boosters were 
originally developed as missile launchers, and then extend
ed to other uses as they became available. The A-class rock
et, used in 1957 to fly the wor ld 's first ICBM as wel l as 
Sputnik, remains in product ion today. It has f lown more 
than 1,000 t imes, and is still used to launch all of the manned 
missions. It carries 7.5 metric tons of payload to low-Earth 
orbi t . Could the Soviets replace it w i th a more snazzy rock
et? Probably, but the phi losophy appears to be, "if it isn't 
broken, don' t fix i t ." 

The C series of vehicles, used recently to test the tiny 
subscale Soviet spaceplane, made its debut 21 years ago 
and launched Soviet ASATs in the 1960s. The D series, better 
known as the Proton, was not originally a military missile, 
and has been used for the last 15 years to launch Soviet 
Salyut space stations and the Mir . The Proton, which the 
Soviets are now try ing to market internationally, has the 
capability to carry at least 44,000 pounds (20 metric tons) to 
low-Earth orbi t , and w i th addit ional upper stages, has 
launched the Soviet planetary and lunar missions. (The ful l 
array of launchers is shown in Figure 5.) 

Al though all except one of the early series of Soviet 
boosters is still in product ion and use, it does not mean 
that changes have not been made. The Soviet approach, in 
launch vehicles and all systems, has been an evolutionary, 
not "revolut ionary" one—making incremental improve
ments over t ime. In the Soviet space program, nothing is 
thrown away, and if one is watching closely, nothing should 
be a big surprise. 

The 20-Year Lineage of Energia 
In 1964, NASA administrator James Webb became the 

butt of jokes when he went before Congress to fight for the 
money to bui ld the Saturn V rocket to take astronauts to 
the M o o n , and stated that the Soviets were already devel
oping a "superbooster." Dubbed "Webb's giant," the So
viet G-1 booster was undoubtedly the launcher being de
veloped to make cosmonauts the first men on the M o o n . 
This massive vehicle, as later pieced together by Soviet 
space analysts, had between 12 and 14 mil l ion pounds of 
thrust (compared to 7.5 mil l ion for the Saturn V). The pay-
load it wou ld carry wou ld be smaller than that of the Saturn 
V, because it used the less efficient al l-petroleum fuel , com
pared to the more energetic l iquid hydrogen the United 
States was planning for the two upper stages of the Saturn. 

Charles Vick reported at the "Red Star 2000" conference 
in January that the Soviets had wanted to start testing the 
G-1 in 1967, when the United States was fl ight-qualifying 
the Saturn V, but technical problems prevented a full test. 
In his 1981 book, Red Star in Orbit, James Oberg reported 
that the Central Intell igence Agency stated at a 1976 brief ing 
that the first test of the G-1 ended in an explosion on the 
launch pad in June 1969. 

Figure 6 
PAYLOAD-fO-ORBIT CAPACITY, SOVIET AND U.S. 

The projecti d Soviet launch capability with the me
dium-lift bo oster and the Energia dramatically out
strips "curre it needs," as envisioned by the Depart
ment of Def -nse. The Soviets, however, have planned 
to deploy n< w systems to use this capacity. 

Source: U.S. Dep rtment of Defense. 
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At the "Red Sta 2000" conference, Vick presented star
tling remote-sens i g photos taken by Landsat that still show 
the damage done by that catastrophic failure when the ve
hicle did not clear the launch tower but fish-tailed over and 
exploded. As Vicl described it, shrapnel was thrown over 
a large area and camaged an identical launch pad 500 me
ters away. A huge :rater remained, and there were probably 
numbers of casua Ities. 

Vick proposed hat that 1969 failed test (which he placed 
on July 4) was to t e a mission to the Moon. The Soviets had 
also fueled up a P roton booster 30 miles away, with a lunar 
Zond spacecraft < >n it, he said, and they were planning to 
launch it after the C-1, to do an Earth-orbit rendezvous and 
go on to the Moo T (either manned or unmanned). 

The C-1 was te; ted twice more. According to Oberg, in a 
1971 test, it explo ded in flight when the first stage malfunc
tioned, and the pogram was ended after a similar failure in 
November the fo llowing year. However, these failures did 
not mean that th ! Soviets gave up either on the idea or on 
the design work equired to finally build a heavy-lift boost
er. Technology ( eveloped for the C-1 was transferred to 
the program that eventually produced the Energia. 

According to Vick, the Soviets had successfully tested a 
lunar landing m( dule in Earth orbit in the late 1960s. Even 
though the mar ned lunar program was canceled in the 
early 1970s, he t elieves that the Soviets continued to im-



Figure 7 
SOVIET REACTIVE 

CRISIS MONITORING 
CAPABILITY 

The Soviets can quickly 
change the orbit of 
photo reconnaissance 
satellites to "linger" 
over world hotspots, as 
they did in late 1987 to 
monitor the Persian Gulf 
War. 

Source: Nicholas Johnson, Teledyne 
Brown Engineering. 

prove and refine the lander. "It remains a shelf item that 
they can pull off the shelf," he stated, "which has continued 
to be updated avionics-wise, to be flown. If you added an 
aeroshell, you could do a Mars landing with it," Vick told 
the "Red Star 2000" conference. 

Vick reports that years of hard work later, the Soviets had 
a heavy-lift "pathfinder" vehicle (the precursor to Energia) 
under development by 1983. It closely resembled Energia, 
but had six rather than four strap-on liquid boosters, with 
each booster apparently 10 meters higher than those on the 
Energia. Vick also thinks it is likely that the Energia launch 
was not the first use of liquid hydrogen in the Soviet pro
gram, and that a liquid hydrogen upper stage was first tested 
in 1985 on the medium-lift SL-16. 

The Energia the world saw on television will be in pro
duction for decades. It is currently configured with four 
strap-on boosters, and can carry about 100 metric tons to 
low-Earth orbit (the Saturn V had a payload capacity of 125 
metric tons). Vick pointed out, however, that the addition 
of more strap-ons and advanced upper stages could take 
the Energia up to 250 metric tons of payload capability. (The 
U.S. proposed heavy-lift vehicle, meanwhile, is enmired in 
a budget fight.) 

The new medium-lift SL-16, plus the Energia (SL-17), give 
the Soviets a massive increase in payload-to-orbit capacity 
(Figure 6). If the Soviets were merely planning to continue 
their 100 launches per year with a similar mix of spacecraft 
as today, would they need all of this additional launch ca
pability? 

But why should anyone assume that the Soviets are not 
going to deploy the systems they have been developing for 
decades, such as their Strategic Defense Command or space-
based directed energy ASATs? Why spend years developing 

them, if you are never going to use them? The watchword 
here should be, "Think Soviet." 

Quick Response Capability 
A war-fighting capability means the battle-readiness of a 

given system; it is not an abstract technological capability. 
According to Vice Admiral William Ramsey, it takes the 
Soviets a few hours to ready a military spacecraft and launch 
it, while it takes the U.S. 90 days. The Soviets launch on 
demand, he stated at the "Red Star 2000" conference, and 
we "only launch on schedule."This severely limits our abil
ity to respond to any crisis. 

As an example of this capability: Defense Daily reported 
in fall 1987 that on Christmas Eve 1986, the Iranians had 
launched a troop offensive in the Shatt Al-Arab waterway 
toward an assault on the Iraqi city of Basra. Within 24 hours, 
the Soviets launched Kosmos 1810, which stayed in a low 
circular orbit for three days to observe the area, rather than 
immediately moving into its planned operational orbit. 

What about spacecraft already up there? At any one time, 
the Soviets have about 150 satellites in orbit, and an esti
mated 70 percent are performing military missions. Anoth
er 20 percent or so perform both military and civilian func
tions, and the remaining satellites are nonmilitary and sci
entific. 

The argument is often made that since each one of the 
U.S. reconnaissance, communications, and other satellites 
is more technologically advanced than the Soviets', the fact 
that they have so many more makes no difference. How
ever, our handful of satellites cannot be maneuvered quick
ly to respond to a crisis. What the Soviets have done in this 
regard is quite impressive. 

Nicholas Johnson has carefully documented this quick-
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Figure 8 
THE PROGRESS CARGO SPACESHIP 

The unmanned Progress resupply ship is an 
economical modification of the Soyuz 
spacecraft with a perfect record of success 
since its debut in 1978. The Progress is 7.94 
meters long with a pay load of about 2,300 kg. 

Docking unit 
Source; American 

Instrument-assembly 
module 

Compartment for 
fuel components 

Cargo component 

^stronautical Society, Sower Space Programs 1980-1985. 

response capability in his 1986 "Soviet Year in Space" report 
and in an excellent volume published by the American As-
tronautical Society, Soviet Space Programs 1980-1985. In a 
typical low-Earth orbi t , a satellite wi l l circle the planet mov
ing between 1 and 3 degrees west in each pass, due to the 
rotation of the Earth. If the altitude of the satellite is changed, 
however, it is possible to maneuver it to take smaller "steps" 
and stay in a particular region for a longer period of t ime. 

One example Johnson gave at the "Red Star 2000" con
ference was the Soviet reaction to an escalation in the Per
sian Gulf War dur ing November and December 1987. Figure 
7 shows how the Soviets dropped the orbi t of existing re
connaissance satellites in order for them to " l inger" over 
the critical area to provide a real-time close-up view of the 
ground f ight ing. 

This in-orbit maneuverabil ity, and launch-on-necessity 
capability allows the Soviets to respond to any existing crisis 
or support a military operation of any kind anywhere on the 
globe. 

Soviet Man-in-Space Programs 
The most recognized and publ ic part of the Soviet space 

program is the space station effort. As Charles Vick com
mented, Soviet "manned systems are considered essential 
for the national defense." 

U.S. astronauts have remarked from the beginning of the 
space program that what they can see wi th the unaided eye 
in orbi t cannot be captured photographically. In-orbit ob
servation by a human crew is still a technically superior, 
real-time method of observation even to today's highly ad
vanced photo reconnaissance and Earth-resources observ
ing satellites. 

The Soviets, l ike the United States, plan to use the unique 
skills of a crew in space to be able to perform many services, 
such as repair, refuel ing, and refurbishment of unmanned 
space assets. Fouryears ago, Space Shuttle astronauts dem
onstrated the ability to leave their spacecraft, recapture, 
repair, and redeploy a malfunct ioning satellite. Observers 
expect a Soviet Mi r crew to demonstrate and use—perhaps 
some t ime this year—a manned maneuvering back-pack 
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Early Soviet Space Station 
Successes and Failures 

In the f irs: decade of the Soviet space station pro
gram, there were as many failures as successes, but 
this did not deter the Soviets f rom cont inuing station 
developme it and deployment. 

SALYUT1 
Launched Ap 1119,1971. 
Soyuz-10 lau iched April 22, failed to dock with station. 
Soyuz-11 mii sion launched June 6; after 24-day mission, the 
three cosmor auts died on reentry. 

SALYUT 2 
Attempted lai nch on July 22,1972, but the Proton booster 
failed. Soviet: denied it was a failed space station mission. 

SALYUT 2 
Launched Ap il 3,1973; in orbit for 22 days out of control, it 
was never m< nned. 

KOSMOS 55 ' 
Launch May 1,1983 of what seemed to be a new station. It 
failed in orbit ind the Soviets denied it was a space station. 

SALYUT 3 
Launched Ju le 24,1974; in operation for 3 months, for mili
tary missions 
Soyuz-14, la inched July 3, docked for 14 days. 
Soyuz-15, la inched August 26, but the crew failed to link up 
with the stati< n. 

SALYUT4 
Launched D< c. 26,1974; in operation for 2 years. 
Soyuz-17 lai inched Jan. 10,1975; crew at station for 30 days. 
Soyuz-18 lai nched April 5; had an engine malfunction and 
did not dock. 
Soyuz-18 la inched May 24; crew had a 63-day mission. 

SALYUT5 
Launched Ji ne 22,1976 with a one-year military mission. 
Soyuz-21, Is unched July 6; mission ended abruptly. 
Soyuz-23, IE unched Oct. 14; link-up failed. 
Soyuz-24, launched Feb. 7,1977; lasted 17 days. 



Building Space Station Infrastructure: A Decade of Advances 

Salyut 6 launched. First space station with 2 The man-in-space record was extended to 185 A record of 211 days in orbit was established, 
docking ports, to accommodate more than one days, and the first manned Soyuz-T mission Salyut 7 was launched in April, with improved 
spacecraft at a time. Test of a new heavy station occurred. This was the first 3-man crew since navigation capabilities, 
module, Kosmos 929, nearly the size of the the space fatalities in 1971. 
Salyut, which did not dock with Salyut 6 but was 
a test of later large supply vessels. 

1977 1978 1979 1980 1981 1982 

First robot supply mission, docking an un- A record 175 days in orbit was performed, and The first heavy station module, Kosmos 1267, 
manned Progress supply ship to the Salyut 6 the modified, upgraded Soyuz-T spacecraft weighing 15,000 kg, docked with the Salyut 6 
station. The ability to resupply the station al- made an unmanned test flight. station, doubling the size of the complex, 
lowed the cosmonauts to stay longer than their 
small supplies from the Soyuz would carry them. 
The Progress also performed the first in-orbit 
refueling. A record 96 days in orbit was estab
lished, and then surpassed the same year on 
a 140-day mission. Visiting cosmonauts docked 
with the station and created the first dual-station 
mission. 

system similar to that the Shuttle astronauts have used. 
The United States has designed an entire series of large 

Earth-orbiting astronomical observatories, beginning with 
the Hubble Space Telescope, to be taken care of in orbit by 
astronauts. Reportedly, the KH-12 advanced U.S. photo re
connaissance satellite is also designed to be refueled from 
the Shuttle. Refueling is needed to help the spacecraft 
maintain a stable orbit against the small atmospheric drag 
in space and also for maneuvering and orbital plane changes. 

The Soviets undoubtedly plan to perform the same kinds 
of operations from their constantly manned space plat
forms. Any space-based assets that the Soviets would want 
to keep in orbit over long periods of time—such as 
directed-energyASATand SDI systems—would have to be 
maintained in this way. This is especially true since they 
have had difficulty in developing the technology for long-
lived electronics, components, and systems. 

The currently orbiting Mir station and its attachments 
allow the Soviets to have cosmonauts circling above the 
Earth all the time. This capability was not a crash effort, but 
one that was built and evolved over 20 years. Because the 
Soviets have not had a heavy-lift vehicle until the Energia, 
the basic size and weight of the Mir is the same as the first 
Soyuz, which was launched in 1971. 

The Soviets have increased the range of functions that 
can be performed from the stations and, most important, 
the amount of time crews can stay on them, by adding 
pieces to the stations and, over time, improving all of the 
systems involved. In some cases, this has been necessary 
because more sophisticated technology was apparently not 
available to the program. 

The Soviet space station program has had many failures, 

and it has taken the lives of a number of cosmonauts; but it 
has never been canceled, or, from whatwe can tell, suffered 
budget cuts. It has been stopped for periods of nearly two 
years after fatalities or close-calls for redesign and reval
uation, but it has always moved forward toward specific 
goals. 

The early space stations, through the late 1970s, were 
short-lived facilities that could accommodate crews only 
for a matter of weeks. Two of the first series of five were 
entirely military, and at least two failed to reach orbit. There 
were four failures out of nine attempts to dock with the 
early stations. (The early history is summarized in the box 
on page 51.) 

Building the Space Infrastructure 
At present, the Mir houses the cosmonauts and provides 

them with the basic necessities and accommodations for 
life in orbit. An enormous amount of infrastructure is re
quired to keep the cosmonauts up there. During 1987, the 
Soviets launched 11 missions and vehicles, weighing over 
900 tons, to the Mir, including 7 unmanned supply ships. 
The Soviets have only expendable vehicles to launch; 
therefore, out of the total tonnage, only 200 tons were sup
plies, the rest being the expended vehicles. 

Cosmonaut crews started their climb toward today's world 
record of 326 days in space in 1978, when Salyut 6 was 
launched with an important innovation: a second docking 
port that could accommodate unmanned cargo ships. 

Every couple of months, cosmonauts are visited by an 
unmanned Progress supply ship, which brings them fuel, 
food, mail, some scientific equipment, gases to replace 
some of the atmosphere they lose when they take space 
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In the past 10 years, the Soviets have incrementally improved their space statii >n technology and capability, fixed 
the systems that failed in the previous decade, and continued to add new infr istructure every year through their 
man-in-orbit program. 

A record 237-day flight was accomplished. For 
the first time, six cosmonauts were on board 
the Salyut at the same time, for a period of two 
weeks. A record seven EVAs were done that 
year. 

1983 1984 1985 

The Mir space station was launched in Feb
ruary, with a five-port docking module to ac
commodate a total of six spacecraft that could 
be attached to the core Mir station. The first 
crew made the first interstation and interorbital 
transfer, going from the Mir to Salyut 7 and then 
back to the Mir. 

1987 1986 

First augmentation of power was performed by 
cosmonaut EVAs (spacewalks) adding new so
lar panels to Salyut 7, which increased the avail
able electrical power by 50 percent. Kosmos 
1443, a heavy station module weighing 20 met
ric tons, was added to the station. Soyuz-10A 
cosmonauts on their way to Salyut 7 barely 
escaped catastrophe when their booster caught 
fire on the launch pad. 

The first in-fiight crew rotation, where the space 
station was not left empty when a crew left, but 
was replaced with a crew that overlapped its 
stay. The Soviets also had the first unplanned 
early return of a crew, because of a health emer
gency. 

With the launch of the Kvant laboratory module, 
the presence of a Progress resupply ship, and 
the Soyuz craft that brought the cosmonuats, 
Mir became the first four-spacecraft space sta
tion complex. At the end of December, a record 
326-day flight was ended, and the first manned 
flight of the upgraded Soyuz-TM was flown. 

walks, and water. The Progress (Figure 8) is 7 metric tons at 
launch and brings about 2.3 tons of cargo to orbit. It is 
loaded with trash when its mission is completed, and sent 
to a controlled burn-up reentry through the Earth's atmo
sphere. 

The Progress is a very small craft, however, and in 1977, 
the Soviets began testing a very large unmanned special
ized Kosmos station module. The first, Kosmos 929, did not 
dock with the Soyuz 6, but Kosmos 1267, launched in April 
1981 and weighing 15,000 kilograms, was attached to the 
station for 460 days. 

A second operational module, Kosmos 1443, was at
tached to Salyut 7 in early 1983. According to Nicholas John
son, this module, which weighs 20,000 kilograms, nearly as 
much as the Salyut itself, took over primary control of cer
tain station functions, like attitude control (firing small en
gines to keep the station pointed to the correct orienta
tion). As shown in Figure 9, the specialized module has its 
own solar panels, giving it an independent energy supply. 

One important feature of these heavy modules, which 
helps solve another limitation on the Soviet manned pro
gram due to the lack of a Shuttle-type vehicle, is the fact 
that the front end of the large module is a return capsule. 
When separated, this capsule can carry 500 kilograms of 
materials back to Earth. In comparison, when a Soyuz re
turns to Earth with a crew from the station, it can bring only 
200 kilograms of material back with it. 

A third module, Kosmos 1686, launched in September 
1985 to Salyut 7, was there for more than 200 days. Johnson 
stated at the "Red Star 2000" conference that these heavy 
Kosmos specialized modules will be outfitted differently 
for various missions, such as materials processing factories, 

biomedical experiment laboratories, Earth-resource ob
servatories, anc astrophysics laboratories. "We may see 
one attached to Mir," Johnson stated. "It could be used as 
an emergency r< turn vessel for cosmonauts." 

With the new emphasis by the Soviets on commercializ
ing some of the r space technology, they have offered po
tential custome s either a fully outfitted module that they 
will fly, or an er tpty one that the customer can outfit him
self! 

Last year, the Soviets added another piece of infrastruc
ture to their spa :e station (Figure 10), the Kvant (Quantum) 
module. Descr bed as an astrophysics laboratory by the 
Soviets, actualh , according to Johnson, the Kvant is much 
more. About th s same mass though different in shape from 
the previous heavy station modules, about half of Kvant is 
a propulsion ur it, which is the part docked with Mir. Of the 
other 11 tons i i the second piece, about 10 percent, ac
cording to Johr son, is the observatory, with various kinds 
of telescopes. The Kvant has a host of experimental and 
operational faci ities, including an electrophoresis unit but, 
most importani, it has a set of gyro units for stabilization of 
the entire spacecraft complex. Using the gyros, the crew 
can change the attitude of the station to point instruments, 
or orient the vindows for specific observations, without 
using up precic us propellants. 

As a matter o fact, when a spacecraft approaches the Mir 
to dock with c ne of the five ports of the multi-docking 
module, the spacecraft is held still and the Mir is rotated 
until it is in the proper position. According to Johnson, the 
Soviets experinented with these kinds of gyros earlier on 
the Salyut 5. 

The scientific instruments onboard Kvant have been de-
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Figure 9 
THE KOSMOS SPECIALIZED MODULE 

This space station module, which is about 
the same size as the Mir core, can be used 
for many functions and provides it own pow
er and return capsule. 

Source: Nicholas Johnson, Teledyne Brown Engineering. 

The Mir orbital research station in an assembly and 
testing shop. 

Figure 10 
SCHEMATIC VIEW OF THE SOVIET MIR COMPLEX 

The current four-spacecraft Mir complex has only 
one craft, a Soyuz, docked at the five-port multiple 
docking module. In the next two years, it is likely the 
other ports will be occupied. 

meters 

35-

scribed as having a one-year l i fet ime. But Johnson stated 
that the Kvant is a permanent attachment, because these 
other functions are actually primary. 

It is expected that all six of Mir 's docking ports wi l l be 
fi l led wi th various specialized laboratories and modules 
over the next couple of years, along wi th the Soyuz craft 
that br ing the crews and the Progress supply ships that 
bring cargo. There is no precise agreement among experts 
as to when the Soviets wi l l take a quantum leap and perhaps 
use the Energia to deploy a station that is significantly larger 
than the Salyut-Mir variety. However, the Soviets certainly 
wi l l have the launch capability to do that by the early 1990s. 

The so-called purely scientific Soviet missions, such as 
their lunar and planetary explorat ion, were not all success
ful in the 1960s, but have scored some impressive results in 
the past few years. These have included radar mapping 
missions at Venus and the Vega encounter at Halley's com
et. These accomplishments have been aided by the partic
ipation of scientists and equipment f rom the East bloc 
countries, Western Europe, and the United States, but also 
represent a maturing—a catching up—of Soviet technolo
gy. Over the next decade, the Soviets' public scientific em
phasis wi l l clearly be on Mars, wi th at least two unmanned 
missions, including one this year, under development. 

The Soviets are also developing a reusable space shuttle-
type system and an hypersonic craft, and they have already 
tested a subscale mini-spaceplane. 

In every significant military and military-related space ca
pability in space, the Soviets have outpaced us. Like the 
Soviets' conventional superiority in Europe, their develop
ment of radio frequency weapons, their offensive strategic 
superiority in nuclear weapons, and their capabilities in 
strategic defense, their overwhelming superiority in space 
is a direct challenge to the United States and its allies. 

Marsha Freeman, an associate editor of 21st Century, writes 
frequently on the space program. 
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Fusion Report 

Continued from page 13 

tured in a "blanket" and converted to 
electricity by means of a steam cycle. 

The positively charged alpha parti
cles, however, deposit their energy 
wi th in the plasma, and are therefore 
the key to achieving igni t ion, when 
temperature and particle density are 
sufficiently great for a sufficient t ime. 
Both the CIT and the various designs 
for scale-up are designed to achieve a 
sufficient flux of alpha particles to sus
tain the fusion process for the first t ime 
in a man-made reactor. 

The planning for a prototype work
ing reactor must be done in parallel 
w i th the construction of the CIT. An 
international flagship effort was 
launched when President Reagan met 
Soviet leader Gorbachev at Geneva in 
1985. Out of that meeting came an 
agreement to collaborate in the design 
of ITER—the International Thermo
nuclear Experimental Reactor. The Eu
ropean Communi ty and Japan have 

it 

since joined the project, which at th 
stage is only a commitment to thre 
years' design and R&D work , at a co 
of $16 mil l ion per year for each of th 
four parties. The resulting design coul i 
be adopted by any one or any comb 
nation of the parties. 

Headquarters for the project wi l l bje 
the plasma physics institute at Garcl 
ing, near Mun ich , West Germany. Th e 
European Community 's own proje :t 
that parallels ITER, the Next Europea n 
Torus (NET), is also headquartered 
Garching. 

The scale and features of ITER afe 
promising—5 minutes' burn t ime, 
blanket module for t r i t ium breedin 
and probably superconducting ma 
nets. Al though still fairly nebulous 
concept ion, ITERisthoughtofasbeir 
completed by the year 2005 at a cost 
about $3 bi l l ion. The prevailing myt 
ology here in the United States is thfat 
this country could not afford to bui 
such a machine by itself. 

If we are to develop fusion as a cor i -
mercial energy source, both the CIT 
and ITER must be built. 

V 

Gorbachev's 
Missile 
Treaty 
Is a Fraud! 

GLOBAL 
SHOWDOWN 
ESCALATES 
Executive Intelligence Review's 
Special Report exposes the Soviet 
war plan that underlies Gorbachov's 
vaunted 'perestroika,' and his 
courtship of the gullible West. 

Includes 525 pages of 
documentation, maps, charts. 
Prepared at the initiative of EIR's 
Contributing Editor Lyndon H. 
LaRouche, Jr. Contains intelligence 
that cannot be obtained from any 
other source—even with a top 
security clearance. 

*250 per copy. 
Send orders and inquiries to 

EIR News Service, Inc. 
P.O. Box 17390, 
Washington, D.C. 20041-0390. 
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ASTRONOMY 

Inspecting Our Closest Star: The Sun 
by David Cherry 

All photos courtesy of Big Bear Solar Observatory, California Institute of Technology. 

The entire disk of the Sun as seen in 
"hydrogen light, "a narrow wavelength 
range emitted by excited hydrogen at
oms, known to astronomers as the Ha 
spectral line. Hydrogen light discloses 
the chromosphere, normally invisible 
to us because of the brightness of the 
photosphere beneath it. All the pho
tographs here were taken in hydrogen 
light. 

The Sun's magnetic fields control the 
chromosphere, but have little effect on 
the photosphere because it is denser. 
Both layers are partially ionized gas-
plasma. 

The bright area just left of center in 
this Aug. 26, 1979 photo is an enor
mous solar flare. The less bright patch
es in its immediate neighborhood are 
the terminations of magnetic lines of 
force that emerge from the flare. The 
dark curving lines are solar promi
nences, bright when seen against the 
sky, dark against the disk. 

One of the most exciting frontiers in 
solar astronomy is helioseismology, the 
study of the Sun's pulsations or oscil
lations. While some stars observed at 
a distance are seen to pulsate in a sim
ple mode—expanding and contract
ing in a steady rhythm, the Sun's pul
sations are a different phenomenon. 

In fact, the oscillations observed at 
close range in the Sun are a complex 
of thousands of individual modes of 
oscillation. In the quadrupole mode 
(which has two axes), the ends of one 
axis travel outward while the ends of 
another axis at right-angles to it are 
moving inward. This oscillation is 
superimposed on an octopole mode 
(four axes), and so on. 

Prof. Ken Libbrecht at the California 
Institute of Technology, together with 
T.L. Duvall and other astronomers of 
the National Solar Observatory at Kitt 
Peak, Ariz., have just published ex
haustive lists of solar oscillation fre
quencies in the Jan. 15 issue of the As-
trophysical Journal. These oscillations 
are the only means of directly detect
ing what is going on deep within the 
Sun. 

Libbrecht's more recent data have 
produced measurements of the differ
ential rates of rotation of the Sun's gas
es to a depth halfway to its center—by 
tracking the oscillations. Images taken 
once a minute are processed at the Na
tional Science Foundation supercom-
puting center in San Diego, where 
three-dimensional Fourier transforms 

Big Bear Solar Observatory is built in 
the middle of a lake. Since water 
changes its temperature more slowly 
than land, the air in the path of the 
telescope suffers less local convection 
as the Sun warms the Earth. The ob
servatory issues "BearAlerts"reporting 
solar phenomena likely to affect space 
flight and electromagnetic transmis
sions on Earth. 
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are used to reconstruct the oscillation 
patterns f rom the image data. 

Helioseismology has also conf i rmed 
the long-held theory of energy trans
port inside the Sun. It was believed 
that all energy emerging from the Sun's 
core was transported outward by ra
diation to three-quarters of the radial 
distance, at which point convection 
became necessary in addit ion to radia-

A sunspot spews out a great surge i n 
this July 26, 1981, photo. A "surge 
an organized outflow along nearly pa ~ 
allel trajectories, which typically o :-
curs near large sunspots. 

Sunspots are surface manifestations 
of magnetic fields embedded mo 
deeply in the Sun. What causes su, i 
spots to appear and disappear is n >f 
clearly known. The magnetic fie 
strength at the center of a sunspot Is 
typically 3,000 or even 4,000gauss. 

A spray from the Sun's surface, June >, 
1972. In contrast to a surge, a spray is 
material expelled from a flare near tl e 
surface—less collimated and faster thi n 
a surge. 

t ion . Helioseismology has conf i rm! d 
this picture, and has provided a fail ly 
precise measurement of where the 
boundary between the two regions lie 5. 

Is there any connection between s > 
lar oscillations and sunspots? Only tr at 
certain surface modes of oscillation a re 
suppressed by the presence of sun-
spots. We are now on the rise of t le 
11-year sunspot cycle after two ye; rs 

of almost no sunspot activity. The ac
companying photographs feature sun-
spots and related magnetic phenome
na on the Sun's surface, all taken at the 
Big Bear Solar Observatory, a facility of 
Caltech located east of Los Angeles. 

The Budget Seesaw 
Solar astronomy was wel l supported 

by NASA, the National Aeronautics and 
Continued on page 58 

The Sea Horse Flare, one of the greatest solar flares ever 
observed, photographed Aug. 7, 1972. The Earth would 
measure about 3 or 4 millimeters across in this photo! Solar 
flares may last from 10 seconds to several hours. Flares emit 
vast amounts of X-rays and ultraviolet light, causing disturb
ances of the ionosphere. They also emit electrons, protons, 
and heavy ions, some of which penetrate Earth's atmos
phere and cause magnetic storms and aurorae. 

ASTRONOMY 

) regn n 
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An active 
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with paired sunspots, each with a diameter 
e Earth. To the right of the spots a solar flare 

(bright area). A large, dark, feather-shaped 
at the lower right. 

occur along the boundaries between mag-
opposite sign, where the connecting mag-
; are horizontal and can support these "solar 
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Resources 
Continued from page 17 
took about three years, found the air
lift method to be more efficient for this 
use than hydraulic power. 

In the "airlift" approach, a large pipe, 
1 to 2 feet in diameter, stretches down 
from a ship to the ocean f loor. Air 
pumped f rom the ship bubbles into 
the pipe f rom a tube outside the pipe 
about halfway down the pipeline. You 
can envision how this works by doing 
a simple experiment wi th a straw and 
a glass of water. 

Put your finger over the top end of a 
clear plastic straw, immerse the straw 
in a glass full of water, and then release 
your finger f rom the end of the straw. 
You wil l see the water quickly move 
upward inside the straw, unti l it reach
es the same level as in the rest of the 
glass. 

In the airlift approach to mining 
nodules, pumping air into the pipeline 
near the bottom end of the line creates 
the same situation that occurs wi th the 
straw and the glass: The instant you 
remove your finger f rom the straw, 
water flows upward. Seawater cont in
ues to f low into the pipeline (or straw) 
at the ocean floor (or bottom of the 
glass), as long as air continues to be 
pumped into the pipel ine. As more air 
is added, more seawater wi l l tend to 
f low into the pipeline to reach the sur
face level of the ocean. 

The moving water drags the nodules 
into the pipel ine just like a vacuum 
cleaner sucks in dust and dirt w i th 
moving air. The water, the nodules, 
and the air f low upward together 
through the pipe and to the ship. There 
the nodules are collected and the water 
is returned to the ocean. A trial system 
wi th a6-inch-diameter pipeline has al
ready brought nodules f rom 3 miles 
deep in the Atlantic Ocean—a steel 
"straw" 3 miles long! 

Once these nodules have been col
lected and taken to shore, the work of 
actually "m in ing" the valuable metals 
begins. The chemical reactions that 
form the nodules lock the metals tight
ly in combinat ion wi th other, less use
ful materials. Chemical engineers now 
face the challenging problem of de
signing the chemical treatments need
ed to free the minerals themselves from 
these compounds. 

Stuart Lewis 

This manganese nodule from the ocean 
floor contains recoverable amounts of 
cobalt, nickel, and copper. Millions of 
tons of these metals in nodule form 
wait to be mined. 

How soon wil l we be vacuuming the 
sea on a regular basis to provide us 
wi th these valuable metals? This de
pends on the economic situation and 
the funds available for development of 

Continued from page 57 
Space Administrat ion, in the 1960s. 
Then as its funding shrunk, NASA de
cided to sharply reduce its support for 
ground-based research. This left solar 
work dependent almost entirely on the 
National Science Foundation, where 
there is no office for solar astronomy 
as such, and funding comes through 
the solar-terrestrial program, which is 
devoted chiefly to the effects of the 
Sun on Earth's atmosphere. 

Solar astronomers are now cam
paigning in the scientific communi ty 
and in Congress for funds to bui ld the 
High Resolution Solar Observatory 
(HRSO), a 1-meter telescope for ob
serving the Sun f rom above Earth's at
mosphere. This means getting images 
wi th 10 times the resolution of the 
photos accompanying this article! 

According to Prof. Harold Zir in of 
Caltech: "We can't break through the 
resolution barrier wi thout getting 
above the atmosphere. We need high-
resolution images to examine the small-
scale processes that are driving every
th ing. We want to understand the 
physical processes taking place on the 
Sun's surface." Zir in and Allen Title 
f rom Lockheed are the principal inves
tigators in charge of the work that 
HRSO wil l do , whi le NASA is in charge 
of bui ld ing the telescope. 

HRSO is the latest version of a proj-

the technology and use of the re
sources. Initial estimates for nickel, for 
example, were that considerably few
er investment dollars wou ld be need
ed to mine the nodules than to devel
op an equivalent land deposit. And , 
the total energy required to produce a 
pound of nickel f rom the nodules is 
about half that required for conven
tional mining. 

In the near future, the car that you 
buy or the computer that you use may 
be manufactured using metals that 
came from manganese nodules, born 
mill ions of years ago in the depths of 
the ocean. 

Christopher Crowley is a mechanical 
engineer working for Creare, an ad
vanced technology consulting firm in 
New Hampshire. 

ect that has been canceled, revived, 
and scaled down several times since it 
was originally conceived in 1965. It is 
unclear whether the observatory wil l 
go up wi th the Shuttle, ride on the 
Space Station, or go into orbit on its 
own vehicle. As a Sun-synchronous 
free-flier, HRSO wou ld cost $200 to 
$300 mil l ion by current estimates. Zirin 
said: "I t wi l l eventually fly. The great 
difficulty has been the politics of NASA. 
We kept it alive by f ighting in back 
rooms of Congress, where there is 
some understanding of the impor
tance of solar astronomy." 

Zir in put HRSO in perspective in his 
April 1987 testimony to Congress: "The 
real achievement of the space pro
gram is to get people to focus on Mars, 
Jupiter, solar flares, the whole uni
verse around us. These expenditures 
are justified because our country needs 
forefront science to compete in the 
wor ld of the 21st century and we wil l 
not do it by cheap labor or our good 
looks. The Space Shuttle and the space 
station are f ine projects, but we wil l 
just be driving empty trucks around if 
the cost overruns eat up all the payload 
money and there are no experiments 
to fly. And if NASA does not support 
the laboratories there wi l l be no one 
to devise and bui ld the payloads. Right 
now we seem to have neither trucks 
nor cargo." 

Inspecting Our Closest Star 
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Chaos Theory and Population 

Why There Are No Limits to Giowth 
by Carol White 

Chaos—Making a New Science 
by James Gleick 
New York: Viking Press, 1987 
$19.95, 352 pp., hardbound 

The Beauty of Fractals 
by H.O. Peitgen and P.H. Richter 
New York: Springer-Verlag, 1986 
$35,199 pp., hardbound 

The study of nonlinear recursive 
functions has gained a new appeal with 
the wider availability of computers. 
Now it is possible to study the behav
ior of these functions—stepwise dif
ferential functions where the rate of 
growth of the funct ion is transformed 
as the funct ion grows—in great detail. 
One of the hottest items today is chaos 
theory, which is based upon these 
models. 

Chaos—Making a New Science by 
James Gleick gives a broad popular 
overview of the subject, whi le the 
Beauty of Fractals, by Peitgen and Ri
chter, is more technical and ful l of 
beautiful computer graphics. Both 
books are interesting. 

This review wi l l deal wi th an aspect 
of chaos theory treated by both au
thors that concerns populat ion. Not 
only is populat ion growth a controver
sial polit ical topic, but one particular 
model for populat ion turns out to be 
central for chaos theory. This is not so 
surprising, since populat ion growth is 
in many ways the perfect paradigm for 
the abstract study of how processes 
develop. 

The new interest in the populat ion 
funct ion has developed because it can 
be shown that at the point of a phase 
change f rom ordered to disordered 
growth, the funct ion exhibits a series 
of highly regular periodic oscillations, 
where the rate of oscillation increases 
wi th the rate of growth of the popula
t ion . The key to the funct ion is how 
quickly the growing populat ion hits a 
barr ier—in this case its assumed 
carrying-capacity. 
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Appl ied to a situation such as osci -
lations in international stock market; , 
this funct ion would point to the fa<t 
that the apparent frequency of a 
bounce-back after a downswing, f; r 
f rom being a good sign of a healtry 
tendency to recovery, is instead a dar -
ger signal that the whole process s 
going out of control . The analogue tD 
carrying-capacity here would be the 
state of the real economy as oppose d 
to the rate of speculative growth! 

Al though the application of compu t-
er model ing and computer graphics o 
study this funct ion is certainly inter
esting, the model is l imited to one as
pect of phase change: What happens 
when you approach a natural barri ;r 
and fail to go over it. Essentially, this is 
like studying in detail the situation j f 
airplanes that were destroyed by t i r-
bulence before the sound barrier w is 
successfully crossed. Already in the 
19th century, Bernhard Riemann elaD-
orated the theory of how shock wav ;s 
fo rm. Histheoryst i l l providestheba is 
for practicable solutions for saf( ly 
traveling faster than the speed of 
sound. 

Riemann's discovery transformed 
modern mathematical physics, but his 
approach was in keeping wi th the 
school of science that believed in the 
cont inued perfectibil i ty of God's uni
verse. This is in sharp contrast to those 
who pose instead that the universe 
must devolve because of a supposedly 
overr iding law of entropy. According 
to Riemann, who was a Christian Pla-
tonist, small-order changes in the mi
crocosm—what are known as singu
larities—create the potentiality for new 
dimensions of progress and develop
ment. 

In his own day, Riemann was the op
ponent of a Newtonian school of phys
ics, typif ied by LaPlace, who believed 
that if we knew the initial posit ion and 
velocity of every bit of matter in the 
universe we could predict its future 
development, f rom now through 
eternity. Modern chaos theorists, wi th 
the help of the computer, have shown 
that this is indeed an i l lusion. Because 
the universe is not made up of inde
pendent particles, but is a system that 
interacts wi th itself through a process 
of feedback, small-order differences 
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THE CASE FOR MARS 

The Case for Mars III, This three-
part set, based on a conference held July 
18-22, 1987, Boulder, Colorado, will be 
published late 1988. Prepublication price 
for Part I (general) is $20 (soft cover), 
Parts II & III (technical) $60 (soft cover, 
both parts). No discount on these. Write 
for more information. 

The C a s e for M a r s I I , Ed., Chris
topher P. McKay, 1985, Second Printing 
1988, 730p, Hard Cover $60; Soft Cover 
$40 ($4 postage & handling) 
This book provides a blueprint for manned missions 
to Mars and a continued presence on the planet's 
surface, including what technology is required, and 
what kinds of precursor missions and experiments 
are required tor this undertaking. The material is 
based on a conference held July 10-14, 1984, 
Boulder, Colorado. 

The Case for M a r s I , Ed., Penelope 
J. Boston, 1984, Second Printing 1987, 
348p, Hard Cover $45, Soft Cover $25 
Included in this volume are mission strategy, 
spacecraft design, life support, surface activities and 
materials processing, social and political aspects. 

Also numerous books on space published 
for the American Astronautical Society or 
distributed for other publishers are avail
able from Univelt Inc. Write for a free 
catalog. 
Among available books are: 

Space and Society - Challenges 
and Choices , Volume 59, Science and 
technology Series, Eds., Paul Anaejinou, 
Nathan C. Goldman, Philip J. Meeks, 
1984, 442p, Hard Cover $55; Soft Cover 
$35. 
Subjects included are American government and 
space, political economics and space, foreign space 
programs, space applications, and the future. Index. 

The Human Quest in Space, 
Volume 65, Science and Technology 
Series, Eds. Gerald L. Burdett, Gerald A. 
Soffen, 1987, 312p, Hard Cover $55; Soft 
Cover $45. 
As the title suggests, the human role In the space 
program Is stressed. Emphasis is placed on medical 
problems in long-duration space flight and the 
development of closed ecological systems Including 
the pioneer work being conducted on Biosphere II in 
Arizona. 

(Readers of 21st Century Science 
and Technology may taRe a 25% 
discount off list prices) 

Order from Univelt, Inc., P.O. 
Box 28130, San Diego, CA 92128 

can be b lown up into major deviations 
over a sufficiently long t ime per iod. 

This sensitive dependence upon im
perceptible differences in initial con
ditions has been taken up as a phi lo
sophical basis for asserting the exis
tence of freedom in the universe— 
much as the Heisenberg uncertainty 
principle was used in the past. This is 
in sharp contrast to the method of Rie-
mann, which associates freedom wi th 
a positive vector toward progress. Es
sentially, for Riemann the geometry of 
phase changes is a moment in the 
broader geometry that describes an 
evolving universe. 

Is There an Absolute Barrier? 
Since the days of Parson Malthus, in 

the beginning of the 19th century, an 
influential school of thought has ar
gued that there are natural limits to 
population growth. According to these 
Malthusians, any nation that attempt
ed to violate these limits wou ld suffer 
retr ibut ion in the form of plagues, 
starvation, and other so-called natural 
disasters. 

Malthus made the case that al
though the number of people in
creased according to a geometric rate 
of growth, the ability of that popula
tion to sustain itself could increase only 
by arithmetic increments. Today, the 
modern theorists who argue Malthus's 
case have coined the term carrying-
capacity to describe the alleged "l imits 
to g rowth . " In the 19th century as well 
as today, the hidden assumption of the 
Malthusian arguments is that man's 
technology wi l l remain f ixed. 

The formula used by the chaos the
orists is the algebraic form of Mal
thus's theory, discovered by P.F. Ver-
hulst in1845. For a simple growth func
t ion , the rate of growth can be deter
mined by subtracting the difference 
between two neighboring terms and 
taking that difference as a ratio of the 
first [(X„+1 - X„)/X„) = R]. This gives us 
a simple recursive funct ion X„+1 = f(Xn) 
= (1 + r)Xn, where r is a constant value 
of R. After n years, the populat ion size 
isX„ = (1 +r)"X0. 

However, if one believes that there 

Figure 1 
HOW FIBONACCI'S RABBITS CROW 

It take two months for a pair of rabbits 
to become sexually mature and repro
duce. Each month thereafter, they re
produce one pair of rabbits—Fibonac
ci's famous series. 
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Figure 2 
CONSTRUCTION OF A 

GOLDEN MEAN RECTANGLE 
Take a square and fold it in half, 
and then fold this in half again, 
diagonally. Extend one side of the 
square by the length of this di
agonal, beginning to measure off 
the diagonal from the midpoint 
of the square. The rectangle thus 
produced will be a golden mean 
rectangle. This construction can 
be replicated beginning with any 
arbitrary rectangle and it will rap
idly approach the shape of a 
golden mean rectangle. 

is an absolute l imit on the carrying-
capacity (we may assign the l imit ing 
value of the populat ion the value of 1), 
then one must assume that the rate of 
growth is no longer constant, but is 
modif ied by the difference between 
the size of the populat ion and its l imit 
[R = r (1 - X„)]. This leads, by simple 
algebraic substi tut ion, to a trans
formed funct ion X„+1 = (1 + r)X„ -
rXn

2. 

The interest in the funct ion emerges 
f rom the fact that if we begin wi th a 
populat ion size under 1 , the funct ion 
wi l l approach its l imi t—but only pro
viding that ris less than 2. When /-equals 
2, an instability occurs, wh ich is re
solved as a periodic oscillation be
tween two populat ion levels. To 
achieve this, we can go to r = 2.3, and 
study the behavior of alternating terms 
of the funct ion Xn+2 = f[f(Xn)] = P(X„). 

These values wi l l remain stable unti l 
r reaches the value of V 6 , when a four
fold oscillation begins. This period 
doubl ing continues unti l the value of r 
= 2.470, at which the process remains 
unstable. An interesting geometric re
lationship emerges between the limit
ing values of r, the values at which 
phase changes occur. If we treat these 
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values as branch points and take the 
ratio of the differences in r, betweer 
neighboring branch points, this value 
wi l l approach 4.669. . . as n increas 
es—a value known as the Feigenbaurr 
number, after its discoverer. The for 
mula for this is (r„ - r„_,)/(rn+, - k ) . 

The Fibonacci Series 
The study of recursive functions i 

not new. Indeed, as long ago as the 
start of the 13th century, the mathe 
matician Leonard of Pisa (also knowr 
as fil ius [son of] Bonacci, or Fibonacci 
was asked to develop a populat ion 
funct ion to study the unrestrained 
populat ion growth of rabbits. T h ! 
funct ion he developed, the famous f i -
bonacci series, also has a wide area o f 
applicabil i ty: It turns out that r in t h i ; 
case wil l approximate the golden meai i 
more and more closely. 

Thus, this funct ion turns out to b s 
an excellent model for the develop
ment of such disparate structures as 
seashells, the human body, and t h ; 
formation of galaxies. It governs th s 
spacing of leaves around a plant s ten 
and the distances of the planets fror i 
the Sun. The fibonacci series is dete -
mined by a simple rule: The next terr i 
in the series is equal to the last t e r n 
added to the one before it. If we begi i 
the series wi th the number 1 , it pro
gresses as fol lows: 1 , 1 , 2, 3, 5, 8, 1!l, 
2 1 , . . . 

This model of populat ion growth s 
important because it actually shov s 
how the division of labor in a popul >-
t ion allows the nurtur ing of future p< >-
tentialit ies. In the case of the rabr.it 
populat ion, obviously young rabbits c o 
not add to the carrying-capacity of t l e 
rabbit populat ion, which wi l l event I-
ally strip the vegetation upon which it 
depends for food . But in the case >f 
humans, it is precisely the nurtur i i g 
(which emphatically includes educa
t ion) of young that provides the poal 
f rom which technological innovatic n 
emerges. It is the succession of su :h 
technologies that have raised us, a< a 
species, f rom a populat ion potential :>f 
around 10 mi l l ion to one of at leas^ I 
b i l l ion. 

Fibonacci's model was simple, ijie 
supposed that two rabbits produce 
pair of young (one of each sex) eve ry 
month , and that it takes two m o n t i s 
for the pair to sexually mature and th ;n 
begin to reproduce (Figure 1). Thi s, 

there is a lag between the birth of a 
pair of rabbits and their jo in ing the re
productive cycle. The populat ion is in
creased each month , by adding a new 
cohort equal to the number of rabbits 
that are alive the previous month , to 
the total l iving rabbit populat ion. The 
series increases as fo l lows: 1 the first 
month, 2 the second month, 3 the third 
month , 5 the four th month , 8 the fif th 
mon th , 13 the sixth month , and so on . 

The golden mean may be represent
ed algebraically by the propor t ion 1/$ 
= <p/C\ + <p). This is equivalent to stat
ing that a l ine is divided into two seg
ments, such that their ratio is equal to 
the ratio of the whole line to the larger 
segment. Solution of the quadratic 
equation allows construction of the 
golden mean using a 1 by 2 right tr ian
gle, which w i l l , of course, have a hy
potenuse equal to V 5 . The golden 
mean wi l l be approximately equal to 
1.618. 

This allows us to use the fo l lowing 
construction to aid in drawing a gold
en-mean spiral that grows by the ratio 
$ for every 90°-rotation (Figure 2): Take 
a square and fold it in half and then 
fold this in half again diagonally. Extend 
one side of the square by the length ot 
this diagonal, beginning to measure off 
the diagonal f rom the midpoint of the 
square. The rectangle thus produced 
wi l l be a golden mean rectangle. Now 
extend it on its longer side by con
structing a square on that side. 

Then construct a new square on what 
is now the longest side of the new rec
tangle. Cont inue this process, rotating 
90° with each new addition [Figure 3(a)], 
Then mark off the approximate curva
ture of the spiral by connecting these 
vertices. The center of the spiral wi l l 
be located within the first golden mean 
rectangle, and can be determined by 
connecting a pair of opposite ver
t ices—one f rom the f i rst rectangle and 
one from the second (whose dimen
sions are the golden mean and the 
golden mean squared.) 

This gives one diagonal and a pair of 
vertices, one f rom the latter rectangle 
and an opposite vertex f rom the rec
tangle whose sides are the golden 
mean squared and the golden mean 
cubed. These radii wi l l rotate by 90° as 
the spiral moves from vertex to vertex. 

A Golden-Mean Geometric Series 
Because of its unique properties of 
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(a) (b) (c) 

Figure 3 
A SPIRAL GEOMETRY TO MODEL GROWTH 

A spiral is used to indicate a rate of growth over time. A golden mean spiral 
(a) can be constructed starting with a golden rectangle. It is a logarithmic 
spiral whose radius grows by the ratio <p every time it completes a 90° 
rotation. 

Using the same method of construction but beginning with any arbitrary 
rectangle (b), a golden mean spiral can be approximated. 

The spiral in (c) models the case where the reproductive rate is 50percent 
(only one rabbit, of alternate sex, is produced each month by a mature pair 
of rabbits). Construct a rectangle as before, adding a square to one of its 
sides. This time, however, first divide the rectangle in half by folding its 
long sides against each other. 

Now place tne square whose dimensions are the same as the long side 
of the rectangle so that it lies against the fold rather than the edge of the 
rectangle. Continue the process as above, each time making a square of 
the longer side and appending it to a midsection fold—rotating around the 
four sides of the box. 

At each completed rotation, the radii would be first 6, then 10, then 13, 
18, and so on, to approximate the growth rate of 1.4. 

self-similarity, a golden-mean geo
metric series is built up by adding the 
last two terms in the series to produce 
a successor. Applying this same meth
od to bui ld ing up a series, starting wi th 
any two arbitrary values, wi l l produce 
a series (after the first several terms) 
that converges more and more closely 
on a golden mean series. 

Thus we can replicate the construc
t ion above beginning wi th any arbi
trary rectangle and it wi l l rapidly ap
proach the shape of a golden mean 
rectangle [(Figure 3(b)]. One such fa
mous series is the fibonacci series, but 
we could equally wel l begin wi th any 
two numbers—such as5,100,105,205, 
310 

To see how this works, it is useful to 
wri te the golden mean series so that 
each of the successive terms is ex
pressed in terms of the first two 
te rms—1, <|>, (1 + (J>), (1 + 2<J>), (2 + 
3<J>), (3 + 5$) , (5 + 8<p), . . . Were we 

to have begun wi th any two arbitrary 
terms, let us say 5 and 100, then we 
could wri te the series as 5, 100, (5 + 
100), (5 + 2 x 100), (2 x 5 + 3 x 
100),. . . 

The golden mean expresses the har
monious sectioning of an object. Its 
asymmetry indicates a direction of 
growth, but its unique role for all l iving 
beings ( including the growing uni
verse itself) is not determined by this 
harmony. Rather, harmony is a reflec
t ion of a lawfully determined progres
sion. 

A universe of objects appears to grow 
by accretion, but consideration always 
shows us an underlying geometric rate 
of expansion. The simplest model of 
such geometric expansion is a loga
rithmic spiral on a cone (Figure 4). Each 
completed rotation of the spiral rep
resents the passage of a unit of t ime. 
By comparing the radii of circular cross-
sections of the cone at two such suc-
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cessive instants of t ime, we can mea
sure the rate of increase of action over 
the per iod. 

A better model wou ld have two de
grees of f reedom—in other words, be 
doubly conical. The second degree of 
f reedom can be represented by the 
widening of the vertex angle of the 
cone. In this more complex model , the 
spiral represents a rate of growth and 
the vertex angle of the cone may rep
resent an increase or decrease in car
rying capacity of an economy. 

On a wider cone, a spiral of a given 
pitch wi l l accomplish a greater amount 
of action in each rotation [Figure 4(c)]. 
Here, the radius of the cone indicates 
the level of the economy at the begin
ning of a given period of development, 
whi le the vertical axis of the cone mea
sures the frequency of the spiral, and 
indicates how the economy grows from 
that period forward. 

Retarded Potential and Growth 
Doubly conical functions are non

linear wave funct ions—and they are 
recursive. As they propagate through 
a medium, they transform the medi
um, their own fo rm, and ultimately 
theirvery mode of propagation. In the 

example above, we might think of a 
given level of technology as the medi
um in which new inventions are first 
created, and then through which they 
must be propagated if the technology 
is to be transformed and its productive 
potential increased. 

In the case of rabbit reproduct ion, 
the nurtur ing environment provided 
by the parent rabbits for the maturing 
young is the medium of propagation 
for the reproductive potential of the 
populat ion. 

The difference between the doubly 
conical or Riemannian fibonacci mod
el and the Verhulst model is simply that 
the limiting value of the population wil l 
also vary. In other words, carrying-
capacity is a relative, but not an abso
lute l imit. It defines a barrier like a 
shock wave. To surmount that barrier, 
a new pathway to progress must be 
found—a . higher-order Riemannian 
surface. 

We start wi th a base-line economy, 
wh ich , taken as a who le , we represent 
as a unit. Wi th in the economy there is 
a division of labor, so that half of the 
available productivity is used to repro
duce the economy f rom one period to 

Figure 4 
CONICAL SPIRALS MODEL 

DIFFERING CARRYING CAPACITIES 
In the same length of time, populations (a) and (c) quadruple, but the 
frequency of the rate of reproduction of population (a) is three times 
greaterthan that of population (c). Populations (b) and (c) are reproducing 
at the same rate but population (c) is greater to begin with. 

The horizontal radial dimension indicates the level of the population at 
the beginning of the spiral wave, and population at later times is deter
mined by the frequency of rotation of the spiral (assuming that one com
pleted rotation represents a specified action, for example, doubling the 
population). 

If we assume that the population of all three cones is below the so-called 
carrying-capacity of their respective economies (as represented by the 
vertex angle), then the population is likely to be running into trouble 
unless its "cone" (that is, carrying-capacity) is expanded. 
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SERVICE ECONOMIES 
ARE FOR SERVANTS 
The phonograph was first 

embodied in America, 
Where the 

finest still are made. 
So, why are 

they no longer manufactured in 
quantity here 
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around the world? 
Because no one believes 
we can conquer Japan! 

With a dedicated project-engineering 
approach 

And several million in 
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America could recoup 
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the next, whi le the other half develops 
new, higher technology potentials that 
wi l l be used to increase the productiv
ity of the work force as a whole in the 
next per iod. 

The productivity available for repro
ducing the economy wil l expand, as 
wi l l the part devoted to science, re
search, and development. If we sup
pose that the port ion of the work force 
whose effort is devoted to support ing 
the populat ion is able to generate dou
ble the action needed to sustain itself 
each per iod, then in this simplif ied 
model , the economy wi l l grow accord
ing to the fibonacci series (and the rate 
of profit generated by the productive 
section of the work force wil l be 100 
percent). 

Suppose, instead, a more realistic 
model in which the port ion of the pop
ulation dedicated to support can gen
erate only a 50 percent surplus over 
and above its own needs. Then we wil l 
have a series that develops according 
to the numbers 1,1,1.5,2,2.75, and so 
on . Other examples of such a series 
might occur, such as 6,10,13,18,24.5, 
33.5,. . . or starting wi th 4 and 100, 4, 
100,102,152,203,279,380.5,. . . In each 

instance neighboring terms of the se
ries wil l converge to the ratio 1.366. 
Rather than increasing r for the popu
lation as a who le , we may instead sup
pose a rise in the potential of the pro
ductive port ion of the populat ion. 

A greater rate of increase wou ld oc
cur, if instead of taking half of the pre
ceding figure we took some other mul
t iple of it. For example, if the mult iple 
were 10, as in the series 1 , 4, 14, 54, 
194, 734, 2,674, 10,014, the rate of 
growth as measured by the ratio of 
neighboring terms would converge to 
3.7. 

The shift in the rate of growth might 
be represented by increasing the num
ber of rotations of the spiral in a given 
period of t ime; or, if we think of the 
spiral as representing an economy, the 
economy can arrive at the same result 
by another pathway. It may achieve a 
transformation in which new poten
tials emerge as a result of the adopt ion 
of more advanced technologies. The 
shift to a fusion-based economy wou ld 
effect such a global change. 

Carol White is editor-in-chief of 21st 
Century. 

AIDS Study 
Continued from page 15 
worse than that. If AIDS does get con
centrated temporari ly in the lower so
cio-economic classes, we might lose 
30 years of civil rights, which I've 
worked personally very hard for since 
the '50s. I'd hate to see that go down 
the drain. . . . 

Question: Is acceptance of testing grow
ing? 

Yes, more and more people are 
grudgingly accepting it. My AIDS study 
started in a very funny manner. My son 
is 23; he is in graduate school and he 
co-authored one of my papers on this. 
We were just shoot ing the breeze 
about AIDS, and I said to h im, "I think 
we're going to have to start testing 
people." And he said: "Dad, you're 
being a fascist p ig . " So rather than 
screaming at h im, I said, "Hey look. 
Let's just do a simple model . Write 
down the epidemiological equations, 
and program them. " He went down to 
the computer and worked for a few 
hours, and then came back to me and 
said: "My God. It's worse than I 
thought . " 

BEN FRANKLIN 
Booksellers 8^ Record Shop 

Featuring: 
D Red Star In Orbit by James E. Oberg; Random House; $16.95. 
D The New Race for Space by James E. Oberg; Stackpole Bks.; 

$14.95. 
D Electromagnetic Fields and Waves by Vladimir Rojansky; Dover; 

$8.95. 
Q Electron Paramagnetic Resonance of Transition Ions by A. 

Abraham and B. Bleaney; Dover; $17.95 
Q Modern Irregular Warfare by Professor Friedrich August Freiherr 

von der Heydte; Franklin House; $9.95. 
Q There Are No Limits To Growth by Lyndon H. LaRouche; 

Franklin House; $4.95. 
Q Dialogues Concerning Two New Sciences by Galileo Galilei; 

Dover; $6.95. 
• Differential Geometry by Heinrich W. Guggenheimer; Dover; $6.95 

D Aristarchus of Samos, the Ancient Copernicus by Sir Thomas 
Heath; Dover; $8.50. 

For Children: 
D Our Living Earth—An Exploration in Three Dimensions (Pop

up) by Gillian Osband and Richard Clifton-Dey; Putnam; $14.95. 
• Entertaining Science Experiments With Everyday Objects by 

Martin Gardner; Dover; $2.50. 

• Science Projects for Young People by George Barr; Dover; $3.50. 

[U Mathematics, Magic and Mystery by Martin Gardner; Dover; $3.00. 

[Zl Anno's Sundial (Pop-up) by Mitsumassa Anno; Putnam; $16.95. 

64 May-June 1988 21st CENTURY 



A slide show produced by 21st Century Science 
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Find out: 
• What we know about Mars 
• Why industrialization of 

the Moon is a crucial first step 
• How we will get there 
• How soon fusion 

propulsion will be ready-
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In This Issue 

THE SOVIETS HAVE ALREADY 
MILITARIZED SPACE! 

The most shocking fact about the Soviet space 
program is that the Soviets have already made 
space a battlefield, with the operational capability 
of attacking every U.S. satellite and spacecraft. As 
Marsha Freeman spells out in chilling detail, the 
Soviets are years ahead of the United States in 
planning, developing, and deployment of military 
space systems, while the United States has no op
erational antiballistic missile system, no anti-
satellite system, and a shrinking civilian and mil
itary space program. 

Can the United States meet the Soviet chal
lenge? Yes, but the first step is sweeping away the 
lies and disinformation promoted by the Soviets 
and their U.S. friends. 

MITOSIS AND A CURE FOR AIDS 
We can find a cure for AIDS, but probably not using the 
traditional methods of molecular biology. Warren J. Ham-
erman reviews the exciting new work on the harmonics of 
mitosis (cell division) and optical biophysics, and demon
strates how this line of research is the quickest path to un
derstanding living processes—and stopping—AIDS. 

THE GEOMETRY OF THE NUCLEUS 
How is space filled? The cover story by Laurence 
Hecht presents a fascinating hypothesis on the 
geometry of the nucleus that accounts for the oc
currence of the 92 natural elements as well as the 
periodicity of the periodic table. 


