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EDITORIAL 

Science and National Security 

The individuals that produced (or be
lieve) the Cox Report suffer from the 

same fatal flaw as those who campaign 
to downsize America's national labora
tories: They have no idea what real sci
ence or real national security is. 

On the question of science, as we 
have stressed in many different articles, 
scientif ic discovery is not a matter of 
amassing "facts" and complex computer 
programs in wh ich to logical ly array 
them, or patenting recipes for inventions. 

Scientific discovery occurs because 
there are minds absorbed in solving a 
problem, posing a paradox, and sticking 
with it, concentrating on finding a solu
t ion , and freely discussing their ideas 
with others. The history of the U.S. na
tional laboratories, the science cities of 
Russia and Japan, and the great univer
sity research laboratories demonstrates 
the potential for continuous advances in 
science and technology to keep a strong 
economy growing—which is the only 
the source of true national security. 

The Cox Report is aimed at destroying 
the Clinton administration's policy of en
gagement with China, the world's most 
populous nation, and the leading nation 
today that is putt ing into practice the 
American System methods—investment 
in science, technology, and infrastruc
ture projects—that built America as an 
industrial, science-based nation. 

No scientists contributed to the opin
ions of the Cox Report. It is, to use the 
words of Democratic Presidential pre-
candidate Lyndon LaRouche, "a scientif
ically i l l i terate hoax," wh ich , w i th no 
factual basis, alleges that leaks from U.S. 
national laboratories enabled the Chi
nese to develop sophisticated defense 
technologies. The arguments and non-
science presented by the Cox Report are 
ludicrous. Their effect wi l l be to further 
constrict research on the frontiers of sci
ence at our national laboratories—ad
vanced nuclear science, fusion energy, 
and many other new areas. In short, U.S. 
national security, what the minds behind 
the Cox Report purport to protect, wi l l 
be severely damaged. 

Edward Teller, the nation's leading 
nuclear weapons scientist, wrote in the 
May 14 New York Times, "The right pre
scription for safety is not reaction to dan
gers that are arising, but rather action 
leading to more knowledge, and, one 
hopes, toward positive interaction be
tween nations." Teller, a former director 
of the Lawrence Livermore National Lab
oratory, and the "father" of the U.S. hy
drogen bomb, compared the stealing of 
nuclear secrets by the Soviet Union a 
half century ago, to the recent allega
tions that China has stolen U.S. nuclear 
weapons secrets. 

Then, Dr. Teller states, it was very 
likely that the Soviet nuclear weapons 
program benefitted materially from the 
information that had been leaked to 
Klaus Fuchs, among others. "The situa
t ion is in sharp contrast to the present 
position of the Chinese scientists. They 
have had 50 years to consider the possi
bilities that we kept secret. It seems to be 
probable that the Chinese must have 
made discoveries that made the added 
knowledge from intelligence less impor
tant." 

Teller also compared the reaction to 
the current accusations by politicians in 
Washington, to those after the Fuchs 
case was discovered. Then, Teller re
calls, President Truman "imposed no ad
dit ional measures for security. Instead 
we have clear knowledge that the disclo
sures by Fuchs caused Truman to call for 
accelerated work on all aspects of nu
clear weapons." The result was that the 
United States kept ahead of the Soviet ef
fort. 

Teller, who has waged a 40-year cam
paign to declassify science, laments that 
the "proposed remedy" today is "more 
security, including exclusion from par
t ic ipat ion of people from abroad." He 
says: "Let us remember that past military 
successes have been accomplished by 
remarkable people from abroad—for in
stance, Enrico Fermi. I c laim that our 
continuing security is acquired by new 
knowledge rather than by conserving old 
knowledge." 
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Letters 

Cusa's Torquetum 

To the Editor: 
It was a delight to see the astronomi

cal instrument of Nicholas of Cusa, the 
torquetum, c. 1444, the oldest in Eu
rope, in its earlier version, as designed 
by Eratosthenes and used by the naviga
tor Maui on a voyage to circumnavigate 
the Earth in 232 B.C. (Maui's Tanawa: A 
Torquetum of 232 B.C.," by Dr. Sentiel 
Rommel, Spring 1999, p. 75.) 

Cusa designed his torquetum with the 
help of Regiomontanus, and it was cori-
sidered to be too heavy and clumsy for 
use. Eratosthenes' design is more 
portable, and has a sundial time-piece 
on the ring, which is in the plane of the 
ecliptic. 

The best feature of this instrument is 
that it can mechanically transfer coor-
dinance among three coordinate sys
tems: the direction of a star or planet in 
celestial latitude or longitude in refer-

Cusa's torquetum, c. 1444, courtesy of 
St. Nikolaus Hospital, Cusanus Stift, 
founded 1458 (D-54470 Bernkastel-
Kues, Germany). 

LETTERS 

A Response to Pradel on 
Simplifying Radiation Risk 

ear, no-threshold (LNT) model of radia
t ion risk. In 1974, solid data contra
dicted this model. Frigerio (1974) and 
Evans (1 974) present data that contra
d ic t the LNT model . ( disagree w i th 
Pradel's statement that "Epidemiological 
studies wi l l never be able to prove that 
these cancers [at low doses] do, or do 
not exist. . . ." 

Pradel does make some points in his 
article, but I doubt if many readers wi l l 
recognize their s impl ic i ty. Equating a 
small exposure from uranium process
ing to the increased dose from cosmic 
rays a few meters above our normal liv
ing level , or breathing outdoor air 
rather than indoor air, w i th its higher 
radon level, is not an obvious simplif i
cation. 

I object to Pradel's analogy on two 
grounds. First, it implicitly suggests that 
such trif l ing doses really do have risks, 
and second, because the cosmic rays 
and radon level vary considerably with 
time and place. 

Because a large fraction of your read
ers fly in jet planes, it would be useful to 
point out that their dose from cosmic 
rays increases about a factor of 30 in go
ing from sea level to cruising altitude at 
about 40,000 ft. My geiger counter typi
cally has a count rate of about 10 counts 
per min (cpm) at the airport, and about 
300 cpm at the cruising altitude. This is 
usually quite impressive to persons sit
ting next to me, and also to the flight at
tendants. There is no evidence that an 
increase of this amount has any negative 
health effects. 

Using an increase of radon level as a 
risk factor is contradicted by Cohen's 
data (1995) on radon level vs. lung can
cer death rate. I doubt if any person, sci
entifically trained or not, would look at 
Cohen's data and decide that reducing 
your radon level decreases your risk. 
His data indicate that U.S. counties with 
radon levels above 5 pCi/l have 40 per
cent lower lung cancer death rate than 
the counties w i th radon levels below 
0.5 pCi/l. This suggests that radon prog
eny in the lungs in some way reduces 
the risk of a smoker dy ing from lung 
cancer. 

I suggest that the way to simplify radi
ation to the public is: 

(1) Do not mention risk for doses less 
than 0.2 Gy (20 rads), because there is 
no evidence that a risk exists. 

Continued on page 86 
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Let us agree that a risk does not exist 
until it is well established with solid ex
perimental evidence. There is no nvi-
dence to show a risk from low dose or 
low dose rate whole body radiation for 
doses less than of 0.2 Cy (20 rads) ac ute 
or a much higher dose if spread over 
months or years. It is a rare dose that ex
ceeds these values. 

Pradel, unfortunately, accepts an as
sumption as a fact. The International 
Commission for Radiological Protec ion 
(ICRP) in 1977 made the simplifying as
sumption that radiation may be care no-
genic down to zero dose. This is the lin-

ence to the plane of the ecliptic; rij ht-
ascension and declination in the pi me 
of the equator; and, f inal ly , the local 
coordinates of horizon and height (hat 
is, azimuth N, S, E, W, and altitude of 
an object). 

The torquetum is also said to be v; Liu-
able because it allows you to exarr ine 
the shift in the precession of :he 
equinoxes (50.25 seconds of arc Der 
year, or 1 degree every 70 year;). I 
wou ld l ike to know more about t l is. 
Also, the torquetum's companion insru-
ment is the astrolabe. Wi l l 21st Cen ury 
also publish something on the astrol ibe 
said to be used by Maui? 

Eli Santi igo 
Ridgefield Park, sl.J. 

The Editor Replies 
Yes, we intend to continue coverage 

of the ancient astronomy in future is
sues. 

Thanks for the 
Spring Issue! 

To the Editor: 
Just a few lines to say that the Spi ing 

1999 issue is outstanding. The "Discov
ery" articles and "Electric Embryo" were 
exciting to read and bring into perse nal 
awareness. I've never found a dull is: ue, 
but this is the first that compels mn to 
send along acknowledgement ,:nd 
thanks. 

Stanley Vlantes 
Milford, Cc nn. 



VIEWPOINT 

Can Children of Cyberspace Become Engineers? 

So many students majoring in engi
neering today seem to have few if 

any experiences wi th the artifacts of 
engineering, other than consuming and 
using them. For example, some stu
dents may have signif icant expertise 
with regard to interfacing with a com
puter, and may even engage in a de
gree of programming and hacking, but 
the vast major i ty appear to use the 
computer as a black box. They seem 
disinclined to open up the box to see 
what makes it t ick. Neither are they 
drawn to fix their own cars, let alone 
their own bicycles. 

Indeed, judging from my own experi
ences w i th today's affluent first- and 
second-year engineering students, 
many of them appear to have led de
prived chi ldhoods, when it comes to 
having learned the innards of machines 
by taking them apart and putting them 
together again. Moreover, not a few en
gineering students seem not to have 
even handled some of the most basic 
tools with which to do so. Because they 
have not had the tactile experience of 
being mechanics, they also seem to 
lack the visual sense that develops from 
it. Thus, when asked to draw a machine 
part, they are at a loss for lines. 

The roots of this problem must cer
tainly lie at least in part in the nature of 
toys. Whereas the budding engineer 
once had to wrestle with the nuts and 
bolts of Erector sets, always planning 
ahead to be sure the fingers could reach 
behind the parts of the construct ion 
crane, delivery truck, or bridge being 
assembled, today's youngster com
mands armies of destruction workers 
wi thout ever having to construct any 
one of them. Today's engineering stu
dents may have played with Legos, but 
to the Erector-set veteran, Legos seem 
more like puzzles than construct ion 
toys. As a rule, today's future engineers 
play electronic games, rather than de
sign them. One begins to wonder what 
these chi ldren of cyberspace w i l l do 
when they encounter the real world of 
engineering, which does not come with 
prepackaged software or wi th every
thing preprogrammed. 

A recent informal survey of American 
business leaders who began their ca
reers as engineers, found that many of 
them recall w i th fondness playing as 
children with chemistry sets and con
struction toys, such as Lincoln Logs, 
Tinker Toys, and Erector sets. In addi
t ion to using these packaged training 
kits, many remember being interested 
in how things work. According to 
Wayne Al len, a mechanical engineer 
who is chief executive of Phillips Petro
leum, "I frequently would take toys and 
machines apart, just to know mechani
cally how they worked, whether it was 
a bike, go-cart, or car." Whether such 
activity inspired, or just prefigured an 
interest in engineering, it is uncannily 
common and familiar among older en
gineers. 

Toys That Built Engineers 
Like many of my war-baby contem

poraries, long before I was an engineer
ing student, I played with Erector sets, 
those steel construct ion toys whose 
parts were modelled after real girders 
and their fittings. The Erector set pre
sented a considerable challenge in con
struction management, for there were 
no step-by-step plans to fol low from a 
box of parts to an assembled structure. 
There were drawings on the box, in ad
vertisements, and in the catalogues of 
the manufacturer, the A.C. Gi lbert 
Company, of course, showing what 
could be achieved with the standard
ized parts, but these did not tell would-
be engineers where to start, or what pit
falls to avoid. 

Wi th a screwdriver and a wrench, 
we were expected to see the task 

through, from beginning to end. The 
supreme design challenge came when 
we had only a picture in our mind's eye 
of some great bridge or tower of our 
own devising, some great structure 
whose lines changed as we used up the 
parts in the Erector set. Our British 
counterparts have similar recollections 
of Meccano sets. These were the toys 
that built engineers. 

Many of us also played with electric 
trains, taking apart locomotives and ac
cessories, seeing how they puffed 
smoke and lowered crossing gates, 
learning at the same time how the parts 
f i t together to make a who le . My 
brother, who also became an engineer, 
and I spent many a rainy afternoon and 
school vacation designing, planning, 
and laying out new track arrangements, 
always working under the constraints of 
limited basement floor space, too few 
sections of straight or curved track, and 
never enough switches of the correct 
handedness to build the dream model-
railroad yard. 

After Erector sets and electric trains, 
there were bicycles to assemble and 
disassemble. 

Little did I know it then, but tinkering 
with bicycles was preparing me for a 
career in engineering, as surely as were 
the mathematics, science, and mechan
ical-drawing courses I was taking in 
high school. Even before I took my first 
laboratory course in school, I was adept 
at reading plans and using apparatus, 
for these activities seemed to be just an 
extension of working with Erector sets, 
model trains, and bicycles. What united 

Henry Petroski is AS. Vesic Professor 
of Civil Engineering and a professor of 
history at Duke University, where he 
also chairs the Department of Civil and 
Environmental Engineering. 

His new book, The Book on the 
Bookshelf, will be published in Septem
ber by Alfred A. Knopf. This viewpoint 
is adapted, with permission, from a 
longer article, "Work and Play," pub
lished in American Scientist, Vol. 87, 
May-June 1999. 
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all these activities was that 
they involved design— 
whether of a track layout, a 
fanciful tower, or a scheme 
for al igning a wheel 
knocked askew by a pot
hole. The proof of the de
sign was in the making and 
doing, of course, just as in 
the world of real engineer
ing. 

My senior year in college 
brought another dimension 
to my formal and informal 
engineering education. As 
part of our course require
ments, each of us students 
had to carry out an inde
pendent project in wh ich 
we designed and bui l t 
something on our o w n . 
There were few guidelines 
and no given boxes of track 
or sets of girders. I recall 
coming up with several ideas. One was 
a scheme to assemble a photoelastic 
polariscope, whereby under polarized 
light, plastic models of loaded beams 
and gears would reveal their stress pat
terns. 

There were no po lar iz ing f i l ters, 
quarter-wave plates, or other neces
sary opt ica l equipment avai lable at 
the college, however, so I had to iden
tify a source for them and see if they 
could be purchased wi th in a reason
able budget. This was all considered 
part of what the project was to teach 
us green engineers about real engi 
neering. 

The Yellow Pages revealed a nearby 
source of the equipment, and one af
ternoon I visited the J. Klinger Scientific 
Apparatus Corporation to check on the 
quality, price, and availability of what I 
needed. Klinger's was a storefront op
eration, in which the desk of the princi
pal, jakub Klinger, occupied one of the 
window bays that I imagined once dis
played the shoes, appliances, and toys 
sold by the store's previous occupants. 
The store space proper was given over 
to the staff who processed paperwork, 
and clerks who f i l led orders from 
schools, colleges, and research labora
tories. 

By some odd congruence of needs, 
Mr. Klinger was in the process of pro
ducing a book of experiments to dis-
tribute to schools, and thereby encour
age them to purchase the equipment 
he stocked. Among the experiments 
was one on photoelast ic i ty, and he 
asked if I would be interested in build 
ing a polariscope for him and design 
ing experiments that involved its use. 
accepted his offer and began working 
in the shop each afternoon after school, 
having the entire stock in the basement 
at my disposal. 

How typical were my experiences? I 
believe a good number of engineers of 
my generation and older did play with 
Erector sets, electric trains, and bicy 
cles, not to ment ion chemistry sets, 
radios, electronics kits, Heath kits, and 
the l ike, as the survey of engineers 
turned-business-leaders so strongly 
shows. 

Remedial Engineering 
Many of my peers in engineering ed 

ucation today agree that youthful expe 
riences like the ones I have described 
are all too often a thing of the past. Too 
many students appear now to choose 
engineering for reasons having nothing 
to do with the joy of building, or taking 
apart, the things of their ch i ldhood 

Rather, they appear to 
choose engineering for a 
host of reasons ranging 
f rom its being a practical 
major that wi l l lead to a job 
after college, to its being an 
idealistic major that w i l l 
enable them to help clean 
up the environment. These 
are not inappropriate rea
sons, of course, but they do 
not in themselves provide 
any evidence of a propen
sity toward the essence of 
engineering: designing and 
building things. 

Because these concerns 
are widespread, at least 
among my generat ion, 
some engineering educa
tors are coming to assume 
that virtually all incoming 
students are def icient in 
real tact i le, spatial, and 

mechanical experiences. Thus, what 
might be called remedial play courses 
have been developed. One such course 
is taught at Stanford University under 
the tit le Mechanical Dissection. In it, 
students disassemble and then re
assemble such machines and devices 
as laser printers, fishing reels, and ten-
speed bicycles. The hands-on experi
ences are intended to provide a feel for 
engineering that a generation or two 
ago students would have brought with 
them to the classroom. 

It remains to be seen if such reme
dial activity wi l l produce as many en
gineers who become business leaders 
as did my generation's untrammeled 
use of chemistry sets and construction 
toys. 

Back issues of 
21st CENTURY 
are available 

at $5 each ($6 foreign). 
For a 10-year index 

send SASE ($1.50) to 

21st CENTURY 
P.O. Box 16285 

Washington D.C. 20041 
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NEWS BRIEFS 

NIF TARGET CHAMBER UNVEILED AT LAWRENCE LIVERMORE NATIONAL LAB 
The 150-ton target chamber for the National Ignition Facility (NIF), the inertial 

confinement fusion device now under construction at Lawrence Livermore National 
Laboratory, was unveiled by U.S. Energy Secretary Bill Richardson June 11. The 35-
foot diameter target chamber was hoisted by a crane and positioned in the Target 
Building. NIF, which is scheduled for completion in 2003, wi l l have 50 times the 
power of any laser in use today. 

BUILD BRIDGES WITH CHINA, COMMERCE OFFICIAL SAYS 
In a June 16 interview with Associate Editor Marsha Freeman, Undersecretary of 

Commerce, Bureau of Export Administration, Wi l l iam Reinsch scored attempts on 
Capitol Hill to treat China as the new Cold War adversary. "I think there's been a ten
dency among some in the Congress to try to draw a Cold War analogy between 
China and the Soviet Union in the 1950s," he said. "The Soviet Union participated in 
walling itself off from Western influence, Western economics, Western finance, and 
really created a second camp, and articulated an alternative ideology and world view. 
The Chinese are really doing the opposite, as far as economics is concerned. . . . 
One of President Kennedy's theories about these things was that the way to reach 
better relationships was to build bridges. You start out building cultural and eco
nomic bridges because those are the easiest ones to bui ld. Each time you build a 
bridge, you increase the stake in the relationship and you increase the cost of disrupt
ing the relationship. Each little bridge that you build, even the smallest, becomes one 
more thing that binds us together and gives us incentives to work on our differences 
peacefully, rather than become adversaries. That's what we've been trying to do with 
the Chinese." 

"The assumption that they are going to be an enemy would essentially turn the last 
20 years of strides [in building bridges], ever since 1979, on its head, and move our 
policy in the opposite direction." 

KRA CANAL FEASIBILITY STUDY PROPOSED BY JAPAN'S GIF 
A delegation from Japan's Global Infrastructure Fund (GIF) visited Thailand in early 

June to present its proposal for a feasibility study of the 10-km canal project that 
would link the Indian and Pacific Oceans—an alternative route to the Malacca Straits 
that would save about 900 miles in shipping transport in Asia. The project was first 
proposed in 1 793, in the reign of King Rama I of Siam. The GIF team met with cabi
net ministers and senior officials and the heads of major political parties. As reported 
in the Singapore Straits Times, June 15, a GIF spokesman said, "Judging from our 
meetings, I can say there is widespread support from all parties for the Kra Canal." 

S. DAVID FREEMAN WINS GREEN BOOBY PRIZE FOR 'GREEN LA' PROGRAM 
This issue's Green Booby prize goes to S. David Freeman, former head of the Ten

nessee Valley Authority, and now general manager of the Los Angeles Department of 
Water and Power, for continuing a 20-year career of catering to the lowest common 
green denominator. This time, Freeman has launched "Green Power for a Green LA," 
a program that "offers customers the opportunity to purchase clean energy from re
newable sources such as the sun, wind, and water." Initially, according to a press re
lease, "Green Power customers wil l pay a small premium to cover the cost of devel
oping new renewable energy sources," but, in return, they wi l l get "a menu of energy 
efficiency measures to help . . . reduce monthly consumption of electricity, and thus 
reduce their bills and offset the increased cost of Green Power." 

RESOLUTION O N PEACE THROUGH DEVELOPMENT FOR THE BALKANS 
In a resolution now circulating worldwide, the Schiller Institute has called for a 

Marshall Plan for the Balkan region, using the already existing postwar reconstruction 

Jackie McBride/LLNL 

NIF's target chamber in transit. 
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NEWS BRIEFS 

Existing and proposed waterways in 
Balkan countries. 

NEARA member Charles Hughes, stand
ing near a stone chamber at Fanstock 
State Park in Putnam County, N.Y., 
which possibly dates back to 1,000 B.C. 
The structure is similar to those found 
throughout New England, the British 
Isles, and France. 
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plans for Bosnia-Hercegovina and the region as an integral part of the overall 
Eurasian Land-Bridge development program. Projects include full rehabilitation of 
the Danube water connection as the most important European waterway, and link
age of the Danube to the rivers Morava and Vardar, thereby establishing navigal >le 
waterways through Serbia, Macedonia, and Greece to the Aegean Sea. The reso u-
tion also demands "an approach to reform of the world monetary and financial s /s-
tem by creating an architecture of the "New Bretton Woods" with no delay (i.e. fi> ed 
exchange rates, protection of national economies, and sovereign credit generation 
for economic development," and "an urgent and sharp break wi th the IMF a i d 
World Bank practice of imposing austerity measures and unacceptable financial con-
ditionalities on sovereign nations." 

The resolution was issued by Helga Zepp-LaRouche, founder of the Schiller In ;ti-
tute, and Faris Nanic, Secretary-General of Bosnia's Party of Democratic Action in 
Croatia, and former chief of staff of President Alija Izetbegovic of Bosnia-Hercegov
ina in 1996; it now has prominent endorsers from many countries, including m jny 
U.S. state legislators and former U.S. congressmen. 

For more information, contact the Schiller Institute, P.O. Box 20244, Washington, 
D.C., 20041, Tel. (202) 544-7018. 

PAKISTANI NUCLEAR SCIENTIST URGES MUSLIM WORLD TO GO NUCLEA ? 
Dr. Abdul Qadeer Khan urged the 57 Muslim nations to invest in the field of nu

clear technology and the promotion of science and technology in general. " \n 
energy-deficient Muslim world can bring [about a] revolution in the lives of its peo
ple if nuclear technology is used in an effective way," the Pakistani nuclear scienist 
said, as quoted in the Pakistani daily The Nation on May 31. 

AMERICAN NUCLEAR SOCIETY ISSUES POLICY STATEMENT ON LNT 
"There is insufficient scientific evidence to support the use of the [LNT, or lin iar 

no-threshold model] in the projection of health effects of low-level radiation," he 
American Nuclear Society stated in its long-awaited Policy Statement on Low-le/el 
Radiation, issued in June. The ANS recommends that "an independent group of sci
entists, medical experts, and health researchers should be established to conduct an 
open scientific review of all data and analyses on the subject." As noted in this issi e's 
Nuclear Report, p. 1 3, the existing committees dealing with the subject do not m set 
the necessary standard of "independent." 

In addition, in its June letter to the Nuclear Regulatory Commission on the LNT, 
the Advisory Committee on Nuclear Waste stated that the use of the LNT "is vigsr-
ously challenged." 

ANCIENT RUINS IN NEW ENGLAND SURVEYED AT NEARA CONFERENCE 
Many different ancient New England ruins were discussed at the 35th annual con

ference of the New England Antiquities Research Association (NEARA) on April 6-
19, from a 2,000 B.C. astronomical observatory (Mystery Hil l in New Hampsh re, 
known as America's Stonehenge) to the Newport (Rhode Island) Tower, a huge str JC-
ture possibly dating from the 1300s, with sighting lines and astronomical alignments. 
The conference took place in Seekonk, Mass. 

The Mystery Hill site was reviewed by Dr. Louis Winkler, an archaeo-astronor ler 
at Pennsylvania State University. The site functioned as an ancient observatory £ nd 
religious center, he said. It was used as an observatory from 2000 B.C. until ab )ut 
300 years ago, first by a culture most probably from the British Isles; second, fr )m 
1500 B.C. to 500 A.D. , by an advanced American Indian culture; and most re
cently, from 500 A.D. to 1 600 A.D., by possibly a mixed culture of Indians and iu-
ropean Celts. 

A review of NEARA's book Across Before Columbus appears on p. 84. 
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BORON NEUTRON CAPTURE THERAPY 

An Elegant Technology 
That May Save Lives 
by Linden Blue 

Brookhaven National Laboratory 

Brookhaven's reactor, which has pioneered BNCT clinical studies from the 1960s. In the presence of the neutrons from the re
actor, the boron-W isotope distributed at the tumor site "captures" a thermal neutron and fissions into an alpha particle and a 
lithium molecule, which then kills tumor cells—a cellular level of tumor control. The boron compounds are then cleared from 
the body without causing any clinical effects in and of themselves. 

There are few more feared words in 
the world than "cancer." In the United 
States alone, there are about 4 million 
patients with currently active disease, 1 
million newly diagnosed cases per year, 
and about 500,000 deaths per year as a 
direct result of cancer. With aging popu
lations, these numbers are almost certain 
to get worse. 

Mostly thanks to modern science, to
day many cancer patients are cured and 
enjoy years of high quality life. For some, 
cancer implies months of debilitating 
treatment, followed by remission, fol
lowed by recurrence, followed by death. 
For the least fortunate, it implies a proxi
mate death sentence. Most therapies in

volve surgery, radiation therapy, or 
chemotherapy, or a combination of all 
three. The challenge is usually to destroy 
tumors without disrupting healthy tissue. 
Increasingly sophisticated methods for 
concentrating radiation have proven suc
cessful in controlling some cancers. 

Despite advances in cancer treatment 
generally, malignant brain tumors and 
non-small-cell lung tumors remain in
tractable. Diagnosis is usually followed 
by death in a matter of months. Unfortu
nately, these are the diagnoses for tens 
of thousands of patients each year in the 
United States alone. Worldwide, about 
300,000 people die from these tumors 
yearly. 

A new kind of therapy has recently 
shown potential for attacking in

tractable brain tumors, whi le minimiz
ing damage to healthy tissue. Boron 
neutron capture therapy, BNCT, uses an 
inert, nontoxic isotope of boron, which 
is carried intravenously to tumors. As 
soon as op t imum levels of boron are 
delivered by the vascular system to a tu
mor, the patient is placed in a field of 
neutrons supplied by either a small re
search reactor or an accelerator. The 
neutrons cause the boron to fission, re
leasing substantial energy in the process, 
and providing tumor control at the cel
lular level. The treatment takes less than 
an hour, and there are very few of the 
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debilitating effects associated with con
ventional radiat ion and chemothera
pies. 

BNCT is scientifically elegant because 
it combines the potential for the vascular 
system to distribute an unactivated radij-
ation source that wi l l concentrate in tuL 
mors, and concentrated neutrons that 
w i l l activate the radiat ion source. In 
combination, BNCT's radiation effect is 
lethal to tumor cells, whi le minimizing 
the radiation dose to healthy tissue—the 
first time such an effect has been avail
able for combatting some tumors. 

Research treatments funded by the 
U.S. Department of Energy, and carried 
out at Brookhaven National Laboratory 
in New York and the Massachusetts In
stitute of Technology, have suggested 
that BNCT is at least as effective as con
ventional radiation therapy, and pro^ 
longs life for several months without de
bilitating side effects. 

New technical-developments make 
possible a combinat ion of improved 
boron transport agents and better neu
tron sources. These improvements wi l l 
allow a 1 00 percent increase of the ra
diat ion dose to the tumor, above cur
rent levels, whi le giving no additional 
radiation dose to healthy tissue. This 
can make a dramatically favorable dif
ference in treatment efficacy, because 
the challenge in radiation and chemo
therapy is to give a large enough dose 
to kil l tumors—without ki l l ing the pa
tient. The improvements in BNCT can 
lift tumor control expectations, for some 
tumors, substantially. 

A Clinical History 
Neutron radiotherapy has been largely 

developed in the national laboratories 
(Brookhaven, Idaho National Engineering 
& Environmental Laboratory), MIT, and 
other universities funded by the Depart
ment of Energy at a cost of several tens of 
millions of dollars over many years. 

The clinical history of BNCT is linked 
to two indiv iduals, W i l l i am H. Sweet 
and Hiroshi Hatanaka. It was Sweet who 
first realized the c l in ical potential of 
BNCT for treating brain tumors. The pio
neering work of Sweet and his co l 
leagues at the Massachusetts General 
Hospital, the Massachusetts Institute of 
Technology, and the Brookhaven Na
tional Laboratory, in the 1950s and early 
1960s, was directed toward treating pa
tients with recurrent high-grade gliomas 
(very aggressive brain tumors) using sev-
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beam of neutrons; later efforts focussed 
on the development of an "epithermal" 
(higher energy) neutron beam and more 
complex boron compounds. The 
Brookhaven Medical Research Reactor 
was modif ied in the late 1 980s to pro
duce epithermal neutron beams, and to
day is conducting clinical trials, focussed 
on glioblastoma mult i forme, the most 
aggressive type of brain tumor. There is a 
smaller c l in ica l program using BNCT 
with the MIT research reactor, for treat
ment of melanoma and, more recently, 
brain tumors. 

The results of irradiation at Brook
haven (Figure 1) suggest life extensions 
similar to, or greater than, those of con
ventional radiation therapy, while anec
dotal evidence suggests that the quality 
of life for Brookhaven's BNCT patients is 
considerably better than for patients who 
undergo conventional radiation therapy 
and chemotherapy for intractable tumors. 

Al though the Brookhaven results to 
date suggest that BNCT is as good as, or 
10 to 20 percent better than conventional 
radiation therapy, results are still below 
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Figure 1 
BRAIN TUMOR PATIENT SURVIVAL DATA, 

BNCT AND ! TANDARD THERAPY 
These data are for BNCT patients n clinical trials, as of March 1998. The ver
tical black bars indicate dose leve s. 

eral different boron compounds as :he 
neutron capture agent. Unfortunately, 
none of these compounds demonstra ted 
the requisite tumor selectivity that is r ow 
known to be desirable. 

Although the clinical results were dis
appointing, attempts to identify bo on 
compounds that demonstrated a higier 
degree of tumor selectivity continuec on 
into the mid-1960s. The clinical stu< ies 
in the United States were stopped in the 
early 1 960s, to be taken up again in the 
1 980s, but Hatanaka's effort in Japan 
continued from 1968, until his death in 
1 994. The Japanese program contin jes 
today, although limitations on Japarese 
reactor time have slowed the clinical jse 
of BNCT. In the past 25 years, Japan has 
treated only 120 patients, a rate of tr ?at-
ment that is not in the range of comn ler-
cial clinical applications. 

The European effort, led by W. Sa ler-
wein and D. Cabel, began treatment; in 
early 1998. Results are expected tc be 
similar to those at Brookhaven. 

The early work, in the 1960s, used bo
rate salts and a "thermal" (low ene gy) 



potential. For example, Figure 2 shows 
the relationship of tumor control proba
bility to radiation dose. New and supe
rior radiation sources, combined wi th 

new, nontoxic pharmaceutical agents 
that respect the blood-brain barrier, have 
the potential of doubl ing the radiation 
dose to brain tumors and tumor tenta

cles—improvements that should have a 
profound effect on treatment efficacy. 

Reactor Neutron Sources 
When Professor Sweet started his work 

at MIT, using simple borate salts and ther
mal neutrons, the most intense source of 
neutrons was nuclear reactors. The total 
number of neutrons required for thera
peutic value is about 1 x 10 1 3 neu
trons/cm2. In the early studies, and even 
up to the present time in the Japanese 
studies, the low-energy thermal neutrons 
required that the patient have the skull 
bone flap over the tumor removed, under 
anesthesia, and undergo an inter-opera
tive irradiat ion, so that the neutrons 
would penetrate to the tumor site. 

The low "f lux" (neutrons/cm2/sec) of 
the available nuclear reactors in the early 
studies required many hours of irradia
t ion. Because of the interactions of the 
neutron beam with tissues, the number 
of neutrons falls off as the beam pene
trates tissue. For the early reactor-based 
neutron sources, the thermal beam lost 
about half of its intensity in a little more 
than 3 cm. This neutron dose fall-off was 
largely responsible for the need for inter-
operative procedures. 

The energy of neutrons ranges from 
10 " 1 to 108 electron volts (eV). The low-
energy range, from 1CP1 to about 1 eV, 
the thermal neutron range, was the initial 
focus of BNCT. The energy range from 
about 5 eV to 10 keV has been identified 
as the epithermal neutron energy range, 
with clinical applications again focussed 
on gliomas and melanomas. 

These higher energy epithermal neu
tron sources, although still reactor-based 
sources, provided a very important clini
cal benefit: These neutrons were able to 
penetrate the intact skull and provided a 
treatment depth of about 5 to 7 cm, thus 
eliminating the need for inter-operative 
irradiation. 

The thermal and epithermal neutron 
beams are proven reactor-based sources, 
and significant development work is be
ing done to provide new filters, which 
make it possible for small research reac
tors to produce superior epithermal neu
trons. One research reactor, located in 
Helsinki, Finland (indicated as GA Triga 
in Figure 3), has been modified for pro
viding extremely high quality epithermal 
neutrons for BNCT. 

Fast Neutrons 
In contrast to the reactor-based thermal 

and epithermal neutron sources, which 

Dose equivalent (grays) 

Figure 2 
TUMOR CONTROL FOR HIGH-GRADE GLIOMA 

As the dose equivalent reaching the tumor is raised, the potential for tumor 
control rises. New and superior radiation sources, combined with new, non
toxic pharmaceutical agents, have the potential of doubling the radiation dose 
to brain tumors, thus increasing treatment efficacy. 

Source: Dr. George Laramore, University of Washington, 1996. 
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Figure 3 
COMPARISON OF SELECTED EPITHERMAL NEUTRON BEAMS 

Compared here are the neutron energies for BNCT from existing and pro
posed reactor and accelerator sources. The low-energy range, the thermal 
neutron range, was the initial focus of BNCT. Today, a variety of neutron 
sources is available. 



have very little radio-therapeutic value in 
the absence of boron capture, fast-
neutron sources have a proven clinical 
benefit even without boron capture. Fast-
neutron radiation therapy was used as a 
cancer treatment tool at Lawrence Berke
ley Laboratory as early as 1938, and has 
developed over the years so that there are 
now about 10 fast-neutron sources 
around the wor ld. In the United States, 
these sources are located at the Univer
sity of Washington (the preferred site for 
initial clinical studies of BNCT-boosted 
therapy for Stage III lung tumors), and in 
Detroit, at the Harper Grace Hospital. 

There are eight additional fast-neutron 
therapy units located in Essen, Orleans, 
Brussels, and Nice in Europe; Chibam, 
Riyadh, and Seoul in Asia; and Capetown 
in Africa. 

Clinical fast-neutron accelerators are 
designed to provide neutrons in the 10 
to 100 MeV range—energy which can
not be obtained from a fission-based nu
clear reactor. These accelerators are gen
erally designed to accelerate protons or 
deuterons to high energy, and then have 
them impact a solid target to generate 
the high-energy neutrons. 

For clinical applications, fast-neutron 
radiotherapy has shown benefit for sali
vary gland (treatment of choice), pros
trate (improvement over conventional 
radiotherapy), and soft tissue sarcomas, 
along w i th a subset of non-small-cel l 
lung cancers, 

BNCT Computational Dosimetry 
Delivering neutron radiotherapy effec

t ively to the tumor depends upon the 
ability to maximize the quantity of neu
trons that reach the boron agent, which 
is localized at the tumor site on an opti
mized dosing regimen. This is accom
plished through complex computer pro
gramming, such as that developed over 
the past 10 years at Idaho National Engi
neering and Environmental Laboratory 
(INEEL). 

Radiation transport and dose distribu
t ion analysis for BNCT and for BNCT-
augmented fast-neutron therapy is more 
complex than for photon therapy or for 
standard fast-neutron therapy. There are 
several different physical radiation dose 
components associated with BNCT, each 
of which has a characteristic spatial dis
tribution and biological effect. Accord
ingly, many of the simplifying assump
tions that would work well for radiation 
transport calculations associated with 
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photon therapy—and to some extent 
fast-neutron therapy—are not approj ri-
ateforBNCT. 

Explicit three-dimensional calcu a-
tions with a complete treatment of pa t i 
d e scattering are required, both for cal
culation of the various dose compone its 
within the treatment volume, as well as 
for calculation of the dose compone its 
in critical normal tissue structures. 

In BNCT, as in photon therapy and 
fast-neutron therapy, it is important to 
perform detailed planning calculations 
in order to opt imize the treatment or 
each individual patient. The goal i< to 
deliver the highest possible therapeit ic 
radiat ion dose to the target t issue, 
w h i l e ma in ta in ing the surround ng 
healthy tissue at or below tolerance In 
BNCT-enhanced fast-neutron thera )y, 
there is an even greater necessity ror 
careful p lann ing , because of the e-
quirement that both the geometric; lly 
targeted fast neutron component of he 
therapeutic dose, as well as the BNCT 
component, be optimized to the extent 
practicable. 

Without this software, the clinicians, 
(medical physicists and radiation once lo-
gists) could not perform the radiotheraDy. 
The individualized treatment plann ng 
starts from medical images (magnetic es-
onance imaging, MRI, and computerised 
tomography, CT, scans), combining th ;se 
two-dimensional images into a th r ;e -
dimensional model, and then optimizing 
the dose distribution of the multiple d sse 
components in the patient. 

The INEEL treatment planning soft
ware is the de facto standard around the 
world in all of the research institutions 
involved in BNCT research. 

Boron Chemistry and BNCT Agents 
Because the BNC reaction is spec fie 

for the boron-10 isotope (which occurs 
naturally in a 20 percent abundance , it 
is necessary to enrich BNCT agent: in 
this isotope to the greatest extent cc m-
mensurate with expense and the effic icy 
of the agent in question. Boron-10 th; t is 
more than 95 percent isotopically p j re 
is commercial ly available from Eaj le-
Picher in the form of boric at id, 
1 0 B(OH)3 . The most wel l developed 
BNCT agents—BPA, BSH, and NT GB-
10—are all derived from this source of 
boron-10-enriched boric acid. 

As driven by the physics of boron r eu-
tron capture, the boron concentration in 
the tumor must be at a minimum of ap-

proximately 30 micrograms 10B/gram of 
tissue (30 ppm) to provide a clinical ben
efit in tumor contro l . The boron com
pounds should exhibit low toxicity, se
lective distribution into tumors and away 
from normal tissue, and should be re
tained in the tumor mass at the time of 
neutron irradiation. 

The Food and Drug Administrat ion 
has recognized these unique require
ments by placing the approval process 
for both the boron compound and the 
clinical neutron source in the Center for 
Drug Evaluation and Research (CDER), 
Division of Medical Imaging, Surgical, 
and Dental Drug Products, which is the 
division that approves the enhancement 
agents and contrast agents for CT and 
MRI studies. 

At this time, three boron-1 0-enriched 
agents suitable for use in boron neutron 
capture therapy are under development: 
L-p-dihydroxybory(phenylalanine (BPA), 
Na 2B 1 2H 1 1SH (BSH), and N a 2 B 1 0 H 1 0 , 
(Neutron Therapies' NT GB-10). The 
boron agents used between 1950 and 
1965 were compounds of low boron 
content, such as boric acid, B(OH)3, and 
arylboronic acids, ArB(OH)2 , where Ar 
is an aryl group such as p-chlorophenyl. 
Whi le today's NT GB-10 and BSH are 
both polyhedral ions and contain 64 per
cent and 57 percent boron by weight, re
spectively, the arylboronic acid BPA 
contains only 4.8 percent boron by 
weight. 

The boron agents that are of current 
developmental interest fall into two clas
sifications: 

The first type are essentially nontoxic, 
very high in boron content, and do not 
cross the blood-brain barrier or the mem
brane that similarly protects the spinal 
column. Such agents require little target
ing specificity other than some selective 
retention in tumors, because adjacent 
critical tissues, such as the brain or spinal 
co lumn, are protected from collateral 
damage by the barrier membranes that 
exclude the boron compounds. 

The second type are of high-boron con
tent and are capable of providing 30 ppm 
of boron-10 by weight to the tumor, with 
high selectivity. Examples of this type 
would be liposomes, which can have 
boron agents encapsulated in the aque
ous core, or derivatives of boron agents 
incorporated in the membrane structure. 
Newer agents based upon phosphate di-
ester trailers and equipped with structural 
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features that provide intranuclear target
ing, such as DNA binding, are additional 
examples of this agent type. 

Regardless of the nature of the boron 
compound, all new agents are initially 
evaluated in tumor-bearing animals. A 
suitable animal model is BALB/c mice 
bearing EMT6 mammary adenocarci
noma, which has been used in most of 
the screening for liposomal delivery and 
"trailer" derivatives. Data collected in
clude time-course biodistr ibut ion of 
boron, as determined from direct tissue 
analyses using inductively coupled 
plasma-atomic emission spectroscopy 
(This technology is reliable at concentra
tions as low as about 0.1 ppb in tissue.) 

Tumor, b lood, liver, and spleen are 
routinely screened in the mouse model. 
Addit ional tissues are analyzed in fo l 
low-on biodist r ibut ion experiments. 
These preliminary mouse experiments 
al low any existing acute toxicity to be 
determined. If a promising agent is iden
tified in the preliminary screening, it is 
then evaluated for biodistr ibut ion in 
larger animals, beginning wi th tumor-
bearing rats, and progressing to dogs 
with spontaneous tumors of a type suit
able for the particular agent. 

Radiation Biology 
The current design of all forms of ra

diotherapy is based on the identification 
of the extent of the invasion of the tumor 
into normal tissue. The "size" of the tu
mor is defined from CT scans and MRI 
scans, wi th and wi thout enhancing 
agents. Modern radiotherapy, which in
cludes photon radiation and various par
ticle radiotherapies, such as fast-neutron 
radiotherapy, can ki l l what can be 
"seen." 

Techniques such as stereotactic radio
surgery wi th linear accelerators or the 
"gamma knife" can provide highly local
ized tumoricidal doses. The rationale for 
modern radiotherapy is to improve the 
delivery of a tumoricidal dose without 
exceeding the tolerance of normal tis
sue, which is unavoidably exposed to ra
diation during treatment. 

The dictate of not exceeding the toler
ance of normal tissue is the basis of 
many isocentric techniques, wherein the 
therapeutic beam is centered on the tu
mor mass through various rotat ional-
based entry points. Thus, whi le the tu
mor receives multiple doses of radiation, 
the exposure of any given normal tissue 
is limited. 
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By definition, the localization of BNCT 
radiotherapy is dictated by the distribu
tion of the boron agent. With BNCT, in 
contrast to conventional radiotherapy, 
the ability and need to "see" the tumor 
margins for effective radiotherapy is re
duced. The neutron "beam" is a mis
nomer, because the "beam" is, in fact, a 
diffuse cloud of thermal neutrons that 
delivers a tumoricidal effect wherever 
the boron is distributed; that is, only the 
boron has to "see" the tumor mass. 

The history of BNCT radiobiology has 
focussed on the brain tumor system, us
ing thermal or epithermal neutron 
beams. The biological effects of these 
epithermal neutron beams have been 
largely unstudied. Extrapolation of previ
ous work with thermal beams (often per
formed in rodents) does not closely 
enough approximate the mixed-f ie ld 
irradiation encountered in the available 
epithermal neutron beams, and large-
animal models must be utilized in order 
to study these beams to obtain acute and 
late tissue effects at an acceptable 
whole-body radiation dose. 

Professor Patrick Gavin at Washington 
State University has used large-animal 
models for BNCT in three main areas. 
The first area is an in-depth study of the 
pharmacokinetics of the compounds of 
current c l in ica l interest. The study of 
pharmacokinetics in large-animal mod
els al lows identical administrat ion 
schedules to those used for human be
ings, and provides the numerous sam
ples required for thorough pharmacoki
netic characterization. 

In addit ion to studies in normal ca
nines, pharmacokinetics have also been 
studied in dogs with spontaneous brain 
tumors. Information was obtained from 
tumor, blood, and normal brain; some 
studies in terminally ill animals allowed 
complete sampling of all body tissues. 
Samples have been obtained from po
tentially critical tissues including the pi
tu i tary, ret ina, thy ro id , and spinal 
chord. These studies have demonstrated 
the relationship of the tissue concentra
tion to readily measured blood-boron 
concentration to facilitate proper treat
ment p lanning. Small-animal models 
cannot provide the tissue mass required 
for the boron assessment in these tis
sues. 

A second area of study has been the 
irradiation of spontaneous intracranial 
tumors in dogs uti l izing the epithermal 
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neutron beam. These studies have been 
an extension of normal tissue tolerance 
studies and have facilitated the develop
ment of appropriate treatment-planning 
software. These studies have suggested 
that single dose BNCT can be given 
safely, and objective tumor response has 
been measured. Comparison of survival 
of the BNCT treatment to published re
ports of conventional radiation treatment 
of dogs with brain tumors indicates that 
a single dose of BNCT, given in a stan
dard manner, is roughly equivalent to 
conventional therapy. 

In addi t ion, BNCT has resulted in 
longer survival of animals with glial tu
mors, compared to previous reports, and 
the survival periods were marked with a 
high quality of life in many animals. 

The third area of study has focussed 
on the development of exper imental 
parameters to support the database on 
relative biological effectiveness of the 
var ious components of ep i thermal 
BNCT. In add i t ion to the desired 
boron-dependent dose, there are other 
dose components which must be char
acter ized to ef fect ively predic t the 
rad iob io log ica l effect. These studies 
have been done using two di f ferent 
boron agents and two reactor-based 
epi thermal neutron sources (Brook-
haven and the reactor in Petten, the 
Netherlands). The radiological effects 
of these various dose components are 
directly applicable, and are required to 
assess the BNCT boost from fast-neu
tron therapy. 

These results, which have established 
the biological effects of the dose compo
nents, have been used to establish the 
starting point for the human clinical tr i
als in progress at Brookhaven. 

The Outlook 
Recent advancements in boron-carry

ing pharmaceutical agents and improved 
epithermal neutron sources substantially 
improve the potential efficacy of BNCT. 
If a new boron del ivery agent is used 
with neutrons of a quality equal to the 
Helsinki reactor, the effective radiation 
dose to tumors can be doubled, com
pared to present practice, which should 
have a very significant effect on tumor 
control. 

Linden Blue is vice chairman of Gen
eral Atomics in San Diego. He was for
merly CEO of Beech Aircraft and general 
manager of Lear Jet, both in Wichita, 
Kansas. 
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Radiation Protection Policy: A Primer 
by Dr. Theodore Rockwell 

The current U.S. policy of a 
"linear no-threshold" approach 
to radiation damage has no 
science behind it. 

Every few months, the radiation pro
tection establishment puts out another 

major study proclaiming yet again that 
the infamous linear no-threshold (LNT) 
model of radiation damage to the body 
is the best basis for radiation protection 
policy. There was "Health Effect of Ex
posure to Radon," known as BEIR-VI, 
issued in final form early February 1999 
by the Committee on Health Risks of Ex
posure to Radon, Board on Radiation Ef
fects Research of the National Research 
Counci l , and paid for by the Environ
mental Protection Agency. 

Then there was "Evaluation of the Lin
ear Non-Threshold Dose-Model Re
sponse," known as NCRP SC 1-6, issued 
in draft form November 1998 by the Na
tional Council on Radiation Protection 
and Measurements (NCRP), and paid for 
by the Nuclear Regulatory Commission 
(NRC). Each of these studies for three 
years supported a group of scientists well 
known for their adherence to the LNT. 

Now, we learn that another three-year 
study is getting under way to produce 
BEIR-VI I, another look at the LNT. 

What's going on here? Methinks they 
do protest too much. In no other field of 
science is it considered necessary to re
peatedly reaffirm the basic tenets of the 
prevai l ing theory. What is this LNT? 
Where did it come from? And what evi
dence and theory support it? 

Current Radiation Policy 
Current radiation pol icy is based on 

several key premises: 
(1) The roughly linear relationship be

tween radiation dose and health effects 
(for example, cancer), observed in 
atomic bomb survivors, is presumed to 
cont inue into the lower dose levels, 
where no effects are observed, all the 

NUCLEAR REPORT 21stCENTLRY Summer 1999 13 

way to zero dose. A single gamma ra i is 
said to be capable of initiating a letnal 
cancer. 

(2) The effect of dose-rate is ignoied; 
no al lowance is made for the bocy's 
proven healing capabilities. This is ike 
saying that if 100 aspirin tablets are 
lethal when taken at one sitt ing, tl en 
taking one tablet a week would kill ' ou 
after 100 weeks. 

(3) The notion of collective dose is in
troduced. This says that individually t iv-
ial doses to an irradiated population :an 
be added up to "predict" health effe:ts, 
including deaths, in the population. 1 his 
is like saying that if 100 people each t ike 
one aspirin, someone will die. 

(4) No account is taken of the demon
strated beneficial effects of low-level ra
diation. 

(5) Radiation should be reduced to "as 
low as reasonably achievable" with no 
attempt to define "reasonable." Courts 
and regulatory practice have already re
duced this radiation goal to far below 
natural background radiation, wi th no 
end in sight. 

This radiation policy was not derived 
from scientific theory and data; it was in
herited as an administrative convenience 
for setting standards to protect against ra
diation at levels known to be potentially 
harmful. There was also the considera
tion that radiation levels too low to cause 

Shippingport Station, the first commercial nuclear power plant, located in Pennsyl
vania. During its operation, the rei ctor was fueled with three different types of 
cores, the last one being a light wate, breeder core. 



immediately detectable health 
effects might still be found to 
cause delayed effects, such as 
cancer or genetic damage, 
that would not show up until 
many years later. 

However, we now have 
data on three generations of 
atomic bomb victims: No her
itable damage has been 
found, and the incidence of 
cancer is not observed at radi
ation doses below 10 to TOO 
rem (0.1 to 1 Sv), depending 
on the type of cancer. Yet, the 
LNT is pushing us to regulate 
to ever-lower "permissible" 
radiation levels, not only be
low the natural background 
radiation, but even less than 
the variations in natural back
ground from one region to an
other. 

Let us examine the scien
tific case for the LNT and col
lective dose, as stated by its advocates in 
NCRP report 121, dated Nov. 30, 1995: 

"Few experimental studies, and es
sentially no human data, can be said to 
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prove or even to provide direct support 
for the concept of collective dose with 
its implicit uncertainties of non-thresh
old l ineari ty and dose-rate indepen
dence with respect to risk. The best that 
can be said is that most studies do not 
provide quantitative data that, with sta
tistical significance, contradict the con
cept of collective dose. Ultimately, con
f idence in the linear no-threshold 
dose-response relationship at low doses 
is based on our understanding of the ba
sic mechanisms involved . . . It is con
ceptually possible, but wi th a vanish-
ingly small probability, that any of these 
effects could result from the passage of a 
single charged particle, causing damage 
to DNA that could be expressed as a 
mutation or small deletion. It is a result 
of this type of reasoning that a linear 
non-threshold dose-response relation
ship cannot be excluded [emphasis 
added]." 

If this is the best that can be said in de
fense of the LNT, then research yielding 
contradictory evidence should be en
couraged and given very careful atten
tion. 

How Radiation Affects the Body 
For most of the past few decades, radi

ation was called health physics, and was 
under the aegis of physicists and physi
cians. Their attention was on the proba
bility of a cell being struck and damaged 
by an incoming ray or particle. It was as

sumed (but never demon
strated) that once a DNA mol
ecule was hit, it was damaged 
and could lead to cancer. The 
more hits, the greater the 
chance of a cancer. Linear, 
right? 

Recently, biologists have 
begun to look at the prob
lem, and they found that for 
every DNA damaged by ra
diat ion there were l i teral ly 
mi l l ions of DNAs damaged 
by free radicals that were 
generated by the body's rou
t ine metabol ism—day in, 
day out. To survive, the body 
is wel l prepared to prevent 
much of this damage, to re
pair what it cannot prevent, 
and to dispose of the cells 
not proper ly repaired. The 
comparat ive ly few cells 
damaged by radiation are an 
insignif icant burden to this 

magnificent defense system. 

Even a lethal dose of radiation does 
not add significantly to the number of 
damaged DNAs. High-level radiation in
jures, not by damaging more cells but by 
degrading the defense system, which can 
then no longer keep up with the damage 
caused by routine metabol ism. (Of 
course, high-level radiation also causes 
other damage; but the point here is that 
it is not the number of DNA molecules 
injured that matters.) 

Evidence Contradicting the LNT 
Discussions questioning the LNT of

ten degenerate into arguments about the 
exact shape of the radiat ion/damage 
curve and the exact locat ion of the 
threshold. For radiation protection pur
poses, there is a simple way around this 
dilemma: It's called hormesis. Hormesis 
is a biological term for the beneficial ef
fect that small amounts of toxins have 
on the body. This is the basis for vacci
nation against disease, and for putting 
t iny amounts of selenium, boron, 
chromium, manganese, and other poi
sons in your vitamin pills. 

These toxins, in small amounts, stimu
late the body's defense mechanisms and 
actually decrease the number of dam
aged cells remaining. It has been known 
since 1 896, a few months after Roent
gen's discovery of X-rays, that radiation 
tends to work this way too. So, decreas
ing radiation below the natural back-
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ground level (which is already less than 
one tenth of what it was when life first 
evolved) actually weakens the body's 
defenses and increases the chance of 
cancer and other illness. 

We do not know all we would like to 
know about this process, but there is an 
enormous body of evidence at every 
level, from the molecule, to the cell, to 
l iving organisms, to cl inical work with 
humans, showing that low-level radia
tion is not harmful, and can be benefi
c ia l . (See, for example, T.D. Luckey, 
"The Evidence for Radiation Hormesis" 
21st Century, Fall 1996, pp. 12-20.) This 
evidence makes clear that most of the 
money spent on radiation protection and 
regulation, on design and operation of 
waste-handling facilities, and on remedi
ation of so-called "contaminated" land 
and facilities is being wasted. 

Unfortunately, this evidence has been 
ignored, disparaged, mischaracterized, 
defunded, and left unreported, by radia
tion protection and research organiza
tions who are invested in the radiation 
business, as wel l as by the antinuclear 
environmental groups that deal in irra
tional fear. 

Radiation, Science & Health, Inc. 
(RSH),1 an international not-for-profit or
ganization of independent radiation ex
perts (of which I am a founding director) 
is assembling this information into a 
large and growing Data Document, and 
is formally bringing the data to the atten
tion of regulatory and policy bodies for 
consideration and action. 

Status 
The situation is now at a critical point. 

Through the efforts of RSH and others 
during the past three years, enough ques
tions have been raised that both BEIR 
and NCRP have carried out three-year 
studies to evaluate the use of LNT for 
regulatory purposes. The BEIR study was 
l imited to radon; a broader BEIR study 
on the general question of the suitability 
of LNT is just getting under way. The 
Health Physics Society, the American 
Nuclear Society, the Wingspread Con
ference, the French Academy of Sci
ences, and others have published state
ments questioning the use of LNT, but 
the policy remains virtually unchanged, 
and the wasteful and damaging practices 
that policy requires continue unabated. 

Readers who believe this pol icy 
should be changed should make their 
views known to the Nuclear Regulatory 
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Where to Comment on LNT 

There are not many doors thro igh 
wh ich a person can walk to be 

heard on radiation policy. First, i me 
can try to speak through one of the 
Nat ional Commit tee on Radiat on 
Protection's affiliate organization;, of 
which the American Nuclear Soc ety 
is one, and the Health Physics Soci
ety is another. But getting an agr ;ed 
statement out of one of these org, mi-
zations is almost as dif f icult as j let
ting it out of NCRP. 

The second doorway is less wic ely 
recognized, but more direct , "he 
Nuclear Regulatory Commission 
(NRC) has an Advisory Commi tee 
on Nuclear Waste (ACNW), which it 
asks to comment on various issi es, 
and this committee is currently re
ce iv ing pub l ic comment on the 
NCRP document SC 1 -6, concerr ing 
the use of the l inear no-threshpld 
model. 

At the t ime that the NCRP reAort 
was being commissioned, July 10, 
1996, this advisory committee w ote 
some pretty blunt words to the NRC 
warning that the biased treatmen' s of 
the past should not be repeated. It is 
not clear whether the ful l impoi t of 
this warn ing was passed on to the 
NCRP. In any event, the cunen t 

NCRP draft does, in fact, repeat the 
errors of its predecessors in not seri
ously considering the vast body of 
evidence that contradicts the LNT. 
The question remains whether the 
NRC wi l l silently accept this report. 

On March 23-24, 1999, the 
ACNW, chaired by John Garrick, met 
publicly to hear comments on NCRP 
SC 1-6. Unfortunately, none of the re
searchers who have generated the ev
idence contradict ing the LNT were 
invited. James Muckerheide, Myron 
Pollycove, and this author, of Radia
tion, Science & Health, Inc., attended 
and had a chance to make some com
ments for the record. Raymond John
son, president-elect of the Health 
Physics Society also commented, and 
Ted Qu inn , President of the Ameri
can Nuclear Society, made a brief 
statement to the commit tee on the 
importance that ANS attaches to this 
subject. 

There were many good questions 
put to the LNT advocates, and the 
advisory commit tee is now in the 
process of draft ing its report to the 
NRC commissioners. The final word
ing was to be worked out in a public 
meet ing in mid-May, as this issue 
was going to press. 

In the nearly 20 years since Dr. Taylor 
wrote these words, the "endless proces
sion" has continued at an ever-increas
ing cost. Can those now profiting from 
this situation find the wil l to call a halt in 
t ime to save the nuclear industry from 
death by strangulation? 

Theodore Rockwell (tedrock@cpcug. 
org) is a founding officer of the engineer
ing firm MPR Associates, Inc., and a 
founding director of Radiation, Science, 
& Health, Inc. He is a Fellow of the Amer
ican Nuclear Society and was Technical 
Director of Admiral Hyman Rickover's 
program to build the Nuclear Navy and 
the world's first commercial atomic 
power station at Shippingport, Penna. 

Notes 
1. Radiation, Science, & Health can be reached at 

Box 843, Needham, Mass. 02194, Tel. (781) 
449-2214, or E-mail to rad-sci-health@wpi.edu. 
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Commission and the Environmental Pro
tection Agency. As federal agencies, hey 
should be required to demonstrate hat 
their rules and regulations do more good 
than harm. As the world's premier radia
tion protection expert, Lauriston S. " "ay-
lor, wrote in 1980: 

"Today, we know about all we nee d to 
know to adequately protect ourse ves 
from ionizing radiation. Therefore, I find 
myself charged to ask: What is the p ob-
lem and why is there one?. . . No one 
has been identifiably injured by radif tion 
while working within the first nume ical 
standards set by the NCRP and the IIRP 
in 1934. The theories about people b ;ing 
in jured. . . must only be looked o i as 
figments of the imagination. . . . I p ead 
that we cease the seemingly endless sro-
cession of studies, congressional o m -
mittees, and hearings on the problem of 
low-level ionizing radiation." 

mailto:rad-sci-health@wpi.edu


BIOLOGY & MEDICINE 

'Medical' Marijuana Is 
A Dangerous Fraud 
by Colin Lowry 

The media skewed coverage of the Institute of Medicine's recent report to 
promote pot legalization. The report actually documents marijuana's damage. 

In the past few years, ballot initiatives 
permit t ing the medical use of mari

juana, supposedly to treat chronically ill 
patients, have been approved in several 
states. These init iatives have been 
funded by the notorious international 
speculator George Soros, as a "Trojan 
Horse" for the legalization of illicit drugs. 
In response to this campaign, the Insti
tute of Medic ine (IOM) was commis
sioned to conduct a review of the scien
t i f ic evidence "to assess the potential 
health benefits and risks of marijuana 
and its constituent cannabinoids," by the 
Whi te House Off ice of National Drug 
Control Policy in January 1997. 

The IOM report, released on March 
1 7, 1999, reviews the biological effects 
of marijuana, documenting the damage 
it does to the brain's cognitive functions 
and motor coordination, its suppression 
of immune system func t ion , and its 
damage to the reproductive system.1 

The report also compares the effec
tiveness of marijuana to other drugs al
ready in use to treat pain and nausea, 
f inding it much less effective than cur
rently prescribed drugs. In its conclu
sions, the IOM recommended against 
the use of smoked marijuana, citing the 
damage done by the tar and carcinogens 
to the lungs of users. It also concludes 
that the family of compounds known as 
cannabinoids, found in marijuana, may 
be useful for future drug development— 
the only conclusion to be played up, and 
distorted, by the media. 

Damaging Effects of Cannabinoids 
The substance of the IOM report doc

uments the damaging effects of cannabi
noids. 

There are about 60 chemicals known 
as cannabinoids found in marijuana, of 

wh ich del ta-9-tetrahydrocannabinol , 
known as THC, is the most abundant of 
the psychoactive compounds. THC pro
duces most of its effects in the brain and 
body by binding to specific receptors on 
the cell surface of neurons, or other cell 
types. One type of cannabinoid receptor 
was first found in the brain in 1 990; a 
second type was found outside the brain 
in 1993. In 1992, a natural compound 
produced by the brain, cal led anan-
damide, was found to b ind to the 
cannabinoid receptors, but its function 
remains mostly unknown. By also bind
ing to these receptors, THC is 
interfering in a natural chemi
cal signal pathway in the 
brain.2 

The most consistent damage 
produced by chronic THC ad
ministration is loss of short-term 
memory. The area of the brain 
involved in short-term memory, 
and its transfer into long-term 
memory, is the hippocampus, 
which has a high concentration 
of cannabinoid receptors. 
Chronic marijuana users be
come tolerant of THC, and 
therefore have to smoke more 
and more to get the same 
"high." This causes permanent 
damage to the hippocampus, 
and may result in the inability to 
transfer information from short-
term memory into long-term 
memory, a condition associated 
with Alzheimer's disease. 

Studies of performance re
quir ing auditory attention in 
people who have smoked only 
one marijuana cigarette show 
impaired performance, and 

this is associated with a substantial de
crease in b lood f low to the temporal 
lobe of the brain. 

Cannabinoids also affect spatial mem
ory, balance, and coord inat ion. The 
cerebellum is largely responsible for co
ordinat ing motor control of the body, 
and this brain region also has a high con
centration of cannabinoid receptors. A 
study of experienced airplane pilots 
showed that even 24 hours after the 
smoking of a single marijuana cigarette, 
their performance on f l ight-simulator 
tests was impaired. 

BRAIN REGIONS IN WHICH CANNABI
NOID RECEPTORS ARE ABUNDANT 

These regions, which include the cerebel
lum, hippocampus, and the parietal and 
frontal lobes of the cerebral cortex, are the 
most strongly affected by THC in marijua
na. Learning, memory, balance, and the co
ordination of movement are all significantly 
damaged by the drug. 

Source: Institute of Medicine 
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Mega-speculator George Soros Has 
bankrolled "medical" marijuana ballot 
initiatives across the country. 

In addi t ion, the regulation of hor
mones in the brain is altered by cannabi-
noids. Studies have shown that chronic 
THC administration in rats induces ag
ing-like degenerative changes, which re
semble the effects of stress exposure and 
elevated corticosteroid secretion. 

Immunosuppression 
One of the most serious consequences 

of the use of marijuana as a drug is the 
suppression of the immune system's 
funct ion. Lymphocytes, inc lud ing T-
cells, which are responsible for fighting 
infection, are inhibited from proliferating 
by THC. B-cells, wh ich produce anti
bodies that bind to foreign pathogens, 
are often inhibited from becoming active 
by THC, and even at very low doses, an
tibody production is reduced. THC also 
interferes w i th signals in the immune 
system that are mediated by cytokines. 
Studies in mice have shown that THC 
suppresses the cytokines that modulate 
the response to infection, and that the 
overall cytokine profile produced is ab
normal. 

Another detrimental effect is that THC 
from marijuana reduces the resistance to 
infect ion. In experiments w i th mice 
given THC, and then infected with sub
lethal doses of pneumonia-causing bac
teria, most of these mice failed to fight 
the infection, and died of septic shock. 
However, control mice that were not ex
posed to THC fought off the infection, 
and became immune to repeated chal
lenge by the bacteria. 

Ludicrous Claims 
Considering these dangerous conse

quences to human health from mari-

BIOLOGY& MEDICINE 

juana use, it is ludicrous to propose its 
use as a medicine. For example: Or e of 
the most ballyhooed proposed uses of 
marijuana is to treat nausea and wt ight 
loss experienced by AIDS patients. THC 
is not very effective at treating nat sea, 
and the doses required for a modest ef
fect are strongly hallucinogenic. Fur her, 
90 percent of these AIDS patient! are 
treated successfully with drugs almady 
available. For the approximately 10 per
cent of AIDS patients who do no: re
spond to standard treatments, synthetic 
THC, known as Marinol, can be le ;ally 
prescribed in the United States. 

However, THC is an immunosup >res-
sant, so why would anyone want to give 
an AIDS patient, whose immune sy;tem 
is already gravely impaired, a drug that 
would decrease his or her resistance to 
infection? 

Another of the proposed uses to j ted 
for marijuana is to treat nausea in a ncer 
patients undergoing chemotherapy The 
IOM report found that in clinical t ials, 
THC provided only moderate contial of 
nausea in 13 percent of the patien s, as 
compared to drugs already avai l , ble, 
wh ich achieved complete contr >l of 
nausea in almost 50 percent of thi: pa
tients. 

A profile of members of "medical use" 
cannabis buyers' clubs in California is 
included in the IOM report. Most of 
these "medical" users have used "recre
ational" drugs in the past, and more than 
50 percent of these marijuana smokers 
tested positive for cocaine or ampheta
mines. 

The IOM report also shot down the 
anecdotal evidence that marijuana is ef
fective at treating glaucoma. In fact, mar
ijuana was found to be ineffective at 
lowering the pressure in the eye of glau
coma patients over a period of t ime 
longer than a few hours. The report also 
found marijuana to be only mildly capa
ble of treating pain, being slightly less ef
fective than codeine. 

Al though the report's conclusions 
eliminated smoked marijuana as effec
t ive at treating symptoms of diseases 
such as mult iple sclerosis and Parkin
son's disease, it did not adequately em
phasize marijuana's damage to the cog
nitive functions of the brain. What the 
IOM report should have said, is that at
tempts to portray this damaging drug as 
a medicine, are nothing but propaganda 
for drug legalization. 

Notes 
1. Marijuana and Medicine: Assessing the Science 

Base, Eds. Janet E. Joy, Stanley J. Watson, Jr., 
and John A. Benson, Jr., Institute of Medicine, 
Division of Neuroscience and Behavioral Health 
(Washington, D.C.: National Academy Press, 
March 1999). 

The full text of the report is available on line at 
http://www.nap.edu 

2. For more details, see "The Medical Effects of 
Marijuana on the Brain," by Karen Steinherz 
and Thomas Vissing, 21st Century, Winter 
1997-1998, pp. 59-69. 
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The Scientific Basis 
Of the 

New Biological Paradigm 
by Vladimir Voeikov, Ph.D. 

The stable non-equilibrium that characterizes living processes belies the reductionist 
view of biology today, and leads the way to a real understanding of biological 

processes, beyond the Second Law of Thermodynamics. 

Four views of animal mitosis prophase (top left), metaphase (top right), anaphase, (bottom left),and telophase (bottom right) in 
the blastula of whitefish. The condensed chromosomes are stained dark for better visibility. 
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The situation in biology on the eve of the new millennium 
reminds one of that of physics at the end of the last cen
tury. Twentieth-century biology has been based on the 

assumption that it is possible to reduce all vital manifestations 
to structures and processes governed by the laws of physics 
and chemistry, as established by studies of inorganic nature. 
This has allowed modern biology to achieve an impressive 
success in decoding the structure and discerning certain im
portant properties of the material substrate of l iving things. 
However, the deeper our knowledge of the structural organiza
tion of biological objects, the more it is obvious that this basic 
assumption wil l not allow us to apprehend the laws determin
ing the operation of the most specific vital processes. 

An alternative theoretical and experimental foundation for 
the development of biological science, based on the postulate 
of the primacy of the phenomenon of life, was established in 
the first third of the 20th century, mainly by Russian scientists 
including E.S. Bauer, A.G. Gurwitsch, and A .L Chizhevsky. It 
is hoped that the revival of their ideas, in light of the latest 
achievements of biology, biophysics, and biochemistry, wi l l 
become an impetus for the development of biology towards an 
understanding of the specific laws of the phenomenon of life, 
and the establishment of a central Law of Organic Develop
ment, which wi i l allow mankind to act in coherence with the 
objective laws of existence and development and, through this 
approach, to take possession of reality. 

Is Biology Applied Physical Chemistry 
Or an Autonomous Science? 

One reads in an old biology textbook: "Biology is the sci
ence of life in the widest sense of this term, or, to be more ex
act, the science of processes that proceed in living bodies."1 It 
follows from this definition that the major task of biology is to 
unearth the laws of life. Such a formulation may seem too am

INTRODUCTION 

What Western Scientists Can Learn 
From the Vernadsky-Gurwitsch-Bauer School 

by Jonathan Tennenbaum 

Readers of this article by Moscow University biologist 
Vladimir Voeikov may be astonished to learn, that a 

vast area of Soviet scientific research, which thrived for 
more than half a century and produced a great wealth of 
important experimental and theoretical discoveries, was al
most completely ignored in the West until this day. In our 
best judgment, the reason for this lies not in secrecy (an ex
tensive literature could be found in internationally circu
lated Soviet journals and monographs), but rather in the cir
cumstance, that the fundamental, guiding concepts of this 
Soviet school of biology and biophysics—as typified by the 
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work of Viae imir Vernadsky, Alexander Curwitsch, and 
Ervin Bauer--ran counter to the main thrust of Western 
biology durir g most of this century. 

Wh i l e Western b io logy developed along ever-more 
strictly reductionist lines, looking at l iving processes es
sentially as molecular machines, the workers of this So
viet school recognized the distinction between living and 
non-living piocesses as fundamental and irreducible. Ac
cording to V»rnadsky, the existence and evolution of liv
ing processe: on the Earth, and of human reason, as a fur-

Continued on page 20 

bitious to many. In the opinion of the majority of researchers, 
there is not evsn a satisfactory definition of the phenomenon of 
life. In a rece ltly published "Biological Encyclopedic Dictio
nary," biology is not considered to be an integral science. 
Rather, it is dt fined as a set of allied sciences dealing with sep
arate manifestations of life. 

The primar i task of biology is defined as the pursuit of the 
discovery of legularities of manifestations of life. The task of 
understanding the essence of life is considered to be no more 
important than the task of perfecting biological systematics.2 

Such modesty in defining tasks for biology is not accidental. It 
reflects the l o ig domination of the presumption that living or
ganisms are i o more than extremely complex machines.3 If 
this is the cas> i, it is enough to discover all the details of an or
ganism's structure, and to study the processes taking place 
within it as a i expression of the known laws of physics and 
chemistry. It i i presumed that after decoding the exact compo
sition and str ictural organization of living bodies, as well as 
the parameter; and sequence of elementary processes combin
ing to produce the known manifestations of life, one can put 
the knowledge obtained into proper order, and thereby under
stand the esse ice of life. 

The develo jment of biology in the 20th century has, in fact, 
demonstrated the fruitfulness of such an approach in many re
spects. The rr ost intimate details of the structure of hereditary 
material (DN \) have been discovered; the structural features 
and propertie s of proteins participating in delicate chemical 
transformatic ns have been revealed; sequences of stages of 
many compli :ated processes in living organisms and some el
ements of the r regulation have become known. It has become 
possible to s /nthesize exact copies of complex biological 
polymers in a lab, such that the copies are able to execute the 
same functior s as their natural originals.4 

However, i: is seldom mentioned that these copies can dis-



play their full activity only after they have been inserted into 
living bodies in which the miraculous vital processes already 
occur. But, those who are convinced of the self-sufficiency of 
applying the physics and chemistry of inanimate nature to the 
understanding of the living state are not confused by these mi
nor details. Typical are statements such as: "The external 
manifestations of life are the consequence of its internal struc
ture, down to the molecular and atomic levels," and that ". . . 
as a result of the joint efforts of the experts on molecular biol
ogy, biochemistry, biophysics, and genetics, the hypothetical 
picture of the origin of life has largely been drawn. . . . [Ljife is 
not a mystery any more, but rather it is some kind of a puzzle, 
a code to be deciphered."5 

The same approach is applied to a most significant biologi
cal process, the evolution of species. It is asserted that ". . . 
though many details require further investigation, it is already 
obvious that all the objective phenomena of natural history of 
life may be explained based on purely materialistic factors: se
lective multiplication in populations and causal genetic events. 
. . . [A] human being is a result of aimless and natural processes 

that never implied his emergence."6 

Again, the current situation in biology reminds one of the 
situation in physics at the end of the last century, when many 
scientists believed that the main work had already been done, 
and that further progress would consist in the refinement of de
tails, not in discovering something qualitatively new. For ex
ample, Max Planck's teacher, F. Jolly, insisted that: "Certainly, 
it is still possible to notice or to delete a speck of dust in this or 
another corner of the wor ld, but the system is already firmly 
established, and theoretical physics approaches the same de
gree of perfection which geometry has possessed for many 
centuries already."7 

Irrespective of the achievements in biology, established on 
the basis of known laws of physics and chemistry, quite a few 
biologists are less than opt imist ic about the possibil i ty of 
reaching an understanding of the laws of life based on this 
paradigm. They point to evidence showing that, in most 
cases, manifestations of vital activity cannot be predicted 
from a straightforward application of pure physical-chemical 
principles. In the opinion of Russian biogeochemist Vladimir 

Continued from page 19 
ther, axiomatical ly distinct process wi th in the l iving do
main, are no mere isolated or accidental phenomena, but 
constitute coherent expressions of a fundamental develop
mental characteristic of the Universe as a whole—a char
acteristic incompatible wi th the assumption of universal 
entropy. 

The Vernadsky school also rejected Darwin's assumption, 
that the evolution of species arises from natural selection in a 
competi t ive struggle for survival. Rather, these scientists 
pointed to the unambiguously directed nature of the transfor

mations of the biosphere as a whole (including its geological 
and geochemical substrate), accomplished through the activ
ity of l iv ing organisms—transformations which represent 
work done by the aggregate of biological processes upon 
their environment, and which have led to an accelerating in
crease in the total energy throughput and overall physical-
transformative power of the aggregate living process in the 
course of evolution. 

That directedness of biological development, according to 
Vernadsky and his fol lowers, is not merely the statistical 
end-result of a complex of essentially undirected individual 

A geometrical representation of 
anti-entropic growth of a physi
cal economy. The increase in 
capital-intensity of production 
during healthy economic devel
opment, is represented by the in
creasing apex angle of the vari
able conical surface upon which 
the growth spiral is developing. 
The continuation of the process 
leads to an increasing density of 
singularities, in which new fami
lies of technologies are intro
duced, producing the equivalent 
of a series of horn-shaped sur
faces like the one shown. As Ver
nadsky and others demonstrated, 
biological evolution has very 
similar characteristics. 
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Vernadsky (1863-1945), there is "a radical dist inction be
tween l iv ing and dead things, and this dist inct ion must be 
based on some fundamental difference in the matter or en
ergy, located inside living organisms, in comparison to that 
found by the methods of physics and chemistry in inanimate, 
lifeless matter. Or rather, this distinction points to the insuffi
ciency of our usual notions of matter and energy, deduced 
from studies of inanimate nature, for the explanation of all 
processes of l ife."8 

Undoubtedly, there are some genera! features specific to all 
l iving systems, and the processes within them, that allow us 
almost unmistakably to distinguish between life and death. 
Many great thinkers of the past tried to formulate this basic 
distinction, but only a few have risked asserting the primacy 
of life as the major postulate of biology. Starting from this pos
tulate, the Russian scientist Ervin Simonovich Bauer (1900-
1937?) constructed the axiomatic basis for theoretical biology, 
to stand as an autonomous science. Alexander Gavri lovich 
Curwitsch (1874-1954) put forward the theory of a specific bi
ological field as the solution to one of the major problems of 

events; rather, it must reflect a defiriite physical principle, 
which is active at every point in the process. This means that 
the anti-entropic, directed characteristic of the biosphere as 
a whole must also be expressed at the level of the infinitely 
small, as a distinctly different type of space-time curvature, 
compared with that prevailing in non-living processes. Ver
nadsky himself proposed that the work of the mathematician 
and physicist Bernhard Riemann, on generalized curvature 
of manifolds, be used as a guide for experimental investiga
tions of biophysics. 

Vernadsky went a step further: In the course of documented 
history, the human race, through the gradual technological 
improvement and expansion of its social-productive activity, 
has increased its aggregate power over Nature at an accelerat
ing rate, to the point of becoming the dominating force within 
the biosphere. The improvements in production, and analo
gous improvements in social organization, which have per
mitted that growth in physical power, derive from the creative 
powers of individual human minds to make scientific and 
analogous discoveries of principle, and apply them to human 
social practice. For this reason, Vernadsky spoke of the emer
gence of the noosphere—a biosphere evolving under the con
scious direction of human reason—and of human reason itself 
as a planetary (and in the future, interplanetary) force. 

LaRouche's Contribution 
Vernadsky's conclusions have been greatly deepened and 

rendered more rigorous by the discoveries of Lyndon 
LaRouche in physical economy and, particularly, through 
LaRouche's elaboration of the concept of the rate of increase 
of potential relative population density as the fundamental 
yardstick for the anti-entropic development of economic 
processes.1 The relationship between LaRouche's and Ver
nadsky's work, and the historical basis for that relationship, 
was noted by LaRouche many years, ago. In the meantime, 
however, more points of contact have emerged. The Summer 
and Fall 1998 issues of 21st Century feature a two-part series 
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biology, the p-oblem of morphogenesis. Gurwitsch presented 
vast experime ntal material confirming the main principles of 
theoret ical b io logy. Alexander Leonidovich Chizhevsky 
(1 897-1964) ( iscovered the fundamental dependence of vital 
processes on ubtle impulses coming from space. Before pro
c e e d i n g s an analysis of their work, let us take up the ques
tion of wheth ;r the postulation of primary biological princi
ples is indeed necessary.9,12 

Activil y and Directness of Vital Manifestations 
Among the manifestations of life are metabolism, reactivity, 

reproduction, growth, and development. It is possible to find 
analogies in tl e properties of inanimate bodies or phenomena, 
observable in inanimate nature for each of these. Take, for ex
ample, cont inuous metabol ic f low of matter and energy 
through a sysiem—the continuous replacement of its material 
composition. One can point to numerous processes in the in
organic realm that are accompanied or stipulated by exchange 
of matter. However, "metabolism" in individual non-living sys
tems general! y results in their destruction, whereas in living 

dealing with the work of the great Russian biologist Alexander 
Gurwitsch, whc se concept of the biological field is closely re
lated to the dec per side of LaRouche's work, namely, on the 
nature of huma i creative mental processes themselves.2 

During a disc ussion among this author, Prof. Voeikov, and 
another Russiai colleague some time ago, we were all struck 
w i th the simil irities between LaRouche's concept ion of 
physical economy, and the work of Ervin Bauer, a somewhat 
lesser-known ! oviet biologist connected with the Vernad-
sky-Gurwitsch school. Bauer did not directly address eco
nomic questions, but his approach to living processes from 
the standpoint i f work performed upon the environment, in 
such a way as :o increase the future viability and work-po
tential of the I ving process, immediately parallels the ap
proach of phys cal economy, and illustrates the fundamental 
importance of physical-economic concepts for biology as a 
whole. 

Unfortunate y, there is a great dearth of literature in the 
West on Bauer and his work. That is one reason that we are 
publishing this article by Prof. Voeikov, which, in addition to 
giving an introi luction to the work of Bauer and his relation
ship to Vernac sky, Gurwitsch, and others, contains many 
other interestin ; and important ideas. 

We hope the I our continuing publications on the indicated 
subjects wi l l st mulate fruitful discussion on some extraordi
nary ideas and results, which, in the West, at least, have not 
yet received th< i attention they deserve. 

Jonathan Tei nenbaum heads the Fusion Energy Foundation 
in Europe and i; a scientific adviser to the Schiller Institute. He 
is also a memb =r of the scientific advisory board of 21 st Cen
tury. 

Notes 
1. A recent preser tation of LaRouche's economic views can be found in his 

article "The Eco lomics 'I.Q.' Test," Executive Intelligence Review, May 14, 
1999. 

2. Alexander Gun itsch and the Concept of the Biological Field, by Michael 
Lipkind (a stud ;nt of Gurwitsch), Summer 1998 (Part 1) and Fall 1998 
(Part 2). 



Ervin S. Bauer (1900-
1937?) was born in the 
Austro-Hungarian Em
pire, in the town of 
Leche, now Lechova, 
Czech Republic. He 
graduated from the 
Medical Faculty of Got-
tingen University, and 
worked in Hungary as a 
medical doctor. He ac
tively participated in the 
Hungarian communist 
revolution in 1919, and 
after its failure, Bauer 
had to emigrate first to 
Austria, then Germany, 
then Czechoslovakia. 
During this period, he 

published his first book on the problems of theoretical biology, 
Crundprinzen der Reinen Naturwissenschaftetlichen Biologie. 

In 1925, he was invited to continue his scientific work in So
viet Russia, and this was the most creative period in his life. In 
1934, he was appointed as the head of the Department of Gen
eral and Theoretical Biology of the All-Union Institute for Ex
perimental Medicine in Leningrad, where Alexander Gurwitsch 
also worked as the head of the Mitogenetic Laboratory. Bauer's 
major book, Theoretical Biology, was published in 1935. 

Bauer was arrested in 1937 by the NKVD, together with his 
wife, Stefania Szilard, a relative of the physicist Leo Szilard. The 
exact time of his death (or execution) is unknown. His name 
and work were almost never mentioned in scientific literature 
until 1964. The only exception was Alexander Gurwitsch. Irre
spective of his rather cold relations with Bauer, Gurwitsch was 
never afraid to mention Bauer's name and stress his priority in 
the conception of the "Stable Non-Equilibrium Principle" in his 
own books and papers. Although more people now know the 
name of Ervin Bauer, only a few understand his real impact on 
theoretical biology, partly because his book Theoretical Biol
ogy, printed in 1935 in 5,200 copies, is now a rarity. 

systems it is a necessary (though not a sufficient) condition for 
preservation of the living state. 

In addition the main feature of metabolism in living systems is 
that they actively consume matter and energy from the environ
ment, whereas an inanimate object is a passive participant in a 
similar process. The majority of "metabolic" processes in the in
organic realm are directed by the action of external forces, or 
occur after energy has been pumped into the system. After the 
termination of action by the external force, these processes pro
ceed only by inertia. The living process, by contrast is carried 
out as though spontaneously—although living phenomena are 
always triggered by external stimuli. Such impulses (irritations, 
"prompting") may rarely be regarded as an external force. As a 
rule, the amount of energy released (made free) in response to 
such an impulse greatly exceeds the energy of the impulse. 

Similar phenomena may be observed as well in inanimate 
nature. A small spark gives birth to a fire. But fire is formless in 
comparison with a living system. Besides, unlike the latter, it 
irreversibly destroys those structures which it touches, and 

never creates new ones. Fire "dies" out as soon as the fuel is 
exhausted. A living system seldom "burns out" the fuel it ex
tracted from the environment. Rather, it builds up its own en
ergy stocks in a specific form in order to prolong its existence. 
However, no individual organism can live forever. Death, the 
transition into a "natural" state that agrees wi th the known 
laws of physics and chemistry, comes inevitably. 

Having recognized this obvious fact, one may sit back and 
study the development of an individual organism as merely a 
step on the way from an animate being to a dead object. How
ever, any individual, whether it be an animal, a plant, or a mi
croorganism, may be envisaged as an element in a series of 
self-reproducing individuals. The uniqueness of self-reproduc
tion of living systems is seen in the fact that a newborn system 
must first pass through a stage of development and growth. 
(Some biologists—for example, the outstanding plant physiolo
gist D.A. Sabinin—do not consider growth, or the increase of 
an organism's mass, as an independent vital manifestation, but 
rather as the expression of development.13) 

Development is the most unique feature of living systems. 
One of its clearest manifestations is the continuous (or, from 
another point of v iew, step-wise) emergence de novo of 
processes and associated structures. These emergent processes 
and structures may be envisaged as an increase in the degree 
of differentiation of the parts of the same living system, owing 
to which the stability of a system is enhanced, despite the ad
verse factors of environment, while at the same time, its ability 
to interact with the environment grows. The sequence of self-
reproduction may itself be regarded as some super-organism 
that exists incomparably longer than the individual organisms 
which make it up. The stages of development take up a con
siderable portion of its "lifespan." 

Finally, if one accepts the formulation of Vernadsky that 
"phenomena of life and of inorganic nature, taken from a geo
logical (that is, a planetary point of view), are manifestations 
of a uniform process," it appears that the process of develop
ment—allegedly "impossible" from the point of view of the 
physics and chemistry of inanimate nature—the process of 
transformation from the lower to the higher, from uniform and 
incoherent to differentiated but indivisible, is the main natural 
process. If this is true, then, perhaps the "Laws of Nature" 
commonly taught in school, are just particular cases, whi le 
the main law, the law of the steady increase of organization, 
is not yet comprehended by us. 

It turns out that the living state is the unity of two opposites. 
On the one hand, any living system is characterized by a spe
cific structure, form, and geometrical pattern. That is what 
makes it possible to distinguish different species and even in
dividuals, although the form of a l iv ing system is regularly 
changing during its life cycle and even the closest relatives are 
never identical in their morphology. A living system, on the 
other hand, is a continuous process or, rather, a combination 
of parallel and alternate processes. Conservation of a living 
system's structure, components of which are continuously re
placed with new ones, is possible only through the strict coor
dination and interaction of life processes. 

Looked at another way, all life processes may be envisaged 
as the regular formation and disruption of links between more 
or less stable structures. We may define these links as mes
sages, and their contents as information. Energy release and/or 
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consumption is the necessary condition for the installation or 
disruption of any link, as well as of any metabolic process. 
From this point of view, the reactivity of a living system is a 
burst of information-energy exchange within it, in response to 
stimulation by an external factor, which may in some cases be 
as small as a single quantum of energy. Reactivity implies the 
inherent activity of a living system. 

Bauer's Theory: Structure-Energy 
Specificity of Living Systems 

It is possible in many cases to reduce a particular vital mani
festation to a physical-chemical process. However, it appears 
impossible to deduce the unity of living processes—their holis
tic, active, and directed structured process—from the physics 
and chemistry of inanimate nature. The most basic difficulties 
arise when one attempts to explain those features displayed in 
the process of development of living systems. When, on the 
eve of the 20th century, physicists realized that it was impossi
ble to deduce the existence of the quantum of action and the 
final divisibility of matter from classical mechanics, Niels Bohr 
resolved the problem by formulating a set of new postulates. 
On this foundation, a large edifice of quantum physics is now 
constructed. It turned out also that the principles of classical 
mechanics follow from quantum physics and not vice versa. 

A similar attempt in biology to unite and express in the form 
of laws the basic features peculiar to all living systems without 
exception, was undertaken by E. Bauer.14 His first principle 
("the Principle of Stable Non-equil ibrium") is formulated as 
follows: "No living system is ever at equil ibrium. It continu
ously performs work against equi l ibr ium, demanded by the 
physical and chemical laws appropriate to the actual external 
condit ions." Thus Bauer asserts that a l iving system already 
appears in a non-equilibrium state from its first moment of ex
istence, as a birthright, so to speak, inherited from another liv
ing, and hence already non-equilibrium, system. 

Another feature is equally important: all activity performed 
by a living system is aimed at avoiding the slide into equilib
rium with its environment. As any living system is out of bal
ance with its environment, from the first instant of its individ
ual existence, all its essential structural elements must also 
exist in a state of disequilibrium with the immediate environ
ment. If so, the free energy that a living system uses to perform 
work against sliding into equil ibrium is free energy from its 
non-equilibrium structures, structural energy in Bauer's termi
nology. Such a form of energy differs fundamentally from the 
forms of energy encountered in inanimate nature. Non-equi
librium, then, should be displayed at all levels of a living sys
tem, beginning at the molecular one. It includes the sustaining 
of chemical gradients, electrical gradients across membranes, 
the non-equilibrium state of its macroscopic structures, and so 
on. Most important, it includes the non-equilibrium of the es
sential molecular components of living cells, a point to be dis
cussed in detail below. 

As work is performed against equi l ibr ium, free energy is 
consumed, and each element of a living system performing 
the job, inevitably slides towards equilibrium, finally turning 
into ordinary lifeless matter. In order to preserve the non-equi
l ibrium state, a living system continuously repairs or substi
tutes its exhausted structural elements. Energy is needed to 
carry out this work, and according to the Principle of Stable 
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Non-equi l ibr urn, this energy comes from certain inherent 
non-equi l ibr ium structures in a l iv ing system. Such work, 
aimed at keep ing an individual living system from sliding to
wards equilibi ium, was defined by Bauer as internal work. 

No matter r ow efficiently internal work is performed, a liv
ing system g adually loses its free energy and the matter 
"charged" w i t i it, and needs to replace them with matter and 
energy (chem cal energy of food, energy of light, and so on) 
consumed f ron its environment. It must seek resources in its 
environment, separate the useful structure-energy substrates 
from the usek ss ones, and assimilate the former into its own 
energy-chargf d structural elements. All these procedures re
quire the perf >rmance of work by a living system. Unlike the 
internal work this kind of work is performed on a living sys
tem's environi nent, and it should be defined as external work. 

The external work inevitably enters into contradiction with 
the internal w )rk. Both share a common source of energy, the 
structural ene gy of the elements of the living system. During 
the performa ice of external work, a l iv ing system loses its 
structural ene gy, thus sliding toward equilibrium. Reduction 
of its non-eqi i l ibrium resulting from its own efforts, contra
dicts the Princ iple of Stable Non-equilibrium. Insofar as a liv
ing system cannot violate the principle of its existence, it may 
perform exter lal work only by infringing on the non-equilib
rium of its stru :tures, under the influence of external impulses. 
External influe nces, irritations, infringing to a certain extent on 
the non-equili 3rium of a living system, have the effect that the 
energy freed i ; spent to perform external work rather than in
ternal work. This provides for the replacement of matter that 
has lost its non-equilibrium state by new structures, built by 
the living sys'em in an already excited state, and providing 
their ability to perform work. 

The contra Jiction between the internal and the external 
work follows from the Principle of Stable Non-equi l ibr ium, 
but it is unresc Ived within the framework of the principle. The 
only reliable ;olution to the problem is the increase of the 



general stock of energy available to the system for performing 
both external and internal work. Therefore, the process d i 
rected toward an increase in the general stock of free energy 
must begin from the moment of birth of a living system. How
ever, such a process can reach its goal only if the external 
work more and more dominates over the internal. Thus, only 
l iv ing systems exhibit a directed "structured process," the 
overall vector of which points to an increase in the general 
stock of free energy of the system, or, in other words, its stable 
non-equil ibrium. Bauer has defined this dynamic principle: 
the Principle of External Work Increase As the Historical 
Trend. By the word "trend," he emphasized that the principle 
is displayed as the main tendency of the process, while signif
icant deviations irovn it may be observed in its course. 

Thus, Bauer has formulated the general laws of motion of 
living objects, inherent only in them. The Principle of Stable 
Non-equilibrium asserts that the activity of a system directed 
to the preservation of the non-equilibrium state is the neces
sary (but not sufficient) condi t ion for the recognit ion of a 
given system as l iv ing. The Principle of External Work In
crease As the Historical Trend is a sufficient condition for pre
serving its viability. The opportunity for a living system to pro
ceed in this direct ion is provided by a sufficient supply of 
power and material resources in its envi ronment, and its 
openness to external stimuli ("irritations, prompts") that initi
ate its interaction with the environment. 

Al l the dynamic vital manifestations—metabolism, self-re
production, and multiplication, development as an increase in 
the state of stable non-equi l ibr ium—fol low from the princi
ples formulated by Bauer. But these laws say nothing of an
other fundamental characteristic of living systems: the process 
of development seen as the acquisit ion of a specific form, 
morphogenesis, or, in other words, heredity and variability, 
and the means of their realization. An attempt to deduce laws 
governing this process in living systems was made by A. Gur-
witsch in his theory of the biological field. Before we turn to 
his theory, however, we shall consider some experimental 
confirmations of Bauer's principles and major consequences 
that follow from them. 

A Living System Is As Hot As the Sun 
The non-equilibrium of a living system should be displayed 

at all levels of its organization. So, at the temperatures char
acteristic of the existence of life, the maximally non-equilib
rium state of molecules is the state of their maximum elec
tronic exc i ta t ion. Transit ion of an exci ted molecule to a 
ground state is accompanied by photon (light) emission. In 
1923, Gurwitsch discovered that living organisms emit pho
tons in the ultraviolet (UV) range of the spectrum (very high 
energy photons).15 Intensive studies in many laboratories 
subsequently showed that nearly all cells, tissues, and organ
isms are capable of emitting such radiation, and that UV pho
tons are a prerequisite factor for induction of cellular division 
(mitosis).16"18 Gurwitsch thus defined such emission as mito
genetic radiation. 

The intensity of spontaneous mitogenetic radiation is ex
tremely low.19 In addition to this type of radiation, however, in 
response to multiple external factors, all living systems emit a 
considerably more intense photon flux in the UV as well as in 
the visible part of the spectrum. These factors include external 
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Alexander Gavrilovich Gurwitsch (1874-1954) 

irradiation, heating, cooling, mechanical stress, influences of 
chemical compounds, and so on. Gurwitsch defined radiation 
emission induced by such factors as degradative radiation.^7 

The reaction of l iving systems to a variety of external im
pulses by emitting a flare of radiation suggests the transition of 
ensembles of excited molecules from a non-equil ibrium to
wards an equil ibrium state. The phenomenon observed may 
be defined in modern terms as light amplif ication by stimu
lated emission of radiation—what we know as LASER. As part 
of this radiation possesses mitogenetic properties, and in order 
to distinguish it from well-known technical lasers, we may de
fine such radiation as mitogenetic-laser. The spectrum of mi-
togenetic-laser is comparable to the spectrum of solar light:20 

Therefore, one may say in a certain sense, that the "tempera
ture" of excited ensembles of molecules in living cells corre
sponds to the temperature of the Sun. 

It follows from the First Principle of Bauer, that the free en
ergy of a living system is the energy of its excited structures, 
and it follows from the Second Principle that, in the course 
of its development, the total stock of free energy in a living 
system increases. These consequences are confirmed by the 
analysis of the changes in ultra-weak radiation during the 
development of a living system. In the course of embryonic 
development, the intensity of spontaneous radiat ion de
creases, wh i le that of mitogenetic- laser s igni f icant ly in
creases.21' 2 2 That means, first, that during the development 
of the interconnectedness of the newly emerging parts of the 
system, its overall coherency increases, so that its energy 
losses as a result of radiation emission decrease. Second, the 
developmental process includes saturation of the system 
with the most "expensive" energy—the energy of electron-
excited states. 

Many opponents of Gurwitsch and Bauer have claimed that 
the Second Principle of Bauer, according to which living sys
tems are capable of self-organization as a result of their ability 
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to concentrate energy actively drawn from the environment, is 
impossible, because such a process contradicts the Second 
Law of Thermodynamics. However, it is hard to deny that dur
ing any living system's development, its non-equil ibrium is 
enhanced and its stock of free energy increases. Currently, the 
thermodynamics of open systems and "synergetic" models de
veloped mainly by the Nobel Prize Laureate llya Prigogine, is 
employed to explain this phenomenon.23 ' 2 4 

Prigogine demonstrated that if the energy f low is main
tained across a certain open system (a system that may ex
change matter and energy wi th its environment), it may be 
drawn away from equilibrium with its environment. The sys
tem becomes structured; it accumulates free energy, and its 
entropy is decreased, but at the expense of entropy increase 
somewhere where the source of energy flow is discharging. 

It seems to many scientists that the thermodynamics of open 
systems explains the process of "self-organization" in l iving 
systems sufficiently we l l . However, the similarity between 
"self-organization" occurring in "open," inanimate systems, 
and the development of l iving systems, is readily apparent. 
"Self-organization" in the former takes place as a result of en
ergy flux through the system. It passively gets matter and en
ergy from its environment. A l iving system, in contrast, ac
t ively extracts matter and energy from its envi ronment, 
expending its own resources to obtain them, and to transform 
this energy-matter into the more "expensive" energy of excita
tion of its own structures. Generally speaking, the phenomena 
of steady increase of free energy stock and of "self-organiza
t ion" are observed in special physical-chemical systems which 
do not belong to the category usually described in thermody
namics of open systems. These are the systems where 
branched chain processes occur. 

The Branched Chain Process of Life 
Let us return to the comparison of life and f ire. A flame, 

which under specific conditions can be cold, is an example of 
the widespread natural phenomenon of branched chain 
processes, discovered by the Nobel Prize Laureates N.N. Se-
myonov25 and C. Hinshelwood.26 When a certain (sometimes 
extremely weak) impulse initiates branched chain processes 
in some medium that seems to be rather inert, active centers 
arise and begin to multiply in it. But the rate of multiplication 
of areas of activity is equalled, sooner or later, by the rate of 
their loss. Then the latter process begins to dominate, and as 
the whole process comes to its end, the final result is the same 
as for any other chemical and physical process proceeding in 
closed systems: absolute reduction of free energy, and growth 
of entropy in the system. 

However, the essence of a branched chain process is mani
fested in its dynamics, rather than in its overall balance. At the 
stage of multiplication of active centers and chain branching, a 
spontaneous growth of free energy takes place. A dynamic or
derliness of the system occurs, accompanied by the concentra
tion of significant energy potentials in certain of its domains. If, 
at this stage, the system comes into interaction with another, 
seemingly resting one, a similar process can be initiated in the 
second system. Considering this property of branched chain 
processes, Hinshelwood once noted: ". . . It is very possible 
and even is rather probable, that from the very instant of life's 
emergence on the Earth, a giant branching reaction has taken 

place."27 Semyonov also never doubted the important role of 
the branched chain reaction mechanism in living processes.28 

However, ur t i l now, only a negative role was ascribed to 
branched chain processes in living systems.29 Branched chain 
processes un( erlie pathologies related to free radical reactions 
of cell memb-ane destruction. Malignant growth can also be 
described as ; n "unrestricted" branched chain process.30 

Already in :he 1930s, Gurwitsch understood that branched 
chain processes have a fundamental importance for l iving 
processes.31 or example, it is impossible to explain the stim
ulation by a ew photons of mult iple cell divisions in a cell 
population w thout invoking a cascade mechanism of tremen
dous capacit-, and, in fact, it has been demonstrated that the 
mechanism of mitogenesis is related to photon "mult ipl ica
t ion. " After i competent cell absorbs an external photon, a 
branched ch iin process is initiated in it. This is fol lowed by 
the emission of multiple new photons, and this secondary ra
diation then ! timulates division of many other cells. However, 
if the intensii y of external radiation exceeds some optimum, 
inhibition of :ell division rather than stimulation is observed. 
That is, the s< me factor, depending on its intensity, can cause 
opposite effects in living systems. Finally, if branched chain 
processes in i living system get out of control, the pathologi
cal phenomeia mentioned above may take place. 

Gurwitsch 
can be in i t i ; 

discovered that similar branched chain processes 
ted in a simple chemical system-an aqueous 

amino acid s j lut ion. Irradiation of such a solution with just a 
few UV phot ans induces a process that is followed by contin
uous emission of UV photons from this system. Gurwitsch 
suggested the t this is a branched chain process. 

Recently we have studied the Gurwitsch reaction on a new 
experiment; I basis, and conf i rmed his suggestion of a 
branched-chain mechanism in these reactions.32"34 Specifi
cally, the reaction induced in the amino acid solution pro
ceeds accorc ing to the mechanism of chain reaction with de
layed chain branching. It resembles the well-known branched 
chain reactic ns of the explosive type, although it differs from 
the latter in same significant properties. It was discovered that 
clear self-organization occurs in the reaction system. The re
action displ; ys features of inertia (memory of a system) and 
feedback. W ; also found that there are elements of autoregu-
lation of the ntensity of the reaction rate. 

This very < imple—at first sight—but highly peculiar system, 
manifests a < ertain expediency as wel l . A polymer-like sub
stance emerj ing in the reaction system is stable and can even 
"multiply" to some extent, but only in the reaction system. After 
isolation, it rapidly degrades into monomers.35 Apparently, it 
can maintain its existence because of work it performs in the re
action system: This substance increases free energy of the sys
tem and later maintains it at a certain level, gaining energy 
through catal /sis of the oxidation of amino acid molecules. 

It seems th at the most essential features observed in our ex
perimental self-organizing system are common to all other de
velopmental processes. Such processes are initiated by very 
weak extern il impulses. This is followed by a net increase in 
the free ener ;y of system, equivalent to an increase in its non-
equi l ibr ium In addit ion, structural self-organization takes 
place: The r umber of polymer chains and their length in
crease to a certain extent, and new compounds participating 
in the process arise. 

21st CENTURY Summer 1999 25 



Courtesy of Vladimir Voeikov 

The author in his laboratory, standing near the device for 
single photon counting. 

However, there are important differences between 
branched chain processes occurring in inanimate and in liv
ing systems. First, the free energy of an inanimate experimen
tal system increases mostly (if not exclusively) because of en
ergy that had been stored in the chemical bonds of amino 
acids present in the reaction system from the very beginning, 
which is released in the course of their oxidation by oxygen 
passively diffusing into the system. Second, after the process 
in the test-tube comes to a stationary stage, it begins to fade, 
and can be revived only if we transfer a small part of the ac
tive reaction mixture into a test-tube with a fresh portion of 
substrate. A l iv ing system, in contrast, act ively extracts 
energy-matter from its environment, and is also capable of 
creating new living systems. Thus, the reaction in a test-tube 
proceeds according to the First Principle of Bauer, but it does 
not implement his Second Principle. In order to implement it 
there must be an open system, but of a very specific sort: Its 
openness must be intermittent. In other words, it has to be 
mostly closed at the stage of active sites multiplication; it has 
to become opened, when for some specific reasons discussed 
below, the rate of multiplication of active sites comes to equal 
the rate of their extinction. 

Chain Reactions of Reactive Oxygen Species 
In the Regulation of Living Functions 

It is important to specify here, that branched chain reactions 
studied by Semyonov and Hinshelwood, mostly in the gaseous 
phase, may be considered only as prototypes for those reac
tions that proceed in an aqueous organic medium. There, only 
the so-called chain reactions with delayed branching may take 
place. The latter start as linear chain reactions, but during the 
major chain propagation, intermediate metastable products 
emerge. Much lower energy of activation is needed to produce 
new active centers from these products than from the initial 
substances. Thus, even if the "parent" chain is eliminated, the 
new chains arise in the system, provided that enough energy for 
the activation of these metastable products is available. 

Reactions of reactive oxygen species (ROS) are up to 10-
fold more exergonic (liberating energy) than ordinary bio
chemical reactions. ROS interact non-specifically with many 

organic molecules. Because of these properties, ROS are ex
tremely strong oxidants and are considered to be the univer
sal pathogens in the contemporary biochemistry paradigm. 
Their generation in living systems is looked upon as a griev
ous, though inevitable, price for aerobic respiration, that has 
emerged in the course of the evolut ionary process conse
quent to the appearance of atmospheric oxygen—the by
product of plant photosynthetic activity. 

However, this concept ignores much hard evidence show
ing that ROS are absolutely necessary for normal vital activ
ity. If air is def ic ient of superoxide anions (Chizhevsky's 
"negative air ions"), human beings and animals become 
sick and can even die. On the other hand, more than 10 to 
15 percent, and under special conditions up to 30 percent, 
of oxygen consumed by animals goes to ROS product ion. 
ROS are continuously generated in the body by ubiquitous 
specialized enzymes, by enzymes performing other primary 
functions; they are also generated non-enzymatically. Thus, 
ROS should play rather important physiological functions. 

Living cells are known to react to external stimuli in one of 
the fo l lowing ways: They either perform their specialized 
function, or change their specialization (differentiate or dedif
ferentiate), or proceed into the mitotic cycle, or, finally, pro
ceed into the so-called "programmed cell death"—apoptosis. 
It turns out, that in most cases, ROS determine the outcome 
of cell reactions upon specific extracellular biomolecular reg
ulators. In addition, ROS themselves may imitate the action 
of certain hormones, neurotransmitters, and cytokines upon 
particular cells. Biomolecular regulators may, in their turn, 
modulate ROS production by the cells. Thus, ROS may be 
looked upon as universal information messengers. 

However, if ROS are devoid of the specificity attributed to 
biomolecular regulators, how can they provide a precise reg
ulation of cellular functions? Although a considerable part of 
consumed oxygen is used in the organism for ROS produc
tion, the average levels of free radicals and other ROS in cells 
and extracellular fluids are extremely low. The so-called an
tioxidants of enzymatic and of other nature, cause a very 
high rate of their recombination and transformation into other 
compounds. Thus, very slight variations in the rates of ROS 
production and/or consumption, may result in drastic spikes 
and oscillations of their immediate levels. 

It should be stressed that the processes of ROS metabo
lism, and in particular the reactions of their recombination, 
are accompanied by the generat ion of e lectron exci ted 
states. Ours and other authors' results suggest that as a result 
of cytoplasmic organization, the energy of electron excita
tion is unlikely to dissipate into heat. Rather, it may accumu
late in molecular and supramolecular ensembles, and redis
tribute among them by radiative and radiation-less routes, 
providing intracellular and intercellular cooperation. How 
can this be done? 

It is more and more recognized that biological reactions 
proceed as nonlinear oscillatory processes. In particular, as 
we and others have shown, the processes involving ROS are 
oscillatory, as a rule. We speculate that the mechanisms of bi
ological action of ROS are dependent upon the structure of 
the processes in which they participate, rather than upon the 
mean concentrations of these particles. By the "structure of 
the processes," we imply the frequency-amplitude patterns of 
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the reactions of ROS recombination and their interactions 
w i th other partners, taking into considerat ion that these 
processes supply energy of activation for the numerous spe
cific biochemical reactions. 

Periodic as wel l as nonlinear oscil lations emerge in the 
processes of ROS metabol ism, but they decay wi thout re-
priming by periodic external signals. Hence, for effective ROS 
production, the organism should be "sparked" from the out
side. "Sparks" may come in the form of air- or hydro-ions (ex
ternal O2 or 0 3 ) , or by virtue of ROS generation in its aque
ous medium by high energy photons (UV- and lower 
shortwave range). 

Oscillations that arise in the course of ROS metabolism in 
the organism, and that in their turn determine and/or modu
late the rhythms of biochemical and physiological processes, 
are more or less dependent upon certain external oscillators, 
in particular, upon oscillations of external electromagnetic 
and magnetic fields. ROS reactions may be very sensitive to 
their influences, because they are intrinsically the processes of 
electron transfer in electron-excited media. Such processes, as 
it follows from the current concepts of the physics of nonlin
ear autostochastic systems, are highly sensitive to weak reso
nance interactions. 

Let us consider now how ROS can regulate biological func
tions at the level of the whole organism. It is well known that 
blood neutrophils can efficiently generate ROS, which, in this 
case, are considered to be used for kill ing viruses and bacte
ria. However, it turns out that lymphocytes and thrombocytes, 
that do not participate in direct elimination of microbes, also 
produce ROS. Fibroblasts, endothelial, and smooth muscle 
cells also possess highly active ROS-generating enzymes. ROS 
production by connective tissue, to which both blood and "or
dinary" connective tissues belong, is of particular interest in 
the light of the presumed energy-informational role played by 
ROS metabolism. ROS are generated not only by cellular ele
ments of connective tissues, but also by extracellular proteins 
(although in the latter case at a much lower rate). Plasma pro
teins and collagen become sources of ROS as a result of their 
glycosilation (Maillard reaction). 

It should be stressed that all the collagens and many plasma 
proteins have fibril helix structure and are able in principle to 
transfer electromagnetic-waves for long distances. It is interest
ing to speculate that, in addition to their structural function, 
extracellular connective tissue elements perform another im
portant role in all the organisms: the role of channels for infor
mation transfer that join together all the tissues and organs, 
and that are also exposed to the periphery (say, in the form of 
acupuncture points). Cellular elements of connective tissues 
play in this case the role of re-translators, decoders, and ampli
fiers of the incoming signals. Needless to say, all living things 
possess connective tissues or their analogs, even if they are de
void of blood and nervous systems. 

Death As a By-product of Life 
Processes of growth and development in any individual 

system, be it chemical or biological, are l imited. Sooner or 
later any ind iv idua l system comes to an end. Branched 
chain processes in an amino acid solut ion begin to fade 
when only a small portion of the amino acids, serving both 
as substrate and " fue l , " is consumed. An individual l iving 
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system also [ egins to "fade," even when all the energy/mat
ter resources necessary for its existence are still available in 
its envifonm ;nt. That means that there must be some inter
nal reasons for the fading of processes in such systems. 
What particular factors l imit the process of life in an indi
vidual living system? 

The "newburn" living system is already efficient, insofar as it 
possesses a certain stock of free energy. In addit ion, it has a 
certain initia potential that defines the amount of work it is 
able to perfo m during its life cycle. The provisional value of 
this potential was defined by Bauer as the ratio of initial stock 
of free energ' • of an ovum to the quantity of "active" (excited) 
mass it posse ,ses. In actuality, the potential of an ovum can be 
estimated on y post factum, based on the amount of work the 
living system has performed during its life cycle. 

The init ia stock of free energy of an ovum is min ima l , 
whereas its potential is maximal. At the expense of potential, 
the system ta<es from its environment matter/energy having a 
lower potenti al than it has itself and uses it to replace old struc
tures, and bi ild new energy-charged structures, thus raising 
the potential of its acquired matter. During growth and devel
opment, the overall stock of free energy of the system in
creases; but its potential inevitably decreases. Finally, the po
tential is rec uced to such a level that the system needs to 
expend more energy extracting matter and energy from its en
vironment th in it gains. On achievement of this state, defined 
by Bauer as ' a limit of (active, excited) mass of the living sys
tem," further accumulation of active structures by the system 
becomes puiposeless, as it is automatically accompanied by 
the reductior of its level of non-equilibrium. From such con
siderations, he final end of an individual life cycle fol lows 
with necessi y. However, life as such is maintained and pro
ceeds in a lir e of progeny. 

Bauer, app arently, was the first to comprehend the structure-
energy found ition of the phenomenon of multiplication. He pos
tulated, and t len experimentally proved, that in addition to ordi
nary metabol sm, another fundamentally different process takes 
place in livin ; systems. This process ensures the unlimited exis
tence of life; he essence of this basic, vital process is that within 
an individua living system, some of its parts transfer their free 
(structural) er 2rgy stock to a localized domain, where it becomes 
concentratec. The potential of matter in this domain increases 
accordingly. The phenomenon of such energy redistribution be
tween differe it parts of a system, followed by an increase in the 
energy poter tials of some parts over other ones, is known in 
physics and c bemistry as "fluctuations." In the majority of lifeless 
physical-chenical objects (except systems in which branched 
chain proces ;es occur), fluctuations occur casually and unpre
dictably. In a living system, the processes of energy redistribution 
occur accord ng to law, and are strictly regulated. 

Let us con ider the life cycle of a unicellular organism as an 
example. Th > initial potential of a unicellular organism multi
plying by sin pie division must be large enough to allow for the 
accumulatio 1, during its life cycle, of a stock of energy, suffi
cient to prov de the initial potential for a pair of daughter cells. 
Free energy iccumulated during the life cycle of a parent cell 
must concen:rate in a small domain, or to be more correct, in 
two small d >mains before its divis ion. These domains w i l l 
serve as the >erms of two new daughter cells. Those cellular 
structures wr ich donate their energy to others turn into lifeless 



Courtesy of Jeffrey Carmichael, University of North Dakota 

Section of an onion root showing a cell in metaphase (at 
arrow). Chromosomes are stained dark for visibility. 

Onion root section with cell shown in anaphase (at arrow). 

matter, while those that receive it increase their potential up to 
values sufficient for introduction into the new life cycle. 

The basic vital process also provides for prolongation of the 
lifespan of an individual living system after it has reached its 
" l imi t of mass," and its potential has decreased to a critical 
value. Regular switching on of the basic vital process increases 
the potential of the individual living system at the expense of 
its getting rid of some part of its mass that has become ballast. 
It is interesting to speculate that the thoroughly studied process 
of "apoptosis"—the programmed cell death in a cellular com
plex—is a manifestation of such a process. 

Homeostasis,36 the physiological state in which the organ
ism keeps its physiological parameters around certain station
ary values, is probably an oscillation between intermittent me
tabol ism, when the system performs internal and external 
work, and the basic vital process. Thus, during homeostasis, 
the vector of the life process oscillates between the accumula
tion of free energy and its expenditure, and between potential 
increase and decrease. However, sooner or later, the general 
stock of free (structural) energy of an individual system begins 
to decrease. When the vector of the life process turns this way, 
it means that a living system moves towards equilibrium with 
its environment. At this stage, Bauer's principles are increas
ingly shadowed with ordinary regularities of classical, in par-

ticular, statistical physics and chemistry. Certainly, manifesta
tions of the purposefulness of the life process, and the inherent 
activity of a living system become less and less obvious, and 
are expressed as traces of previous development as a living 
system dies. It happens thus that the basic conclusions of mod
ern biology are devised primarily from investigation of living 
systems, residing at best, at the stage of homeostasis and, at 
worst, at the final stages of the life cycle. Probably this is the 
reason for a misunderstanding of Bauer's principles of theoreti
cal biology by the majority of biologists. 

Gurwitsch's Theory of Cellular and Biological Fields 
If we consider the development of a living system from the 

point of view of energy transformation, it represents the growth 
of stocks of free (structural) energy of the system. If we look at 
the "substantial" side of development, it looks like quantitative 
growth and qualitative transformation of "biomass" charged 
with structural energy, like the continuous emergence of new 
structures. During the development of any living system, spe
cialized structures and organs arise in the space of the organ
ism, giving it a specific form. The higher the structural organi
zation of a living system, the higher the level of labor division 
among its parts, the more effectively it uses free energy, and 
the more sensitive it is to stimuli coming from its environment. 
What are the specific differences between the morphogenesis 
of living systems that takes place during its development, and 
the shaping that takes place during the growth of lifeless struc
tures, for example, crystals? 

Morphogenesis (development of shape) occurring in the 
embryo is primarily the result of individual cell movements 
and the change of their shape during differentiation, rather 
than the result of a multiplication of cells. The latter process is 
mostly responsible for the supply of new "building blocks" for 
the overall design. At the end of the 1 9th century, the promi
nent German embryologist Hans Driesch (1867-1941) proved 
on the basis of substantial experiments that all cellular reorga
nizations taking place during embryogenesis are determined 
primarily by particular cells' location in the space of a devel
oping embryo taken as a whole, rather than by specific prop
erties of these particular cells. He formulated one of the major 
laws of embryology: "The fate of a part of an embryo is the 
function of its location in the whole." It followed from this law 
that the properties of an integrated system are not just the 
combination or the sum of the properties of its parts. Driesch, 
however, limited further investigation of the nature of this law 
by ascertaining that an integral developing system possesses 
the special property which he named "Entelechia"—aspira
tion to development.37 Such a formulation looks like a tautol
ogy, and appears fruitless for further scientific research. Dri-
esch's theoretical concepts were mostly rejected by the 
scientific community. 

A.G. Gurwitsch was one of a few who recognized Driesch's 
law as an extremely fruitful principle, helping to approach an 
understanding of morphogenesis and of other major vital man
ifestations from a uniform posit ion.38 , 3 9 If the behavior of a 
given cell in an embryo depends upon its location in the 
whole, then one may consider the whole complex of cells 
forming an embryo as a certain geometrical space. Specific co
ordinate values relative to certain chosen axes may be as
cribed to different points inside it. One and the same factor af-
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Figure 1 
INFLUENCE OF ORIENTATION OF MITOTIC 

FIGURES ON THEIR MORPHOLOGY 
During mitosis, the duplicated chromosomes must sep
arate, and move away from each other into the area that 
will become the nucleus of the new daughter cells. Gur
witsch predicted that the vector of the biological field 
will be strongest along the axis of motion of the chro
mosomes, and that this field vector will extend beyond 
the border of the individual cell. In the case of two ma
ternal microsporocytes (Larch), one of the daughter cells 
in telophase (left) is intersected by the vector of the long 
axis of the other cell in early anaphase, creating a dis
placement of the orientation of the mitotic figure. 

Source: E. Puchalskaya 1947. "Morphological Alteration of Mitotic Figures Result
ing in Their Interaction-An Attempt to Analyze Mitosis in Light of the Field Theory," 
in A.G. Gurwitsch, ed, Collection of Works on Mltogenesis and the Theory of the 
Biological Field (Moscow: USSR Academy of Medical Sciences Publishing House). 

fects all the cells belonging to this space, but its parameters 
vary from one point to another. Gurwitsch put forward a hy
pothesis, according to which individual living cells produce el
ementary cellular fields, and a cellular field projects beyond 
the structural boundary of a cell. Individual cellular fields thus 
are able to interact, and as a result of their interaction, a syn
thetic field of a cellular complex is formed. This field is not just 
a superposition of individual cellular fields as far as it affects 
the properties of the latter; however, it reflects some specific 
properties of individual fields that give birth to it. 

The major property of a cellular f ield is anisotropy. That 
means that its form is far from being simple, and that it is a 
vectorial f ield. Consequently, a synthetic field of a cellular 
complex is anisotropic, and the behavior of an individual cell 
in the collective wil l depend upon its coordinates in the space 
of the synthetic f ield. Another major property of a cellular 
field is its continuity in space and time. There are no l iving 
systems without a field; the cellular field divides as soon as a 
cell divides. 

Based on data from cytology (microscopic examination of 
cells) and genetics, Gurwitsch assumed that chromatin, the 
DNA-protein complex specific for each particular organism, is 
the primary source of the cellular field. The major part of chro-

Figure 2 
INFLUENCE OF ARRANGEMENT OF MITOTIC 
FIGURES ON THEIR MORPHOLOGY (ONION) 

This tissut section of an onion shows the vectorial na
ture of tht biological field in cell-to-cell interactions. 
The long i xis of the prophase cell intersects one group 
of chrome somes in the adjacent anaphase cell, causing 
distortion I). The long axis of the two adjacent prophase 
cells do n< >t intersect the adjacent telophase cell, which 
remains symmetrical (II). 
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matin forms ciromosomes, bearing the hereditary inclinations 
of an organis n. Specificity of individual chromosome struc
tures, determi les specificity of the form of the field created by 
them. Since c iromosomes are the most conservative structures 
of cells, anise tropy of the cellular fields of all the cells consti
tuting the given organism is the same. Therefore the peculiari
ties of morphogenesis, of the hereditary peculiarities of any 
given living s 'stem, are reproduced in future generations. Any 
cellular field s both highly conservative and at the same time 
extremely dyr amic: It creates in a cell the non-equilibrium dy
namic moleci ilar order and maintains it. The intensity of a cel
lular field de lends on the intensity of cellular metabolism, a 
highly dynan ic process, and in a feedback manner regulates 
the latter. The "efore, the intensity of a cellular field and, hence, 
of a synthetic field of a cellular complex fluctuates continu
ously. The ov srall form of a synthetic field is also far from be
ing immutabh: it varies with the multiplication of cells, their 
elimination, ; nd their movements within the space of the syn
thetic field. C ?rtainly, external factors can induce stable varia
tions of deve opmental patterns (mutations), as soon as they 
are able to re: onate with the synthetic field. 

Impulses produced by a fluctuating field may excite ele
ments sensitive to it and initiate branched chain processes in 
the sphere of ts action. Excited molecules may form temporary 
associations, 'constellations," in which they behave coopera
tively, being n a resonance with each other. They spend the 
energy of ex< itation and free energy generated in branched 
chain process es for the performance of chemical, mechanical, 
or other form; of work; and they disassemble as soon as their 
energy is exh lusted. The stable non-equilibrium (excited) state 
of molecular :onstellations provides an extremely high rate at 
which reacti 5ns in a l iving organism occur, in comparison 



Gurwitsch's Famous 
'Onion Experiment' 

The cells at the root tip 
of a growing on ion d i 
v ide qu ick ly . Dur ing 
growth, the circular 
cross-section, character
istic of the whole root, is 
maintained. Although in
d iv idual cel l divisions 
appear to occur in an un
ordered, even random 
distribution, the number 
of divisions in all direc
tions from the axis must nevertheless be approximately 
equal. The root would otherwise not have a cylindrical 
form. 

Gurwitsch supposed that at least some of the cells 
must be emitting light that regulated the rate of division 
of the other cells; he proved it by means of the experi
mental set-up shown here. The roots (W) of two onions 
(Z) were positioned perpendicularly, so that the tip of 
one root pointed to one side of the other root. He then 
examined under the microscope the second root, at the 
site facing the tip of the first root. He was able to estab
lish a statistically significant increase in cell divisions 
there, compared to the opposite, "unirradiated" side. 

This effect disappeared when he placed a thin piece 
of w indow glass between the two roots, and it reap
peared when he replaced the window glass with quartz 
glass! That meant that ordinary glass is opaque for mito
genetic radiat ion, whi le quartz glass is translucent. 
Hence electromagnetic radiation must be operative, and 
ultraviolet light in particular, since it passes through 
quartz, but is stopped by window glass. 

Source: A.G. Gurwitsch, Das Problem der Zellleilung (The Problem of Cell Divi
sion), 1926 

with the same reactions' rate in vitro. A strict orderliness of re
actions, affording an almost 100 percent yield of each reac
t ion, is provided by a directing action of a field external to 
molecular "constellations," and induced by it. Each "constella
t ion" is in continuous motion, contributing to the dynamic 
evolution of cellular and synthetic fields. Thus, all levels of or
ganization of a l iving organism, starting with the molecular 
one, are sufficiently correlated. 

The biological field concept allows one to discover the ori
gin of the unique character of regulation in living systems. The 
behavior of a cell, being part of a certain cellular complex, 
certainly depends on the immediate state of the synthetic 
f ield. However, each cell is the source of its own f ield, and 
thus it is an autonomous system to a certain degree. There
fore, the general behavior of the cell is defined by the dy
namic interaction between the synthetic field and its own cel
lular field. Such interaction should ensure harmony between 
the interests of the whole organism and its parts. If, for any 
reason, the behavior of a group of cells is determined by the 
"super authority" (the synthetic field) too rigidly, the cells' re
sources can be exhausted, resulting in el imination of these 
cells. Hence, cells should possess a certain degree of freedom 
not so much from the obligations of the organism, but for self-
preservation of its parts. However, if cells isolate themselves 
too deeply from signals sent by the synthetic field, informing 
of the needs of the whole, if they permanently support only 
their selfish requirements, another dramatic consequence fol
lows: Cells that take too much freedom, extreme individual
ists, turn malignant and inevitably perish—unfortunately, to
gether with the whole organism. 

The basic experimental fact favoring the existence of a high 
non-equilibrium of living systems and, consequently, of the ex
istence of a f ield intrinsic to them, is the mitogenetic-laser 
electromagnetic radiation discovered by Gurwitsch. However, 
Gurwitsch never considered that a biological field could be re
duced to some particular known physical f ield. He assumed 
that the biological field can be registered as an electromag
netic one and also as acoustic, thermal, chemical, mechanical, 
and so forth. The biological field may assume the aspect of that 
particular physical field, manifestations of which are studied 
by a researcher at a given moment. 

Many consequences of the theory of a biological field have 
proved to be true experimentally. For example, Gurwitsch as
sumes that the cellular field extends beyond the structural bor
ders of a given cell. This assumption serves as the precondi
tion of the occurrence of a synthetic field of a cellular system. 
However, it also follows from this assumption that the syn
thetic field should expand beyond the structural borders of a 
cellular system, providing an opportunity for non-substantial 
interaction of kindred cellular systems. Several investigations 
have demonstrated that this assumption is supported by ex
perimental data. If one excludes the opportunity of chemical 
interaction between two cellular populations, but leaves a 
physical channel of communication between them (for exam
ple, an optical one), excitation of one of the "partners" is ac
companied by physiological changes in another.40, 4 2 How
ever, in most such experiments, it was demonstrated only that 
one population of cells is able to influence another by other 
than chemical means. Recently, we presented evidence that 
two samples of white blood cells,43 or two samples of whole 
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NASA 

"The emergence of mankind is a new leap in the integral 
process of our planet's development. With mankind, emerges 
a new form of energy, the energy of human culture, provided 
by the development of human reason. During the last millen
nia, precisely this form of energy steadily became the major 
geological force." 

blood,4 4 which were in optical, but not in chemical contact 
with each other, can really communicate. When phagocytosis 
(engulfing of external material) was induced in one of the 
samples, it affected properties of the other; and the latter, in its 
turn, influenced the character of the process taking place in 
the first one. Such interaction is strong evidence for the exis
tence of individual fields intrinsic to both populations that are 
able to unite in a common (synthetic) field under certain cir
cumstances. 

Individual Development and External Environment 
Bauer's principles and Curwitsch's theory of the biological 

field complement and enrich each other. The former provides 
a basis for understanding the bioenergetics of developing liv
ing systems. The latter gives an idea of the organizing principle 
of the process of development. Stable non-equilibrium of a liv
ing cell gives birth to a cellular field. The latter, in its turn, co
ordinates structured processes occurring in its sphere of action. 
It is a source for the emergence of new forms, or put another 
way, of arousal of new structured processes, and of promoting 
the enhancement of steady non-equilibrium of a living system. 
It should be stressed that a synthetic field cannot arise without 
the interaction of at least two cellular fields. So, a single iso
lated cell possesses only a singular field, and only after its divi
sion does a synthetic field emerge. 

However, as it has been mentioned, in order to divide, a 
cell has to receive an adequate impulse from the outside. This 
impulse interferes with its state of steady non-equilibrium, and 
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initiates its division and the emergence of the synthetic field. 
On ly after t l is event does the process of development of 
daughter cell start. It follows from the theory of the biological 
field that self organizing processes in a developing system are 
driven for a • :ertain period of time by the impulses coming 
' rom the syn hetic field of this system. However, sooner or 
later, the sys:em wi l l be hampered in its development, be
cause it w i l l need to obtain a new portion of matter/energy 
from its envi onment. In order to perform external work, it 
needs to be sEmulated again from the outside. Thus, any liv
ing system requires, for its harmonic development, fulfillment 
of at least twa external conditions: first, availability of mat
ter/energy resources in its environment sufficient to supply its 
constant pro ;ress in accumulation of structured free energy 
and, second, rhythmic inputs of adequate stimuli from the en
vironment. The latter, on the one hand, breaks the stable non-
equil ibrium (if the system, and on the other hand, stimulates 
external work performance by it. In an ideal case, the fre
quency of irr tations (stimuli) should be coordinated with the 
internal rhytr m of the system: If an impulse comes when the 
internal reso jrces are still sufficient for the succession of a 
certain stage of development, it can break the normal course 
of its develof ment, or even halt it. In order to initiate the fol
lowing stage of development successfully, an impulse should 
come at that moment when the current stage has reached its 
climax. 

Evolution of the Biosphere 
In the prev ous discussion, we considered mostly a multicel

lular organisr 1 as an example of a living system. Bauer's princi
ples and the heory of a biological field are most applicable to 
that stage of in organism's life cycle that is finished by reach
ing the reprc ductive stage of development. However, if one 
views the ev )lution of living nature as the development of a 
certain living system, it should obey the same regulations. All 
essential "par ts" of the biosphere—biological species, families, 
orders—may be considered as lines of reproduction and multi
plication of individuals, analogous to cellular multiplication 
during the d< velopment of a multicellular organism. Natural 
history is full Df the emergence and disappearance of particular 
species in its course. However, there is no evidence for the 
complete dis appearance of any highest order (kingdom) that 
ever emerged in the process of evolution. In fact, the overall 
process of ev olution is characterized by the successive emer
gence of nev' kingdoms, new genera in these kingdoms, and 
new species n these genera. 

Is there ar y objective evidence that the evolution of the 
biosphere as a whole goes in the direction of an increase of 
the stock of ts (the biosphere's) free (structural) energy that 
provides its r on-equilibrium stability? If this is the case, and if 
The Principle of External Work Increase As the Historical 
Trend works one should find such species among forms that 
appear later n natural history, and that are "younger." These 
representati'es should perform more external work during 
their individi lal life cycle than representatives of any species 
belonging to the kingdoms that emerged earlier. Both external 
and internal /vork performance need energy consumption, so 
different spe< ies may be compared from this point of view. In 
fact, accordi lg to physiological data, energy consumption in 
relation to "I ving" mass during the life-cycle period increases 



Courtesy of Vladimir Voeikov 

Alexander Leonidovich Chizhevsky (1897-1964), the founder 
of heliobiology, studied the effects of dynamic solar activity 
upon the biosphere, human health, behavior and activities. 
He also discovered the vital effects of negative ions in the air 
for all animals. He was a close friend and follower of Konstan-
tin Tsiolkovsky, the first man who suggested the use of reac
tive engines for space flight. 

Along with many outstanding Russian scientists, 
Chizhevsky was arrested by the NKVD and spent more than 
10 years in the Soviet prison system known as the Gulag Arch
ipelago. Even there, he found opportunities to perform scien
tific research, and studied the behavior of moving blood and 
the peculiarities of the erythrocyte sedimentation reaction, 
which has remained an enigma until now. In this field he 
made several important discoveries, which are very important 
for diagnostics, and which remain mostly unknown to Russian 
and foreign scientists and medical doctors. 

several-thousand-fold in the sequence starting with primitive 
Coelenterates and ending with Primates.45, 4 6 It is notable that 
for Homo sapiens, this parameter is at least one order of mag
nitude higher than for Primates. That means that Homo is 
drastically different from his allegedly closest "relatives," even 
in his physiology. 

Bauer never applied his principles to the social sphere and 
limited himself mainly to considering the manifestations of 
living systems at the molecular, cellular, and cellular systems 
levels. Vladimir Vernadsky, who came to the same conclu
sions in respect to the biosphere as a whole, and who coined 
the term "biogeochemical energy" with respect to free energy 
of the biosphere, proceeded much further. He considered hu
man history in the light of general principles governing the de
velopment of living systems and regarded it as a lawful pro
gression of natural history.47 The emergence of mankind is a 

new leap in the integral process of our planet's development. 
With mankind, emerges a new form of energy, the energy of 
human culture, provided by the development of human rea
son. During the last mil lennia, precisely this form of energy 
steadily became the major geological force. As the history of 
mankind progresses, its total energy consumption and trans
formation of external energy into free, "structural" energy, 
used for all kinds of work performance, undoubtedly in
creases. According to statistical data, both the total volume of 
energy powered by humanity, and of energy consumed per 
capita, grows from the end of the 18th century until recently 
in geometrical progression48 (it is quite another question how 
these resources have been and are distributed among people 
and their communities). 

Thus, Bauer's principles are quite justified by consideration 
of the evolution of the biosphere and even of mankind, as the 
process of development of an interlinked living system. Still, 
these principles are necessary but not sufficient for the con
struction of a more complete concept of the development of a 
living system. First, a "field factor" ensuring its integrity in time 
and space is necessary. Second, the development of any living 
system is a discontinuous process, consisting of separate stages. 
As was pointed out above, the previous stages do not automat
ically transit into the next, and an external impulse is needed 
to initiate a new stage of development. 

The existence of such a global stimulus was discovered by 
the outstanding Russian scientist Alexander Chizhevsky in 
1924. He found a strong dependence of behavior of organized 
human masses on factors stemming from space. In particular, 
he discovered a high correlation between the 11-year period 
of solar activity and important historical events.49 Later he pro
vided the evidence for correlation between cosmic rhythms 
and the most diverse phenomena in the biosphere: agricultural 
productivity, great epidemics, and the physical and mental 
state of great groups of people.50 There are no indications that 
Chizhevsky was familiar with Bauer's and Gurwitsch's works. 
Nevertheless, in an effort to explain how very small changes of 
solar radiation flux or of geomagnetic field could have such 
profound effects, he came to ideas of non-equilibrium of living 
systems and the essential role of branched-chain processes in 
their functioning. He actually came to the understanding that 
all these phenomena represent particular manifestations of the 
reaction of the whole system, the biosphere, composed of, and 
uniting together, l iving systems at all levels of organization. 
Thus, an approach to the phenomenon of life as processes 
with a direction, taking place in bodies with special properties, 
and with different characteristics from lifeless systems, is not 
just a declaration. 

The specificity of life has nothing to do wi th the power-
lessness of scientific methods to comprehend its essential 
properties. An approach to living systems as non-equilibrium 
field-matter entities, possessing an inherited stock of free en
ergy and using it to enhance their non-equi l ibr ium state, 
does not reject—to the contrary, it includes—all knowledge 
of the manifestations of life already gained by science. Such 
an approach does not reject the idea that the part icular 
processes in living nature proceed according to the known 
laws of classical physics, quantum mechanics, thermody
namics, and organic and inorganic chemistry. However, the 
specificity of life cannot be reduced to these laws alone, as it 
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cannot be derived from them. The ideas of Bauer, Gurwitsch, 

Vernadsky, and Chizhevsky were decades ahead of their 

t ime, because they could not fit into the Newtonian-Carte

sian world view that has dominated the natural sciences for 

centuries. 

Today, a new world view is emerging. Post-quantum physics 

is ready to accept the biocentric, if not the consciousness-cen

tric, perception of nature. More and more representatives of 

the scientific community acknowledge that research based 

only on imitations, or on the study of lifeless nature or dying 

fragments of living systems, wi l l not help to achieve a decisive 

breakthrough in understanding the laws of life. The t ime is 

coming when biology wi l l give a tremendous new impetus to 

the metamorphosis and accelerated development of physics 

and chemistry. 

The complementation, coherence, and coevolution of nat

ural sciences now emerging raises hope that a human being, 

as a learning subject, creating and building any form of sci

ence, wi l l come to understand that the world he belongs to is 

neither a set of separate parts and phenomena, nor a tragi

cally breaking off, degenerating whole. Comprehension of 

the primacy of the phenomenon of life wi l l allow him to dis

t inguish a steady vector of development heading towards 

ever greater coherence of the Universe, amid the tremendous 

complexity of natural bodies and processes. If such a realiza

tion comes about, it wi l l give a human being a new chance 

to feel that he personally is an inseparable part—and at the 

same time, the most unique part—of this continually emerg

ing Universe, and that without his cooperation its develop

ment wi l l be retarded. 

Dr. Vladimir Voeikov is Associate Professor and Vice Chair

man of the Department of Bioorganic Chemistry, Faculty of 

Biology, at M.V. Lomonosov Moscow State University in 

Moscow, Russia. 
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A VIEW FROM SPACE 

The Discovery of 
Nonlinear Waves 

In the Ocean's 
Near-Surface Layer 

by Robert E. Stevenson, Ph.D. 

Solitons, suloys, and spiral eddies are the turbulent phenomena that make 
up the near-surface layer of the ocean—defying linear computer models that 

describe ocean and climate dynamics. America's pioneer space 
oceanographer reports on how they were discovered from space. 

A s oceanographers gathered in Acapulco, Mexico, in 
September 1988, for the sixth Joint Oceanographic As
sembly, they did so with eager anticipation of the po

tentially exciting new research to be reported. Most of the sci
entists remembered the tremendous gains in knowledge since 
the first Assembly in 1 959: The discovery of plate tectonics, 
the determinat ion that eddies were the major part of the 
ocean's kinetic energy, and the huge advances in our under
standing of the fluxes of gases, fluids, and energy throughout 
the ocean-atmosphere system. 

By the late 1 980s, the impact of space-borne technology 
and computer Global Circulation Models seemed to promise 
leaps of comprehension that could unravel the details of inter
actions between regional weather and wor ldwide cl imate 
change. Those who had developed the Global Circulation 
Models, had, it seemed, become the "c rown princes" of 
oceanography. All were eager to experience their progress. 

At all the Joint Oceanographic Assemblies, the organizing 
committees invited outstanding scientists in the pertinent fields 
of oceanography to present an evaluation, at the end of the 
meeting, of the growth and status of the field of their respective 
specialty. At Acapulco, the program in physical oceanography 
was produced by the International Association for the Physical 

Sciences of the Oceans, of which I was the Secretary-General. 
We had chosen Dr. Konstantin N. Fedorov, Director of Space 
Oceanography for the Soviet Academy of Sciences, as the 
evaluator of our program. 

Fedorov was the leading physical oceanographer in the So
viet Union at that time, not only competent in space oceanog
raphy, but well versed and experienced in all aspects of the 
physical ocean. He and his wife, Dr. Anna Ginsberg, outstand
ing in her own right, had just published a major book, The 
Near-Surface Layer of the Ocean. The book was in Russian, 
yet to be translated, so had there been no participation by Fe
dorov in the Assembly, the fundamental oceanographic con
cepts they presented wou ld not have been real ized. The 
boundaries and dynamics of the near-surface layer of the 
ocean, as defined by Fedorov, staggered the physical oceanog
raphers—and sent the computer modellers home, questioning 
the veracity of years of work. 

The two Soviet oceanographers had shown that the near-
surface layer was not controlled by the underlying ocean! It 
was not, therefore, subjected to geostrophic movements; that 
is, to the dynamic flow of the major ocean currents. Recogniz
ing that it is through the near-surface layer that all heat, salts, 
gases, moisture, and momentum are exchanged with the atmo-
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Sea-surface expressions of solitons, spreading eastward through the Alboran Sea. 
Taken Oct. 4, 1984, from the Shuttle Challenger at 150 nautical miles altitude. 
Three distinct sets of solitons were clearly visible, representing the waves d ivel-
oped Oct. 4, 3, and 2. Color photos appear on inside back cover. 

The author (left) and Dr. Konstantin N. Fedorov, director, Space Oceanogr jphy 
Division, USSR Academy of Sciences, at the Joint Oceanographic Assembly, in 
Acapulco, Sept. 1988. 

sphere, it became apparent that no General Circulation Model 
could address any climate or weather changes without includ
ing and defining these near-surface layer processes. 

As they wrote: 

. . . [I]t is a thin layer, ranging to depths of from several 
meters to one or several tens of meters, adjoining the free 
surface of the ocean directly from below and including 
this surface, the thermal boundary layer, the diurnal 
[daily] thermocline, and all the stratifications that arise 
because of higher frequency processes and non-periodic 
atmospherics effects. The near-surface layer absorbs solar 
radiation directly and reacts to heating, cooling, 
evaporation, and freshening caused by local conditions of 
the atmosphere as well as to near-surface water exchange 
from neighboring areas. 

Now, most of these dynamic activities were known, to all 
oceanograpl ers and meteorolgists versed in the physics and 
chemistry of the ocean. The kicker, however, is that through 
this layer flo' v, in and out, all of the factors that are addressed 
in ocean, we ither, and climate models. And, this layer "floats" 
around the t )p of the ocean, independent of the f low of the 
known, ma or ocean currents—those things that we can 
model! Holy Cow, was our response. 

Thus, any model that addresses the long- and short-range 
ocean, weatner, and climate trends, or variabil i ty, must in
clude any rmdifications in the near-surface layer, especially, 
the extent, periodicity, cyclicity of the changes; or, at least, 
these variabl ;s must be anticipated. There is little question but 
that solitons internal waves, wind waves, suloys, and spiral 
eddies (Stevenson 1998) are direct, physical, enormously inter
active modejators of the near-surface ocean. 



Sea-surface expressions of solitons in the 
Andaman Sea, observed and pho
tographed by Vance Brand, July 23, 
1975, from the Apollo spacecraft, after 
undocking from the USSR's Soyuz. The 
southern Andaman Islands are in the 
foreground; the Burma shore is at the top. 
Inset: Astronaut Vance Brand coming 
from Soyuz, into the Apollo spacecraft 
through the docking tunnel. 

The Waves—Nonlinear and Otherwise 
From space, the oceanographer has the advantage of evaluat

ing and determining the area of distribution of the upper-ocean 
processes at scales and repetition rates not possible from any 
other platform. The benefits from this capability are enormous, 
for there is no other way to examine, with any satisfaction, tur
bulent motion at scales of from one to a few hundred kilome
ters.1 Spiral eddies, and the suloys and solitons discussed here, 
were not known—or even suspected—until observations and 
photographs in space were possible.2 This capability must be 
weighed with the quantitative precision of the data required for 
the ocean processes under study. 

The ocean's surface also, of course, may be observed from 
ships and aircraft. As from space, data can be gathered in re
sponse to the sea's own visible, infrared, or radio-wave radia
tion. In each radio wavelength, intriguing and useful measure
ments have been made from all three platforms, and from land 
stations as wel l . In every instance, when remote sensing has 
been coupled wi th in situ, simultaneous "convent iona l " 
oceanographic measurements, the two sets of data have been 
remarkably comparable. 

Solitons: Discovered in 1975 
The first information that solitons exist in the ocean came 

from a 35-mm photograph taken alert ly by Vance Brand 
from the Apol lo capsule, in July 1 975, after the American 

ASTP (Apollo-Soyuz Test Project) crew had undocked from 
Soyuz: 

As we orbited west of the Andaman Sea, the Sun was 
just right to give a good glint from the ocean surface. I 
saw what looked like huge internal waves and clicked off 
three shots with the 35-mm camera. We were all out of 
70-mm film by then. 

An important part of Earth observations during ASTP was 
of internal waves. In every one of the several pre-flight brief
ings, the significance of learning their distribution through
out the ocean had been stressed. As a result, in the last day 
of the mission, and even though all of the 70-mm Hasselblad 
f i lm had long since been exposed, Vance was still looking 
for internal waves, and prepared wi th the 35-mm Nikon . 
From this observation and photography by Vance, oceanog-
raphers were to learn that internal soliton waves existed in 
the ocean. 

When the ASTP photograph (above) came to the attention of 
Dr. A.R. Osborne at the Exxon Research Laboratory, Houston, 
it gave him the clue he needed to explain measurements made 
from Exxon exploratory drilling platforms in the Andaman Sea. 
In his classic paper, he explained the waves as "travelling" in
ternal solitons with propagation rates around 2.2 m/sec and 
amplitudes of 60 m. The surface expressions caught in the 
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A view to the 
southeast, 
across the 
Sulu Sea, from 
the Shuttle 
Endeavor, 
Dec. 10, 
1993, with 
Palawan 
Island in the 
foreground. 
Two sets of 
solitons were 
seen, 
extending 
northeast-
southwest, 
having been 
generated in 
the wide, 
island-choked 
pass between 
Zamboanga 
and North 
Borneo. 

Solitons refracting around unnamed seamount in the northern Andaman Sea imaged from the synthetic aperture radar aboard 
the Columbia, at 140 nautical miles, on Nov. 13, 1981. The white dots at thi base of the image represent one second of time, 
about 5 nautical miles Earth-surface distance. 
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photograph matched Osborne's observations of long (150 km) 
bands of short, breaking waves (600 to 1,200 m wide) at the 
front edge of the soliton crests, 15 km apart, travelling across 
the sea surface at the soliton's speed. 

That Osborne would make the satisfactory determination 
that the Andaman Sea internal waves were solitons provides us 
with an interesting example of the ways of science. 

A few years later in the Sulu and Celebes seas, a team led by 
Dr. John Apel of Johns Hopkins University, studied solitons us
ing visible-range satellite imagery and simultaneously they col
lected data from research vessels. It was clear that solitons 
were not indigenous to the Andaman Sea, but appeared in any 
enclosed sea where narrow entrances permitted their genera
tion (see photo, p. 37, top). 

Back to the Andaman Sea 
From the synthetic aperture radar (Shuttle Imaging Radar— 

SIR-A) flown in 1981 on STS-2, images of solitons were again 
acquired in the Andaman Sea, in this case, with Col. Joe Engle 
and Capt. Dick Truly f ly ing the Columbia. The huge, sub
surface waves were refracting around a submerged mountain 
peak whose top rose only to within 600 meters of the sea sur
face (see photo, p. 37). It was clear that the solitons were trav
ell ing in the same northerly direction as those observed by 
Vance Brand in 1975, but at this time, November 1981, they 
were wrapping around the seamount at a depth of nearly 
1,500 meters! 

The SIR-A image of the Andaman-Sea solitons was good evi
dence that these huge, nonlinear waves are routinely travelling 
through those waters off "Burma 'cross the sea." They surely 
were not generated only at times when a U.S. manned space
craft orbits overhead. We reasoned that if soliton generation is 
a continuous process there, then it seemed likely that they 
could be constant features in other confined seas wi th re
stricted entrances. 

And then, to Gibraltar: So it was that a major experiment 
was planned for Shuttle mission 41-G, September-October 
1 984, during which Dr. Paul Scully-Power would fly as the 

Dr. Paul Scully-Power (right) with Marc Carneau, Canadian 
payload specialist, training for the 41C mission of the Shuttle 
Challenger, Sept.-Oct. 1984. 

A Gallery of 
Upper Ocean Waves 

O bservable Waves. The entire spectrum of waves 
occurr ing in the upper ocean is observable from 

space. From capillaries, to internal waves with lengths of 
kilometers, these waves modify the surface texture in recog
nizable patterns. The open-ocean tide wave is not observ
able, although the ability to follow it around the globe, and 
through the ocean basins, seems a possibility, should any
one care to do it, from data gathered routinely from an orbit
ing radar altimeter. There are, though, manifestations of tidal 
action that permit continuous analyses from space observa
tions; especially where the daily tidal surge through straits, 
into embayments and gulfs, and across enclosed seas pro
duce either internal waves or turbulent current shears. 

The reaction of waves to coasts, both insular and conti
nental, result in readily visible patterns. Refracted and re
flected waves, and island bow and wake waves, not only 
are observable, but their reaction with currents at a range of 
velocities is measurable. Even the intriguing, but short-lived 
waves from ships produce surface features that respond to 
remote sensing in all three of the primary bands of the elec
tromagnetic spectrum. 

The only wave of any significance that escapes observa
tion from any platform, including ships at sea, is the tsunami, 
popularly known as a tidal wave. Tsunamis originate from 
(1) submarine earthquakes where there is a major vertical 
displacement of the sea floor, (2) substantial submarine vol
canic eruptions, (3) eruptions of volcanic islands in which a 
large part of the explosion is below the sea surface, or (4) 
sudden landslides of the upper-ocean sea floor, especially in 
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Winds blow ng at greater than 1 m/sec begin to form grav
ity waves. Th< characteristics of gravity waves are deter
mined by the i ' length, amplitude, and the depth of water 
through whicr they are moving. In depths greater than half 
the wavelengtl, individual water particles rotate in basically 
circular orbits, hardly mixing or moving forward in the direc
tion the wave i ; progressing, with the orbits decreasing expo
nentially with iepth. The maximum height attained by wind 
waves depenc s on the w ind speed, the amount of t ime it 
continues to b ow, and the distance of ocean over which it 
blows (called t ie fetch). Basically, at any given wind speed, it 
is the length of time and the fetch that determine the height of 
the resulting wives. 

As wind wa/es grow under the attack of the w ind , their 
distribution is landom; the winds are never constant in either 
direction or sp;ed. Therefore, any description of them is sta
tistical, giving i range of wave spectra, heights, frequencies, 
and directions of propagation. The speed of propagation of 
wind waves is close to the average of the wind that prevails 
at the time. In a typical range of winds, say 10 to 30 m/sec, 
wavelengths n nge from 60 to 600 m, wave periods from 5 to 
20 sec, and he ghts from 2 to 20 m. 

Waves wi th greater heights and lengths than those have 
been experien :ed (even recorded in a few cases) during hur
ricanes in which winds blow around 50 m/sec. Although it is 
not an easy m ^asurement, reliable data indicate waves can 
form up to a hi 'ight of 40 m with lengths approaching 1,000+ 
m. Such wave are restricted to those violent storms, though, 
and to the 40c latitudes (the Roaring Forties) of the southern 
ocean. For the most, part, waves rarely exceed 12 m in the 
Atlantic Ocear and 15 m in the North Pacific. 

Whitecaps. Observations of whitecaps atop wind waves 
are readily m^de by astronauts, but only resolved by excel
lent photography. No sensing systems other than the "eye
ball" and cameras, preferably with focal lengths longer than 
250 mm, have the necessary resolution. 

The distribu ion of whitecapped seas is but poorly known, 
from space, o • any other kind of observations. This lack is 
probably becc use of the conditions under which whitecaps 
are formed. Tl e whitecaps have to be fairly large to be seen 
from low-Eart i orbit. In general, that means a wind speed 
greater than 1 5 m/sec (Beaufort Force 7), to produce "foam 
from the breal ing crests blown in streaks along the direction 
of the wind." 'et, under such wind conditions, all the spray, 
foam, and aeiosols thrown into the marine air reduces the 
visibility, no r latter what the observing direction many be. 
Furthermore, \ rinds of such speeds are usually born of a good 
cyclonic stom with an extensive cloud cover. 

The best ch ince of observing a foamy, whitecapped sea is 
behind a cold front, when the wind speeds remain high and 
the overlying itmosphere is clear and dry (See photo, p. 43, 
top left.) Or, ft am katabatic, down-slope winds blowing from 
the Alps throu ^h the elongated seas of the northern Mediter
ranean. Wher ever astronauts observe whitecaps, they are at 
first surprised :hat the ocean surface appears "indistinct," as 
though the sp; cecraft window has become hazy. Almost im
mediately, he wever, they realize that any nearby coastal 
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Destructive surf, late in the 
sequence, during the tsun
ami, April 7, 1946, break
ing through 100-foot palms 
on Coconut Island, Hilo, 
Hawaii. 

embayments or small con-
: fined basins. Their lengths 
; are as long as 1,500 miles, 

their heights are from the sea 
floor to the surface, and their 
speeds are hundreds of 
miles per hour. The crest 

[ widths are so wide (upwards 
of 50 miles) that they are lost 

• from view in the open ocean 
among all of the w ind -

• waves and ocean swell. 
i The impact of these huge 

waves can be dramatic on 
I coasts exposed to their full 
: force. The stories of the de

struction by the tsunami cre
ated when Krakatoa erupted 

! in 1887 among the islands 
! of Indonesia have become 

legendary. There were also 
excellent data and informa

tion obtained during and after the 1946 tsunami that struck 
the Hawaiian Islands. At that t ime, the late Dr. Francis P. 
Shepard joined Army Engineers, Navy personnel, and geolo
gists from the University of Hawaii (Doak Cox and Gordon 
MacDonald) to help in the most extensive examination ever 
conducted on the destructive effects of a tsunami on a coast 
or island (see photo above and p. 38). 

Obviously , the occurrence of tsunamis in the Pacific 
Ocean is of keen interest to the population both on the is
lands and the continental shores. Research, warning systems, 
and evacuation plans were initiated after the 1946 disaster. 

The Wind-Derived Wavy Surface 
Winds blowing across the sea form waves on the surface. 

Both gravity and surface tension act simultaneously, so that 
the length of the wave being formed by wind action is deter
mined by wh ich dominates at any given t ime. Capi l lary 
waves, or ripples, wi th lengths of 0.4 cm, or less, are basi
cally controlled by surface tension, gravity being totally in
significant. But in the case of waves with lengths greater than 
10 cm, gravity is the dominant factor and, for that reason, 
they are called "gravity waves." 

At wind speeds of less than 1 meter/sec, capillary waves 
form on an otherwise calm surface. They arise quickly in re
sponse to w ind gusts, forming "cats paws" on the surface. 
They disappear just as quickly as the little gusts pass by, mol
ecular viscosity taking over to smooth the water's surface. 
Gusty conditions usually lead to a surface that has both grav
ity waves and ripples scattered widely across their surfaces. 



first oceanographer in space (see photo, p. 38, bottom). The 
Strait of Gibraltar was the site. 

The oceanography of internal waves, formed on a density-
boundary at 1 25 meters, moving through the Strait into the 
Alboran Sea had been known since the cruises by Albert De-
fant aboard the Meteor in the 1930s. There had been no con
sideration that the Gibraltar internal waves were solitons. Af
ter all, they were unknown in the sea—then. 

But even if not, the orbits for the mission and the Sun angles 
during the times when the Shuttle would cross over the Strait 
gave the opportunity to observe the internal waves in detail 
never before possible. Oceanographers from the Navy Re
search and Development Activity (NORDA), Bay St. Louis, 
Mississippi, had a continuing research effort on the effects of 
the Atlantic in f low through the Strait on the Alboran Sea. 
Those scientists would provide excellent support for the obser
vations from space. 

Viewing conditions from the flight deck of the Shuttle Chal
lenger were perfect throughout the entire 41-G mission. So, 
too, was the weather over the waters of the strait for the flights 
of the helicopter from Gibraltar and the U.S. Navy long-ranged 
patrol aircraft flying out of Rota, Spain. As recorded in an in
flight, taped report by Paul Scully-Power during the Shuttle 
mission, 41-G: 

On three different days, the Sun's glitter was just right 
for us to observe, and photograph, solitons punching 
through the Strait of Gibraltar—they continued to spread 

Eddies in the eastern Alboran Sea, seen from the flight deck of the Shuttle Endeavor, 
May 23, 1996, at 155 nautical miles. 

into the Alboran Sea. From one orbit over the eastern 
end of the Alboran, it appeared as if they go all the way 
to the western Mediterranean. 

The photography (see p. 35) showed his observations to be 
correct: The internal solitons extended through the Alboran 
Sea, representing three to four days of tidal forcing through the 
Strait of Gibraltar. Every day, the internal waves spread through 
the strait into the Alboran Sea. Even though the crew aboard the 
Challenger was not privy to the water temperatures and the 
wind data being collected by the scientists from NORDA, it 
was easily apparent to them that the waves formed as solitons. 
Initiated at the sill in the western part of the Strait of Gibraltar— 
the shallowest part of the strait at 320 meters—pushed once a 
day by the highest of the diurnal tides, the waves were easily 
observed passing through the east end of the Strait and into the 
Alboran Sea. Showing little dispersive effects, the soliton "pack
ets" crossed the sea between Spain and Morocco. So much of 
their surface expressions remained, that from space, waves 
formed during the preceding three days were observable! 

The observations of the solitons from 41 -G were so impres
sive that the Office of Naval Research mounted an oceano-
graphic experiment to examine the waters in the strait and 
the adjacent Alboran Sea, from the fall of 1985 through Octo
ber 1986. Thirty-seven scientists from five countries brought 
equipment that measured every conceivable meteorologic 
and oceanographic parameter: currents, winds, temperature, 
salinity, backscatter from shore-based and airborne radar 

(from a weary B-17 Flying Fortress), 
sea-floor pressure, and sea level. Even 
the water's trace elements and nutri
ents were all measured in the greatest 
"oceanographic attack" on the Strait 
of Gibraltar in history. 

The results were more than pre
d ic ted, mainly because of the great 
quantity and variety of the data that 
were collected. Thirteen papers were 
publ ished dur ing and w i th in a few 
months of the experiment. Beyond the 
mere presence of t idal Iy generated 
solitons, knowledge of the f low into 
and out of the strait is now exception
ally complete. And, as is always the 
case, the scientific analyses produced 
as many questions as they answered. 
There is surely more to be learned 
from future observations of the Strait 
of Gibraltar. 

There was one curious aspect from 
the observations over the Medi ter
ranean Sea dur ing 41-G, on wh i ch 
Paul Scul ly-Power, other Navy 
oceanographers, and I were to con
template over more than one beer. 
From the geographic eastern end of 
the Alboran Sea throughout the re
mainder of the Mediterranean, inter
woven fields of spiral eddies were 
continuously viewed. Yet, there were 

40 Summer 1999 21st CENTURY 



none in the Alboran Sea. Was this the result of the turbulence 
from the Gibraltar solitons? Or does the Alboran Sea have 
some other dynamic action that precludes the formation of 
spiral eddies; that is, were we to learn the generating forces 
of the spirals in the first place? 

Throughout the next 12 years, there was no certain answer 
to those questions. We finally concluded that the solitons mov
ing through the Alboran Sea were too energetic to permit the 
formation of spiral eddies. Beginning with the flight of Shuttle 
Endeavor in May 1996, that conclusion was shown to be erro
neous by a series of outstanding photographs of the eastern 
half of the Alboran Sea. From just west of the longitude of 
Cabo de los Muertos, spiral eddies, intricately interwoven, 
were observed cascading into the western Mediterranean, or 
vice versa (see photo, p. 40). To the west, to the approaches to 
the Strait of Gibraltar, none but the large-scale turbulence of 
solitons seems present. 

Suloys: The Strangest Waves of All 
For centuries, seamen have described lines of unusual and 

chaotic waves that extend across the ocean's surface. Some
times curved, in other cases straight or in irregular "globby" 
bands, the state of the sea is of furious, precipitous, steep waves. 

The first published descriptions of chaotic wave-lines were 
by Matthew Fontaine Maury in his 1857 edition of The Physi
cal Geography of the Ocean. Maury gleaned the information 
from the thousands of ship logs available to him in the archives 
of the U.S. Naval Observatory. In every case, the state of the 
sea was so unusual in the experience of the ship's master, that 
the log entries were in great detail. 
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Such chaotic waves were encoun
tered in every sea and ocean and in 
every season, and although the wave 
heights, widths, and lengths of the 
zones differed (some extended from 
horizon to horizon), the common de
nominators were winds of speeds less 
than 1 5 knots, and a rather mild sea. 
There was usually an intense hissing, 
roaring sound from the wave line, au
dible from distances of several ki lo
meters. Of course, those were the 
days of sailing ships, with little extra
neous sounds to mask that of the 
waves. Even so, some witnesses have 
compared the sound w i th that of a 
passing train, or the sounds from busy 
Abbey Road in London. 

During mi ld , moonl i t nights, con
ditions may permit wave lines to be 
easily observed. Such was the expe
rience of Dr. Paul Scul ly-Power in 
the Tasman Sea w h i l e cru is ing 
through a dead calm in May 1975, 
aboard HMAS Kimbla. On the bridge 
at 0100 hours, he was startled by a 
broad, moonlit band of white ruffled 
water, stretching across the ship's 
course as far as he cou ld see in e i 
ther d i rec t ion . On his request, the 

ship was stcjpped immediately in the middle of the choppy 
water. 

The Kimb a has a length of 50 meters; the wave-line's width 
was less tha i the ship's length. Paul quickly set about launch
ing expend; ble bathythermograph probes (XBTs), one after 
another. He managed to obtain 20 measurements of tempera
ture to deptl is of 200 meters before the ship drifted out of the 
wave line. 

At first git nee, the continuous temperature traces appeared 
to indicate ciaotic temperature inversions, ranging from 0.4°C 
through dep hs of a few centimeters, to those of 2°C+, extend
ing through tens of meters. When the depths of the major in
versions we e plotted against time, however, it was clear that 
the tempera ures defined a cluster of internal waves, less than 
50 meters v ide and extending to the greatest depths of the 
probes: 200 meters! 

No furthe measurements were possible because of the de
manding cruise schedule. (In addition, both the captain and 
Scully-Powc ' rather lost interest when they decided that the in
terminably ong line of white ruffled water was not a dump 
from a Swan Lager tanker.) Nonetheless, the data taken that 
night in the Tasman Sea make up the only definitive set taken 
within a cha Dtic wave line. 

Of more t ian casual interest in this regard is a 1983 Japan
ese report o "a mysterious underwater acoustic effect" associ
ated wi th " iomes" and distinct from conventional surface 
waves. As a chaotic wave line is approached, one would ex
pect an inte isification of ambient noise over that from surface 
waves. Afte all, the chaotic wave action is far greater within 
than outsid !—great enough to "bang and thump the hull to 

Tidal bore, with suloys atop, spreading into Spencer Gulf, taken by the Shuttle En
deavor, at 170 nautical miles altitude. Note the city of Adelaide at the head c fthe es
tuary on the east side of the Gulf of St. Vincent. The white line crossing the /o ver right 
of the image was a contrail from a commercial jet aircraft. 



Shearing suloy on the boundary of the southerly flowing cur
rent of Mozambique Channel, from the Shuttle Discovery, 
Aug. 16, 1985, at 190 nautical miles. 

where I feared for the planks," as stated in more than one of 
the log books in Maury's hands. 

If the chaotic "siomes" in the open ocean extend to depths 
of 200 meters, wi th the degree of turbulence measured by 
Scully-Power from the Kimbla, they possibly represent acoustic 
discontinuities as substantial as those in meso-scale eddies. 
Any knowledge of their generation, distribution, and life histo
ries is clearly more than academic. 

Actual ly , l i t t le more is understood about the nature of 
chaotic wave-lines than was known in the early 1 980s, other 
than their distribution. Russian oceanographers have done the 
most work on this strange state of the sea, giving it the name of 
"suloy." The fullest description of suloys was made by the late 
Dr. Konstantin Fedorov in his 1983 book on The Physical Na
ture and Structure of Oceanic Fronts. In it, Fedorov documents 
the regions of the oceans in which suloys are most often en
countered, and the variety of ocean conditions under which 
suloys may occur, such as tides, a convergence of currents, at 
oceanic fronts, or atop internal waves. "Wherever," he notes, 
"the dynamics of the near-surface ocean cause a convergence, 
there is a suloy." 

Tidal suloys are readily explained, because they occur when 
strong tidal currents enter the shallow water of narrow straits. 
A line of precipitous waves, a suloy, is formed at the front of 
the tidal surge as it meets, and converges wi th , the surface 
wind waves. The precipitous chaotic waves in suloys may 
attain heights of 5 m (see photo, p. 41). West of San Fran
cisco's Golden Gate, waves in the Point Bonita suloy can be
come so intense that even moderate-size ships have required 
more than one attempt to sail through the roaring wave line. 

Suloys arise also where the strong discharge from major 
rivers converge on waters of the coastal ocean. Such features 
have been observed on several occasions by astronauts in 

Continued from page 39 
lands are bright and sharp. In the next instant, they recog
nize whitecaps and foam streaks on the sea. 

Visual observations and photography of whitecaps are 
c lear ly not suitable to learn the extent to wh i ch they 
cover the world's sea surface at any given time. Yet, that 
knowledge is key to the determinat ion of w ind speeds 
and d i rect ions f rom Earth-orbi t ing, satel l i te-borne 
microwave scatterometers. Whitecaps and foam greatly 
inf luence the microwave emissivity of the ocean. The 
magnitude and variability of this emissivity change is not 
yet resolved. 

"We continue to observe 'corduroy' and 'herringbone' 
seas in every part of the ocean where the Sun's glitter gives 
us a good look at the surface," reported Skylab astronauts, 
Cols. Gerald Carr and Will iam Pogue, and Dr. Edward Gib
son, in January 1974, indicating their ease in observing ma
jor ocean swell patterns. The "corduroy" seas are the result 
of parallel swell, while the "herringbone" seas are the result 
of swell crossing each other at oblique angles. 

Ocean Swell. When wind waves leave the area of gener
ation, the sea ceases to be random and the dominant wave 
period and direction of propagation take over. The sharp 
peaks of wind-waves flatten, the height decreases, and a 
regular pattern of parallel crests appears as the waves are 
transformed into swell. As the swell travel onward—through 
thousands of kilometers of ocean if no land intervenes—the 
longest lengths and greatest periods, predominate. Crest 
lengths may grow to thousands of meters and become ex
traordinarily parallel to each other. These are the corduroy 
seas visible from space in the great expanses of the oceans 
(see photo, p. 43, bottom left). 

Swell from more than one storm-generating region, or 
originating simultaneously from stormy oceans in the North
ern and Southern hemispheres, may eventually intersect 
each other. In such parts of the ocean, commonly near the 
Equator, the intersecting swell form the "herringbone seas" 
that were observed first by the Skylab-4 crew, but subse
quently on innumerable occasions by astronauts aboard the 
Space Shuttle (see photo, p. 43, top right). 

Breakers, Surf, and Refraction. When a wave approaches 
the shore, its crest moves faster than the trough, responding 
to the friction exerted by the sea floor. At the moment when 
the velocity of water particles in the crest exceeds the for
ward speed of the wave form, the wave "breaks." The crest 
overtakes the trough at this stage, the leading slope of the 
wave becomes steeper than the trailing side, and the top of 
the wave cascades down the steep slope, forming the "surf 
zone." 

Waves tend to form "plunging breakers" where bottom 
slopes to the beach are relatively steep. These are the spec
tacular "curl ing" breakers, in which the crests literally col
lapse onto the steep, forward slope of the breaking wave. 
Where better to see these crashing giants than at Sunset 
Beach on the north shore of Oahu in winter? They are the 
professional surfers' joy; the amateurs' continuous "hang 
ten" disasters (see photo, p. 43, bottom right). 

Continued on page 45 
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Whitecaps off the southeast coast of Tasmania, viewed from 
the flight deck of the Shuttle Endeavor, Dec. 6, 1998. 

Parallel ocean swell, GCfudtorisl Psctfic, <3S SG&H from th& Shut~ 
tie Challenger, Nov. I, 1985. 

Plunging bi eaker, photographed by the late Ron Church, 
Scripps Ins, itute of Oceanography, on the north shore of 
Oahu, Hawtii. 

Sea-surface 'scars," from the vicious down-drafts of collaps
ing, towerin T, cumulus clouds, provide a smooth surface in 
which cross ?c/ ocean swell were readily observed from the 
Shuttle Disc 5 very, Nov. 25, 1989. 



First observation of an open ocean suloy, at 4.5°N, 134°W, 
photographed by the crew aboard the Shuttle Discovery, Oct. 
I, 1988. 

the Rio de la Plata Estuary in the waters just south of Monte
video, Uruguay. In those waters, the view being aided by the 
muddy red water of the Rio de la Plata, the surge of the 
river's discharge on the falling tide can be great enough that 
the suloy is soon deformed into a series of eddies and 
whirlpools. 

Of most interest to the oceanographer are the suloys of the 
open ocean. There they are associated with ocean fronts, es
pecially fronts that mark the convergent boundaries of ocean 
currents. It is not clear whether the density difference across 
the front is necessary to the formation of a suloy, but it is cer
tain that the shear between the currents is significant (see 
photo, p. 42). The relative change in current speed and direc
tion across the boundary effectively determines the extent of 
wave interaction at the convergence. This interaction, and the 
resulting suloy, w i l l be observable, of course, where w ind 
waves are not intense; that is, when winds are blowing at less 
than 15 knots. 

Georgiey Grechko's 'Equator' 
In 1980, while orbiting aboard the Soviet's Salyut "6 " space 

station, Cosmonaut Georgiey Grechko made a routine report 
to the USSR's Mission Control: 

We're over the Indian Ocean. There are so few clouds 
that we can see nearly from one side of the ocean to the 
other. And, right in the middle, extending east-west, we 
can see the bright line of the Equator. 

The Soviet space program was in its "heyday." They were 
launching three to four satellites each month, had three to 
four classified satellites in orbit at all times, were preparing 
sophist icated envi ronmental spacecraft loaded w i th m i 

crowave sensors, and had receivers that were regularly down
loading data from all U.S. weather satell ites. The USSR 
manned space program maintained basically cont inuous 
communications with their cosmonauts, through shipborne 
tracking stations distributed around the world's oceans. 

Grechko's disclosure of the ready observation of the "Equa
tor" by the Salyut crew was transmitted in real-time, therefore, 
through the tracking ship in the Indian Ocean. Such communi
cations were not secure, so it was not long before the oceano-
graphic world learned of the "visible Equator." 

The reaction was laughter, not only in Mission Control , 
but among all of us who were privy to the science discussed 
from Salyut. Neither Paul Scully-Power nor I had reached 
the point of considering the possibility of observing anything 
significant other than "those weird corkscrew eddies." That 
Grechko might have observed a long suloy along the edge of 
the equatorial current system was nowhere near our ken, at 
that time. 

In retrospect, we thought that Fedorov might have recog
nized the possibility of an equatorial suloy. After all, he knew 
more about the strange waves than any other oceanographer; 
he was about to "write the book!" Yet, in a later conversation 
with Fedorov, he admitted that he had not even considered the 
idea. In a meeting with Georgiey Grechko, in 1987, during an 
international geophysical meeting in Vancouver, B.C., Paul 
and I queried him about "his observation of the Equator." He 
was reluctant to commit himself, even after we pointed out to 
him that it was no doubt an equatorial suloy. "A what? Never 
heard of it," he said. 

Equatorial Suloys 
Serendipity is one the nicest, most appreciated companions 

of any scientist, or explorer. It is rare that anything is ever dis
covered, or that any theory ever becomes fact, w i thout 
serendipity being along for the ride. 

And, so it was for the STS-26 flight of the space Shuttle Dis
covery, the flight that was the "Return to Space" two and a half 
years after the devastating Challenger accident. Aboard would 
be a veteran crew: four military and one Ph.D. astronomer. 
Their primary task was a good, successful, clean mission. Dur
ing the four days, in a 28.5° inclination orbit, they would de
ploy a tracking and data relay and a communication satellite, 
and conduct a number of on-board experiments, and there 
would plenty of time to observe the Earth. 

The pilot, Lt. Col. Richard Covey, USAF, would be on the 
flight deck most of the time and able, therefore, to view the 
Earth's surface rather continuously. Dick knew the story of 
Hoot Gibson, and his crew on the STS-61C mission when, after 
using up all of their fi lm, they had spent a full day glued to the 
window unsuccessfully looking for spiral eddies at the Equator. 
During STS-26, the Sun angle and ocean viewing over the trop
ical Pacific would be perfect to observe and photograph any 
spiral eddies that existed. With two Hasselblad cameras, each 
with a different focal-length lens, Dick Covey would be ready 
constantly. 

After a perfect four-day mission, the crew was back in 
Houston on Oct. 3, 1988. I was there the next morning go
ing through the photography and encountering the first-ever 
images of open-ocean suloys, stretching for hundreds of 
miles across the equatorial Pacific. It was difficult to believe 
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"Spilling breakers," in which the water from the crest 

slides down the incl ined plane of the forward slope, 
are the prevalent surf where the sea floor slopes gently 
to beach over distances of a few hundred meters. The 
breaking action is far gentler than that of the "plunging 
breaker," g iv ing the surfer, canoer, and beginner a 
long, slow "tour" as they approadh the beach. Such is 
the surf off the famous Waik ik i Beach of Hono lu lu , 
where tourists and beach boys alike enjoy surfing with 
relative ease. 

Refracting Waves. When gravity waves reach water 
that is shallower than half their wavelength, and their 
crests are not parallel to the contours of the sea floor, 
they w i l l begin to refract (bend). This action comes 
about as the forward speed of those portions of the 
waves in shallower water slow in respect to those re
maining in deeper water. Whi le l the wave frequency 
stays the same, the amplitude and the lengths change 
substantially. Approaching a straight shoreline over a 
gently shoaling shelf, the wave crests continue to re
fract, until they break in the surf zone along a line par
allel to the beach. 

Waves approaching coastal headlands are in deep 
water almost to the shore, where they strike the cliffs 
with great force (see photo, top right). The wave crests 
do refract along either side of a Headland, causing d i 
verging wave paths in the embayments adjacent to the 
capes. The consequence is that most of the wave energy 
is concentrated at the headlands and dissipated along 
the beaches to the side. There is, therefore, a lot of tur
bulence and mixing, and crashing waves at sea cape 
(see photo, bottom right). 

(As an aside, headlands are good places to put sewer 
outfalls so that the discharge is distributed a rapidly as 
possible. Waters in embayments are just the opposite; 
there, mixing and wave action are mild leading to depo
sition of materials rather than distribution. As you might 
guess, however, most sewage disposal locations have 
been built in quiet bays; not at turbulent headlands.) 

Submarine canyons that indent the shelf, wi th their 
heads close to the shore, create refraction patterns that 
are often disconcerting to the beach inhabitants. The 
deep water in the canyons permits the waves to ap
proach the beach w i t h barely d im in ished forward 
speeds. On either side of the canyon, where the sea 
f loor is shallower than that in the canyon, the wave 
fronts refract away from the canyon. The energy is 
concentrated at the shore opposite the canyon's head, 
therefore, and dissipates along the beaches to either 
side. 

Those who are unaware of the location of a canyon 
have built houses or piers on shore near its head. It is a 
common situation in southern California, where such 
owners often are surprised to find their house, or pier, 
under attack by destructive waves, while rather benign 
breakers strike the beaches just a few hundred meters 
away. 
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The huge surf cr< shing against the 600-meter cliff of the west
ern coast of the, \uckland Islands, was easily observed by the 
crew aboard the Shuttle Endeavor, Jan. 26, 1998. 

Refracting ocear swell and currents around the southern tip of 
the island/head and Nosy Boraha on the northeast coast of 
Madagascar we e visible to the crew of the Shuttle Atlantis, 
May 20, 1997, a1 160 nautical miles altitude. 

file:///uckland


I'm not surprised that you didn't see them. All of the 
suloys ever seen from space have been around islands, in 
embayments, or straits. It's just the same as Dave Leestma 
not seeing hundreds of spiral eddies when he was looking 
for ships' wakes. He was geared to wakes, so saw no 
eddies even though they were visible. You were prepared 
to see eddies, and there were none. 

We discussed the thought of naming them "Covey's Shears," 
but decided that even though it was not as good as having a 
freeway named after you, such as, the "John Young Express
way" in Florida. It would be difficult to take your family on a 
visit to a "Covey Shear." 

Once we learned that open-ocean suloys did exist, and 
how they appeared from space, then observations came from 
every Shuttle crew that flew over the tropical ocean at times 
when the Sun's glitter pattern was suitable for viewing. Some 
of the best came from the crew of STS-46, flying in the Atlantis 
in August 1992 (see photo, above). Although they had a num
ber of tasks that were technically demanding, there were three 
avid Earth observers aboard: the mission commander, Col. 
Loren Shriver, and mission specialists Claude Nicoll ier and 
Marsha Ivins. 

With real-time information also coming from the on-board 
video, the location of the suloy was quickly sent to Honolulu 
where there was a NOAA ship ready to sail on a tropical scien
tific cruise. It took the ship four days to reach, locate, and ex-
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my eyes, but the photographs were 
outstanding, easily examined under 
a high-powered lens (see photo, p. 
44). 

Excited, I called Paul Scully-Power 
in New London, Conn., where he was 
doing submarine acoustic research. 
"D ick Covey got ' em, " I exploded, 
"No , not eddies at the Equator, but 
huge, long solitons. They're the 
acoustic barriers in the tropics." 

Paul's response, "Good on ya, 
mate," was indicative that a problem 
had an answer. 

About to leave for lunch, I met Dick 
Covey and the mission commander, 
Capt. Rick Hauck, as they were com
ing in to view the photos to prepare 
for their press conference at the end 
of the week. As I shook hands with 
Dick, he began apologizing: 

Gee, Bob, I tried. I looked at 
that tropical Pacific Ocean for 
hours. It was as quiet, as flat as a 
board. Nothing! I took a lot of 
pictures, but I just must have 
missed anything good. 

Before I could say a word , Rick 
broke in: 

I'm telling you, Bob. Both 
Dick and I spent a lot of time watching that ocean. The 
Sun's glitter pattern was perfect. But, I guess Hoot Gibson 
and his guys were right, there are no spirals near the Equa
tor. It was just flat. No action. 

I just grinned. "Gentlemen. First, congratulations on a great 
flight. Now, come with me into my "photo lair." 

Cranking through the rolls of film over the light table, I said, 
quickly, 

You can go through the rolls at you leisure shortly, and 
you got some great stuff. First, though, let me show you 
the first photos ever of an ocean feature for which we've 
searched for years. 

O.K. Here's your flat calm tropical Pacific. See that little 
line. No, it's not a scratch on the film, it is the visible 
response of an open-ocean suloy. Covered by these five 
photos, the wave-line was more than 500 miles long and 
about as close to being parallel to the Equator as I can 
judge. From the the preliminary flight data, it started about 
3° north of the Equator near the Date Line and you 
tracked it to within 1.5° north. 

"Ho ly Cow," was the response from Dick Covey, as he 
looked at the photos. "Man, I've got to tell you that I never saw 
those things; not at all." Rick's comment was the same. 

"Ah, yes." said I, "Serendipity rides along once again." 

A continuous series of equatorial open-ocean suloys, between 1° and 3°N in the cen
tral Pacific, viewed from the flight deck of the Shuttle Atlantis, August 1992. 



amine waters in and around the suloy. Although the ship did 
not encounter an extraordinary wave-line, the upper ocean on 
either side had both color, biological, and temperature differ
ences. 

One gets the feeling that suloys are about as ephemeral 
but as ubiquitous as spiral eddies, the conclusion reached by 
Commodore Maury 150 years ago. The more we understand 
the dynamics of suloys and other near-surface ocean phe
nomena, the more we w i l l understand the Earth's environ
ment. If we keep working long enough, doing honorable re
search, we might learn what's really going on in, and around, 
the Earth. 

Robert E. Stevenson, an oceanography consultant based in 
Del Mar, California, trains the NASA astronauts in oceanog
raphy and marine meteorology. He was Secretary General of 
the International Association for the Physical Science of the 
Oceans from 1987 to 1995, and he worked as an oceanogra-
pher for the U.S. Office of Naval Research for 20 years. A 
member of the scientific advisory board of 21 st Century, 
Stevenson is the author of more than WO articles and several 
books, including the most widely used textbook on the nat
ural sciences. 

Notes 
1. The Sun's reflection from the surface of the sea, called Sun glitter, is a valu

able tool in the visual observation of the ocean from space. Sea slicks, ei
ther caused by surfactants or by the water moving with the wind, reflect 
brightly, whereas water flowing against the wind, resulting in choppy 
waves on the sea's surface, has a diffuse, dull reflection. These reflective 
differences are easily seen, and they photograph well. On the edge of the 
Sun's reflection, the golden colors change to blues. In this part of the glit
ter pattern, smooth water has a dark color, and the roughened water has 
a light blue cast. 

2. For the author's story of the discovery of spiral eddies, see "Spiral Ed
dies: The Discovery That Changed the Face of the Oceans," 21st Cen
tury, Fall 1998, p. 58. 
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Artist's illustration of NASA's Compton 
Gamma-Ray Observatory with solar array 
panels fully extended and high gain 
antenna deployed, highlighted against an 
energy burst. 

Gamma-Ray Bursts 
Be Explained? 

by Lothar Komp 

The direction in which astronomers 
are looking for an answer may 
have problems as great as 
the direction they have ruled out. 

NASA's Gamma-Ray Large Area Space Telescope 
(GLAST), which is to go into orbit early in the 

21st century. 
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In 1967, the Vela reconnaissance satellites of the U.S. De
fense Department made an astonishing discovery. Four 
years earlier, an agreement had been reached banning nu

clear weapons testing in the atmosphere. The reconnaissance 
satellites were supposed to monitor Soviet compliance with 
the agreement. It was conceivable that the Soviets could use 
near-Earth orbits for nuclear tests. Since the race to the Moon 
had just entered its decisive phase, that was an unsettling pos
sibi l i ty. If there were nuclear explosions, their gamma-ray 
flashes would be visible for thousands of kilometers. The Vela 
satellites did pick up gamma rays, but they seemed to be com
ing from all possible directions! Had the Soviets already con
quered the entire solar system, and were they exploding one 
atom bomb after another? The existence of the mysterious 
gamma-ray bursts was kept classified for six years. In 1973, 
when there was no longer any suspicion that the Soviets were 
behind these bursts, the observations were declassified and 
made available for astrophysical research. 

Twenty-Five Years of Research 
More than 2,000 gamma-ray bursts have been detected by 

satellites over the past 25 years. Since the launching of NASA's 
Compton Gamma-Ray Observatory (CGRO) in 1991, its detec
tors have registered an average of one burst per day. The bursts 
seem to be randomly distributed throughout the heavens, and 
never appear in the same place twice. Because they are nei
ther close to each other, nor mobile, multiple detections can
not be attributed to the same source. The bursts last anywhere 
from one-hundredth of a second to a few minutes, but seldom 
more. They are always the brightest gamma-ray feature in the 
sky. 

From 1967 until recently, a hundred different models sought 
to explain the origin of these gamma-ray bursts. Because of the 
remarkable isotropy of the phenomenon (the bursts appear in 
all directions, without preference) the proposed distance of the 
burst sources was repeatedly pushed out: from near-Earth 
space, to the Oort Cloud, then into the interstellar surround
ings of the Solar System, then out into an extended spherical 
halo of our galaxy. 

A l l of these models col lapsed over the course of 1997, 
thanks to the detections of the Italian-Dutch X-ray satellite 
BeppoSAX, which has a gamma-ray detector on board. This 
new evidence pointed to burst sources being billions of light-
years away. That would make them the most powerful sources 
of radiation, at the moment of their eruption, in the region of 
those billions of galaxies that most astrophysicists call "the uni
verse." What makes this phenomenon more puzzling, is that 
according to relativity theory, a formation that erupts in frac
tions of a second cannot be larger than the distance light can 
travel in the same time. Otherwise, the disparate parts of the 
process could not be in communicat ion, and wou ld not 
"agree" on the t iming of the eruption. Accordingly, at least 
some of the gamma rays must be generated within a radius of 
about 100 kilometers—tiny compared to the size of a common 
star. Even for astrophysicists, who are accustomed to superla
tives, these results are difficult to digest. 

The Heavens in Gamma Light 
The Earth is constantly bombarded by extremely energetic 

cosmic radiation, but the atmosphere blocks out all but a tiny 
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fraction of it. A/hen cosmic rays strike the outer atmospheric 
layers, they p oduce showers of secondary particles that are 
able to cut th ough the atmosphere, frequently disrupting ra
dio transmiss ons. Cosmic radiation is thus best studied by 
probes above the atmosphere. 

Cosmic ra\s are composed primari ly of protons, hel ium 
nuclei, and e ectrons, with individual particles having ener
gies of up to 1 00 bil l ion gigaelectron volts (GeV). That is mil
lions of times more energy than can be achieved using parti
cle accelerate rs. The direction from which they hit the Earth 
discloses not! ing about the direction of the source because, 
instead of mo /ing in straight lines, these particles are thrown 
around by interstellar and intergalactic magnetic fields. 

The situatic n is somewhat simpler in the case of the non-
particle portic n of cosmic radiation, that is, electromagnetic 
waves. Of coi rse, with extreme energies (short wavelengths), 
the observabl: difference between particles and electromag
netic waves (Disappears. The waves deposit their energies on 
the Earth's atmosphere or on a detector in discrete portions 
(quanta). The larger the energy, the shorter the wavelength. 
Physicists do not use wavelength to characterize shortwave 
electromagne ic radiation; instead, they cite the characteristic 
energy of the quantum. The basic energy unit used is the 
electron volt (BV), as if the energy were that of a charged par
ticle accelera ed by a high current. When the energy of this 
radiation is more than 511 eV, it tends, under appropriate 
condit ions, to generate "real" particles—pairs of electrons 
and their asso:iated anti-particles, the positrons. Inversely, in 
the "pair dest uction" of a particle and its anti-particle, elec
tromagnetic r; diation of at least 511 eV is generated. 

The most energetic waves (shortest wavelengths) in the 
electromagnetic spectrum are called gamma radiation. The 
boundary with X-rays is set somewhat arbitrarily at the wave
length of one hundredth of a nanometer, which corresponds 
approximate y to one-tenth of an atomic diameter. Whi le 
cosmic X-rays are absorbed by Earth's atmosphere at altitudes 
of more than 40 kilometers, gamma radiation is more pene
trating. Extremely short wavelength gamma rays can reach 
the highest si mmits in the Himalayas. When gamma radia
t ion reaches he tera-electron-volt (TeV) level, it produces 
cascades of se condary radiation through collisions with parti
cles in the upper levels of the atmosphere. The electrons so 
produced are transmitted in the atmosphere faster than the 
speed of ligh . The electromagnetic shock-front thus gener
ated, named ; fter the Russian physicist Cerenkov, can be de
tected at the urface of the Earth. The 10-Meter Optical Re
f lector, the i istrument of the Gamma-Ray Project of the 
Whipp le Ob: ervatory near Tucson, Ar izona, exploits this 
phenomenon It observes cosmic gamma radiation with very 
low spatial reiolution, of course, and with low sensitivity, on 
account of th > background noise generated by cosmic parti
cle radiation. 

Gamma raws are produced by certain changes in the nu
cleus, and th'iy are also capable of inducing such changes. 
For astronom cal objects, one important spectral line in the 
gamma region is manifested, for example, in the radioactive 
decay of a lun inum-26 to magnesium-26. Here the energy 
per quantum >f radiation is 1.809 mega-electron-volts (MeV). 
Because alun inum-26 can only be produced in quantity by 
nuclear fusior under extraordinary conditions, such as in the 



The Compton Gamma-
Shuttle in April 1991. 

process of supernova explosions, 
and because it also decays rapidly 
on the astronomical t ime-scale 
(half- l i fe 714,000 years), the 
gamma sky at 1.809 MeV tells us 
where such processes have re
cently occurred. 

The spectral line of radioactive 
aluminum was discovered only at 
the beginning of the 1 980s by the 
U.S. HEAO-3 satellites. Since then, 
the gamma radiation of aluminum-
26 in our skies has been found to 
be strongest along the band of the 
Milky Way, with a particular con
centration toward the center of the 
galaxy. The estimated total volume 
of aluminum-26 derived from these 
observations, about two times the 
mass of the Sun, is much larger 
than one would expect from novae 
and supernovae. So there are, pre
sumably, other sources as wel l . 

In addit ion to matter-antimatter 
reactions and nuclear processes, ex
tremely strong magnetic fields may 
also contribute to the production of gamma radiation. These 
fields force electrons to travel in tight spirals, which excites the 
electrons to emit gamma radiation. This gamma radiation is 
not restricted to a specific wavelength, but is spread over a 
range. 

The most important phenomena in the gamma heaven are: 
• The remnants of supernovae. For example, the Vela and 

Geminga pulsars and the Crab nebula. The latter arose from a 
supernova observed by Chinese astronomers in the year 1054. 
These are the brightest continuous gamma emitters in the sky. 

• The galactic center is, likewise, a strong, continuous emit
ter. This is all the more true for the nuclei of certain other 
galaxies, the so-called active galactic nuclei, which are, how
ever, much farther away. 

• The Sun is normally fairly dark in the gamma region, but 
brightens dramatically during some flare eruptions. Astronauts 
have to be protected against such emissions. 

• The most numerous gamma sources within our galaxy are 
believed to be double stars orbiting each other at such close 
proximity that gas flows from one to the other. 

• Regions in our galaxy in which stars are formed, such as 
the Orion nebula, also emit gamma radiation. 

• Along the Mi lky Way there is diffuse gamma radiation, 
which cannot be assigned to particular sources, and is associ
ated with the interstellar medium. 

• After subtraction of all individual sources and the diffuse 
gamma radiation within the Milky Way, a considerably more 
diffuse residue remains, called cosmic gamma background ra
diation. The origin of this permanent, diffuse background is not 
known. It might be caused by an immense number of unre
solved particular objects, such as active galactic nuclei. An
other speculation supposes the presence of equal amounts of 
matter and antimatter in the cosmos, so that complete galaxies 
and groups of galaxies could consist of antimatter. At the re-

NASA 

gions of intersection of matter and antimatter, there would 
then be a process of continual pair destruction, and thus the 
production of gamma radiation. 

• Finally, there are the gamma-ray bursts, surpassing all 
other sources in brightness for brief moments. 

The Beginnings of Gamma Astronomy 
In addition to the inability of gamma radiation to penetrate 

Earth's atmosphere, gamma astronomers have to deal with an
other difficult problem: There are neither lenses nor mirrors for 
gamma rays. Now and then people do speak loosely about 
gamma "telescopes," but what they are talking about is always 
an array of gamma detectors. Crystals of sodium iodide or ce
sium iodide are often used, which are excited to emit light in 
the visible part of the spectrum when they are struck by gamma 
quanta (scintillation). Signal amplifiers are then arrayed around 
such a crystal, which register every scintillation and determine 
the energy of the initiating gamma quantum. These detectors 
can be shielded on all sides but one, to make them directional. 
An entire battery of such scinti l lation counters may be em
ployed. 

In the MeV region, other kinds of detectors are required. 
Above 20 MeV, the characteristic effect of gamma radiation is 
exploited: Electron-positron pairs are generated by the gamma 
quanta in an appropriate detector material, in which the elec
trons and positrons leave tracks as they fly off. The energy and 
direction of the gamma quanta can then be determined. The 
spatial resolution of any of these detectors, usually on the or
der of 1 degree of arc, still leaves much to be desired. 

The first satellite of substantial size equipped for observing 
gamma radiation was NASA's SAS-2, launched in 1972. It 
was designed to scan the entire sky above 30 MeV. After 7 
months, when half of the mission had been accomplished, 
the satell i te's energy supply qui t . The European satell ite 
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The sky as it appears in gamma rays of the wavelength emitted by radioactive al jminum-26. The image is marked off in galactic 
coordinates; that is, the equator indicates the plane of our galaxy, the Milky W, \y. Most of the radiation comes from supernova 
remnants within the Milky Way. 

COS-B went into orbit in 1975. Over a period of 7 years, 
COS-B succeeded in accomplishing a complete scan of the 
Milky Way at 100 MeV, with a spatial resolution of 4.5 de
grees. 

A new phase of gamma astronomy began with NASA's 17-
ton Compton Gamma-Ray Observatory (CGRO), put into or
bit by the Space Shuttle in April 1991; The CGRO is a kind of 
heavy-weight brother of the Hubble Space Telescope with re
sponsibi l i ty for the shortwave end of the electromagnetic 
spectrum. The X-ray and gamma eyes of the CGRO are re
ceptive from 50 keV to 30 GeV, a wavelength range of nearly 
106 . In its first 18 months, the CGRO accomplished a com
plete scan of the gamma sky with a sensitivity surpassing all 
previous gamma satellites by at least a factor of 10. 

That provided good reason to hope that the puzzling phe
nomenon of gamma-ray bursts could f inal ly be explained. 
Identical sodium-iodide scintil lation counters, designed for 
observing short-duration gamma emissions, are mounted on 
eight sides of the plat form. These instruments, cal led the 
Burst and Transient Source Experiment (BATSE), form an oc
tahedral All-Sky Monitor, which has the entire sky in view at 
all times. When a burst occurs anywhere in the sky, the dif
fering impact parameters registered at the eight modules 
make possible a calculation of its direction to wi th in a few 
degrees. Simultaneously, an electronic signal alerts the other 
CGRO instruments to interrupt their routine tasks and partici
pate in the investigation. 

At the end of the 1 980s, the overwhelming majority of as
tronomers still thought that gamma-ray bursts were an intra-

galactic affair The only reason for this—but also a weighty 
one—was tha: the phenomenon would otherwise entail an 
energy-flux d« nsity so great as to be unexplainable. But with 
each new bur: t registered by the CCRO All-Sky Monitor, one 
per day on av< rage, it became clearer: There is no correlation 
of the phenomenon with the plane of the solar system, none 
with the direc ion of the galactic center, none with the plane 
of the Milky V /ay, and none with the positions of our neigh
bor galaxies in the local supercluster. The local theory of 
gamma-ray bL rsts began to teeter, but it did not fall. 

BeppoSAX Makes History 
To understc nd any celestial phenomenon, it is crucial to 

study it at all jossible wavelengths. What might be the opti
cal or radio manifestations accompanying gamma-ray bursts? 
It was not possible to determine the direction of any of the 
bursts registen'd by CGRO with sufficient precision to permit 
their study wi:h the variety of special telescopes for longer 
wavelengths, rom the Hubble to the Very Long Baseline Ar
ray (VLBA) rat io-telescope. But as long as a gamma satellite 
can mark onl> a relatively large area of the sky of several de
grees square, optical telescopes confront an impossible task, 
comparable re pointing with one's finger at a single grain of 
sand on the b( ach from a distance of 10 meters. 

BeppoSAX, the X-ray satellite with a gamma-ray detector 
on board, pro /ided the first opportunity to bring optical ob
servations to b sar on gamma-ray burst research. This satellite, 
developed by he Italian space agency ASI, with participation 
of the Dutch £gency NIVR, was launched in April 1996 with 



one of NASA's Atlas-Centaur rockets. Germany's 
Max Planck Institute for Extraterrestrial Physics 
provided important help in calibrating and testing 
the X-ray optics and detectors. 

The various instruments mounted on BeppoSAX 
are concentrated in the X-ray wavelength range. 
Al l of its special ized X-ray instruments always 
look in the same direction, since the purpose is to 
investigate single X-ray objects, such as the Crab 
nebula. Fortunately, BeppoSAX is also equipped 
with additional instruments that "keep their eyes 
open" beyond the immediately ongoing investiga
t ion. There are, for example, two identical X-ray 
wide-angle cameras that look in opposite direc
tions, at right angles to the momentary direction 
of the primary instruments. If these primary instru
ments can be said to define the "pole," then the 
two wide-angle cameras are always looking at 
two opposite regions of the "equator" at any given 
t ime. Their f ield of view has a radius of 20 de
grees, and their spatial resolution is 5 arc-minutes. 
If the wide-field cameras detect some new phenomenon, the 
primary mission can be interrupted, and the primary instru
ments can be redirected to the object in question within 12 
hours or less. In addition, BeppoSAX is equipped with a mon
itor for gamma-ray bursts with a time resolution of one mi l 
lisecond. In contrast to the All-Sky Monitor of the CGRO, this 
monitor's f ield of view is not the entire heavens, but only a 
band along its "equator." 

On Feb. 28, 1997, things began to happen. The BeppoSAX 
gamma-ray monitor registered an 80-second eruption in a 
segment of the satellite's "equator," which happened to lie 
within the field of view of the two wide-field cameras. That 
was the first time the position of a gamma-ray burst was de
termined wi th in a few arc-minutes. The BeppoSAX control 
station in Rome interrupted the primary mission and man
aged, within just 8 hours, to redirect the highly sensitive pri
mary instruments toward the burst. The instruments discov
ered a rapidly attenuating source of X-rays, making it possible 
to determine the position within 1 arc-minute. That was the 
breakthrough. Astronomers at large telescopes around the 
world were informed of the success. 

Some 21 hours after the burst, a Dutch-American team di
rected the 4.2-meter Wi l l iam Herschel Telescope (La Palma, 
Canary Islands) between the stars Aldebaran and Bellatrix in 
Or ion. For such a telescope, there are an immense number 
of objects in a region of only a single arc-minute. Thus, an 
image of the region was prepared, and the procedure re
peated 8 days later. There was in fact a "star" on the earlier 
image, which had completely disappeared 8 days later. This 
must have been the optical counterpart of the burst. But its 
position was now determined with a precision of 1 arc-sec
ond. 

On March 13, 1997, the 3.5-meter New Technology Tele
scope (NTT) of the European Southern Observatory (La Si I la, 
Chile) discovered a diffuse spot in the immediate neighbor
hood of this position, which was most likely a very distant 
galaxy. 

On March 26, the Hubble Space Telescope went into ac
t ion. Hubble not only succeeded in recognizing the diffuse 

The first 2,000 gamma-ray bursts registered by the Compton Gamma-Ray 
Observatory show their distribution on the sky. No concentration along 
the plane of the Milky Way is identifiable 

spot as a longitudinally extended structure, but also managed 
to find the "star" precisely at the position determined by the 
Wil l iam Herschel Telescope, which could no longer be seen 
by Earth-bound telescopes. It was too faint to obtain a spec
trum. On Sept. 5, 1997, when the Hubble looked again, the 
object had lost brilliance by a factor of 500 since the begin
ning of March. The neighboring longitudinal structure, how
ever, had not changed at all. 

Gamma-ray astronomers had even better success with the 
15-second burst registered by BeppoSAX on May 8, 1997. 
Thirty hours after detection, the 10-meter Keck Telescope in 
Hawai i discovered an optical ly changing object in the re
gion identif ied by BeppoSAX, this t ime wi thout having to 
wait for an image 8 days later. There was a surprising and 
sudden increase in brightness in the optical part of the spec
trum. The object was, in fact, bright enough to be able to ob
tain an optical spectrum. U.S. astronomers recognized indi
v idual spectral l ines, and, by that means, were able to 
measure the redshift of either the source of the burst or some 
object positioned between the source and us. 

The spectral lines have wavelengths 83.5 percent longer 
than the pattern of spectral lines in a laboratory on Earth. 
This shift of the lines toward the red (long-wave) end of the 
visible spectrum, in the case of galaxies, is usually taken as 
an approximate measure of their distance (but not always— 
see box on page 54). The cited redshift would mean a dis
tance of several b i l l ion light-years. By itself, the optical af
terglow of the gamma-ray burst would then have to have an 
intensity surpassing the brightest supernova explosions, to 
be seen in our solar system wi th such brightness. This has 
given rise to the expression "hypernova," without, however, 
shedding any light on the process involved. 

This t ime, however, the Hubb le was unable to detect 
neighboring presumed galaxies. The Very Large Array radio-
telescope registered a peculiar change of brightness in radio 
emission, a kind of f l icker ing, wh ich could not be associ
ated with the object with any certainty. BeppoSAX has been 
able to provide positional data for a number of addit ional 
bursts. 
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What Is Behind the Gamma-Ray Bursts? 
Attempts to explain the production of gamma-ray bursts 

confront the problem of having to assume a mechanism that 
releases extreme quantities of gamma radiation within a di
ameter of only a few kilometers and in an extremely short 
period of t ime. Astrophysicists have two standard answers 
for such questions: neutron stars or "black holes." Both are 
thought to be the end-phase of a massive star, wh i ch is 
reached after an apocalyptic catastrophe, a supernova ex
plosion. The idea is that a neutron star still has a mass sev
eral times the solar mass, but that it has shrunk to a radius of 
some 20 kilometers: Al l of the orbital electrons have fused 
with the nuclear protons to form neutrons. Its density corre
sponds to that of an atomic nucleus (50 mil l ion tons per cu
bic centimeter). 

Current nuclear physics claims that a massive star, whose 
center is no longer capable of nuclear fusion processes for 
lack of fuel, collapses to form a neutron star. If the star is suf
f ic ient ly massive, there is no stopping the process of co l 
lapse, and the entire thing disappears into an irreparable dis
rupt ion of space-t ime curvature, f rom wh ich there is no 
escape—a "black hole." 

There are no astronomical observations, of course, which 
could prove these ideas, but the general theory of relativity 
provides the mathematics for calculating such a phenome
non. 

At the end of the 1980s, the most favored scenarios for the 
emergence of gamma-ray bursts were all based on ideas of 
neutron star instabilities, such as these: 

• Material flows from a co-orbiting star and is accelerated 
to nearly the speed of light before striking the surface. 

• A "nuclear quake" spreads radially and produces shock 
waves at the surface of the neutron star, which in turn pro
duces gamma rays. 

• A magnetic instability discharges; it 
is comparable to the processes in the 
corona of the Sun, but has far stronger 
magnetic fields. 

• Comet nuclei or asteroids strike the 
surface. 

Because our Mi lky Way presumably 
hosts a large number of collapsed stars, 
one might wel l imagine that, on aver
age, one of these neutron stars wou ld 
suffer such a d isrupt ion on any given 
day, in agreement w i t h the observed 
number of gamma-ray bursts. But the 
Milky Way is disk-shaped and looks like 
a closed band in Earth's skies. It ought to 
be expected, therefore, that gamma-ray 
bursts wou ld be concentrated in this 
band. However, the CGRO observations 
since the beginning of the 1 990s have 
demonstrated the uniform distribution of 
the bursts over the entire sky. 

There were only two ways to salvage 
the model of gamma-ray bursts accord
ing to wh ich they are produced " l o 
ca l ly , " that is, in our galaxy. On one 
hand, the majority of neutron stars might 
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be located wi hin a radius of only a few hundred light-years 
of the Sun. Be :ause the galactic plane has a thickness of sev
eral thousand ight-years, this arrangement might be compati
ble with the observed isotropy. This approach has a problem: 
There are sure y not enough neutron stars in this region to ac
count for a bu st in the sky once each day. 

On the o th ; r hand, in recent years, astrophysicists have 
come up with ever new evidence for the existence of an ex
tended shell around our galaxy, in which an extremely hot 
and thin plasna is thought to f low. This halo has provided 
gamma-ray bi rst theorists wi th an important advantage: In 
contrast to the planar Milky Way, the halo is spherical. Might 
the neutron s ars inhabit the halo? Since our Sun is some 
30,000 light-y ;ars away from the center of the galaxy, the as
sumed halo n< utron stars could only begin beyond a diame
ter of at leas 200,000 light-years if the appearance of 
isotropic dist i ibut ion were to be preserved. At such a dis
tance, the brif htness of the bursts, as observed at Earth, re
quires an eneget ic discharge in their production that com
pares to what the Sun generates in 1,000 years across the 
entire electron iagnetic spectrum. 

Even more difficult to explain was how so many neutron 
stars were abh to get so far away from the galactic plane. It 
was assumed t nat each was catapulted out as a consequence 
of a supernov; explosion of a neighboring star. 

If our galax ' had such a halo, other galaxies should also 
have halos. So the CGRO should observe a deviation from 
spatial isotrop y: a surplus of bursts in the directions of our 
neighboring g ilaxies—the Andromeda nebula and the Mag
ellanic Clouds The CGRO data show clearly that there is no 
such surplus. 

Following t le discoveries that BeppoSAX inaugurated in 
1997, the only explanation left is the "cosmological" interpre
tat ion, that burst sources are located bil l ions of light-years 

The European Space Agency's garr ma-ray satellite INTEGRAL is scheduled to go 
into orbit in 2001. 



Gamma-Ray Bursts 
Not Local, 
But Not That Far Away! 
by Halton Arp 

Because gamma-ray bursts have now been identified 
with faint, high-redshift objects, they have been an

nounced as extremely distant and therefore astonishing
ly luminous—some supposedly containing as much en
ergy as the rest of the universe! This ignores observations 
showing that large, nearby galaxies eject younger proto-
galaxies, which, in turn, eject even younger, higher red-
shift objects, all in nearby volumes of space. Gamma-ray 
bursts should correspond to these very young, high-red-
shift objects. One should therefore f ind somewhat 
brighter, active galaxies fairly near gamma-ray bursts 
and very large, low-redshift galaxies somewhat farther 
away. Such galaxies are, of course, distributed all over 
the sky. What would happen if the astronomers actually 
looked around the gamma-ray bursts they have been 
studying so intensively? Here is just a preliminary glance 
at the sample so far: 

• GRB 970508: There are two X-ray sources close by 
and a 14.4 magnitude SBc galaxy (UGC 03581) less than 
a degree away. About 1.5° away is NGC 2146, a bright, 
11.2 magnitude, extremely disrupted galaxy, a radio 
source—of course, of very low redshift! 

• GRB 970228: There are two connected spiral 
galaxies of magnitude 16.5 (UGC 03225) only about 1° 
away from this gamma-ray burst. 

• GRB 971214: There are bright galaxies wi th in 
about 4°: three large galaxies (NGC 3961 , 4036, and 
4041) and, within about 2°, a 16.5 magnitude Sc galaxy. 

When studying high-redshift sources, the really impor
tant information is routinely discarded, when the as
tronomer fails to look around to see what is relatively 
nearby. It is not as if no one had pointed this out—it has 
been my message for more than 30 years. 

Halton Arp, an American astronomer at the Max 
Planck Institute for Astrophysics near Munich, Germany, 
is the author of Quasars, Redshifts and Controversies 
and Seeing Red—Redshifts, Cosmology, and Academic 
Science. 

away. In the case of the burst of May 8, 1997, if its distance is 
calculated from the measured redshift, we are dealing with an 
explosive process in which the energy released in the gamma 
spectrum would be 104 5 joules, and with in only a few sec
onds. In the models just cited, on the other hand, the calcula
tion of the disruption of equilibrium of neutron stars yields en
ergies in the gamma region of only 1031 joules. 

In one year, the Sun discharges 10 3 4 joules spread over 
the entire spectrum. The burst of May 8, 1 997 thus corre
sponds to the energy discharge of the Sun over 100 bi l l ion 

years. Astrophysicists concede that our 5-bi l l ion-year-old 
Sun has a life expectancy of only 13 bil l ion years. 

The models for explaining gamma-ray bursts favored to
day still fall back on neutron stars and "black holes." These 
models are no longer based on the assumption of a disrupted 
equil ibrium, but rather a complete destruction of a fused pair 
of neutron stars or "black holes." Alternat ively, an exotic 
variant of supernovae—explosions of extremely heavy stars 
("hypernovae")—is also under discussion, in which almost 
all of the energy is thought to be discharged in the gamma 
region, without it being possible to say precisely how that is 
suppose to happen. In any case, a "relat ivist ic f i reba l l " is 
supposed to occur, that is, a more or less spherical mixture 
of gamma radiation and particles, which explodes with a ve
locity of about 99.99 percent of the velocity of light. 

If the fireball coll ides wi th material in its v ic ini ty, long
wave radiation is supposed to result, wh ich then accounts 
for the optical afterglow. 

There are immense difficulties in reconcil ing this model 
with the details of the observed phenomenon. A calculation 
of such a crash of neutron stars or "black holes" on the basis 
of the usual physics yields energies of the order of 1 0 4 6 

joules, but not a sufficient yield in the gamma part of the 
spectrum. Efficiency in the production of gamma radiation 
above 1 percent seems to be unachievable without making 
artificial assumptions. 

The result becomes even worse w i th the unavoidable 
pol lut ion of the fireball wi th protons and neutrons. It is as
sumed that this "di r t " is discharged to interstellar material 
in the above mentioned co l l is ion, and contributes to the 
production of gamma radiation. But, thanks to BeppoSAX, 
it has been possible to demonstrate unequivocal ly that at 
least some of the gamma-ray bursts exhibit no afterglow in 
the longer wavelengths at a l l . In other words , the burst 
does not depend upon material in its v ic in i ty: It can func
t ion without it. 

Another problem that theorists confront has to do with the 
peculiar processes of the observed gamma radiation over the 
continuous gamma spectrum, which does not quite corre
spond to what the models predict. 

The Next Step 
If everything goes right, the European Space Agency (ESA) 

wi l l put its own gamma satellite into Earth orbit in the year 
2001 , either wi th a Russian Proton rocket or an Ariane 5. 
The 3,600-kg INTEGRAL (International Gamma-Ray Astro
physics Laboratory), in an eccentric orbi t , w i l l c i rc le the 
Earth every 2 days. INTEGRAL wi l l cover the region of the 
electromagnetic spectrum from 1 5 keV and 1 0 MeV, and 
w i l l thus have a far higher sensitivity than earlier gamma 
satellites. The specialty of INTEGRAL wi l l be the production 
of spectra wi th higher resolution and gamma images wi th 
greater spatial resolution (12 arc-minutes). Fourteen member 
nations of ESA are participating, as well as the United States 
(NASA), Russia, and Poland. 

Since the field of view of the INTEGRAL spectrometer is 
about 16 degrees, quite a few gamma-ray bursts wi l l be cap
tured over the 5 years of the expected life of the satellite. In 
addition to gamma-ray bursts, the scientific priorities of the 
INTEGRAL mission are: 
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• The study of the explosive nuclear fu
sion processes in supernovae of Type I. 
INTEGRAL wi l l be able to identify them by 
using the spectral line of cobalt-56 up to dis
tances of some 50 mill ion light-years. 

• A survey of nearly all the remnants of 
supernovae that have exploded in the Milky 
Way in the past 300 years. They are de
tectable in the radiation of the t i tanium-44 
spectral line. 

• Determinat ion of locat ions in our 
galaxy at wh ich nuclear synthesis has oc
curred on a large scale wi th in the last mi l 
lion years. Here the aluminum-26 spectral 
line is exploited. 

• Investigation of active galactic nuclei in 
a broad spectral region. 

• Spectral analysis of the galactic nu
cleus. 

• A scan of the galactic plane for variable 
gamma sources such as novae. 

Another milestone in gamma astronomy is 
the NASA project GLAST (Gamma-Ray Large 
Area Space Telescope), now in the init ial 
stages of study. The 3-ton telescope is to be 
sent into Earth-orbit at an altitude of 600 km 
with a Delta II rocket, and wi l l scan the gamma sky with un
precedented sensitivity. The spectral region accessible to 
GLAST runs from 10 MeV to 300 GeV, beginning where INTE
GRAL leaves off. GLAST therefore closes the gap between the 
softer (longer wave) segments of the gamma spectrum—those 
observed by CGRO and other satellites—and the extreme 
gamma radiation in the region of tera-electron volts, detectable 
until now only indirectly with Earth-bound Cerenkov counters 
(the Gamma-Ray Project of the Whipple Observatory). GLAST 
wil l discover some 200 to 300 gamma-ray bursts per year, and 
wil l be able to localize about half of them to within 10 arc-min
utes. GLAST wil l obtain a high-resolution gamma spectrum for 
some two dozen gamma-ray bursts per year, from which the 
physical mechanism can be more closely studied. 

Successors to the 10-meter Whipp le instrument, newly 
built or now under construction, are most promising. They 
wi l l register shock waves in Earth's atmosphere caused by ex
tremely-short-wavelength gamma radiation. The entire atmo
sphere functions here almost like a giant scintillator. A pro
posal for one such instrument, the MAGIC Telescope, was 
made by the Max Planck Institute for Physics in Munich in 
1 998: this instrument is to have a diameter of 1 7 meters and 
be at least 15 times more sensitive than the Whipple instru
ment. Although these Earth-bound stations also study numer
ous other phenomena of the gamma sky, they have a crucial 
role to play in solving the puzzle of gamma-ray bursts. If the 
Cerenkov counters should register an impact in the atmo
sphere in the TeV region, while space-based satellites simul
taneously register a gamma ray burst in the same region of 
the sky, this it would be a severe blow against the cosmologi-
cal interpretation of the phenomenon. Outer space ought to 
be impenetrable to gamma radiation in the TeV region, at 
least over distances of bil l ions of light-years and more, be
cause of the absorption of the intergalactic medium. That 

The 10-Meter Optical Reflectoi is the instrument of the Gamma-Ray Project of 
the Whipple Observatory near Tucson, Arizona. It detects Cerenkov radiation 
produced by gamma rays in tht TeV range striking the upper atmosphere. 
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wou ld leave he theoreticians standing there wi th empty 
hands, and tr e solut ion wou ld require new pr inciples of 
physics or astr anomy. 

Coda 
In May 199!, newspapers all over the world published sen

sational, front- 3age headlines about a highly dramatic gamma 
ray burst. Thes > results, announced by astronomers at Kitt Peak 
Observatory ir Arizona and the Keck Telescope in Hawaii on 
May 6, 1998, were welcomed with headlines such as "The 
Biggest Explo; ion Since the Big Bang." This burst in the Big 
Dipper constel ation had been detected by BeppoSAX on Dec. 
14, 1997. The Arizona observatory had registered an optical 
afterglow onl ' 12 hours after the burst. One hour later, as
tronomer Shri n'vas Kulkarni and his team at the Keck Tele
scope also observed a faintly glowing nebula in the immediate 
vicinity of the Durst. The spectrum of this nebula corresponds 
to that of a gal axy with a high rate of star formation. It mani
fests, however, a very high redshift (z = 3.42), far surpassing 
the redshift of he presumed galaxy of origin of the gamma ray 
burst of May f , 1997 (z = 0.835). The distance of the galaxy 
was estimated at 1 2 bil l ion light-years, so that the burst must 
have discharg ;d 3 x 10 4 6 joules of energy. From the stand
point of all of he models, this just goes too far. At the May 6, 
1998, press conference at NASA Headquarters in Washing
ton, D.C., Kul ;arni recited all of the usual attempts at an ex
p lanat ion, frc m "black holes" to "hypernovas." Then he 
added, that he e we have such an extreme phenomenon, that 
we might well be dealing with "something completely unex
pected and pei haps far more exotic." 

Lothar /Com/ > is an editor of the German-language magazine 
Fusion, and an economics writer for the Executive Intelligence 
Review. This i rticle first appeared in Fusion, Vol. 19, No. 2, 
1998, and was translated into English by George Gregory. 



Back to the 
Moon with 

Nuclear 
Rockets 

by Marsha Freeman 

A Moon shuttle trip will be only a 24-hour commute—if we go nuclear. 

Thirty years ago, on )uly 20, 1969, the first Apollo astronauts 
landed on the Moon, within the timeframe President John 
F. Kennedy had proposed eight years earlier, of a lunar 

landing before the end of the 1960s. To achieve this goal, the 
National Aeronautics and Space Administration (NASA) pushed 
to the limit the propulsion technology that had been under devel
opment before World War II, and created the massive Saturn V 
rocket, using chemical combustion as the mode of force. 

Today, the International Space Station is under construction 
in Earth-orbit, soon to provide mankind with a multipurpose 
research and development facility, which can function, scien
tifically and physically, as a jumping-off point to more distant 
venues. With the International Space Station soon to be avail
able, space planners are now considering what the space ex
ploration programs for the 21 st century should be. 

There are some who have chosen to look back, rather than 
forward, having succumbed to the demoralization of the past 
30 years since the end of the Apol lo program. Mars Society 

founder, Dr. Robert Zubrin, for example, is convinced that 
there w i l l be no return to the central planning of visionary 
space missions that existed in the 1 960s. Asserting that the 
American people are "bored" with the Moon ("been there, 
done that"), Zubrin has proposed a series of gimmicks to en
tice congressional support for a "more sexy" manned Mars 
approach, whose main selling point is that it w i l l be quick 
and cheap. 

Such an approach assumes the availability and use of Apollo-
era hardware; Zubrin insists that the old Saturn V rocket could 
be resurrected. Aside from the fact that today Saturn V rockets 
exist only in museums, and it is estimated that it would take 10 
years and $10 billion to recreate them, even President Kennedy, 

A Liquid-Oxygen Augmented Nuclear Thermal Rocket-
powered transfer stage leaves Earth orbit, carrying a passen
ger transport module on a 24-hour trip to the Moon. In the 
background is the Earth-orbital International Space Station. 
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in 1961, did not believe that chemical propulsion systems were 
the future of the U.S. space program. Speaking on May 25, 
1961, in his "Special Message to the Congress on Urgent Na
tional Needs," Kennedy outlined his lunar program and then re
quested "an additional $23 mil l ion, together with the $7 mi l
lion already available, to accelerate development of the Rover 
nuclear rocket." The President stated: 

This gives promise of someday providing a 
means for even more exciting and ambitious 
exploration of space, perhaps beyond the 
Moon, perhaps to the very end of the solar 
system itself. 

Between 1959 and 1972, the Uni ted States 
made what in today's dollars would be a $10 bil
lion investment to design, develop, and test the 
wor ld 's first space nuclear reactors. Al though 
very successful, the space nuclear propulsion 
program carried out by NASA and the Atomic 
Energy Commission was terminated in early 
1973, when failed economic policies led to sav
age cuts in NASA's budget, removing lunar colo
nization and manned missions to Mars from the 
nation's space agenda. 

Today, the t ime is near when we should go 
back to the Moon—but we should not go the way 
we did 30 years ago. We should push forward on 
the frontiers, creating the enabling technologies 
not only to travel to the Moon, but to live and 
work there. On ly this w i l l lay the basis for 
manned missions to Mars. 

Why Nuclear? 
The move from chemical energy to nuclear 

power wi l l be a quantum leap advance in space 
propulsion, similar to the advances that occurred 

Space Propulsion Pararr eters 
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when mankind moved from foot power and unpowered water 
transport, to h j rse power, the internal combustion engine, 
and, finally, to jet power and electric propulsion: We wi l l be 
able to go farth y, go faster, and carry more cargo. 

Travel in spa:e, as anywhere else, requires large amounts of 
energy. Toda> 's rockets use the energy liberated from the 
burning of che mical fuels to provide the thrust to move into 
space. But the density of the energy released from a nuclear 
fission, or nuc lear fusion, reaction is orders of magnitude 

Figure 1 
SPECIFIC IMPULSE AND POWER: COMPARING 

PERFORMANCE OF PROPULSION TECHNOLOGIES 
The improved performa ice of the near-term solid-core nuclear ther
mal reactor over chemi :al propulsion is seen in this comparison of 
specific impulse and p ~>wer parameters for various technologies, 
and the directions needi d for the future. 

There is more to space propulsion efficiency than simply 
the raw energy that is produced. One of the key perfor

mance parameters of a propulsion system is the specific im
pulse, which provides a measure of the efficiency of the 
thrust produced by an engine, for a given amount of propel-
lant used, per second. Specific impulse is dependent upon 
the velocity of the mass produced as exhaust. The specific 
impulse of the Space Shuttle liquid hydrogen/liquid oxygen 
engines is about 450 seconds. Systems using onboard electric 
power, solar energy, or beamed laser power for propulsion 
can reach specific impulse measurements between 1,000 
and 10,000 seconds. 

But high specific impulse alone does not make a propul
sion system. The thrust that is produced by any propulsion 
system is the product of both the propellant velocity and the 
mass f low rate of the exhaust. In the main engines of the 
Space Shuttle orbiters, a large thrust is obtained by using a 
large amount of propellant (high mass flow rates), which is 

expelled at a r datively low velocity, approximately 4,500 
meters per secc nd, through a chemical reaction. 

Using nude; r fission, it is possible to obtain high thrust by 
expelling a re); tively small amount of mass, at very high ve
locity, up to 10 000 meters per second. 

In addition t > specific impulse (the efficiency of the fuel), 
and thrust (the otal "push" power of the system), the engine 
should be desi ;ned so that the thrust-to-weight ratio allows 
acceleration levels appropriate for different missions. The 
thrust-to-weig it ratio describes the number of pounds of 
force per poun I of engine weight. 

Colonizing s iace necessitates families of new launch ve
hicles. Propulsion systems for manned spaceflight should 
be optimized t J move people as expeditiously as possible, 
which require: a trade-off with the amount of freight ton
nage that can De aboard. Cargo vehicles should be opt i
mized tornov* as much freight as possible, and can travel 
more slowly. 



higher. Dr. Stanley Borowski from NASA's Lewis Research 
Center (which was recently renamed for former Senator and 
astronaut John Glenn), points out that an equivalent amount of 
energy would be released from 13 tons of liquid hydrogen and 
oxygen, 2.0 grams of uranium, .5 gram of deu
terium (as a fusion fuel), and .02 grams of equal 
parts of hydrogen and antihydrogen (See table, p. 
59, and Figure 1). 

In reality, the only advantage to using chemical 
propulsion systems today, is that we know how. 

With the goal of maximizing the parameters for 
propulsion engine efficiency using nuclear en
ergy, teams of scientists and engineers, both in the 
United States and in Russia, have been designing 
ingenious new systems for manned and cargo ve
hicles. It would be inefficient (and backwards) to 
plan to move mankind into space using the chem
ical propulsion systems of the Apollo era. We wil l 
need to take many more than three people per 
trip, and many tons more of supplies than those 
for a few-day stay. 

Using nuclear energy technology in space is 
not an untested concept. During the space nu
clear program of the 1960s, NASA designed, built, 
and tested 20 rocket reactors. The Rover and 
NERVA (Nuclear Engine for Rocket Vehicle Appli
cation) programs demonstrated the feasibility of 
space nuclear power, testing a wide range of en
gine sizes, using l iquid hydrogen as both the 
coolant for the reactor, and the propellant, ex
pelled to create thrust. 

A few years after the start of the nuclear rocket 
program in the United States, a similar effort was 
initiated in the former Soviet Union. Although 
there were no integrated engine system tests con
ducted, nuclear and non-nuclear subsystems tests, 
including fuel element and reactor tests, were 
conducted at the Semipalatinsk facility in Kaza
khstan. High-temperature fuel elements made of 
carbide composites were developed, capable of 
producing hydrogen exhaust temperatures higher 
than 3,000 K, or about 500 degrees more than the 
best NERVA fuel elements. 

Ten years ago, during the celebration for the 
20th anniversary of the first lunar landing, Presi
dent George Bush announced that NASA should 
be looking toward a return to the Moon, and send
ing men on to Mars. NASA's Office of Exploration 
began investigating various technology options 
for reaching these goals. 

sortium, Energopool. In September of that year, a U.S. team vis
ited test facilities in Kazakhstan and met with their CIS counter
parts to conduct detailed studies of the CIS space nuclear reac
tor concept. 

A New Generation Nuclear Thermal Rocket 
In 1992, NASA's Nuclear Propulsion Office at 

the Lewis Research Center in Ohio funded a joint 
program with the experts in the United States and 
the former-Soviet nations to design a small, ad
vanced Nuclear Thermal Rocket (NTR) engine (Fig
ure 2). The team included experts from Aerojet, the 
U.S. nuclear supplier Babcock & Wilcox, and a 
C o m m o n w e a l t h of Independent States (CIS) c o n -

Figure 2 
SCHEMATIC OF SOLID-CORE NUCLEAR THERMAL ROCKET 

The heart of the solid-core nuclear thermal rocket design is shown 
here. Cryogenic liquid hydrogen is pumped from storage tanks (right) 
past the radiator to cool it. The pre-heated hydrogen is then fed 
through the nuclear fission reactor, heated to about 3,000 K, and ex
pelled through the nozzle, creating the thrust for the engine. 

Figure 3 
MOVING TO A 'BIMODAL' NUCLEAR 

THERMAL REACTOR STAGE 
Dr. Borowski and his colleagues have proposed that the solid-core re
actor used for propulsion also supply the electricity needed on board 
the spacecraft for life support, in the case of manned vehicles, as well 
as for powering the communications, electronics, and computer sys
tems. It can also run the refrigeration system that maintains cryogenic 
temperatures to keep the hydrogen propellant in liquid form. 

Shown here is a design for a closed Brayton cycle energy conver
sion system that uses the high-temperature gas from the reactor to 
turn a turbine and produce electric power. 
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This joint study came up with advanced fuel designs, such 
as "twisted ribbon" fuel elements, which could be adjusted ac
cording to the desired exhaust temperature. The proposed en
gine was designed for a specific impulse of 940 to 960 sec
onds, about double that of today's advanced liquid hydrogen 
chemical engines. Reactor tests at Semipalatinsk demonstrated 
hydrogen propellant exhaust temperatures of 3,100 K for more 
than 1 hour, and 2,000 K for 2,000 hours. 

In 1993, the U.S. participants in the program suggested 
that a joint effort would bring significant benefits to all the 
countries involved. Using the existing CIS test facilities would 
mean that the United States would not have to spend t ime 
and resources to duplicate them. The economic situation of 
the Russian and other CIS scientists and engineers would be 
improved, and their expertise put to good use. By the end of 
the Bush administration, however, it was clear that neither 
the White House nor the Congress was wil l ing to pay for any 

visionary manr ed space program, and the nuclear propulsion 
research was a >ain put on a back burner. 

Despite this situation, a team of experts led by Dr. Stanley 
Borowski from NASA Lewis Research Center, wanted to en
sure that whei the nation made the decision to go back to 
the Moon, nuclear propulsion would be seriously consid
ered, because it is far superior to chemical propulsion or to 
various low-th ust options that are less attractive for manned 
space travel. Over the past five years, Borowski's team has 
greatly extendi d the capabilities of the CIS Nuclear Thermal 
Rocket design. 

Every space ;raft in operation today, whether manned or 
not, requires .in on-board electr ici ty supply to power the 
electronics, co nputers, and scientific instruments for the mis
sion. In the ca< 2 of the Space Shuttle, chemical fuel cells pro
vide this energ r, which is required not only for spacecraft op
erations but also for l i fe support. Spacecraft w i th longer 

mission times in Earth or
bit , such as the Russian 
Mir space station, the In
ternational Space Station, 
commercial communica
tions and other satellites, 
and near-Earth scientif ic 
satellites carry large solar 
arrays that convert solar 
energy into electricity. 

Outer Solar System ro
botic space probes, such 
as the Gali leo spacecraft 
wh ich is orbi t ing Jupiter, 
or the Cassini spacecraft 
on its way to Saturn, carry 
a few pounds of radioac
tive isotopes wh ich pro
duce heat as they decay, 
and this energy can be 
converted to very small 
amounts of electricity, ad
equate to power the instru
ments on board. But if nu
clear energy is used as the 
propulsion system of to
morrow's lunar vehicles, a 
ready supply of electricity 
for use on board can be 
produced from the same 
reactor that is power ing 
the engines. 

Borowski suggests that 
the nuclear-powered sub
marine, in which the reac
tor heat produces high-
pressure steam to drive 
turbines for the ships pro
peller and turbines that 
produce all of the ship's 
electricity, is a good model 
for extending the duty of 
the nuclear reactor on a 
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Figure 4 
AUGMENTING THE NUCLEAR ENGINE WITH OXYGEN 

The Borowski team has also developed a "trimodal" design for the nuclear tl ermal rocket, 
which introduces liquid oxygen (LOX) into the flow stream of the supersonic hydrogen ex
iting the nozzle, to increase the thrust and flexibility of the engine. The hydn >gen and oxy
gen combust spontaneously. 

In the liquid-oxygen-augmented nuclear thermal rocket design, an increas ng amount of 
oxygen added to the lighter hydrogen exhaust stream will increase the thrust of the engine, 
by increasing the mass of the exhaust. At the same time, however, it reduces t le specific im
pulse of the system, by slowing down the exhaust. 

The table demonstrates that while the specific impulse decreases by abc uf 45 percent, 
from about 940 to 515 seconds, if the ratio of oxygen/hydrogen is 7.0, the er gine thrust-to-
weight ratio increases by nearly 440 percent. This increased thrust through o> ygen augmen
tation, Dr. Borowski states, means that "big engine" performance can be obtained with 
small nuclear engines. 



Figure 5 
RELATIVE SIZE AND MASS FOR CHEMICAL AND NUCLEAR VEHICLES 

An Apollo-style chemical rocket, able to land five tons of cargo on the surface of the Moon is shown in (a). Vehicle (b), 
with the same 132 tons of initial mass in low-Earth-orbit, substitutes a Nuclear Thermal Rocket (NTR), also expendable, 
for the chemical combustion, increasing payload to the surface by 80 percent, to 9 tons. 

If the NTR is reusable, and lunar oxygen is available, as in (c), there is no need for a lander to be transported on each 
mission from Earth, because it will be refueled on the lunar surface and make round trips between the surface and lunar 
orbit. Nearly 9 tons of cargo could be delivered with this design. 

If liquid oxygen is added to the propulsion system, in the LANTR design (d), then 24 tons of cargo can be carried to the 
Moon, in addition to 14 tons of terrestrial hydrogen, needed for the chemical propulsion systems of the lunar vehicles. If 
hydrogen were to be extracted from the ice at the lunar poles, more cargo could be carried instead. 

Rockets (a)-(d) are all 84-hour vehicles. Shown in (e) is a 24-hour lunar shuttle design, where the LANTR propulsion 
system and lunar oxygen are in use. Payload capability is 15 tons, with increased thrust used to decrease the trip time, 
making possible one-day trips to the Moon. 

spacecraft. Bimodal operation of a solid core Nuclear Thermal 
Rocket is possible, producing both propulsive force and elec
tricity, because the rocket contains substantially more fuel in its 
core than it consumes in its propulsion mode (Figure 3). The 
engine can be reconfigured, according to Borowski, so that 
substantial electrical power can be generated for the on-board 
spacecraft systems, including the active refrigeration of liquid 
hydrogen propellant, life support, and high data rate communi
cations with Earth, obviating the need for a separate electric-
generating system. 

Quadrupling Payload with Lunar Oxygen 
While examining ways to increase the efficiency of nuclear 

propulsion, and take advantage of an array of techniques that 
might be combined, Borowski and his colleagues developed 
the innovative "trimodal" Nuclear Thermal Rocket concept. In 
addition to providing the energy for the primary propulsion 
system, and on-board electrical power for the spacecraft, they 

propose augmenting engine thrust using a supersonic oxygen 
afterburner nozzle. 

In this configuration, liquid oxygen would be injected into 
the bell-shaped section of the engine, where the hydrogen pro
pellant has been accelerated to supersonic speeds. After injec
t ion, the low-mass, high-velocity hydrogen and the higher-
mass oxygen would burn spontaneously, adding both mass 
and chemical energy to the rocket exhaust to increase thrust. 
The substitution of high-density l iquid oxygen in place of 
lower-density l iquid hydrogen increases the mass f low, and 
also reduces the mass and tank volume required for the pro
pellant, leading to smaller space vehicles. Borowski describes 
this as "scramjet propulsion in reverse." In a scramjet, the en
gine takes in air for combustion from the atmosphere when the 
aircraft is flying at supersonic speeds. 

In addition to increasing thrust and reducing vehicle size, 
the Liquid-Oxygen Augmented Nuclear Thermal Rocket 
(LANTR) introduces additional f lexibil i ty to the operation of 
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(a) Expendable 
chemical rocket 

(LOX/LH-2) 

(b) Expendable NTR 
_ (LH-2only)_ 

(c) Reusable NTR 
(LH-2 only) 

(d) Reusable LANTR 
LTV with Lunox 

(e) 24-hour shuttle, 
Reusable LANTR 

with Lunox 



Three-dimensional 
view of the 
Bimodal Nuclear 
Thermal Rocket, 
with the Earth 
Return Crew 
Vehicle attached. 

the entire system (Figure 4 and table). By varying the ratio of 
oxygen-to-hydrogen in the engine, it can operate over a wide 
range of thrust and specific impulse values, without changing 
the operating characteristics or power output of the nuclear re
actor. For example, as the mixing ratio of oxygen to hydrogen 
increases from 0 to 7, the engine thrust-to-weight ratio in
creases by about 400 percent, whi le the penalty in reduced 
specific impulse is only about 45 percent. 

The higher thrust values translate into shorter burn times for 
the nuclear engine to impart a required velocity, which ex
tends the lifetime of the engine itself. 

The flexibility introduced by this liquid oxygen augmenta
tion allows the same basic propulsion system to be used among 
a family of vehicles with a variety of mission goals. The next 
quantum leap would be to avoid carrying the oxygen from 
Earth along in the spacecraft, but, like the scramjet, to be able 
to find it on the fly. 

The Lunar Filling Station 
There is little doubt that the first lunar resource that wi l l be 

exploited for operational purposes w i l l be oxygen, which 
makes up nearly half the mass of the Moon. A number of differ
ent processes have been under development through govern
ment and industrial efforts for efficient extraction of lunar oxy
gen from the soil, or regolith,1 generally conceived to be used 
as the oxidant for chemical propulsion systems. But lunar-de
rived oxygen can also dramatically improve the capabilities of 
the liquid-oxygen augmented Nuclear Thermal Rocket (LANTR) 
system. Any use of "local" resources on the Moon increases the 
payload capability of the transport system, which does not have 
to carry all of its consumables from Earth. 

In the plan by Borowski et al., the use of nuclear propulsion 
technology would be evolutionary, starting with an unaug-
mented, expendable Nuclear Thermal Rocket system (Figure 
5). This would maximize the payload delivery to the surface, 
while minimizing the initial mass that must be launched from 
the Earth's surface to orbit. Because of the doubling of specific 
impulse using nuclear thermal, rather than chemical propul
sion technology, the amount of payload that can be delivered 
to the lunar surface is 80 percent larger than that of chemical 
systems, for the same initial mass in low-Earth-orbit. This wi l l 
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translate direct y into the reduced amount of time necessary 
for establishing advanced resource development, manufactur
ing, and living acilities on the Moon. The increased payload 
capability of th > nuclear transport vehicles wil l allow the de
livery of modul ir lunar oxygen production facilities to the sur
face of the MOOT. 

The first use of lunar oxygen would be to fuel the lunar 
landing vehicl :s, which wi l l make the round trip from the 
surface of the Moon to the lunar transportation vehicle in lu
nar orbit. This <vill reduce the amount of l iquid oxygen that 
must be carrie J from Earth orbit. As lunar-derived oxygen 
became readi l " available, reusable oxygen-augmented nu
clear engines would come on line, increasing the payload 
throughput of t i e entire system. Borowski and his team esti
mate that wi th a reusable nuclear lunar transport vehicle, 
400 percent m( re payload could be delivered on each round 
trip mission. 

Judging from the results so far from the Lunar Prospector or
bital mission, tf ere is also the possibility of exploiting the de
posits of water ice at the Moon's poles, to procure the liquid 
hydrogen need :d as a reactor coolant and exhaust propellant 
for the nuclear )ropulsion engines. 

Once the liq lid-oxygen augmented "reverse scramjet" sys
tem were adde i, the effective specific impulse of the engine 
can be potentia ly doubled again to 1,500 to 2,000 seconds, or 
three to four tir nes the efficiency of chemical propulsion sys
tems. In order 13 deliver an equivalent amount of cargo to the 
Moon, a chem cal propulsion system would have to deliver 
three times as nuch mass to low-Earth orbit. Specific impulse 
parameters at tl is level previously had been projected only for 
advanced secot d-generation gaseous core nuclear reactor sys
tems; however with the LANTR, they can be obtained using 
the near-term solid core nuclear technology and in situ propel-
lant technolo j ies that have already been developed and 
demonstrated h ;re on Earth. 

The 24-Hour Trip to the Moon 
The objectivi of the LANTR program that Borowski has de

signed is to "g low" an initial lunar outpost into "permanent 
settlements sta fed by visiting scientists and engineers repre
senting both government and private commercial ventures." 



Figure 6 
GOING TO MARS WITH NUCLEAR PROPULSION 

NASA is studying various scenarios for manned missions to Mars in the second decade of 
the next century. All of the studies assume that there will be a heavy-lift "Magnum" boost
er available, with a payload capacity of about 80 tons, to low-Earth-orbit, and that the 
missions will be split between cargo flights and piloted flights. Using nuclear propulsion 
systems can reduce the transit time to Mars, or increase the tonnage of payload that can be 
transported, as compared to chemical propulsion systems. 

The l iquid-oxygen-aug
mented nuclear engine can 
enable 24-hour "commuter" 
shuttle trips to the Moon, or 
about what it takes to fly to
day from the East Coast of the 
United States to Asia. Expos
ing travelers to the radiation 
environment of space for as 
little time as possible should 
be one criterion in evaluating 
any particular propulsion sys
tem. 

This nuclear lunar shuttle 
spacecraft w o u l d start its 
journey in Earth-orbit , 
where it would fi l l up with 
l iquid hydrogen and l iquid 
oxygen at a propellant de
pot. The total engine burn 
t ime for the h igh-ve loc i ty 
quick transit to the Moon is 
just under 47 minutes. Be
cause the engine is de
signed for a 34.5 hour life
t ime, the l i qu id -oxygen-
augmented nuclear engine 
could make about 44 round 
trip missions to the Moon. 

The trip, as envisioned in 
the LANTR program, would 
start with a ride on the Space 
Shuttle or similar future ve
hicle, to the Earth-orbital In
ternational Space Station. There, passengers would enter their 
transport module, to be brought to low-Earth-orbit inside the 
Space Shuttle. The passenger transport module provides the 
"brains" for the nuclear shuttle vehicle, and life support for the 
18 passengers and two crew members during their 24-hour 
journey. 

After leaving the space station, the passenger transport mod
ule would dock with the nuclear shuttle, which would be wait
ing a distance away. Acceleration levels experienced by the 
crew and passengers during Earth departure and translunar in
jection would range from less than one-quarter Earth's gravity, 
to perhaps one-half. 

After the 24-hour trip to lunar orbit, the passenger module 
would separate from the nuclear shuttle, and dock with a lunar 
landing vehicle, which would be waiting in lunar orbit. A pro
pellant depot in lunar orbit would refuel the nuclear shuttle for 
its trip back to Earth orbit. The fuel depot would also provide 
the lunar landing vehicle with liquid hydrogen brought from 
Earth (assuming hydrogen from the ice on the Moon is not 
used), which is needed in its chemical propulsion system to 
deliver the passenger transport module to the lunar surface. Af
ter landing on the surface, the passenger transport module 
would be placed on a "flatbed" surface vehicle for transport to 
the lunar settlement. 

Dr. Borowski has estimated that a small advanced Nuclear 
Thermal Rocket engine could be developed, ground tested, 

and readied for flight in about seven years, at a cost of about 
$1.5 bil l ion. It would be the building block for a multi-engine 
lunar transport vehicle, later to be augmented with oxygen 
combust ion, and eventual ly, to use oxygen mined on the 
Moon . After a tryout period, in wh ich the relatively short-
distance trips to the Moon would become routine, the Nuclear 
Thermal Rocket system wi l l be ready for a much more de
manding task—manned missions to Mars. 

A Family of Nuclear Vehicles for Mars 
In a technical memorandum published at the end of last 

year,2 Drs. Borowski and Leonard Dudzinski from NASA 
Lewis, and Melissa McGuire from Analex Corporation, pre
sented a comprehensive plan for how to accomplish the goals 
of a Design Reference Mission to Mars that has been promul
gated by NASA, using nuclear thermal rather than chemical 
propulsion. 

One NASA Design Reference Mission considers the use of 
an expendable trans-Mars injection stage powered by Nuclear 
Thermal Rocket engines. But Borowski et al. propose that the 
disposal of the NTR engine after a single use is a "costly and 
inefficient use of this high performance stage." Instead, they 
propose a " fami ly of modular ' b imoda l ' Nuclear Thermal 
Rocket vehicles," which use a common "core stage," powered 
by three 15,000-pound thrust engines based on the CIS design 
(Figure 6). These would also produce 50kW of electrical power 
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Figure 7 
NUCLEAR POWER TO OPEN THE SOLAR SYSTEM 

The basic small Nuclear Thermal Rocket engine will provide a versatile capability for a 
variety of missions. It will enable the exploration, settlement, and commercia develop
ment of the Moon, and clusters of small nuclear engines can carry men and r laterial to 
Mars. In addition, unmanned robotic exploration missions to the outer planets, vill bene
fit from the stand-alone capabilities of nuclear propulsion. 

for crew life support and other requirements aboard the space
ship. Some of the advantages in this mission design are that 
fewer different transportation system elements are required, 
the initial mass in low-Earth orbit is reduced, and space opera
tions are simplified. 

Currently, NASA's Mars Exploration Study Team is assess
ing a variety of mission architectures and transportation op
tions for conducting a manned mission to Mars in the time
frame of year 2014. In general ou t l ine , the proposal is 
centered on split cargo-piloted missions, and in situ produc
t ion of propel lant on Mars's surface. Two cargo missions 
would launch in November 2 0 1 1 , preceding the manned 
launch in 2014. 

Borowski 's team at NASA Lewis has developed an "a l l 
NTR" Mars mission option, based on using standardized en
gine and other components (Figure 7). Safety and flexibil i ty 
are enhanced with this modular approach, vehicle design and 
assembly are simplified, and costs are reduced. 

The first step in the manned mission is to deliver the com
mon-core stage of the Nuclear Thermal Rocket to low-Earth-
orbit on an 80-ton payload launch vehicle, dubbed "Mag
num, " wh ich has been proposed by NASA for its studies. 
Approximately 30 days later, a second Magnum launch wi l l 
deliver a structural truss, propellant tank, habitat module, and 
consumables to low-Earth-orbit, where rendezvous and dock
ing with the core stage takes place. A reusable Shuttle or simi
lar vehicle wil l then deliver the crew. 

Because the nuclear-core stage has a higher performance 
capability than comparable chemical propulsion systems, it 
w i l l be possible to decrease the risk of the mission to the 
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crew, by carrying along a sec
ond , back-up Earth-return 
capsule. The first one wou ld 
have been delivered in a pre
ceding unmanned cargo mis
sion. If the crew, for any rea
son, cannot land on Mars to 
retrieve the first return cap
sule, in this plan, they would 
have the spare return capsule 
available. 

The b imodal nuclear en
gine, which wi l l stay in Mars 
orbit after the lander takes the 
crew or the cargo to the sur
face, can produce electricity 
for orbital functions, inc lud
ing communicat ions w i th 
Earth. It w i l l also provide the 
stage that wi l l return the crew 
to Earth at the complet ion of 
its stay on Mars. 

The manned Mars missions 
that are being developed now 
are l imited by the budgetary 
constraints that the space 
agency leadership believes 
wi l l persist into the future. It is 
possible, wi th additional fuel 
taken to low-Earth-orbi t , to 

trade off some )f the cargo on the manned mission in order 
to decrease the trip time to Mars. For the health and well-be
ing of the crew, this would be the most desirable option. 

" bmorrow's Technology Today 
Nuclear propuls ion is next in the progression of tech

nologies that v i l l enhance the capabil it ies of mankind in 
space, and provide the most efficient method for coloniz
ing the Moon. \t the same t ime, moving from chemical to 
nuclear system wi l l lay the basis for the quantum jumps in 
energy technology to fo l low, most notably thermonuclear 
fusion. 

When discussing the great future city that mankind w i l l 
build on the Mcon, space visionary Krafft Ehricke insisted that 
"Selenopolis w II not be built wi th yesterday's technology." 
Thirty years ag >, President Kennedy ful ly expected that the 
challenges of < xplorat ion to fo l low Apol lo wou ld also be 
based on tomo row's technology, including nuclear propul
sion in space. Tx iay, tomorrow's technologies are well within 
our grasp. 

Marsha Freer lan is an associate editor of 2'\st Century Sci
ence & Technc logy and the author of How We Got to the 
Moon: The Stor i of the German Space Pioneers, published by 
21st Century Sc ence Associates. 
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1. See Marsha Fre iman, "Krafft Ehricke's Moon: A Lush Oasis of Life," 21st 
Century, Summe ' 1998, p. 24. 

2. NASA Technical Memorandum 1998-208834. "Vehicle and Mission Design 
Options for the \ iuman Exploration of Mars/Phobos Using 'Bimodal' NTR 
and LANTR Prop ulsion." 
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Table-Top, Ultrashort Pulse Laser 
Defines Frontier of Science 
by Charles B. Stevens 

Figure 1 
PETAWATT LASER TITANIUM-SAPPHIRE AMPLIFICATION CHAIN 

The schematic shows the four-foot wide table system on which the petawatt laser pulse is generated, diffracted, stretched, 
and amplified. The energy of the pulse is increased by 100 billion. 

Source: LLNL 

Since its development at the University 
of Rochester's Laboratory for Laser 

Energetics in the late 1980s, the table-
top, ultrashort pulse laser has proven to 
be a most productive workhorse on the 
frontiers of basic research and applied 
technology. From sparking the vacuum 
in high-energy particle accelerators, to 
providing an entirely new type of most 
eff icient machine too l , the ultrashort 
pulse laser has continued to make major 
advances. Most recently, these lasers 
have unexpectedly demonstrated that 
they offer a very efficient means of gen
erating nuclear fusion reactions in mole
cular clusters of deuterium gas and, in 
separate experiments, the generation of 
antimatter. 

Although this new approach to fusion 
does not yet appear to offer a means of 
net fusion energy generation, the very 
convenient table-top laser fusion gener
ator has major applications as a source 
of high-energy, fusion-generated neu
trons, wh ich can be used in various 

technological, scientif ic, and medical 
applications. 

In addition to shedding new light on 
the interaction of intense laser beams 
wi th matter, these table-top fusion ex
periments wil l provide a new standpoint 
from which to explore the fundamental 
aspects of nuclear reactions themselves. 

How the Petawatt Laser Works 
The petawatt1 table-top laser was first 

realized through the work of D. Strick
land and C. Mourou, who were working 
at the Laboratory for Laser Energetics, 
the second major U.S. laser fusion labo
ratory, located at the University of 
Rochester in New York. They applied a 
technique that had been originally uti
lized in pulse amplification of radar out
puts, and in compression of telecommu
nicat ion transmissions: chirped-pulse 
amplification (CPA). In May 1996, scien
tists working under Michael Perry at the 
Lawrence Livermore National Labora
tory in California, succeeded in perfect
ing this CPA procedure to produce the 

first petawatt laser pulse. This was 10 
times greater than the output of the giant 
Livermore NOVA laser fusion system. 

In producing a petawatt, ultrashort 
laser pulse, the first step is to generate a 
low-energy, broadband, ultrashort laser 
pulse from a solid state titanium sapphire 
laser. This pulse is as coherent as ordi
nary monochromatic laser pulses, but it 
consists of many different wavelengths— 
that is many co lors—which is what 
makes it broadband. The pulse is then 
passed through a di f f ract ion grating, 
which breaks it up into its various colors, 
as a prism does wi th white light. Each 
color of the pulse then travels on a sepa
rate path of varying length. 

The pulse is reflected off a second 
grating, wh ich thereby generates an 
elongated version of the original pulse. 
The "stretcher" action increases the 
pulse length by about a factor of 10,000. 
The elongated pulse is then passed 
through a broadband solid state series of 
amplifiers. In this process, the energy of 
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the pulse is increased as much as 100 
billion times. 

The pulse is then passed through a 
second series of gratings in which the 
colors are recombined in space and 
t ime, regenerating the original length 
pulse, but at an energy level that is 100 
billion times greater. 

Once the petawatt laser team had 
achieved this new level of power density, 
it faced a major hurdle wi th respect to 
how to generate optical materials that 
could withstand the power density so 
that the beam could be focussed. This 
problem was solved by a radical new ap
proach developed by Michael Perry and 
John H. Nuckolls, Livermore Associate 
Director at Large. (Dr. Nuckolls is the fa
ther of laser pellet fusion, who, in the 
1950s, pioneered the work upon which 
today's inertial confinement research is 
based.) 

Plasma Mirrors 
The new approach to optical mirrors 

used a plasma for the mirror, wh ich 
could withstand the 700 b i l l ion watts 
per square centimeter of the petawatt 
laser beam. The way this works in prac
tice is that the first part of the petawatt 
laser pulse generates a short-lived dense 
plasma when it encounters the surface of 
a polished glass mirror. Just as the iono
spheric plasma wil l reflect radiowaves of 
the appropriate range, the short-l ived 
plasma has sufficient density to reflect 
the petawatt laser pulse. Because the 
petawatt laser pulse is so short, the 
plasma does not have t ime to expand 
during the remainder of the main body 
of the pulse, which is reflected. 

(In addit ion to reflecting this higher 
power density, the short-l ived plasma 
protects the remaining mirror surface and 
other delicate optical and diagnostic in
struments down the line, which could be 
damaged by radiation generated when 
the petawatt laser pulse hits a target.) 

This revolutionary breakthrough in op
tics indicates that critics of the Strategic 
Defense Init iat ive (SDI) back in the 
1980s may have underestimated the po
tential for plasma "optics" in the case of 
the X-ray laser. 

Fast-Ignition Fusion 
The table-top fusion experiments in 

question were carried out by the 
Lawrence Livermore National Labora
tory laser program, under a research 
team headed by Todd Di tmire. Liver
more is also the site of the National Igni-
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PROGRESS If I LASER PEAK POWER 
Peak power in terawatts is given for various laser systems from 1974-2002. 
The figure includes the NIF single beam's expected power in 2002. 

Source: LLNL 

jets containing molecular clusters. In par
ticular, this intense interaction generates 
beams of high-energy ions. When heavy 
hydrogen is used to make the jet of clus
tered molecules, the resulting ions gener
ate nuclear fusion of the heavy hydrogen. 

It is the unique nature of this new type 
of interaction which makes possible the 
generation of high-energy beams of ions, 
which otherwise would have to be gen
erated by large, high-energy particle ac
celerators. The interaction produces a 
particle accelerator on an atomic scale. 

This occurs as fol lows: When the ul
trashort pulse interacts with a large clus
ter—more than 1,000 atoms of heavy 
hydrogen—the cluster rapidly becomes 
ionized. The electrons thereby released 
are then rapidly heated by the laser pulse 
and, therefore, these hot electrons es
cape from the cluster very rapidly. This 
generates extremely large electric fields 
in the immediate region of the cluster as 
it is breaking up, becoming ionized. As a 
result, hydrogen ions produced from the 
breakup of the cluster are accelerated to 
very high energies. 

In the table-top fusion experiments a 
pulse lasting 35 x 1 0 ~ 1 5 seconds (35 
femtoseconds)2, with an energy of 0.12 
joules and a repetition rate of 10 times 
per second, was focussed onto a deu
terium (heavy hydrogen) gas jet. This gas 
jet was cryogenically cooled to - 1 70°C 

Continued on page 75 
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t ion Facility (NIF), a gigantic laser he 
size of a football field, which is desigr ed 
to generate laser pellet fusion on a lage 
scale. By about 2005, the NIF is sch :d-
uled to demonstrate, for the first t i n e , 
that net energy can be generated by \i ;er 
pellet fusion. 

One application of the table-top la ser 
technology is to provide a means of 
"fast-ignition," in combination with he 
NIF. That is, the giant NIF laser would be 
used to compress a fusion pellet to ;u-
per-high densities, l ike those founc at 
the center of stars. A table-top she rt-
pulse petawatt laser would then prov de 
the match to ignite fusion reaction; in 
the center of the compressed pellet. 

The fusion energy generated by this ast 
ignition in the center of the pellet woi Id, 
in turn, provide the heat source for rais ng 
the rest of the fusion fuel in the pelle to 
fusion ignition temperatures. This two-
step fast-ignition process could prov de 
the means of generating overall high :n-
ergy gains on the NIF. The table-top sh> >rt-
pulse lasers also offer entirely new me th-
ods of diagnosing what is going on dur ng 
the laser fusion process and, more gerer-
ally, in hydrodynamic processes. 

Interactions with Molecular Cluste s 
In experiments that were first carr ed 

out at Imperial College in London t vo 
years ago, Ditmire and his colleagues 
found that powerful , short-pulse la;er 
bursts can interact most intensely with >as 
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Space Probe Acceleration Anomalies 
Suggest Nonequivalence 
by Benedetto Soldano, Ph.D. 

TRW 

The Pioneer 10 satellite, shown here in an artist's illustration of its Jupiter fly-by. 

A report recently published in the 
physics literature presented accel

eration results of space satellites drasti
cally at variance with both Newtonian 
and General Relativistic mechanics.1 The 
importance of this report lies in the fact 
that it describes highly detailed and pre
cise experiments, conducted over a pe
riod of approximately a decade and a 
half, by some of the leading experts in 
the field of astrophysics. 

On the basis of detai led analyses of the 
data of a number of NASA space probes 
such as Pioneer 10 and 11, Ulysses, Gali
leo, and so on, an anomalous accelera
tion has been isolated that is inconsistent 
with both Newtonian and General Rela
tivistic mechanics. This conclusion is 
based in partonananalysisofthedoppler 
effect inherent in the transmission of infor
mation between the space probe and our 
terrestrial reference frame. After account
ing for the effects of radiation pressure ef
fects and planetary and interplanetary in
teractions, all within the framework of 
general relativistic dynamics, the investi
gators were not able to rule out the exis
tence of an acceleration in time, 

a, = -2.8 x KT18 sec/sec2, 

which when multiplied by the speed of 
light c, clearly suggests the existence of 
a radial acceleration 

a,e = -8 .4 x 10"8 cm/sec2 

directed toward the Sun. An anomalous 
acceleration of this magnitude was iso
lated in all probes placed in the ecliptic 
plane. We shall present evidence sug
gesting that the anomalous radial accel
eration, 

a, s -12 + 3 x 10"8 cm/sec2 

p 

which was found in the data of the non-
ecliptic probe, Ulysses, represents a real 
difference in magnitude from the ecliptic 
results obtained in Pioneer 10 and 11. 

We propose to treat these anomalous 
resu Its as constituting evidence for the ex
istence of two violations of the fundamen
tal equality between inertial and gravita
tional mass2 that sets a limit to the 
equivalence principle itself, a critical 
tenet of the theory of General Relativity. 
The first limit is referred to as a strong vio
lation of equivalence, in that it applies to 
all fourforces (electric, magnetic, gravita
tional, and strong). Specifically, it is based 
on a long range difference between iner
tial mass m,and gravitational mass ms, 

SCF = ^ = - 5 . 0 5 x 10-'2 

rrtg 

that is, in the self gravitational fraction 
of mass. This self binding gravitational 
fraction of matter is represented by a 
packing fraction, fg. whose value for a 

nucleon is as small as fe = -10"72, in 
contrast with fSfii for the Earth = - 4.67 x 
10"'° and fgQ for the Sun = -2.22 x 1(T6. 
The overall strong violation of equiva
lence is therefore represented by the 
product 

as written, this quantity is positive. 
The weak violation in equivalence is 

quantified by reference to frame depen
dent fluctuations in Newton's universal 
gravitational constant G. Relative to the 
Earth, 

in contrast with a related solar frac
tional fluctuation, 
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FF0 = 
AG 0 

C I 7.18 x 10H8 

the latter being detected by an observer 
on Earth as the Earth falls toward the Sun 
our local planetary center of inertial anc 
gravitational mass. The geometric aver
age coupling of these two violations is 

FF„ = ,. /ACjB ACG 

V G C ' 
2.24 x 10"14. 

The general consequences of these two 
violations throughout the four forces are 
exam i ned i n great deta i I i n the book Non-
Equivalence: A Key to Unity by B. A. 
Soldano (1997). For this article, we are 
restricting their application to resolving 
the acceleration anomalies. 

In the present application of these two 
limits to strict equivalence, we shall focus 
particular attention on the initial step of 
the proton-proton fusion reaction in the 
Sun: 

p* + p+ -¥ n • p* + p+ + ve Eq. (1) 

which is an extremely slow weak interac
tion process with a 5-billion-year halflife. 

The Origin of the Anomalous 
Radial Acceleration 

The origin of the anomalous accelera
tion in time of the radio signal, a„ lies in 
part in a detailed examination of Eq. (1). 
The conversion of a proton into a neutron 
establishes a connection between the 
strong nuclear binding charge q, where 
q is given by 

he 
14.6 

and the anomalous, negative magnetic 
moment of the neutron is given by 

u„ = -1.91342 
he 

2m„c ' 
Eq. (2) 

Suppose this binding charge of the nu-
cleon q undergoes a gravitational pertur
bation that is detectable by an observer 
on our terrestrial reference frame. This 
perturbation u'„ of the neutron's anoma
lous magnetic moment (Eq. 2) leads to 
the neutron possessing a dipole moment. 
The order of magnitude of this magnetic 
moment perturbation is fixed by the vio
lation of the weak equivalence principle, 
that is, FFava: 

h (q • FFa> 

2m„c 

= 1.053 x 10"26 e c m = d„ 

RESEARCH COMMUNICATIONS 

Eq. (3) 

This leads to: 

— = -5.235 x 10-'3 Eq. 4) 

In analogy with the neutron's magne 
moment, u '„ is written in a magnetic rr o-
ment format. However, since the f ludu 
ation in the nucleonic binding charge 
(q-FFavR), shown in Eq. (3) is a conse
quence of two disparate non-equi\a 
lence perturbations in C;one relative 
the Earth (FFS), and the other relative 
the Sun (FF0); this produces a non-locjal 
situation that could lead to an elect 
charge separation (d„ = 1.053 x 10 
cm) which is characteristic of all elect ic 
dipole moments. 

For the present, it is of interest to nc 
that the size of this electric dipole rro 
ment, is comparable to the latest expe ri-
mental upper limit for a neutron dipc 

to 
to 

te 

le 
moment.3 The data from 15 reactor c y-
cles over three years, give d„ = -1 .9 
2.2 x 10"26e cm. There seems to be a 
systematic effect in their analysis, su :h 
as a correlation of the magnetic field w th 
reversals of the electric field, that COL Id 
mimic a neutron electric dipole mome it. 
This effect can be partially corrected i s 
ing data from the external rubidium mi 
netometers, to give a best estimate d, 
- 3 + 5 x 1 0 " 2 6 e cm, or |d„| < 1.2 x 1d)2 

e cm at the 95 percent confidence lev »l; 
a value that compares favorably with tr at 
predicted in Eq. (3). These recent results 
reconfirm the above upper limits. 

The existence of a neutron dipole rrjo 
ment violates CP invariance. CPT inva ri 
ance requires that ACP be accompani ;d 
by the violation of time reversibility. It 
follows that the resultant irreversible sHift 
in time At: 

Af=-f ( W = •2.61 x 10-'°sec 

Eq. 

where f0-e, is the transmission tirtie 
(498.67 sees) between the Sun and t i e 
Earth, and can be considered the key tir ne 
perturbation inherent in the anomalous 
time acceleration measured by the NA >A 
probes; the latter represent links betwe ;n 
the Earth and the Sun. The negative si jn 
of u„ in Eq. (5) constitutes the basis or 
the attractive nature of the anomalcus 
acceleration in time a„ found in the an \\ 
yses of the Pioneer 10 and 11 probes. 
The radial nature of the acceleration is 
reinforced by the location of the fusipn 

5) 

reaction in the core of the Sun, the gravi
tational center of all the planets in the 
solar system. 

In obtaining an estimate of the time 
acceleration found in the synchronized 
Pioneer clocks, one must normalize the 
time shift represented in Eq. (5) to the 
square of that particular period that links 
both the Earth and the Sun in a gravita
tional resonance process involving the 
anomalous magnetic moment of the neu
tron participating in the first step of p+ + p+ 

fusion process in Eq. (1). In recent years, a 
plethora of experiments4 have demon
strated the existence of a gravity wave 
frequency P, of 160.01 minutes, linking 
the Earth to the inner recesses of the Sun. 
This periodicity presently serves as the 
basis for helioseismic studies of the 
Sun's interior. 

There is, however, a deeper connec
tion between the neutron created in the 
initial step of the p+ + p+fusion of Eq. (1) 
and the gravitational, g wave resonance 
period of 160.01 minutes. It has long 
been observed that there exists a neutron-
hydrogen resonance5 interaction whose 
magnitude of -0.11 eVs is equivalent to 
a wavelength 1.7x lO^cm. In the present 
case, the product of the anomalous mag
netic moment of the neutron u„, and the 
square of the period P implicit in Eq. (6) 
is dimensionally equal to a neutron-hy
drogen "scattering" wavelength raised to 
the fourth power, as follows: 

u„P2 + A,4 = 0 Eq. (5a) 

where 

X= 1.727 x 10~4cm Eq. (5b) 

= hc_ 
~ En.H 

Not only is the calculated wavelength in 
Eqs. (5a,b,c) comparable to that encoun
tered in the aforementioned neutron-hy
drogen resonance interaction but Eqs. 
(5a,b,c) and Eq. (6) suggest that the neu
tron formed in the initial step of p+ + p+ 

fusion in Eq. (1) could conceivably be 
interacting with the accompanying posi
tron product, the anti-particle of an elec
tron; the latter on Earth acting as the natu
ral oscillator for the hydrogen atom that 
is also participating in the above reso
nance. Eqs. (5a,b,c) serve to confirm the 
proposition that it is the first step of 
p* + p+ fusion in Eq. (1) that underlies 
the anomalous acceleration detected by 
space probes. That the resonance period 
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of 160.01 minutes is gravitational in na
ture is suggested in the following equality 
of potentials: 

300 || ^ ( f 

4^11 = 0.1143 volts 

Eq. (5c) 

wherein — is the ratio of the electric 
trie 

charge relative to its mass and 2h is the 
spin of the graviton. The magnitude of 
the resultant voltage(0.1143 volts) repre
sented in Eq. (5c) is comparable to the 
ionization potential of the first Bohr orbit 
of the hydrogen atom. 

Calculation of the 
Anomalous Acceleration 

In light of the intimate relationship of 
the 160.01 -minute period P, to a gravita
tional resonance coupling between the 
Earth and the Sun, we shall treat our Af 
in Eq. (5) as an irreversible time shift of 
this particular frequency. Thus the fol
lowing acceleration of time a, obtains. 

a, = 4 
u„l P2 

2.83 x 10" 

Eq. (6) 

sec /sec2 

Significantly the proposed acceleration 
in time given by Eq. (6) is in close agree
ment with that identified by the CHASMP 
probe, a,. As noted by Anderson et al.,1 

the multiplication of the time accelera
tion described in Eq. (6) by the speed 
of light, c, produces a negative, radial 
acceleration toward the Sun, a, (see 
table), a result in close agreement with 
the results of Pioneer 10, where the radial 
acceleration was found to be 

-8.09 + .2 x 10"8 cm/sec2; 

and Pioneer 11 measurements, which 
gave 

-8.56 ± .5 x 10"8 cm/sec2. 

Non-Ecliptic Results 
The preceding discussion has dealt 

with space probes located essentially in 
the ecliptic plane. On the other hand, 
the Ulysses spacecraft was sent into a 
non-ecliptic orbit that ultimately tra
versed both poles of the Sun as it traveled 
from 5.4 AU near Jupiter, in February 
1992, to a perihelion of 1.3 AU in Febru
ary 1995. This non-ecliptic path of the 
Ulysses probe enabled it to also sense 

any deviation from strong equivalence in 
the Sun. This means that one should also 
expect the value of the detected anomaly 
in acceleration to differ from the average 
ecliptic acceleration anomaly, which is 

-8.5 x 10'8 cm/sec2. 

From a non-equivalence standpoint, 
the anomalous Ulysses acceleration, Eq. 
(7), should be precisely 3/2 times the 
ecliptic's acceleration anomaly obtained 
in Eq. (6). 

a, = 3/2ca, 

= -12.75 x 10~8 cm/sec2 

Eq. (7) 

This larger result in Eq. (7) compares fa
vorably with the Ulysses result 

a, = 12 ± 3 x 10" cm 
sec2 

The magnitude of the acceleration pre
dicted in Eq. (7) reinforces our belief that 
the non-ecliptic anomalous acceleration 
isolated by Ulysses is indeed different 
from the value obtained by Pioneer 10 
and 11. 

We now turn to a justification for the 
precision of the commeasurable ratio 
(composed of whole numbers) of 3/2, 
used in Eq. (7). 

Let us look at the magnitude of the 
solar violation of the strong equiva
lence principle: 

SVL 1.12x 10-

and that of the solar violation of the weak 
equivalence principle: 

FF0 = 0.71 x 70"'7. 

It is true that the ratio of the two is pre
cisely 3/2. as shown in Eq. 8: 

Eq. (8) 
FF. 

The commensurability of the factor of 
3/2 calls to mind the fact that such whole 
number ratios, when associated with the 
dynamics of planets, constitute evidence 
of gravitational resonance processes.6 

The fact that the ratio of the orbital period 
of the Sun's nearest planet (Mercury), rel
ative to its rotational period, is precisely 
3/2, has been interpreted as evidence for 
the existence of gravitational resonance 
between Mercury and the Sun. If we 
equate these two numerically equivalent 
time ratios, we have: 

3 SV, 

2 FF0 
Eq.(9) 

We can take the cross product of this 
resultant relationship (see Eq. 10) and ob
tain new insight into the gravitational res
onance, transmission process between 
the Sun and Mercury. Further, Eq. (10) 
suggests a possible connection between 
the term of the solar violation of the 
strong equivalence principle 5VgQ and 
the p+ + p+ fusion reaction in the Sun; in 
particular, the weak interaction process 
of positron formation accompanying 
p+ + p+ fusion. This gravitational connec
tion with the solar fusion process is not 
surprising, when one notes that it is the 
Sun's collective self-gravitational com
pression that initiates p+ + p+ fusion by 
overcoming the repulsion barrier be
tween protons. 

SVer FFe • P 

Eq. (10) 

_ t ( r" - r,)mec
2 CF fmec 

" fe- e2 he [ h 

where t©_ is the one-way transmission 
time between the Sun and Mercury; 

is the normalized, weak interaction point 
coupling constant for the positron prod
uct accompanying the p+ + p+ fusion in 
Eq. (1). The charging ratio difference 

(rv.r,)mec
2 

e2 10 

arises from the fact that fluctuations in 
C, that is, ACo and SGF involve the two 
classical charging radii of the positron 
Eq. (11a) and Eq. (11b). 

1 
n = ^ 2 mec 

5 m-c1 

Eq. (11a) 

Eq. (11b) 

Confirming Evidence 
For many years, it has been known that 

there exist two different classical charg
ing radii for the electron: one, at fixed 
charging radius rf and the other, at a vari
able charging radius r„. Because of the 
preceding gravitational fluctuation differ
ences, both radii are required in Eq. (10). 

The existence of two different charging 
radii for the electron, as a result of fluc
tuations in Newton's G, satisfies one of 
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the criteria for an electron dipole moment 
(dimensionally of the form AeAl). The 
product of (r„ - ry) and the weak interac
tion normalized coupling constant for the 
point interaction of an electron, quanti
fies the Al component of an electron di
pole moment: 

CCy ( r „ - rf) = 8.45 x 10"26cm 

The A charge portion of an electron di
pole description is linked to an alterna
tive description2 of the electric fine struc
ture constant; one based on statistical 
fluctuations in the charge of the electron, 
that is, Ae = ea . 

Upon combining the above two fluc
tuation parameters, we are led to the fol
lowing prediction for an electronic di
pole moment Eq. (12). 

( e a) [CCy + [rv-r,)] 

= 6.17 x 10"28 e c m 

Eq. (12) 

Significantly, this prediction is consistent 
with the latest experimental upper limits.7 

We have claimed in Eq. (3) that a weak 
nonequivalence fluctuation in the nucle-
on's binding charge q gives rise to a neu
tron dipole moment d„ = 1.053 x 10 26 e 
cm. Moreover, these same fluctuations 
in Newton's universal constant C consti
tute a basis for a difference between the 
two charging radii for the electron ( r - r>), 
as shown in Eq. (10). Supersymmetric 
theories indicate that a neutron dipole 
moment could be accompanied by the 
existence of an electron dipole mo
ment—a situation precisely indicated in 
Eq. (1 2). Note that the predicted electron 
dipole moment in Eq. (12) is considerably 
smaller than 10~26 e cm, the current ex
perimental upper limits for the neutron's 
dipole moment. 

In conclusion, we wish to briefly com
ment on two important questions facing 
physics that are directly related to the 
nonequivalence factors examined in the 
present study: 

The first is that dealing with attempts 
to measure axions emitted by the Sun and 
detected on Earth.8 If the renormalized 
energy-dependent coupling of an axion 
to two virtual photons and the electron 
(a, y, 7, e) has been detected and is indeed 

2.7 x1Q-9 . , 
ga,TY,e= 1 CeV , then for an energy 

equal to the real terrestrial rest mass of a 
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REFERENCED VALUES 

Physical Constants 

a fine structure constant 
c speed of light 
e electron charge 
h Planck's constant 
mn mass of a neutron 
m5 mass of an electron 
P? orbital period of Mercury 
P9JOI rotational period of Mercury 
to_® transmission time between Sun and Earth 
E„_h energy of neutron-hydrogen 

resonance interaction 
P period of gravity resonance wave lin 

to interior of Sun 
GF Fermi coupling constant 

1/137.0388 
2.9979 x 101 0cm/s 
4.8 x 10- '°esu 
6.5906 x 10"16 e V s 
939.55 x 10 6 eV/c 2 

0.511 x 10 6 eV/c 2 

87.97 days 
58.6 days 
498.7 sec 
-0.11eV 

:ing Earth 160.01 min 

signal 

plane 

Nonequivalence Data 

a, measured anomalous acceleration o 
a,e radial acceleration in plane of eclipti 
a, radial acceleration in polar/non-eciipfc 
a,c calculated acceleration of signal 
a, calculated non-ecliptic acceleration 
u„ anomalous negative magnetic moment of 

neutron 
u^ perturbation of u„ 
dn anomalous electric dipole charge sefcaration 
At time shift of transmission time 
q nuclear binding charge 
X neutron-hydrogen "scattering" wavelength 
CCP+ weak interaction point coupling constant of 

positron in Eq. (1) 

Strong Violation 

SGF self-binding gravitational fraction of 

' g : 

f9n gravitational packing fraction of nucl ;on 
gravitational packing fraction of Sun 
gravitational packing fraction of Eart T 

SVg strong violation of equivalence (Sun 
S V t strong violation of equivalence (Earl i ) 

Weak Violation 

FF weak violation fractional fluctuation 

FF e weak violation fractional fluctuation 

F^nvg geometric mean of F F : + FF 9 

-2 .8 x 10-18 sec/sec2 

-8 .4 x 10 -8 cm/sec2 

- 1 2 + 3 x lO- ' cm/s 2 

- 2 . 8 3 x 1 0 " 1 8 s / s 2 

-12.75 x lO^cm/s2 

2.01 x 1 0 " e c m [Eq. (2)] 

1.053 x 1 0 - 2 6 e c m [Eq. (3)] 
1.053 x 10 - 2 6 ecm [Eq. (3)] 
2.61 x 10-" sec 
2.147 x l O ^ e s u 
1.727 x 10"4 cm 
3.0 x 10"12 

^ = - ^ = - 5 . 0 5 x 1 0 -
Mg 

10"72 

-2.22 x 10-« 
-4.67 x 10-10 

f3GSGF=-1.21 x10"'7 

C SGF= -2.36 x 102 ' 

photon (2.385 x 10"'7 eV), the resultar 
coupling is precisely equal to the produ( t 
of the two nonequivalence terms exarr 
ined herein, and the first diffraction cor 
stant for light (1.22). At an axion mass 
equal to 1.065 x 10"3 eV, only the stron 
nonequivalence term remains; a CP ir 
variance violation in the strong force be 

Sun) 

Earth) 

AG-
G 

AGS 

7.18 x 10-' 

G 
2.24 x 10-" 

7.0 x 10"' 

ing the reason for the postulation of an 
axion. 

Second, the application to the missing 
neutrino problem of the strong violation 
for the Sun, SV„,, leads to the conclusion 
that only 70 percent9 of the neutrinos re
quired to satisfy the conservation laws of 

Continued on page 75 
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Entropy of the Universe and 
Little Black Hole Manifestations 
by Mario Rabinowitz, Ph.D. 

ACCELERATED EXPANSION OF THE UNIVERSE 

Source: Mario Rabinowitz 

Based upon a general entropy argu
ment and a tunneling model of little 

black hole (LBH) radiation that is con
trary to Stephen Hawking's model, LBHs 
enter the scientif ic arena as excellent 
candidates for the dark matter of the uni
verse and ball lightning on Earth. In ad
di t ion, LBH radially beamed radiation 
may be the driving mechanism for one 
of the most remarkable and exciting dis
coveries of 1998: the accelerated expan
sion of the universe, with the implication 
that the universe is older, larger, and less 
dense than previously thought. 

This discovery was totally unantici
pated,,and calls long-standing cosmo-
logical theories into question. It may 
shed light on the enigma that some stars 
appear to be older than the previously 
accepted age of the universe. One viable 
explanation that emerges is related to ra
dially inward radiation from LBHs that 
accelerates them and the rest of the uni
verse outward. The new discoveries rad
ically change our concept of what drives 
the macrocosm, and init iate a funda
mentally new quest for the laws that gov
ern the universe on a large scale. 

Since 1983, it has been known that 
there must be some unseen form of mat
ter—missing mass, or dark matter— 
whose gravitational attraction is great 
enough to hold the galaxies together as 
they rotate. In 1983, the unheralded as
tronomer Vera Rubin, using spectro
scopic redshift measurements on the 
stars in spiral galaxies, showed approxi
mately constant linear velocities, inde
pendent of radial distance, r, rather than 
the expected Keplerian velocities * 1/VT. 
Their rate of rotation is so great that they 
would fly apart if they contained only 
the stars and gas we can direct ly per-

EDITOR'S NOTE 
Even though he proceeds from the gen

erally accepted mathematical physics, 
and we disagree with his mode of reason
ing about cosmology, Dr. Rabinowitz's 
conclusions are unique. 

ceive. Other pieces of evidence for dark 
matter come from clusters of galaxies, 
and the geometry of the universe. 

Since matter tends to be "clumpy" and 
energy is "smooth," it has been argued 
that on the basis of "smoothness," no 
more than - 6 5 percent of the missing 
mass of the universe can be matter—the 
remaining - 3 0 percent being energy. 
However, in terms of "smoothness," 
LBHs can be mistaken for energy. Be
cause LBHs are so smal l , they can be 
"smoothed over." 

Despite all the recent widespread pub
l ici ty given to a possible neutrino rest 
mass, neither neutrinos nor any other 
sub-atomic particles seem to account for 
the missing mass (dark matter) of the uni

verse. If these subatomic particles are 
prevalent, there would be discernible, 
widespread alteration of the reaction 
products of fundamental astrophysical 
processes, and these have not been ob
served. For example, it has been conjec
tured that WIMPS (weakly interacting 
massive particles, also called cosmions) 
collect as dark matter around massive 
objects like stars. If present in sufficient 
numbers, they should be direct ly de
tectable, but have not been, as is the 
case for similar candidates. 

Black Holes 
Black Holes and the universe. Black 

holes were considered to be strange 
massive objects out of which only static 
(that is, non-t ime-varying) fields l ike 
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AMONG THE LARGEST AND SMALLEST MASSES, RADII, AND DENSITIES 
To create a black hole, an object of mass M must be crushed to a density 

p = - £ - = 73 x 1082 M £ gm/cm3 

4n 
RS 

where 

RH = 2GM/c 2 = 1.48 x 1CT28 Mgm cm 

is the Schwarzchild radius, also often called the horizon of the black hole. 

Object 

Universe 

Galaxy 

Star (Sun) 

Earth 

Mountain 

Planck Mass 

Neutron* 

Mass 
(gm) 

1056 

1045 

10" 

1028 

10'5 

10^5 

10-24 

Ordinary object 
Radius 

(cm) 

1028 

1022 

10" 

10" 

10" 

10"2 

i o - ' 3 

Density 
(gm/cm3) 

10-30 

IO"9 

1.4 

5.5 

4 

10' 

10'4 

Black Hole 
Radius 

(cm) 

1028 

10'7 

105 

10° 

10 13 

10"33 

10~52* 

Density 
(gm/cm3) 

10-30 

10"7 

10'6 

1027 

10" 

10" 

1 0130. 

Note 
* Black holes are not supposed to form for masses less than the Planck Mass. 

gravitat ional, electr ic, and magnetic 
fields, could get out. Everything fell in, 
and nothing else could come out—not 
even light. The first proposed mecha
nism for the creation of black holes from 
stellar evolution was by S. Chandrasekar 
in 1931 , who argued that black holes 
were the final destiny of all stars wi th 
mass S1.4 M s u n . That is why all white 
dwarf stars have mass <1.4 M s u n . Hawk
ing, in 1971, was the first to propose that 
the high energies of the Big Bang created 
LBHs in the primordial universe. 

There is now ample direct and indirect 
experimental evidence for heavy and 
middleweight black holes. My article in 
the summer 1998 issue of 21st Century 
Science and Technology discussed some 
of this evidence for heavy black holes of 
mi l l ions to bi l l ions of solar masses.1 

NASA has recently released evidence for 
the middleweight black holes, weighing 
in at 100 to 10,000 solar masses. As
tronomers saw hints of this new class of 
black holes whi le studying X-rays from 
39 nearby galaxies. This intermediate 
class appears to be formed by the merg
ing of smaller solar mass black holes. As 
shown in the table, LBHs have the high
est possible densities. 

From the table above, it also appears 
that our universe is a black hole, and 
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hence, that we are probably comfortab y 
living inside a black hole. There are r o 
large tidal forces tearing us apart becau; e 
the universe is so large. However, tr e 
numbers are just marginal for determi 
ing if the universe is indeed a black hoi 
so it could go either way. A simple a 
proach can give an insight. If we equa 
the gravitational force to the centripet i 
force, we have GmM/R2 = mv2/R, whe e 
G is the universal gravitational constart, 
m is the mass of the orbiting body, M 
the mass of the orbited body (m «M]). 
Thus, 

M = »2 R/G. Eq. (I 

From this simple key equation, mu< 
can be learned, such as an approxima:e 
value for the mass of the universe. This is 
how the masses of orbited bodies su< h 
as the Sun, Earth, other planets, and o 
on, are routinely obtained. For a circular 
orbit, the orbital period t = 27tR/v, ar d 
Eq. (1) becomes t 2 = (47c2/M)R3, which is 
the wel l -known Keplerian law that the 
square of a planet's period is propc r-
tional to the cube of its semimajor axis 

To show the power and generality Df 
Eq. (1), I've made up a simple encon 
passing example. If we consider the ui 
verse to be Euclidean (the prevalent 

view), and if we use a particle (such as a 
photon or neutrino) moving at the speed 
of light, c = v, at the edge of the universe, 
then Eq. (1) gives the mass of the uni
verse Mu = c2R/G, where R is the radius 
of the universe. If we take the radius of 
the observable universe, R = cTu, where 
Tu is the age of the universe -15 x 109 

years = 4.7 x 101 7 sec, then M u ~ 105 6 

gm. It is remarkable that this simply de
rived result is close to Einstein's result 
M,j = (7t/2)c2R/G, derived from General 
Relativity, when the term for the scalar 
curvature of the universe can be ne
glected. The result for a black hole is Mu 

= c2R/2G, indicating that our universe 
may marginally be a black hole. 

If we look a little deeper, we can no
tice that there is a commonality to the re
sults for Mu that is interesting. 

Mu * c2R/G = c3 V G Eq.(2) 

If c and G remain constant, then M „ 
oc T0. A quantum mechanical analysis2 

gives a similar result, and an additional 
result: yielding both 105 6 gm ~ M u oc R 
* Tu, and a smallest mass, 10~66gm ~ 
m •x R-1 a i /T y . If we take these results 
seriously, then they are tel l ing us that 
as time increases, the mass of the visi
ble universe increases l inearly. If the 
universe were static (fixed), and we just 
see more stars w i t h t ime, we w o u l d 
expect Mu * c3Tu

3; that is, the mass 
would increase as the volume of what 
we see increases. 

Entropy and Black Hole Radiation. 
The entropy of black holes is tremen
dously greater than the entropy of ordi
nary bodies of the same mass. Hence, 
there is a colossally higher probabil ity 
that the big bang produced black holes 
dominant ly over ord inary matter. 
Therefore, it appears likely that a large 
percentage of the mass of at least the 
primordial universe was composed of 
LBHs. As a black hole shrinks as a re
sult of evaporat ive radiat ion, overal l 
entropy increases. As we shall see, the 
beamed radiat ion of LBH can be a 
cause of the accelerated expansion of 
the universe. Thus, both processes con
tribute to the ever-increasing entropy of 
the universe. 

Another, less compelling, but simpler 
argument can also be made: The t ime 
just subsequent to the big bang is a time 
of extremely high densities of mass-
energy, wh ich is precisely the state of 
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LBH-Accelerated Expansion of Universe 

Let us look at the nonrelat ivist ic 
case tor velocities v< 0.7 c, where the 
relativistic correction is less than a 
factor of 2. The outward acceleration 
of LBH is 

where Qu is the average mass density 
of the universe inside the radius R of 
the spherical shell. Thus Eq. (5.1) be
comes 

litt le black holes. Because litt le black 
holes are made of the same primeval 
high density stuff, one may well expect 
them to be a major constituent of the 
remnants of the big bang. Since these 
are such fundamental findings, we may 
wel l ask why these conclusions were 
not reached some time ago. Let us see 
why this is so. 

Hawking's black holes could not be 
the dark matter because they would have 
interfered with nucleosynthesis of pro
tons and neutrons into deuterium , he
l ium, and so on, that occurred in the 
early universe. Hawking's LBH cannot 
have been created in large numbers, or 
they would fry the universe. If LBHs radi
ate according to his model , Hawking 
concludes that they can at most make up 
one-mi l l ionth of the matter in the uni
verse. 

In my model, LBH are much more qui
escent than Hawking's and can account 
for the dark matter—that is, up to 95 per
cent of the mass of the universe. This, in 
itself, is significant; however, equally no
table is that my two-body interaction 
model for LBH radiation also makes 
LBHs viable candidates for ball light
ning, and the accelerated expansion of 
the universe. Interference wi th nucle
osynthesis is not an issue in my model of 
relatively quiescent beamed black hole 
radiation. 

In 1971, Zel'dovich proposed the first 
model of radiation from a black hole:3 

"The rotating body [black hole] pro
duces spontaneous pair production [and] 
in the case when the body can absorb 
one of the particles . . . the other 
(anti)particle goes off to infinity and car
ries away energy and angular momen
tum." 

This is qui te s imi lar to the model 
proposed by Hawking4 in 1974 for ra
diation from non-rotating black holes. 
This relevant prior work by Zel 'dovich 
was not referenced by Hawking in his 
original papers, although he did refer
ence some other work by Zel 'dov ich, 
and briefly mentioned him in his 1988 
popular book in a way that did not 
clearly credit Zel'dovich with the mon
umental concept of radiat ion f rom a 
black hole. 

The effects of a second body are to 
lower the gravitational barrier of a black 
hole and to give the barrier a finite rather 
than infinite width, so that a particle can 
escape by tunneling or going over the top 

of the lowered barrier. By means of gravi
tational field emission, it is suggested here 
that radiation may be emitted from LBHs 
in a process differing from that of Hawk
ing radiation, which has proven elusive to 
detect for more than 24 years. Gravita
tional field emission is similar to electric 
field emission of electrons from a metal. 
The lowering of the potential energy bar
rier by the second body can be thought of 
as the analogue of Schottky emission at 
ambient temperature. 

Ball Lightning 
Because LBHs can be prevalent 

throughout the universe, they may also 
be present on Earth. If so, they might 
manifest themselves as ball l ightning, 
one of the few long-known and widely 
accepted natural phenomena, which are 
still unexplained. Hawking's LBHs can
not be considered as the core power 
source of ball l ightning, because they 
radiate at a devastatingly high rate in all 
directions, which would hardly go un
not iced. Prior to the awareness that 
black holes can radiate, their presence 
in the 4-bi l l ion-year-olcl Earth wou ld 
have been dismissed because the Earth 
would have been devoured after about a 
mil l ion years, leaving a black hole of 1 
cm radius. 

For my model of LBH, the downward 
directed radiation between the hole and 
the Earth can provide levitation, with a 

small horizontal component providing 
mobil i ty. When LBHs get so small that 
there would be appreciable radiation, 
the radial ly inward radiat ion propels 
them away from the Earth. The down
wardly directed radiation (the result of 
the Earth below) from a LBH acts like a 
rocket exhaust,5 permitting it to levitate 
or fall slowly, as governed by an equa
tion such as Eq. 5.1 (see box above). 

A <1 gm little black hole has a tem
perature T > ~ 1027K, so that almost all 
of its radiation is at extremely high fre
quencies wi th energy ~ 10 2 3 eV. At a 
distance of many Earth-radii, the radia
t ion is narrowly beamed toward the 
Earth's center. As the LBH gets close to 
the Earth, the radiation beam diverges to 
approximately the Earth's diameter, giv
ing it a negligible power density. For ex
ample, for a beam power of ~ 109 W , 
the average power density over the sur
face of the Earth is ~ 1 0 " 9 W /cm 2 . At 
these high energies, most of the radiation 
wil l exit the Earth. Even if it were all dis
sipated in the Earth, only ~ 1CT18 W/cm3 

and ~ 10~1 9 W/gm would be absorbed. 

A powerfully radiating LBH is not di
rectly visible because the frequencies 
are so high. LBHs become visible indi
rectly as ball lightning in the surrounding 
air by excitation and ionization of the air 
molecules and atoms in interaction with 
a charged LBH, and by infalling particle 
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collisions. The fol lowing 1 7 criteria are 
presented as a guide for assessing ball 
lightning models in general, and the LBH 
model in particular. LBHs meet these cri
teria, whereas other models generally do 
not. 

1. Constant size, brightness, and shape 
for times <~10 sec: The large amount of 
gravitat ional ly stored energy in LBHs 
and resulting kinetic energy accounts for 
the somewhat constant size, ball shape, 
and brightness of ball l ightning. Ther
mally stored energy models do not have 
stability as a result of cooling with time. 

LUntethered high mobility: The light
ness of the LBH (~ 1/3 gm), in which the 
ball lightning mass mainly resides, gives 
it high mobility. A small horizontal com
ponent of the exhaust force accounts for 
mobility in the horizontal direction. Un-
tethered mobility vitiates against electri
cal discharge models of ball l ightning 
which require attachment to good con
ductors (for example, metal) or poor con
ductors (for example, earth, wood). 

3. Generally does not rise: The ball 
lightning ionized air is electrostatically 
bound to charge trapped in the LBH and 
so is forced to follow its trajectory rather 
than simply rise. Because heated air ex} 
pands and rises, this is another criterion 
against thermal source ball lightning. 

4. Can enter open or closed structures: 
The radius of a 1/3 gm LBH is 5 x 1 0 " 2 9 

cm, with only a very small gravitational 
interaction. Thus, LBH can easily pene
trate through any material. 

5. Can exist within closed conducting 
metal structures: LBH have easily existed 
inside closed highly conducting struc
tures such as airplanes, because of their 
stored energy. This cr i ter ion dictates 
against models that depend on external 
energy from electrical currents, or on 
electromagnetic radiation that is 
shielded by a conductor. 

Entry into airborne craft has occurred 
on a number of separate occasions, and 
is wel l documented. An airplane is an 
excellent Faraday cage, as there are 
equipotential surfaces a few window di
ameters in. The fo l lowing are excerpts 
from a pilot's letter to a newspaper about 
a report to the Strategic Air Command 
Weather Station of his 1960 experience:6 

". . . USAF tanker . . . in the clouds 
at 18,000' A ball of yellow-white color 
approximately 18" in diameter emerged 
through the windshield . . . [at] a fast 
run . . . down the cabin passageway Af-
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ciated with thunder clouds may attract 
little charged black holes. 

16. Continues to glow even when sta
tionary for short times: An internal ly 
charged LBH can trap ~ 10 positive or 
negative charges externally and form a 
super-heavy ion-like structure. Collision 
of the circulating charge can ionize the 
surrounding air even when, as reported, 
the ball lightning is stationary for short 
times. 

1 7. Goes around sharp corners: A 
charged LBH experiences an attractive 
force toward its image charge in a con
ductor, and either a repulsive or attrac
tive force with a charged dielectric, de
pending on the relative sign of the 
charge. Dielectrics tend to accumulate 
charge in the presence of l ightning 
clouds. Thus, charged LBHs can be 
guided around corners by conductors or 
dielectrics. 

Universe Acceleration 
If l i t t le black holes represent a sub

stantial fraction (up to 95 percent) of the 
missing mass of the universe of mass 
105 6 gm, then (as we shall see), their ra
dially directed inward radiation in inter
acting wi th the universe as the second 
body is a good candidate model for the 
accelerated expansion of the universe. 
(See Note 5.) On a solar system-size 
scale, the Sun's mass dominates over 
any kind of missing mass, because the 
volume of the solar system is not large 
enough to hold enough missing mass 
based on its average universal density. 
Thus, there is no appreciable deviation 
from Keplerian motion of the planetary 
orbits. 

The box (p. 72) determines the maxi
mum acceleration observable from the 
Earth in the non-relativistic case, as a re
sult of the radiation reaction force expe
rienced by a LBH of mass M in a spheri
cal shell at radius R, surrounding mass m 
of the universe. If the total mass of a 
spherical shell of the universe is domi
nated by an ensemble of LBHs, then their 
acceleration wil l transport the rest of the 
bodies in the shell with them by gravita
tional attraction (see figure). 

Discussion 
Terrestrial and celestial manifesta

tions. Many geophysical and astrophysi-
cal processes are not yet wel l under
stood. LBHs may be a link that relates to 
these processes, such as volcanoes, grav
itational field anomalies, earthquakes, 
tornadoes, planetary seeding, rings oi 
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ter approximately 3 seconds. . . t i e 
Boom operator sitting in the rear of air
craft called on the interphone in an i x-
cited voice describing a ball of fire tl at 
came rolling through the aft cargo co n-
partment abeam the wings, then danc ;d 
over the right wing and roll ing off ir to 
the night and clouds! No noise acco n-
panied the arrival or departure of t i e 
phenomenon." 

6. Levitation: The LBH downwarc ly 
directed radiation accounts for levi a-
t ion . It is hard for other models to ; c-
count for levitat ion accompanied sy 
long horizontal motion. 

7. Low power in the visible spectru n: 
The huge, direct ly emitted power of 
LBHs is in frequencies vastly higher tr an 
visible. LBHs produce ~ 10 W of opti :al 
power of ionized air. Observed inter si-
ties of light and heat are ~ 10 W, ruli rig 
out models with too much visible pow sr. 

8. Rarity of sightings: Because LB -\s 
are quite rare, this explains the rarity of 
ball lightning sightings. 

9. Relatively larger activity near vol :a-
noes: LBHs may be involved in volca tic 
act ion, making ball l ightning mere 
prevalent there. 

10. Abates quietly: Ball lightning from 
LBHs abates its luminosity quietly when 
it enters opaque materials, or comes to 
rest for long times, or when the char^ ed 
black hole becomes neutralized. 

11. Extinguishes explosively occasl >n-
ally: Ball lightning can extinguish explo
sively when LBHs reach the end of tr eir 
life or are disrupted. 

1 2. Related radioactivity: There c an 
be a low level of gamma rays, positrons, 
and other radioactive radiation asscci-
ated wi th ball l ightning. LBHs can ic-
count for radioactivi ty, whereas m Dst 
other models cannot. 

13. Typical absence of deleterious ef
fects: Because of the low interact on 
cross section of the emitted radiat on 
and its narrow downward beaming, he 
emit ted power has low local power 
density and dissipates over a huge vol
ume. 

14. Occasional high localized ene -gy 
deposition: The high energy conten of 
LBHs can account for ball lightning it ci-
dents of molten materials and boi l ng 
water, when LBHs are disrupted. 

1 5. Larger activity associated w ith 
thunderstorms: Thunderstorm activ ity 
may be involved in the charging of Iirtle 
black holes, and/or the high fields as so-



Saturn, and copious excess heat genera
tion in planets like Jupiter and its moons. 
There could be profound implications to 
Earth and planetary science if it could be 
established that little black holes are pre
sent in and on the Earth. 

For example, whereas the Earth's 
overal l density is 5.5 gm/cm 3 , the 
Earth's lithosphere (50 miles in from the 
surface) has a measured density of ~ 
2.7 gm/cm3 . This difference in density 
has been generally assumed to be the 
result of molten iron f i l l ing the Earth's 
core. LBHs in the core could help in part 
to account for both the increased den
sity, as wel l as the total outward heat 
f low from the interior of the Earth, as 
well as the other planets. Jupiter, for ex
ample, has a very large interior produc
tion of heat. It is thought that some of its 
moons are heated by tidal friction in in
teracting w i th Jupiter's gravi tat ional 
field, but there are significant differences 
in this effect for the various moons. 

Hawking was the first to propose radi
ation from non-rotating black holes, and 
among the first to suggest that small 
black holes in stellar objects such as our 
Sun might help to explain the solar neu
trino problem. In addition, others, such 
as Trofimenko, have discussed the possi
bility that LBHs are involved in geophys
ical and astrophysical phenomena, but 
did not consider ball l ightning, nor the 
ramifications of LBH radiation and/or the 
time for LBH to devour their hosts. It is 
easy to see why LBH have not been con
sidered as the core power source of ball 
lightning, because Hawking's LBH radi
ate isotropically at a devastatingly high 
rate. 

It has not been easy to conclude that 
LBHs are present near the centers of as
tronomical bodies such as our Earth and 
other planets. There are two extremes 
wi th respect to this question, and they 
both have problems. One is the pre-
Hawking radiation view, which would 
permit the universe to be f i l led wi th a 
large percentage of LBHs, but has the 
problem that the LBHs would gobble up 
any hosts they inhabit. The other is the 
post-Hawking radiation v iew, which 
would limit the universe to be filled with 
only about one-millionth of its mass with 
LBHs because there wou ld be much 
more Hawking radiation than otherwise 
observed. My model permits up to 95 
percent of the universe to be filled with 
LBHs because their radiation is relatively 
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quiescent, and yet lets them evaporate 
away near the centers of astronomical 
bodies before these bodies are devoured. 

If a slow-moving LBH falls in toward 
the center of an astronomical body like 
the Earth, it w i l l tend to oscillate wi th 
simple harmonic motion about the cen-
ter-of-mass of this body. The LBH wi l l 
lose only a tiny amount of energy in its 
gravitat ional interaction w i th the sur
rounding mass. Long before it slows 
down sufficiently to come to rest at the 
center of the body, its beamed radiation 
w i l l increase its ampli tude of mot ion, 
eventually causing it to shoot out away 
from the body before ingesting it. 

However, if a LBH were to come to 
rest at the center of a body, it wou ld 
likely ingest the body over a period of 
perhaps millions of years before it evap
orates away or shoots away. This is be
cause, as a LBH becomes surrounded 
by mass, its radiation rate w i l l first in
crease; but, as the mass distribution be
comes uniform around it, the radiation 
w i l l decrease until it eventually stops. 
One might be able to rekindle the radi
ation by producing an external asym
metry, and/or by an Aharonov/Bohm ef
fect. 

My model of LBH radiation permits 
more realistic speculation of how LBHs 
might be gathered. Harvesting LBHs 
might be no more difficult than mining 
asteroids from the asteroid belt that have 
LBHs in them. An entire asteroid could 
be towed in; or whittled down to a man
ageable size to carry onboard the space
craft; or, the LBH might be shaken out of 
the asteroid. Another possibility might 
be to charge up LBHs and carefully ma
neuver them with an electric field. 

Flawed radiation? As startling as was 
the theoretical discovery of radiation 
from black holes in 1971 by Zel'dovich, 
and in 1974 by Hawking, perhaps an 
even more startling theoretical discovery 
was made independently in 1975 and 
1976 by Paul Davies and Wi l l iam Un-
rah. Using quantum mechanics and gen
eral relativity, they discovered what is 
called "acceleration radiation." The con
clusion they, and the general orthodox 
physics communi ty , drew from this is 
that the concept of a real particle is rela
tive; that is, the existence of particles is 
not absolute because it depends on one's 
reference frame. Neither Ze l 'dov ich-
Hawking radiation, nor Unrah-Davies 
radiation has been observed empirically. 
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I have deep respect and admiration for 
Hawking's pioneering work and his keen 
insights. However, for science to 
progress, it is crucial to critically exam
ine all work and find imperfections when 
possible. Perhaps Hawking w i l l revise 
his model of black hole radiat ion. He 
has had the integrity to alter his position 
on at least six major topics: 

1. His conclusion that a quantum cos
mology/wave funct ion of the universe 
proved that the arrow of time would re
verse when the universe contracts. 

2. Disputing Bekenstein's work on the 
entropy of black holes, which he later 
embraced. 

3. After saying T = 0 for all black 
holes, then assigning T > 0 as a function 
of the mass of a black hole. 

4. With respect to inflation of the uni
verse. 

5. Wi th respect to the cosmological 
constant. In keeping with his long-held 
v iew, in 1998, he expressed doubts 
about a cosmological constant, call ing 
the results prel iminary wi th respect to 
the accelerated expansion of the uni
verse. He said that the cosmological con
stant is unnecessary in light of his own 
views. However, in April 1999, he said: 
"I have now had more time to consider 
the observations and they look quite 
good. This led me to reconsider my the
oretical prejudices. I now think it is very 
reasonable that there should be a cos
mological constant." 

6. The anthropic principle and multi-
verse cosmology. More recently, he said 
that the anthropic principle is fairly obvi
ous, and he affirmed his support for it. 
Some cosmologists have suggested that 
there have been an infinity of big bangs 
going off in a larger "multiverse," each 
with different values of the fundamental 
constants. The anthropic principle says 
that only in universes where these values 
are compatible with life, could they be 
observed by beings such as ourselves. 

Conclusion 
In view of the lack of experimental ev

idence for Hawking radiation, it is mean
ingful and proper to examine his theory 
of black hole radiation with the possibil
ity that it may be in error and/or that the 
formalism underlying it and accelerated 
radiation may need modification. Belin-
ski, a foremost theorist in the f ie ld, 
unequivocal ly concludes, "the effect 
[Hawking radiation] does not exist."7 

My theory has been presented as an al-
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ternative model which can be experi
mentally tested. It makes experimentally 
veri f iable connections to the missing 
mass of the universe, galaxy evolution, 
ball l ightning, and the accelerated ex
pansion of the universe. 

Physicist Mario Rabinowitz is CEO of 
Armor Research in Redwood City, 
Calif. He worked at the Stanford Linear 
Accelerator Center for 7 years, and was 
a resident general scientist at the Elec
tric Power Research Institute for 21 
years, where his work included evalua
tion of nuclear electromagnetic pulses 
and cold fusion. He has more than 130 
publications in scientific journals. Ra

Tabletop Laser 
Continued from page 65 
in order to form molecular clusters. The 
optimal laser spot size was found to be 
about 200 microns, which gave an esti
mated peak intensity of about 2 x 101 6 

watts per square centimeter. Measure
ments indicated that nearly 90 percent of 
the laser light is absorbed when the gas 
jet contains clusters. (Less than 5 percent 
is absorbed in case of unclustered gas 
jets.) 

Overall, the process represents a most 
efficient means of transferring energy to 
ions. The laser photons have an energy 
of only a few electron volts, but through 
this highly nonlinear interaction, hydro
gen ions with energies greater than sev
eral thousand electron volts are being 
generated in a very efficient manner. 

Applications 
The table-top laser cluster fusion sys

tem is not yet a prospective candidate for 
fusion energy generation, but it has im
mediate and potentially major technolog
ical applications. It is usually very difficult 
to generate large quantities of fusion neu
trons, or any types of neutrons whatever. 
The table-top system promises to provide 
a compact and cheap method of neutron 
generation. Such a generator would be 
crucial for development of fusion power 
plants that are based on more conven
tional laser pellet or magnetic confine
ment approaches. The table-top neutron 
generator would be used to find and test 
materials for a fusion power plant. 

Neutrons are also currently utilized in 
geological and materials testing tech
nologies, and the table-top generator 
could provide a major advance in these 
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Acceleration Anomalies 
Continued from page 69 

energy, momentum, and spin, wi l l ever 
be detected. Consideration of the oscilla
tions between mg and m, lead to the pre
diction that the remaining 30 percent 
fraction, which is not detectable, does 
not participate in any neutrino flavor, lep-
tonic charge changes, although there ex
ists firm evidence that neutrinos do oscil
late.10 In fact, the missing non-
conservation fraction participates in a 
rare baryon non-conservation process 
leading to a massive graviton, that is, 
(p+ + p+ + e" + e" —> 2h), a graviton mass 
density that can be quantitatively related 
to the relic radiation of the universe 
(2.726 K}." 

Dr. Benedetto Soldano is a member of 
21 st Century's Scientific Advisory Board. 
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areas. In addition, the cluster approac h 
could provide a direct means of gener. t-
ing medical isotopes. 

This last possibility underlines the h ct 
that the table-top laser cluster approai :h 
could be a means of performing funda
mental research into nuclear processes 
and reactions. That is, ion beams gen< r-
ated in a cluster, could interact w i :h 
other clusters and with the products af 
previous reactions. The table-top syste m 
is open to these experimental possibi i-
ties. In explorat ion of this potent ial ly 
new realm, entirely new prospects f j r 
nuclear energy could be derived. 

Similar research on laser-cluster inter
actions is also being carried out at t le 
Saclay Laboratory in France under t le 
direction of Martin Schmidt. 

Antimatter Generation 
A second table-top laser with a 1 fern o-

second pulse length was directed or to 
thin gold films. This led to the generati )n 
of antimatter electrons, called positrons. 
This is believed to occur as the inter se 
plasma generated by the interaction of 
the petawatt laser pulse wi th the gc Id 
f i lm acts like a particle accelerator, ; c-
celerating electrons to energies as hi ^h 
as 1 00 mi l l ion electron volts. Some of 
these electrons then radiate gamma ra ts, 
which then generate pairs of electrons 
and positrons. As the Livermore te; m 
working on this, headed by Tom Cow; n, 
reports: "Thus laser photons at the elf c-
tron-volt level can, by teaming up, in t i -
ate the sort of mi l l ion-electron-v )lt 
nuclear reactions that normal ly ta<e 
place at an accelerator." 

Notes 
1. A petawatt is 1015 watts—1 quadrillion watts. 
2. A femtosecond is one quadrillions of a secoi id. 
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Can a Dark Age Discover Edison? 
by Anton Chaitkin 

Edison: A Life of Invention 
Paul Israel 
New York: John Wiley and Sons, 1998 
Hardcover, 552 pages, $30.00 

Thomas Edison began his electr ic 
light project in the summer of 1878. 

By 1888, hundreds of Edison's power 
stations were already installed, and be
ginning to make electricity available to 
the wo r l d . The story of this 10-year 
campaign is the most compel l ing sec
tion of Paul Israel's huge biography. Is
rael depicts the frantic energy of Edison 
and his devoted laboratory and work
shop teams. 

As managing editor of the Thomas Edi
son Papers at Rutgers University, the bi
ographer brings literally millions of doc
uments to bear on his descript ion of 
Edison's inventive methods, the division 
of labor among Edison's assistants, and 
the creative environment that reached its 
peak in the drive for the electric light. 

The biographer/archivist has great re
sources, and this is a rich book. 

We have, for example, Edison on 
Shakespeare: Richard III was "said to 
have been his favorite character, and 
whenever his duties in the office permit
ted, he would arise from his instrument, 
hump his back, bow his legs and pro
ceed with 'Now is the winter of our dis
content,' to the great amusement of his 
fe l low-operators." And, "Ah , Shake
speare! That's where you get the ideas! 
My, but that man did have ideas! He 
would have been . . . a wonderful in
ventor, if he had turned his mind to it. 
He seemed to see the inside of every
thing. . . ." 

We have the fascinating information 
of Edison's father, Samuel, fleeing from 
an indictment for high treason in 
Canada, his estate being seized by the 
British imperial authorit ies, wh i l e 
Samuel's brother, Marcellus, was impris
oned in the same anti-British revolution
ary movement of 1837-1838. Thus, the 
Edisons became Americans. 

These gems are, however, scattered 
along with thousands of other facts in a 
chronological account of Edison's life 
that paints an admiring portrait—but fails 
to tell the necessary story. 

A World-Historical Struggle 
Thomas Edison and his sponsors—his 

po l i t i ca l , industr ial , and scientif ic 
guides—were engaged in an intense 
struggle with their opponents at the very 
center of world history. A reader might 
plough through Paul Israel's biography, 
following Edison in his home and work
shop over three quarters of a century, 
and still be obl iv ious to Edison's real 
identity and the strategic nature of his 
life's work. 

Elements of the story are there, strewn 
about the book. Four persons show up in 
the narrative as Edison's friends: partner 
and business manager Edward H. John
son, overseas business agent George 
Gouraud, financial backer Josiah Reiff, 
and science counselor George Barker. 
Although the first three are each haphaz
ardly identified as having ties to Philadel
phia industrialist Will iam J. Palmer, there 

is no discussion of the four as represen
tatives of the Philadelphia-based Ameri
can nationalist political-industrial lead
ership. 

And banker J. Pierpont Morgan makes 
his appearance, to extend his constrict
ing f inancial fingers around the enter
prise. But despite including numerous 
quotations from Morgan and his agents 
showing their antagonism to Edison's 
phi losophy, the biographer does not 
even suggest Morgan's international 
identity, nor the warfare of his British 
faction against the American nationalist 
industrialists. 

Paul Israel takes no notice of the des
perate fight taking place: Shall the 
United States and the wor ld be rapidly 
developed as modern republics, or shall 
Old World-style aristocracy be preserved 
in power, by preventing such a "danger
ous" increase in the living standards, ed
ucation, and power of emerging popula
tions? 

Without this context, the enormous 
impact of Edison's accomplishments is 
not properly seen—the change effected, 
from no lights, no power, to lights on! 
Neither is one conscious of the change 
that is today still being delayed, by the 
throttling of America's initiative to indus
trialize the whole world. 

Wi thou t this context , Edison's l i fe 
story can have no shape, no proportion
ality. One continues on in a straight line 
right through Morgan's final theft of the 
main enterprise, perhaps without even 
not ic ing that the c l imax has been 
reached. 

In Paul Israel's case, the problem is 
not bad intentions, as it was, for example 
with Robert Conot's 1979 piece of fi lth, 
A Streak of Luck: The Life and Legend of 
Thomas Alva Edison. Israel and his Rut
gers co-workers have done a wonderful 
service in organizing and microfi lming 
the vast Edison papers, a col lect ion 
whose supervisors, the Greenie-tinged 
National Park Service, seemed not to 
care a heck of a lot about. 
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Paul Israel is sympathetic to Edison. 
But the recent era has been one in which 
one does not dream of radically increas
ing the power of man over nature. Our 
economy bows down to the hyper-spec
ulative Dow Jones "Industrial" Average, 
whose star is J.P. Morgan, while the Free-
Market god shuts industry everywhere. 
We even impose devastating sanctions 
against backward countries to prevent 
them from acquir ing modern 
technology that could pose a 
"threat." 

An uncritical member of such a 
society wi l l have difficulty read
ing the true spirit and directional
ity of the classic United States of 
America, that experiment in the 
upl i f t ing of mankind, of wh ich 
Edison's enterprise was a great 
project. 

It is as if a creature living in a 
fracture zone at ocean's bottom, 
were to somehow snare a color
ful sea-bird. Down below it 
would be black, with strange side 
fins. 

In keeping wi th the Zeitgeist, 
Israel views technology as having 
a certain capability for improving 
humanity, after wh i ch , he be
lieves, it makes increasing mis
chief. So, the hypothesis on Edi
son becomes: He invented the 
modern industrial research labo
ratory, which then proceeded far 
in advance of h im, under the 
more efficient corporate auspices. 
Good old Prometheus is obsolete. 

The National Party 
Behind Edison 

But we can f ind a powerful 
story lurking among Paul Israel's 
details. Let us first set the stage, as 
he does not. 

After being pinned down for many 
years under Free Trade and slaveocratic 
policy, having survived the Civil War in
tact, the United States rushed forth to in
dustrialize the universe. Lincoln's assas
sination had fastened the Free Trade 
racist Andrew Johnson on the Whi te 
House; but the 1868 election made Gen
eral Grant the President, and all stops 
were off. 

The first transcontinental rai lway 
(Union Pacific), started during the war,; 
opened for business in 1869. The North
ern Pacific, Lincoln's second projected 
route West, then commenced construc-
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tion. The brand new steel industry, pro 
tected by prohibitive tariffs, fired up for 
rails, locomotives, bridges, and farm m i-
chinery. 

The nerve center for this political ar d 
industrial revolution was the nationalist 
faction wh ich Benjamin Franklin F^d 
long before established in Philadelphi i. 
The group's partners cont ro l led tr e 
Pennsylvania Rai lroad, the nationfs 

Thomas Edison: "Shakespeare would hav ; been a 
wonderful inventor—he seemed to see the inside of 
everything." 

Philadelphia economist Henry Carey, 
who had also been Lincoln's chief eco
nomic guide. The American nationalists 
assisted in building Japan's railroads and 
modern industry, and pushed industrial
izat ion plans wi th their modernizer 
friends in the leadership of Russia, 
China, Germany, and Latin America. 

Immediately after the Civil War, the 
Philadelphians assigned one of their ju 

nior partners, Wi l l iam J. Palmer, 
to manage construct ion of the 
Kansas Pacific railroad. A dashing 
Civi l War Medal of Honor-win
ning cavalry officer, Palmer set off 
West with his chief personal assis
tant Edward H. Johnson. Working 
in association with Palmer's col
league Josiah Reiff, they pushed 
the l ine from Kansas to Denver 
between 1866 and 1870; and 
they planned a connect ing na
tional railroad all through Mex
ico. Sometime in this per iod, 
Palmer's agent George Gouraud 
moved to England to represent the 
Palmer enterprises in London. 

By 1871-1872, the Philadel
phia partners control led the 
Union Pacific. Jay Cooke was ne
gotiat ing an industrial banking 
arrangement with Japan, the start 
of a projected wor ld-spanning 
belt of railroads, canals, and ship
ping lines that could obli terate 
British Empire power, and assist 
powerful nation-building in Rus
sia, China, and Western Europe. 

Late in 1870, Wil l iam Palmer's 
associates founded the Automatic 
Telegraph Company, to compete 
w i th Wal l Street's Western 
Union. In this effort, Palmer and 
Reiff went into partnership wi th 
George Harr ington, who had 

been President Lincoln's deputy Trea
sury secretary. 

Enter Thomas Edison 
At this point, Paul Israel's narrative of 

Edison's life intersects our wider story. 
Palmer init iated the Automatic com
pany's fu l l - t ime employment of the 
young telegraphic inventor Thomas Edi
son, who had already been working on 
contract for the Automatic as wel l as 
Western Union. 

In 1872, the Palmer company's man
agers, Josiah Reiff and Edward Johnson, 
arranged to pay Edison a regular salary 
and a min imum of $10,000 for each 
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biggest company; the Jay Cooke bank
ing house, which handled the fedeial 
government's financing and organiz ?d 
the Northern Pacific construction; t le 
Universi ty of Pennsylvania and t i e 
Franklin Institute, center of a worldwi Je 
alliance of scientists devoted to mar 's 
improvement ; and a vast set of ra I-
roads, coal mines, and iron and steel 
mills, including Andrew Carnegie's c 3-
erations. 

Their long arms helped move moun
tains everywhere. In 1868, Japanese r« v-
olutionaries set up a modern central gc v-
ernment inspired by students of 



patent. The Palmer associates did every
thing possible to establish Edison, whose 
genius they recognized, as an indepen
dent inventor. Palmer's agent George 
Gouraud soon arranged to represent Edi
son's interests in Britain. 

Aside from identifying Johnson, Reiff, 
and Gouraud as associated with " ra i l 
road magnate Wil l iam Palmer," biogra
pher Israel gives us only the fo l lowing 
information on Edison's relationship to 
these sponsors: "Edison's . . . support 
for Republican politicians had [mainly] 
to do with the party's role in promoting 
policies favorable to industrial capital
ism, particularly a protective tariff." 

Israel does note that Edison was an in
tensive reader of Thomas Paine's polit i
cal writings, as was Edison's revolution
ary refugee father. (He neglects to 
mention that Edison wrote the preface to 
an edition of Paine's works.) 

It is at this juncture that the banking 
house of J.P. Morgan enters the picture, 
although Morgan does not directly inter
sect the Edison story (or Israel's narra
tive) unti l the light and power project 
some years later. 

Morgan's Anti-nationalist Syndicate 
J.P. Morgan and Company was origi

nally established in 1871 as Drexel, Mor
gan and Company, located in Philadel
phia and New York. It was an extension 
of Morgan's father's London bank, as
signed by. the British establishment to de
stroy the Philadelphia nationalists. Mor
gan's f i rm ran a smear campaign and 
f inancial warfare that in 1873 bank
rupted the Jay Cooke banking house, 
consequently plunging the United States 
into depression and gravely weakening 
the Philadelphians. An international 
British-led syndicate of Morgan and the 
Rothschilds then gained control over 
U.S. government bond financing. Wal l 
Street, the nest of London's U.S. part
ners, was fast becoming dictator of 
American politics, credit, and business 
life. 

The Morgan family's attitude towards 
America's innovation and nation-build
ing may be gleaned from a letter from 
J.P. Morgan to his father, Junius, Apri l 
29, 1874: 

"I have come to the conclusion that 
neither my firm nor myself wi l l have any
thing to do, hereafter, directly or indi
rectly, with the negotiation of securities 
of any undertaking not entirely com
pleted. . ." [quoted in Ron Chernow, 

Edward H. Johnson, Edison's business 
manager, from Philadelphia's political 
nationalist leadership group, led the 
1884 Edison coup against I. P. Morgan. 

The House of Morgan, New York: At
lantic Monthly Press, 1990, p. 37]. 

Edison's Rise 
The Philadelphians' George Barker, 

chief scientist for the Franklin Institute, 
was put in touch with Edison during the 
Automat ic Telegraph days. Professor 
Barker invited Edison to demonstrate his 
work at the University of Pennsylvania 
and the National Academy of Sciences, 
wh ich the Philadelphia grouping had 
founded during the Civil War. 

From then on, the Philadelphians 
boosted Edison towards fame and suc
cess; Paul Israel documents much of this, 
although abstracted from its broader 
context. 

Ed Johnson oversaw Edison's tele
phone development, in which Edison's 
carbon transmitter transformed Alexan
der Graham Bell's ineffective instrument 
into a commercial technology. Professor 
Barker made Edison famous at a National 
Academy of Sciences speech delivered 
by the phonograph, Edison's new inven
t ion, and wi th Washington demonstra
tions arranged by the nationalist faction. 
Ed Johnson managed the early Edison 
phonograph company. 

The light project began soon after
wards, when Edison went out West on an 
astronomy excursion wi th Barker. The 
professor reviewed the evolution of elec
trical science, and the recent attempts to 
create light from electr ici ty, and pro
posed that Edison take this up as his own 
great project. Barker next took Edison to 

Connecticut to view an arc light and a 
primitive generator installation. Seeing a 
problem posed, and that no one was on 
the track to a solution, Edison excitedly 
took up the challenge. A month later, 
Edison told the newspapers he had " in 
vented the electric light," and would sup
ply light and power to the dark world. 

It was then that J.P. Morgan moved in 
to try to exercise control, and because of 
Morgan's increasing domination of the 
nation's credit, Edison was forced to deal 
w i th h im. He constantly jousted w i th 
Morgan, w i th the (now f inancia l ly 
weaker) Palmer group behind him and 
in his management. Only a fragment of 
these formative developments are in the 
Paul Israel biography, but his treatment 
of the init iative from this point on has 
broad interest. 

We learn that young men worked for 
Edison for l i t t le or nothing, for the 
chance to learn, and many wou ld be 
wi l l ing to pay for the privilege; Edison 
set up an electrical engineering school 
within the enterprise. Israel describes in 
depth the invention of the electrical in
dustry, with teams of sub-inventors in a 
small group of companies and shops. 

Edison constantly drew down profits 
to advance development, as he and his 
men learned to tame current. 

Ed Johnson went to London and estab
lished the first commercial central sta
tion in the wor ld, the Holborn Viaduct. 
Johnson exhibited Edison's work at the 
London Crystal Palace Exhibit ion in 
spring 1882. The London Daily News re
ported: "His exhibition is the wonder of 
the show. . . . There is but one Edison 
and Johnson is his prophet." 

Israel's biography shows that Samuel 
Insull, who was to pioneer the creation of 
Edison's electric utilities, was recruited 
into the Edison organization by the 
Philadelphians Gouraud and Johnson in 
London. And that Frank Sprague, who 
would engineer the large electric installa
tions, worked first for Ed Johnson. John
son was later president of Sprague's own 
company, introducing America's electric 
elevators, streetcars, and subways. 

Morgan Applies the Brakes 
When Edison successfully started up 

the Pearl Street, New York, central 
power station, J.P. Morgan let it be 
known that there would be no more such 
stations built. 

An 1883 report of the Edison Electric 
Light Company, written by Morgan rep-
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New York Herald, Dec. 21, 1879 

Conceptual drawing of Edison's first suc
cessful incandescent light. In earlier ex
periments, he had tried rigging the cur
rent to switch off temporarily each time 
the filament got too hot 

resentative Sherbourne Eaton, says, "the 
policy of the Company thus far has been 
merely to perform the duties of owner of 
the Edison patents, and to derive income 
from licenses and royalties thereunder." 

Biographer Israel comments on the 
showdown with Morgan: "Whereas Edi
son was committed to central stations as 
the basis of the electric light industry and 
as the primary customers for his shops, 
Eaton found that it was difficult to estab
lish local i l luminating companies 'be
cause people wi l l not go into them until 
our big central station on Pearl St. is a 
success, and because they take so much 
capital. '. . . Edison Electric . . . [was] 
al lowing the central station business to 
lag until Edison decided to promote it 
himself. . . . 

"Edison therefore decided in March 
1883 'that if the business is to be made a 
success it must be by our personal efforts 
and not by depending upon the officials 
of our companies.' He announced that 
he was 'going to be simply a business 
man for a year. I am now a regular con* 
tractor for electric light plants, and I am 
going to take a long vacation in the mat
ter of inventions. . . .'That same month, 
. . . he wrote Johnson to urge him to re
turn from England to help with the new 
business. . ." 
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Experimental design of an early working 
Edison generator. 

1884. Morgan was temporarily defeated, 
and Edison determined that "Johnson 
would have full control of the business." 
Edison now worked at a superhuman 
pace to create the electrical industry, 
with Johnson and and Insull running the 
business. Their l ightning success, and 
that of Edison partners overseas, helped 
launch our modern world. 

Morgan's Usury 
Israel provides vivid evidence of Mor

gan's usury. In the late 1880s, when Edi
son finally lost control of his company, he 
asked assurances from financier Henry 
Vi l lard that Morgan would not have a 
controlling interest, "his experience being 
that when money was required for the 
business it was next to impossible to get it 
so long as Drexel Morgan & Co. con
trolled the business, or if obtainable at all 
the money could only be got at ruinous 
rates." Edison felt that if they were "able 
to exercise control the value of his prop
erty would be very seriously affected . . . 
and . . . that he would on no account 
want to place himself in a position where 
Drexel Morgan & Co. could squeeze any 
interest he owned." 

Israel signals the crushing of Edison's 
career by Morgan, with these lines: "A l 
fred Tate claimed that Edison was so 
deeply hurt by the merger that formed 
General Electric and removed his name 
from the company that he declared, 'I 'm 
going to do something now so different 
and so much bigger than anything I've 
ever done before people wi l l forget that 
my name ever was connected with any
thing electrical.' " 

But although mot ion pictures were 
later mainly Edison's invention, he really 
did not do anything "much bigger" than 
he had done under the old regime. He 
worked faithfully as an inventor and gad
fly, until his death in 1931. 

The London-New York axis and its 
corporate cartels had crippled America's 
mission; and their historians, until now, 
have not shed much light on the whole 
struggle. Paul Israel's book has good ma
terial which wi l l help us to construct a 
competent account, but there is much 
more to be done. 

Anton Chaitkin is director of history 
intelligence for Executive Intelligence 
Review. Among his many American his
torical studies are the books Treason in 
America: From Aaron Burr to Averel l 
Harriman and George Bush: The Unau
thorized Biography. 
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The generator constructed as a moti >r, 
"capable of performing light work . 
may be used either with or without t le 
electric light." 

As the Morgan-control led compa ly 
squeezed harder against developme; it, 
Edison and his allies staged a success ul 
rebe l l ion . Israel quotes Edison: "V 'e 
sought in a most determined way to n-
duce our friends in the parent compa iy 
. . . to j o in us in the undertaking. In 
this we signally fa i led. We thereup in 
determined upon taking all the risks a id 
carry ing the burden ourselves to t ie 
best of our ability—more with an objf ct 
to make the Edison electric light a s ic-
cess than to make money by manufac
turing." 

Israel adds, "by 1883 'it [was] adrr it-
ted by a l l ' that if Edison had not [inc e-
pendently of Morgan] undertaken t ie 
manufacturing the Edison lighting busi
ness wou ld have been seriously i n-
paired." 

There was a proxy fight between id 
Johnson and Morgan at the parent co n-
pany's stockholders' meeting in October 



Seeing America's 
Ancient History 
by Allen Douglas 

(a) 

In Plain Sight: 
Old World Records in Ancient America 
Gloria Farley 
Columbus, Ga.: ISAC Press, 1994 
Hardcover, 483 pp., $37.00 

This remarkable book was 11 years 
in the wr i t ing, and 45 years in the 

researching. It presents 338 pieces of 
ev idence, supported by 540 photo
graphs and scale drawings, and 893 
references, to demonstrate that Euro
peans and North Africans visited Amer
ica before Christopher Co lumbus. If 
one opens the book somewhat skepti
cal of such con tac t—wh ich is st i l l 
fiercely denied by "mainstream" arche-
ologists and anthropologists—by the 
end of its 483 pages, 
one has developed the 
eyes to see what is, in
deed, "in plain sight." 

Its author, Oklahoma 
housewife-tumed-epig-
rapher Glor ia Farley, 
was a close col labora
tor of the founder of the 
Epigraphic Society, 
Barry Fell, for almost 20 
years, beg inn ing the 
day they first met, in 
1975, at Harvard Un i 
versity. Short ly before 
Fell's death in 1994, he 
had just f in ished re
v iewing the pre-pub l i 
cation proof copy, and 
he remarked to Farley: 
" I cou ld not put it 
down. I am so glad you 
wrote it." 

Gloria Farley's career 
as a self-educated pio
neer epigrapher began 
at age 12, when she first 
saw " Ind ian Rock" in 
her home town of Heav-
ener, Ok lahoma. This 
large rock was covered 
w i th what were later 

proved to be V ik ing runestones f rom 
750 A.D. In the two decades before she 
met Barry Fell, Farley found hundreds 
of other, non-runic inscriptions (in 22 
different scripts) and hundreds of petro-
glyphs (pictures on stone), virtually all 
of wh i ch were along the Mississippi 
River and its tr ibutar ies, such as the 
Arkansas, Poteau, and Cimarron 
Rivers—the pathways along which early 
visitors would obviously travel. 

Fell's linguistic genius provided the 
keys to unlock Farley's treasure trove of 
scrupulous records, and the result is her 
ground-breaking book. Her collabora
tion with Fell was extraordinarily fruit
fu l , and she soon found carved stones 
all the way from Vermont in the north

eastern United States, California, many 
of wh ich were translated by Fell, and 
appear in this book. 

Plow Marks—or Ancient Writing? 
In his 1976 book, America B.C., Barry 

Fell has nothing but r idicule for those 
who dismiss the extensive evidence of 
inscriptions on stone, which he and his 

Figure 1 
OGAM INSCRIPTIONS 

The Ogam writing system is of ancient 
Celtic origin, and Ogam inscriptions 
are found throughout Europe and 
North Africa. Barry Fell's transliteration 
and translation of an Ogam inscription 
from Picture Canyon, Colorado appear 
in (a). Shown in (b) is a section of 70 
feet of Ogam writing in western Okla
homa, photographed by Mark Farley. 

Source: In Plain Sight, pp. 209-210. 
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Travelers in need may rest a short time, there is water outside 



collaborators uncovered and translated, 
as "plow marks" or "Indian art." In fact, 
Fell consulted extensively with farmers 
about the kinds of marks made when 
plows hit rocks, which bear no resem
blance to the sorts of clearly alphabetic 
inscriptions he was working wi th . (Ex
amples of ancient Ogam "grooved writ
ing" are shown in Figure 1.) 

Nor cou ld Indians wr i te in ancient 
Egyptian, Phoenician, and other such 
scripts. One of the more interesting 
things Fell and Glor ia Farley discov
ered, which, on the surface of it, might 
look like simple pictures drawn by Indi
ans, was the ancient use of "rebuses"— 
letters arranged in such a way as to not 
only spell a word , but also to draw a 
picture of it. A simple example Farley 
gives of a rebus is the word "chicken." 
(see Figure 2). 

There is also an actual example of a 
rebus translated by Fel l , for "Ship of 
Ra," the Egyptian sun-god (Figure 3). 
This inscr ipt ion was found in Picture 
Canyon, Colorado. Fell explained that it 
was a ship rebus in the ancient Berber 
language, using connected Numidian 
letters. The letters spell "Ra Safina," 
wh i ch means "Ship of Ra." A l l to ld , 
Gloria Farley found 48 different petro-
glyphs of ships, 34 of wh ich are pub
lished in her book. 

Figure 2 
A SIMPLE REBUS EXAMPLE 

A rebus uses the letters spelling 
the object pictured. 

Source: In Plain Sight, p. 15 

Figure 3 
FELL'S DECIPHERMENT OF THE 

REBUS SHIP PETROGLYPH 
Barry Fell deciphered this ship 
petroglyph from Picture Canyon, 
Colorado (above) as letters in the 
ancient Berber language, "RSB-
N," (below), which stand for Ra 
Safina, or Ship of Ra (the Sun 
god). As Fell explains, the sounds 
of "B" and "P" are interchange
able. 

Source: In Plain Sight, p. 16 

Figure 4 
ANUBIS IN EGYPT—AND OKLAHOMA 

This depiction ofAnubis with the royal flail is from a postcard of the tomb of C lamwes in Luxor, Egypt. Farley recognized 
Anubis in an Oklahoma cave drawing, which is shown on the cover of her bot <k in a photograph, and here in a tracing. 

Source: In Plain Sight, frontispiece and p. 89 
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The Caves of Anubis 
Perhaps Farley's most interesting di -

covery involves a series of five caves 11 
western Ok lahoma, wh ich contain a 
wealth of Old World inscriptions, mary 
featuring the Egyptian god of the a f te -
life, the jackal-god, Anubis. (A pictuie 
of Anubis f rom one of those caves s 
featured on the cover of her book.) 
When she first walked into Cave Two, 
and saw the extensive inscriptions c n 
the wal l , she exclaimed, "This is Egypt
ian ! " Her companions, looking at tr e 
dog-l ike image she was point ing o i t , 
laughed and said, "That is just a co >-
ote,"—a common sight in that part )f 

Continued on page i '3 



Old World Travel to Ancient America 
by Michael Skupin 

Phoenicians in America 350 B.C. 
Mark McMenamin 
South Hadley, Mass.: Meanma Press, 1999* 
Paperback, 2 Vol., $40 

Only a couple of years ago some of 
the most owlish nooks of the Inter

net were roiled by a brouhaha of aston
ishing rancor, on the normal ly nerdy 
subject of ancient coinage. The acr i 
mony was occasioned by two publica
tions of Mark McMenamin, the author of 
the book being reviewed here: The arti
cle "Cartography on Carthaginian Gold 
Staters" (a stater is a kind of coin), ap
peared in the venerable journal The Nu
mismatist (November 1996), and a self-
publ ished (Meanma Press, 1996) 
monograph, titled Carthaginian Cartog
raphy: A Stylized Exergue Map (exergue 
is the technical term for the space below 
a coin's central design, usually on the 
"tai l" side). 

McMenamin, a professor of geology at 
Mt. Holyoke College, had suggested that 
certain hitherto-unexplained designs on 
Carthaginian coins are in fact maps, and 
that these maps include some localities in 
the New World, and hence are evidence 
(if not proof), that in their heyday the 
Carthaginians had crossed the Atlantic. 

He thereby stepped squarely on a trip
wire: Among older archeologists the idea 

Courtesy of Mark McMenamin 

A Carthaginian gold stater, minted around 330 B.C. This coin is part of the series of 
Carthaginian gold coins that bears the map of the Old and New Worlds. Coins later 
in the series have the map. 

of pre-Columbus contact between the 
Old World and the Americas is a strictly 
enforced taboo, even as a thought-exper
iment. Thus, the mud-wrestling. 

It was during a lull in the fighting that 
yours truly entered the picture: I inter
viewed Prof. McMenamin for an archae
ology monthly in Spain (via the Internet; 
we have never met). The interview was a 
lively one, and I was very impressed with 
his originality and the depth of his inves
tigations in the arcane realm of archaeo-
numismatics, or in plain English, ancient 
coins. Now I f ind myself reviewing an 
amplif ied version of these ideas in the 
volumes under discussion; the reader 
may have gathered that I wou ld like to 
recommend these books as a good intro

duction to an interesting historical ques
tion. 

Alas, I cannot. The normally engaging 
McMenamin has laid an egg with this ef
fort: Its style is the murkiest of profspeak, 
its organizat ion is topsy-turvy, and it 
contains several serious scholarly sins. I 
wi l l get through the autopsy as quickly 
as I can. 

In support of my allegation of clumsy 
writ ing, I note that Volume 1 has about 
a hundred pages of text, but 476 foot
notes; Volume 2 has 360 footnotes for 
about 80 pages. I cou ld rest my case 
right here, but since I must be cruel only 
to be kind, I hereby complain not only 
of the quantity of the footnotes, but their 
quality, zeroing in on notes 182, 186, 

The Evidence from Phoenician Coins 
Mark McMenamin's newest book, 

Phoenician Coins and Their Counter
marks, in press, describes the latest in
formation on the Carthaginian coins. 
Here, McMenamin summarizes his 
thesis. 

Numismatic evidence favoring the 
hypothesis of a Carthaginian pres

ence in North America has recently 
come to light. The evidence is twofold. 
The first piece of evidence consists of a 
particular group of early Carthaginian 
gold coins, called staters, that bear a 
map showing both the Old World and 

the New W o r l d . Going f rom east to 
west, the maps show India, the south 
coast of Europe above Sardinia and 
Sicily, and America. 

The second piece of evidence con
sists of a series of seven or eight cop
per coins found scattered across North 
America from Nebraska to Georgia to 
Connecticut. The coins have an image 
of the Punic horse, the Phoenician 
palm tree (very curiously, uprooted as 
if it is about to be transplanted), and an 
enigmatic inscription in the Punic lan
guage. It seems unl ikely that these 

coins were brought across the Atlantic 
in modern times, and they thus seem 
to suggest a Carthaginian presence in 
ancient America. 

Taken separately, these pieces of 
evidence could be dismissed as some 
type of f luke or hoax, respectively. 
But taken together, along with the fact 
that Carthaginian gold and copper 
coins were reported from the Azores 
in 1778, the avai lable evidence 
strongly suggests that the Carthagini
ans had the abi l i ty to cross the At
lantic at wi l l . 
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and 338 in the first volume. 
Note 186 cites not a scholarly source, 

but a wi t t ic ism of contemporary hu
morist P. J. O'Rourke. I am not making 
this up. 

Note 182 straight-facedly (and, I 
hope, unwitt ingly) memorializes Louis 
H. Cray's 1923 article on the Carthagin
ian snippets in Plautus's play Poenulus. 
Fie! Gray's article is the crassest, most 
brazen plagiarism in all Phoeniciana, 
and McMenamin was wrong to have 
cited it as anything other than a piece of 
knavery. 

In note 338, McMenamin has en
tombed one of the strongest pieces of 
supporting evidence for his thesis; if I 
hadn't found it, and drawn attention to 
it here, I suspect that no one ever would 
have. 

We press on. In Volume 1, Chapter 9, 
we find an extended and utterly irrele
vant discussion of a Gustave (Madame 
Bovary) Flaubert novel that is set in 
Carthage. 

In the same volume, Chapter 5, we 
find a discussion of The Circumnaviga
tion ofHanno, a Greek text purporting to 
record a Carthaginian voyage down the 
coast of Africa. Here McMenamin sim
ply has not done his homework: He 
states that Hanno "founded five cities," 
whereas the Greek clearly states that he 
"re-supplied" them: Hanno's voyage be
gan not as a bold venture into the un
known, but as a "milk run," its high ad
venture starting later in the voyage. 

As to the background information Mc
Menamin gives on the Phoenicians and 
their Carthaginian kin in various prelimi
nary chapters, the reader wou ld learn 
just as much from an encyclopedia, and 
wou ld f ind the wr i t ing more succinct; 
the professor l ikewise includes an 
overview of Phoenician grammar as Ap
pendix A, although what this has to do 
with navigation is a mystery to me. 

Enough. Rather than thrash through all 
the shortcomings of this effort, let me of
fer a shortcut, a thought experiment of 
my own: If you get rid of the bad parts of 
McMenamin's Carthaginians, you wind 
up wi th the same material as his fine 
1996 monograph Carthaginian Cartogra
phy. So order that one instead. 

Michael Skupin was an associate of 
the late Barry Fell. 

N otes 
* Available from Meanma Press, 63 Silver Street, 

South Hadley, Mass. 01075 
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Ancient History 
Continued from page 81 
America. However, as Gloria replied, 
knew that an Oklahoma coyote woul i 
not be wear ing the c rown of Upper 
Egypt and that he would not have the 
royal f la i l standing on his back." Fc r 
comparison, see Figure 4, a photograp i 
of a paint ing of Anubis in an ancier t 
Egyptian tomb. 

The Anubis caves project occupied 
many months over a number of year;. 
Farley provided the inscriptions, Bany 
Fell provided the translations, and it 
makes a fascinating story. One of the 
most interesting aspects is how the en
tire inscr ipt ion in Cave Two was de
signed such that on only two days of tf e 
year—the spring and autumn equino c, 
when the length of night and day are e t-
actly equa l—would a sunli t point >r 
move across the entire series of inscri )-
tions in an obviously calculated wa /, 
which Farley records. One day befo e 
the equinox, or one day after, and t i e 
patterns of l ight and shadow form r o 
coherent pattern. In fact, the work j f 
Barry Fell and his collaborators, such is 
Dr. Jon Polansky and Gloria Farley, ga ̂ e 
a major boost to the new discipl ine sf 
"archaeoastronomy"—the design of a i -
cient monuments according to sophis:i-
cated astronomical knowledge, of whi 

COMING IN 21st CENTURY 
SCIENCE & TECHNOLOGY 

• Fossil Fuels Aren't Foss Is: 
A Review of Thomas GDld's New Book 

Fell gives many examples in his Amer
ica B.C. 

A Story of Persistence 
There is still another story to this hand

some book, beyond those graven in the 
stones of bygone millennia. It is the story 
of the courage and persistence of indi
viduals such as Barry Fell and Gloria Far
ley in standing up to the "slings and ar
rows" hurled at them by the guard-dogs 
of the status quo, those whom the poet 
Friedrich Schiller ridiculed as "singing-
for-their-supper" scholars. 

Farley is now 82, and hard at work on 
another book. Dr. George F. Carter, an 
eminent geographer, now 87, and also a 
longtime associate of Fell, summed up 
her efforts in his preface to In Plain Sight: 

"Glor ia has been the dedicated per
son, afire with determination to solve the 
huge puzzle, who is wi l l ing to pay any 
price in time and effort to add to the ma
terial available and to advance the un
derstanding of the data gathered. That a 
housewife, handicapped for a long pe
riod by an invalid husband, without ma
jor funds, and not in robust health, has 
accomplished so much is enough to put 
the rest of us to shame." 

Allen Douglas writes for Executive In
telligence Review. 

Notes 
* Available from the author at P.O. Box 717, Heav-

ener, Okla. 74937 for $37 plus $4 shipping. 

• The U.S. National Ignition Facility 
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• Mendeleyev and the Discovery of the Periodic Law 

• Chinese Ancient Astronomy 

• Gauss's Role in the U.S. South Pole 
Expedition o : 1838-1842 



Transoceanic Contacts with America 
Before the Time of Columbus 
by J. Huston McCulloch 

Across Before Columbus: Evidence for 
Transoceanic Contact with the Americas 
Prior to 1492 
Donald Y. Qilmore and Linda S. McElroy, 
Eds. 
Edgecomb, Maine: New England Antiquities 
Research Association, 1998* 
Paperback, 313 pp., $26.00 

This volume is a collection of 27 pa
pers presented at the quincentennial 

"Across Before Columbus?" conference, 
sponsored by the New England Antiqui
ties Research Association, and held at 
Brown University in June 1992. Most of 
the participants, including myself, were 
sympathetic to the possibility that there 
were numerous contacts between the 
Old and New Worlds before Columbus. 
Evidence of such contacts has generally 
been dismissed by professional archeol-
ogists, apart from the minimal, but now 
generally accepted, Viking settlement at 
I'Anse aux Meadows, Newfoundland. 

Several of the papers relate to rela
t ively famil iar epigraphic evidence of 
contact from the Mediterranean or Eu
rope. A particularly noteworthy article 
by David H. Kelley, a major contributor 
to the decipherment of Mayan phonetic 
writ ing, confirms Barry Fell's identifica
t ion of North Afr ican proto-Tif inagh 
script—both at Peterborough, Ontario, 
and in Scandinavia—if not the details of 
Fell's proposed translations. 

Suzanne Carlson provides a survey of 
no less than 41 purported Amer ican 
runic inscriptions. Of these, she identi
fies only 12 as clearly runic, yet not def
initely modern fabrications, but this is 
sti l l an impressive number. The most 
important of these remains the Kensing
ton runestone from Minnesota, interest 
in wh ich has been rejuvenated by 
Richard Neilsen's meticulous analysis 
of the runes, language, and numerals, 
and by the late Cornell linguist Robert 
Hal l 's 1994 book, The Kensington 
Runestone: Authentic and Important. 
Carlson provides her own translations 
of the controversial Spirit Pond rune-

stones from Maine, and of the Heav-
ener, Poteau, and Shawnee inscriptions 
from Oklahoma. 

Semitist Cyrus H. Cordon, Professor 
Emeritus at both Brandeis and New York 
universities, surveys evidence of "He
brew Presence in Pre-Columbian Amer
ica." This includes the Smithsonian's Bat 
Creek Stone, which Gordon translates as 
reading "For Judea," in script of approxi
mately A.D. 100; the two Decalogue in
scriptions from Newark, Ohio, and Los 
Lunas, New Mexico; and three coins of 
the Bar Kokhba rebellion of the 2nd cen
tury A.D., found in Kentucky. 

My own contribution to the volume is 
a reply to cri t icisms raised by certain 
archeologists to the val idity of the Bat 
Creek inscription. Photographs of this ar
tifact and the two Decalogues are on my 
website: http//economics.sbs.ohio-
state.edu/jhm/arch/outliers.html. 

Asiatic Contacts 
More surprising, however, are numer

ous articles reporting non-epigraphic ev
idence of Asiatic contacts with the Amer
icas—and vice versa. In the lead article, 
Smithsonian anthropologist Betty J. Meg
gers answers objections that have been 
raised to her 1966 proposal, wi th Clif
ford Evans, that Japanese Jomon pottery 
was introduced to the coast of Ecuador 
around 3000 B.C. 

Anthropologist Nancy Yaw Davis pro
vides evidence that several unique traits 
of the Zuni of New Mexico are the result 
of a 13th century A.D. contact by Bud
dhist missionaries from Japan. Although 
she does not mention it, Buddhism in 
America is also suggested by the hand-
eye symbol that is common in the 
Mississippian culture of the same period. 
Joseph Campbel l , in his book The 
Mythic Image, has pointed out that this 
particular symbol is intimately associ
ated with the Boddhisatva Avalokitesh-
vara, the manifestation on Earth of the 
infinite compassion of the Buddha. 

Geographer George F. Carter argues 
that chickens used by Amerind popula
tions in Latin America are not of the 

Mediterranean type that wou ld have 
been introduced by the Spanish, but 
rather, are distinctively Chinese and/or 
Malay. Amerind names for the chicken 
are not based on Spanish models, as one 
would expect. Furthermore, the indige
nous Americans used their chickens for 
the Asian practices of sacrifice, divina
tion, and healing, rather than as food. 

My favorite paper of the entire volume 
is "Maize Diffused to India before 
Columbus Came to America," by geog
rapher Carl Johannessen. Johannessen 
identifies numerous objects held in the 
hands of sculpted figures at several In
dian temples, datable to the 11 th through 

Across Before Columbus, p. 216 

The Kensington Stone, Kensington Min
nesota. The translation of the inscription 
describes 8 Goths and 22 Norwegians 
on a "discovery-voyage from Vinland" 
in the year 1362. 
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13th centuries A.D., as maize, a crop de
veloped in the New Wor ld after 6000 
B.C. Johannessen's article is unique, in 
that it provides pre-Columbian evidence 
of the New World in the O ld . A few of 
Johannessen's photos are linked on my 
web page, noted above. 

Johannessen first put forward his evi
dence in a 1989 article with Ann Parker 
in the geographical journal Economic 
Botany. Critics argued that Johannessen, 
not being an expert on Hindu icononog-
raphy or mythology, mistakenly identi
fied as maize what surely must be some
thing else—variously pomegranates, 
puffed rice balls, beaded purses, cornu
copias, Muktaphala (a mythological fruit 

made of pearls), and even the Kalpavrik-
sha, or mythical wish-granting tie 
depending on the critic. 

"Perhaps in the past, people 
were not as ignorant of the 

world as we—in our 
ignorance—have assumed 

them to have been." 

In 1996, however, Shakti M. Gupta 
an Indologist and ethnobotanist, whc 
has written extensively on Hinduism anc 
the role of plants in Hindu mythology 
published a volume surveying plants ir 
Indian temple art. Gupta not only con 

Time and Astronomy 
Didn't Start in Babylon 

firms that Johannessen's sculptures are 
obviously maize, but identifies no less 
than five other New Wor ld plants in 
sculptures dating as early as the 2nd cen
tury B.C.: pineapple, sunflower, custard 
apple, cashew, and split leaf philoden-
dron. Johannessen's thesis could not 
have been more completely confirmed. 

Perhaps in the past, people were not as 
ignorant of the world as we—in our igno
rance—have assumed them to have been. 

j. Huston McCulloch is Professor of 
Economics and Finance at the Ohio State 
University at Columbus. 
Notes 
• The book can be ordered from NEARA Publica

tions, Box 1050, 77 Court Street, Laconia, N.H. 
03246. 

by Rick Sanders 

Mapping Time: 
The Calendar and Its History 
E.G. Richards 
New York: Oxford University Press, 1998 
Hardcover, 438 pp., $35.00 

When it comes to astronomy, the 
most remarkable thing about the 

British, as well as other old colonial aris
tocracy, and their hired professors, is 
their obsessive assertion that the first as
tronomers were Babylonian astrologers, 
who evolved into astronomers, begin
ning some time around 2000 B.C.—and 
that this was the watershed from which 
all other astronomy derives. That this is 
obsessively irrational is obvious from 
E.G. Richards's book Mapping Time. For 
example, compare these two statements 
from the book: 

"Among the earliest surviving records 
are the great numbers of clay tablets that 
have been unearthed from the cities of 
Babylonia. The earliest are dated to 
about 2000 B.C. but it was not unt i l ! 
about 400 B.C. that they record sophisti
cated measurements of the positions of1 

the stars and other bodies" (p. 37). 
"The building of Stonehenge began in 

about 3100 B.C.," which he says might 
have been used to determine the length 
of the day, the days of solstice, and the 
helical rising of stars (p. 8). 

BOOKS 

Now, a rational person in the pursu 
of t ruth, wou ld try to reconci le thes 
two contradictory statements. But th 
author, and the British school in gen
eral, simply cannot, so committed ar 
they to defending the Babylonian root; 
of the calendar and everything else a; 
tronomical. 

The poet Shelley described the mine 
set and heritage of this colonial crew i i 

Illustration of the wa
ter clock of Chinese 
engineer Su Sung, 
built in 1090 A.D., 
one of many interest
ing illustrations in 
Marking Time. The 
rotation of the water-
wheel is controlled 
by a mechanism that 
releases the wheel 
when a scoop is full. 
The puppets (rotating 
at left) indicate the 
time. An armillary 
sphere at the top 
moves so that a star 
can be kept in view 
as the Earth rotates. 

his poem "Ozymandias": They produce 
nothing of lasting value, and leave be
hind the record of a "sneer of cold com
mand" captured in a fragment half-
buried, where the "lone and level sands 
stretch far away." 

No rat ional investigator can doubt 
that mankind started astronomy long 
before 3000 B.C. For example, there is 
a strong case made by a Dutch scholar 
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that the Chinese named their asterisms 
or constel lat ions by no later than 
1 7,000 B.C. What we already know is 
that Tilak, an Indian patriot imprisoned 
by the British in the late 1800s, proved 
incontrovert ib ly from the Vedas, that 
the Sanskrit speakers had identified the 
occurrence of spring equinox in the 
constellation of Or ion. In other words, 
given the rate of precession, that part of 
the Vedas must have been composed 
by no later than 5000 B.C. 
Why We Need an Accurate Calendar 

Why we need an accurate calendar 
is a key question. An honest attempt to 
answer it might lead us to some aston
ishing new ideas. But here again, E.G. 
Richards gives the usual fraudulent an
swers, some related to agr icu l ture, 
some to re l ig ion. These are gossip of 
the posf hoc ergo proper hoc variety. 

The fact is, that farming does not need 
a calendar, accurate to the nth decimal 
place of how many days in the year. 
The author tells, for example, of some
one in England who timed the return of 
the cuckoo (a migratory bird) over a 
number of decades, and found the 
mean value of the intervals to be 365 
days. But all the farmer needs is some 
tradition, and a good eye for plant and 
animal behavior to know when to be
gin sowing. 

Summary verdict: Should you buy this 
book? No. Should you borrow it from 
the library? Yes, if you need a lot of in
formation. Where else can you quickly 
get names of the days of the week in Old 
Frisian, Old Icelandic, Ukrainian, Bul
garian, Welsh, and a raft of other lan
guages? Raw material there is here 
aplenty, but interlaced with ideology. 

Letters 
Continued from page 3 

(2) Explain radiation in terms of the 
time to get the same effective dose from 
natural radiat ion—the Background 
Equivalent Radiation Time, or BERT ap
proach (Cameron 1998a). 

(3) Al l medical doses should be ex
plained to patients using the BERT con
cept. 

(4) The news media should use the 
BERT concept in discussing all radiation 
doses. 

The BERT approach has several ad
vantages: 

• Patients and the public wi l l under
stand the explanation. 

• The explanation does not mention 
risk; it is a simple comparison. 

• Patients wil l become aware that we 
live in a sea of radiation. 

• Radiation phobia of the public wi l l 
gradual ly decrease as the publ ic be
comes aware of the lack of risk of nat
ural radiation. 

A more in-depth explanation of the 
BERT concept is available on the Inter
net (Cameron 1998b). 

John Cameron 
Madison, Wise. 
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Corrections 

The Granger Collection 

This detail from an Attic painting de
picting the soul of the blind prophet Tire-
sias (right) counseling Odysseus in 
Hades, published on p. 46 in the Spring 
1999 issue, was mis-credited. The source 
of the painting was The Granger Collec
tion. 

An illustration in a book review of An 
Imaginary Tale: The Story of 4 — 1, in the 
Winter 1998-1999 issue, p. 67, misla
beled one point. The corrected graphic 
appears here. 

DEMYSTIFYING IMAGINARY 
NUMBERS 

To make the so-called imaginary 
numbers real, Carl Gauss sug
gests that the reader draw a grid 
and construct a spatial depiction 
of the imaginary numbers. He 
shows that V - l is the mean pro
portional between + 1 a n r j V - 1 . A 
mean proportional is a value x 
between two numbers a and b 
such that a is to x as x is to b. 
This can be expressed alge
braically as x = V I F . Gauss 
would have named the numbers 
direct, inverse, and lateral. 
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THE NEAR-SURFACE OCEAN 
FROM SPACE 

Solitons, suloys, and spiral ed
dies—the dramatic, turbulent 
phenomena that characterize 
the near-surface ocean—were 
all discovered from space. Pio
neer space oceanographer 
Robert E. Stevenson tells the 
story, noting that these nonlin
ear phenomena confound any 
linear computer models that 
attempt to describe ocean and 
climate dynamics. 

NASA 

A continuous 
central Pacific 
Atlantis, Augu 

eries of equatorial open-ocean suloys in the 
viewed from the flight deck of the Shuttle 

tl992. 

Solitons seen in the Andaman Sea, photographed in 1975, from 
the Apollo spacecraft. The southern Andaman Islands are in the 
foreground; the Burma shore is at the top. 

NASA 



In This Issue: 

THE VERNADSKY-GURWITSCH-BAUER SCHOOL 
AND A NEW BIOLOGICAL PARADIGM 

Russian biologist Vladimir Voeikov demonstrates 
that l iving systems are characterized by stable 
non-equilibrium at all levels, a concept that goes 
beyond the Second Law of Thermodynamics. In 
making this point, he develops the theoretical 
and experimental foundation for a new biological 
paradigm, based on the work of Vladimir Ver-
nadsky, Alexander Gurwitsch, and Ervin Bauer. 
As Jonathan Tennenbaum notes in his introduc
t ion, this work ran counter to the reductionist 
thrust of Western biology in this century, and is 
largely unknown in the West. 

Courtesy of Jeffrey Carmichael, University of North Dakota 

Development is the most unique feature of living systems. Here, the 
anaphase stage of mitosis in whitefish blastula. 

GAMMA-RAY BURSTS 
DEFY ACCEPTED 
COSMOLOGY 

Dramatic gamma-ray bursts 
observed by gamma ray 
detectors have recently 
made headlines, and have 
confounded theoreticians, 
because the energy spectra 
do not fit the usual explana
tions, such as "black holes" 
or "hypernovas." Lothar 
Komp reviews the past 25 
years of gamma-ray burst 
research, the data from cur
rent gamma ray detection 
and observation devices, 
and suggests that the solu
tion requires some new 
principles of physics or 
astronomy. 

Galactic longitude (degrees) 

The bright horizontal band along the center is the gamma-ray emission from the Milky 
Way galaxy, a direct composite of four years of data from the EGRET telescope on NASA's 
Compton Gamma Ray Observatory. There is more brightness than can be accounted for 
by theoretical models. The image is generated by dividing the sky into 1/2 degree squares, 
and plotting the number of photons that arrived in each square; the intensity scale is loga
rithmic, and the red areas correspond to about 200 photons. 

Source: University of California, Riverside 

REVIEWING AMERICA'S ANCIENT HISTORY 
What evidence exists of transoceanic contacts with America 
before the time of Columbus? The Books section continues 
the ancient discovery theme of the past two issues with 
reviews of (and illustrations from) three books that document 
such contacts: Gloria Farley's In Plain Sight: Old World 
Records in Ancient America; Mark McMenamin's Phoeni
cians in America 350 B.C.; and the New England Antiquities 
Research Association's conference proceedings, Across 
Before Columbus: Evidence for Transoceanic Contact with the 
Americas Prior to 1492. 

Continued on inside back cover 

Photo by Mark Farley, In Plain Sight, p. 209 

An example of Ogam writing, an ancient Celtic script, found 
on rocks in western Oklahoma. 


