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EDITORIAL 

Science and National Security 
The ind ividuals that produced (or be

l ieve) 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. 

O n  the question of sc ience, as we 
have stressed in many d ifferent articles, 
sc ientif ic d iscovery is not a matter of 
amassing "facts" and complex computer 
programs in which to log ica l ly  array 
them, or patenting red pes for i nventions. 

Sc ient ific d iscovery occurs because 
there '<ire m i nds  absorbed i n  so lv ing a 
problem, posing a paradox, and sticking 
with it, concentrating on finding a solu
t ion,  and freel y  d i scuss ing  the i r  ideas 
with others. The h istory of the U .S.  na
tional laboratories, the sc ience cities of 
Russia and Japan, and the great u n iver
s ity research laboratories demonstrates 
the potential for continuous advances i n  
science and technology to keep a strong 
economy growing-which is the o n l y  
the source of true national security, 

The Cox Report is aimed at destroyi ng 
the C l inton administration's policy of en
gagement with China, the world's most 
popu lous nation, and the lead i ng nation 
today that is putt ing i nto practice the 
American System methods-investment 
in science, technology, and i nfrastruc
ture projects-that bu i lt �meri ,ca 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  P res ident ia l  p re
candidate Lyndon LaRouche, "a scientif
i ca l l y  i l l iterate hoax> which,  with no 
factual basis, al leges that leaks from U.s,  
national  laboratories enabled the Ch i 
nese to  deve lop sophist icated defense 
technologies. The argu ments and non
science presented by the Cox Report are 
l ud icrous, Their effect wi l l  be to further 
constrict research on the frontiers of sci
ence at our national  l aboratories-ad
vanced nuclear science, fusion energy, 
and many other new areas. In short, U.s.  
national security, what the minds behind 
the Cox Report pu rport to protect, wi I I  
be severely damaged, 

Edward Te l l er, the nat ion's l ead ing  
nuc lear  weapons scientist, wrote i n  the 
May 1 4  New York Times, "The right pre
scription for safety is not reaction to dan
gers that are ar i s i ng, but rather action 
lead i n g  to m ore knowl edge, and,  one 
hopes, toward positive interaction be
tween nations." Tel ler, a former d irector 
of the Lawrence Livermore National Lab
oratory, and the "father" of the U .s.  hy
d rogen bomb, compared the steal i ng of 
n uc l ea r  secrets by the Soviet U n ion a 
ha l f  centu ry ago, to the recent a l l ega
tions that China has stolen U.S. nuclear 
weapons secrets. 

Then ,  D r .  Te l l e r  states, it was very 
l i ke ly  that the Soviet n uc lear  weapons 
program benefitted materia l ly from the 
i nformation that had  been l eaked to 
Klaus Fuchs, among others. "The situa
t ion is  in sharp contrast to the present 
posit ion of the C h inese scientists. They 
have had 50 years to consider the possi
bi l ities that we kept secret. It seems to be 
probab le  that the C h i nese must have 
made d i scover ies that made the added 
knowledge from i ntel l igence less impor
tant." 

Tel le r  a l so compared the reaction to 
the current accusations by pol iticians in 
Was h i ngton,  to those after the Fuchs 
case was d i scovered . Then,  Te l le r  re
cal ls, President Truman " imposed no ad
d it iona l  measu res for security. I nstead 
we have clear knowledge that the d isclo
sures by Fuchs caused Truman to call for 
acce lerated work on a l l  aspects of nu
c lear weapons. " The result  was that the 
U nited 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, i nc lud ing  exc l usion from par
t ic ipation of-people  fro'm' abroad . "  He  
says: "Let us  remember that past m i l itary 
successes have been acco m p l i shed by 
remarkable people from abroad-for in
stance, E n r i co Ferm i ,  I c l a i m  that o u r  
contin u i ng secur ity is acqu i red by new 
knowledge rather than by conserving old 
knowledge," 
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Letters 

Cusa's Torquetum 

To the Editor: 
It was a del ight to see the astronomi

cal instrument of N ic ho las of Cusa, the. 
torquetu m, c. 1 44 4 ,  the  o l dest i n  E u 
rope, i n  its earl ier vers ion,  a s  designed 
by Eratosthenes and used by the naviga
tor Mau i on a voyage to circumnavigate 
the Earth in 2 3 2  B .C.  (Mau i's Tanawa: A 
Torquetum of 2 3 2  B .C.," by Dr. Sentiel 
Rommel, Spring 1 999, p. 75.)  

Cusa designed h i s  torquetum with the 
help of Regiomontanus, and it was con
s idered to be too heavy and c lumsy for 
use .  Eratosthenes' des ign  i s  more 
portable, and has a sund ia l  t ime-piece 
on the ri ng, which is in  the p lane of the 
ecl iptic. 

The best feature of this i nstru ment is  
that it can mechanica l ly transfer coor
d i nance among three coord i nate sys
tems: the d i rection of a star or p lanet i n  
celest ia l  lat itude o r  longitude i n  refer-

Cusa's torquetum, c. 1444, courtesy of 
St. N ikolaus Hospital, Cusanus Stift, 
founded 1458 (0-54470 Bernkastel
Kues, Germany). 

LETTERS 

ence to the p lane of the ecl i pt ic; right
ascension and decl ination in the p lane 
of the equator; and,  fi n a l l y, the l oca l  
coord inates of  horizon and height (that 
is, az imuth N, 5, E, W, and a lt itude of 
an object). 

The torquetum is also said to be valu
able because it a l lows you to examine  
the s h i ft i n  the precess ion of  the  
e q u i n oxes ( 5 0 . 2 5  seconds of arc per 
year, or 1 degree every 70 years) . I 
wou l d  l i ke to know more about t h i s .  
Also, the torquetum's companion i nstru
ment is the astrolabe. Wi l l  21 st Century 
also publ ish something on the astrolabe 
said to be used by Mau i ?  

E l i  Santiago 
Ridgefield Park, N. J .  

The Editor Replies 
Yes, we i ntend to cont inue coverage 

of the anc ient  astronomy i n  futu re is
sues. 

Thanks for the 
Spring Issue! 

To the Editor: 
J ust a few l i nes to say that the Spring 

1 999 issue is outstand ing. The "Discov
ery" articles and "Electric Embryo" were 
excit ing to read and bring into personal 
awareness. I've never found a d u l l  issue, 
but th is is  the fi rst that compe ls  me to 
send a long  acknowledgement and 
thanks.  

Stanley Vlantes 
Mi lford, Conn .  

A Response to Pradel on 
Simplifying Radiation Risk 

To the Editor: 
Let us  agree that a risk does not exist 

u nt i l  it is  wel l  establ ished with sol id  ex
peri menta l  evidence.  There is no evi
dence to show a r isk from low dose or 
low dose rate whole body rad iation for 
doses less than of 0.2 Gy (20 rads) acute 
or a m u c h  h igher  dose if spread over 
months or years. It is a rare dose that ex
ceeds these val ues. 

Pradel ,  u nfortu nately, accepts an as
s u m pt ion  as a fact. The I n ternat iona l  
Commission for Rad iological Protection 
( ICRP) i n  1 97 7  made the s impl ifying as
sumption that rad iation may be carcino
genic down to zero dose. Th is is the l i n-

ear, no-threshold (LNT) model of rad ia
t ion  r i sk .  I n  1 9 74,  so l id d ata contra
d icted th i s  mode l .  Fr igerio ( 1 9 74) and 
Evans ( 1 9 74) present data that contra
d i ct the L NT mod e l .  I d i sagree with 
Pradel's statement that "Epidemiological 
stud ies w i l l  never be able to prove that \ these cancers [at low doses] do,  or do 
not exist. . . .  " 

Pradel does make some points i n  h i s  
artic le,  but  I doubt if many readers wi l l  
recogn ize  the i r  s i m p l ic ity. Equ at ing  a 
smal l exposure from ura n i u m  process
ing to the i ncreased dose from cosmic 
rays a few meters above our normal  l iv
i n g  l eve l ,  or breat h i n g  o utdoor  a i r  
rather t h a n  i n door a i r, with i t s  h i g her 
radon level ,  is  not an obvious s imp l ifi
cat ion.  

I object to P rade l ' s  ana l ogy on  two 
grou nds. F i rst, it impl icit ly suggests that 
such trifl i ng  doses rea l ly  do h ave r isks, 
and secon d ,  because the cos m i c  rays 
and radon level vary considerably with 
t ime and p lace. 

Because a l arge fraction of your  read
ers fly in jet planes, it wou ld be usefu l to 
p o i n t  out  that t h e i r  dose from cos m i c  
rays increases about a factor o f  30 in  go
ing from sea level to cru is ing altitude at 
about 40,000 ft. My geiger counter typi
cal ly  has a count rate of about 1 0  counts 
per m i n  (cpm) at the a irport, and about 
300 (pm at the cru is ing altitude. This is 
usua l l y  qu ite i mpress ive to persons s it
ti ng next to me, and a lso to the fl ight at
tendants .  There is no evidence that an 
increase of  th is  amount has any negative 
health effects. 

Us ing an increase of radon level as a 
r i sk  factor i s  contrad i cted by Cohen's 
data (1 995) on radon level vs .  l ung can
cer death rate. I doubt if any person, sci
entifical l y  trai ned or not, wou ld  look at 
Cohen's data and decide that reduci ng 
you r rad o n  l eve l  decreases you r r i sk .  
H i s  data ind icate that U .S. counties with 
radon levels  above 5 pCi/1 have 40 per
cent lower l ung  cancer death rate than 
the cou nt ies w ith radon  l eve ls  be low 
0.5 pCi/1. This suggests that radon prog
eny i n  the l ungs i n  some way red uces 
the r i sk  of a smoker  d y i n g  from l u ng 
cancer. 

I suggest that the way to s impl ify radi
ation to the publ ic i s :  

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

Continued on page 86 

21 st CENTURY Summer 1 999 3 



4 

VIEWPOINT 
Can Children of Cyberspace Become Engineers? 

SO many students major ing i n  engi
neeri ng today seem to have few if 

any exper iences wi th the art ifacts of 
engineering, other than consuming and 
u s i ng the m .  For  example ,  some stu
dents may have s ign  if icant expert ise 
with regard to i nterfac ing with a com
puter, and may even engage in a de
gree of programmi ng and hacking, but 
the vast maj o r ity appear to use the 
computer as a b l ac k  box.  They seem 
d is inc l i ned to open up  the box to see 
what makes i t  t i c k .  N e i ther  are they 
d rawn to fix the i r  own cars, let a lone 
thei r  own bicyc les .  

I ndeed, judging from my own experi
ences with today's affl uent  fi rst- and 
second-year eng i neer ing  students, 
many of them appear to have led de
prived c h i l d hoods, when i t  comes to 
having learned the innards of machines 
by taking them apart and putt ing them 
together again .  Moreover, not a few en
g i neeri ng students seem not to have 
even handled some of the most basic 
tools with which to do so. Because they 
have not had the tact i le  experience of 
be ing mechan ics ,  they a l so seem to 
lack the visual sense that develops from 
it. Thus, when asked to draw a machine 
part, they are at a loss for l i nes. 

The roots of th is  problem must cer
tain ly  l i e  at least in part in the nature of 
toys. Whereas the budd i ng eng ineer 
once had to wrestle with the nuts and 
bolts of Erector sets, a lways p lan n i ng 
ahead to be sure the fingers cou ld reach 
beh i n d  the parts of the construct ion 
crane, del ivery truck, or bridge being 
assembled ,  today's you ngster com
mands  armies of  d estruct ion workers 
without ever having to construct any 
one of them.  Today's engi neering stu
dents may have played with Legos, but 
to the Erector-set veteran, Legos seem 
more l i ke puzz les than construct ion 
toys. As a rule, today's future engineers 
p lay e lectronic games, rather than de
sign them. One begins to wonder what 
these c h i l d ren of cyberspace w i l l  do 
when they encou nter the real world of 
engineering, which does not come with 
prepackaged software or with every
thing preprogrammed . 

by Henry Petroski 

A recent informal survey of American 
bus iness leaders who began the i r  ca
reers as engineers, found that many of 
them reca l l  with fond ness p laying as 
ch i ldren with chem istry sets and con
struction toys, such as L i nco l n  Logs, 
T inker Toys, and Erector sets. In addi
tion to us ing these packaged tra i n i ng 
k i ts, many remember bei ng i nterested 
i n  how th i ngs work. Accord i ng to 
Wayne Al len,  a mechanical  engi neer 
who is ch ief executive of Phi l l ips Petro
leum, "1 frequently would take toys and 
mach i nes apart, just to know mechani
cal ly how they worked, whether it was 
a b ike, go-cart, or car." Whether such 
activity i nspired, or just prefigu red an 
i nterest i n  engineering, i t  is u ncan n i ly 
common and fami l iar among older en
gineers. 

Toys That Built Engineers 
L ike many of my war-baby contem

poraries, long before I was an engineer
ing student, I p layed with Erector sets, 
those steel construct ion toys whose 
parts were mode l led after rea l gi rders 
and thei r  fitt i ngs. The Erector set pre
sented a considerable chal lenge in  con
struction management, for there were 
no step-by-step p lans to fol low from a 
box of parts to an assembled structure. 
There were drawings on the box, in  ad
vertisements, and in the cata logues of 
the manufactu rer, the A.C.  G i l bert 
Company, of course, showing what 
cou ld  be ach ieved with the standard
ized parts, but these did not tel l  wou ld
be engineers where to start, or what pit
fal ls  to avoid. 

With a sc rewd river and a wrench ,  
we were expected to  see  the task 
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through, from beg inn ing to end .  The 
supreme design chal lenge came when 
we had on ly a picture in  our mind's eye 
of some g reat br idge or tower of o u r  
o w n  d ev i s i n g, some great structu re 
whose l ines changed as we used up the 
parts i n  t h e  E rector set. O u r  B r i t i sh  
counterparts have s imi lar recol lections 
of Meccano sets. These were the toys 
that bui l t  engineers. 

Many of us also played with electric 
trains, taking apart locomotives and ac
cessor ies,  seei  ng how they puffed 
smoke a n d  l owered cross ing  gates, 
learni ng at the same time how the parts 
f i t  together  to make a who le .  My 
brother, who a lso became an engineer, 
and I spent many a rainy afternoon and 
school vacation d es ign i ng, p lann i ng, 
and laying out new track arrangements, 
always working under the constraints of 
l i m ited basement floor space, too few 
sections of straight or curved track, and 
never enough switches of the correct 
handedness to bu i l d  the dream model
rai l road yard . 

After Erector sets and electric trai ns, 
there were b icycles to assemble  and 
d isassemble. 

Little did I know it then, but tinkering 
with bicyc les was prepar ing me for a 
career in engineering, as surely as were 
the mathematics, science, and mechan
ica l -drawing  courses I was tak i ng i n  
h igh school .  Even before I took m y  first 
laboratory course in school, I was adept 
at read i ng p lans and us ing  apparatus, 
for these activities seemed to be just an 
extension of worki ng with Erector sets, 
model trains, and bicycles. What united 

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

H is new book, The Book on  the 
Bookshelf, will be published in Septem
ber by Alfred A. Knopf. This viewpoint 
is adapted, with permiss ion, from a 
longer article, "Work and Play, II pub
lished in American Scient ist, Vol. 87, 
May-June 1999. 
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a l l  these activit ies was that 
they i nvo lved d es ign
whether of a track layout, a 
fancifu l  tower, or a scheme 
for a l ign i ng a wheel  
knocked askew by a pot
hole .  The proof of t h e  de
sign was in  the making and 
doing, of course, j u st as i n  
the world of real engineer-
ing. .. 

My senior year in col lege 
brought another d i mension 
to my formal  and i nformal  
engi neeri ng educatio n .  As 
part of our course requ i re
ments, each of us students 
had to carry out an  i nde
pendent project in w h i c h  
w e  des igned a n d  b u i l t  
someth i ng o n  o u r  own.  
There were few gu ide l i nes 
and no given boxes of track 
or sets of g i rders.  I reca l l  
coming u p  with several ideas. One was 
a scheme to assemble a photoel ast ic  
polariscope, whereby under polarized 
l ight, p lastic models of loaded beams 
and gears wou l d  reveal their stress pat-
terns. 

There were no po la r iz i n g  f i l te rs ,  
quarter-wave p l ates, or  other neces
sary opt ica l  e q u i pment ava i l a b l e  at 
the col l ege, however, so I had to iden
tify a source for them and see i f  they 
could be purchased with i n  a reason
able budget. Th i s  was  a l l  cons idered 
part of what the project was to teach 
us  green e n g i n ee rs about real e n g i 
neering. 

The Yel low Pages revealed a nearby 
source of the equ ipment, and one af
ternoon I vis ited the J. K l i nger Scientific 
Apparatus Corporation to check on the 
qual ity, price, and avai l abi l ity of what I 
needed. K l i nger's was a storefront op
eration, i n  which the desk of the princi
pal, Jakub K l inger, occupied one of the 
window bays that I imagined once d is
played the shoes, appl iances, and toys 
sold by the store's previous occupants. 
The store space proper was given over 
to the staff who processed paperwork, 
and c lerks who f i l l e d  o rders from 
schools, col leges, and research labora
tories. 
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By some odd congruence of needs, 
Mr. K l i nger was in the process of pro
d u c i ng a book of experi ments to d is
tribute to schools, and thereby encour
age them to purchase the equ ipment 
h e  stocked. Among the expe r i ments 
was one  o n  photoe l ast ic ity, and  he  
asked if  I would be  interested in  bui ld
i ng a polariscope for h i m  and design
ing experiments that i nvolved its use. I 
accepted h i s  offer and began working 
in  the shop each afternoon after school, 
having the enti re stock in the basement 
at my d isposa l .  

How typical were my experiences? I 
bel ieve a good number of engineers of 
my generation and older d id play with 
Erector sets, e lectric tra ins, and b icy
c l es, not to ment ion chemistry sets, 
radios, e lectronics kits, Heath kits, and 
the l i ke, as the s u rvey of engi neers
tu rned-bus i  ness- l eaders so strong ly  
shows. 

Remedial Engineering 
Many of my peers in engineering ed

ucation today agree that youthful expe
r iences l i ke the ones I have described 
are a l l  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 bui ld ing, or taking 
apart, the t h i ngs of t h e i r  c h i l d hood . 

Rather, they appear to 
c h oose eng i neer ing for a 
h ost of reasons  rang i  ng  
from its  be i ng a p ract ica l  
major that w i  I I  l ead to  a job 
after col lege, to its being an 
idea l  i s t ic  m aj o r  that  wi I I  
enable them to he lp  clean 
up the environment. These 
are not i nappropriate rea
sons, of course, but they do 
not in themselves provide 
any evidence of  a propen
s ity toward the essence of 
engineering: designing and 
bu i ld ing things. 

Because these concerns 
are w i d espread, at l e ast 
among m y  generat i o n ,  
s o m e  eng i neeri ng  educa
tors are comi ng to assume 
that v i rtual ly all i ncoming  
students a re d ef ic ient  i n  
rea l  tactile, spat i a l ,  a n d  

mechan ica l  exper iences. Thus, what 
m ight be cal led remed ia l  play courses 
have been developed. One such course 
is taught at Stanford U n iversi ty u nder 
the t it le Mechan ical  D i ssect ion .  In it,  
students d i sasse m b l e  and then re
assemble  such machi nes and devices 
as l aser printers, fish ing reels, and ten
speed b icycles. The hands-on experi
ences are intended to provide a fee l  for 
eng ineer ing that a generat ion or two 
ago students wou l d  have brought with 
them to the c lassroom. 

I t  rema i ns to be seen i f  such reme
d ia l  activity w i l l  produce as many en
gi neers who become business leaders 
as d i d  my generat ion' s  untrammeled 
use of chemistry sets and construction 
toys. 

Back issues of 
21 st CENTURY 

are available 
at $5 each ($6 foreign). 

For a 10-year index 
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N l F  TARGET CHAMBER U NVEILED AT LAWRENCE LIVERMORE NATIONAL LAB 
The 1 50-ton target chamber for the N ational  Ign i tion Fac i l ity (NIF), the i nertial 

confinement fusion device now under construction at Lawrence Livermore National 
Laboratory, was u nveiled by u.s. Energy Secretary B i l l  Richardson june 1 1 .  The 35-
foot d iameter target chamber was hoisted by a crane and positioned i n  the Target 
B u i ld i ng. N I F, which is schedu l ed for completion i n  2003,  wi l l  have 50 ti mes the 
power of any laser in use today. 

BU ILD BRIDGES WITH CHI NA, COMMERCE OFFICIAL SAYS 
In a j u ne 1 6  interview with Associate Ed i tor Marsha Freeman, U ndersecretary of 

Commerce, Bureau of Export Adm i n istration, W i l l ia m  Rei nsch scored attempts on 
Capitol H i l l  to treat China as the new Cold War adversary. "I th ink there's been a ten
dency among some i n  the Congress to try to d raw a Cold  War ana logy between 
China and the Soviet U n ion in  the 1 950s," he said.  "The Soviet U n ion participated in 
wal l i ng itself off from Western i nfl uence, Western economics, Western fi nance, and 
real ly  created a second camp, and articulated an alternative ideology and world view. 
The Chi nese are rea l ly  doing the opposite, as far as econom ics is concerned . . . .  
One of President Kennedy's theories about these th i ngs was that the way to reach 
better relationsh ips was to b u i l d  bridges. You start out b u i l ding cultural and eco
nomic bridges because those are the easiest ones to b u i l d .  Each t ime you bu i ld  a 
bridge, you increase the stake i n  the relationship and you increase the cost of disrupt-

Jackie McBride/LLNL ing the relationship. Each l ittle bridge that you bui ld,  even the smal lest, becomes one 
NIF's target chamber in transit. more thi ng that binds us together and gives us incentives to work on our d ifferences 

peacefu l ly, 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 wou ld essentially turn the last 
20 years of strides [in bui ld ing bridges], ever s i nce 1 979, on its head, and move our 
policy in  the opposite d i rection." 

KRA CANAL FEASIBI LITY STUDY PROPOSED BY JAPAN'S G I F  
A delegation from japan's Global Infrastructure F u n d  (G I F) vis ited Thai land in  early 

june  to present its proposal for a feasi b i l ity study of the 1 O-km canal  project that 
would l i nk  the Ind ian and Pacific Oceans-an a l ternative route to the Malacca Straits 
that would save about 900 mi les in sh ippi ng transport in Asia. The project was first 
proposed in 1 793, in the reign of K ing Rama I of Siam. The G I F  team met with cabi
net ministers and senior officials and the heads of major pol itical parties. As reported 
i n  the S ingapore Straits Times, june 1 5, a G I F  spokesman sa id,  "j udg ing 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 Val ley Authority, and now general manager of the Los Angeles Department of 
Water and Power, for conti nuing a 20-year career of catering to the lowest common 
green denominator. This time, Freeman has lau nched "Green Power for a Green LA," 
a program that "offers customers the opportu n i ty to purchase clean energy from re
newable sources such as the sun, wind, and water." I n it ial ly, accordi ng to a press re
lease, "Green Power customers wi l l  pay a smal l 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 b i l l s  and offset the increased cost of G reen Power." 

RESOLUTION ON PEACE THROUGH DEVELOPMENT FOR THE BALKANS 
In a resol ution now c ircu lat ing worldwide, the Sch i l ler I nstitute has cal led for a 

Marshal l Plan for the Bal kan region, us ing the a lready existing postwar reconstruction 
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p l a n s  for Bos n ia-H e rcegov i n a  a n d  the  reg i o n  as a n  i ntegral part of the overa l l  
Eurasian Land-Br idge development program. Projects include fLi Ii rehab i l itation of 
the Danube water con nection as the most important European waterway, and l i n k
age of the Danube to the rivers Morava and Vardar, thereby estab l i sh i ng navigable 
waterways through Serbia, Macedonia,  and Greece to the Aegean Sea. The resolu
tion also demands "an approach to reform of the world monetary and financial sys
tem by creating an architecture of the " New Bretton Woods" with no delay ( i .e. fixed 
exchange rates, protection of national economies, and sovereign credit generation 
for economic development, "  and " a n  u rgent and sharp break with the I M F  and 
World Bank practice of imposing austerity measures and unacceptable fi nancial con
d itional ities on sovereign nations." 

The resol ution was issued by Helga Zepp-LaRouche, fou nder of the Sch i l ler  Insti
tute, and Faris N a n i c, Secretary-General of Bosn ia's Party of Democratic Action i n  
Croatia, a n d  former ch ief o f  staff o f  President A l ija Izetbegovi "c  o f  Bosn ia-Hercegov
ina in 1 996;  it now has promi nent endorsers from many countries, inc luding many 
u.s. state legislators and former u .S. congressf)1en. 

For more information, contact the ·Sch i l ier Institute, P.O. Box 20244, Washi ngton, 
D.C., 2004 1 , Tel. (202) 544-701 8 .  

PAKISTANI NUCLEAR SCI ENTIST U RGES MUSLIM WORLD TO G O  N UCLEAR 
Dr. Abdu l  Qadeer Khan u rged the 57 Mus l i m  nations to invest in  the field of nu

c lear  techno logy and the p romotion of sc ience and techno logy in genera l .  "An 
energy-defic ient Musl im world can bring [about a] revol ution in  the l ives of its peo
ple if nuclear technology is used i n  an effective way," the Pakistan i nuclear scientist 
said, as quoted in  the Pakistan i  dai ly The Nation on May 3 1 . 

AMERICAN N UCLEAR SOCIETY ISSUES POLICY STATEMENT ON LNT 
"There is i nsufficient scientific evidence to s upport the use of the [LNT, or l inear 

no-threshold model] in  the projection of health effects of low-level radi at ion," the 
American N uclear Society stated in its long-awaited Pol icy Statement on Low-level 
Radiation, issued in June. The ANS recommends that "an i ndependent group of sci
entists, med ical experts, and health researchers should be establ ished to conduct an 
open scientific review of all data and analyses on the subject." As noted in  this issue's 
N uclear Report, p. 1 3, the existing committees dea l i ng with the subject do not meet 
the necessary standard of " i ndependent." 

In add ition, in its June letter to the N uclear Regul atory Commission on the LNT, 
the Advisory Committee on N uclear Waste stated that the use of the LNT "is vigor
ously chal lenged." 

ANCI ENT RUINS IN N EW ENGLAND SURVEYED AT N EARA CONFERENCE 
Many d ifferent ancient New England ruins were d iscussed at the 3 5th annual con

ference of the N ew England Antiqu ities Research Association (NEARA) on April 1 6-
1 9, from a 2,000 B .C .  astronom ical observatory (Mystery H i l l  i n  New Hampsh i re, 
known as America's Stonehenge) to the Newport (Rhode Island) Tower, a h uge struc
ture possibly dating from the 1 300s, with sighting l ines and astronomical a l ignments. 
The conference took place in Seekonk, Mass. 

The Mystery H i l l  s ite was reviewed by Dr. Louis Winkler, an archaeo-astronomer 
at Pennsylvania State U n iversity. The s ite functioned as an ancient observatory and 
rel igious center, he said. It was used as an observatory from 2000 B .C.  u nti l about 
300 years ago, fi rst by a cu lture most probably from the Brit ish Is les; second, from 
1 500 B . C .  to 500 A. D. ,  by an adva nced American I n d i a n  cu ltu re; and most re
cently, from 500 A.D.  to 1 600 A.D. ,  by possibly a mixed culture of Indians and Eu
ropean Celts. 

A review of N EARA's book Across Before Columbus appears on p. 84. 

- - Improved rivers and ancillary canals 
New canals 

o Important sea and Inland ports 

Existing and proposed waterways. in 
Balkan countries. 

NEARA member Charles Hughes, stand
ing near a stone c hamber at Fanstock 
State Park in Putnam County, N. Y. ,  
which possibly dates back to 7, 000 B.C. 
The structure is similar to those found 
throughout New England, the Britis h 
Isles, and France. 
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SPECIAL REPORT 
BORON NEUTRON CAPTURE THERAPY 

An Elegant Technology 
That May Save Lives 

. 

by Li nden B lue 

Epithermal neutron beam from reactor 
Boron (n, a) reactions in tumor cells 

I
-------'� 

Brookhaven National Laboratory 

Brookhaven's reactor, which has pioneered BNCT clinical studies from the 7 960s. In the presence of the neutrons from the re
actor, the boron- 7 0 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, 7 
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. 
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Anew k i n d  of therapy has recent ly 
shown pote n t i a l  fo r attac k i ng i n 

tractable b ra i n  tumors, w h i l e  m i n i miz
i n g  d a mage to h e a l th y  t i ssue .  Boron 
neutron captu re therapy, BNCT, uses an 
i nert, nontoxic isotope of boron, which 
i s  carried i ntravenous ly  to tumors. As 
soon as o pt i m u m  leve l s  of boron a re 
del ivered by the vascular system to a tu
mor, the patient is p l aced in a f ie ld of 
neutrons  supp l i ed by either a smal l  re
search reactor or an accel erator. The 
neutrons cause the boron to fission, re
leasing substantial energy in the process, 
and provid i ng tumor control at the cel
lu lar level .  The treatment takes less than 
an hour, and there a re very few of the 

SPECIAL REPORT 



debil itating effects associated with con
vent iona l  rad i a t i o n  and c h e m othera
pies. 

B NCT is scientifically elegant because 
it combines the potential for the vascular 
system to d istribute an unactivated rad i
ation sou rce that w i l l  concentrate i n  tu
mors, and concen trated neutro n s  that 
w i l l  acti vate t h e  rad i at i o n  sou rce. I n  
combination, B N CT's radiation effect i s  
lethal to  tumor cel ls, w h i l e  m i n i m i z i n g  
the rad iation dose t o  healthy tissue-the 
fi rst t ime such an effect has been ava i l 
able for combatti ng some tumors. 

Resea rch treat m e nts  fu nded by t h e  
U .S .  Department of Energy, a n d  carried 
out at B rookhaven National Laboratory 
in New York and the Massach usetts I n
st itute of Tec h n o l ogy, have s u ggested 
that B NCT is  at least as effective as con
vent iona l  rad i at i o n  t herapy, and pro
longs life for several months without de
bi l itat ing side effects. 

N ew. tec h n ica l -developments make 
poss i b l e  a comb i ,n a t i o n  of i m p roved 
boron transport agents and better neu
tron sources. These i m provements w i l l  
al low a 1 00 percent i ncrease o f  the ra
d i at ion  dose to the tumor, above c u r
rent leve ls ,  w h i l e  g iv ing  no addit ional  
rad i at ion  d os e  to hea l thy t i s s u e .  T h i s  
can make a d ramatica l ly  favorable  d if
ference i n  treatment  efficacy, because 
the chal lenge in rad iation and chemo
therapy i s  to g ive' a 'large, enough dose 
to k i l l  tumo rs-w ithout k i l l i ng the pa
t ient .  The i m p rovements i n  B N CT can 
l ift tumor control expectations, for some 
tumors, su bstantial ly.  

A Clinical History 
Neutron radiotherapy has been largely 

developed i n  the nat ional  labo ratories 
(Brookhaven, Idaho National Engineering 
& Environ mental 'laboratory), MIT, and 
other un iversities funded by the Depart
ment of Energy at a cost of several tens of 
mi l l ions of dol lars over many years. 

The c l i n ical h i story of B N CT is l i n ked 
to two i�d i v i d u a l s ,  W i l l i a m  H .  Sweet 
and Hiroshi Hatanaka. It was Sweet who 
fi rst real ized t h e  c l i n ica l  pote n t i a l  of 
BNCT for treating brain tumors. The pio
neeri n g  work of Sweet and h i s  co l 
leagues at the Massachu setts G e neral  
Hospita l ,  the Massach usetts I nstitute of 
Tec h nology, and the B rookhaven N a
tional Laboratory, in the 1 95 0s and early 
1 960s, was d i rected toward treat ing pa
tients with re'current h igh-grade g l iomas 
(very aggressive brain tumors) us ing sev-
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Figure 1 
BRAIN TUMOR PATI ENT SURVIVAL DATA, 

BNCT AND STANDARD THERAPY 
These data are for BNCT patients in clinical trials, as of March 7 998. The ver
tical black bars indicate dose levels. 

Source: BNL 

eral d ifferent boron compounds as the 
n eutron capture agent. U nfortu nately, 
none of these compounds demonstrated 
the requ isite tumor selectivity that is now 
known to be desirable. 

Although the c l in ical results were d is
appoint i ng, attempts to ident ify boron 
compounds that demonstrated a h igher 
degree of tumor selectivity continued on 
i nto the mid-1 960s. The c l i n ical studies 
i n  the U n ited States were stopped i n  the 
early 1 960s, to be taken up agai n  in  the 
1 9 80s,  but Hatanaka's effort in japan 
conti nued from 1 968, unt i l  h i s  death in  
1 994.  The japanese program cont in ues 
today, although I im itations on japanese 
reactor time have slowed the c l in ical use 
of BNCT. In the past 25 years, japan has 
treated only 1 20 patients, a rate of treat
ment that is not in the range of commer
cial c l i n ical appl ications. 

The European effort, led by W. Sauer
wein  and D. Gabel, began treatments i n  
early 1 99 8 .  Res u lts are expected t o  be 
s imi lar to those at Brookhaven. 

The early work, in the 1 960s, used bo
rate salts and a "thermal"  ( l ow energy) 

beam of neutrons; later efforts focussed 
on the development of an "epithermal" 
(h igher energy) neutron beam and more 
comp lex boron com pou n d s .  The 
B rookhaven Med ical  Research Reactor 
was mod if ied in the l ate 1 980s to p ro
duce epithermal neutron beams, and to
day is conducting c l in ical trials, focussed 
on g l iob l asto m a  m u lt ifo rme, the most 
aggressive type of brain tumor. There is a 
s m a l l er c l i n i cal p rogram u s i n g B N CT 
with the MIT research reactor, for treat
ment of melanoma and, more recently, 
bra in tumors. 

The resu lts of i rrad i at ion at B rook
haven (F igure 1 )  suggest I ife extensions 
s i m i l ar to, or greater than,  those of con
ventional rad iation therapy, whi le anec
dotal evidence suggests that the qual ity 
of l ife for Brookhaven's BNCT patients is 
considerably better than for patients who 
u ndergo conventional rad iation therapy 
and chemotherapy for intractable tumors. 

A l though the B rookhaven resu l ts to 
date suggest that BNCT is as good as, or 
1 0  to 20 percent better than conventional 
rad iation therapy, resu lts are sti l l  below 
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potentia l .  For example, Figure 2 shows 
the relationship of tumor control proba
bility to radiation dose. New and supe
rior radiation sou rces, com bined with 

new, no ntoxic pharm aceuti ca l  agents 
that respect the blood-brain barrier, have 
the potential of doubling the radiation 
dose to brain tumors and tumor tenta-

1 0  

1.0 ,----------,-------,--;;r----------, 

§' ii ell .0 

0.8 
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e c o 
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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 N EUTRON 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. 
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cles-improvements that shou ld have a 
profound effect on treatment efficacy. 

Reactor Neutron Sources 
When Professor Sweet started his work 

at MIT, using s imple borate salts and ther
mal neutrons, the most intense source of 
neutrons was n uclear reactors. The total 
n u mber of neutrons required for thera
peutic v a l  ue is about 1 x 1 0 1 3  neu
trons/cm2 . I n  the  early studies, and even 
u p  to the p resent time in the Japa nese 
studies, the low-energy thermal neutrons 
req u i red that the patient h ave the sku l l  
bone flap over the tumor removed, under 
anesthesia, and undergo an inter-opera
tive irradiation,  so that the neutrons 
would penetrate to the tumor site. 

The low "flux" (neutrons/cm2/sec) of 
the available n uclear reactors i n  the early 
stud ies requ ired many hours of irradia
tio n .  Because of the interactions of the 
neutron beam with tissues, the number 
of n eutro n s  fa l l s  off as the beam pene
trates tissue .  For the e arly reactor-based 
neutron sou rces, the thermal beam lost 
about half of its intensity in a little more 
than 3 cm. Th is  neutron dose fall-off was 
largely responsible for the need for inter
operative procedu res. 

The energy of neutrons ra nges from 
1 0- 1 to 1 08 electron volts (eV). The low
energy range, from 1 0- 1 to about 1 eV, 
the thermal neutron range, was the initial 
focus of B N CT. The energy range from 
about 5 eV to 1 0  keV has been identified 
as the epithermal neutron energy range, 
with c l i nical applications again focussed 
on gliomas and melanomas. 

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

The thermal and epithermal neutron 
beams are proven reactor-based sources, 
and significant development work is be
i n g  done to provide n ew filters, which 
make it possible for small research reac
tors to produce superior epithermal neu
trons.  One research reactor, located in 
Helsinki, Fin land (indicated as GA Triga 
in Figure 3), has been mod ified for pro
viding extremely h igh qual ity epithermal 
neutrons for BNCT. 

Fast Neutrons 
In contrast to the reactor-based thermal 

and epithermal neutron sou rces, which 
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have very l ittle rad io-therapeutic val ue in  
the absence of boron captu re, fast
neutron sou rces have a proven c l i n ical  
benefit even without boron capture. Fast
neutron rad iation therapy was used as a 
cancer treatment tool at Lawrence Berke
ley Laboratory as early as 1 938, and has 
developed over the years so that there are 
now about 1 0  fast-n eutron sou rces 
around the world .  In the U n ited States, 
these sources are located at the U n iver
sity of Washi ngton (the preferred s ite for 
i n it ial c l i n ical stud ies of B NCT-boosted 
therapy for Stage I I I  lung tumors), and i n  
Detroit, at the Harper Grace Hospital. 

There are eight additional fast-neutron 
therapy u n its located in Essen, Orleans, 
Brussels, and N ice in Europe; C h i bam, 
Riyadh, and Seoul i n  Asia; and Capetown 
in Africa. 

C l i n ical fast-neutron accelerators are 
designed to provide neutrons  in the 1 0  
to 1 00 MeV range-energy w h i c h  can
not be obtained from a fission-based n u
clear reactor. These accelerators are gen
eral ly designed to accelerate protons or 
deuterons to h igh energy, and then have 
them i mpact a so l i d  target to generate 
the h igh-energy neutrons. 

For c l i n ical appl ications, fast-neutron 
radiotherapy has shown benefit for sal i 
vary g land (treatment of  cho ice),  pros
trate ( i m p rovement over convent iona l  
radiotherapy), and soft t issue sarcomas, 
a long with  a su bset of non-s m a l l -c e l l  
lung cancers. 

BNCT Computational Dosimetry 
Del ivering neutron radiotherapy effec

t ive ly  to the tumor depe n d s  u po n  the 
abi l ity to maxim ize the quantity of neu
trons that reach the boron agent, which 
is local ized at the tumor site on an opti
mized dos i ng reg i me n .  Th i s  is accom
pl ished through complex computer pro
gramming, such as that developed over 
the past 1 0  years at Idaho National Engi
neering and Environ mental Laboratory 
(I NEEL). 

Radiation transport and dose d i stribu
t ion ana lys i s  for B N CT and for B N CT
augmented fast-neutron therapy is  more 
complex than for p hoton therapy or for 
standard fast-neutron therapy. There are 
several d ifferent physical radiation dose 
components associated with BNCT, each 
of which has a characteristic spatial d is
tribution and biological  effect. Accord
ing ly, many of the s i m p l i fy i ng assu m p
tions that wou l d  work wel l for rad iation 
transport ca lcu lat ions associ ated with  
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p h oto n therapy-a n d  to some extent 
fast-neutron therapy-are not appropri
ate for BNCT. 

Exp l i c i t  three-d i mens iona l  ca lcu la
t ions with a complete treatment of parti
cle scattering are requ i red, both for cal
cu lation of the various dose components 
with i n  the treatment volu me, as wel l as 
for calcu lat ion of the dose components 
in critical normal tissue structures. 

I n  B N CT, as i n  p hoton therapy and 
fast-neutron therapy, i t  is  i m portant to 
perform deta i led p lann ing calculations 
in order to opt i m ize the treatment for 
each i n d iv idua l  patient.  The goal is  to 
del iver the h i ghest possible therapeutic 
ra d i at i o n  dose to t h e  target t i s s u e ,  
w h i l e  m a i nt a i n i n g  t h e  su rrou n d i n g  
healthy t issue at o r  below tolerance. I n  
B N CT -en hanced fast-neutron therapy, 
there is an even greater n ecessity fo r 
c a refu l p l a n n i ng,  beca use of t h e  re
q u i rement that both the geometrica l l y  
targeted fast neutron component o f  the 
therapeutic dose, as wel l  as the B N CT 
component, be opt imized to the extent 
p racticable. 

Without this software, the c l i n ic ians, 
(medical physicists and radiation oncolo
gists) could not perform the radiotherapy. 
The i nd i v idua l ized treatment p l a n n i n g  
starts from medical images (magnetic res
onance imagi ng, MRI, and computerized 
tomography, CT, scans), combining these 
two-d i mens iona l  i mages i n to a th ree
d i mensional model, and then optim izing 
the dose d istribution of the multiple dose 
components in the patient. 

The I N EEL  treatment p l a n n i n g  soft
ware is the de facto standard arou nd the 
world i n  a l l  of the research i nstitutions 
i nvolved in BNCT research .  

Boron Chemistry and BNCT Agents 
Because the B N C  reaction is specific 

for the boron-1 0 isotope (which occu rs 
natura l ly  i n  a 20 percent abundance), i t  
i s  n ecessary to enr ich B N CT agents i n  
th is  isotope to the greatest extent com
mensurate with expense and the efficacy 
of the agent in question. Boron-1 0 that is 
more than 95 percent isotopica l ly  pure 
is commerc i a l l y  ava i lab le  from Eag le
P i c h e r  i n  the fo rm of bor ic ac id ,  
1 0 B ( O H) 3 . The most wel l deve l oped 
B NCT agents-BPA, BSH, and NT G B -
1 O-are a l l  derived from t h i s  source of 
boron-1 0-enriched boric acid. 

As driven by the physics of boron neu
tron captu re, the boron concentration i n  
t h e  tumor must b e  at a m i n i m u m  o f  ap-

proximately 30 micrograms l OB/gram of 
tissue (30 ppm) to provide a c l i n ical ben
efit i n  tumor contro l .  The boron com
pou nds should exh ib it low toxic i ty, se
lective d istribution i nto tumors and away 
from normal  t i ssue, and sho u l d  be re
ta i n ed in the tumor mass at the t ime of 
neutron i rrad iation. 

The F ood and Drug  Ad m i n i strat i o n  
has recog n i zed th ese u n i q u e  req u i re
ments by p lac i n g  the approval process 
for both the boron compo u n d  and the 
c l i n ical neutron source i n  the Center for 
Drug Eva luat ion and Research (COER), 
D iv is ion of Med ical  Imagi ng, S u rgical ,  
and Dental Drug Products, which is  the 
divis ion that approves the enhancement 
agents and contrast agents for CT and 
MRI studies. 

At th is  t ime, three boron-1 O-en riched 
agents su itable for use in  boron neutron 
capture therapy are u nder development: 
L-p-d ihyd roxyborylphenylalan i ne ( B PA), 
Na2 B 1 2 Hl l S H  (BSH),  and Na2 B l OH1 0' 
( N e utron Therapies'  NT G B- 1  0 ) .  The 
boron agents u sed between 1 9 5 0  and 
1 9 65 were compou n d s  of l ow boron 
content, such as boric acid, B(OH)3' and 
arylboron ic  acids, ArB(OH)2' w here Ar 
is an aryl group such as p-chloropheny l .  
Whi le  tod ay's NT G B-1  0 and B S H  are 
both polyhedral ions and contain 64 per
cent and 57 percent boron by weight, re
specti ve ly, t h e  ary l bo ro n i c  a c i d  B PA 
conta i n s  o n l y  4 . 8  percent boron by 
weight. 

The boron agents that are of cu rrent 
developmental interest fal l  i nto two clas
sifications:  

The fi rst type are essentia l ly  nontoxic, 
very h igh in boron content, and do not 
cross the blood-brain barrier or the mem
brane that s i m i lar ly  p rotects the sp ina l  
col umn.  Such agents requ i re l ittle target
ing specificity other than some selective 
rete nt ion in tumors, because adjacent 
critical tissues, such as the brain or spinal 
col u m n ,  are protected from co l l ateral 
damage by the barrier membranes that 
excl ude the boron compounds. 

The second type are of h igh-boron con
tent and are capable of providing 30 ppm 
of boron-1 0 by weight to the tumor, with 
h i gh se lect iv i ty .  Exa m p les of t h i s  type 
wou l d  be l i posomes, w h i c h  can have 
boron agents encapsu lated i n  the aque
ous core, or derivatives of boron agents 
incorporated in the membrane structure. 
N ewer agents based u pon phosphate d i 
ester trailers and equ ipped with structural 
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features that provide i ntran uclear target
ing, such as DNA bi nding, are additional 
examples of this agent type. 

Regardless of the nature of the boron 
compound, a l l  new agents are init ia l ly  
eva l u ated i n  tumor-bear ing animals .  A 
suitable a n i m a l  model is BAL B/c mice 
bearing EMT6 mammary adenocarci
noma, which has been used in most of 
the screening for liposomal delivery and 
"trailer" derivatives. Data col lected in
c l ude time-cou rse biodistribut ion of  
boron, as  determined from direct tissue 
ana lyses using i n d u ct ive ly  cou p l ed 
plasma-atomic e m i ssion spectroscopy 
(This technology is reliable at concentra
tions as low as about 0 .1  ppb in tissue.) 

Tumor, b lood,  l iver, and sp leen a re 
routinely screened i n  the mouse model .  
Additiona l  t i ss ues a re ana lyzed i n  fo l 
low-on biodistribut ion experi ments .  
These pre l i m i na ry mouse experiments 
a l l ow any existing acute toxic ity to be 
determined. If a promising agent is iden
tified in the pre l i minary screening, it is 
then eva l u ated for b i odistrib ution in 
larger anim a l s, begi n n i ng with tumor
bea r i n g  rats, a n d  p rogres s i n g  to dogs 
with spontaneous tu mors of a type suit
able for the particular agent. 

Radiation Biology 
The cu rrent design of a l l  forms of ra

diotherapy is based on the identification 
of the extent of the invasion of the tumor 
i nto normal tissue. The "size" of the tu
mor is defined from CT scans and MRI  
scans, with a n d  without  e n h ancing 
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
su rgery with I i near accel erators or the 
"gamma knife" can provide h ighly local
ized tumoricidal doses. The rationale for 
modern radiotherapy is to improve the 
delivery of a tumoric ida l  dose without 
exceeding the tolerance of normal  t is
sue, which i s  u navoidably exposed to ra
diation during treatment. 

The dictate of not exceed ing the toler
ance of normal  t i s sue  is the bas i s  of 
many isocentric techniques, wherein the 
therapeutic beam is centered on the tu
mor mass t h ro u g h  vario u s  rotation a l 
based entry points. Thus, while t h e  tu
mor receives multiple doses of radiation, 
the exposu re of any given normal tissue 
is limited. 

By definition, the localization of BNCT 
rad iotherapy is dictated by the d i stribu
tion of the boron agent. With B N CT, in 
contrast to conventional  radiotherapy, 
the ability and need to "see" the tumor 
margi ns for effective radiotherapy i s  re
d u ced.  The neutron "beam" is a m i s
nomer, because the "beam" is, in fact, a 
diffuse c loud of thermal  n eutrons that  
delivers a tumoricid a l  effect wherever 
the boron is d istributed; that is, only the 
boron has to "see" the tumor mass. 

The history of B NCT radiobiology has 
focussed on the brain tumor system, us
i n g  thermal  o r  epithermal  neutro n  
beams. T h e  b io logical  effects of these 
epithermal  neutron beams have been 
largely unstudied . Extrapolation of previ
ous work with thermal beams (often per
fo rmed in rodents) does not c l ose l y  
enough approximate the m i xed-fie l d  
irrad iation encou ntered i n  the avail able 
epithermal neutron beams, and l a rge
animal models must be utilized in order 
to study these beams to obtain acute and 
l ate t i ssue effects at  a n  acceptab l e  
whole-body radiation dose. 

Professor Patrick Gavin at Washi ngton 
State U niversity has used large-animal 
models  for B NCT in th ree main a reas .  
The fi rst area is  an in-depth study of the 
pharmacokinetics of the compounds of 
cu rrent c l i nica l interest. The study of 
pharmacokinetics in large-animal mod
e l s  a l l ows identical ad ministration 
schedu les to those u sed for human be
i ngs, and provides the n u merous sam
ples required for thorough pharmacoki
netic characterization.  

I n  addit ion to studies in normal  ca
n i nes, pharmacokinetics have also been 
stud ied in dogs with spontaneous brain 
tu mors. Information was obtained from 
tu mor, blood, and normal brain; some 
studies in terminal ly il l animals a l lowed 
complete sampl i ng of a l l  body t issues.  
Samples have been obtained from po
tentia l ly critical tissues inc luding the pi
t u i tary, retina,  thyro i d ,  a n d  spina l  
chord. These studies have demonstrated 
the relationship of the tissue concentra
tion to readi ly measu red b l ood-boro n  
concentration t o  facil itate proper treat
ment  p l a n n ing .  Sma l l -a n i m a l  models  
can not provide the tissue mass required 
for the boron assessment i n  these tis
sues. 

A second area of study has been the 
irradiation of spontaneous intracranial 
tumors in  dogs ut i 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-plan ning 
software. These stud ies have suggested 
that  sing l e  dose  B N CT can. be gi\ven 
safely, and objective tumor response has 
been measured. Comparison of survival 
of the B N CT treatment to published re
ports of conventional radiation treatment 
of dogs with bra i n  tumors indicates that 
a single dose of B NCT, given in  a stan
dard man ner, is rou g h l y  eq uiva lent to 
conventional therapy. 

I n  additio n ,  B N CT has res u l ted in 
longer survival  of a nimals with glial tu
mors, compared to previous reports, and 
the survival Periods were marked with a 
high qual ity of life in many animals. . . , 

The third a rea of study h as focu ss'e
"
d 

on t h e  deve l o p m e n t  of ex perimenta l  
pa rameters to  suppo rt the database on 
rel ative b io logical  effecti veness of  the 
v a rio u s  c o m p o n e n t s  of e p i t h e rm a l  
B N CT .  I n  additio n to t h e  d esired 
boron-dependent dose; the�e are (lther 
dose components whic h  must be char
acterized to effectiv e l y  pred i ct the 
radio bio l ogica l  effect.  These studies 
h av e  been d o n e  u s i n g  two d i fferent 
boron agents a n d  two reactor-based 
e pith e r m a l  n e u t r o n  s o u rces ( B rook
h aven and t h e  reactor in Pette n ,  the 
N etherl ands) .  The radio logical  effects 
of these vario u s  dose components are 
directly applicable, and are req u i red to 
a ssess the B N CT boost from fast-neu
tron therapy. 

These results, which have established 
the biological effects of the dose compo
nents, h ave been u sed to establ ish th� 
starting point for the human c l in ical tri
als in  progress at Brookhaven. 

The Outlook 
Recent advancements in b�ron-carry

ing pharmaceutical agents and improved 
epithermal neutron sources substantia l ly  
improve the potential efficacy of BNCT. 
If a n ew boron d e l  iv.ery age nt  is u sed 
with neutrons of a q u a lity eq ual  to the 
Helsinki reactor, the effective radiation 
dose to t u m o rs can be doubled,  com
pared to present practice, which should 
h ave a very s ignificant effect on tumor 
contro l .  

Linden Blue is vice chairman of  Gen
eral Atomics in San Diegq. He was for
merly CEO of Beech Aircraft and general 
manager of Lear jet, both in Wichita, 
Kansas. 

SPECIAL REPORT 



NUCLEAR REPORT 
, 

Radiation Protection Pol icy:  A Primer 
by Dr. Theodore Rockwe l l  

The current u.s. policy o f  a 
"linear no-threshold" approach ; 
to radiation damage has no 
science behind it. 

Every few months, the rad iat ion pro
tection establ ishment puts out another 

major study proc l a i m i ng yet aga i n  that 
the i nfamous l i near no-th reshold (LNT) 
model of rad iation damage to the body 
is the best basis for rad iation protection 
pol i cy .  There was " H ealth Effect of Ex
posu re to Radon,"  known as B E I R-VI ,  
issued in  f ina l  form early February 1 999 
by the Committee on Health R isks of Ex
posure to Radon, Board on Radiation Ef
fects Research of the National Research 
Cou nc i l ,  and  pa id  for by the  E n v i ron
mental Protection Agency. 

Then there was "Evaluation of the Lin
ear Non-T h res h o l d  Dose-Mod e l  Re
sponse," known as NCRP SC 1 -6, issued 
in  draft form November 1 998 by the Na
t ional  Cou n c i l  on Rad iation Protection 
and Measu rements (NCRP), and paid for 
by the N uclear Regul atory Commission 
( N RC) .  Each of these stu d i es fo r th ree 
years supported a group of scientists wel l  
known for their adherence to the LNT. 

Now, we learn that another three-year 
study i s  gett ing  u nder  way to p rod uce 
BEI R-VI I ,  another look at the LNT. 

What's goi ng on here? Meth inks they 
do protest too much. In  no other field of 
science is it considered necessary to re
peatedly reaffirm the basic tenets of the 
preva i l i n g  theory.  What is t h i s  L N T ?  
Where d id  i t  come from? A n d  what evi
dence and theory support it? 

Current Radiation Policy 
Cu rrent rad iat ion pol icy i s  based o n  

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

tween rad iation dose and health effects 
(for example ,  cance r) ,  observed i n  
atomic bomb su rvivors, i s  presumed to 
conti n u e  i nto the  lower dose levels ,  
where n o  effects are observed, a l l  the  

N UCLEAR REPORT 

U.S. DOE 

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

way to zero dose. A s ingle gamma ray is 
sa id to be capable  of i n it iating a lethal 
cancer. 

(2) The effect of dose-rate is ignored; 
no a l l owance is made fo r the body's  
proven heal ing capab i l ities . This i s  l i ke 
say i ng that if 1 00 asp i r i n  ta b l ets are 
leth a l  when taken at one s i tti ng, then 
taking one tablet a week wou ld ki l l  you 
after 100 weeks. 

(3) The notion of collective dose is in
troduced. This says that individual ly triv
ial doses to an i rradiated population can 
be added up to "pred ict" health effects, 
including deaths, in the population. This 
is l ike saying that if 1 00 people each take 
one aspirin, someone wi l l  d ie. 

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

(5) Radiation should be reduced to "as 
low as reasonably ach ievable" with no 
attempt to defi ne " reasonable." Courts 
and regulatory practice have already re
d u ced t h i s  rad iat ion goal to far below 
natu ral background rad iat ion,  with no 
end i n  sight. 

This rad iation pol icy was not derived 
from scientific theory and data; it was i n
herited as an admin istrative convenience 
for setting standards to protect against ra
diation at levels known to be potentia l ly 
ha rmful . There was al so the cons idera
tion that radiation levels too low to cause 
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immediately detectable health 
effects might still be fou nd to 
cause delayed effects, such as 
cance r  o r  genet ic d am age, 
that wou ld not show u p  u ntil 
many years later. 

However, we now h ave 
d ata on th ree generation s  of 
atomic bomb victims:  No her
itable damage has been 
found, and the incidence of 
cancer is not observed at radi
ation doses below 1 0  to 1 00 
rem (0 . 1  to 1 Sv), depending 
on the type of cancer. Yet, the 
LNT is pushing u s  to regu late 
to ever-lower "perm i s s i b le"  
rad iation levels,  not  on ly  be
low the natura l  backgro u n d  
radiation, but  even less t h a n  
the variations i n  natural back-

s u med (but  never demon
strated) that once a DNA mol
ecu l e  was hit, it was damaged 
a nd could lead to cancer. The 
m o re h its, the g reater the 
c h a n ce of a cancer.  L i near, 
right? 

ground from one region to an
other. 
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Recently, bio l ogists h ave 
beg u n  to look at t h e  p rob
lem, and they fou nd that  for 
every DNA damaged by ra
d iation there were l i tera l l y 
m i l l io n s  of D N As d amaged 
by free radic a l s  that were 
generated by the body's rou
tine m etabo l i s m-d ay in,  
day out .  To survive, the body 
i s  we l l  prepa red to p revent 
m u c h  of t h i s  damage, to re
pair what it can not prevent, 
a n d  to dispose of the c e l ls 
not properly repa i red . The 
comparativ e l y  few cel l s  
damaged b y  radiation are an 
i n signific a n t  b u rd e n  to this 

Let us exa m i n e  the scie n 
tific case for the L N T  a n d  col-
lective dose, as 'Stated by its advocates in 
NCRP report 1 2 1 ,  dated Nov. 30, 1 995 : 

"Few experimental studies,  a n d  es
sentia l ly  no human data, can be said to 

Did you miss these 
2 1st CENTURY 
SCIENCE & TECHNOLOGY 
articles on radiation? 

+ Z. Jaworowski, "A Realistic 

Assessment of C hernobyl's 
Health Effects," Spring 1 998. 

+ Jim Muckerheide and Ted 
Rockwell, 'The Hazards of U.S.  
Policy on Low-level Radiation," 
Fall 1 997. 

+ "Using Low-dose Radiation for 
Cancer Suppression and Revital
ization," An Interview with Sadao 
Hattori, Summer 1 997. 

+ TO. Luckey, "The Evidence for 
Radiation HormesiswFall 1 996. 

+ Z. Jaworowski, "Hormesis: The 
Beneficial Effects of Radiation," 
Fall 1 994. 

Back issues are available at 
$5 each postpaid ($6 foreign). 

Order from 2 1  st Century, 
P.O.  Box 1 6285 ,  
Washington, D.C.  2004 1 

prove or even to provide direct support 
for the concept of col l ective dose with 
its implicit  u ncertainties of non-thresh
o l d  I inearity and dose-rate i ndepen
dence with respect to risk. The best that 
can be said i s  that most studies do not 
provide quantitative data that, with sta
tistical significance, contradict the con
cept of collective dose. U ltimately, con
fid ence in the linear no-t h res h o l d  
dose-response relationship a t  low doses 
is based on our u nderstand ing of the ba
sic mechanisms i nvolved . . .  It  is con
ceptually possible, but with a vanis h 
i ngly smal l  probability, that a n y  of these 
effects could result from the passage of a 
single charged particle, caus ing damage 
to D N A  that  could be expressed as a 
m utation or smal l  deletion .  It is a resu lt 
of this type of reasoning that  a l inear  
no n-th reshold dose-response rel ation
s hip cannot be excluded [emphasis 
added) . "  

I f  this is  the  best that can be said in  de
fense of the LNT, then research yielding 
contradictory evidence shou l d  be en
cou raged and given very carefu l atten
tion .  

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

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

1 4  Summer 1 999 21 st CENTURY 

magnificent defense system. 
Even a lethal  dose of radiation does 

not add significantly to the n u m ber of 
damaged DNAs. H igh-level radiation in
jures, not by damaging more cel ls  but by 
degrading the defense system, which can 
then no longer keep up with the damage 
cau sed by routine m etabolis m .  (Of 
course, high-level radiation also causes 
other damage; but the point here is that 
it is not the n u m be r  of DNA molecu les 
injured that matters.) 

Evidence Contradicting the lNT 
Disc ussions q uestioniilg the LNT of

ten degenerate into arguments about the 
exact s h ape of t h e  radiation/da mage 
cu rve a n d  t h e  exact l ocation of the 
threshold .  For radiation protection pur
poses, there is a simple way around this 
dilemma: It's cal led hormesis. Hormesis 
is a biological term for the beneficial ef
fect that s m a l l  amounts of toxins h ave 
on the body.  This is the basis for vacci
n ation against disease, and for putt ing 
t i ny amou n ts of se lenium,  boro n ,  
chromium, manganese, and other poi
sons in your vitamin pills. 

These toxins, in small amounts, stimu
late the body's defense mechanisms and 
actu a l ly decrease the n u m ber of dam
aged cel ls remaining. It has  been known 
since 1 896, a few months after Roent
gen's d i scovery of X-rays, that radiation 
tends to work th is  way too. So, decreas
ing radiation be low t h e  n atural  back-
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ground level (wh ich is a lready less than 
one tenth of what i t  was when l ife f irst 
evolved) actua l l y  weakens the body's 
defenses and i n c reases the c h a nce of 
cancer and other i l l ness. 

We do not know a l l  we wou ld l i ke to 
know about this p rocess, but there is  an 
enormous body of evid ence at every 
level ,  from the molecu le, to the cel l ,  to 
l iv ing o rga n i sms,  to c l i n ical work with 
humans, showi n g  that low-level rad ia
tion i s  not harmfu l ,  and can be benefi
c i a l .  (See, for exa m p l e ,  T . D .  L uc key, 
"The Evidence for Radiation Hormesis" 
21 st Century, Fal l  1 996, pp. 1 2-20.) This 
evidence makes clear that most of the 
money spent on rad iation protection and 
regu lat ion,  on des ign and operat ion of 
waste-handl ing fac i l ities, and on remedi
ation of so-ca l led "contam i n ated" land 
and faci l ities is being wasted. 

U nfortunately, this evidence has been 
ignored, d isparaged, m ischaracterized, 
defunded, and left u nreported, by radia
tion protection and research organ i za
tions who are i nvested in the rad i at ion 
bus i ness, as wel l  as by the ant i n u cl ear 
env i ronmental groups that deal  in i r ra
tional fear. 

Rad i at i o n ,  Sc ience & Health ,  I nc .  
(RSH),l a n  i nternational not-for-profit or
ganization of i ndependent radiation ex
perts (of which I am a fou nding d irector) 
is asse m b l i ng th i s  i nformat ion i nto a 
large and growing Data Document, and 
is formally bri ngi ng the data to the atten
tion of regu l atory and pol icy bod ies for 
consideration and action. 

Status 
The situation is now at a critical point. 

Through the efforts of R S H  and others 
duri ng the past three years, enough q ues
t ions h ave been ra i sed that both B E I R  
a n d  N CRP have carried o u t  three-year 
stu d i es to eva l u ate the u s e  of  L N T  fo r 
regulatory purposes. The BEI R study was 
l i m ited to radon ;  a broade r  B E I R  study 
on the general question of  the suitab i l ity 
of L N T  is j u st gett i n g  u nd e r  way.  The 
Health Physics Society, the Amer ican 
N uclear Society, the Wi ngspread Con
ference, the French Acade m y  of S c i 
ences, a n d  others have publ ished state
ments questio n i ng the u se of L NT, but  
the pol icy remains  v i rtua l ly  unchanged, 
and the wasteful and damaging practices 
that policy requi res conti n ue unabated. 

Readers who b e l i eve t h i s  po l i cy 
sho u l d  be cha nged sho u ld make the i r  
views known t o  the N uclear Regulatory 
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Commission and the Environmental Pro
tection Agency. As federal agencies, they 
should be requ i red to demonstrate that 
their  rules and regulations do more good 
than harm. As the world's premier radia
tion protection expert, Lauriston S. Tay
lor, wrote in 1 980: 

"Today, we know about al l  we need to 
know to adeq uately p rotect o u rselves 
from ion iz ing radiation. Therefore, I fi nd 
myself charged to ask: What is  the prob
lem and why is there one? . .  No one 
has been identifiably injured by radiation 
wh i le work ing with in the first nu merical 
standards set by the NCRP and the ICRP 
in 1 934. The theories about people being 
i nj u red . . .  must on ly  be looked on as 
figments of the i magination . . . .  I p lead 
that we cease the seemingly endless pro
cession of stud ies, congressional  com- . 
mittees, and hearings on the problem of 
low-level ionizing radiation." 

In the nearly 20 years s ince Dr. Taylor 
wrote these words, the "endless proces
s ion" has conti n ued at an ever- i nc reas
i n g  cost. Can those now profit ing  from 
th is situation find the wi l l  to cal l  a halt in  
t ime to save the n uc l ear  i ndustry from 
death by strangulation ? 

Theodore Rockwell (tedrock@cpcug.  
. org) is  a founding officer of the engineer
ing firm M PR 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. 021 94, Tel. (78 1 ) 449-2214, o r E-mail to rad-sci-health@wpLedu. 
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I n the past few years, bal lot i n i tiatives 
perm i tt i n g  the m ed i ca l  use of mar i

juana, supposedly to treat chron ical ly i l l  
patients, have been approved i n  several 
states. These i n i t iat ives h ave been 
funded by the n otor ious  i nternatio n a l  
spec u l ator George Soros, as a "Trojan 
Horse" for the legalization of  i l l ic it  drugs. 
In response to th i s  campaign, the I nsti
tute of Med ic i n e  ( 1 0M) was com m i s
sioned to conduct a review of the scien
t if ic  ev idence "to assess the potent ia l  
health benefits and r i sks  of mar i j uana 
and its constituent cannabi noids," by the 
Wh ite House Office of Nat ional  Drug 
Control Policy i n  January 1 997. 

The 10M report, rel eased on March 
1 7, 1 999, reviews the biological effects 
of marijuana, documenting the damage 
it does to the brain's cognitive fu nctions 
and motor coord ination, its suppression 
of i m m u n e  syste m funct i o n ,  a n d  its 
damage to the reproductive system. ' 

The report a l so com pares the effec
tiveness of marij uana to other d rugs al
ready in use to treat pa i n  and nau sea, 
f ind ing it m uch l ess effective than cur
rent ly presc ribed d rugs.  I n  its conc lu
s ions ,  the 10M reco m m ended aga i n st 
the use of smoked marijuana, cit ing the 
damage done by the tar and carcinogens 
to the l u ngs of users.  It a lso conc l udes 
that the fam i l y  of compounds known as 
can nabinoids, found in marij uana, may 
be useful for future drug development
the only conclusion to be played u p, and 
d istorted, by the med ia. 

Damaging Effects of Cannabinoids 
The substance of the 10M report doc

u ments the damaging effects of cannabi
no ids. 

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

w h i c h  de lta-9-tetra hyd roca n na b i n o l ,  
known as THC, is  the most abu ndant of 
the psychoactive compounds. THC pro
duces most of its effects in the brain and 
body by b inding to specific receptors on 
the cell  su rface of neurons, or other cel l  
types. One type o f  cannabinoid receptor 
was fi rst found i n  the bra i n  i n  1 99 0 ;  a 
second type was found outside the bra in  
i n  1 99 3 .  I n  1 992,  a natu ral compou nd 
prod uced by the bra i n ,  ca l led a n a n 
dam i de, was fou nd t o  b i nd to t h e  
cannabinoid receptors, b u t  its fu nction 
remains mostly unknown. By also b i nd
ing to these receptors, THC is 
i nterfering i n  a natural chem i-
ca l  s igna l  pathway in the 
brain.2 

th i s  is associated with a substantial de
c rease i n  b l ood f low to the tempora l 
lobe of the bra in .  

Cannabinoids also affect spatial mem
ory, ba lance, a n d  coord i nat i o n .  The 
cerebel lum is  largely responsible for co
ord i nat ing  motor control  of the body, 
and this  brain region also has a h igh con
centration of can nabi n o i d  receptors. A 
study of experi e nced a i rp l a n e  p i l ots 
sh owed that even 24 h o u rs after the 
smoki ng of a s ingle marij uana cigarette, 
t h e i r  perform ance o n  fl ight-s i m u l ator 
tests was impaired. 

Cingulate cortex 
The most consistent damage 

produced by chronic THC ad
ministration is loss of short-term 
memory . . The area of the bra in  
i nvolved in  short-term memory, 
and its transfer into long-term 
memory, is  the h i ppocampus, 
which has a high concentration 
of can nabino id  receptors. 
Chronic marij uana 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 h i ppocampus, 
and may result in the inabi l ity to 
transfer information from short
term memory i nto long-term 
memory, a condition associated 
with Alzheimer's disease. 

B RAIN REGIONS I N  WHICH CAN NABI
NOID RECEPTORS ARE ABU NDANT 

Stud ies of performance re
q u i r i n g aud itory attent ion  i n  
people who have smoked only 
one marij uana cigarette show 
i m pa i red performan ce, a n d  

These regions, which include the cerebel
lum, hippocampus, and the parie tal and 
frontal lobes of the cerebral cortex, are the 
most s trongly affected by THe 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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· Stuart LewislEtRNS 

Mega-speculator George Soros has 
bankrolled "medical " marijuana ballot 
initiatives across the country. 

I n  additio n ,  the reg u l ation of h o r
mones in the brain is altered by cannabi
noids .  Studies have shown that chronic 
THC ad ministration 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 u se of marij uana as a drug is the 
su ppression of the im m u n e  syste m ' s  
fu nctio n .  Lymphocytes, i n c l uding T 
cel ls, which are responsible for fighting 
infection, are inhibited from proliferating 
by T H e .  B-ce l l s , which p rod uce a n ti
bodies that bind to foreign pathogens, 
are often inhibited from becoming active 
by THC, and even at very low doses, an
tibody production is red uced. THC also 
interferes with sig n a l s  in t h e  im m u ne 
system that are mediated by cytokines. 
Studies in m i ce have s hown that THC 
su ppresses the  cytokines that  mod u l ate 
the response to infection ,  a n d  that the 
overa l l  cytokine profile prod uced is ab
normal .  

Another detrimental effect i s  that THC 
from marijuana reduces the resistance to 
infectio n .  In expe riments with 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 imm u n e  t o  repeated chal
lenge by the bacteria. 

ludicrous Claims 
Considering these dangerous conse

q u e n ces to h u m an hea l th  from m a ri-

BIOLOGY & MEDICI N E  

j u a n a  u se, i t  i s  ludicrous t o  propose its 
use as a medicine. For example: One of 
the most ba l l yhooed proposed u ses of 
marij uana is to treat nausea and weight 
loss experienced by AIDS patients. THC 
is not very effective at treating nausea, 
and the doses required for a modest ef
fect are strongly hal lucinogenic. Further, 
90 percent of these AI DS patie nts are 
treated successfu l l y  with d rugs al ready 
available. For the approximately 1 0  per
cent  of AI DS patie nts who do n ot re
spond to standard treatments, synthetic 
THC, known as Marinol, can be lega l ly  
prescribed in  the United States. 

However, THC is an immunosuppres
sant, so why would anyone want to give 
an A IDS patient, whose immune system 
is al ready gravely impaired, a drug that 
wou ld decrease his or her resistance to 
infection? 

Another of the proposed uses touted 
for marij uana is to treat nausea in cancer 
patients u ndergoing chemotherapy. The 
10M report fou nd that in cl inical trials, 
THC provided only moderate control of 
nausea in 1 3  percent of the patients, as 
compared to d rugs a l ready avai lab le ,  
which achi�ved com p l ete cont

'
rol of  

nausea in a l most 5 0  percent of the pa
tients. 
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A profile of members of "medical use" 
cannabis b uyers' c l u bs in California is 
i n c l u ded in  the 10M report. Most of 
these " medical" users have u sed "recre
ational" drugs in the past, and more than 
50 percent of these marij uana smokers 
tested positive for cocaine or ampheta
mines. 

T h e  10M report a l so shot down the 
anecdotal evidence that marij uana is ef
fective at treating glaucoma. I n  fact, mar
ij u a n a  was fou n d  to be ineffective at 
lowering the pressure in the eye of glau
coma patie nts over a period of time 
longer than a few hours .  The report also 
fou nd marijuana to be only mild ly capa
ble of treating pain, being slightly less ef
fective than codeine. 

A l t h o u g h  the report's co n c l u sion s  
e l iminated smoked marij uana as effec
tive at treating symptoms of diseases 
s u c h  as m u l tip le  sc lerosis and Pa rkin
son's disease, it did not ade'luatel y  em
phasize marij uana's damage to the cog
nitive fu n ctions of the brain . What the 
10M report should have said, is  that at
tempts to portray this damaging d rug as 
a medicine, are nothing but propaganda 
for d rug 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 1 999). 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, 2 1 st Century, Winter 1 997-1998, pp. 59-69. 
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The Scientific Basis 
Of the 

New Biological Paradigm 
by Vlad i m i r  Voe i kov, 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 rightJ, 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 i n  biology on the eve of the new m i l lennium 
rem inds one of that of physics at the end of the last cen
tury, Twentieth-century b io logy 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 chem i stry, as establ ished by stud ies of inorgan ic. nat,u re, 
This  has a l lowed modern b io logy to ach ieve an i nipre�sive 
success in decod i n g  the structure and d i scern i ng certa i n  im
portant properties of the mater ia l  s u bstrate of l iv ing  th i ngs, 
Hov.;ever, the deeper our knowledge of the structural organiza
tion of biological objects, the more it is obvious that this. basic 
assumption wi l l  not al low us to apprehend the laws determ in
ing the operation of the most specific vital processes, 

An alternative theoretical and experimental fou ndation for 
the development of biological science, based on the postu late 
of the primacy of the phenomenon of l ife, was establ ished in  
the first th i rd of the 20th centu ry, main ly by Russian scientists 
including ES Bauer, A.G. G u rwitsch, and A.L .  Chizhevsky, It 
is hoped that the revival of their  i deas, i n  l ight  of the latest 
ach ievements of biology, bioph ys ics, and biochem istry, w i l l  
become an impetus for the development o f  biology towards an 
understand i ng of the specific laws of the phenomenon of l ife, 
and the establ ishment of a centra l Law of Organ ic  Develop
ment, which wi l l  a l low 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 b io logy textbook:  " B io logy is the sci
ence of l ife in  the widest sense of this term, or, to be more ex
act, the science of processes that proceed i n  l iv ing bodies."l It 
fol lows from this defin ition that the major task of biology is to 
unearth the laws of l ife. Such a formu lation may seem too am-

bitious to many. In the opinion of the majority of researchers, 
there is not even a satisfactory defi n ition of the phenomenon of 
l ife. In a recently publ ished " B iological Encycloped ic Dictio
na ry, "  b i o logy is not cons i dered to be an i ntegra l sc ience.  
Rather, it is defined as a set of a l l ied sciences deal ing with sep
arate man ifestations of l ife. 

The pri mary task of b iology is defined as the pursuit of the 
d iscovery of regularities of manifestat ions of l ife. The task of 
u nderstand i ng the essence of l ife is considered to be no more 
im poitant than the task of perfecting biological systematics.2 

Such modesty in defi n i ng tasks for biology is not accidenta l .  It 
reflects the long dom i nation of the presumption that l iv ing or
gan isms are no more than extremely com plex mach ines,3 If 
this is the case, it i s  enough to d iscover al l  the detai ls  of an or
ganism's  structu re, and to study the processes tak i n g  p lace 
with i n  it as an expression of the known laws of p hysics and 
chem istry. It is presumed that after decod ing the exact compo
sit ion and structural organ ization of l iv i ng bod ies, as wel l as 
the parameters and sequence of elementary processes combin
ing to produce the known man ifestat ions of l ife, one can put 
the knowledge obtained i nto proper order, and thereby under
stand the essence of l ife. 

The development of biology i n  the 20th century has, i n  fact, 
demonstrated the fru itfu l ness of such an approach i n  many re
spects. The most intimate deta i ls of the structure of hered itary 
material (DNA) have been d i scovered; the structural features 
and properties of prote ins  part ic ipating i n  del icate chemical 
transformations have been revea led; seq uences of stages of 
many compl icated processes in l iv ing organ isms and some el
ements of their regulation have become known . It has become 
poss i b l e  to synthes ize exact copies of complex b i o l og ica l  
polymers in  a lab, such that the copies are able to  execute the 
same functions as their natural originals .4 

However, it is seldom mentioned that these copies can d is-

I NTRC0 0 U CTION, . 

t We'stern�IStientists, ean' Learn 
fro'IP Jh� Verna�sky-Gurwitsch- Bauer School 
. " ., . "' ... ,)t' .. ". .� . ' :� 

by
�
Jonathan Ten nenbaum 

" 
. _ R�aders' of t h i s artkl e by Moscow U n i ve�sity b i�

.

16g i st 
);Ilad i m i r  Voei kov fnay be as.ton i shed to l ear-n, tbat a 

g . • . vast, area of S�viet sc ie'rlt i f ic  research ,  w h i c h  thr ived for 
mor� than h� (t a:cer:itiJiY and produ ced a great we� lth of 
i mpp'rtant experimental:a.nd theoretical d iscoveries; was al

. most. co mpl�t�lyjgnored; i n  the West u nti l th i s'day. · I n. o�r 
- bes� ju�gment�i tl;te reas6n 'for this l ies not i n'secrecy (af

{
ex

tensive l iteraturl;! cou l d  be fou n d  i n  i nternat iona l l y  c i rcu
latea Sovlet j9J:lrnal s .and monographs), but  rather i n the cir
cum�tance/ ..tl'ia't the fundamental,  g u i d i ng concepts of th is  
Sovi�t school of biology and biophys ics:.-as'typified by the 

work of Vlad i m i r  Vernadsky, A lexander G u rwitsch, and 
Erv i n  Bauer-ran cO,u nter tb·t h e  main  thrust of Western 
biology duri ng most of this century. 

W h i l e  W.estern b i o logy deve loped a l o ng ever- m o re 
strictly reducti o n i st l i nes, look ing at l iv i n g  processes es
sent ia l ly  as molecular machines, the workers of th i s  So
viet school recogn ized the d i stinction between l iv ing and 
non- l iv i ng processes as fundamental and irreducible. Ac
cord i ng to Vernadsky, the existence and evol ution of l iv
ing processes on the Earth, and of human reason, as a fur-

Continued on page 20 
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play thei r  fu l l  activity only after they have been inserted i nto 
l iving bodies i n  which the m i racu lous vital processes already 
occur. But, those who are convinced of the self-sufficiency of 
applying the physics and chemistry of inanimate nature to the 
understand i ng of the l iving state are not confused by these mi
nor deta i l s .  Typica l  are statements such as :  "The external  
manifestations of l ife are the consequence of its i nternal struc
ture, down to the molecu lar 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 I ife has largely been drawn . . . .  [L] ife is 
not a mystery any more, but rather it is  some kind of a puzzle, 
a code to be deciphered ."s 

The same approach is appl ied to a most sign ificant biologi
cal process, the evolut ion of species .  It is  asserted that " . . .  
though many detai ls  requ i re further investigation, it is  already 
obvious that a l l  the objective phenomena of natural history of 
l ife may be explained based on purely material istic factors: se
lective mu ltipl ication i n  populations and causal genetic events. 
. . .  [A] human being is a result of aim less and natural processes 

�q6; Conti?q�d 4ro1Yf p?�e �9 \ ji : ' ;:: '.. . '. ,Vi,. 
; ..... ther; aX.iorfiat ica l fY' d i st i n �t process';W it h i n· th e' l iv ing' dO� 
iv, main,  gOre no rn�re i so lated or acc ide"nta I phenomena, but 

;{ 

20 

constitute coherent expressions of a Jundamental deve!op
me!ltaJ' �haract�r istic of tn�; U.n iy�r;s�)as a whqle-a chpr
atteri sV t ic i ncompat ib le  with  the ci'stumptjon of  u n iversal 
entropy. 

The. Y7rnadsky."��h?01 �lsR "ryjected ;.8arwi n's .. . assu mption, 
that tn�··e�0Iutiorif0fcspecie� i ;a�ises ' frorY)\nafural· s.election i� a ' 
comp&tit ive sttuggle for s�ri;·iva I . Rather, these scienti;ts 
poi nted to the unambiguously nature of the transfor-
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that never impl ied h is emergence."6 
Again,  the current situation in biology rem inds one of the 

situation in physics at the end of the last centu ry, when many 
scientists bel ieved that the main work had al ready been done, 
and that further progress wou ld consist in the refinement of de
ta i ls, not in d iscovering something qual i tative ly  new. For ex
ample, Max Planck's teacher, F. Jol ly, insisted that: "Certain ly, 
it is sti l l  possible to notice or to delete a speck of dust in th is or 
another corner of the world, but the system is a l ready firmly 
establ ished, and theoretical physics approaches the same de
gree of perfection which geometry has possessed for many 
centuries a lready."? 

I rrespective of the achievements in biology, establ ished on 
the basis of known laws of physics and chemistry, qu ite a few 
b io logists are less than opti m ist ic about the poss i b i l i ty of 
reaching an understand ing of the laws of l i fe based on th is  
parad igm.  They p o i nt to evidence showing  that,  in most 
cases, man ifestat ions  of vital  activity can not be pred icted 
from a straightforward appl ication of pure physical-chemical 
principles. In  the opinion of Russian biogeochemist Vlad im i r  

mations of  the biosphere as  a whole ( i ne iud ing its geological 
and geochemicaL substrate), accompl ished through the activ
i ty of l iv i ng orga n i sms�transformations  wh ich  represent 
work done by the aggregate of biological  processes upon , 
their' �nvironmerit, and which have led to an accelerating in
crease in the total energy throughput and overal l  physical-

' 

transformative power' of the aggregate l iv ing process i n  the 
course of evolution. 

That directedness of biQlogical development, a"ccording to 
Ver�adsky and h i s  fol lowers, is 'not 'mere ly  the stat ist ical  
end-resu lt  of a complex of essentia l ly u nd i rected ind ividual 

A geometrica l representation of 
anti-entropic growth of a physi
ca l economy. The increase in 
capital;intensity, of production 
during /-i�althy economic devel
opment, ' is represented by the in

. creasing apex angle of the vari
able conical surface upon w.hich 
the groWth spira/ 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 hom-shaped sur
faces /ike the one shown. As Ver
nadsky and others demonstrated, 

. biological evolution has very 
similar. characteristics. 



Vernadsky ( 1 8 6 3 - 1 945),  there i s  "a rad ical  d i st i nction be
tween l i v i n g  and dead th i ngs, and th i s  d i sti nct ion m u st be 
based on some fundamental d i fference in the matter or en
ergy, located i ns ide l iv i ng organ isms, in comparison to that 
found by the methods of physics and chemistry in i nani mate, 
l ifeless matter. Or rather, this d isti nction poi nts to the i nsuffi
ci ency of o u r  u sua l  notions of matter and energy, dedu ced 
from stud ies of i n a n i mate natu re, for the exp lanation of a l l  
processes o f  l ife."8 

Undoubted ly, there are some general features specific to al l  
l iv ing systems, and the processes with i n  them, that al low us 
al most u n m istakab ly  to d i sti nguish between l ife and death.  
Many great th i n kers of the past tr ied to formulate th i s  basic 
d istinction,  but on ly  a few have r isked assert ing the primacy 
of life as the major postulate of biology. Starting from this pos
tu late, the Russ ian sc ientist Erv i n  S i monovich Bauer ( 1 900-
1 93 7?) constructed the axiomatic basis for theoretical biology, 
to stand as an autonomous science.  Alexander Gavri lovich 
Gurwitsch ( 1 874-1 954) put forward the theory of a specific bi
ological f ield as the sol ution to one of the major problems of 

events; rather, it must reflect a defi n ite physical pr inciple,  
which i s  active at every point i n  the process. This means that 
the anti-entropic, d i rected characteristic of the biosphere as 
a whole must also be expressed at the level of the infinitely 
small; as a d i stinctly d ifferent type of space-time curvature, 
compared with that preva i l i ng i n  non- l iv ing processes. Ver
nadsky h imself proposed that the work of the mathematician 

, and phys iC ist Bernhard Riemann, o n  general ized cu rvature 
of manifolds, be used as a guide for experimental investiga
tions of biophysics. 

Vernadsky went a step further: In the course of docurpented 
h istory, the human race, through the gradual  tech nological 
improvement and expansion of its social-productive activity, 
has i ncreased its aggregate power over Nature at an accelerat
ing rate, to the point of becomi ,ng the domi nating force with in  
the biosphere. The improvements i n  production, and analo
gous irpprovements i ll soc ia l  organ ization, which have per
mitted that growth in physical power, derive from the creatjve 
p�wl'!rs of i l')d iv id,ua l  h u man m i nds  to make sci entifi c  and 
analRgous, d iscoveries of principle, and apply them to human 
so.cjal prac�ice. For this reason, Vernadsky spoke of the emer
gence of the nopsphere--a biosphere evolving u nder the con
scious d i re

'
dion 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 

render�d more r i go ro u s  by the d i scover ies  of Lyndon 
LaRouche in  p �ysical  ecqnomy and,  part icu l arly, through 
LaRouche's elaboration of the concept of the rate of increase 
of potential re!ati�e pppulation rJ.ensity as the fu ndamenta,l 
yardst ick for the anti-entropic development of economic 
processes. 1 The re

'
lationsh i p  between LaRouche's and Ver

nadsky's work, and the h i storical basis for that relationsh ip, 
was 110ted by LaRouche many years ago. I n  the meanti me, 
however, more points of contact have emerged. The Summer 
and Fal l 1 998 issues of 27 st Century feature a two-part series 

biology, the problem of morphogenesis.  Gurwitsch presented 
vast experi mental material  confirm i ng the main pr inci ples of 
theoret i c a l  b i o l ogy .  A l exander  Leo n i do v i c h  C h i zhevsky 
( 1 897-1 964) d iscovered the fundamental dependence of vital 
processes on subtle impu l ses com ing from space. Before pro
ceed ing to an analys is  of their work, let us take up the ques
tion of whether the postu lation of pri mary biological  pri nci
ples is indeed necessary.9, 1 2 

Activity and Directness of Vital Manifestations 
Among the manifestations of l ife are metabol ism, reactivity, 

reproduction, growth, and devel opment. It is poss ib le  to fi nd 
analogies in  the properties of inani mate bodies or phenomena, 
observable in  inanimate nature for each of these. Take, for ex
ample,  conti n u o u s  m etabo l i c flow of matte r a n d  e n e rgy 
through a system-the conti n uous replacement of its material 
composition. One can poi nt to n umerous processes in the in
organic rea l m  that are accompan ied or sti pulated by exchange 
of matter. However, "metabolism" in i nd ividual non-l iving sys
tems genera l ly  resu l ts i n  their  destruction, whereas i n  l iv ing 

deal ing with the work of  the great Russian biologist Alexander 
Gurwitsch, whose concept of the biological field is closely re
lated to the deeper side of LaRouche's work, namely, on the 
nature of human creative mental processes themselves.2 

During a d i scussion among this  author, Prof. Voeikov, and 
another Russian col league some time ago, we were all struck 
with the s i m i lar i t ies between LaRouche's  concept ion of 
physical economy, and the work of Ervin Bauer, a somewhat 
lesser-known Soviet b io log i st connected with the Vern ad
sky-Gurwitsch school . Bauer d i d  not d i rect ly address eco
nomic q uestions, but h i s  approach to l iv i ng processes from 
the standpoint of work performed u pon the enviro nment, i n  
such a way a s  to i ncrease the future v iabi l ity a n d  work-po
tential  of the l iv ing process, i m med iately para l le l s  the ap
proach of physical economy, and i l l u strates the fundamental 
importance of physical-economic concepts for biology as a 
whole. 

U nfortu nate ly, there is a great dearth of l i te rature in the 
West Or) Bauer and his work. That i s  one rea�on that '!lie are 
publishing th is article by Prof. Voeikoy, which, in addition to 
giving an introduction 

'
to the work of Bauer and h is relation

s h i p  to Vernadsky, G u rwitsc h,  and others, conta i n s  many 
other i nteresting and imp.ortant ideas. 

We hope that our conti n u i ng publ ications on the indicated 
subjects wi l l  stimu late fruitful d isc

'
ussion on some extraord i

nary ideas and results, which, i n  the West, at least, have not 
yet received the attention they deserve. 

Jonathan Tenn!=nbaum heads the Fusion Energy Foundation 
in Europe and is a scientific adviser to the Schiller Institute. He 
!s also a member of the scientific advisory boa;d of2 1 5t Cen-
��. 

' 

Notes ---------------------1 , A recent presentation of laRouche's economic views can be found in his article "The Economics '1.0.' Test," Executive Intelligence Review, May 14, 1999, 2, Alexander Gurwitsch and the Concept of the Biological Field, by Michael Lipkind (a student of Gurwitsch). Summer 1 998 (Part 1 ) and FalL 1 998 (Part 2). 
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Ervin S. Bauer ( 7 900-
1 937?) was born in the 
A ustro-Hungarian Em
pire, in the town of 
L eche, 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 1 9 1 9, and 
after its fa ilure, 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, 
Grundprinzen der Reinen Naturwissenschaftetl ichen B iologie. 

In 1 925, he was invited to continue his scientific work in So
viet Russia, and this was the most creative period in his life. In 
1 934, 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 1 935. 

Bauer was arrested in 1 937 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 1 964. 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 B iol
ogy, printed in 1 935 in 5,200 copies, is now a rarity. 

systems it i s  a necessary (though not a sufficient) condition for 
preservation of the l iving state. 

In addition the main feature of metabol ism in l iving 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 "metabol ic" processes in the in
organic realm are d i rected 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 l iving process, by contrast is carried 
out as though spontaneously-although l iving phenomena are 
always triggered by external stimu l i .  Such impulses ( i rritations, 
"prompti ng") 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. 

S i m i lar phenomena may be observed as wel l  in  inan imate 
nature. A small  spark gives birth to a fire. But fire is formless in  
comparison with a l iv ing system .  Besides, u n l i ke the latter, it 
i rrevers ib ly  destroys those structu res which  it touches, and 
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never creates new ones. F i re "dies"  out as soon as the fuel is 
exhausted. A l iv i ng system seldom "burns out" the fuel it ex
tracted from the envi ronment. Rather, it bu i lds up its own en
ergy stocks in a specific form in order to prolong its existence. 
However, no individual  organism can l ive forever. Death, the 
trans it ion i nto a " natu ra l"  state that agrees with the known 
laws of physics and chem istry, comes inevitably. 

Having recogn ized this obvious fact, one may sit back and 
study the development of an ind ividual  organism as merely a 
step on the way from an ani mate being to a dead object. How
ever, any individual, whether it be an animal, a plant, or a mi
croorgan i sm, may be envisaged as an element i n  a series of 
self-reproducing individuals .  The u n iqueness of self-reproduc
tion of l iving systems is seen in the fact that a newborn system 
must fi rst pass through a stage of d evelopment and growth.  
(Some biologists-for example, the outstand ing plant physiolo
gist D .A. Sabi n i n-do not consider growth, or the increase of 
an organ ism's mass, as an independent vital manifestation, but 
rather as the expression of development. 1 3) 

Development is the most un ique  feature of l iving systems. 
One of its clearest manifestations is the conti n uous (or, from 
another po int  of v i ew, step-w i se)  e mergence de novo of 
processes and associated structures. These emergent processes 
and structures may be envisaged as an increase in the degree 
of d ifferentiation of the parts of the same l iv i ng system, owing 
to which the stabi l ity of a system is enha nced, despite the ad
verse factors of env i ronment, whi le at the same time, its abil ity 
to interact with the environment grows. The sequence of self
reproduction may itsel f  be regarded as some super-organism 
that exists incomparably longer than the i nd ividual organisms 
which make it up.  The stages of development take up a con
siderable portion of its " l ifespan ."  

F i nal ly, i f  one accepts the  form u l ation of Vernadsky that 
"phenomena of l ife and of inorganic natu re, taken from a geo
logical (that is, a planetary poi nt of view), are manifestations 
of a un iform process," it appears that the process of develop
ment-a l l eged l y  " i m poss ib le" from the po i nt of view of the 
physics and chem i stry of i n a n imate n atu re-the process of 
transformation from the lower to the h igher, from uniform and 
incoherent to differentiated but indivis ible, is the main natural 
process . If t h i s  is true, then,  perhaps the " Laws of Natu re" 
commonly taught in school ,  a re j ust parti c u l a r  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 l iving state i s  the u n ity of two opposites. 
On the one hand, any l iving system is characterized by a spe
cific structu re, form, and geometr ica l  pattern .  That is what 
makes it possible to d isti nguish d i fferent species and even in
d i v idua l s, a lthough the form of a l i v i ng system is  regu lar ly  
changing during its l ife cycle and even the closest relatives are 
never identical in their  morphology.  A l iv ing system, on the 
other hand, is a cont inuous process or, rather, a combi nation 
of para l le l  and alternate processes. Conservati on of a l iving 
system's structure, components of which are continuously re
placed with new ones, is possible only through the strict coor
d ination and interaction of l ife processes. 

Looked at another way, a l l  l i fe processes may be envisaged 
as the regu lar formation and d isruption of l i n ks .between more 
or less stable structures.  We may defi ne these l i n ks as mes
sages, and their contents as information .  Energy release and/or 



consumption is the necessary condition for the instal lation or 
d i sruption of a n y  l i n k, as wel l  as of any meta bo l i c  process. 
F rom th i s  point  of view, the reactivity of a l iv i ng system is  a 
burst of i nformation-energy exchange withi n  it, i n  response to 
stimulation by an external factor, which may i n  some cases be 
as small  as a s ingle q uantum of energy. Reactivity impl ies the 
inherent activity of a l iv ing system. 

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

It is possible i n  many cases to reduce a particu lar vital mani
festation to a physical-chem ical process. However, it appears 
impossible to deduce the un ity of l iv ing processes-their hol is
tic, active, and d i rected structu red process-from the physics 
and chemistry of inan imate nature. The most basic d ifficu lties 
arise when one attempts to expla in  those features d isplayed i n  
the process o f  development o f  l iv ing  systems. When, on the 
eve of the 20th centu ry, physicists realized that it was i mpossi
ble to deduce the existence of the q uantum of action and the 
final d ivisibi l ity of matter from classical mechanics, N iels Bohr 
resolved the problem by formu l at ing a set of new postulates. 
On this fou ndation, a large edifice of quantum physics is  now 
constructed. It turned out a l so that the pr inciples of c lass ical 
mechanics fol low from quantum physics and not vice versa. 

A simi lar attempt in biology to u n ite and express in the form 
of laws the basic features pecu l iar to a l l  l iv ing systems without 
exception, was u ndertaken by E. Bauer. 1 4  H i s  fi rst pr incip le 
("the Pr inc ip le of Stable N on-eq u i l ibr ium")  is  formu l ated as 
fol lows: " N o  l iv i ng system i s  ever at  equ i l ibr ium.  It conti nu
ously performs work agai n st equ i l ibr ium,  dema nded by the 
physical and chemical laws appropriate to the actual external 
cond it ions."  Thus Bauer asserts that a l iv i ng system a l ready 
appears in a non-eq u i l ibr ium state from its first moment of ex
istence, as a b i rthright, so to speak, i nherited from another l iv
ing, and hence a l ready non-eq u i l ibr ium, system.  

Another feature is equa l ly  important: a l l  activity performed 
by a l iv ing system is a imed at avoid ing the s l ide i nto equ i l ib
rium with its environment. As any l iv ing system is  out of bal
ance with its environment, from the first instant of its ind ivid
ual existence, a l l  its essenti a l  structu ral elements m ust also 
exist in  a state of d iseq u i l ibr ium with the immed iate environ
ment. If so, the free energy that a l iv ing system uses to perform 
work agai nst s l i d i n g  i nto eq u i l ib r ium is free energy from its 
non-eq u i l ibrium structures, structural energy in Bauer's termi
nology. Such a form of energy d iffers fundamenta l ly  from the 
forms of energy encou ntered in i n a n imate nature. Non-equi
l ibrium, then, shou ld be d isplayed at  a l l  levels of  a l iv ing sys
tem, beginn ing at the molecular  one. It includes the susta in ing 
of chemical gradients, electrical gradients across membranes, 
the non-eq u i l ibri u m  state of its macroscopic structures, and so 
on.  Most important, it includes the non-equ i l ibri u m  of the es
sential molecular  components of l iv ing cel ls, a point to be d is
cussed in detai l  below. 

As work is performed agai nst equ i l i b r i u m ,  free energy i s  
consumed, a n d  e a c h  element of a l iv i n g  system perform i ng 
the job, i nevitably s l ides towards equ i l ibr ium, fi na l ly  turn ing 
i nto ord inary l i feless matter. I n  order to preserve the non-equi
l ib ri u m  state, a l iv i ng system conti nuous ly repairs or substi
tutes its  exhausted structura l  elements.  Energy is  needed to 
carry out this work, and accord i ng to the Pr inc ip le of Stable 

Vladimir Vernadsky (7 863-1 945) 

Non-eq u i l i br ium,  th i s  energy comes from certa i n  i n h erent 
non-eq u i l i b r i u m  structu res in a l i v i n g  syste m .  Such work,  
a imed at keeping an indiv idual  l iv i ng system from s l id ing to
wards equ i l ibrium, was defined by Bauer as internal work. 

No matter how efficiently i nternal work is performed, a l iv
i n g  system grad u a l l y  l oses its free energy and the m atter 
"charged" with it, and needs to replace them with matter and 
energy (chem ical energy of food, energy of I ight, and so on) 
consumed from its environ ment. It m ust seek resources in its 
envi ron ment, separate the usefu l structu re-energy su bstrates 
from the useless ones, and ass i m i l ate the former i nto its own 
energy-charged structu ral elements. A l l  these proced u res re
q u i re the performance of work by a l iv ing system. U n l i ke the 
internal work, this k ind of work is performed on a l iv i ng sys
tem's environment, and it should be defined as external work. 

The external work i nevitably enters i nto contrad iction with 
the internal work. Both share a common sou rce of energy, the 
structural energy of the elements of the l iv ing system. During 
the performa nce of externa l  work,  a l iv i ng system loses its  
structural energy, thus s l id ing toward equ i l ibri u m .  Reduction 
of its non-eq u i l ibr ium resu l t ing from its own efforts, contra
d icts the Principle of Stable Non-eq u i l ibri u m .  I nsofar as a l iv
i ng system cannot violate the principle of its existence, it may 
perform external work only by i nfri nging on the non-eq u i l ib
rium of its structures, u nder the i nfl uence of external impulses. 
Externa l  influences, irritations, i nfri nging to a certai n  extent on 
the non-equ i l ibrium of a l iv i ng system, have the effect that the 
energy freed is  spent to perform external work rather than in
ternal work. This  provides for  the replacement of matter that 
h as lost its non-eq u i l ibr ium state by new structu res, b u i l t  by 
the l iv i ng system i n  an a l ready exc ited state, and prov i d i ng 
their abi l ity to perform work. 

The contrad ict ion between the i ntern a l  and the external  
work fol l ows from the Pr inciple of Stable N o n-eq u i l ibr ium,  
but it is  unresolved with in  the framework of  the principle. The 
o n l y  rel i ab le so l ut ion to the prob lem is the i ncrease of the 
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general stock of energy avai lable to the system for performing 
both external and i nterna l  work. Therefore, the process d i 
rected toward an increase i n  t h e  general stock o f  free energy 
must begin from the moment of b irth of a l iving system. How
ever, such a p rocess can reach its goa l o n l y  if the external 
work more and more dominates over the i nternal .  Thus, only 
l iv i ng systems exh ib i t  a d i rected "structu red process ,"  the 
overa l l  vector of w h i ch poi nts to an i ncrease i n  the general 
stock of free energy of the system, or, i n  other words, its stable 
non-eq u i l ibri u m .  Bauer has defi ned this dynam ic pri nciple:  
the Principle of Externa l  Work Increase As the Historical 
Trend. By the word "trend,"  he emphasized that the principle 
i s  d isplayed as the main tendency of the process, while signif
icant deviations from it may be observed in its course. 

Thus, Bauer has formu l ated the genera l l aws of motion of 
l iv ing objects, inherent only in them.  The Principle of Stable 
Non,eq u i l ibr ium asserts that the activity of a system d irected 
to the preservation of the non-eq u i l ibr ium state is the neces
sary (but  not s u ff ic ient) condit ion for the recogni t ion of a 
g i ven system as l iv i ng .  The Pr i n c i p l e  of External  Work I n 
crease A s  the H i storical Trend i s  a sufficient condition for pre
serving its viabi l ity. The opportun ity for a l iving system to pro
ceed i n  t h i s  d i rect ion is prov ided by a suffi c ient supply  of 
power and m ater i a l  resou rces i n  i ts env i ron me nt, and its 
openness to external sti m u l i  (" i rritations, prompts") that i n iti
ate its i nteraction with the environment. 

A l l  the dynamic  vital manifestations-metabol ism, self-re
production, and mult ipl ication, development as an increase in 
the state of stable non-eq u i l i br ium-fo l l ow from the pr inci
ples formu l ated by Bauer.  But these laws say noth ing of an
other fundamental characteristic of l iv ing systems: the process 
of development seen as the acq u is i t ion of a s pecif ic form, 
morphogenesis, or, in other words, hered ity and variab i l ity, 
and the means of their real ization. An attempt to deduce laws 
governing this process in l iving systems was made by A. Gur
witsch in h i s  theory of the biological f ield. Before we turn to 
h i s  theory, h owever, we sha l l  consider some experi mental 
confirmations of Bauer's princi ples and major consequences 
that follow from them. 

A living System Is As Hot As the Sun 
The non-eq u i l i br ium of a l iv ing system should be d isplayed 

at a l l  levels of its organ ization. So, at the temperatures char
acteristic of the ex istence of l ife, the maximal ly non-eq u i l ib
rium state of molecu les i s  the state of their max i m u m  e lec
tron i c  exc i tat i o n .  Trans i t ion  of an exc i ted m o l ec u l e  to a 
ground state i s  accompan ied by photon ( l ight) emiss ion.  I n  
1 923 ,  Gurwitsch d i scovered that l i v i ng organ isms e m i t  pho
tons in the u l traviolet ( UV) range of the spectrum (very h i gh 
energy photons ) . 1 5  I nten s i ve stud i es i n  many laboratories 
subsequently showed that nearly al l  cel ls, tissues, and organ
isms are capable of emitti ng such radiation, and that UV pho
tons are a prerequ is ite factor for i nduction of cel l u lar division 
(m itosis) . 1 6-1 8  Gurwitsch thus defined such em ission as mito
genetic rad iation. 

The i ntens i ty of s pontaneous mitogenetic rad iation i s  ex
tremely low.1 9  In addition to this type of radiation, however, in 
response to mult iple external factors, a l l  l iving systems emit a 
considerably more i ntense photon flux in the UV as wel l  as i n  
the visible part o f  the spectrum. These factors incl ude external 
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Alexander Gavrilovich Gurwitsch (7 874-1 954) 

i rradiation, heating, coo l i ng, mechanical  stress, i nfluences of 
chemical compounds, and so on. Gurwitsch defined radiation 
emission induced by such factors as degradative radiationY 

The reaction of l iv ing  systems to a variety of external im
pulses by em itting a flare of radiation suggests the transition of 
ensem bles of exc ited molecu les from a non-eq u i l i bri u m  to
wards an equ i l i br ium state. The phenomenon observed may 
be defi ned i n  modern terms as l ight ampl ification by sti mu
lated emission of radiation-what we know as LASER. As part 
of this rad iation possesses mitogenetic properties, and in order 
to d isti nguish it from wel l-known techn ical lasers, we may de
fine such rad iation as m itogenetic-laser. The spectrum of mi
togenetic-laser i s  comparable to the spectrum of solar l ight:20 

Therefore, one may say in a certai n  sense, that the "tempera
ture" of excited ensembles of molecu les in l iv ing cel ls corre
sponds to the temperature of the Sun.  

It fol lows fro'm the F i rst Principle of  Bauer, that  the free en
ergy of a l iv ing system is the energy of its exc ited structu res, 
and it fol lows from the Second Pr inc ip le  that, i n  the course 
of its development, the total stock of free energy in a l iving 
system increases. These consequences are confi rmed by the 
ana lys i s  of the c h a nges in u l tra-wea k  rad i at ion d u ri ng the 
development of a l iv i n g  system.  I n  the cou rse of embryonic  
devel opm ent, the  i n te ns ity of spontaneous rad i at ion de
c reases,  w h i l e  that  of m itogenet i c - l a s e r  s i g n i f icant ly  i n 
creases.2 1 , 22 That means, fi rst, that during the development 
of the i ntercon nectedness of the newly emerging parts of the 
system, i ts overal l coh erency i n c reases, so that its energy 
losses as a resu l t  of rad iation emission decrease. Second, the 
deve l opmental  process i nc l udes saturat ion of the system 
with the most "expens ive" energy-the energy of e lectron
excited states. 

Many opponents of Gurwitsch and Bauer have clai med that 
the Second Principle of Bauer, accord ing to which l iving sys
tems are capable of self-organization as a resu l t  of their abi l ity 



to concentrate energy actively drawn from the environment, is 
i m poss i b le,  because such a process contradicts the Second 
Law of Thermodynamics. However, it is hard to deny that dur
i n g  any l i v i n g  system's development, its non-eq u i l ibr ium is  
enhanced and i ts  stock of  free energy i ncreases. Currently, the 
thermodynamics of open systems and "synergetic" models de
veloped main ly  by the Nobel Prize Laureate I lya Prigogine, is 
employed to expla in  this phenomenon.23, 24 

Prigog i ne d e m o nstrated that i f  the energy flow i s  m a i n 
tai ned ac ross a certa i n  open system (a system that may ex
change m atter and energy with i ts env i ronment), i t  may be 
drawn away from equ i l ibr ium with its envi ronment. The sys
tem becomes structu red; it accu m u l ates free energy, and its 
entropy is decreased, but at the expense of entropy i ncrease 
somewhere where the source of energy flow is d ischargi ng. 

It seems to many scientists that the thermodynamics of open 
systems exp la ins  the process of "self-organ i zation" in l iv ing 
systems suffic ient ly  wel l .  H owever, the s i m i l a rity between 
"self-organ ization" occurr ing in "open,"  i n a n i m ate systems, 
and the deve lopment of l iv i ng systems, i s  read i l y apparent. 
"Self-organ ization" in the former takes place as a result  of en
ergy flux through the system. I t  passively gets matter and en
ergy from its envi ron ment. A l i v i ng system, in contrast, ac
t ive ly  extracts m atter and energy fro m i ts e n v i ro n ment,  
expend ing i ts  own resou rces to obta in  them, and to transform 
this energy-matter into the more "expensive" energy of excita
tion of its own structures. Genera l ly  speaki ng, the phenomena 
of steady increase of free energy stock and of "self-organiza
tion" are observed in  special  physical-chemical systems which 
do not belong to the category usual ly described i n  thermody
n a m i c s  of open syste m s .  These a re t h e  systems where 
branched chain processes occur. 

The Branched Chain Process of Life 
Let u s  return  to the compar ison of l i fe and fi re .  A flame, 

which u nder specific cond itions can be cold, i s  an example of 
the wi despread n at u r a l  p h e n o m e n o n  of b ra n ched c h a i n  
processes, d iscovered b y  the Nobel Prize Lau reates N . N .  Se
myonov25 and C. H inshelwood.26 When a certain  (sometimes 
extremely weak) impulse i n it iates branched chain  processes 
in some medium that seems to be rather i nert, active centers 
arise and begin to m u lt iply in it. But the rate of mult ipl ication 
of areas of activity i s  equa l led, sooner or later, by the rate of 
their loss. Then the latter process beg i ns to dom i nate, and as 
the whole process comes to its end, the fi nal result  is the same 
as for any other chemical and physical process proceed ing 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 overal l  balance. At the 
stage of multipl ication of active centers and chain branching, a 
spontaneous growth of free energy takes place. A dynamic or
derl iness of the system occu rs, accompanied by the concentra
tion of sign ificant energy potentia ls  in certain  of its domains. If, 
at th is  stage, the system comes i nto i nteraction with another, 
seemingly resting one, a s imi lar  process can be in itiated in  the 
second system. Considering th i s  property of branched chain  
processes, H i nshelwood once noted : " . . .  I t  i s  very poss ib le  
and even i s  rather probable, that from the very instant of  l ife's 
emergence on the Earth, a g iant branching reaction has taken 

place. "2? Semyonov a lso never dou bted the important role of 
the branched chain reaction mechanism in l iv ing processes.28 

H owever, u nt i l  n ow, o n l y  a n egative role was ascr i bed to 
branched chain processes in l iv ing systems.29 Branched chain 
processes underlie pathologies related to free radical reactions 
of cell  membrane destruction .  Mal ignant growth can a lso be 
described as an "unrestricted" branched chai n  process.3D 

Al ready in the 1 930s, G u rwitsch u nderstood that branched 
c h a i n  processes h ave a fu ndamental  i m portance for l iv ing  
processes.3 1  For example, it i s  impossible to expla in  the  stim
u l at ion by a few p hoton s  of m u lt ip le  ce l l  d iv i s ions  in a cel l 
population without i nvoking a cascade mechanism of tremen
dous capacity, and, in fact, i t  has been demonstrated that the 
mechan ism of m itogenesis  is rel ated to photon " m u lt ip l ica
t ion .. " After a competent ce l l  abso rbs an external  photon,  a 
branched chain  process is i n it iated i n  i t .  Th is  is fol lowed by 
the emission of mult iple new photons, and this  secondary ra
diation then stimulates d ivision of many other cel ls.  However, 
if the intensity of external rad iat ion exceeds some opt imum, 
inh i bition of cel l divis ion rather than sti mulation is observed. 
That is, the same factor, depending on its intensity, can cause 
opposite effects i n  l iv ing systems. F i na l l y, if branched cha in  
processes i n  a l iv ing system get out  of  control ,  the  pathologi
cal phenomena mentioned above may take place. 

Gurwitsch d iscovered that s imi lar branched chain processes 
can be i n i t i ated i n  a s i m p l e  c h e m i c a l  system-an aqueous  
amino acid solution. I rrad iation of  such  a solution with just a 
few UV photons induces a process that is fol lowed by contin
uous emiss ion of UV photons from th i s  system .  G u rwitsch 
suggested that this is a branched chain process. 

Recently we have studied the G u rwitsch reaction on a new 
exper i menta l  bas i s ,  a n d  conf i rmed h i s  s u ggest i o n  of a 
branched-cha in  mechan ism i n  these reactions.3 2-34 Specifi
ca l ly, the react ion i n d u ced in the a m i no acid so lut ion pro
ceeds accord i ng to the mechanism of chain reaction with de
layed chain branch ing.  It resembles the wel l-known branched 
chain react ions of the explosive type, a l though it  differs from 
the latter in some significant properties. It was d iscovered that 
clear self-orga nization occu rs in the reaction system. The re
action d i spl ays features of i nertia (memory of a system) and 
feedback. We also found that there are elements of autoregu
lation of the intensity of the reaction rate. 

This very s imple-at fi rst s ight-but h ighly pecu l iar system, 
manifests a certa i n  exped iency as wel l .  A polymer- l i ke sub
stance emerging in the reaction system is stable and can even 
"mu ltiply" 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 l ater mai nta i ns it at a certa i n  level ,  ga i n i ng energy 
through catalysis of the oxidation of amino acid molecules. 

It seems that the most essential features observed in  our ex
perimental self-organiz ing system are common to a l l  other de
velopmental processes. Such processes a re i n it i ated by very 
weak external impulses. This  is fol lowed by a net i ncrease i n  
the free energy of system, equiva lent t o  a n  increase in  its non
eq u i l i br i u m .  In add i t ion ,  stru ctu ral  se l f-orga n ization takes 
p l ace:  The n u mber of polymer c h a i n s  and t h e i r  l ength in
crease to a certai n  extent, and new compounds part ic ipating 
in  the process arise. 
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Courtesy of Vladimir Voeikov 

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

H owever, th ere a re i m porta nt d i ffe rences between 
branched chain  processes occu rri ng in inan i mate and in  l iv
ing systems. F i rst, the free energy of an inan imate experimen
tal system increases mostly (if not exclus ively) because of en
ergy that had been stored i n  the chemical  bonds of amino 
acids present i n  the reaction system from the very begi nn i ng, 
which is released in the course of thei r oxidation by oxygen 
passively diffus ing i nto the system .  Second, after the process 
in the test-tube comes to a stat ionary stage, it begins to fade, 
and can be revived only if we transfer a smal l  part of the ac
tive reaction mixture i nto a test-tube with a fresh portion of 
s u bstrate. A l i v i n g  system, i n  contrast, act ive ly  extracts 
energy-m atter from its env i ronment, and is a l so capable of 
creating new l iving systems. Thus, the reaction in  a test-tube 
proceeds according to the F i rst Principle of Bauer, but it does 
not implement h is  Second Principle. In order to implement it 
there must be an open system, but of a very specific sort: Its 
openness m u st be i nterm ittent. In other words, i t  has to be 
mostly closed at the stage of active sites m u ltipl ication; it has 
to become opened, when for some specific reasons discussed 
below, the rate of multipl ication of active sites comes to equal 
the rate of their  exti nction .  

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 H i nshelwood, mostly in  the gaseous 
phase, may be cons idered on ly  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 l i near cha in  reactions, but during the 
major cha in  propagation, intermed i ate metasta ble products 
emerge. Much lower energy of activation is needed to produce 
new active centers from these products than from the i n it ia l  
substances. Thus, even if the "parent" chain i s  e l imi nated, the 
new chains arise in the system, provided that enough energy for 
the activation of these metastable products is available. 

Reactions of reactive oxygen spec ies (ROS) are up to 1 0-
fo ld more exergon i c  ( l i berat ing  energy) than ord i na ry b io
chem ical reactions. ROS interact non-specifica l ly  with many 
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organic molecu les. Because of these properties, ROS are ex
tremely strong oxidants and are cons idered to be the un iver
sal  pathogens in the contemporary b i ochemistry parad igm. 
Their generation i n  l iv i ng systems i s  looked upon as a griev
ous, though i nevitable, price for aerobic respiration, that has 
emerged i n  the course of the evo l ut i o n a ry process conse
q u ent to the appearance of atmospher ic  oxygen-the by
product of p lant photosynthetic activity. 

However, this concept ignores much hard evidence show
ing that ROS are absol utely necessary for normal vital activ
ity. If a i r  is defi c i e n t  of s u pero x i d e  a n ions  (Ch izhevsky's  
"negative a i r  i o n s " ) ,  h u m a n  be i n g s  and a n i m a l s  become 
s ick and can even d ie. On the other h and, more than 1 0  to 
1 5  percent, and u nder spec ia l  cond itions up to 3 0  percent, 
of oxygen consu med by a n i m a l s  goes to ROS product ion.  
ROS are cont inuous ly generated in the body by u biqu itous 
specia l ized enzymes, by enzymes perform i ng other primary 
fu nctions; they a re a l so generated non-enzymatica l ly .  Th us, 
ROS shou ld p lay rather i mportant p hysiological fu nctions. 

L iving cel l s  are known to react to external stimu l i  in one of 
the fo l l owi ng ways : They e i ther  perform the i r  s pec i a l i zed 
function, or change their  specia l ization (differentiate or dedif
ferentiate), or proceed into the m i totic cycle, or, fi na l ly, pro
ceed into the so-cal led "programmed cel l death"-apoptosis. 
It turns out, that in most cases, ROS determ i n e  the outcome 
of cell reactions upon specific extrace l l u lar b iomolecular reg
u l ators. I n  addit ion, ROS themselves may i m itate the action 
of certai n hormones, neu rotransmitters, and cytokines upon 
part icu lar cel ls .  B iomolecu lar  regu l ators m ay, in the i r  turn, 
mod u l ate ROS prod ucti on by the ce l l s .  Thus ,  ROS may be 
looked u pon as un iversal i nformation messengers. 

However, if  ROS are devoid of the specific ity attributed to 
biomolecular regulators, how can they p rovide a precise reg
u lation of cel l u lar functions? Although a considerable part of 
consu med oxygen is u sed in the organ ism for ROS produc
tion, the average levels of free rad icals and other ROS in cel ls 
and extrace l l u lar fl u ids are extremely low. The so-called an
t iox i d ants of enzymatic and of other nature,  cause a very 
h igh rate of their recombi nation and transformation i nto other 
compounds.  Thus, very s l ight variations  i n  the rates of ROS 
production and/or consumption, may resu lt i n  drastic spikes 
and osci l lations of their  immed iate levels .  

It should be stressed that the p rocesses of ROS metabo
l ism, and in part icu lar  the reactions of their  recombi nation, 
a re acco m p a n i ed by the generat i o n  of  e l ectron exc i ted 
states. Ours and other authors' results suggest that as a result 
of cytoplasmic organ ization, the energy of e lectron exc ita
tion i s  u n l i kely to diss i pate i nto heat. Rather, it may accumu
late in molecu lar and su pramolecular  ensembles, and red is
tr ibute among them by rad i at ive and rad iat ion- less routes, 
prov i d i ng i ntrace l l u l a r  and i nterce l l u l a r  cooperat ion . How 
can this be done? 

I t  i s  more and more recog n i zed that b io logical  reactions 
proceed as non l i near osci l l atory processes. In particu l ar, as 
we and others have shown, the processes involv ing ROS are 
osci l latory, as a ru le.  We speculate that the mechanisms of bi
ological action of ROS are dependent upon the structu re of 
the processes i n  which they partici pate, rather than upon the 
mean concentrat ions of these parti c les .  B y  the "structure of 
the processes," we imply the frequency-ampl itude patterns of 



the react ions of ROS recom b i n at ion and thei r i nteract ions 
w i th oth e r  p a rtners ,  tak i ng i nto c o n s i derat ion that these 
processes supply energy of act ivation for  the n umerous spe
cific biochemical reactions. 

Period i c  as we l l  as non l i near  osc i l l at ions  emerge in the 
processes of ROS metabol i s m ,  but  they decay w i thout re
priming by periodi c  external s ignals.  Hence, for effective ROS 
production, the organ ism should be "sparked" from the out
side. "Sparks" may come in the form of a i r- or hydro-ions (ex
ternal O2 or 03),  or by v i rtue of ROS generation in its aque
ous m ed i u m  b y  h i g h  energ y  p h otons ( U V- and lower 
shortwave range). 

Osc i l l ations that ar ise in the cou rse of ROS metabo l i sm i n  
the organism, and that i n  the i r  turn determine and/or modu
late the rhythms of biochemical and physiological processes, 
are more or less dependent u pon certai n  external osc i l lators, 
in part icu lar, u pon osc i l lat ions of external e lectromagnetic 
and magnetic f ields.  ROS reactions may be very sensitive to 
thei r infl uences, because they are i ntrinsical ly the processes of 
electron transfer in electron-excited med ia. Such processes, as 
it fol lows from the current concepts of the physics of non l i n
ear autostochastic systems, are h igh ly  sensitive to weak reso
nance i nteractions. 

Let us consider now how ROS can regulate biological func
tions at the level of the whole organ ism. It i s  wel l known that 
blood neutrophi ls  can effic iently generate ROS, which, in this 
case, are considered to be u sed for k i l l ing v i ruses and bacte
ria. However, it turns out that lymphocytes and thrombocytes, 
that do not partici pate in d irect e l i m i nation of microbes, also 
produce ROS. F i broblasts, endothe l i a l ,  and smooth muscle 
cel ls a lso possess highly active ROS-generating enzymes. ROS 
production by connective tissue, to which both blood and "or
d i nary" con nective tissues belong, is of particu lar interest i n  
the l ight o f  the presumed energy-informational role p layed by 
ROS metabol ism.  ROS are generated not only by cel l u lar ele
ments of connective t issues, but also by extrace l l u lar  proteins 
(although in the latter case at a much lower rate). P lasma pro
teins and col lagen become sources of ROS as a result  of the i r  
glycosilation (Mai l lard reaction).  

It should be stressed that al l  the collagens and many plasma 
proteins have fi bri l  hel ix structure and are able in principle to 
transfer electromagnetic-waves for long distances. It is interest
ing to speculate that, in addit ion to the i r  structural function, 
extracel lu lar  connective t issue e lements perform another im
portant role in al l  the organ isms : the role of channels for i nfor
mation transfer that j o i n  together a l l  the t issues and organs, 
and that are also exposed to the periphery (say, i n  the form of 
acupuncture po i nts) . Cel l u lar  e lements of con nective tissues 
play in this case the role of re-translators, decoders, and ampli
fiers of the incom i ng signals. N eedless to say, all l iv ing thi ngs 
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 g rowth and devel opment i n  any i nd i v idua l  

system, be i t  chemical  or b io logica l ,  are  l i m ited . Sooner or 
later  any i n d i v i d u a l  system comes to a n  e n d . B ra n c h ed 
c h a i n  p rocesses i n  an a m i no a c i d  s o l u t i o n  beg i n  to fad e  
when only a s m a l l  port ion of t h e  a m i no acids, serv ing both 
as su bstrate and "fu e l , "  i s  consumed.  An ind iv idua l  l iv i n g  

system also begi ns  to "fade," even when a l l  t h e  energy/mat
ter resou rces necessary for its exi stence are sti l l  avai lable i n  
its env i ronment. That means that there m u s t  be s o m e  i nter
n a l  reasons  for t h e  fad i n g  of processes i n  s u c h  syste m s .  
What part icu lar  factors l i m it t h e  process o f  l i fe i n  an i n d i 
vidual l iv ing system?  

The "newborn" l iving system is already efficient, insofar as  i t  
possesses a certa i n  stock of free energy. I n  add ition, it has  a 
certa i n  i n it ia l  potential that defi nes the amount of work it i s  
ab le  to perform during i ts  l i fe cycle .  The provisional value of 
this potential was defined by Bauer as the ratio of i n it ial stock 
of free energy of an ovum to the quantity of "active" (excited) 
mass it possesses. In actual ity, the potential of an ovum can be 
estimated only post factum, based on the amount of work the 
l iving system has performed during its l ife cycle. 

The i n it ia l  stock of free energy of an ovum is m i n i m a l ,  
whereas its potential is max imal .  A t  t h e  expense o f  potential ,  
the system takes from its  envi ronment matter/energy having a 
lower potential than it has itself and uses it to replace old struc
tures, and bu i ld  new energy-charged structures, thus rai s ing 
the potential of its acq u i red matter. During growth and devel
op ment, the overa l l  stock of free energy of the system i n 
creases; but its potential i nevitably decreases. F inal ly, the po
tent ia l  is red uced to s u c h  a level  t h at the  system needs to 
expend more energy extracti ng matter and energy from its en
vironment than it gains.  On ach ievement of th is  state, defined 
by Bauer as "a l i mit  of (active, excited) mass of the l iv ing sys
tem," further accumu lation of active structu res by the system 
becomes pu rposeless, as it is automatica l ly  accompan ied by 
the reduction"of its level of non-eq u i l ibri u m .  From such con
siderations, the fi nal  end of an i nd iv idua l  l i fe cycle fo l l ows 
with necessity. However, l ife as such is mai ntai ned and pro
ceeds in a l i ne of progeny. 

Bauer, apparently, was the first to comprehend the structure
energy foundation of the phenomenon of mu ltipl ication. He pos
tu lated, and then experimentally proved, that in addition to ordi
nary metabol ism, another fundamental ly different process takes 
place in l iving systems. This process ensu res the un l imited exis
tence of l ife; the essence of this basic, vital process is that within 
an i nd ividual l iving system, some of its parts transfer their free 
(structural) energy stock to a local ized domain, where it becomes 
concentrated. The potential of matter in this doma in increases 
accordingly. The phenomenon of such energy redistribution be
tween different parts of a system, fol lowed by an increase in the 
energy potentials of some parts over other ones, is known i n  
physics and chemistry a s  "fluctuations." I n  the majority o f  l ifeless 
physical-chemical objects (except systems in which branched 
chain processes occur), fluctuations occur casual ly and unpre
dictably. In a l iving system, the processes of energy redistribution 
occur according to law, and are strictly regulated. 

Let us consider the l ife cycle of a un icel lu lar organism as an 
example. The in it ial potential of a un icel lu lar organism mu lti
plying by simple d ivision must be large enough to al low for the 
accumulation, dur ing its l i fe cycle, of a stock of energy, suffi
cient to provide the i n itial potential for a pa i r  of daughter cel ls .  
F ree energy accumulated during the l ife cycle of a parent cel l  
must concentrate i n  a smal l  domain, or to be more correct, in 
two smal l  doma i n s  before i ts d i v i s i o n .  These domains w i l l  
serve a s  the germs o f  two new daughter cel l s .  Those cel l u lar 
structures which donate their energy to others turn i nto l i feless 
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Section of an on ion root showing a cell in metaphase (at 
arrow), Chromosomes are stained dark for visibility. 

Courtesy of Jeffrey Carmichael, University of North Dakota 

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

matter, whi le those that receive it increase their potential up to 
values sufficient for introduction into the new l ife cycle. 

The basic vital process also provides for prolongation of the 
l ifespan of an ind ividual  l iv ing system after i t  has reached its 
" l i m it of mass," and its potent ia l  has decreased to a crit ical 
value. Regular switching on of the basic vital  process increases 
the potenti al of the ind ividual l iv ing system at the expense of 
its getting rid of some part of its mass that has become bal last. 
It is interesting to speculate that the thoroughly studied process 
of "apoptosis"-the programmed cel l death i n  a cel lu lar com
plex-is a manifestation of such a process. 

Homeostasis,36 the physiological state i n  which the organ
ism keeps its physiological parameters around certain  station
ary values, is probably an osc i l lation between intermittent me
tabol i sm,  when the system performs i nterna l  and external  
work, and the bas ic vital  process. Thus, d u ri ng homeostasis, 
the vector of the l i fe process osc i l lates 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 ind ividual system begins 
to decrease. When the vector of the l ife process turns this way, 
it means that a l iv ing system moves towards equ i l i brium with 
its environment. At th is  stage, Bauer's pri nciples are i ncreas
ingly shadowed with ord i nary regularities of classical, in par-
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t icular, statistical physics and chem istry. Certain ly, manifesta
tions of the purposefu l ness of the l ife process, and the inherent 
activity of a l iv ing system become less and less obvious, and 
are expressed as traces of previous development as a l i v ing 
system d ies. It happens thus that the basic conclusions of mod
ern b iology are devised primari ly  from i nvestigation of l iv ing 
systems, res id ing at best, at the stage of homeostasi s  and, at 
worst, at the f inal  stages of the I ife cycle. Probably th is 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 l iv ing system from the 

point of view of energy transformation, it represents the growth 
of stocks of free (structu ral) energy of the system .  If we look at 
the "substantia l"  side of development, it looks l i ke quantitative 
growth and qual  itative transformation of "biomass" charged 
with structural energy, l i ke the continuous emergence of new 
structures. During the development of any l iving system, spe
cial ized structures and organs arise in the space of the organ
ism, giving it a specific form. The h igher the structural organi
zation of a l iving system, the h igher the level of labor division 
among its parts, the more effectively it uses free energy, and 
the more sensitive it i s  to stimu l i  coming from its environment. 
What are the specific differences between the morphogenesis 
of l iv ing systems that takes place during its development, and 
the shaping that takes place during the growth of l ifeless struc
tures, for example, crysta ls? 

Morphogenesis  (development of s h ape) occu rr ing i n  the 
embryo i s  pr imari ly the resu lt of ind iv idua l  ce l l  movements 
and the ch ange of the i r  sh ape d u r i n g  d i fferentiation, rather 
than the result  of a m u ltipl ication of cel ls .  The latter process is 
mostly responsible for the supply of new "bui ld ing blocks" for 
the overal l  des ign.  At the end of the 1 9th century, the prom i
nent German embryologist Hans Driesch ( 1 867-1 941 ) proved 
on the basis of substantial experiments that a l l  cel lu lar reorga
n izations taking pl ace d u r ing embryogenesis  are determ i ned 
primari ly by part icular cel ls' location in the space of a devel
oping embryo taken as a whole, rather than by specific prop
erties of these particular cel ls .  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 propert ies of an i n tegrated system a re n ot j u st the 
combination or the sum of the properties of its parts. Driesch, 
however, l im ited further i nvestigation of the nature of this law 
by ascerta i n i ng that an i ntegral developing system possesses 
the specia l  property which he named " E ntelech ia"-aspi ra
tion to developmentY Such a formulation looks l ike a tautol
ogy, and appears fru it less for further scientific research .  Dri
esc h ' s  theoret i c a l  co ncepts were most ly  rej ected by the 
scientific commun ity. 

A.G. Gurwitsch was one of a few who recognized Driesch's 
law as an extremely fruitful princi ple, helping to approach an 
understand ing of morphogenesis and of other major vital man
ifestations from a u n iform posit ion. 38, 39 If the behavior of a 
g i ven c e l l  i n  an em bryo depe n d s  u po n  i ts  locat ion i n  the 
whole,  then one may consider the whole  complex of cel l s  
form ing an embryo as a certain geometrical space. Specific co
ord i n ate va lues rel ative to certa i n  c h osen axes may be as
cribed to different poi nts i nside it. One and the same factor af-



Figure 1 
I NFLUENCE OF ORIENTATION OF MITOTIC 

F IGURES 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 a long 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 1 947. "Morphological Alteration of Mitotic Figures Result· 
ing in Their Interaction·An Attempt to Analyze M�osis in Light of the Field Theory," 
in A.G. Gurwitsch, ed., Collection of Works on Mitogenesis and the Theory of the 
Biological ReId (Moscow: USSR Academy of Medical Sciences Publishing House). 

fects a l l  the ce l l s  belonging to th is  space, but its parameters 
vary from one point to another. G u rwitsch put forward a hy
pothesis, accordi ng to which i nd ividual l iving cel l s  produce el
ementary cel l u lar fields, and a cel l u l ar field projects beyond 
the structural bou ndary of a cel l .  Ind ividual cel l u lar fields thus 
are able to i nteract, and as a result  of their i nteraction, a syn
thetic field of a cel l u lar complex is formed. Th is  field is not just 
a superposition of indiv idual  cel l u la r  fields as far as it affects 
the properties of the l atter; however, it reflects some specific 
properties of i nd ividual fields that give birth to it. 

The major p roperty of a cel l u la r  f ie ld is a n i sotropy. That 
means that its form is far from being s i m p le, a nd that it i s  a 
vectoria l  fie l d .  Consequent ly, a synthetic fie ld  of a cel l u lar  
complex i s  an isotropic, and the behavior of  an i nd ividual  cell  
in the col lective wi l l  depend u pon its coord inates i n  the space 
of the synthetic f ie l d .  Another major p ro perty of a ce l l u l ar 
f ield is its cont inu ity i n  space and t ime.  There are no l iv ing 
systems without a f ie ld ;  the cel lu lar  field d iv ides as soon as  a 
cel l  d ivides. 

Based on data from cytology (microscopic examination of 
cel ls )  and genetics, G u rwitsch assu med that c h romat in ,  the 
DNA-prote in  complex specific for each particular organ ism, is 
the primary source of the cel lu lar fie ld .  The major part of chro-

I II 
Figure 2 

I NFLUENCE OF ARRANGEMENT OF MITOTIC 
FIGU RES ON THE I R  MORPHOLOGY (ONION) 

This tissue section of an onion shows the vectorial na
ture of the biological field in cell-to-cell interactions. 
The long axis of the prophase cell intersects one group 
of chromosomes in the adjacent anaphase cell, causing 
distortion (I). The long axis of the two adjacent prophase 
cells do not intersect the adjacent telophase eel/, which 
remains symmetrical (II). 

Source: E. Puchalskaya 1 947. "Morphological Alteration of Figures Resulting in 
Their Interaction·An Attempt to Analyze Mitosis in Light of the Field Theory," in 
A.G. Gurwitsch, ed., Collection of Works on Mitogenesis and the Theory of the 
Biological Field (Moscow: USSR Academy of Medical Sciences Publishing 
House). 

matin forms chromosomes, bearing the hered itary incl i nations 
of an organ ism.  Spec if icity of ind iv idual  chromosome struc
tures, determi nes specificity of the form of the field created by 
them. Si nce chromosomes are the most conservative structures 
of cel ls, an isotropy of the cel l u lar fields of a l l  the cel l s  consti
tuting the given organism is  the same. Therefore the pecul iari
t ies of morphogenes i s, of the hered i ta ry pec u l i arit ies of any 
given l iv ing system, are reproduced in future generations. Any 
cel l u lar field is both h ighly conservative and at the same t ime 
extremely dynamic:  It creates in a cell  the non-equ i l ibrium dy
namic molecular order and maintains it. The i ntensity of a cel
l u lar field depends on the i ntens i ty of cel l u lar  metabol ism, a 
h ighly dynamic process, and i n  a feedback m an ner regu lates 
the latter. Therefore, the i ntensity of a cel lu lar field and, hence, 
of a synthetic field of a cel l u l a r  complex fl uctuates conti nu
ously. The overall form of a synthetic fie ld i s  a lso far from be
ing i mmutable:  it varies with the m u lt ipl ication of cel ls ,  their  
e l imination, and their  movements with i n  the space of the syn
thetic fie ld .  Certain ly, externa l  factors can i nduce stable varia
tions of developmental patterns (mutations),  as soon as they 
are able to resonate with the synthetic fie ld.  

Impu l ses p rod uced by a fl uctu at ing fie l d  may excite e l e
ments sensitive to it and i n it iate branched chain  processes i n  
the sphere o f  its action. Excited molecules may form temporary 
associations, "conste l lations," in which they behave coopera
tively, bei ng in a resonance with each other. They spend the 
energy of exc itation and free energy generated in branched 
chain processes for the performance of chemical ,  mechanical ,  
or other forms of work; and they d i sassemble as soon as their 
energy is exhausted. The stable non-eq u i l i br ium (excited) state 
of molecu lar conste l lations provides an extremely h igh rate at 
which  reactions i n  a l iv i ng orga n i s m  occur, i n  comparison 
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Gurwitsch's Famous 
'Or:-ion Experim�nt:, 

The cel ls  at the root t ip 
of a grow i n g  o n i on d i 
v i d e  q u i c k l y ,  D u r i n g  
growth, the c i rc u l a r  
'cross-section/ character
istic of the whole root, is 
maintained:,J\lthough i n
d i v i d u a l  c e l l  d i v i s ions  

H 
==g::m] 

c 
, appear to occur in an un

ordered , even random 
d istr ibution, the number 
of d iv is ions in a l l  d i rec-

30 

tions from the axis must nevertheless be approximately ' 
equal .  The root would otherwise not have a cyl i ndrical 
form, 

G u rwitsch supposed that at least SOme of the cel l s . 
must be emitting l ight that regulated the riite of/ division 
of the other cel ls ;  he proved it by means of the experi
mental set-up shown here. The roots (W) of two onions 
(Z) were positioned perpend icu larly, so that the tip of 
one root poi nted to one side of the other root He then 
examined under the m icroscope the second root, at the 
site fati ng the tip of the first root He was able to estab
l ish a statist ica l ly s ign ificant increase i n  cel l  d ivis ions 
there, compared to the opposite, "un irradiated" side. 

This effect d isappeared when he placed a th i n  piece 
of wi ndow g l ass between the two roots, and it reap
pea red when, he replaced the window glass with quartz 
glass! That meant that ordinary glass is opaque for .m ito
genetic rad i at ion,  wh i l e q u a rtz g l ass i s  trans l u cent. 
Hence electromagnetic radiation must be operative, and 
u l travio let l i ght in part icu l ar, s i nce it passes through 
quartz, but is stopped by wi ndow glass. 
Source: A.G. Gurwilsch, Das Problem der Zellteilung (The Problem of Cell Divi· 
sion), 1926 
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with the same reactions' rate in vitro. A strict orderl iness of re
actions, afford ing  an a l most 1 00 percent yield of each reac
tion, is provided by a d i rect ing  action of a f ield external to 
molecular "constel lations," and i nduced by it. Each "constella
t ion" is in cont i n u ou s  motion, contri but ing to the dynamic 
evol ution of cel l u lar and synthetic fields. Thus, a l l  levels of or
gan ization of a l iv ing organ ism,  start ing with the molecular  
one, are sufficiently correlated. 

The biological field concept a l lows one to d iscover the ori
gin of the un ique character of regu lation in l iving systems. The 
behavior of a cel l ,  bei ng part of a certai n  cel l u lar complex, 
certa i n l y  depends on the i m med i ate state of the synthet ic 
field ,  However, each cel l  i s  the sou rce of its  own f ield,  and 
thus it is  an autonomous system to a certa i n  degree. There
fore, the general behavior of the ce l l  is defi ned by the dy
nam ic i nteraction between the synthetic field and its own cel
l u lar field. Such i nteraction shou ld ensure harmony between 
the i nterests of the whole orga n i s m  and its parts, If, for any 
reason, the behavior of a group of cel l s  is determi ned by the 
"super authority" (the synthetic field) too rigidly, the cel ls' re
sou rces can be exhausted, resu l t ing i n  e l i m i nation of these 
cells. Hence, cel ls  should possess a certai n  degree of freedom 
not so much from the obl igations of the organism, but for self
preservation of its parts. However, if cel ls  isolate themsel ves 
too deeply from signals sent by the synthetic field, i nform ing 
of the needs of the whole, if they permanently su pport only 
thei r  selfish requ i rements, another dramatic consequence fol
lows : Cel l s  that take too much freedom, extreme i nd ividual
ists, turn mal ignant and i nevitably perish-unfortunately, to
gether with the whole organism. 

The basic experimental fact favoring the existence of a high 
non-eq u i l ibrium of l iv ing systems and, consequently, of the ex
i stence of a f ie ld i ntr i ns ic  to them, is the m i togenetic-l aser 
electromagnetic radiation d iscovered by G u rwitsch, However, 
Gurwitsch never considered that a biological field could be re
duced to some particu lar  known physical field .  He assumed 
that the b io logical  f ield can be registered as an electromag
netic one and also as acoustic, thermal, chem ical, mechanical, 
and so forth. The b iological field may assume the aspect of that 
particu lar  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 experimental ly .  For example, Gurwitsch as
sumes that the cel l u lar field extends beyond the structural bor
ders of a given cel l .  This  assumption serves as the precondi
tion of the occurrence of a synthetic field of a cel lu lar system, 
However, it also fol l ows from th is  assumption that the syn
thetic field should expand beyond the structural borders of a 
cel lu lar system, provid i ng an opportu n ity for non-substantial 
i nteraction of kindred cel l u lar systems. Several investigations 
have demonstrated that th is  assumption is  supported by ex
perimental data. If one exc l udes the opportunity of chemical 
i nteract ion between two cel l u l a r  popul ations, but  leaves a 
physical channel of comm u nication between them (for exam
ple, an optical one), excitation of one of the " partners" is ac
compan ied by physiological changes in another.4o, 42 How
ever, in most such experiments, it was demonstrated only that 
one population of cel l s  is able to i nfl uence another by other 
than chemi ca l  means. Recently, we presented evidence that 
two samples of wh ite blood cel ls,43 or two samples of whole 



NASA 

"The emergence of mankind is a new leap in the integra l 
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,44 which were i n  optica l ,  but not i n  chem ical contact 
with each other, can real ly  communicate. When phagocytosis 
(engu l f ing  of exte rnal  mate r i a l )  was i nd u ced in one of the 
samples, i t  affected properties of the other; and the latter, in  its 
turn, i nfl uenced the character of the process taking p l ace i n  
the fi rst one. Such i nteraction i s  strong evidence for the exis
tence of ind ividual fields i ntrinsic to both populations that are 
able to u n ite in a common (synthetic) field u nder certai n  c i r
cumstances. 

Individual Development and External Environment 
Bauer's pri nciples and G u rwitsch's theory of the biological 

field complement and enrich each other. The former provides 
a basis  for understand i ng the bioenergetics of developing l iv
ing systems. The latter gives an idea of the organizing principle 
of the process of development. Stable non-eq u i l ibr ium of a l iv
ing cel l  gives b i rth to a cel l u lar field.  The latter, in its turn, co
ordi nates structu red processes occurring in its sphere of action. 
I t  is a sou rce for the emergence of new forms, or put another 
way, of arousal of new structu red processes, and of promoti ng 
the enhancement of steady non-equ i l ibr ium of a l iv ing system. 
It should be stressed that a synthetic field cannot arise without 
the interaction of at least two cel l u lar f ields.  So, a s i ngle iso
lated cel l  possesses only a s ingular field, and only after its d ivi
sion does a synthetic field emerge. 

However, as i t  has been mentioned, i n  order to d i v i de, a 
cel l has to receive an adequate i mpulse from the outside. This 
i mpulse interferes with its state of steady non-eq u i l i brium, and 

i n itiates its divis ion and the emergence of the synthetic field. 
O n l y  after t h i s  eve n t  does the p rocess of d eve l o pment  of 
daughter cel l s  start. It fol lows from the theory of the biological 
field that self-organizing processes in  a developing system are 
d riven for a certa i n  period of t i m e  by the i m p u l ses com i ng 
from the synthetic fie ld  of t h i s  syste m .  However, sooner or 
l ater, the system wi l l  be ham pered in its d evelopm ent, be
cause it  w i l l  n eed to obt� i n  a n ew port ion of m atter/energy 
from i ts env i ro n ment.  I n  order  to perform external  work, i t  
needs t o  b e  sti m u lated aga i n  from t h e  outs ide.  Thus, a n y  l iv
ing system requ i res, for its harmonic development, fulfi l l ment 
of at least two external  cond it ions :  fi rst, avai lab i l i ty of mat
ter/energy resources in its envi ronment sufficient to supply its 
constant progress i n  acc u m u lat ion of structu red free energy 
and, second, rhythm ic inputs of adequate sti mu l i  from the en
vironment. The latter, on the one hand, breaks the stable non
equ i l ibr ium of the system, and on the other hand, st imu lates 
externa l  work performance by i t .  In an ideal  case, the fre
quency of i rritat ions (st imu l i )  shou ld be coord inated with the 
internal  rhythm of the syste m :  If an impu lse comes when the 
i nternal  resources a re st i l l  suff ic ient  for the succession of a 
certai n  stage of development, it can break the normal cou rse 
of its development, or even halt  i t .  In order to i n it iate the fol
lowing stage of development successfu l ly,  an impu lse should 
come at that moment when the cu rrent stage h as reached its 
c l imax. 

Evolution of the Biosphere 
In the previous d iscussion, we considered mostly a mu lticel

lu lar organism as an example of a l iving system. Bauer's princi
ples and the theory of a biological field are most appl icable to 
that stage of an organism's l ife cycle that is fi n i shed by reach
ing the reproductive stage of deve lopment. However, if one 
views the evol ution of l iv ing  n ature as the development of a 
certai n  l iv ing system, it should obey the same regu lations. Al l  
essential "parts" of the biosphere-biological species, fami l ies, 
orders-may be considered as l i nes of reproduction and multi
p l ication of ind iv iduals, ana logous to cel l u l a r  mult ip l ication 
dur ing the development of a m u lt icel l u la r  organ ism.  Natural 
h istory is fu l l  of the emergence and d isappearance of particular 
species in its course. H owever, there i s  no evidence for the 
complete d i sappearance of any h ighest order (ki ngdom) that 
ever emerged in  the process of evol ut ion.  I n  fact, the overa l l  
process o f  evolution i s  characterized b y  t h e  successive emer
gence of new ki ngdoms, new genera in these ki ngdoms, and 
new species in  these genera. 

I s  there any obj ective evidence that the evol ut ion of the 
biosphere as a whole goes in the d i rect ion of an i ncrease of 
the stock of its (the biosphere's) free (structural )  energy that 
provides its non-eq u i l ibri u m  stab i l ity? If th is  i s  the case, and if 
The Pri n c i p l e  of Externa l  Work I n crease As the H i stor ica l  
Trend works, one should f ind such species among forms that 
appear later in natural h i story, and that are "you nger." These 
representati ves shou l d  perform more external  work d u r i n g  
their  i nd ividual  l i fe cycle than representatives of a n y  species 
belonging to the ki ngdoms that emerged earl ier. Both external 
and i nternal work performance need energy consu mption, so 
d ifferent species may be compared from this  point of view. In  
fact, accord ing to physiological d ata, energy consumption i n  
relation t o  " I ivi ng" mass d u ring the l ife-cycle period increases 
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Alexander Leonidovich Chizhevsky ( 7 897- 7 964), 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 wi th many ou ts tanding Russian scientists, 
Chizhevsky was arrested by the NKVO and spent more than 
7 0  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 i n  the sequence starting with prim itive 
Coelenterates and ending with Pri mates.45 , 46 It is notable that 
for Homo sapiens, this parameter is at least one order of mag
n itude h i gher  than fo r Pri mates.  That means that Homo is 
drastical ly  d ifferent from his a l leged ly closest "relatives," even 
in his  physiology. 

Bauer never appl ied his princi ples to the social  sphere and 
l i m ited h i mself  ma in ly  to cons ider ing the man ifestat ions of 
l iving systems at the molecul ar, cel lu lar, and cel lu lar systems 
leve ls .  V lad i m i r  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 h istory i n  the l ight of general principles govern ing the de
velopment of l iv i ng systems and regarded it as a lawful pro
gression of natural h i story.47 The emergence of mankind is a 
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new leap in  the i ntegral process of our  planet's development. 
With mankind,  emerges a new form of energy, the energy of 
human cu lture, provided by the development of human rea
son . Dur ing the last m i l lenn ia,  precise ly th is  form of energy 
stead i ly became the major geological force. As the h i story of 
mankind progresses, its total energy consumption and trans
formation of externa l  energy i nto free, "stru ctu ra l"  energy, 
used fo r a l l  k i n d s  of work perfo r m a n ce, u ndou bted l y  i n 
creases. Accord ing t o  statistical data, both the total volume of 
energy powered by h u man ity, and of energy consumed per 
capita, grows from the end of the 1 8th century unti l rec�ntly 
in  geometrica l progression48 ( i t  i s  q u ite another question how 
these resources have been and a re d i stributed among people 
and their commu n ities). 

Thus, Bauer's princi ples are qu ite justified by consideration 
of the evolution of the biosphere a nd even of mankind, as the 
process of development of an in terl i n ked l iving system. Sti l l ,  
these pri nci p les are necessary b u t  not sufficient for t h e  con
struction of a more complete concept of the development of a 
l iving system. F i rst, a "field factor" ensuring its integrity in time 
and space is necessary. Second, the development of any l iving 
system is a d isconti nuous process, consist ing of separate stages. 
As was poi nted out above, the previous stages do not automat
ical ly transit into the next, and an external impu lse is needed 
to in itiate a new stage of development. 

The existence of such a global sti m u l u s  was d iscovered by 
the outstand i ng Russ ian sc ient ist  Alexander  C h i z hevsky i n  
1 924. H e  fou nd a strong dependence of behavior of organized 
hu man masses on factors stemm i ng from space. In particular, 
he d iscovered a h igh corre lation between the 1 1 -year period 
of solar activity and important h istorical events.49 Later he pro
vided the evidence for correlat ion between cosmic rhythms 
and the most diverse phenomena in  the biosphere: agricultural 
prod uctiv ity, great epidem ics, and the physical  and mental 
state of great groups of people.50 There are no ind ications that 
Chizhevsky was fam i l iar  with Bauer's and Gurwitsch's works. 
Nevertheless, in an effort to explain how very small  changes of 
solar rad iat ion fl ux or of geomagnetic f ield cou l d  have such 
profound effects, he came to ideas of non-eq u i l i brium of l iving 
systems and the essential role of branched-cha in  processes in  
the i r  functioning.  He actual ly  came to the understand ing that 
a l l  these phenomena represent particular man ifestations of the 
reaction of the whole system, the biosphere, composed of, and 
u n it ing together, l iv ing systems at a l l  levels of organ ization . 
Thus,  an approach to the phenomenon of I i fe as p rocesses 
with a d irection, taking place in  bodies with special  properties, 
and with d ifferent characteristics from l i feless systems, is not 
just a declaration . 

The spec ific i ty of l i fe has noth ing to do with the power
lessness of sc ient i f ic  methods to comprehend its essent ia l  
properties. An approach to l iv ing systems as non-eq u i l ibr ium 
field-matter entities, possessi ng an in herited stock of free en
ergy a n d  u s i ng it to e n hance t h e i r  non-eq u i l i b r i u m  state, 
does not reject-to the contrary, i t  inc l udes-a l l  knowledge 
of the man ifestations of l ife a l ready gai ned by science. Such 
an approach d oes not  reject the idea t h a t  the p a rt i c u l a r  
processes i n  l iv ing  natu re proceed accord i n g  t o  t h e  known 
laws of c l ass ical  phys i cs, qu antu m m e c h a n ics ,  thermody
nam ics, and organic and i norgan ic  chemistry. However, the 
specificity of l ife can not be reduced to these laws a lone, as it 



can not be derived from them. The ideas of Bauer, Gurwitsch, 
Vernad s ky, a n d  C h i z hevsky were decades ahead of the i r  
t ime, because they cou l d  not fit i nto the N ewton ian-Carte
s ian world view that has dom i n ated the natural sciences for 
centu ries. 

Today, a new world view is emergi ng. Post-quantum physics 
is ready to accept the biocentric, if not the consciousness-cen
tr ic, percept ion of nature .  More and more representatives of 
the sc i entif ic com m u n i ty acknow l edge that research based 
only on i m itations, or on the study of l ifeless nature or dying 
fragments of l iv ing systems, wi l l  not help to ach ieve a decisive 
brea kthrough in u nderstand i n g  the l aws of l i fe. The t ime i s  
com i ng when b iology wi l l  give a tremendous new impetus to 
the metamorphosis a nd accelerated development of physics 
and chemistry. 

The complementation, coherence, and coevolution of nat
u ral sciences now emerging raises hope that a human being, 
as a learn ing subject, creati ng and b u i l d i n g  any form of sci
ence, wil l  come to u nderstand that the world he belongs to i s  
neither a set  of  separate parts and phenomena, nor a tragi
cal ly break ing  off, degenerat i n g  whole.  Comprehension of 
the primacy of the phenomenon of l i fe wi l l  a l low h i m  to dis
t i n g u i s h  a stea d y  vector of development  head i n g  toward s  
ever greater coherence of the U n iverse, amid the tremendous 
complexity of natural bodies and processes. If such a realiza
tion comes about, i t  w i l l  g ive a human bei ng a new chance 
to feel that he persona l ly  is an i n separable part-and at the 
same time, the most u n ique part-of th is  conti nua l ly  emerg
i ng U n iverse, and that without h i s  cooperation its develop
ment w i l l  be retarded. 
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A VIEW FROM SPACE 

The- °iscov '�f'y of 
Nonlinear waves 

Jll tth€. (k'ean" s 
Jea�Surfare Larer' 

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. 

As oceanographers gathered i n  Acapu lco, Mexico, i n  
September 1 988, for the sixth Joint Oceanographic As
sembly, they d id  so with eager antic ipation of the po

tentia l ly exciting new research to be reported . Most of the sci
entists remembered the tremendous gains in  knowledge si nce 
the first Assembly in 1 95 9 :  The d i scovery of pl ate tecton ics, 
the determi nat ion that edd ies were the major part of the 
ocean's ki netic energy, and the huge advances in  our under
standing of the fl uxes of gases, fl u ids, and energy throughout 
the ocean-atmosphere system. 

By the late 1 980s, the i m pact of space-borne technology 
and computer G lobal C i rcu lation Models seemed to promise 
leaps of comprehension that cou ld unravel the detai ls of inter
act ions between reg iona l  weather and worldwide c l i mate 
change. Those who had devel oped the G l obal C i rcu lat ion 
Mod els ,  had,  i t  seemed, become the "c rown pri nces" of 
oceanography. All were eager to experience thei r  progress. 

At a l l  the Joint  Oceanographic Assembl ies, the organ izing 
committees i nvited outstanding scientists i n  the pertinent fields 
of oceanography to present an eva l uation, at the end of the 
meeti ng, of the growth and status of the field of their respective 
specialty. At Acapu lco, the program in physical oceanography 
was produced by the International Association for the Physical 
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Sciences of the Oceans, of which I was the Secretary-General .  
We had chosen Dr .  Konstantin N .  Fedorov, D i rector of Space 
Oceanography for the Soviet Academy of Sc ie nces, as the 
evaluator of our program. 

Fedorov was the lead ing physical oceanographer in the So
viet Union at that t ime, not only competent in space oceanog
raphy, but wel l  versed and experienced in a l l  aspects of the 
physical ocean. He and h is  wife, Dr. Anna G insberg, outstand
ing i n  her own r ight, had j ust pub l ished a major book, The 
Near-Surface Layer of the Ocean. The book was i n  Russian,  
yet to be translated, so had there been

· 
no part icipation by Fe

dorov in the Assembly, the fu ndamental oceanographic con
cepts they presented wou l d  not have been rea l ized.  The 
bou ndar ies a n d  d y n a m i c s  of the near-su rface layer of the 
ocean, as defined by Fedorov, staggered the physical oceanog
raphers-and sent the computer model lers home, question ing 
the veracity of years of work, 

The two Soviet oceanographers had shown that the near
su rface layer was not contro l l ed by the u nderly ing ocean!  It 
was not, therefore, su bjected to geostrophic movements; that 
is, to the dynamic flow of the major ocean cu rrents. Recogniz
ing that it is through the near-su rface layer that a l l  heat, salts, 
gases, moisture, and momentum are exchanged with the atmo-



Sea-surface expressions of solitons, spreading eastward through the Alboran Sea. 
Taken Oct. 4, 7 984, from the Shuttle Challenger at 7 50 nautical miles altitude. 
Three distinct sets of solitons were clearly visible, representing the waves devel
oped Oct. 4, 3, and 2. Color photos appear on inside back cover. 

The avthor (left) and Or. Konstantin N. Fedorov, director, Space Oceanography 
Division, USSR Academy of Sciences, at the joint Oceanographic Assembly, in 
Acapulco, Sept. 7 988. Courtesy of Robert Stevenson 

sphere, it became apparent that no General C i rcu lation Model 
could address any c l imate or weather changes without i nclud
ing and defi n i ng these near-surface layer processes. 

As they wrote: 

. . .  [I l t  is a th in layer, ranging to depths of from several 
meters to one or several tens of meters, adjoining the free 
surface of the ocean d i rectly from below and including 
this surface, the thermal boundary layer, the d iu rnal 
[dai ly] thermocl ine, and all the stratifications that arise 
because of h igher frequency processes and non-periodic 
atmospherics effects. The near-surface layer absorbs solar 
radiation d i rectly and reacts to heating, cool i ng, 
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 activi ties were known, to a l l  
oceanographers a n d  meteorolgists versed i n  t h e  physics and 
chemistry of the ocean .  The kicker, however, i s  that through 
this layer flow, in and out, all of the factors that are addressed 
in ocean, weather, and c l imate models.  And, this layer "floats" 
arou nd the top of the ocean, i ndependent of the flow of the 
known, major ocean c u r re nts-those t h i ngs that we can 
model ! Holy Cow, was our response. 

Thus, any model that add resses the long- and short-range 
ocean ,  weath er, a n d  c l i m ate trends,  o r  var i a b i l i ty, must i n 
clude a n y  mod ifications i n  t h e  near-su rface layer, especia l ly, 
the extent, period ic i ty, cyc l ic ity of the cha nges; or, at least, 
these variables must be anticipated . There i s  l ittle question but 
that sol itons, i nternal waves, w i nd waves, s u loys, and spira l  
eddies (Stevenson 1 998) are d i rect, physical, enormously i nter
active moderators of the near-surface ocean. 
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Sea-surface expressions of solitons in the 
Andaman Sea, observed and pho
tographed by Vance Brand, July 23, 
1 975, from the Apollo spacecraft, after 
undocking from the USSR's Soyuz. The 
southern A ndaman Islands are in the 
foregroundi the Burma shore is at the top. 
Inset: Astronaut Van ce 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 d istribution of the upper-ocean 
processes at scales and repetit ion rates not possible from any 
other platform. The benefits from this capabi l ity are enormous, 
for there is no other way to examine, with any satisfaction, tur
bu lent motion at scales of from one to a few hundred k i lome
ters. ' Spiral eddies, and the suloys and solitons d iscussed here, 
were not known-or even suspected-unti l observations and 
photographs in space were possible .2 This  capabi l i ty must be 
weighed with the quantitative precision of the data required for 
the ocean processes under study. 

The ocean's su rface a lso, of course, may be observed from 
ships and ai rcraft. As from space, data can be gathered i n  re
sponse to the sea's own vis ible, infrared, or rad io-wave radia
tion. In each radio wavelength, intriguing and usefu l measure
ments have been made from a l l  three platforms, and from lan,d 
stations as wel l .  I n  every i n stance, when remote sensing has 
been cou p led w i t h  in situ, s i m u ltaneous "conventi o n a l "  
oceanograph ic measurements, the two sets o f  data have been 
remarkably comparable. 

Solitons: Discovered in 1 975 
The first i nformation that sol itons exist in the ocean came 

from a 3 5 - m m  p hotogra p h  taken a l e rt l y  by Vance B rand 
from the Apo l l o  capsu le,  i n  J u ly 1 9 7 5 ,  after the American 

36 Summer 1 999 2 1 st CENTURY 

ASTP (Apo l lo-Soyuz Test Project) crew had u ndocked from 
Soyuz : 

As we orbited west of the Andaman Sea, the Sun was 
just right to give a good g l int from the ocean surface. I 
saw what looked l i ke huge internal waves and cl icked off 
three shots with the 35-mm camera. We were a l l  out of 
70-mm fi lm by then.  

An i mportant part of Earth observations d u ri n g  ASTP was 
of internal waves. In every one of the several pre-fl ight brief
i ngs, the s ign ificance of l earn i ng their  d i str ibution through
out the ocean had been stressed . As a resu lt, i n  the last day 
of the mission, and even though al l  of the 70-mm Hasse lblad 
fi l m  had long s i nce been exposed, Vance was st i l l  look i n g  
for i n te rnal  waves, a n d  pre pared with  the 3 5 - m m  N i ko n .  
From th is  observation and photography b y  Vance, oceanog
raphers were to l earn that i nternal sol iton waves exi sted i n  
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 dri l l i ng platforms in the Andaman Sea. 
In his classic paper, he explained the waves as "trave l l ing" in
ternal sol i tons with p ropagation rates around 2 .2 m/sec and 
ampl itudes of 60 m. The s u rface express i o n s  caught in the 



A view to the 
southeast, 
across the 
Sulu Sea, from 
the Shuttle 
Endeavor, 
Dec. 7 0, 
7 993, with 
Pa la wan 
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 740 nautical miles, on Nov. 7 3, 7 98 7 .  The white dots at the 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 (1 50 km) 
bands of short, breaking waves (600 to 1 ,200 m wide) at the 
front edge of the sol iton crests, 1 5  km apart, travel l ing across 
the sea su rface at the sol iton's speed. 

That Osborne wou ld  make the satisfactory determ inat ion 
that the Andaman Sea internal waves were sol itons provides us 
with an interest ing 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 Un iversity, stud ied sol itons us
ing visible-range satel l ite imagery and simu ltaneously they col
lected data from research vessels .  It was clear that sol i tons 
were not i nd igenous 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 i n  1 98 1  on STS-2, images of sol itons were again 
acquired in the Andaman Sea, in this case, with Col . Joe Engle 
and Capt. D ick  Tru ly  f ly ing the Col umb ia .  The h uge, sub
surface waves were refracting around a submerged mounta in  
peak whose top rose on ly  to  with i n  600 meters of the sea sur
face (see photo, p. 37) .  It was clear that the sol itons were trav
e l l i ng i n  the same northerly d i rect ion as those observed by 
Vance Brand in 1 975, but at this t ime, November 1 981 , they 
were wrappi ng arou nd the seamou nt at a depth of near ly 
1 ,500 meters! 

The S IR-A image of the Andaman-Sea sol i tons was good evi
dence that these huge, non l inear waves are routinely travel l ing 
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 sol iton generation is 
a conti nuous process there, then it seemed l i kely that they 
cou ld  be constant features i n  other confi ned seas with re
stricted entrances. 

And then, to G ibraltar: So it  was that a major experi ment 
was p lan ned for Shuttle m iss ion 4 1 -G ,  September-October 
1 984, dur ing which Dr. Pau l Scu l ly-Power wou ld fly as the 

Dr. Paul Scully-Power (right) with Marc Garneau, Canadian 
payload specialist, training for the 4 1  G mission of the Shuttle 
Challenger, Sept.-Oct. 1 984. 
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A Gallery of 
Upper Ocean Waves 

:\�) 9 �<;; " ' ;_ '.,,, /" . :,:}�;;, <  . ( .. ;;" A bset��?le 
.
Waves . . Th� ent i re;�pect�u m  of waves 

V occ u rr i ng I n  the u ppe� ocean IS observable from 
space. From capi l l ar ies, to i ntern'a l  wavc;!s with lengths of 
ki lqmeters, these waves modify ,the surface. textyre in  recog
n izable patterns. The open-o�ean tide wave is not observ-

: able, although the abil ity to follow it around the globe, and 
through the ocean basi n;;, seems a poss ib i l ity, should any

,one care to do it, from data gatbered routinely from an orbit-
ing radar altimeter. There are, though, manifestations of tidal 
a�tion that permit continu0l.ls.�nalyses from sp�.c e observa'dons; espeCial l¥ ·where the d�.i lY tiaal �urge tnr?ugh str?its, 
i nto embayments and gulfs, and across enclosed seas pro-

. duce either i nternal waves or turbulent current shears. 
The reaction ' of waves to coasts, both i nsu lar and conti

nental, result  in read'i ly vis ible patterns. Refracted and re
fle.cted wav7s� and is land b?yx and \'lake wa\7s, not only · ' are" observaore;: btit thei r  rea2ii'on with 'current� Gr a range' of 
velocities is measurable. Even the i ntriguing, but short-l ived 
waves from sh ips produce surface features that respond to 

cremote sensif!g i n-a lHhree of the primary bands of the elec
tromagnetic spectrum .  

The only. "",ave o f  any sign ifis�nce that esc�pes observa
tio'n f�om any platforMV ihcludipg ships at sea,. is:the tsunami, 
popu larly known as a tidal wave. Tsunamis originate from 
(1 )submarine earthquakes where there is a major vertical 
displacement oL the sea floor, (2) substantial submarine vol
.cariic eruptions, (3) eruptions '6f volcanic islands in which a 
large J5lart of the explosion i s .below the sea surface, or (4) 
sudden landslides of.the upp§r�ocean sea floor/ especial ly in 



Destructive surf, late in the 
sequence, during .the tsun
ami, April 1, 1 946, break- , 
ing through 1 00-fooi palms 
o n  Coconut Island, Hilo, 
Haw�ii. I 

er'nb<iyments or 'sma l l  con-� fined basi ns .  Their  lengths 
are as long as 1 ,500 m i l es, 
their heights are from the sea 
floorfro the surface, and tneir 
speel-ls a re h u ndreds 'of 
m i le; per hour .  Tfle c r�st 
widths are so wide (upwards 
ot 50. mi les) that they are lost 
from view in the open ocean 
amo�g a l l  of the wi�d
wavls and ocean swel l .  

Wihds blowing at  greater than ' 1 m/sec begin to form, grav
ity waves.  The character i st ics of gravity waves a re deter
m ined by their  l ength, ampl itude, and the depth of water 
through which they are moving. In depths greater than half , 
the wavelength, i nd ividual water particles rotate i n  basical ly 
circular orbits, hard ly m ixing or moving forward in  th,e d i rec
tion the wave is progr�ssi;'g, with the orbitS decreasing expo
nentia l ly with depth . The maximum neight attained oy wind 
waves depends on the w i n d  speed, the amount oHi m'e it  
continues to blow, and the d i stance of ocean over \A{hich it 
blows (called the fetch) .  Basica l ly, at a,ny given wind speed, it 
is the' Jength of time and the fetch that determine the neight of 
the resu lting waves. ,. 

Th� i mpact of these huge 
wav�s can be d ra matic on  
coasts exposed to  their fIJ I I' 
force1i.ifThe stories of the,de
struction by '1he tsunami cre
ated '\lJhen Krakatoa erupted 
i n  1 887 among the is lands  
of  I n donesia have become 
legertdary. There were a lso 
excel lent data and informa- , 

tion obtai ned during and aft�r the 1 9�6 tsunami ,that struck 
the H awai ian  I s lands .  At that t ime, the late Dr. Francis' p. 
Shepard joined Army Engiheers, Navy personnel, and geolo
gists from the U n iversity of Hawai i  (Doak Cox and Gordon 
MacDonald) to help in  the roost extensive examination ever 
conducted on the destructive effects' of a tsunami on a coast 
or island (see photo above and p. 38) :'W 

Obv iolls ly, the occurrence of tsu n a m i s  i n  the ' Pacific 
Ocean is  of keen i nterest to the popu lation both on  the is
lands and the continental shores. Research, warning systems, 
and evC\cuation plans were in itiated after the 1 946 disC\ster: 

. As Wind waves grow u nder the attack of the wind,  their  
distribution is random;, the winds are never constant i n  either 
d i recti0n or speed. Therefore, any description of them is sta
tistical, giving a range of lNave spectra, heights, frequencies, 
and d irections of propagation . The speed of propagation of 
wind waves is close to the average of the wind that prevai l s  
at  the t ime.  I n  a typical range of win<;ls, say 1 0  to 30 m/sec, 
wavelengths range from 60 to 600 m, wave periods from 5 to 
20 sec, and heights from 7' to 20 m.  

Wayes with greater heights and lengths than those h ave 
been experienced (even recorded in a few cases) during hur
ricanes in which winds blow around 50 m/sec. AlthoLJgh it is 
not an easy measurement, rel iable data i nd icate waves can 
form up to a height of 40 m with lengths approaching 1 ,000+ 
m. SUfh waves ·are restricted to those .violent storms, though, 
and tcij" the 40° latitudes (the Roaring Foriies) 6f the southern 
ocean·; For the most, part, waves rarely exceed 1 2  rrl in the 
Atlantic Ocean and 1 5  m in the North Pacific. 

Wh
'
itecaps. Observations of wh itecaps atop wind waves 

are read i ly  made by astronauts, but on ly  resolved bi excel
len� photography. NQ ,sens ing systel11s other than the "eye
baW '�nd cameras, preferably with focal lengths longer than 
250 rilm, have the necessary resolution .  ' 

The distribution of whitecapped seas is but poorly known, 
from space, or any other k ind of observat ions .  Th is  lack is 
probably because of the conditions u nder which whitecaps 

' are 'fo�mec;l. The whitecap§ have to be fai rly large to be seen 
from low.-Earth orbit. In general, that means a wind  speed 

The Wind-Derived Wavy Surface greater than 1 5  m/sec (Beaufort Force 7), to produce "foam 
Winds blowing 'across the sea form waves on the surface. from the breaking crests blown in streaks along the d i rection 

Both gravity and surface tension act s imultaneou�ly, so that of the wind." Yet, u nder such wind conditions, a l l  the spray, 
the length of the \A{ave being formed !?y wind action is det�r,� foam/.�nd ae[osol s  thrown i nto the mar ine a i r  reduces.the 
m i ned by wh ich  d o m i n ates at a n y" g iven t ime.  Capi l l ary visibi li'ty, no �atter what the observihg d i rection m::rnY'be. 
waves, or ripples, with lengths of O.4' cm, or  less, are basi- Furth�rmore, winds of such speeds are usual ly born of �' good 
ca l ly  contro l led by surface tension, gravity being tota l ly  in- cyclonic storm with an extensive cloud cover. , 
significant. But in the case of waves with lengths greater than The best chance of observing a foamy, whitecapped sea is 
1 0  cm, gravity is the dom inant factor and, for that reason, . beh i nl! a cold front, when the wind speeds remain h igh and 
they are cal led "gravity waves." , '  the o'i(,�rlying atmosphere is c lear' and-d ry (See photoi P.�43 , 

At wind speeds of less than 1 meter/sec, capi l lary waves top I¢tt.) Or, from katabatic, down-slope winds blowir;Jg from 
form on an otherwise calm surface. They arise qu ickly i n  re- the Alps through the elongated seas of the northern Mediter
sponse to wind gusts, formi ng "cats paws" on the surface'. ranean. Whenever astronauts observe wh itecaps, they ate at 
They d isappear just as quickly as the l ittle gusts pass by, mol- first sL!rprised that the ocean surface,appears " i nd ist inct," as 
ecu lar vi scosity tak ing over to smooth the wate(s surface. though the spacecraft window has become hazy. Almost i m" 
Gusty conditions usual ly  lead to a surface that has 'both grav- ¥ medi ately, however, the'y real ize tf'll:lt any nearby ,ltoasta l 
ity waves and ripples scattered widely �cross their surfaces. Continued on page 42 
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first oceanographer i n  space (see photo, p. 38, bottom) . The 
Strait of Gibraltar was the site. 

The oceanography of i nternal waves, formed on a dens ity
bou'ndary at 1 2 5 meters, moving through the Strait i nto the 
Alboran Sea had been known s ince the cru ises by Albert De
fant aboard the Meteor in the 1 930s.  There had been no con
sideration that the G ibraltar i nternal waves were sol itons. Af
ter a l l ,  they were u nknown in the sea-the n .  

B u t  even i f  not, t h e  orbits for the mission a n d  the S u n  angles 
dur ing the ti mes when the Shuttle wou ld  cross over the Strait 
gave the opportun ity to observe the i nternal  waves in deta i l  
never before poss i b l e .  Oceanographers from t h e  N avy Re
searc h and Development Act iv i ty ( N O R DA), Bay St. Lou i s, 
Mississippi, had a conti n u i ng research effort on the effects of 
the At lant ic  i nf low t h ro u g h  the Stra i t  on t h e  Al boran Sea . . 
Those scientists would provide excellent support for the obser
vations from space. 

Viewi ng cond itions from the fl ight deck of the Shuttle Chal
lenger were perfect throughout the enti re 4 1 -G m i ss ion .  So, 
too, was the weather over the waters of the strait for the flights 
of the hel icopter from G ibraltar and the U,S. Navy long-ranged 
patrol ai rcraft f lying out of Rota, Spa in .  As recorded in an in-' 

fl ight, taped report by Pau l  Scu l l y-Power d u ri n g  the Sh uttle 
mission, 4 1 -G :  

O n  th ree different days, the Sun's gl itter was just right 
for us to observe, and photograph, sol itons punching 
through the Strait of G i braltar-they contin ued to spread 

i nto the Al boran Sea. From one orbit over the eastern 
end of the Alboran, it appeared as if they go a l l  the way 
to the western Mediterranean. 

The photography (see p. 35)  showed h is  observations to be 
correct : The i nternal  sol i tons extended through the Alboran 
Sea, representing three to fou r  days of tidal forcing through the 
Strait .of G ibraltar. Every day, the i nternal waves spread through 
the strait into the Alboran Sea. Even though the crew aboard the 
Chal lenger was not pr ivy to the water temperatu res and the 
w i nd data bei ng col lected by the scient i sts from NORDA, it  
was eas i ly  apparent to them that the waves formed as solitons. 
In itiated at the s i l l  in  the western part of the Strait of Gibraltar
the shal lowest part of the strait at 3 2 0  meters-pushed once a 
day by the h ighest of the d i u rna l  t ides, the waves were eas i ly  
observed passing through the east end of the  Strait and into the 
Alboran Sea. Showing l ittle dispersive effects, the sol iton "pack
ets" crossed the sea between Spain and Morocco. So much of 
their  su rface express ions  rem a i ned ,  that from space, waves 
formed during the preced ing three days were observable! 

The observations of the sol itons from 4 1 -G were so impres
s ive that the Office of N aval  Research mou nted an oceano
graphic exper iment to exa m i n e  the waters in the strait and 
the adjacent Alboran Sea, from the fal l  of 1 985 through Octo
ber 1 986. Th i rty-seven scientists from five cou ntries brought 
eq u i pment that measured every conceivable m eteorologic 
and oceanographic parameter: currents, wi nds, temperature, 
sa l i n ity, bac kscatter from shore-based a n d  a i rborne rada r  

(from a weary B - 1  7 F l y i ng Fortress) ,  
sea-floor pressure, and sea level .  Even 
the water's trace e l ements and nutr i 
ents were a l l  measu red i n  the greatest 
"oceanogra p h i c  attack" on the Stra i t  
o f  G ibraltar i n  h i story. 

The res u Its were more than  p re
d i cted, m a i n l y  because of the great 
q u ant i ty and var iety of the data that 
were col lected . Th i rteen papers were 
p u b l i s hed d u ri n g  a n d  w i t h i n  a few 
months of the experiment. Beyond the 
m e re presence of t i d a l l y  gene rated 
sol itons,  knowledge of the flow i nto 
and out of the strait is now exception
a l l y  comp lete. And,  as is a l ways the 
case, the scientific analyses produced 
as many q uest ions as they answered. 
Th e re is s u re l y  m o re to be l earned 
from futu re observations of the Stra it  
of G ibraltar. 

Eddies in the eastern Alboran Sea, seen from the flight deck of the Shuttle Endeavor, 
May 23, 1 996, at 1 55 nautical miles. 

There was one cur ious aspect from 
t h e  observat i o n s  over t h e  Med i ter
ranean  Sea d u r i n g  4 1 -G,  on w h i c h  
P a u l  Scu l l y- Power, other N avy 
oceanogra p h e rs ,  a n d  I were to con
tem p l ate over m o re than one beer .  
From the geograph i c  eastern e n d  of 
t h e  A l bo ra n  Sea t h ro u g h o u t  the re
mai nder of the Med i terranean, in ter
woven fi e l d s  of s p i ra l  edd ies  were 
conti nuously v iewed . Yet, there were 
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Such chaotic waves were encoun
tered in every sea a nd ocean and i n  
every season, and a l though the wave 
h e i g hts, w i dths ,  a n d  l en gt h s  of the 
zones d i ffered (some extended from 
horizon to horizon), the common de
nomi nators were wi nds of speeds less 
than 1 5  knots, and a rather m i l d  sea. 
There was usua l ly  an i ntense h issi ng, 
roar ing sound from the wave l i ne, au
d i b l e  from d i stances of several k i lo
m eters .  O f  c o u rse,  those were the 
days of sai l i ng s h i ps, with l ittle extra
n e o u s  s o u n d s  to m a s k  t h at of the 
waves. Even so, some witnesses have 
c o m p a red t h e  sou n d  w i t h  t h at of a 
passing tra i n, or the sounds from busy 
Abbey Road in London. 

Tidal bore, with suloys atop, spreading into Spencer Gulf, taken by the Shuttle En
deavor, at 1 70 nautical miles altitude. Note the city of Adelaide at the head of the es
tuary on the east side of the Gulf of St. Vincent. The white line crossing the lower right 
of the image was a contrail from a commercial jet aircraft. 

D u r i n g  m i l d ,  moo n l it n ights, con
d it ions  may permit wave l i nes to be , 
eas i l y  observed . Such was the expe
r i e n c e  of D r .  Pau l S c u l ly-Power i n  
t h e  T a s m a n  S e a  w h i l e  c r u i s i ng 
t h ro u g h  a d ead c a l m  i n  M a y  1 9 75,  
aboard HMAS Kimbla. O n  the  bridge 
at 0 1 00 hou rs, he was start l ed by a 
b road, moon l it band of white ruffled 
water,  stretc h i n g  acro s s  t h e  s h i p ' s  
cou rse a s  far a s  h e  cou l d  s e e  i n  e i -

none i n  the Alboran Sea. Was th is  the result  o f  the turbu lence 
from the G i bralta r  sol i to n s ?  Or does the A l boran Sea have 
some other dynamic action that prec l udes the formation of 
spira l  eddies;  that is, were we to learn the generati ng forces 
of the sp i ra l s  in the fi rst p lace? 

Throughout the next 1 2  years, there was no certai n  answer 
to those q uestions. We final ly concluded that the solitons mov
ing through the Alboran Sea were too energetic to perm it the 
formation · of spiral edd ies. Beg inn ing with the fl ight of Shuttle 
Endeavor in  May 1 996, that conclusion was shown to be erro
neous by a series of outstan d i n g  photographs of the eastern 
ha l f  of the Al boran Sea.  F ro m  j ust west of the long itude of 
Cabo de los Muertos, s p i ra l  edd ies, i ntricate l y  i nterwoven, 
were observed cascad ing i nto the western Med iterranean, or 
vice versa (see photo, p .  40). To the west, to the approaches to 
the Strait of G i braltar, none but the large-scale turbulence of 
sol itons seems present. 

Suloys: The Strangest Waves of All 
For centu ries, seamen have described l i nes of u nusual and 

chaotic waves that extend across the ocean's su rface. Some
ti mes curved, in othe r  cases stra ight or in i rregu lar  "globby" 
bands, the state of the sea i s  of furious, precipitous, steep waves. 

The first publ ished descriptions of chaotic wave- l i nes were 
by Matthew Fonta i ne Maury in h is  1 85 7  ed ition of The Physi
cal Geography of the Ocean. Maury gleaned the i nformation 
from the thousands of sh ip logs ava i lable to h i m  in the archives 
of the u . S .  N aval Observatory. In every case, the state of the 
sea was so u nusual in the experience of the sh ip's master, that 
the log entries were in great deta i l .  

t h e r  d i rect i o n .  O n  h i s  req u est, the 
s h i p  was stopped i m mediately i n  the middle  of the choppy 
water. 

The Kimbla has a length of 50 meters; the wave- l i ne's width 
was less than the sh ip's  length. Pau l  qu ickly set about lau nch
i ng expendable bathythermograph probes (X BTs), one after 
another. He managed to obta i n  20 measu rements of tempera
ture to depths of 200 meters before the sh ip  d rifted out of the 
wave l i ne .  

At fi rst gl ance, the cont inuous temperature traces appeared 
to indicate chaotic temperature i nversions, ranging from OAoC 
through depths of a few centimeters, to those of 2°C+, extend
ing through tens of meters. When the depths of the major in
versions were plotted agai nst t ime, however, it was c lear  that 
the temperatures defined a c luster of i nternal waves, less than 
50 meters wide and exten d i n g  to the g reatest depths of the 
probes: 200 meters ! 

No further measurements were possib le  because of the de
mand i n g  cru i se sched u l e .  ( I n  addit ion,  both the captai n  and 
Scu l ly-Power rather lost i nterest when they decided that the in
term i nably long l i n e  of wh ite ruffled water was not a d u m p  
from a Swan Lager tanker.)  N onetheless, the data taken that 
night in  the Tasman Sea make up the only definitive set taken 
withi n  a chaotic wave l ine. 

Of more than casua l  interest i n  this regard i s  a 1 983 Japan
ese report of "a mysterious u nderwater acoustic effect" associ
ated with " s iomes" a n d  d ist i nct from convent iona l  s u rface 
waves. As a chaotic wave l i n e  i s  approached, one would  ex
pect an i ntensification of ambient noise over that from surface 
waves. After a l l ,  the chaotic wave action is far greater with i n  
than outs ide-great enough to " bang and t h u m p  t h e  h u l l  to 
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Shearing suloy on the boundary of the southerly flowing cur
rent of Mozambique Channel, from the Shuttle Discovery, 
Aug. 7 6, 7 985, at 1 90 nautical miles. 

where I feared for the pla nks," as stated i n  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, with the degree of turb u l ence measured by 
Scu l ly-Power from the Kimbla, they possibly represent acoustic 
d iscont inu it ies as substantial  as those i n  meso-scale eddies. 
Any knowledge of their generation, d istribution, and l ife h isto
ries is clearly more than academic. 

Actu a l l y, l i tt le more is u nd erstood about the n ature of 
chaotic wave-l i nes than was known in  the early 1 980s, other 
than their d i stribution .  Russian oceanographers have done the 
most work on this strange state of the sea, giving it the name of 
"suloy." The ful lest description of suloys was made by the late 
Dr. Konstantin Fedorov in  his  1 983 book on The Physical Na
ture and Structure of Oceanic Fronts. In  it, Fedorov documents 
the regions of the oceans in which su loys are most often en
cou ntered, and the variety of ocean conditions u nder which 
suloys may occur, such as tides, a convergence of currents, at 
oceanic fronts, or atop i nternal waves. "Wherever," he notes, 
"the dynamics of the near-su rface ocean cause a convergence, 
there is a suloy." 

Tidal suloys are readi ly explained, because they occur when 
strong tidal cu rrents enter the shal low water of narrow straits. 
A l i ne of prec ipitous waves, a su loy, is formed at the front of 
the t idal  s u rge as it meets, and converges with,  the surface 
wind waves. The prec i p itous c h aotic waves i n  s u l oys may 
atta i n  hei ghts of 5 m (see photo, p .  4 1 ) .  West of San Fran
cisco's Golden Gate, waves i n  the Point Bon ita suloy can be
come so i ntense that even moderate-size ships have requ i red 
more than one attempt to sai l  through the roaring wave l ine. 

S u loys arise a l so where the strong d i scharge from major 
rivers converge on waters of the coastal ocean .  Such features 
have been observed on several occas ions  by astronauts i n  
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Continued from page 39 " . 
lands are bright and sharp. I n  the n ext instant; they recog
n ize whitecaps and foam streaks on the sea. 

Visual  observations and p hotography of whitecaps are 
. c l e a r l y  n ot s l,J i ta b l e  to l e a rll' t h e  exte nt to w b t c h  they 

.,,1 cov�r the ""orldl s,:sei!?u rface aB a ny given "
, 'et; 'that 

kno� l e
'
d g�': j s key ��:the dete r m i  nat i � n

J·
o ,speeds 

and d i recti o n s fw' tn E a rt h - o r b i t i ng,  s ate e-bo�ne 
m icrQwave scatterometers. W h i tecaps a n d foim greatl y  
i n f luence the  m i c rowave e m i ss i v i ty o f  t h e  9cea n .  T h e  
magnitude and ' variabi l ity o f  t h i s  emiss ivity ch�nge i s  not 
yet resolved . ' 

. 

"We conti nue  to observe 'corduroy' and ''herr
'
i ngbone' 

seas in  every part of the ocean where the Sun's g l itter gives 
us a good lOOK at the surface," repQrted Skyia 
Cols. Getald <Zarr an�, Wi l l iam Pogue/ and Dr.. ard G ib� 
son, in January, 1 9?4�' (ndicating th�jr ease i n .o ." ing ma
jor ocean swel l  patte·r�s. The "cordllroy" seas ar� the result 
of paral le l  swel l ,  whl le the IIherringoone" s�as are Jhe resul t  
of  swel l crossing"e�cg other at ,Opl igue angles 

Ocean Swell. Whe
'
;' wind waves leave the f gener

ation, the sea �eases'to be random and the d6mi nant wave ' 
period and d i rection of propagation take over.' The sharp 
peaks of wind-waves flatten, the height decreases, and a 
regular pattern of para l l e l  crests appears as th.� 'vvaves are 
transformed i nto swen ;  As the swel l  travel o nwcird ': through 
thousands of ki lometers of ocean if no land i nterVenes-the 
longest lengths and greatest periods, predo

'
rj1 inate. Crest 

lengths may grow to thousands of meters a n? ,��come ex-
. traord iflari ly para l lel i:�o .each otber�. J'hese are'tH�

'
;S:()rduroy 

seas vi�ible from space in the great expanses or ine oceans 
(see photol p. 43, bottom left) .  

Swe l l  from more t h a n  one storm-generat ing region, o r  
originating s imultaneously from stormy oceans'i n  the North
ern and Southern ' bem i spheres, may eventua l l y i ntersect ' 
each other. I n  such parts of the ocean, common ly near the 
Equator, the i ntersecting swel l  form the IIherringbone seas" 
that were observed first by the Skylab-4 creW, but subse
qtJently on inn\lmerable occasions by astronauts. aboard the 
Space Shutt)e. (see ph§to/ p .  43, top, fight» , 

Breakers, Surf, aiid·Ri:!fraction. When a wave proaches 
the snore, 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.:;,tThe crest 
overtakes the trough at th is  stage, the lead ing s lope of the 
wave becomes steeper than the tra i l i ng s ide, and the top of 
the wave cascades down the steep slope, forming the "surf 
zone." '" ' , 

Waves fend to fbrrft "p lung i ng breakers" wh�re bottom 
slopes to the bea�h are relatively steep. These an. dhe spec
tacular "curl i ng" breakers, in which the crests l itera l ly  col
lapse onto the steep, forward s lope of the breaking wave. 
Where better t6,see these c rash i ng g i ants tlia:ri;at S u nset 
Beach 'on tlie north shore of Oahu In wi nter? Thly are the 
professional  s urfers' j oy;  the amateurs' contiriuous· " hang 
ten" d isasters (see photo, p .  43, bottom right). 
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Whitecaps off the southeast coast of Tasmania, viewed from 
the flight deck of the Shuttle Endeavor, Dec. 6, 1 998. 

"" v ,,� , 
�- � .... . :�/ , ;' . t �_� � .. '� tt. .� .. >t. _ ... 

� . .. .  �� _ ...... , :: . .\ . .. ,� £ ""!<- <f. � � 
: �  

Parallel ocean swell, equatorial Pacific, as seen from the Shut
tle Challenger, Nov. I, 1 985. 

Sea-surface f/scars, f/ from the vicious down-drafts of collaps
ing, towering cumulus clouds, provide a smooth surface in 
which crossed ocean swell were readily observed from the 
Shuttle Discovery, Nov. 25, 1 989. 

Plunging breaker, photographed by the late Ron Church, 
Scripps Institute of Oceanography, on the north shore of 
Oahu, Hawaii. 
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First observation of an open ocean suloy, at 4.soN, 7 34 °W, 
photographed by the crew aboard the Shuttle Discovery, Oct. 
1 ,  1 988. 

the Rio de la Pl ata Estuary in the waters just south of Monte
video, Uruguay. In those waters, the view bei ng a ided by the 
m u d d y  red wate r of the R i o  de la P l a ta ,  t h e  s u rge of the 
river's d ischarge on the fal l ing t ide can be great enough that 
the s u loy is soon d eformed i n to a ser ies  of ed d i es a n d  
whi rlpools.  

Of most interest to the oceanographer are the suloys of the 
open ocea n .  There they are associ ated with ocean fronts, es
pecia l ly fronts that mark the convergent boundaries of ocean 
cu rrents. It is not clear whether the density d ifference across 
the front is necessary to the formation of a su loy, but it is cer
ta i n  that the shear between the cu rrents is s ign (f icant (see 
photo, p. 42). The relative change in  cu rrent speed and d i rec
tion across the bou ndary effectively determ i nes the extent of 
wave interaction at the convergence. This interaction, and the 
resu l t ing su loy, w i l l  be observable,  of cou rse, where wind 
waves are not intense; that is, when winds are blowing at less 
than 1 5  knots. 

Georgiey Grechko's 'Equator' 
In 1 980, wh i le  orbiting aboard the Soviet's Salyut "6" space 

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

We're over the Ind ian Ocean. There are so few clouds 
that we can see nearly from one side of the ocean to the 
other. And, right in  the midd le, extend ing east-west, we 
can see the bright l i ne of the Equator. 

The Soviet space program was in its " heyday." They were 
launch ing  th ree to fou r  sate l l i tes each month, h ad th ree to 
fou r  c lassified sate l l ites in orbit  at a l l  t i mes, were preparing 
soph i st i cated e nv i ro n menta l  spacec raft lo aded with  m i -
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crowave sensors, and had receivers that were regularly down
loa d i n g  data from a l l  U . S .  wea t h e r  sate l l i tes .  The USSR 
man ned space p rogram m a i nta i ned bas ica l l y  conti n u o u s  
commun ications w i t h  the i r  cosmonauts, through s h i pborne 
tracking stations d istributed around the world's oceans. 

G rechko's d isclosure 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 o n l y  i n  M i ss ion Contro l ,  
but among a l l  of  u s  who were privy to  the  science discussed 
from Sa l yut. N either Pau l  Scu l l y-Power nor  I had reached 
the poi nt of considering the possi b i l ity of observing anyth i ng 
s ign ificant other than "those weird corkscrew edd ies . "  That 
G rechko m ight have observed a long su loy along the edge of 
the equatoria l  cu rrent system was nowhere near our  ken, at 
that t ime . 

I n  retrospect, we thought that Fedorov might h ave recog
n ized the poss ib i l ity of an equatorial su loy. After a l l ,  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 G rechko, in  1 987, during an 
i nternational geophysical  meeting in Vancouver, B .C. ,  Paul  
and I queried h i m  about "h is  observation of the Equator." He 
was reluctant to comm it h imself, even after we poi nted out  to 
h im that it was no doubt a n  equatorial su loy. "A what? Never 
heard of it," he said. 

Equatorial Suloys 
Serendipity is one the n icest, most appreciated compan ions 

of any scientist, or explorer. It i s  rare that anything is ever d is
covered, or that  a n y  theo ry ever beco mes fact, without 
serendi pity being a long for the ride. 

And, so it was for the STS-26 fl ight of the space Shuttle Dis
covery, the flight that was the "Return to Space" two and a half 
years after the devastati ng Chal lenger accident. Aboard would 
be a veteran crew: fou r  m i l itary and one P h . D .  astronomer. 
Thei r primary task was a good, successfu l ,  clean mission. Dur
ing the four days, i n  a 28.5°  inc l i nation orbit, they wou ld de
ploy a tracking and data relay and a communication satel l ite, 
and conduct a n u m ber of on-board experi ments, and there 
would plenty of time to observe the Earth . 

The p i lot, Lt. Col .  Richard Covey, USAF, wou ld be on the 
fl ight deck most of the t ime and able, therefore, to v i ew the 
Earth's  su rface rather cont inuous ly .  Dick knew the story of 
Hoot Gibson, and his crew on the STS-61 C mission when, after 
using up a l l  of their fi lm, they had spent a fu l l  day gl ued to the 
window unsuccessfu l ly  looking for spiral eddies at the Equator. 
During STS-26, the Sun angle and ocean viewing over the trop
ical Pacific wou l d  be perfect to observe and photograph any 
spiral edd ies that existed . With two Hassel blad cameras, each 
with a d ifferent focal-length lens, Dick Covey wou ld be ready 
constantly. 

After a perfect fou r-day m i ss i o n ,  the c rew was back i n  
Houston o n  Oct. 3 ,  1 988.  I was there the next morn i ng go
ing through the photography and encou nter ing the fi rst-ever 
i m ages of open-ocean s u loys,  stretc h i n g for h u n d reds of 
mi les across the equatori a l  Pacific. I t  was d ifficult  to believe 
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d o  r�fract a lo�g either si'ae of a head l a nd ,  causing d i - cre"'( aboard the Shuttle Endeavor, Jan, 26, 7 998. 
verg ing wave. paths i n  th� embaym,yhts adjaqent to the ;.!. 
capes. The corrsequence is that most 6f the wave energy 
is G:Oncentrateg.at the he,ad lands  a �d d iss ipated along 
the beaches to.t he side. There ' is, tn'erefore, a lot of tur
bu l�nce and m ix i ng, and cras n i n giwaves at. �ea cape 
(see photo, bottom right), . 

(;\.s. an aside; headl ands' are good.places to put seWer ' 
outfa l ls so thanhe d ischarge is d i stt}buted a rap id ly as 
possiBle. Waters .i n embayments ar.e;just the opposite; 
there, mix ing and wave action are m i ld  leading to depo-' 
sition of materi,a l s  rather than d istribi:Jt ion: 'As you 
guess, however, most se�age d isPRsa l l ocatiqns have 
oeen bui lt i n  quiet bays; not at turbulent headl·ands.) 

Submarine cilnyoris th�t i ndent the shelf, with therr 
heaas c lose to the shore, create ref�action patt�rns that 
are c:>ften d i sconcert i ng tc:> the, beash i nhabit?nts, The 
oee�p water i n fhe cany�ns perm its the waV�s, to ap
p rGach the beach wi th  b a re l y  d i .m i ni shed , forward 
speeds. On either side of the cah�on,  wher� the sea 
floor is sha l l ovyer than Jq,at i n thejcanyont the wave ' 
fronts refract away froni the c a n yo n .  The e�ergy i s  
concentrated .at Jhe shore,'opposite!the canyon's head/, 
therefore, and  d i ss ipate; a long  tne'beaches 'to e ither 
s ide.,» , 

Tb6se who are unaware of the location of a canyon 
, have'bu i lt houses or p iers ;on  shore fuear its head . It i� a !-�. i 

common s ituat ion iri southern Cal iforn ia, where such 
owne�s often are surprised to find th'e i r  house/ or pier; 

',unde� attack by destruCtive waves, wh i le  ratne:!' benign 
· hlreakers str ike1the beadies just a fe}N hundred meters 
away. 

'S;;Refracting ocean swell and currents around the southern tiP of 
the island/headland Nosy Boraha on the northeast coast of 

':"Madagascar were visible to the crew of the Shuttle Atlahtis, 
May 20, 7 997, at 7 60 nautical miles altitude. ',L . ' , Y ,' / �� 
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my eyes, but the photographs were 
outstandi ng, easi ly  exa m i ned u nder 
a h igh-powered lens (see photo, p.  
44).  

Excited, I cal led Paul Scu l ly-Power 
in New London, Conn., where he was 
doing submar ine acoustic research .  
" D i c k  Covey got 'em, " I exp l oded,  
" N o, not edd ies at the Equ ator, but 
h uge, long so l i to n s .  They' re the 
acoustic barriers in  the tropics." 

Pau l ' s  respon se, " Good o n  ya, 
mate," was ind icative that a problem 
had an answer. 

About to leave for lunch, I met Dick 
Covey and the m i ss ion commander, 
Capt. Rick Hauck, as they were com
ing in to v iew the photos to prepare 
for thei r 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. Noth ing!  I took a lot of 
pictures, but I just must have 
missed anyth ing good. 

Before I cou l d  say a word, R ick  
broke in :  A continuous series of  equatorial open-ocean suloys, between 7 0  and J ON in the cen

tral Pacific, viewed from the flight deck of the Shuttle Atlantis, August 7 992. 
I 'm tel l i ng you, Bob. Both 

Dick and I spent a lot of time watching that ocean. The 
Sun's gl itter 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. F i rst, congratu lations on a great 
flight. Now, come with me into my "photo lair ." 

Cranking through the rol ls  of fi lm over the l ight table, I said, 
quickly, 

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

O.K. Here's your flat calm tropical Pacific. See that l ittle 
l ine. No, it's not a scratch on the fi lm, it is the visible 
response of an open-ocean suloy. Covered by these five 
photos, the wave-l ine was more than 500 mi les long and 
about as close to bei ng paral lel to the Equator as I can 
judge. From the the prel iminary flight data, it started about 
30 north of the Equator near the Date L ine and you 
tracked it to withi n  1 .50 north. 

" H o l y  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 a l l ." Rick's comment was the same. 

"Ah, yes." said I ,  "Serendipity rides along once again." 
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I 'm not surprised that you d idn'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 d iscussed the thought of naming them "Covey's Shears," 
but decided that even though it  was not as good as h av ing a 
freeway named after you, such as, the "John Young Express
way" in Florida. It wou ld  be difficult  to take your fam i l y  on a 
visit to a "Covey Shear." 

Once we learned that o pen-ocean s u l oys d i d  ex ist, a n d  
how they appeared from space, then observations came from 
every Shuttle crew that flew over the tropical ocean at t i mes 
when the Sun's g l itter pattern was su itable for viewi ng. Some 
of the best came from the crew of STS-46, flying in the Atlantis 
in  August 1 992 (see photo, above). Although they had a num
ber of tasks that were technical ly demand ing, there were three 
avid Earth observers aboard : the m i ss ion comma nder, Co l .  
Loren S h river, a n d  m iss ion spec ia l ists C laude N i co l l ier and 
Marsha Ivins. 

With real-time i nformation a lso com i n g  from the on-board 
video, the location of the su loy was q u ickly sent to Honolulu 
where there was a NOAA ship ready to sai l  on a tropical scien
tific cruise. It took the sh ip ·fou r  days to reach, locate, and ex-



amine waters i n  and around the su loy. Although the sh ip d id  
not encounter an extraordinary wave-l ine, the upper ocean on 
either s ide had both color, biological, and temperature differ
ences. 

One gets the fee l i ng that su loys a re about as ephemera l  
but a s  ubiq u itous as spira l  eddies, t h e  conclus ion reached by 
Commodore Maury 1 50 years ago. The more we understand 
the dyna m i cs of su loys and other near-surface ocean phe
nomena, the more we w i l l  u nderstand the Earth's  environ
ment. If  we keep working long enough, doing honorable re
search, we m ight learn what's real ly  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 1 987 to 1 995, and he worked as an oceanogra
pher for the U.S. Office of Naval Research for 20 years. A 
member of the scientific a dvisory board of 2 1  st Centu ry, 
Stevenson is the author of more than 1 00 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 valuable tool in the visual observation of the ocean from space. Sea slicks, either 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 glitter 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 Eddies: The Discovery That Changed the Face of the Oceans," 21st Cen

tury, Fall 1 998, 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 Kom p  

The direction in which astronomers 
are looking for an .answer may 
ha ve 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 

2 7  st century. 
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I n 1 967, the Vela reconnaissance sate l l i tes of the U.S.  De
fense Department made an asto n i s h i n g  d i scovery. Four  
years earl ier, an agreement had been reached bann ing nu

clear weapons testing i n  the atmosphere. The reconnaissance 
sate l l ites were supposed to mon itor Soviet compl iance with 
the agreement. It was conceivable that the Soviets cou l d  use 
near-Earth orbits for nuclear tests. S ince the race to the Moon 
had just entered its decisive phase, that was an unsettl ing pos
s i b i l ity. If there were n u c lear exp l os ions, their  gamma-ray 
flashes wou ld be visible for thousands of k i lometers. The Vela 
sate l l ites d id  pick up gamma rays, but they seemed to be com
ing from a l l  poss ib le d i rections! Had the Soviets a lready con
quered the entire solar system, and were they explod ing one 
atom bom b  after another? The existence of the mysterious 
gamma-ray bursts was kept classified for s ix years. I n  1 973,  
when there was no  longer any suspicion that the Soviets were 
beh i nd these bursts, the observations were declassified and 
made avai lable for astrophysical research. 

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

sate l l ites over the past 25 years. S ince the launching of NASA's 
Compton Gamma-Ray Observatory (CGRO) in 1 99 1 , 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 p lace twice. Because they are nei
ther close to each other, nor mobi le, mu lt iple 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 1 967 until recently, a hundred d ifferent models sought 
to explain the origin of these gamma-ray bursts. Because of the 
remarkable isotropy of the phenomenon (the bursts appear i n  
a l l  d irections, without preference) the proposed distance of the 
burst sou rces was repeated l y  pushed out :  from near-Earth 
space, to the Oort Cloud, then i nto the i nterstel lar surround
i ngs of the Solar System, then out i nto an extended spherical 
halo of our galaxy. 

A l l  of these models  co l l a psed over the course of 1 997,  
thanks to the detections of the Ita l i an-Dutch X-ray sate l l ite 
BeppoSAX, which has a gamma-ray detector on board. This  
new evidence pointed to burst sources being b i l l ions of l ight
years away. That wou ld make them the most powerful sources 
of rad iation, at the moment of their eruption, i n  the region of 
those bi l l ions of galaxies that most astrophysicists cal l  "the uni
verse." What makes this  phenomenon more puzz l i ng, is that 
according to relativity theory, a formation that erupts in frac
tions of a second cannot be larger than the d istance l ight can 
travel in the same time. Otherwise, the d isparate parts of the 
process cou ld not be in com m u n icat ion ,  a n d  wou l d  not 
"agree" on the t im ing of the eruption.  Accord ingly, at least 
some of the gamma rays must be generated with in  a rad ius of 
about 1 00 k i lometers-tiny compared to the size of a common 
star. Even for astrophysicists, who are accustomed to superla
tives, these results are difficu lt to d igest. 

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

cosmic radiation, but the atmosphere b locks out a l l  but a tiny 

fraction of it. When cosmic rays strike the outer atmospheric 
layers, they produce showers of secondary partic les that are 
able to cut through the atmosphere, frequently d isrupting ra
d io transm iss ions .  Cosmic  rad i at ion  is thus  best stud ied by 
probes above the atmosphere. 

Cosmic rays are composed pr i mar i l y  of protons, he l i um 
nuclei ,  and  e lectrons, w ith ind iv idual  partic les hav ing ener
gies of up to 1 00 bi l l ion gigaelectron volts (GeV) . That is  m i l
l ions of times more energy than can be achieved us ing parti
cle accelerators. The d i rection from which they h it the Earth 
d iscloses noth ing about the d i rection of the source because, 
instead of moving in straight l i nes, these particles are thrown 
around by interste l lar and i ntergalactic magnetic fields. 

The situation is  somewhat s i m pler in the case of the non
particle portion of cosmic rad iation, that is, electromagnetic 
waves. Of course, with extreme energies (short wavelengths), 
the observable difference between particles and e lectromag
netic waves d i sappears. The waves deposit their energies on 
the Earth's atmosphere or on a detector in d iscrete portions 
(quanta). The larger the energy, the shorter the wavel ength . 
Physicists do not use wavelength to c haracterize shortwave 
electromagnetic radiation;  i nstead, they cite the characteristic 
energy of the quantum.  The bas i c  energy u n i t  u sed is the 
e lectron volt (eV), as if the energy were that of a charged par
t icle accelerated by a h igh current. When the energy of this 
rad iat ion is  more than 5 1 1 eV, i t  tends, u nder appropr iate 
cond itions, to generate " rea l "  partic l es-pairs of e lectrons 
and their associated anti-particles, the positrons. Inversely, in  
the "pair destruction" of  a partic le  and its anti-particle, elec
tromagnetic radiation of at least 5 1 1 eV is generated. 

The most energet i c  waves (shortest wave lengths)  i n  the 
electromagnetic spectrum are cal led gamma rad iat ion .  The 
boundary with X-rays is set somewhat arbitrari ly  at the wave
length of one-hu ndredth of a nanometer, which corresponds 
approxi mate ly to one-tenth of an ato m ic d iameter. W h i l e  
cosmic X-rays are absorbed b y  Earth's atmosphere a t  a ltitudes 
of more than 40 k i lometers, gamma rad iation is more pene
trat ing. Extremely short wavelength gamm a  rays can reach 
the h ighest summits in the H imalayas. When gamma rad ia
t ion reaches the tera-electron-vo l t  (TeV) l evel ,  it produces 
cascades of secondary radiation through col l isions with parti
cles in the upper leve ls  of the atmosphere. The e lectrons so 
produced are transm itted i n  the atmosphere faster than the 
speed of l ight. The e lectromagnetic shock-front thus gener
ated, named after the Russian physicist Cerenkov, can be de
tected at the surface of the Earth .  The 1 O-Meter Optical Re
flector, the i n strument  of the G a mma- Ray Project of the 
Whipp le  Observatory near Tucson,  Ar izona, exp l o its th is  
phenomenon. It observes cosmic gamma rad iation with very 
low spatial resolution, of course, and with low sensitivity, on 
account of the background noise generated by cosm ic parti
cle rad iation. 

Gamma rays are produced by certa i n  changes in  the nu
c leus, and  they are a l so capab le  of  i nducing such changes. 
For astronomical objects, one i mportant spectral l i ne in the 
gamma region is man ifested, for example, i n  the radioactive 
decay of a l u m i nu m-26 to magnes i u m-26.  Here the energy 
per quantum of radiation is 1 .809 mega-electron-volts (MeV). 
Because a luminum-26 can on ly  be produced in quantity by 
nuclear fusion under extraordi nary cond itions, such as in the 
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process of supernova explos ions, 
and because it also decays rap id ly  
on the astro n o m i c a l  t i me-sca le  
( h a l f- l i fe 7 1 4 , 0 0 0  years ) ,  t h e  
g a m m a  s k y  at 1 . 809 M e V  tel l s  u s  
where s u c h  p rocesses h ave re
cently occurred. 

The spectra l l i n e  of rad ioactive 
a l u m i n u m  was d i scovered on ly  at 
the beg i n n i ng of the 1 980s by the 
U .S. H EAO-3 satel l ites. S i nce then, 
the gamma rad iation of a l u m i num-
2 6  i n  our sk ies has been fou n d  to 
be strongest a long the band of the 
M i lky Way, with a part icu lar  con
centration toward the center of the 
galaxy. The est imated total vol ume 
of a lumin um-26 derived from these 
observations, about two t i mes the 
mass of t h e  S u n ,  is m u c h  l a rger 
than one would expect from novae 
and supernovae. So there are, pre
su mably, other sources as wel l .  

I n  addit ion t o  matter-ant imatter 
reactions and nuclear processes, ex
tremely strong magnetic fields may 

NASA 

The Compton Gamma-Ray Observatory, as it was deployed into orbit by the Space 
Shuttle in April 1 99 7 .  

also contribute to the production of gamma rad iation . These 
fields force electrons to travel in tight spirals, which excites the 
electrons to emit gamma rad iation . This  gamma rad iation i s  
not  restricted to a spec ific wave length, but i s  sp read over a 
range. 

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

Gemi nga pulsars and the Crab nebula .  The latter arose from a 
supernova observed by Chi nese astronomers in the year 1 054. 
These are the brightest continuous gamma emitters in  the sky. 

• The galactic center is, l i kewise, a strong, continuous emit
ter. T h i s  i s  a l l  the more true for the n u c l e i  of certa i n  other 
galaxies, the so-called active galactic n uclei,  which are, how
ever, much farther away. 

• The Sun is normal ly  fair ly dark in the gamma region, but 
brightens dramatical ly  during some flare eruptions. Astronauts 
have to be protected against such emissions. 

• The most nu merous gamma sources with in  our galaxy are 
bel ieved to be double stars orbit ing each other at sLlch close 
proxim ity that gas flows from one to the other. 

• Regions in our gal axy in which stars are formed, sLlch as 
the Orion nebu la, a lso emit gamma radiation. 

• Along the M i l ky Way there i s  d iffuse gamma rad iat ion,  
which cannot be assigned to particu lar sources, and is associ
ated with the interstel lar medium.  

• After subtraction of  a l l  ind ividual  sources and the diffuse 
gamma rad iation with in  the Mi lky Way, a considerably more 
diffuse residue remains, cal led cosmic gamma background ra
d iation. The origin of this permanent, diffuse background is not 
known.  It m i ght  be caused by an i m mense n u mber of u n re
solved particu lar objects, such as active gal actic nucle i .  An
other specu lation su pposes the presence of eq ual amounts of 
matter and antimatter in  the cosmos, so that complete galaxies 
and groups of galaxies cou ld consist of antimatter. At the re-
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gions of in te rsection of matter and ant imatter, there wou l d  
then be a process o f  conti nua l  p a i r  destruction, a n d  thus the 
production of gamma radiation. 

• F i n a l ly, there are the gam m a-ray b u rsts, s u rpass i n g  a l l  
other sources in  brightness for brief moments. 

The Beginnings of Gamma Astronomy 
In addition to the inabi l ity of gamma rad iation to penetrate 

Earth's atmosphere, gamma astronomers have to deal with an
other d ifficult problem : There are neither lenses nor mi rrors for 
gamma rays.  Now and then peop le do speak loose ly  about 
gamma "telescopes," but what they are talk ing about is always 
an array of gamma detectors. Crystals  of sod i u m  iodide or ce
s ium iodide are often used, which are excited to emit l ight in 
the vis ible part of the spectrum when they are struck by gamma 
quanta (scinti l lation). Signal amplifiers are then arrayed around 
such a crystal ,  which register every sci nti l l ation a nd determine 
the energy of the i n it iating gamma quantum .  These detectors 
can 'be sh ielded on a l l  sides but one, to make them d i rectional . 
An ent i re battery of such sc int i l l at ion cou nters may be em
ployed. 

In the MeV reg ion,  other k i nds  of detectors a re req u i red.  
Above 20 MeV, the characteristic effect of gamma rad iation is 
exploited : E lectron-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 
d i rection of the gamma quanta can then be determ i ned. The 
spatial resolution of any of these detectors, usual ly on the or
der of 1 degree of arc, sti l l  leaves much to be desired. 

The fi rst satel l ite of su bstantial  s ize eq u ipped for observing 
gamma rad iat ion was NASA's SAS-2, l a u n ched i n  1 9 72 .  It 
was designed to scan the ent ire sky above 30 MeV. After 7 
months, when ha l f  of the m iss ion had been accompl i shed, 
the sate l l i te's  e n e rgy s u p p l y  q u i t .  T h e  E u ropean satel l i te 
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The sky as it appears in gamma rays of the wavelength emitted by radioactive aluminum-26. The image is marked off in galactic 
coordinates; that is, the equator indicates the plane of our galaxy, the Milky Way. Most of the radiation comes from supernova 
remnants within the Milky Way. 

COS-B went i nto orbi t  i n  1 9 7 5 . Over a per iod of 7 yea rs, 
COS-B s ucceeded in accom p l i s h i n g  a complete scan of the 
M i l ky Way at 1 00 MeV, with a spat ia l  reso l ut ion of 4.5 de
grees. 

A new phase of gamma astronomy began with NASA's 1 7-
ton Compton Gamma-Ray Observatory (CG RO), put i nto or
bit by the Space Shuttle in Apri l 1 99 1 . The CGRO is  a kind of 
heavy-weight brother of the H ubble Space Telescope with re
spons i b i l i ty for the shortwave e n d  of the e l ectromagnetic 
spectru m .  The X-ray a n d  gamma eyes of the CGRO are re
ceptive from 50 keV to 30 GeV, a wavelength range of nearly 
1 06. In its fi rst 1 8  months, the CG RO accompl ished a com
plete scan of the gamma sky with a sensit iv ity su rpass i ng a l l  
previous gamma sate l l i tes by  at  least a factor of  1 0. 

That provided good reason to hope that the puzz l i ng phe
nomenon of gamma-ray bu rsts cou ld  fi n a l l y  be exp l a i ned.  
Ident ical  sod i u m- iod ide sc int i l lat ion cou nters, des igned for 
observing short-d u ration gamma emiss ions,  are mou nted on 
e ight  s ides of the p l atform . These i n st r u m e nts, ca l led the 
Burst and Transient Source Experiment ( BATSE), form an oc
tahedral Al l-Sky Mon itor, which has the enti re sky in  view at 
a l l  t i mes. When a bu rst occ u rs a nywhere i n  the sky, the d if
fe r i n g  i m pact para m eters regi stered at t h e  e i ght  mod u l es 
make poss i b l e  a calcu lat ion of i ts d i rect ion to with i n  a few 
degrees. S imu ltaneously, a n  electronic s ignal  a lerts the other 
CGRO instruments to interrupt their  routine tasks and partici
pate in  the i nvestigation.  

At the end of the 1 980s, the overwhel m i ng majority of as
tronomers st i l l  thought that gam ma-ray bu rsts were an intra-

ga lactic affa i r. The on ly  reason for th is-but also a weighty 
one-was that the phenomenon wou l d  otherwi se enta i l  a n  
energy-fl ux density so great as t o  b e  u nexpla i nable. B u t  with 
each new burst registered by the. CGRO Al l -Sky Mon itor, one 
per day on average, it became clearer: There is no correlation 
of the phenomenon with the plane of the solar system, none 
with the d i rection of the galactic center, none with the plane 
of the M i l ky Way, and none with the posit ions of our neigh
bor ga lax ies i n  the local s u perc l u ster.  The local theory of 
gamma-ray bu rsts began to teeter, but it d id not fal l .  

BeppoSAX Makes History 
To u nderstand any celest ial  phenomenon,  it is cruc ia l  to 

study it at a l l  poss ib le  wavelengths .  What m i ght be the opti
cal or rad io manifestations accompanying gamma-ray bursts? 
It was not poss ib le  to determ ine the d i rect ion of any of the 
bu rsts registered by CGRO with sufficient prec ision to perm it 
their  stu dy with the variety of spec i a l  telescopes for longer 
wavelengths, from the H ubble to the Very Long Basel i ne Ar
ray (VL BA) radio-telescope. But  as long as a gamma sate l l ite 
can mark only a relatively large area of the sky of several de
grees square, optical telescopes confront an impossib le task, 
comparable to poi nt ing with one's fi nger at a s i ngle gra i n  of 
sand on the beach from a d i stance of 1 0  meters. 

BeppoSAX, the X-ray sate l l i te with a gam m a-ray detector 
on board, provided the fi rst opportun ity to br ing optical ob
servations to bear on gamma-ray bu rst research .  This  satel l ite, 
developed by the Ita l ian space agency ASI, with partic i pation 
of the Dutch agency N I VR, was launched in Apri l 1 996 with 
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one of NASA's Atlas-Centaur rockets. Germany's 
Max P lanck I n st i tute for Extraterrestri a l  Physics. 
provided i mportant help in cal ibrating and testing 
the X-ray optics and detectors. 

2,000 BATSE GAMMA-RAY BURSTS +90 

-90 Galactic coordinates 

-180 
The various instruments mounted on BeppoSAX 

are concentrated in the X-ray wavelength range. 
A l l  of its spec i a l  ized X-ray i nstruments a lways 
look in  the same d i rection, s ince the purpose is to 
investigate s ingle X-ray objects, such as the Crab 
nebu la.  Fortunately, BeppoSAX is a l so equipped 
with add it ional instruments that " keep the i r  eyes 
open" beyond the immediately ongoing investiga
tion. There are, for example, two identical X-ray 
wide-ang le  cameras that l ook in opposite d i rec
tions, at right angles to the momentary d i rection 
of the primary instruments. If  these primary instru
ments can be sa id to defi ne the "pole," then the 
two wide-ang le  cameras are a l ways look ing  at 
two opposite regions of the "equator" at any given 
t ime. Thei r fie l d  of v iew has a rad i u s  of 20 de-

NASA 

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 

grees, and their spatial resolution is 5 arc-minutes. 
If the wide-field cameras detect some new phenomenon, the 
primary m ission can be i nterrupted, and the primary instru
ments can be red i rected to the object in question with in 1 2  
hours or less. In  addition, BeppoSAX is equ ipped with a mon
itor for gamma-ray bursts with a t ime resol ution of one mi l 
l isecond. In contrast to  the  Al l -Sky Monitor of  the CGRO, this 
mon itor's fie ld of view i s  not the entire heavens, but only a 
band along its "equator." 

On Feb. 28, 1 997, things began to happen. The BeppoSAX 
gamma-ray mon itor regi stered an 80-second eruption i n  a 
segment of the sate l l ite's "equator," which happened to l i e  
with in  the  field of  view of  the  two wide-field cameras. That 
was the fi rst t ime the position of a gamma-ray burst was de
termi ned with i n  a few arc-m inutes. The BeppoSAX contro l 
station i n  Rome i nterrupted the pr imary m i ss ion and man
aged, with in  just 8 hours, to redi rect the highly sensitive pri
mary i nstruments toward the burst. The i nstruments d i scov
ered a rapidly attenuating source of X-rays, making it possible 
to determ ine the position with i n  1 arc-minute. That was the 
breakthrough . Astronomers at l a rge te lescopes around the 
world were informed of the success. 

Some 2 1  hours after the burst, a Dutch-American team d i
rected the 4 .2-meter Wi l l iam Herschel Telescope (La Palma, 
Canary Is lands) between the stars Aldebaran and Bel l atrix in 
Orion. For such a telescope, there a re an i mmense number 
of objects i n  a region of only a s ing le arc-m inute. Thus, an 
image of the region was prepared, and the procedu re re
peated 8 days later. There was in fact a "star" on the earl ier 
image, which had completely d i sappeared 8 days later. This 
must have been the optical  counterpart of the burst. But its 
position was now determ ined with a prec ision of 1 arc-sec
ond. 

On March 1 3, 1 997, the 3 .5-meter New Technology Tele
scope (NTI) of the European Southern Observatory (La S i l la, 
Ch i le) d iscovered a d i ffuse spot in the i mmed i ate neighbor
hood of th i s  pos it ion, wh ich  was most l i ke ly a very d i stant 
galaxy. 

On March 26, the H u bble Space Telescope went into ac
t ion. Hubble not on ly succeeded in recogniz ing the d iffuse 
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spot as a longitudina l ly  extended structure, but a lso managed 
to find the "star" prec ise ly at the position determined by the 
Wi l l iam Herschel Telescope, which cou ld no longer be seen 
by Earth-bound telescopes. It was too fai nt to obta in  a spec
trum.  On Sept. 5, 1 997, when the H u bble looked aga in, the 
object had lost bri l l iance by a factor of 5 00 s ince the begin
n ing of March .  The neighboring longitud ina l  structure, how
ever, had not changed at a l l .  

Gamma-ray astronomers had even better success with the 
1 5 -second burst reg i stered by BeppoSAX on May 8, 1 99 7 .  
Th i rty hours after detection, the 1 0-meter Keck Telescope i n  
Hawa i i  d i scovered an optica l l y  chang ing object in  the re
g ion ident ified by BeppoSAX, t h i s  t ime without hav ing to 
wait for an i mage 8 days l ater. There was a surpr i s ing 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
ta in  an optical spectrum .  U .S.  astronomers recogn ized ind i
v i d u a l  spectra l l i nes,  a n d ,  by that means ,  were a b l e  to 
measure the redshift of either the source of the burst or some 
object positioned between the source and us. 

The spectral l i nes have wavelengths 8 3 . 5  percent longer 
than the pattern of spectral l i nes i n  a l abo ratory on Earth . 
This sh ift of the l i nes toward the red ( long-wave) end of the 
vis ib le spectrum, in the case of galax ies, is usua l ly  taken as 
an approximate measure of their d i stan�e (but not a lways
see box on page 54) .  The c ited redsh i ft wou l d  mean a d i s
tance of several b i l l ion l ight-years. By itself, the optical af
terglow of the gamma-ray burst wou ld then have to have an 
i ntens ity surpass ing the brightest supernova explosions, to 
be seen in  our  so la r  system with such br ightness. This has 
given r ise to the expression "hypernova," without, however, 
shedd ing any l ight on the process i nvolved . 

Th i s  t i me, h owever, the H u b b l e  was u na b l e  to detect 
neighboring presumed galaxies. The Very Large Array radio
telescope registered a pecu l iar change of brightness in radio 
emiss ion,  a k i n d  of fl i ckeri ng, wh i c h  cou l d  not be assoc i
ated with the object with any certainty. BeppoSAX has been 
able to prov ide pos it ional  d ata for a n u m ber of addit ional  
bursts. 



What Is Behind the Gamma-Ray Bursts? 
Attempts to exp l a i n  the production of gamma-ray bu rsts 

confront the problem of having to assume a mechanism that 
releases extreme quantities of gamma rad iation with in  a d i 
ameter of on ly a few ,k i lometers and  i n  an  extremely short 
period of t ime.  Astrophysicists h ave two standard answers 
for such quest ions :  neutron stars or "black holes ,"  Both are 
thought  to be the  e n d-phase of a m ass ive star, wh ich  is 
reached after an apocalyptic catastrophe, a su perno"va ex
plosion.  The idea is that a neutron star sti l l  has a mass sev
eral times the solar mass, but that it has shru n k  to a radius of 
some 20 k i lometers: Al l  of the orbital e lectrons  have fused 
with the n uc lear protons to form neutrons,  Its density corre
sponds to that of an atomic nucleus (50 m i l l ion  tons per cu
bic centimeter) , 

Current n uc lear physics claims that a massive star, whose 
center is no longer capable of nuclear  fus ion processes for 
lack of fuel ,  col l apses to form a neutron star. If the star is suf
f ic ient ly massive,  there is no stoppi  ng the process of col
lapse, and the entire th ing d isappears i nto an i rreparable d is
rupt ion of space-t i me c u rvature,  from w h i c h  there is no  
escape-a "black hole," 

There are no astronomical observations, of course, which 
cou l d  prove these ideas, but the general theory of rel ativity 
provides the mathematics for ca lcu lat i ng such a phenome
non. 

At the end of the 1 980s, the most favored scenarios for the 
emergence of gamma-ray bu rsts were a l l  based on ideas of 
neutron star i nstabi l ities, such as these: 

• Material flows from a co-orbit ing star and is accelerated 
to nearly the speed of l ight before stri king the surface. 

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

• A magnetic i nstabil ity d ischarges; it 
is compara b l e  to the processes i n  the  
corona of  the Sun"  but  has  f.a r stronger 
magnetic fie lds ,  

. • Comet nuclei or asteroids strike the 
surface. 

Because o u r  M i l ky Way presumably  
hosts a large number of  col l apsed stars, 
one m ight wel l  imag ine  that, on aver
age, o n e  of these neutron stars wou I d  
suffer s u c h  a d i s rupt ion o n  a n y  g iven 
day, in  agreement  with the observed 
n u mber of gam m a-ray bu rsts .  But the 
Mi lky Way is d isk-shaped and looks l i ke 
a closed band in Earth's skies. It ought to 
be expected, therefore, that gamma-ray 
bu rsts wou l d  be concentrated i n  th i s  
band, However, the CGRO observations 
s i nce the beg i n n i n g  of the 1 990s have 
demonstrated the un iform distribution of 
the bursts over the entire sky. 

be located with i n  a rad ius  of on ly  a few hundred l ight-years 
of the Sun, Because the galactic plane has a, thickness of sev
eral thousand l ight-years, this arrangement might be compati
ble with the observed isotropy. This approach has a problem: 
There are surely not enough neutron stars , i n  this region to ac
count for a burst in the sky once each day. 

On the other hand,  in recent years, astrophysicists have 
come up with ever new evidence for the existence of an ex
tended shel l  around our  galaxy, in which an extremely hot 
and th in  plasma is thought to flow. This  ha lo has prov ided 
gamma-ray bu rst theorists with a n  i mportant advantage: I n  
contrast to the planar Mi lky Way, the halo i s  spherical .  Might 
the neutro n  stars i nhab i t  the h a l o ?  S i nce o u r  S u n  is  some 
30,000 l ight-years away from the center of the ga laxy, the aS7 
sumed halo neutron stars cou l d  only begin beyond a d iame
ter of at l east 200,000 l ight-years i f  the appearance of 
isotropic d i str ibut ion were to be preserved,  At such a d i s
tance, the brightness of the bu rsts, as observed at Earth, re
qu i res an energetic d ischarge in their  production that com
pares to what the S u n  generates in 1 ,000 years across the 
entire electromagnetic spectrum ,  

Even more difficu l t  t o  exp la in  was how s o  many neutron 
stars were able to get so far away from the gal actic plane. It 
was assumed that each was catapu lted out as a consequence 
of a supernova explosion of a n.eighbori ng 'star. 

If  our galaxy had such a ha lo, other ga laxies shou ld  a l so 
have halos,  So the C G RO shou ld  observe a, deviation from 
spat ia l  isotropy: a surp l u s  of bu rsts in the d i rections of our  
neighbori ng galaxies-the Andromeda nebu la  and the  Mag
el lan ic Clouds, The CGRO data show clearly that there is no 
such surplus.  

Fo l lowing the d iscoveries that BeppoSAX inaugu rated in 
1 997, the only explanation left is the "cosmological" interpre
tation, that bu rst sources are located b i l l ions  of l ight-years 

There were on ly  two ways to sa lvage 
the model of gam ma-ray bursts accord
ing to wh ich  they a re p rod uced " l o
ca l l y, "  that i s ,  i n  o u r  ga l axy.  O n  o n e  
hand, the majority of neutron stars m ight 

ESA 

The European Space Agency's gamma-ray satellite INTEGRAL is scheduled to go 
into orbit in 200 1 .  
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away. In the case of the burst of May 8, 1 997, if its d istance is 
calculated from the measured redshift, we are deal i ng with an 
explosive process in which the energy released in the gamma 
spectrum wou l d  be 1 045 jou les, and with i n  on ly  a few sec
onds. In the models just cited, on the other hand, the calcula
tion of the d isruption of equ i l ibrium of neutron stars yields en
ergies in the gamma region of only 1 031  joules. 

In one year, the Sun d i scharges 1 034 jou les spread over 
the ent i re spectru m .  The b u rst of May 8, 1 99 7  thus corre
sponds to the energy d i scharge of the Sun over 1 00 b i l l ion 
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years. Astrophys ic i sts concede that o u r  5 -b i l l ion-year-o l d  
Sun has a l ife expectancy of only 1 3  b i l l ion years. 

The models for expla i n i ng gamma-ray bu rsts favored to
day st i l l  fa l l  back on neutron stars and "black holes." These 
models are no longer based on the assumption of a disrupted 
equ i l i brium, but rather a complete destruction of a fused pa ir 
of neutron stars or  "b lack  ho les ."  A lternatively, an exotic 
variant of supernovae-explosions of extremely heavy stars 
("hypernovae")-is a l so under d iscuss ion,  i n  which almost 
a l l  of the energy is thought to be d ischarged in the gamma 
region, without it  being poss ib le  to say precisely how that is 
suppose to happe n .  In any case, a " re lativistic fi reba l l "  i s  
supposed to occur, that i s ,  a m ore or less spherical mixture 
of gamma radiation and partic les, which explodes with a ve
locity of about 99.99 percent of the velocity of l ight. 

If the fi reba l l  col l ides with mater ia l  in its v ic in ity, long
wave rad iation is  supposed to resu lt, which then accou nts 
for the optical afterglow. 

There are immense d i fficu lt ies in reconci l i ng th is  model 
with the deta i l s  of the observed phenomenon. A calcu lation 
of such a crash of neutron stars or "black holes" on the basis 
of the usua l  phys ics  y ie lds  e nergies of the  order of 1 046 
jou l es, but not a suffic ient  y ie ld  i n  the gamma part of the 
spectrum .  Efficiency i n  the production of gamma rad iation 
above 1 percent seems to be unac h ievab le  without making 
artific ia l  assumptions. 

The resu l t  becomes even worse wi th  the u n avoidab le  
pol l ution of  the  fireba l l  with protons and neutrons. It is as
sumed that th is  "d i rt" is d ischarged to i nterste l l a r  mater ia l  
i n  the above ment ioned co l l i s ion ,  and contr ibutes to the 
production of gamma rad iation .  B ut, than ks to BeppoSAX, 
it  has been poss ib le  to demonstrate unequ ivoca l ly that at 
least some of the gamma-ray bursts exhib i t  no afterglow i n  
t h e  l o nger wav e l e n gt h s  a t  a l l .  I n  other  words, t h e  b u rst 
does not depend upon materia l  in its v ic in ity: I t  can func
tion without it. 

Another problem that theorists confront has to do with the 
pecu l iar processes of the observed gamma rad iation over the 
cont inuous gamma spectrum ,  which d oes not q u ite 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 sate l l ite i nto Earth orbit in the year 
2001 , either with a Russ ian Proton rocket or an Ar iane 5 .  
The 3 ,600-kg I NTEGRAL ( I nternationa l  Gamm a- Ray Astro
phys ics Laboratory) ,  i n  an eccentr ic o rb it, w i l l  c i rc l e  the 
Earth every 2 days. I NTEG RAL w i l l  cover the region of the 
e lectromagnetic spectru m from 1 5  keV and 1 0  MeV, and 
wi l l  thus have a far h igher sens it iv ity than ear l ie r  gamma 
sate l l ites. The specialty of  I NTEG RAL wi l l  be the production 
of spectra with h igher reso l ut ion and gamma i mages with 
greater spatial resol ution (1 2 arc-minutes). Fourteen member 
nations of ESA are partic ipating, as wel l  as the U n ited States 
(NASA), Russia, and Poland. 

S ince the fie l d  of v iew of the I N TEG RAL spectrometer i s  
about 1 6  degrees, q u ite a few gamma-ray bursts wi l l  be cap
tured over the 5 years of the expected l ife of the sate l l ite. I n  
addition to gamma-ray bursts, the scientific priorities o f  the 
I NTEGRAL mission are: 



• The study of the explosive n uclear fu
s i o n  processes i n  s u pernovae of Type I .  
I NTEGRAL w i l l  be able to identify them by 
using the spectral l i ne  of coba lt-56 up to d is
tances of some 50 m i l l ion l ight-years. 

• A su rvey of .near ly a l l  the rem n a nts of 
supernovae that have exploded in the Mi lky 
Way i n  the past  3 0 Q  years. They a re de
tectable i n  the radiation of the t i ta n i u m-44 
spectral l ine. 

• Determ i n at i o n  of l ocatio n s  in o u r  
gal axy a t  w h i ch n uclear  synthes i s  h a s  oc
curred on  a l a rge scale with i n  the last m i l 
l ion years. Here t h e  a l um inum-2 6  spectral 
l i ne is exp.loited. 

• I nvestigation of active galactic nuclei  i n  
a broad spectral region.  

• Spectra l a n a l y s i s  of the ga lact ic  n u 
cleus. 

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

NASA Another m i lestone in  gamma astronomy is 
the NASA project G LAST (Gamma-Ray Large 
Area Space Telescope), now i n  the i n i t ia l · 
stages of study. The 3-ton telescope is to be 
sent into Earth-orbit at an altitude of 600 km 

The 1 DeMeter Optical Reflector is the instrument of the Gamma-Ray Project of 
the Whipple Observatory near Tucson, Arizona. It detects Cerenkov radiation 
produced by gamma rays in the TeV range striking the upper atmosphere. 

with a Delta II rocket, and wi l l  scan the gamma sky with o n
precedented sens i t ivity. The spectral reg ion  access ib le  to 
GLAST runs from 1 0  MeV to 300 GeV, beginn ing 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 sate l l i tes-and the extreme 
gamma raQiation 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 
wi l l  discover some 200 to 300 gamma-ray bursts per year, and 
wi l l  be able to localize about half of them to with in 1 0  arc-min
utes. GLAST wi l 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 1 O-meter W h i p p l e  i nstru ment, newly 
bu i l t  or now under construction, are most promis i ng.  They 
wil l  register shock waves in  Earth's atmosphere caused by ex
tremely-short-wavelength gamma rad iation.  The entire atmo
sphere functions here a lmost l i ke a giant scinti l l ator. A pro
posal for one such i nstrument, the MAG IC Telescope, was 
made by the Max P lanck I n st itute for Physics in Mun ich in  
1. 998 : this instrument is to  have a d iameter of  1 7  meters and 
be at least 1 5  t imes more sensitive than the Whipple i nstru
ment. Although these Earth-bound stations also study numer
ous other phenomena of the gamma sky, they have a crucial  
role to p lay in solv ing the puzzle of gamma-ray bursts. If  the 
Cerenkov cou nters shou ld  register an i mpact in the atmo
sphere in the TeV region, whi le  space-based sate l l ites s imul 
taneous ly reg i ster a gamma ray burst i n  the same region of 
the sky, this it wou ld  be a severe blow agai nst the cosmologi
cal i nterpretation of the phenomenon . O uter space ought to 
be impenetrab le  to gamma rad i at ion i n  the TeV reg ion,  at 
least over d istances of b i l l ions  of l ight-years and  more, be
cause of the absorpt ion of the i nterg a l actic med i u m .  That 

wou ld  l eave the theoret i c i a n s  sta n d i n g  there with em pty 
hands,  and  the so lut ion  wou l d  req u i re n ew pr i n c i p les of 
physics or astronomy. 

Coda 
In May 1 998, newspapers a l l over the world publ ished sen

sational, front-page headl i nes about a h ighly dramatic gamma 
ray burst. These resu lts, announced by astronomers at Kitt Peak 
Observatory in Arizona and the Keck Telescope in Hawa i i  on 
May 6, 1 998, were welcomed with head l i nes such as "The 
B iggest Explosion S i nce the B ig Bang ."  This bu rst i n  the B ig  
Dipper constel lation had been detected by  BeppoSAX on Dec. 
1 4, 1 997 .  The Arizona observatory had regi stered an optical 
afterglow only 1 2  hours after the burst. One hour later, as
tronomer Shr in ivas K u l karni  and h i s  team at the Keck Tele
scope also observed a faintly glowing nebula in the immed iate 
vicin ity of the burst. The spectrum of this nebu la  corresponds 
to that of a galaxy with a high rate of star formation.  It mani
fests, however, a very high redsh ift (z = 3 .42),  far su rpassing 
the redshift of the presumed galaxy of origin of the gamma ray 
burst of May 8, 1 997  (z = 0.835) .  The d istance of the galaxy 
was estimated at 1 2  bi l l ion l ight-years, so that the burst must 
have d ischarged 3 x 1 046 jou les of energy. From the stand
point of a l l  of the models, this just goes too far. At the May 6, 
1 998, press conference at NASA Headquarters in Wash ing
ton, D.C. ,  Kulkarn i recited all €lf the usual attempts at an ex
p l anat ion,  from " b l ac k  h o les"  to " hypernovas . "  Then he 
added, that here we have such an extreme phenomenon, that 
we might wel l  be deal ing with "someth ing completely u nex
pected and perhaps far more exotic." 

Lothar Komp is an editor of the German-language magazine 
Fusion, and an economics writer for the Executive I ntel l igence 
Review. This article first appeared in Fusion, Vol. 1 9, No. 2, 
1 998, and was translated into English by George Gregory. 
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by Marsha F reeman 

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

Thirty years ago, on July 20, 1 969, the first Apol lo astronauts 
landed on the Moon, within  the timeframe President John 
F .  Kennedy had proposed eight years earl ier, of a l unar 

landing before the end of the 1 960s. To ach ieve th is goal, the 
National Aeronautics and Space Admin istration (NASA) pushed 
to the l imit the propulsion technology that had been under devel
opment before World War I I ,  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 mu ltipurpose 
research and development faci l ity, which can function, scien
tifica l ly 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 2 1  st century shou ld be. 

There are some who have chosen to look back, rather than 
forward, having succumbed to the demoral ization of the past 
30 years s i nce the end of the Apo l lo  program. Mars Society 
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founder, Dr. Robert Zubr in,  for example, is  convinced that 
there w i l l  be no return to the central p l a n n i ng of vis ionary 
space miss ions that existed i n  the 1 960s.  Asserti ng that the 
American people are "bored" with the Moon ("been there, 
done that"), Zubrin has proposed a series of gimmicks to en
tice congress ional  support for a "more sexy" manned Mars 
approach, whose m a i n  sel l i n g  point is that it wi l l  be qu ick 
and cheap. 

Such an approach assumes the avai labil ity and use of Apollo
era hardware; Zubrin i nsists that the old Saturn V rocket cou ld 
be resurrected . Aside from the fact that today Saturn V rockets 
exist only i n  museums, and it is estimated that it wou ld take 1 0  
years and $ 1 0  b i l l ion 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. 



in 1 96 1, did not bel ieve that chemical propu lsion systems were 
the future of the U . S .  s pace p rogra m .  Speak ing  on May 2 5 ,  
1 961 , in  h is  "Specia l  Message to the Congress on U rgent Na
tional Needs," Kennedy outl i ned his lunar program and then re
quested "an additional $23  m i l l ion, together with the $7 mi l
l ion already avai lable, to  accelerate development of  the Rover 
nuclear rocket." The President stated : 

when mankind moved from foot power and unpowered water 
transport, to horse power, the i nternal combustion engi ne, 
and, fi nal ly, to jet power and electric propu lsion : We w i l l  be 
able to go farther, go faster, and carry more cargo. 

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. 

Travel in space, as anywhere else, requ i res large amou nts of 
en ergy . Today's  rockets u se the energy l i berated from the 
burn i ng of chemical fuels  to provide the th rust to move i nto 
space. But the density of the energy released from a nuclear 
f iss ion,  or n u c l ea r  fu s i o n ,  react ion i s  o rders of magni tude 

B etween 1 9 5 9  and 1 97 2 ,  the U n i ted States 
made what i n  today's dol lars would be a $ 1 0  bi l
l ion investment to design, develop, and test the 
worl d ' s  fi rst space n uc lear reacto rs .  A l though 
very successfu l ,  the space n u c lear  propu l s i o n  
p rogram carr ied o u t  by N ASA and the Ato m i c  
E n ergy C o m m i s s i o n  w a s  term i n ated i n  e a r l y  
1 973, when fai led economic pol ic ies led to sav
age cuts in NASA's budget, removing l unar colo
n ization and man ned m issions to Mars from the 
nation's space agenda. 

Today, the t ime is near  when we s h o u l d  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 enab l i n g  technologies 
not on Iy  to travel to the Moon, but to I ive and 
work there .  O n l y  t h i s  w i l l  lay the bas i s  fo r 
manned m i ssions to Mars. 

Why Nuclear? 
The move from chem i c a l  energy to n u c lear  

power wi l l  be  a quantum leap advance i n  space 
propulsion, s imi lar to the advances that occurred 
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SPECIFIC IMPULSE AND POWER: COMPARING 
PERFORMANCE OF PROPULSION TECHNOLOGI ES 

The improved performance of the near-term solid-core nuclear ther
mal reactor over chemical propulsion is seen in this comparison of 
specific impulse and power parameters for various technologies, 
and the directions needed for the future. 
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mance parameters of a propulsion system is  the specific im- Using nuclear fission, it
' 
i s  possible to obtain h igh thrust by 

pulse, wh ich provides a measure. of the efficiency of the expel l ing a relatively small  amount of mass, at very h igh ve-
thrust produced by,an engine, for a given amount of propel- 10citY, 'up to 1 0,000 meters per secO:Pd> . ,, ' 
laQe l!sed, penecorid. Specific impu lse i s  dependent upon ' ;!n'addition to specific : i mpulse (tHE.'! efficiency of. 'i:he fuel}, 
the velocity of the mass produced as 'exhaust. The specific and .thrust (the total "push" power of the system), the engine 

. impulse of the Space Shuttle l i q u id hydrogen/l iquid oxygen shou ld be designed .so that the thrust-ta-weight ratio al lows 
engines i s  about 450 seconds. Systems using onboard electric acceleration levels appropriate for d i fferent m issions. The 
power, solar enE.'!rgy, or bea,med laser power for 'prop'u ls ion thrust-to-weight rat io  descri bes the ' number of pounds of 
ca0.'re�\:ch spe�ific impu Ise mea,s u rements bet

,
ween 1',000 for�e per pound 

.
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';':'.:�'j ' "  . , .,. and l O,OOO .seconds.. , <" Colonizing space necessitates fam i l ies of new' lauric h ve-
But h igh specific i mpulse alone does not make a propul- h icles. Propul s ion systems for m anned spacefl ight should 

sion system. The thrust that i s  produced by any propu ls ion .be optimized to move people as exped itiously as possible, 
system is  the product of both the propel lant velocitY and the which 'requ i res a trade-off with the amount of freight fbn
mass f/ow rate oJ the' exh�tist. In. the m a i n  engines of the n.ag�. that can be ,aboard: Cargo'v�r ic les shou l,d be opti
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higher. Dr .  Stan ley Borowski from NASA's Lewis Research 
Center (wh ich was recently renamed for former Senator and 
astronaut John G lenn), points out that an equ ivalent amount of 
energy would be released from 1 3  tons of l iquid hydrogen and 
oxygen, 2 . 0  grams of u ran i u m, .5  gram of deu-

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

terium (as a fusion fuel) ,  and .02 grams of equal 
parts of hydrogen and anti hydrogen (See table, p. 
59, and Figure 1 ) . 

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

With the goal of maximizing the parameters for 
propuls ion engine efficiency us ing nuc lear 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 wou ld be inefficient (and backwards) to 
plan to move mankind into space using the chem
ical propulsion systems of the Apol lo era. We wi l l  
need to  take many more than  th ree peop le per 
trip, and many tons more of suppl ies than those 
for a few-day stay. 

Us ing nuclear energy technology i n  space is 
not an untested concept. Du ring the space nu
clear program of the 1 960s, NASA designed, bui lt, 
and tested 2 0  rocket reactors . The Rover and 
NERVA (Nuclear Engine for Rocket Vehicle Appli
cation) programs demonstrated the feas ib i l ity of 
space nuclear power, testing a wide range of en-
g ine s izes, u s i ng l iq u i d  hyd rogen as both the 
coolant for the reactor, and the propel lant, ex-
pelled to create thrust. 

A few years after the start of the nuc lear rocket 
program in the Un ited States, a simi lar effort was 
i n it iated i n  the former Soviet U n ion .  Although 
there were no integrated engine system tests con
ducted, nuclear and non-nuclear subsystems tests, 
i n c l u d i ng fuel element and reactor tests, were 
conducted at the Semipalati nsk fac i l ity in Kaza
khstan .  H igh-temperature fuel elements made of 
carbide composites were developed, capable of 
producing hydrogen exhaust temperatures h igher 
than 3,000 K, or about 500 degrees more than the 
best NERVA fuel elements. 

Ten years ago, d u ring the celebration for the 
20th anniversary of the fi rst l unar 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 i nvestigat ing various technology options 
for reaching these goals. 

A New Generation Nuclear Thermal Rocket 
I n  1 992, NASA's Nuc lear Propulsion Office at 

the Lewis Research Center i n  Ohio funded a joint 
program with the experts in the Un ited States and 
the former-Soviet nations to design a smal l ,  ad
vanced Nuclear Thermal Rocket (NTR) engine (Fig
ure 2). The team included experts from Aerojet, the 
U .S.  nuclear suppl ier Babcock & Wilcox, and a 
Commonwealth of Independent States (CIS) con-
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Turbines 
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. 

Cryogenic H-2 propellant tank 
Generator 

exchanger 

I 
I 

Refrigeration 
- - - - - -_ Power conditioning 

Thermal propulsion 
Figure 3 

I I 
l �""--
I I 
I L  .... --
l _ _ _  � 

MOVI NG TO A 'BIMODAL' NUClEAR 
THERMAL REACTOR STAGE 

Or. 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 cou ld be adjusted ac
cord ing to the desi red exhaust temperature. The proposed en
gine was designed for a specific impu l se of 940 to 960 sec
onds, about double that of today's advanced l iqu id hydrogen 
chemical engines. Reactor tests at Semipalatinsk demonstrated 
hydrogen propel lant exhaust temperatures of 3,1 00 K for more 
than 1 hour, and 2,000 K for 2,000 hours. 

In 1 9 9 3 ,  the U . S .  part ic ipants in the program suggested 
that a jo int effort wou l d  br ing s ign if icant benefits to a l l  the 
countries i nvolved . Using the existing CIS test fac i l ities would 
mean that the U n i ted States wou l d  not have to spend t ime 
and resources to dupl icate them . The economic situation of 
the Russian and other CIS scientists and engineers wou ld be 
improved, and the i r  expertise put to good use. By the end of 
the Bush adm i n i stration, however, it was c lear  that neither 
the White House nor the Congress was w i l l ing to pay for any 

Hydrogen Coolant! propellant 

Reactor core 

Subsonic Hot H-2 injection 
Figure 4 

visionary manned space program, and the nuclear propu lsion 
research was agai n  put on a back burner. 

Despite this situation, a team of experts led by Dr. Stan ley 
Borowski from NASA Lewis Research Center, wanted to en
sure that when the n at ion made the decis ion to go back to 
the Moon,  nuc l ear  prop u l s ion  wou ld  be ser ious ly  cons id
ered, because it i s  far  superior to chemical  propu ls ion or to 
various low-thrust options that are less attractive for manned 
space travel .  Over the past five years, Borowski 's team h as 
greatly extended the capabi l it ies of the CIS N uclear Thermal 
Rocket design. 

Every spacecraft in operat ion today, whether man ned or 
not, req u i res an on-board e l ectr i c i ty supp ly  to power the 
electronics, computers, and scientific instruments for the m is
sion. In the case of the Space Shuttle, chemical fuel cel l s  pro
vide this energy, which is requ i red not on ly for spacecraft op
erations  but  a l so for l i fe s u pport .  Spacecraft w ith l onger 

Supersonic 
• combustion and thrust augmentation 
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m ission times i n  Earth or
b it, such  as  the R u s s i a n  
M i r  space stat ion,  t h e  I n 
ternationa l  Space Stat ion, 
commerci a l  com m u n ica
tions and other sate l l ites, 
a n d  near-Earth sc ient if ic 
sate l l ites carry l arge solar  
a rrays that  convert so lar  
energy i nto e lectricity. 

AUGMENTI NG THE N UClEAR ENGI N E  WITH OXYGEN 

Outer So lar  System ro
botic space probes, such 
as the Gal  i leo spacecraft 
wh ich  is orb it ing J up i te r, 
or the Cass i n i  spacecraft 
on its way to Saturn, carry The Borowski team has also developed a "trimodal" design for the nuclear thermal 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 hydrogen and oxy
gen combust spontaneously. 

THE TRADE-OFF BETWEEN THRUST AND SPECIFIC IMPULSE Specific impulse (seconds) Life (hours) 5 10 35 Tankage Thrust!weight Temperature (K) 2,900 2,800 2,600 fraction (%) ratio Oxygen! hydrogen ratio 0.0 941 925 891 14.0 3.0 1 .0 772 762 741 7.4 4.8 3.0 647 642 631 4.1 8.2 5.0 576 573 566 3.0 1 1 .0 7.0 514 512 508 2.5 13.1 
In the liquid-oxygen-augmented nuclear thermal rocket design, an increasing 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 the specific im
pulse of the system, by slowing down the exhaust. 

The table demonstrates that while the specific impulse decreases by about 45 percent, 
from about 940 to 5 7 5  seconds, if the ratio of oxygen/hydrogen is 7. 0, the engine thrust-to
weight ratio increases by nearly 440 percent. This increased thrust through oxygen augmen
tation, Or. Borowski states, means that "big engine" performance can be obtained with 
small nuclear engines. 

. a few pounds of rad ioac-
tive i sotopes wh ich  pro
d uce heat as  they decay, 
and  t h i s  energy can  be 
conve rted to very sma l l  
amounts of electricity, ad
equate to power the i nstru
ments on board. But if nu
clear energy is used as the 
propu l s i o n  system of to
morrow's l unar vehicles, a 
ready supply of e lectricity 
for use on board can be 
p rod uced from the same 
reactor that i s  power ing 
the engines. 

Borowsk i  suggests that 
the n uclear-powered sub
marine, i n  which the reac
tor h eat prod uces h igh
pressu re steam to dr ive 
turbines for the sh ips pro
pe l ler  and  turb i nes that 
produce a l l  of the sh ip ' s  
electricity, is a good model 
for extend i n g  the d uty of 
the n u c l ear  reactor on a 
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(a) Expendable chemical rocket (LOXlLH-2) (c) Reusable NTR (LH-2 only) (d) Reusable LANTR LTV with Lunox (e) 24-hour shuttle, Reusable LANTR with Lunox 
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Figure 5 
RELATIVE SIZE AND MASS FOR CHEMICAL AND N UCLEAR 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 1 32 tons of initial mass in low-farth-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 farth, 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 1 4  tons of terrestrial hydrogen, needed for the chemical propulsion systems of the lunar vehicles. If 
hydrogen wer.e 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-hoLir lunar shuttle design, where the LANTR propulsion 
system and lunar oxygen are in use. Payload capability is 1 5  tons, with increased thrust used to decrease the trip time, 
making possible one-day trips to the Moon. 

spacecraft. Bimodal operation of a sol id core Nuclear Thermal 
Rocket is possible, producing both propulsive force and elec
tricity, because the rocket contains substantial ly more fuel in its 
core than it consumes i n  its propu lsion mode (Figure 3) .  The 
engine can be reconfigured, accord i ng to Borowski, so that 
substantial electrical power can be generated for the on-board 
spacecraft systems, inc luding the active refrigeration of l iquid 
hydrogen propel lant, l ife 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 

propu lsion, and take advantage of an array of techn iques that 
m ight be combined, Borowski and h is  col leagues developed 
the innovative "trimodal" Nuclear Thermal Rocket concept. I n  
addit ion t o  provid i ng t h e  energy for t h e  primary propu ls ion 
system, and on-board electrical power for the spacecraft, they 
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propose augmenting engine thrust using a supersonic oxygen 
afterburner nozzle. 

In this configuration, l iqu id oxygen wou l d  be i njected into 
the bel l-shaped section of the engine, where the hydrogen pro
pel lant has been accelerated to supersonic speeds. After injec
tion, the low-mass, h igh-velocity hyd rogen and the h igher
mass oxygen wou l d  burn spontaneously,  adding both mass 
and chemical energy to the rocket exhaust to increase thrust. 
The substitut ion of h igh-density l iq u id oxygen in p lace of 
lower-density l iq u id hydrogen increases the mass flow, and 
a lso reduces the mass and tank volume requ i red for the pro
pel lant, leading to smal ler space veh icles.  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 i ncreasing thrust and reduc ing vehicle size, 
the L iq u i d -Oxygen Augmented N uc l ea r  Thermal  Rocket 
(LANTR) introduces add itiona l flex i b i l ity to the operation of 



the entire system (F igure 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 engi ne thrust-to-weight rat io in
creases by about 400 percent, whi le  the penalty i n  reduced 
specific impulse is only about 45 percent. 

The higher thrust values translate into shorter burn times for 
the nuc lear engi ne to i mpart a req u i red velocity, which ex
tends the l i fetime of the engine itself. 

The flex ib i l ity i ntroduced by this l iqu id  oxygen augmenta
tion al lows the same basic propulsion system to be used among 
a fami ly  of veh icles with a variety of m ission goa ls .  The next 
quantum leap wou l d  be to avo i d  carry i ng the oxygen from 
Earth along in the spacecraft, but, l i ke the scramjet, to be able 
to find it on the fly. 

The lunar Fill ing Station 
There is l i ttle doubt that the first l unar resource that wi l l  be 

exp lo i ted for operat iona l  p u rposes 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 l unar oxy
gen from the soi l , or regol ith,' genera l ly conceived to be used 
as the oxidant for chemical propu lS ion systems. But lunar-de
rived oxygen can also dramatica l ly improve the capabi l ities of 
the l iquid-oxygen augmented Nuclear Thermal Rocket (LANTR) 
system. Any use of "local" resources on the Moon increases the 
payload capabi l ity of the transport system, which does not have 
to carry a l l  of its consumables from Earth. 

In the plan by Borowski et a I ., the use of nuclear propu lsion 
technology wou l d  be evo l ut ionary, start ing  with an unaug
mented, expendable N uclear Thermal Rocket system (Figure 
5).  This wou ld max im ize the payload del ivery to the su rface, 
while min imizing the in itial mass that must be launched from 
the Earth's surface to orbit. Because of the doubl ing of specific 
impulse using nuc lear thermal,  rather than chemical propul
s ion technology, the amount of payload that can be delivered 
to the lunar su rface is 80 percent larger than that of chemical 
systems, for the same in it ial mass i n  low-Earth-orbit. This wi l l  

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

translate d i rectly i nto the reduced amount of t ime necessary 
for establ ishing advanced resource development, manufactur
ing, and l iv ing faci l ities on the Moon. The increased payload 
capabi l ity of the nuclear transport veh icles wi l l  a l low the de
l ivery of modular lunar oxygen production faci l ities to the sur
face of the Moon. 

The fi rst use of l u nar  oxygen wou l d  be to fuel the l u nar  
land ing veh ic les, which w i l l  make the rou n d  tr ip from the 
su rface of the Moon to the l u nar  transportation veh icle in lu
nar orbit. This wi l l  red uce the amount of l i qu id  oxygen that 
must be carried from Earth orbit .  As l u nar-derived oxygen 
became read i ly avai lab le, reusab le oxygen-augmented nu
c lear  engi nes wou l d  come on  l i ne, i n creas ing  the  payload 
throughput of the entire system. Borowski and his team esti
mate that with a reusab le  n u c l ear  l u nar  transport veh ic le, 
400 percent more payload cou l d  be del ivered on each round 
trip mission .  

J udging from the results so far from the Lunar Prospector or
bital m ission, there is also the possib i l ity of exploit ing the de
posits of water ice at the Moon's poles, to procure the l iqu id  
hydrogen needed as  a reactor coolant and exhaust propel lant 
for the nuclear propulsion engines. 

Once the l iqu id-oxygen augmented " reverse scramjet" sys
tem were added, the effective specific impu lse of the engine 
can be potential ly doubled again to 1 ,500 to 2,000 seconds, or 
th ree to four  times the efficiency of chemical propu ls ion sys
tems. In order to del iver an equ ivalent amount of cargo to the 
Moon, a chemical propu l S ion system wou ld  have to del iver 
three times as much mass to low-Earth orbit. SpeCifiC impu lse 
parameters at this level previously had been prOjected only for 
advanced second-generation gaseous core nuclear reactor sys
tems; however, with the LANTR, they can be obtained using 
the near-term sol id core nuclear technology and in situ propel
lant  techno logies that have a l ready been developed a n d  
demonstrated here o n  Earth. 

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

signed is to "grow" an in it ia l  l unar  outpost i nto "permanent 
settlements staffed by vis it ing scientists and engineers repre
senting both government and private commercial ventures." 
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The l i q u id-oxygen-aug
mented nuc lear 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 
envi ronment of space for as 
l ittle time as possible should 
be one criterion in  evaluating 
any particular propulsion sys
tem. 

This nuclear l u nar  shuttle 
spacecraft wou l d  start i ts  
jou rney in E a rth-orb it ,  
where it wou l d  fi l l  up  with 
l iqu id  hydrogen and l iq u i d  
oxygen a t  a prope l lant  de
pot. The total eng ine  burn 
t i me for the h igh-ve loc ity 
quick transit to the Moon is 
j ust under 47 m i nutes. Be
cause the e n g i n e  i s  de-
s igned for a 34 .5  hour I ife
t i me,  the l i q u i d -oxygen
augmented nuc lear  eng ine 
cou ld make about 44 rou nd 
trip miss ions to the Moon.  

The trip, as envisioned i n  
the LANTR program, wou ld 
start with a r ide on the Space 
Shuttle or s i m i la r  future ve-
hicle, to the Earth-orbital In-

Opportunity 1 (201 1 ): 2 flights backup entry capsule (propulsive :=H: Mars 
� 

Return habitat, Bimodal NTR stage, � . 

_____________ production, Surface .:;. Cargo 1 __ capture to 1 Sol orbit) Ascent vehicle, Prop IA. Earth exploration gear, .. . Inflatable habitat skin, Cargo de�ivered to low- Surface nuclear power Earth-orbit on Magnum, (direct entry to surface) *,.. . . . . . . . rendezvous with Bimodal NTR .'";�J" 
� . OPPO:::�:f::

2
e::::�d

1
t:lli�::arth_ :/ /:�' G •.. :" .. .. M.�.· ,�.: .. . 'l",�.:1 \ orbit in Shuttle or other vehicle -+--+ _ . Outbound habitat delivered to low-Earth-orbit on Magnum, Crew of 6 delivered to Discard one Crew low-Earth-orbit in Shuttle or other vehicle ascends Both rendezvous with Bimodal NTR capsule before TEl ' .  .. .return " Return 

��.� .. : -.'----Crew direct enters in capsule, Apollo-style, Earth Return habitat is discarded 
Figure 6 

GOING TO MARS WITH N UCLEAR PROPULSION 

. habitat in �
�:

ule 

-
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. 

ternational Space Station. There, passengers would enter their 
transport modu le, to be brought to low-Earth-orbit inside the 
Space Shuttle. The passenger transport mod u le provides the 
"brains" for the nuclear shuttle veh icle, and l ife support for the 
1 8  passengers and two crew members dur ing their  24-hour 
journey. 

and readied for fl ight in about seven years, at a cost of about 
$ 1 .5 bi l l ion.  It would be the bu i ld ing block for a mu lti-engine 
lunar  transport veh ic le, l ater to be augmented with oxygen 
combust ion,  and  eventua l ly,  to use oxygen m i ned on the 
Moo n .  After a tryout period, in wh i c h  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
mand ing task-manned missions to Mars. 

After leaving the space station, the passenger transport mod
ule wou ld dock with the nuclear shuttle, which would be wait
ing a d i stance 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 l unar orbit, the passenger modu le 
wou ld 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 land ing veh icle with l iqu id  hydrogen brought from 
Earth (assu m i ng hydrogen from the ice on the Moon is not 
used), which is needed in its chemical propu lsion system to 
del iver the passenger transport module to the lunar surface. Af
ter land ing on  the surface, the passenger transport modu l e  
wou ld be placed o n  a "flatbed" surface veh icle for transport to 
the lunar settlement. 

Dr. Borowski has estimated that a sma l l  advanced Nuclear 
Thermal Rocket engine cou ld  be developed, grou nd tested, 
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A Family of Nuclear Vehicles for Mars 
I n  a techn ica l  memorandum publ ished at the end of l ast 

year,2 Drs .  Borowski  and Leon a rd D u d z i ns k i  from NASA 
Lewis, and Mel issa McGu i re from Analex Corporation, pre
sented a comprehensive plan for how to accompl ish the goals 
of a Design Reference Mission to Mars that has been promul
gated by NASA, us ing nuclear thermal rather than chemical 
propu lsion . 

One NASA Design Reference Mission considers the use of 
an expendable trans-Mars injection stage powered by Nuclear 
Thermal Rocket engines. But Borowski et a l .  propose that the 
d i sposal of the NTR engine after a s ingle use is a "costly and 
ineffic ient use of this h igh performance stage." I n stead, they 
propose a "fa m i ly of mod u l a r  'b imod a l '  N uc lear  Thermal 
Rocket vehicles," which use a common "core stage," powered 
by three 1 5,OOO-pound thrust engines based on the CIS design 
(Figure 6). These would also produce 50kW of electrical power 
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crew, by carrying along a sec
o n d ,  back- u p  Earth-retu rn  
caps u l e .  The fi rst one wou l d  
have been d e l  ivered i n a pre
ced i n g  u nmanned cargo mis
s ion . If the crew, for any rea
son,  can not l and  on Mars to 
retri eve the fi rst return  cap
su le, i n  th is p lan,  they wou l d  
have t h e  spare return capsu le  
ava i lable.  

The  b i moda l  n uc l ear en
g i ne, which wi l l  stay i n  Mars 
orbit after the lander takes the 
c rew or the cargo to the sur
face, can produce e lectr ic ity 
for orb i ta l  fu nctions,  i n c l ud
i ng com m u n icat ions  wi th  
Earth. I t  wi l l  a lso prov ide the 
stage that wi I I  retu rn the crew 
to Earth at the compl et ion of 
its stay on Mars. 

N UClEAR POWER TO OPEN THE SOLAR SYSTEM The man ned Mars m issions 
that are bei ng developed now 
are l i m ited by the budgetary 
constra i nts that the space 
agency l eaders h i p  be l ieves 
wi l l  persist i nto the future. It is  

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

for crew l ife support and other requirements aboard the space
ship.  Some of the advantages in th i s  m ission design are that 
fewer d ifferent transportation system e lements are requ i red, 
the in itial mass in low-Earth orbit is  reduced, and space opera
tions are s impl ified. 

Currently, NASA's Mars Exploration Study Team is assess
ing a variety of m ission arch itectures and transportation op
tions for conducting a manned m ission to Mars in the time
frame of year 20 1 4 . I n  genera l  o u t l i ne ,  the  propos a l  is 
centered on spl it  cargo-pi loted m issions, and in situ produc
t ion of prope l l ant on Mars's s u rface.  Two cargo m iss ions 
wou l d  l a u n c h  in  November 2 0 1 1 ,  p reced i n g  the manned 
launch i n  201 4. 

Borowski 's team at NASA Lewis has devel oped an " p l l  
NTR" Mars mission option, based on us ing standardized en
g ine and other components (F igure 7) .  Safety and flexib i l ity 
are enhanced with this modu lar approach, veh icle design and 
assembly are simpl ified, and costs are reduced . 

The first step i n  the manned m i ssion is to del iver the com
mon-core stage of the N uclear Thermal Rocket to low-Earth
orbit on an 80-ton payload launch  veh ic le, d ubbed "Mag
n u m , "  wh ich  has been proposed by N ASA for its stud ies .  
Approximate ly 30 days later, a second Magnu m  launch  w i l l  
del iver a structural truss, propel lant tank, habitat modu le, and 
consumables to low-Earth-orbit, where rendezvous and dock
ing with the core stage takes place. A reusable Shuttle or s imi
lar vehicle wi l l  then del iver the crew. 

Because the nuclear-core stage has a h igher performance 
capabi l ity than comparable chemical propu lsion systems, it 
wi l l  be possi b l e  to decrease the risk of the m iss ion  to the 

poss ible,  with addit ional fuel 
taken to l ow-Earth-o rbit ,  to 

trade off some of the cargo on the manned m ission in  order 
to decrease the trip time to Mars. For the health and wel l-be
ing of the crew, this wou ld be the most desirable option. 

Tomorrow's Technology Today 
N uc l ear  prop u l s i o n  is next i n  the  progress i o n  of tech 

nologies that w i l l  enhance the capa b i l i t ies o f  m a n k i n d  in  
space, and provide the  most eff ic ient  method for colon iz
ing the Moon .  At the same t ime, moving from chemical to 
nuc lear systems wi l l  lay the basi s  for the quantum jumps in  
energy techno logy to  fo l l ow, most notab ly  thermo n uc lear  
fusion.  

When d i scuss i n g  the great futu re c ity that mank ind  wi l l  
bui ld o n  the Moon, space visionary Krafft Eh ricke insisted that 
"Selenopo l i s  w i l l  not be bu i l t  with yesterday's tech nology. "  
Th i rty years ago, President Kennedy fu l ly expected that the 
cha l lenges of explorat ion to fo l l ow Apo l l o  wou l d  a l so be 
based on tomorrow's technology, i nc lud ing  nuclear propul
sion in  space. Today, tomorrow's technologies are wel l  with in  
our grasp. 

Marsha Freeman is an associate editor of 2 1  st Century Sci
ence & Techno logy and the author of How We Got to the 
Moon: The Story of the German Space Pioneers, published by 
2 7  st Century Science Associates. 

Notes--------------------------------------------1 . See Marsha Freeman, "Krafft Ehricke's Moon: A Lush Oasis of Life," 21st 
Century, Summer 1 998, p. 24. 2. NASA Technical Memorandum 1998-208834. "Vehicle and Mission Design Options for the Human Exploration of Mars/Phobos Using 'Bimodal' NTR and LANTR Propulsion." 
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FUSION REPORT 

Table-Top, Ultrashort Pulse Laser 
Defines Frontier of Science 
by Charles B. Stevens 
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PETAWATT LASER TITANI UM-SAPPH IRE 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 1 00 billion. 

Source: LLNL 

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

Energetics in the l ate 1 980s, the table
top, u l trashort pulse laser has proven to 
be a most productive workhorse on the 
frontiers of basic research and appl ied 
technology. F rom sparking the vacuum 
i n  h igh-energy part ic le accelerators, to 
provid i ng an ent i rely hew type of most 
effic ient m ac h i ne too l ,  the u ltrashort 
pulse laser has continued to make major 
advances. Most recently, these l asers 
have u nexpected ly  demonstrated that 
they offer a very effic ient means of gen
erating nuclear fusion reactions in  mole
cu lar  c lusters of deuter ium gas and,  i n  
separate experiments, the generation of 
antimatter. 

Although this new approach to fusion 
does not yet appear to offer a means of 
net fus ion energy generat ion,  the very 
conven ient table-top laser fusion gener
ator has major appl ications as a source 
of h igh-energy, fus ion-generated neu
trons ,  wh ich  can be u sed in var ious 

tech nological ,  scientific, and med ica l  
appl ications. 

In addition to shedd ing new l ight on 
the i nteract ion of i ntense l aser beams 
with matter, these table-top fusion ex
periments wi l 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 

real ized through the work of D. Strick
land and G. Mourou, who were working 
at the Laboratory for Laser Energet ics, 
the second major U .5. laser fusion labo
ratory, located at the U n iversity of 
Rochester in  New York. They appl ied a 
techn ique that had been orig ina l ly  uti
l ized in  pu lse amplification of radar out
puts, and in compression of telecommu
n ication transmiss ions :  c h i rped-pu lse 
ampl ification (CPA). In  May 1 996, scien
tists working under Michael Perry at the 
Lawrence L ivermore National  Labora
tory in  Cal ifornia, succeeded in perfect
ing  th is CPA procedure to produce the 
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fi rst petawatt l aser pu l se.  Th i s  was 1 0  
times greater than the output of the giant 
Livermore N OVA laser fusion system. 

I n  p rod u c i n g  a petawatt, u ltrashort 
laser pulse, the fi rst step is to generate a 
low-energy, broadband, u ltrashort l aser 
pulse from a sol id state titanium sapphire 
laser. This pu lse is as coherent as ord i
nary monochromatic l aser pulses, but it 
consists of many different wavelengths
that i s  many  co lors-w h i ch i s  what 
makes it broadband.  The pu lse is then 
passed th rough a d iffract ion grat i ng, 
which breaks it up into its various colors, 
as a pr ism does with wh ite l ight. Each 
color of the pulse then travels on a sepa
rate path of varying length. 

The pu lse is reflected off a second 
grat i ng, wh ich  thereby generates an  
elongated version of  the  or ig ina l  pulse. 
The "stretcher" act io n  i nc reases the 
pu lse length by about a factor of 1 0,000. 
The e longated p u l se is then passed 
through a broadband sol id state series of 
ampl ifiers. In this process, the energy of 
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the pu l se is i ncreased as much as 1 00 
b i l l ion times. 

The pu lse is then passed th rough a 
second series of grati n gs i n  wh ich  the 
colors a re recombi n ed in s pace and  
t ime, regenerati ng the or ig i na l  l ength 
pu lse, but at an  energy level that is  1 00 
b i l l ion times greater. 

Once the petawatt l aser team had 
achieved this new level of power density, 
it faced a major h urd le with respect to 
how to generate optica l  mater ia l s  that 
cou ld  withstan d  the power dens i ty so 
that the beam cou l d  be foc ussed.  Th i s  
problem was solved by  a radical new ap
proach developed by Michael Perry and 
John H. Nuckol ls,  L ivermore Associate 
Di rector at Large. (Dr. Nuckol ls is  the fa
ther of l aser pe l let fus ion,  who, i n  the 
1 950s, pioneered the work upon which 
today's inertia l  confinement research is 
based.) 

Plasma Mirrors 
The new approach to opt ica l  m i rrors 

used a p l asma for the m i rror, w h i c h  
cou l d  withstan d  the 7 0 0  b i l l ion  watts 
per square centi m eter of the petawatt 
l aser beam. The way this works in prac
tice is that the first part of the petawatt 
laser pulse generates a short- l ived dense 
plasma when it encounters the surface of 
a pol ished glass m irror. Just as the iono
spheric plasma wi l l  reflect radiowaves of 
the appro p r i ate range, the short-I  i ved 
plasma has suffic ient dens ity to reflect 
the petawatt l a se r  pu l se .  Because the 
petawatt l aser pu lse i s  so short, the 
p l asma does not h ave t ime to expan d  
d u ri ng the remai nder of the m a i n  body 
of the pu lse, which is reflected. 

( I n  add i t ion  to reflect ing  th i s  h igher 
power dens ity, the short- l i ved p l asma 
protects the remain ing m i rror surface and 
other del icate optical and d iagnostic in
struments down the l ine, which could be 
damaged by rad iation generated when 
the petawatt laser pulse h its a target.) 

This revolutionary breakthrough in op
tics ind icates that critics of the Strategic 
Defense I n i t iat ive ( S D I )  back i n  the 
1 980s may have u nderesti mated the po
tentia l  for plasma "optics" in the case of 
the X-ray laser. 

Fast-Ignition Fusion 
The tab le-top fus ion experi ments i n  

q uest ion  were carr ied o u t  b y  the 
Lawrence L ivermore Nat io n a l  Labora
tory l aser program, under  a resea rch  
tea m  headed by Todd D i tm i re .  L i ver
more is a lso the site of the National Igni-
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t ion Fac i l ity ( N I F), a gigantic l aser the 
size of a footbal l  field, which is designed 
to generate laser pel let fusion on a large 
scale. By about 2005, the N I F  is sched
u l ed to demonstrate, for the fi rst t ime, 
that net energy can be generated by laser 
pel let fusion. 

One appl ication of the table-top laser 
tech n o l ogy is to prov ide a means of 
"fast- ign ition," in combination with the 
N IF .  That is, the giant NIF laser would  be 
used to compress a fusion pel l et to su
per-h igh dens ities, l i ke those fou nd at 
the center  of sta rs. A table-top short
pulse petawatt laser would then provide 
the m atch to ign ite fus ion reactions i n  
the center of the compressed pellet. 

The fusion energy generated by this fast 
ignition i n  the center of the pel let would, 
in turn, provide the heat source for raising 
the rest of the fusion fuel in  the pel let to 
fus ion ignit ion temperatures. This  two
step fast- ignit ion process cou ld provide 
the means of generati ng overa l l  h igh en
ergy gains on the NIF. The table-top short
pulse lasers also offer entirely new meth
ods of diagnosing what is going on during 
the laser fusion process and, more gener
al ly, in hydrodynamic processes. 

I nteractions with Molecular Clusters 
I n  experiments that were first carried 

out at I mperia l  Co l lege i n  London two 
years ago, D i tmi re and h i s  co l leagues 
fou n d  that powerfu l ,  short-pu l se l aser 
bursts can interact most intensely with gas 
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jets conta in ing molecu lar clusters. In par
ticu lar, this i ntense i nteraction generates 
beams of h igh-energy ions. When heavy 
hydrogen is used to make the jet of c lus
tered molecules, the resu lting ions gener
ate nuclear fusion of the heavy hydrogen. 

It is  the un ique nature of this new type 
of i nteraction which makes possible the 
generation of h igh-energy beams of ions, 
which otherwise wou l d  have to be gen
erated by large, h igh-energy particle ac
celerators.  The i nteraction produces a 
particle accelerator on an atomic scale. 

This  occ u rs as fol lows : When the u l 
trashort pu lse interacts with a large c lus
ter-more than 1 ,000 atoms of heavy 
hydrogen-the c luster rapid ly  becomes 
ionized . The electrons thereby released 
are then rapidly heated by the laser pu lse 
and,  therefore, these hot e lectrons es
cape from the c luster very rapid ly.  This 
generates extremely large e lectric fields 
in the i mmedi ate region of the cluster as 
it is  breaking up, becoming ionized. As a 
resu lt, hydrogen ions produced from the 
breakup of the cluster are accelerated to 
very h igh energies. 

In the table-top fusion exper iments a 
p u l se l ast i n g  3 5  x 1 0 - 1 5  seconds (35  
femtoseconds)2, with an  energy of  0 . 1 2 
jou les and a repetit ion rate of 1 0  t imes 
per second,  was focussed o nto a deu
terium (heavy hydrogen) gas jet. This gas 
jet was cryogenical ly cooled to - 1 70°C 
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Figure 2 

PROGRESS I N  LASER PEAK POWER 
Peak power in terawatts is given for various laser systems from 7 974-2002. 
The figure includes the NIF single beam's expected power in 2002. 

Source: LLNL 
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RESEARCH COMMUNICATIONS 

Space Probe Acceleration Anomal ies 
Suggest Nonequ ivalence 
by Benedetto Soldano, Ph . D .  

A report recently publ ished i n  the 
physics l iterature presented accel

eration resu Its of space sate II ites d rasti
cally at variance with both Newtonian 
and General Relativistic mechanics. 1 The 
importance of this report l ies i n  the fact 
that it describes h ighly detai led 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 1 0  and 1 1 ,  Ulysses, Gal i 
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 part on an analysis of the doppler 
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, al l  with in  the framework of 
general relativistic dynamics, the investi
gators were not able to rule out the exis
tence of an acceleration in  time, 

at == -2 .8 x 1 0-18  sec/sed, 
which when multipl ied by the speed of 
l ight c, clearly suggests the existence of 
a radial acceleration 

are == -8.4 x 1 0-8 cm/sec2 
di rected toward the Sun .  An anomalous 
acceleration of this magnitude was iso
lated in a l l  probes p laced in the ecl iptic 
plane. We shall present evidence sug
gesting that the anomalous rad ial accel
eration, 

ar == -1 2 ± 3 x 1 0-8 cm/sec2 p 
which was found i n  the data of the non
ecl iptic probe, Ulysses, represents a real 
d ifference in  magnitude from the ecl iptic 
results obta ined in Pioneer 1 0  and 1 1 . 

TRW 
The Pioneer 1 0  satellite, shown here in an artist's illustration of its jupiter fly-by. 

We propose to treat these anomalous 
resu Its as constituti ng evidence for the ex
istence of two violations of the fundamen
tal equal ity between inertial and gravita
tional mass2 that sets a l imit to the 
equivalence principle itself, a critical 
tenet of the theory of General Relativity. 
The first l imit is referred to as a strong vio
lation of equ ivalence, in that it appl ies to 
a l l  four forces (electric, magnetic, gravita
tional, and strong). Specifical ly, it is based 

' on a long range difference between iner
tial mass m; and gravitational mass mg, 

SGF = mg _ m; = -5 .05 x 1 0-1 2  mg 

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

nucleon is as sma l l  as fgn == -1 0-72, in 
contrast with fce for the Earth = - 4.67 X 
1 0-10 and flJO for the Sun = -2 .22 x 1 0-6. 
The overa l l  strong violation of equiva
lence is therefore represented by the 
product 

SV . = f. (ms - mi) . 
c, Bj mg I 

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, 

FFe = I L'1ge I = 7.0 X 1 0-1 1  

in  contrast with a related solar frac
tional fluctuation, 
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FF8 = I f1g8 1 = 7 . 1 8 x 1 0-1 8 ;  

the latter being detected b y  a n  observer 
on Earth as the Earth fal ls toward the Sun, 
our local planetary center of i nertial and 
gravitational mass. The geometric aver
age coupl ing of these two violations is 

FF = �f1G(j) f1G8 2 24 1 0-14 avg c c = . x . 

The general consequences of these two 
violations throughout the four  forces are 
examined in great deta i l  in the book Non
Equivalence: A Key to Unity by B. A. 
Soldano ( 1 997) . For this article, we are 
restricting their appl ication to resolving 
the acceleration anomal ies. 

In the present appl ication of these two 
l imits to strict equ ivalence, we sha l l  focus 
particu lar attention on the in itial step of 
the proton-proton fusion reaction in the 
Sun:  

Eq. ( 1 ) 

which is an extremely slow weak interac
tion process with a s-bi l l ion-year ha lfl ife. 

The Origin of the Anomalous 
Radial Acceleration 

The origin of the anomalous accelera
tion in time of the radio signal ,  a" l ies i n  
part in a detai led examination of  Eq .  ( 1 ) .  
The conversion of a proton into a neutron 
establ ishes a connection between the 
strong nuclear bind ing charge q, where 
q is given by 

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

lie Un = -1 .91342 -2- . Eq. (2) mnc 

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 d ipole moment. 
The order of magnitude oOf this magnetic 
moment perturbation is fixed by the vio
lation of the weak equivalence principle, 
that is, FFavg: 

Ii (q . FFavg) U � = 2mnc 
Eq. (3) 

= 1 .053 x 1 0-2& e cm = dn 
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This leads to: 
U� = -5 .235 X 1 0-13 Un Eq. (4) 

In analogy with the neutron's magnetic 
moment, U � is written in a magnetic mo
ment format. However, since the fluctu
ation in the nucleonic bind ing charge 
(q·FFavg), shown in Eq. (3) is a conse
quence of two d isparate non-equiva
lence perturbations in G; one relative to 
the Earth (FF(j)), and the other relative to 
the Sun (FF8); this produces a non-local 
situation that could lead to an electric 
charge separation (dn = 1 .053 x 1 0-2&e 
cm) which is characteristic of a l l  electric 
d ipole moments. 

For the present, it is of interest to note 
that the size of this electric d ipole mo
ment, is comparable to the latest experi
mental upper l imit for a neutron d ipole 
moment.3 The data from 1 5  reactor cy
cles over three years, give dn = -1 .9 ± 
2 .2  x 1 0-2&e cm. There seems to be a 
systematic effect in their analysis, such 
as a correlation of the magnetic field with 
reversals of the electric field, that could 
mimic a neutron electric d ipole moment. 
This effect can be partial ly corrected us
ing data from the external rubid ium mag
netometers, to give a best estimate dn = 

- 3 ± 5 x 1 O-2&e cm, or Idnl ::; 1 .2 X 1 02& 
e cm at the 95 percent confidence level; 
a va lue that compares favorably with that 
pred icted in Eq. (3) .  These recent resu lts 
reconfirm the above upper l imits. 

The existence of a neutron d ipole mo
ment violates CP invariance. CPT invari
ance requi res that f1CP be accompanied 
by the violation of time reversibi l ity. It 
fol lows that the resu ltant irreversible shift 
in time f1t: 

u' M = --.!! (t8-GJ) = -2 .61 x l O-lOsec Un 
Eq. (5) 

where t8-GJ, is the transmission time 
(498.67 sees) between the Sun and the 
Earth, and can be considered the key time 
perturbation inherent in the anomalous 
time acceleration measured by the NASA 
probes; the latter represent l i nks between 
the Earth and the Sun.  The negative sign 
of Un i n  Eq. (5) constitutes the basis for 
the attractive nature of the anomalous 
acceleration in time a" found in the anal
yses of the Pioneer 1 0  and 1 1  probes. 
The rad ial nature of the acceleration is 
reinforced by the location of the fusion 

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

In obtain ing an estimate of the time 
acceleration found in  the synchron ized 
Pioneer clocks, one must normal ize the 
time shift represented in Eq . (5) to the 
square of that particular period that l inks 
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 1 60.01 minutes, l inking 
the Earth to the inner recesses of the Sun.  
This periodicity presently serves as the 
basis for hel ioseismic studies of the 
Sun's i nterior. 

There is, however, a deeper connec
tion between the neutron created in the 
in itial step of the p+ + p+ fusion of Eq. (1 ) 
and the gravitational, g wave resonance 
period of 1 60.01 minutes. It has long 
been observed that there exists a neutron
hydrogen resonances interaction whose 
magnitude of -0. 1 1  eVs is equivalent to 
a wavelength 1 . 7  x l  0-4 cm. In  the present 
case, the product of the anomalous mag
netic moment of the neutron Un! and the 
square of the period P impl icit in Eq. (6) 
is d imensiona l ly  equal to a neutron-hy
drogen "scattering" wavelength raised to 
the fourth power, as follows: 

where 
Eq. (Sa) 

A. = 1 .727 x 1 0-4cm Eq. (5b) 
lic 
EnoH 

Not only is the calcu lated 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 in itial step of p+ + p+ 
fusion in Eq. ( 1 ) cou ld 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 osc i l l ator 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 underl ies 
the anomalous acceleration detected by 
space probes. That the resonance period 
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of 1 60.01 minutes is gravitational in na
ture is suggested in the fol lowing equal ity 
of potentials :  

300 I I J..- (2h) = 
m e P 

E'!:.H II = 0.1 1 43 volts 
e 

Eq. (5c) 

wherein � is the ratio of the electric 
me 

charge relative to its mass and 2h is the 
spin of the graviton.  The magnitude of 
the resultant voltage (0. 1 1 43 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 l ight of the int imate relationsh ip of 
the 1 60.01 -minute period P, to a gravita
tional resonance coupl ing between the 
Earth and the Sun, we shal l treat our M 
in Eq. (5) as an irreversible time shift of 
this particular frequency. Thus the fol
lowing acceleration of time a'e obtains. 

a - - -(U�) � 
te - Un p 2 Eq. (6) 

= -2 .83 X 1 0-18 sec /sec2 

Sign ificantly the proposed acceleration 
in time given by Eq. (6) is in close agree
ment with that identified by the CHASMP 
probe, at. As noted by Anderson et a l . , 1  
the multipl ication of the time accelera
tion described in Eq. (6) by the speed 
of l ight, c, produces a negative, radial 
acceleration toward the Sun, a, (see 
table), a result in close agreement with 
the results of Pioneer 1 0, where the rad ial 
acceleration was found to be 

-8.09 ± .2 x 1 0-6 cm/sec2; 

and Pioneer 1 1  measurements, which 
gave 

-8.56 ± .5 x 1 0-6 cm/sec2• 
Non-Ecliptic Results 

The precep ing d iscussion has dealt 
with space probes located essentia l ly in 
the ecl iptic plane. On the other hand, 
the U lysses spacecraft was sent into a 
non-ecl iptic orbit that u ltimately tra
versed both poles of the Sun as it traveled 
from 5 .4 AU near Jupiter, in February 
1 992, to a perihelion of 1 .3 AU in Febru
ary 1 995. This non-ecl iptic 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 d iffer from the average 
ecl iptic acceleration anomaly, which is 

-8.5 x 1 0-8 cm/sec2 • 
From a non-equivalence standpoint, 

the anomalous Ulysses acceleration, Eq. 
(7), shou ld be precisely 3/2 times the 
ecl iptic's acceleration anomaly obtained 
in Eq. (6) . 

at = 3/2 cat pc e 

= -1 2 .75 X 1 0-8 cm/sec2 

Eq. (7) 

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

cm 
a, = 1 2 ± 3 x 1 0-8 -2 . P sec 

The magnitude of the acceleration pre
dicted in Eq . (7) reinforces our belief that 
the non-ecl iptic anomalous acceleration 
isolated by Ulysses is indeed different 
from the value obtained by Pioneer 1 0  
and 1 1 .  

We now turn to a justification for the 
precision of the com measurable 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 equ iva
lence principle: 

SVIl0 = 1 . 12 x 1 0 -17  
and that of the solar violation of the weak 
equivalence principle: 

FF0 = 0. 11  x 1 0-17 •  
It is true that the ratio of the two is pre
cisely 3/2 . as shown in Eq. 8 :  

SVIl0 _ l  
FF0 - 2 Eq. (8) 

The commensurabi l ity of the factor of 
3/2 cal ls 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 numerica l ly equ ivalent 
time ratios, we have: 
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Eq. (9) 

We can take the cross product of this 
resultant relationsh ip (see Eq. 1 0) and ob
tain new insight i nto the gravitational res
onance, transmission process between 
the Sun and Mercury. Further, Eq. ( 1 0) 
suggests a possible connection between 
the term of the solar violation of the 
strong equ ivalence principle SVg0 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 
surprisi ng, when one notes that it is the 
Sun's col lective self-gravitational com
pression that i n itiates p+ + p+ fusion by 
overcoming the repulsion barrier be
tween protons. 

SVIl0 . P orb = FFo . P rot 
Eq. ( 1 0) 

= . ( rv - rr)mec2 CF (meC )2 to- e2 hc h 

where to- is the one-way transmission 
time between the Sun and Mercury; 

CCp+ = �� (mtf = 3 .0 x 1 0-12, 

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

(rv _  rr ) mec2 
e2 1 0  

arises from the fact that fluctuations in  
C, that i s ,  ilCo and SCF i nvolve the two 
classical charging radi i  of the positron 
Eq . (1 1 a) and Eq. ( 1 1 b) . 

Eq. ( 1 1 a) 

Eq. (l l b) 

Confirming Evidence 
For many years, it has been known that 

there exist two different classical charg
ing rad i i  for the electron:  one, at fixed 
charging radius rr and the other, at a vari
able charging rad

'
ius r •. Because of the 

preceding gravitational fluctuation differ
ences, both rad i i  are requ i red in Eq. ( 1 0). 

The existence of two d ifferent charging 
rad i i  for the electron, as a resu lt of fluc
tuations in Newton's C, satisfies one of 
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the criteria for an electron d ipole moment 
(dimensional ly of the form �e�I) . The 
product of (rv - r/) and the weak interac
tion normal ized coupl ing constant for the 
point i nteraction of an electron, quanti
fies the �I component of an electron di
pole moment: 

CC�+ (r" - r/) = 8 .45 x 1 0-26cm 

The � charge portion of an electron d i 
pole description is l i n ked 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, �e = e a. 

Upon combin ing the above two fluc
tuation parameters, we are led to the fol-

REFERENCED VALUES 

Physical Constants 

0. fine structure constant 1/137 .0388 

c speed of light 2 .9979 x 1010 cm/s 

e electron charge 4.8 x 10-10 esu 

h Planck's constant 6 .5906 x 10-16 eV·s 

mn mass of a neutron 939.55 x 106 eV/c 2 

me mass of an electron 0 .511 x 106 eV/c 2 

PQOrb orbital period of Mercury 87.97 days 
PQ,o, rotational period of Mercury 58 .6 days 

to-ffi transmission time between Sun and Earth 498.7 sec 

En-h energy of neutron-hydrogen -0 .1 1eV 

resonance interaction 
P period of gravity resonance wave linking Ear th 160 .01 min 

to interior of Sun 
GF Ferm i coupling constant 

lowing pred iction for an electronic di- Nonequivalence Data 

pole moment Eq. (1 2) .  

Eq.  (1 2 )  

= 6 . 1 7 X 1 0-26 e cm 

Significantly, th is  pred iction i s  consistent 
with the latest experi mental upper l i m  its . 7 

We have claimed in Eq. (3) that a weak 
nonequ ivalence fluctuation in the nucle
on's binding charge q gives rise to a neu
tron dipole moment dn = 1 .053 x 1 0-26 e 
cm. Moreover, these same fluctuations 
in Newton's un iversal constant G consti
tute a basis  for a d ifference between the 
two charging rad i i  for the electron (r- r/), 
as shown in Eq . ( 1 0) .  Supersymmetric 
theories indicate that a neutron d ipole 
moment cou ld be accompan ied by the 
existence of an electron d i pole mo
ment-a situation precisely ind icated i n  
Eq. (1 2) .  Note that the predicted electron 
dipole moment in Eq. ( 1 2 )  is considerably 
smal ler than 1 0-26 e cm, the current ex
perimental upper l i m its for the neutron's 
d ipole moment. 

In conclusion, we wish to briefly com
ment on two important questions facing 
physics that are d i rectly related to the 
nonequivalence factors exami ned in  the 
present study: 

The first is that dea l ing with attempts 
to measure ax ions emitted by the Sun and 
detected on Earth.6 If the renormal ized 
energy-dependent cou pl ing of an axion 
to two virtual photons and the electron 
(a, y, y, e) has been detected and is indeed 

2 . 7  x 1 0-9 g'1.Yy,e = 1 GeV ' then for an energy 

equal to the real terrestrial rest mass of a 
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a, measured anomalous acceleration of signal 

a'e radial acceleration in plane of ecliptic 

a,p radial acceleration in polar/non-ecliptic plane 

arc calculated acceleration of signal 

a,pc 
calculated non-ecliptic acceleration 

Un anomalous negative magnetic moment of 

neutron 

u� perturbation of Un 
dn anomalous electr ic dipole charge separation t.t time sh ift of transmission time 

q nuclear binding charge 

'A neutron-hydrogen "scatter ing" wavelength 

CC�+ weak interaction point coupling constant of 

positron in Eq . ( 1 )  

Strong Violation 
SGF self-binding gravitational fraction of mass 

fgn gravitational packing fraction of nucleon 

f90 gravitational packing fraction of Sun 

f9$ gravitational packing fraction of Earth 

SV90 strong violation of equivalence (Sun) 

SV 9$ strong violation of equivalence ( Earth) 

Weak Violation 
FF0 weak violation fractional fluctuation (Sun) 

FF$ weak violation fractional fluctuation ( Earth )  

FFavg geometric mean of FF0 + FFe 

-2 .8 x 10-18 sec/sec2 

-8 .4 x 10-6 cm/sec2 

-12 ± 3 x 10-6 cm/s2 

-2 .83 x 10-18 S/S2 

-12 .75 x 10-6cm/s2 

2 .01 x 10-14 e cm [Eq. (2)] 

1 .053 X 10-26 e cm [Eq . ( 3)] 
1 .053 x 10-26 e cm [Eq . (3)] 
2 .61 x 10-11 sec 
2.147 x 10-6 esu 

1 .727 x 10-4 cm 

3 .0 x 10-12 

Mg� M; = -5.05 X 10-12 
9 

10-72 

-2 .22 X 10-6 

-4 .67 x 10-10 

f90 SGF= -1 .2 1  x 10-17 

f9$ SGF= -2 .36 x 10-21 

I t.g0 1 = 7.18 x 10-18 

I t.ge I = 7.0 X 10-1 1 

2 .24 X 10-14 

photon (2.385 x 1 0-17 eV), the resultant 
cou pl ing is precisely equal to the product 
of the two nonequ ivalence terms exam
ined herein,  and the first d iffraction con
stant for l ight (1 .22) .  At an axion mass 
equal  to 1 .065 x 1 0-3 eV, only the strong 
nonequiva lence term remains; a CP in
variance violation in  the strong force be-

ing the reason for the postu lation of an 
axion. 

Second, the appl ication to the missing 
neutrino problem of the strong violation 
for the Sun, SVIi0, leads to the concl usion 
that only 70 percent9 of the neutrinos re
q u i red to satisfy the conservation laws of 

21 st CENTURY Summer 1 999 

Continued on page 75 

69 



Entropy of the ' U n iverse and 
L ittle  , B lack Hole Manifestations 
by Mario Rabinowitz, Ph . D .  

B ased u pon a genera l entropy argu
ment and a tunne l ing model of l ittle 

black hole ( L B H )  rad iation that is con
trary to Stephen Hawki ng's model, LBHs 
enter the sc ient i fic  arena as excel lent 
candidates for the dark ·m.atter of the uni
verse '1nd bal l  l ightn ing on Earth. I n  ad
d it ion, L B.H rad i a l ly beamed rad iat ion 
may be the dr iv ing mecha n ism for one 
of the most re�a:rkable and exciting dis7 
coveries of 1 998: the accelerated expan
sion of the un iverse, with the impl ication 
that the universe is older, larger, and less 
dense than previously thought. 

Thi�  d i scovery was tota l l y  u n a nt ic i 
pated" imp c,a l ls' l oog-stand i ng c;:osmo-
16gical 'i [leori'e� I nto q u·esti·on .' I t  may 
shed l ight on the enigma that some stars 
appear to be older than the previous ly 
accepteq age of the universe. One viable 
e?<planation that emerges is related to ra
d ia l l y  i nward rad i ation from LBHs  that 
accelerates them and the rest of the un i
verse outward . The new d iscoveries rad
,ically change our concept of what drives 
the macrocosm, and  i !1 i t i ate a fu nda
mental ly new quest for the Jaws that gov
ern the un iverse on a large scale. 

S i nce 1 983,  it ha,s been known that 
there must be som'e unseen f,oim of mat
ter-m, i!;s i,ng ma�s,. or dqrk . ma.tter
whose gravitat ionCJ,1  at�raction is great 
enough to hold t�e galaxies together as 
they rotate. In  1 983,  the unhera lded as
tronomer Vera � u b i n , u s i ng spectro
scop ic redsh i ft measu rements on the 
stars in  spiral galaxies, showed approxi
mately const,ant l i near ��Iocit ies, i nde
pendent of rad ial d istanc;:e, r, rather than 
the expected K�plerian velocities IX 1 /�. 
Their rate of rotation is so great that they 
wou l d  fly apart if they conta i ned on ly  
the  stars and  gas  we ca,n d i rectly per-

ACCElERATED EXPANSION OF THE U N IVERSE 

EDITOR'S NOTE 
Even though he proceeds from the gen

eraily aqceptec1 mathematical physics, 
and w,�,pisagree with his mode of reason
ing about cosmology, Or. Rabinowitz's 
conclusions are unique: 

Source: Mario Rabinowitz 

ceive. Other pieces of evidence for dark 
matter come from c lusters 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 "smooth ness,"  no 
more than -65 percent of the miss ing  
mass of the un iverse can be matter-the 
rema i n i ng -30 percent be ing energy. 
However, i n  terms of "smoothness, " 
L B H s  can be m istaken for energy. Be
cause L B H s  are so sma l l ,  they can be 
"smoothed over." 

Despite a l l  the recent widespread pub
l i c ity given to a poss ib le  neutr ino rest 
mass, ne i ther neutr i nos nor any other 
sub-atomic particles seem to account for 
,the missing mass (dark matter) of the uni-
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verse. If  these subatomic  part ic les are 
preva lent, there wo� l d  be d i scern ible, 
wi despread a l terat ion  of the reaction 
products of fu ndamental astrophys ical 
processes, and these have not been ob
served. For example, it has been conjec
tured that WIMPS ,(weak ly  i nteracti ng 
massive particles, also cal led cosmions) 
col lect as dark matter around massive 
objects l i ke stars. If present i n  sufficient 
n u mbers, they shou ld  be d i rectly de
tectab le, but h ave not been, as is  the 
case for s imi lar candidates. 

Black Holes 
Black Holes and the universe. B lack 

ho les were cons id ered to be , strange 
massive objects out of which only static 
(that i s, n on-t i me-vary i ng) f ie lds I, i ke 
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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 

M p = -- = 7.3 x 1 082 Mg� gm/cm3 4n R3 3 H 
where 

RH = 2GM/ c2 = 1 .48 x 1 0-28 Mgm cm 

is the Schwarzchi ld radius, also often cal led the horizon of the black hole. 

Ordinary object Black Hole 
Object Mass Radius Density Radius Density 

(gm) (em) (gm/em3) (em) (gmlem3) 

Universe 1 056 1 028 1 0 - 30 1 028 1 0-30 Galaxy 1 045 1 022 10-9 1 0 1 7  1 0- 7  Star (Sun) 1 033 1 01 1  1 .4 1 05 1 0 1 6  Earth 1 028 1 09 5.5 1 00 1 027 Mountain 1 0 1 5  1 04 4 1 0- 1 3  1 053 Planck Mass 1 0-5 1 0 - 2  1 0 1  1 0-33 1 093 Neutron' 1 0-24 1 0 - 1 3  1 01 4  1 0-52' 1 0 1 30, 

Note , Black holes are not supposed to form for masses less than the Planck Mass. 
gravitat iona l ,  e lectr ic, a n d  magnetic 
fields, cou l d  get out.  Everyth ing fel l  in ,  
and noth ing  el se cou ld  come out-not 
even l ight.  The fi rst proposed mecha
nism for the creation of black holes from 
stellar evolution was by S. Chandrasekar 
in 1 93 1 ,  who a rgued that b lack ho les 
were the f ina l  desti ny of a l l  stars with 
mass ;::: 1 .4 Msun' That is why a l l  wh ite 
dwarf stars have mass <1 .4 Msun' Hawk
ing, in 1 971 , was the first to propose that 
the h igh energies of the Big Bang created 
LBHs in the primordial  un iverse. 

There is now ample d i rect and indirect 
experimental  ev i dence for heavy and  
midd leweight black holes. My article i n  
the summer 1 998 i ssue o f  2 1  s t  Century 
Science and Technology discussed some 
of this evidence for heavy black holes of 
m i l l ions  to b i l l ions  of so l a r  m asses . '  
NASA has recently released evidence for 
the midd leweight black holes, weighing 
in at 1 00 to 1 0,000 so l a r  masses.  As
tronomers saw hints of this new class of 
black holes whi le studying X-rays from 
39 nearby galaxies .  Th i s  i ntermed i ate 
class appears to be formed by the merg
ing of smal ler solar mass black holes. As 
shown in the table, LBHs have the h igh
est possible densities. 

From the table above, it  a lso appears 
that our  u n i verse is a b l ac k  ho le ,  a n d  

hence, that we are probably comfortably 
l iving inside a black hole. There are no 
large tidal forces tearing us apart because 
the u n iverse is so large. However, the 
numbers are just marginal for determin
ing if  the universe is indeed a black hole, 
so it could go either way. A s imple ap
proach can give an insight. If we equate 
the gravitational force to the centripetal 
force, we have GmM/R2 = mv2/R, where 
G is the un iversal gravitational constant, 
m is the mass of the orbiting body, M is 
the mass of the orbited body (m «M) . 
Thus, 

Eq. (1 ) 

From this  s imple key equation, much 
can be learned, such as an approximate 
value for the mass of the un iverse. This is 
how the masses of orbited bod ies such 
as the Sun,  Earth, other planets, and so 
on, are routinely obtained. For a circu lar 
orbit, the orbital period t = 2nR/v, and 
Eq. ( 1 ) becomes t2 = (4n2/M)R3, which is 
the wel l-known Kepler ian law that the 
square of a p l anet' s period i s  propor
tional to the cube of its semimajor axis. 

To show the power and genera l ity of 
Eq .  ( 1 ) ,  I 've made up a s imple encom
passing example. If we consider the uni
verse to be Euc l idean (the preva lent 

view), and if we use a particle (such as a 
photon or neutrino) moving at the speed 
of l ight, c = v, at the edge of the universe, 
then E q .  ( 1 ) g ives the mass of the u n i 
verse Mu = c2R/G, where R i s  the r<:ldius 
of the un iverse. If  we take the rad ius of 
the observable universe, R = cT u' where 
T u is the age of the un iverse - 1 5 x 1 09 
years = 4.7  x 1 0 ' 7  sec, then Mu - 1 056 
gm. It is remarkable that this s imply de
r ived resu l t  i s  c lose to E i nstein ' s  resu lt 
Mu = (n/2)c2 R/G, derived from General 
Rel ativity, when the term for the sca lar  
c u rvature of the u n i verse can be ne
glected. The result for a black hole is Mu 
= c2R/2G ,  i nd icati ng that our  un iverse 
may marginal ly  be a black hole. 

If  we look a l i tt le deeper, we can no
tice that there is a commonal ity to the re
sults for Mu that is i nteresting. 

Eq. (2) 

If  c and G rema in  constant, then Mu 
ex T u' A quantum mechan ical analysis2 
gives a s im i la r  result, and an additional 
result :  yield ing  both 1 056 gm - Mu ex R 
ex T u ' and a smal lest mass, 1 0-66gm -
m ex R-'  ex l IT  u '  If we take these resu lts 
ser ious ly, then they are te l l i ng  us that 
as t ime increases, the mass of the vis i 
b le u n i ve rse i n c reases l i near ly .  I f  the 
un iverse were static (fixed), and we just 
see m o re stars wi th  t i me, we wou l d  
expect M u  ex c3T} ; that  i s ,  t h e  m ass 
wou l d  i ncrease as the vo lume of what 
we see i ncreases. 

Entropy and Black Hole Radia tion .  
T h e  entropy of b l a c k  ho les i s  tremen
dowily greater than the entropy of ordi
nary bodies of the' sam� mass. H ence, 
there is  a colossa l ly  h igher probab i l ity 
that the big bang produced b lack holes 
d o m i n a nt l y  over ord i na ry m atter .  
Therefore, it appears l i kely that  a large 
percentage of the m ass of at l east the 
pr imord ia l  u n i verse was composed of 
L B H s .  As a b lack hole shr i nks as  a re
s u l t  of evaporat ive rad iat ion ,  overa l l  
entropy increases. As we shal l  see, the 
beamed rad ia t ion  of L B H  can be a 
cause of the accelerated expans ion of 
the un iverse. Thus, both processes con
tribute to the ever- increasing entropy of 
the u n iverse. 

Another, less compe l l ing, but simpler 
a rgu ment can a l so be made: The t i me 
just subsequent to the big bang is a time 
of extreme ly  h i g h  d e ns i t ies of mass
energy, w h i c h  is  p recisely the state of 
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l i tt le b lack ho les .  Because l i tt le b l ack 
ho les a re made of the same pr i meval  
h igh density stuff, one may wel l expect 
them to be a major const i tuent of the 
remna nts of the b i g  bang.  S i n ce these 
are such fu ndamental fi ndi ngs, we may 
we l l  ask why these co nc l u s i o n s  were 
not reached some t ime ago. Let us see 
why this is so. 

lBH-Accelerated Expansion of Universe 

Hawk i n g's b lack holes cou l d  not be 
the dark matter because they wou ld have 
in terfered with nucleosynthes is  of pro
tons and neutrons i nto deuter ium , he
l i u m,  a nd so on,  that occu rred in the 
ear ly u n i verse. Hawk i ng's LBH cannot 
have been created in large numbers, or 
they would fry the un iverse. If LBHs rad i
ate accord i n g to h i s  mod e l ,  H awk i n g  
concludes that they can a t  most make up 
one-m i l l i onth of the matter in the u n i 
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 sign ificant; however, equal ly no
table is that my two-body i n teract ion 
model  for LBH rad i at ion  a l so makes 
L B H s  v iab le  cand i d ates for ball light
ning, and the accelerated expansion of 
the universe. I nterfe rence with n u c le
osynthesis is not an issue in  my model of 
relatively qu iescent beamed black hole 
rad iation. 

In 1 97 1 ,  Zel 'dovich proposed the first 
model of radiation from a black hole:3 

"The rotat ing body [black hole] pro
duces spontaneous pair production [and] 
in the case when the body can absorb 
one of the part i c l e s  . . .  the othel' 
(anti)particle goes off to infi n i ty and car
ries away energy and angular  momen
tum ." 

T h i s  i s  q u i te s i m i l a r  to the m o d e l  
proposed b y  H awki ng4 i n  1 9 74 for ra
d i ation from non-rotat ing  b lac k  holes .  
Th is  relevant prior work by Zel 'dovich 
was not referenced by H awki ng i n  h i s  
or ig ina l  papers, although h e  d i d  refer
ence some other work by Ze l 'dovich,  
and briefly mentioned h im i n  h is  1 9 88 
popu l a r  book i n  a way that  d i d  n ot 
clearly cred it Zel'dovich with the mon
u m enta l  concept of rad i a t i o n  from a 
black hole. 

The effects of a second body a re to 
lower the gravitational barrier of a black 
hole 'and to give the barrier a finite rather 
than infi n ite width, so that a particle can 
escape by tunnel ing or going over the top 

Let us look at the n o n re l at i v i s t i c  
case for velocities v":;' 0 .7  c ,  where the 
relat ivist ic correction i s  less th a n  a 
factor of 2. The outward acceleration 
of LBH is 

Eq. (5 . 1 )  

where a i s  the gravitational decelera
tion term result ing from gravity. The 
LBH rate of mass decrease i s :  

d M  _ - PR 
dt 

-
c2 , 

where PR is obtained from Note 5 .  For 
a Eucl idean spherically symmetric uni
verse, and to the extent that Newton
ian gravitation applies, 

GM GMR 4n: 
a = - = -- = - Gp R Eq. (5.2) 

R2 R3 3 u , 

of the lowered barrier. By means of gravi
tational field emission, it is suggested here 
that radiation may be emitted from LBHs 
i n  a process differi ng from that of  H awk
ing radiation, which has proven elusive to 
detect for more than 24 years . G ravita
tional field emission is s imi lar 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 ana logue of Schottky emiss ion at 
ambient temperature. 

Ball Lightning 
Because L B H s  can be prev a l e n t  

throughout t h e  un iverse, they m a y  a lso 
be present on Eart h .  I f  so, they m i g h t  
m a n i fest themselves as bal l l i ghtn i ng,  
one of the few long-known and widely 
accepted natural phenomena, which are 
sti l l  unexpla i ned . Hawking's LBHs can
not be cons i dered as the core power 
source of bal l l i ghtni ng, because they 
radiate at a devastatingly h igh rate i n  a l l  
d i rect ions, wh ich  would hard l y  go un
not i ced . Pr ior  to  the awareness that  
b lack holes can  rad iate, the i r  presence 
in the 4-b i l l ion -year-o l d  E a rth  wou l d 
have been d ismissed because the Earth 
would have been devoured after about a 
m i l l i on years, leav ing a black hole of 1 
cm rad ius .  

For m y  model o f  L B H ,  the downward 
di rected rad iation between the hole and 
the Earth can provide levitation,  with a 
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where Uu i s  the average mass density 
of the u n iverse ins ide the rad ius  R of 
the spherical shel l .  Thus Eq.  (5 . 1 )  be
comes 

Maxi m i z i n g  t h e  acceleration by 
da/dM = 0, 

Eq. (5 .4) 

sma l l  horizontal component provid ing 
mob i l ity. When L B H s  get so sma l l  that 
there wou l d  be apprec iab le  rad iat ion, 
the rad i a l l y  i nward rad i at ion propels  
them away from the Earth . The down
ward l y  d i rected rad iation (the resu l t  of 
the Earth below) from a LBH acts l i ke a 
rocket exhaust,S permitting it to levitate 
or fal l  s lowly, as governed by an equa
tion such as Eq.  5 . 1  (see box above) . 

A < 1  gm l itt le b lack hole has a tem
perature T > - 1 027K, so that al most a l l  
of  i ts  rad iation i s  at extremely h igh fre
q u e n c i es with energy - 1 023 eV. At a 
d i stance of many Earth-radi i ,  the rad ia
t i o n  is n a rrow ly beamed toward the 
Earth' s  center. As the LBH gets close to 
the Earth, the radiation beam diverges to 
approxi mately the Earth's  d i ameter, giv
ing it a negl igible power density. For ex
ample, for a beam power of - 1 09 W, 
the average power density over the sur
face of the Earth i s  - 1 0 - 9 W/c m2 . At 
these h igh energies, most of the radiation 
wi l l  exit the Earth . Even if it were all dis
sipated in the Earth, only - 1 0- 1 8  W/cm3 

and - 1 0- 1 9 W/gm would be absorbed . 
A powerfu l ly  rad iat ing L B H  is not di

rect ly v i s i b l e  because the freq uenc ies 
are so h i g h .  L B H s  become vis ib le i nd i 
rectly as ba l l  l ightning i n  the surrounding 
air by excitation and ion ization of the a i r  
molecu les and atoms i n  interaction with 
a charged LBH,  and by infa l l ing particle 
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col l is ions. The fol lowing 1 7  criteria are 
presented as a gu ide  for assess ing ba l l  
l ightn ing models i n  general, and the LBH 
model in  particular. LBHs meet these cri
teria, whereas other models general ly do 
not. 

1 . Constant size, brightness, and shape 
for times <- 1 0  sec: The large amou nt of 
gravitat i o n a l l y  stored en ergy i n  L B H s  
and resulting kinetic energy accounts for 
the somewhat constant s ize, ba l l  shape, 
and br ightness of ba l l  l ightn i n g .  Ther
mally stored energy models do not have 
stabi l ity as a resu lt of cool ing with time. 

2 .  Un tethered high mobility: The l ight
ness of the LBH (- 1 /3 gm), in which the 
ball l ightning mass mainly resides, gives 
it h igh mobil ity. A small  horizontal com
ponent of the exhaust force accounts for 
mobi l ity i n  the horizontal d i rection. Un
tethered mobi l ity vitiates against electri
cal d i scharge mode l s  of b a l l  l ightn i ng 
which requ i re attachment to good con
ductors (for example, metal)  or poor con
ductors (for example, earth, wood). 

3 .  Generally does not rise: The b a l l  
l ightn i ng ion ized a i r  i s  electrostatica l ly  
bound to charge trapped i n  the L B H  and 
so i s  forced to fol low its trajectory rather 
than s imply r ise. Because heated a i r  ex
pands and rises, this is another criterion 
against thermal source ball l ightn i ng. 

4. Can enter open or closed structures: 
The radius  of a 1 /3 gm LBH is 5 x 1 0-29 

cm, with only a very smal l  gravitat ional  
i nteraction . Thus,  LBH can easi l y  pene
trate through any materia l .  

5. Can exist within closed conducting 
metal structures: LBH have eas i ly  existed 
ins ide c losed h igh ly  con d u ct i ng struc
tures such as a i rplanes, because of thei r  
stored energy.  T h i s  cr iter ion d i ctates 
aga inst models  that depend on extern a l  
energy from electr ica l  c u rrents, or on 
e lectromagnetic rad iat ion that i s  
shielded b y  a conductor. 

Entry i nto a i rborne craft has occurred 
on a n umber of separate occasions, and 
i s  wel l  documented . A n  a i rp l ane i s  a n  
exce l l ent F a raday c age, a s  th ere a re 
equipotential  surfaces a few wi ndow di
ameters in .  The fol lowi n g  are excerpts 
from a pi lot's letter to a newspaper about 
a report to the Strategic A i r  Com mand 
Weather Station of  h is  1 960 experience:6 

" . . .  U SAF tanker . . .  i n  the clouds 
at 1 8,000' A bal l  of yel low-white color 
approximately 1 8" i n  d iameter emerged 
through the w i nd s h i e l d  . . .  [at] a fast 
run . . .  down the cabin passageway Af-
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ter a p p roxi mate ly  3 seco n d s  . . .  the 
Boom operator s itti ng i n  the rear of a i r
craft cal led on the i nterphone i n  an ex
c ited voice describing a bal l  of fi re that 
came rol l i ng through the aft cargo com
partment abeam the wings, then danced 
over the r ight w i ng and rol l i ng off i nto 
the n ight and clouds!  No noise accom
pan ied the a rr iva l  or departu re of the 
phenomenon." 

6. Levitation :  The L B H  downward ly 
d i rected rad i at ion accou nts for l ev i ta
t ion .  I t  i s  h a rd for other models  to ac
cou n t  for lev itat ion accompan ied by 
long horizontal motion. 

7. Low power in the visible spectrum: 
The h u ge, d i rect ly em itted power of 
LBHs i s  in frequencies vastly higher than 
visible. LBHs produce - l O W of optical 
power of ion ized air .  Observed i ntensi
t ies of l ight and heat are - 1 0  W, ru l ing  
out models with too much visible power. 

8 .  Rarity of sightings: Becau se L B H s  
a re q u ite rare, this expla ins the rarity of 
bal l  l ightning sightings. 

9. Relatively larger activity near volca
noes: LBHs may be involved i n  volcan ic 
act ion,  m a k i n g bal l  l i ghtn i n g  more 
prevalent there. 

1 0. Abates quietly: Bal l  l ightn ing from 
LBHs abates its lumi nosity quietly when 
it enters opaque materials,  or comes to 
rest for long ti mes, or when the charged 
black hole becomes neutral ized. 

1 1 .  Extinguishes explosively occasion
ally: Bal l  l ightn ing can extinguish explo
sively when L B Hs reach the end of their 
l ife or are d isrupted . 

1 2 . Related radioactivity: There can 
be a low level of gamma rays, positrons, 
and other rad ioactive rad iation assoc i
ated with bal l  l i ghtn i n g .  L B H s  can ac
count for rad i oact iv i ty, whereas most 
other models cannot. 

1 3 .  Typical absence of deleterious ef
fects: B ecause of the l ow i nteract ion 
c ross section of the emitted rad i at ion 
and i ts  narrow downward beami ng, the 
e m i tted power has  low l oca l  power 
density and d issi pates over a huge vol
u me. 

1 4. Occasional high localized energy 
deposition: The h igh energy content of 
L B Hs can account for ball l ightn ing i nci
dents of molten mater ia l s  and boi l i n g  
water, when LBHs are d isrupted. 

1 5 . Larger activity associated with 
th understorms: Th u ndersto rm activity 
may be i nvolved in the charging of l ittle 
b lack holes, and/or the h igh fields asso-

c iated with thunder c louds may attract 
l i ttle charged black holes. 

1 6. Continues to glow even when sta
tionary for short times: An i ntern a l l y  
charged L B H  c a n  trap - 1 0  posit ive or 
negative charges externa l ly  and form a 
super-heavy ion-l i ke structure. Col l ision 
of the c i rcu lating charge can ion ize the 
surrounding a i r  even when, as reported, 
the bal l l ightn i ng is stationary for short 
times. 

1 7 . Goes a round sharp corners: A 
charged L B H  experiences an attractive 
force toward its i mage charge in a con
ductor, and either a repu ls ive or attrac
tive force with a charged d ielectric, de
pend i n g  on the re lat ive s i g n  of the 
charge. D i electrics tend to accu m u l ate 
charge i n  the presence of l i ghtn i n g  
c l o u d s .  T h u s ,  c h a rged L B H s  c a n  be 
gu ided around corners by conductors or 
d ielectrics. 

U niverse Acceleration 
If l i tt le b l ac k  ho les represent a s u b

stantial fraction (up to 95 percent) of the 
m i s s i n g  m as s  of the u n i verse of mass 
1 056 gm, then (as  we shal l see), thei r  ra
d ia l ly  d i rected i nward radiation in inter
acti ng with the u n i verse as the second 
body i s  a good cand idate model for the 
accelerated expans ion of the u n iverse. 
(See N ote 5 . )  On a so l a r  system-s ize 
sca le, the  S u n ' s  m as s  dom i n ates over 
any k i n d  of m i s s i n g  mass,  because the 
vol u me of the solar system is not l a rge 
enough to h o l d  enough m i s s i n g  mass 
based on its average u n i versal density. 
Th u s, there i s  no appreciable deviation 
from Kepler ian motion of the planetary 
orbits. 

The box (p. 72) determ i nes the maxi
mum acceleration observable from the 
Earth in  the non-relativistic case, as a re
sult  of the rad iation reaction force expe
rienced by a L B H  of mass M i n  a spheri
cal shel l at rad ius  R, surrounding mass m 
of the u n i verse. I f  the tota l  m ass of a 
spherical  shel l  of the u n iverse i s  domi
nated by an ensemble of LBHs, then their 
acceleration wi I I transport the rest of the 
bodies in the shel l with them by gravita
tional attraction (see figure) . 

Discussion 
Terrestrial and celestia l manifesta

tions. Many geophysical and astrophysi
ca l  p rocesses a re not yet wel l  u n der
stood . LBHs may be a l i n k  that relates to 
these processes, such as volcanoes, grav
itat ional  fi e ld  anomal  ies, earthquakes, 
tornadoes, p l anetary seed i ng,  r ings  of 
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Saturn, and copious excess heat genera
tion in planets l i ke jupiter and its moons. 
There could be profound impl ications to 
Earth and planetary science if i t  cou ld be 
establ ished that l ittle black holes are pre
sent in and on the Earth . 

For  exa m p l e, w h e reas the Earth ' s  
overa l l  d e n s ity i s  5 . 5  g m/c m3 , t h e  
Earth's l i thosphere ( 5 0  mi les i n  from the 
s u rface) has a measu red d e n s i ty of -
2 . 7  gm/cm3 . T h i s  d ifference i n  density 
has been genera l l y  assu m ed to be the 
res u l t  of molten i ron fi l l i n g  the Earth 's  
core. LBHs i n  the core cou ld  he lp  i n  part 
to account for both the i ncreased den
s ity, as we l l  as t h e  total  outward h eat 
flow from the i nter ior  of the Earth ,  as 
wel l  as the other p lanets. jupiter, for ex
ample, has a very large i nterior produc
tion of heat. I t  is thought that some of its 
moons are heated by tidal friction in in
teract i n g with j u p iter's  grav i tat iona l  
field, but  there are significant d ifferences 
in this effect for the various moons. 

Hawking was the first to propose radi
ation from non-rotating black holes, and 
among the fi rst to suggest that  s m a l l  
black holes i n  ste l lar objects such a s  our 
Sun might help to expla in  the solar neu
trino problem. I n  addition, others, such 
as Trofimenko, have d iscussed the possi
bi l ity that LBHs are involved in geophys
ical and astrophysical  phenomena, but 
did not consider ball  l ightn i ng, nor the 
ramifications of LBH radiation and/or the 
time for LBH to devour the ir  hosts. I t  is 
easy to see why LBH have not been con
sidered as the core power source of bal l  
l ightning, because H awking's LBH rad i
ate isotropica l ly at a devastatingly h igh 
rate. 

It h as not been easy to concl ude that 
L B Hs are present near the centers of as
tronom ical bod ies such as our Earth and 
other p lanets .  There are two extremes 
with respect to t h i s  q uest ion,  and they 
both h ave pro b l e m s .  One is the p re
Hawki n g  rad i at ion v i ew, which  wou l d  
permit the u n i verse t o  b e  fi l led w i t h  a 
l a rge percentage of L B Hs,  but  has  the 
problem that  the LBHs would  gobble up 
any hosts they i nh abit .  The othe r  i s  the 
post- H a w k i n g  rad i at ion v i ew, w h i c h  
would l imit  the universe to b e  fi l led with 
on ly about one-m i l l ionth of its mass with 
L B H s  beca u se there wou l d  be m u c h  
more Hawking radiation than otherwise 
observed . My model permits up to 95 
percent of the un iverse to be fi l led with 
LBHs because their radiation is relatively 

q u i escent, and yet lets them evaporate 
away near the centers of astronom ica l  
bodies before these bodies are devoured. 

If a slow-moving L B H  fal l s  in toward 
the center of an astronom ical body l i ke 
the Earth, it w i l l  tend to osc i l l ate with 
s imple harmonic motion about the cen
ter-of-mass of th i s  body. The L B H  w i l l  
lose only a t iny amou nt of energy i n  its 
gravitat iona l  i nteract ion  with the s u r
rou nd i n g  mass .  Long before i t  s l ow s  
down suffic iently t o  come t o  rest at t h e  
center o f  the body, its beamed rad iation 
w i l l  i n crease i ts ampl itude of motion,  
eventual ly caus ing it  to shoot out away 
from the body before i ngesting it. 

However, if a L B H  were to come to 
rest at the center of a body, it wo u l d  
l i ke ly  i ngest the body over a period of 
perhaps m i l l ions of years before it evap
orates away or shoots away. Th is  is be
cause, as a L B H  becomes s u rro u nded 
by mass, its rad i at ion rate w i l l  fi rst in
crease; but, as the mass d i stribution be
comes u n iform around it, the rad i at ion 
w i l l  decrease u nt i l  i t  eventua l ly stops.  
One m ight be able to rek ind le  the rad i
at ion by p rod u c i n g  an external  asym
metry, and/or by an Aharonov/Bohm ef
fect. 

My model of L B H  rad i at ion permits  
more real istic specu lation of how L B H s  
m ight  be gathered . H arvest i n g  L B H s  
m i ght be n q  more d ifficu l t  than m i n i n g  
asteroids from the asteroid belt that have 
LBHs  in them. An enti re asteroi d  cou l d  
be towed in ;  o r  wh ittled down to a man
ageable size to carry onboard the space
craft; or, the LBH might be shaken out of 
the astero id .  Another poss i b i l ity m ight  
be to charge up LBHs and carefu l l y  ma
neuver them with an electric field. 

Flawed radiation ? As start l ing  as was 
the theoret ical  d i scovery of rad i at ion  
from black holes in  1 971  by Zel'dovich, 
a n d  in 1 9 74 by Hawki ng, perhaps a n  
even more start l ing theoretical d iscovery 
was m ade i ndependently i n  1 9 75 a n d  
1 9 76 b y  Pau l  Davies and W i l l iam U n
rah .  Using quantum mechanics and gen
eral re l at iv ity, they d iscovered what i s  
cal led "acceleration radiation . "  The con
c lus ion they, and the general orthodox 
phys ics com m u n ity, d rew from t h i s  i s  
that the concept of a real particle i s  rela
tive; that is, the existence of part icles i s  
not absolute because it depends on one's 
reference frame.  N e ither Ze l 'dov ich
Hawking  rad iat ion,  nor U n rah-Davies 
radiation has been observed empirically. 
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I have deep respect and admiration for 
Hawking's pioneering work and h is  keen 
i ns i ghts .  H owever, for sc i ence to 
progress, it is crucial  to critica l ly  exam
ine a l l  work and find imperfections when 
poss i b le .  Perhaps Hawking w i l l  revise 
his  model  of b l ack ho le  rad iat ion.  He 
has had the integrity to alter h i s  position 
on at least six major topics: 

1 .  His conclusion that a quantum cos
mol ogy/wave fu nction of the u n iverse 
proved that the arrow of t ime would re
verse when the u niverse contracts. 

2 .  D isputi ng Bekenstein's work on the 
entropy of b l ac k  holes, which  he l ater 
embraced. 

3 .  After s a y i n g  T = 0 for a l l  b l ac k  
holes, then ass igni ng T > 0 as a function 
of the mass of a black hole. 

4. With respect to i nflation of the un i
verse. 

5 .  With respect to the cosmological  
constant. I n  keeping with his  long-held 
v i ew, in 1 99 8 ,  he expressed dou bts 
about a cosmological  constant, ca l l ing 
the res u l ts p re l i m i n a ry wi th  respect to 
t h e  accelerated expa n s i o n  of the u n i
verse. He said that the cosmological con
stant is u n n ecessary in I ight of h i s  own 
views. However, in April 1 999, he said : 
"1 h ave now h ad more time to consider 
the observat i o n s  a n d  they look qu i te 
good. This  led me to reconsider my the
oretical prej udices. I now th ink i t  is very 
reasonable that  there shou Id be a cos
mological constant." 

6. The anthropic pr inciple and mu lti
verse cosmology. More recently, he said 
that the anthropic principle is fai rly obvi
ous,  a n d  he affi rmed h is s upport for i t .  
Some cosmologists h ave suggested that 
there have been an i nfin ity of big bangs 
going off in a larger "mult iverse," each 
with d ifferent values of the fundamenta l  
constants. The anthropi c  pri nc ip le says 
that only in u n iverses where these values 
a re compati b le  with l ife, cou l d  they be 
observed by beings such as ourselves. 

Conclusion 
In view of the lack of experimental ev

idence for Hawking radiation, it is mean
i ngfu l and proper to exam i ne h i s  theory 
of black hole radiation with the possibil
ity that i t  may be in error and/or that the 
formal ism u nderlying i t  and accelerated 
radiation may need mod ification. Bel in
s k i ,  a foremost theor ist  in the f ie ld ,  
u n e q u i voca l l y  co n c l u d es, "the effect 
[ H a w k i n g  rad iat ion)  does not ex i st .

,,7 

My theory h as been p resented as an a l-
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ternative model w h i c h  can be exper i
mental ly tested. It makes experimental ly 
ver ifi a b l e  connect ions  to the m i s s i n g  
mass o f  the u n i verse, galaxy evol ut ion, 
ba l l  l i ghtn i ng, and the accelerated ex
pansion of the un iverse. 

Physicist Mario Rabinowitz is CEO of 
Armor Research in Redwood City, 
Calif. He worked at the Stanford L inear 
Accelerator Center for 7 years, and was 
a resident general scientist at the Elec
tric Power Research Institute for 2 1  
years, where his work included evalua
tion of n uclear electromagnetic pulses 
and cold fusion. He has more than 1 30 
publications in scientific journals. Ra-

Tabletop Laser 
Continued from page 65 
in  order to form molecular  c lusters. The 
opt imal  l aser spot s ize was fou n d  to be 
about 200 microns, which gave an est i 
mated peak in tens i ty of about 2 x 1 0' 6  
watts per square cent imeter. Measu re
ments indicated that nearly 90 percent of 
the laser l ight is absorbed when the gas 
jet conta ins c lusters. (Less than 5 percent 
is abso rbed i n  case of u n c l u stered gas 
jets.) 

Overa l l ,  the process represents a most 
efficient means of transferri ng energy to 
ions. The l aser photons have an energy 
of only a few electron volts, but through 
this h ighly non l i near interaction, hydro
gen ions with energies greater than sev
e ra l  thousand e lectron volts  a re bei ng 
generated i n  a very efficient manner. 

Applications 
The table-top laser c l uster fusion sys

tem is not yet a prospective candidate for 
fusion energy generat ion,  but it has im
mediate and ·potentially major technolog
ical applications. It is usually very d ifficult 
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 
generat ion.  Such a generator wou l d  be 
crucial for development of fusion power 
p lants that a re based on more conven
t ional  laser pel let or m agnetic confine
ment approaches. the table-top neutron 
generator wou ld be used to fi nd and test 
materials for a fusion power plant. 

Neutrons are also cu rrently ut i l ized i n  
geo l ogica l  and m ater i a l s  test i ng tec h
nolog ies,  and the tab l e-top generator 
cou ld provide a major advance i n  these 
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binowitz can be reached via e mail at 
Mario7 1 5@worldnet.att.net. 

Notes--------------1 .  M. Rabinowitz, 1 998. 21st Century Science & 
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areas. I n  addit ion, the c luster approach 
cou ld provide a d i rect means of generat
i ng medical isotopes. 

This last possibi l ity u nderl i Qes the fact 
that the table-top laser cluster approac� 
cou l d  be a means of perform i ng fu nda
mental research i nto nuclear processes 
and reactions. That is, ion beams gener
ated in a c l u ster, cou l d  i nteract w i th 
other c l usters and with the prod ucts of 
previous reactions. The table-top system 
is open to these experi mental poss ib i l i 
t ies .  I n  expl orat ion of t h i s  potenti a l l y  
n ew rea l m ,  ent i re ly new prospects for 
nuclear energy cou ld be derived. 

S imi lar  research on laser-cluster inter
act ions  is a l so bei ng carried out at the 
Saclay Laboratory i n  F ra nce u nder the 
d i rection of Martin Schmidt. 

Antimatter Generation 
A second table-top laser with a 1 femto

second p u l se length was d i rected onto 
thin gold fi lms.  This led to the generation 
of antimatter electrons, cal led positrons. 
Th is  i s  bel ieved to occur  as the i ntense 
p l asma generated by the i nteraction of 
the petawatt laser pu lse with the gold 
fi l m  acts l i ke a part ic le accelerator, ac
celerat ing electrons to energies as h igh 
as 1 00 m i l l i o n  e l ectron volts.  Some of 
these electrons then radiate gamma rays, 
which then generate pa i rs of e lectrons 
a n d  pos i t ro n s .  As the L ivermore team 
working on this, headed by Tom Cowan, 
reports: "Thus laser photons at the elec
tron-volt level can, by teaming up, i n iti
ate the sort of m i l l  ion-e lectron-volt  
n u c lear  react ions  that norm a l l y  take 
place at an accelerator." 

Notes --------------1 . A petawatt is 1015 watts-l quadrillion watts. 2. A femtosecond is one quadrillionth of a second. 

Acceleration Anomalies 
Continued from page 69 

energy, momentum, and spin, wil l  ever 
be detected. Consideration of the asci I la
tions between mg and mj lead to the pre
d iction that the remai n i ng 30 percent 
fraction, which is not detectable, does 
not participate in any neutri no flavor, lep
ton ic  charge changes, although there ex
ists firm evidence that neutrinos do osci l
late. 1O  In  fact, the missing non
conservation fraction partici pates 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 rel ic radiation of the u n iverse 
(2.726 K). l 1  

Dr. Benedetto Soldano is a member of 
2 1 st Centu ry's Scientific Advisory Board. 
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Can a Dark Age Discover Edison? 
by Anton Chaitk in  

Edison: A Life of Invention 
Paul Israel 
New York: John Wi ley and Sons, 1998 
Ha rdcover, 552 pages, $30.00 

Th o m a s  E d i so n  bega n h i s  e l ectr i c  
l ight project i n  the summer of 1 878. 

By 1 888, h u n d reds of E d i son's  powe r 
stations were a l ready i nstal led, and be
g inn ing to make electric ity ava i lable to 
the wo r l d .  The story of t h i s  1 0-year 
campa ign i s  the 'most compel l i ng sec
tion of Pau l Israel's h uge biography. Is
rael depicts the frantic energy of Ed ison 
and h i s  devoted laboratory and work
shop teams. 

As managing editor of the Thomas Edi
son Papers at Rutgers University, the bi
ographer bri ngs l i teral ly m i l l ions of doc
u m ents to bear on h i s  desc r i pt i o n  of 
Edison's inventive methods, the d ivision 
of labor among Edison's assi stants, and 
the creative environment that reached its 
peak in the drive for the electric l ight. 

The biographer/archivist has great re
sou rces, and this is a rich book. 

We have, for exa m p l e, E d i son o n  
S h a kespeare : R ichard I I I  w a s  " s a i d  to 
have been h i s  favorite cha racter, a n d  
whenever his  duties i n  the office permit
ted, he wou ld arise from h is  instrument, 
h u m p  h i s  back,

' 
bow h i s  legs and p ro

ceed with 'Now is the wi nter of our d is
content, ' to the great amusement of h i s  
fel l ow-operators . "  And,  " A h ,  S h ake
speare! That's w here you get the ideas ! 
My, but t h at m a n  d i d  h ave ideas !  H e  
wou ld have been . . .  a wonderfu l in 
ventor, if he h ad turned h i s  m i nd to  i t .  
H e  seemed to see the ins ide of every
thing . . . .  " 

We h ave the fasc inat ing i nformation 
of Ed ison's father, Samuel, fleeing from 
an i n d i ctment fo r h i gh treason i n  
Canada, h i s  estate be i n g  seized by the 
B r i t i s h  i m peri a l  authori t ies, w h i l e  
Samuel's brother, Marcel lus, was impris
oned 'fn the same anti-British revolution
ary mo'vement of 1 83 7-1 838.  Thus, the 
Edisons became Americans. 

These gems are, however, scattered 
along with thousands of <.)ther facts in a 
chronological  account of Ed ison's  l i fe 
that pai nts an admir ing portrait-but fai ls  
to tel l  the necessary story. 

A World-Historical Struggle 
Thomas Edison and h is  sponsors-h is  

pol i t ica l ,  i n dustr i a l ,  and sc ient if ic  
g u i des-were engaged in  an i n te n se 
struggle with their opponents at the very 
center of world h i story. A reader might 
plough through Pau l Israel's biography, 
fol lowing Edison in  his home and work
shop over th ree quarters of a centu ry, 
a n d  st i l l  be obl i v ious  to E d i s o n ' s  real 
ident ity and the strateg ic nat u re of h i s  
l ife'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 busi ness manager Edward H. John
son,  overseas bus i ness agent George 
Gouraud, fi nancial  backer Josiah Reiff, 
and science counselor George Barker. 
Although the fi rst three are each haphaz
ardly identified as having ties to Ph i ladel
phia industrialist Wi l l iam J .  Pal mer, there 
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i s  no d iscussion of the fOl,Jr  as represen
tatives of the Ph i ladelph ia-based Ameri
can nat ional ist pol it ical- i ndustria l  lead
ership.  

And banker J .  Pierpont Morgan makes 
h i s  appearance, to extend h i s  constrict
i n g  f inanc ia l  f ingers around the enter
prise.  But d es p i te i n c l u d i n g  n u merous 
quotations from Morgan and his agents 
show i n g  the i r  a ntago n i s m to Ed ison's  
p h i l osophy, the b iographer does  not 
even suggest Morgan's  i nternat i o n a l  
ident i ty, nor  the warfare o f  h i s  B ri t i sh  
faction aga inst the American n ational ist 
industrial ists. 

Pau l Israel takes no notice of the des
pe rate f ight  ta k i n g  p l ace:  S h a l l  the 
U n ited States and the world be rapid ly 
developed as modern republ ics, or shal l  
Old World-style aristocracy be preserved 
in power, by preventi ng such a "danger
ous" increase i n  the l iving standards, ed
ucation, and power of emerging popula
tions? 

Without  t h i s  context, the enormous 
i mpact of Ed i son 's  accompl i shments i s  
not  properly seen-the change effected, 
from no l i ghts, n o  power, to l ights o n !  
Neither i s  o n e  conscious of the change 
that is today sti l l  bei ng delayed, by the 
throttl ing of America's in itiative to indus
trial ize the whole world. 

W i t h o u t  t h i s  context, E d i so n ' s  l i fe 
story can have no shape, no proportion
al ity. One contin ues on in a straight l i ne 
right through Morgan's fina l  theft of the 
m a i n  enterprise, perhaps without even 
n ot i c i n g  t h a t  the  c l i m a x  h a s  been 
reached . 

I n  Pau l I s rae l ' s  case, the problem i s  
not bad intentions, a s  i t  was, for example 
with Robert Conol's 1 9 79 piece of filth, 
A Streak of Luck: The Life and Legend of 
Thomas Alva Edison. I srael and h is  Rut
gers co-workers have done a wonderful 
service i n  orga n i z i n g  and m icrofi l m i ng 
the vast Ed i so n  papers, a col lection 
whose su perv i so rs, the G reen ie-tinged 
N at i o n a l  Park Service,  seemed not to 
care a heck of a lot about. 
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Pau l  Israel is sym pathetic to Ed ison . 
But the recent era has been one in which 
one does not dream of rad ical ly increas
ing the power of man over nature. Our  
economy bows down to the hyper-spec
u lative Dow jones " I ndustria l"  Average, 
whose star is J .P .  Morgan, whi le  the F ree
Market god shuts i ndustry everywhere. 
We even i mpose devastati ng sancti ons 
aga i n st bac kward countr ies to p revent 
them from acq u i r i n g  modern 
tec h n o l �gy t h at cou l d  pose a 
"threat" 

An uncritical member of such a 
society w i l l  have d i ff iculty read
ing the tr,ue spi rit and directional
ity of the ,c lassic U n ited States of 
America; that �xperiment in the 
up l i ft i n g  of m a n k i nd ,  of w h i c h  
Ed ison;s enterpr is� w a s  a g reat 
project 

It is as i f, a cre,atu re l iv ing  i n  a 
fr.actu re zone at ocean's bottom, 
were to somehow snare a color
ful  sea-b i rd .  Down below , i t  
wou ld be black, with strange side 
fi ns . 

. 

In keeping with the Zeitge ist, 
Israel views technology as havi ng 
a certain  capabi l ity for improving 
h u m a n ity, after w h i c h ,  he be
l ieves, it m akes i n creas ing  m i s
chief. So, the hypothesis on Edi
son beco mes ;  H e  i nvented the 
modern i ndustrial  research labo
ratory, which then proceeded far 
i n  advance of h i m ,  u n der  t h e  
more efficient corporate auspices. 
Good old Prometheus is obsolete. 

The National Party 
Behind Edison 

tion . The brand new steel industry, pro
tected by proh ibit ive tariffs, fi red up for 
ra i ls, locomotives, bridges, and farm ma
chinery. 

The nerve center for this  political and 
industr ial  revolution was the national ist 
fact i o n  w h i c h  Benj a m i n  F ra n k l i n  had 
long before establ ished in  Phi ladelphia .  
The g ro u p ' s  partners contro l l ed the 
Pe n n s y l va n i a  Ra i l road, the n a t i o n ' s  

P h i lade l p h i a  eco n o m i st H e n ry Carey, 
who had a lso been L i ncoln 's  ch ief eco
nomic guide.  The American national i sts 
assisted in bu i ld i ng Japan's rai l roads and 
modern industry, a nd pushed industrial
izat i o n  p l a n s  with t h e i r  modern i ze r  
fri e n d s  i n  t h e  leaders h i p  of R u s s i a ,  
Chi na, Germany, a n d  Latin America. 

I m med i ate l y  after the C i v i l  War, the 
Ph i ladelphians ass igned one of their  ju

n ior  partners, Wi l l i am J .  Pa l mer, 
to m a n age construct ion of t h e  
Kansas Pacific rai l road. A dash ing 
C i v i l  War Meda l  of H onor-w i n 
n i ng cavalry officer, Pal mer set off 
West with h is  ch ief personal assis
tant Edward H. Johnson.  Working 
in assoc iat ion with Pal mer's col
league Jos iah Reiff, they pu shed 
t h e  l i n e  from Kansas to Denver 
between 1 8 6 6  a n d  1 8 7 0 ;  and 
they p l a n n ed a con nect i n g  na
t i o n a l  ra i l road a l l  through Mex
i co .  Somet i m e  i n  t h i s  per iod,  
Pal mer's agent G eorge Gouraud 
moved to England to represent the 
Palmer enterprises in London. 

B y  1 8 7 1 - 1 8 7 2 ,  the P h i l ade l 
ph ia  partners  contro l l ed t h e  
U n ion Pacific. J a y  Cooke was ne
goti at i n g  an i n d u st r i a l  b a n k i n g  
arrangement with Japan, t h e  start 
of a proj ected wor ld-spa n n i n g  
belt of rai l roads, canals, and ship
p i n g  l i nes that  co u l d  o b l i te rate 
B ri t i sh  E m pi re power, and assist 
powerfu l nation-b u i l d i n g  in Rus
s ia, Ch i na, and Western Europe. 

Edison National Historical Site, National Park Service 

But  we can f i n d  a powerf\.1 1 
story l u rking among Pau l  I srael 's  

Thomas Edison :  "Shakespeare would ha ve been a 
wonderful in ventor-he seemed to see the inside of 

detai ls .  Let us first set the stage, as everything. " 

Late i n  1 870, Wil l iam Pal mer's 
associates founded the Automatic 
Telegraph Company, to compete 
w i t h  W a l l Street's Western 
U n io n .  In th is  effort, Palmer and 
Reiff went i nto partners h i p  with 

he do� not 
. 

After be ing  p i n n ed down for m a n y  
years u nder Free Trade a n d  s laveocrat ic 
policy, having survived the Civi l  War in
tact, the U n ited States rushed forth to in
dustrial ize the universe. L i ncoln's  assas
s i n at ion had faste ned the F ree Trade 
racist Andrew joh nson o n  the Wh i te 
House; but the 1 868 election made Gen
eral G rant the Pres ident, and a l l  stops 
were off. 

The fi rst transcont i nental  ra i l way 
( U n ion Pacific), started during the war, 
opened for busi ness in  1 869. The North
ern Pacific, L incol n'� second projected 
route West, then commenced construc-
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b iggest company; the jay Cooke bank
ing hou se, w h i c h  h an d l ed the federal  
government's fi nancing and orga n ized 
the N orthern Pacific construct ion;  the 
U n ivers i ty of P e n n s y l va n i a  a n d  the 
Frankl i n  Institute, center of a worldwide 
a l l i ance of scient i sts devoted to man's  
i m p rovement ;  a n d  a vast  set of ra i l 
roads, coal  m i nes, and i ro n  a n d  steel 
m i l l s, inc lud ing And rew Carnegie's op
erations. 

Their  long arms helped move moun
tains everywhere. In 1 868, japanese rev
ol utionaries set up a modern central gov
ernment  i n s p i red by students of 

G eorge H a rr ington,  who had 
been Pres ident  L i ncoln 's  deputy Trea
su ry secretary. 

Enter Thomas Edison 
At th is  poi nt, Pau l  Israel ' s  narrative of 

Ed i son's  l ife i n tersects our  wider story. 
P a l m e r  i n i t i ated the Automatic com
pany's fu l l -t i m e  e m p l oyment of the 
young telegraphic inventor Thomas Edi
son, who h ad a l ready been work ing  on 
contract fo r the Automatic as wel l  as 
Western U n ion .  

I n  1 872, the Pa lmer  company's m an
agers, josiah Reiff and Edward johnson, 
arranged to pay Ed ison a regular  salary 
a n d  a m i n i m u m  of $ 1 0, 000 fo r each 
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patent. The Palmer associates did every
thing possible to establ ish Edison, whose 
gen i us they recogn ized, as an indepen
dent i n ve ntor.  Pa lmer's agent G eo rge 
Gouraud soon arranged to represent Edi
son's interests in  Brita in .  

Aside from identify ing Joh nson, Reiff, 
and Goura u d  as assoc iated with " ra i l 
road magnate Wi l l iam Pal mer, " biogra
pher Israel g i ves us o n l y  the fo l l owing 
information on Edison's relationsh ip  to 
these sponsors: " Ed ison's  . . .  su pport 
for Republ ican pol it ic ians had [main ly] 
to do with the party's role  in promoting 
po l i c ies favorable to i n d u str ial  capital
ism, particularly a protective tariff." 

Israel does note that Edison was an in
tensive reader of Thomas Pai ne's polit i
cal writi ngs, as was Ed ison's revolution
ary refugee father .  ( H e  negl ects to 
mention that Edison wrote the preface to 
an edition of Paine's works.) 

It is at th i s  j u nctu re that the bank ing 
house of  J . P. Morgan enters the picture, 
although Morgan does not d i rectly inter
sect the Ed ison story (or Israe l ' s  narra
ti ve) u n t i l  the l ight  and power project 
some years later. 

Morgan's Anti-nationalist Syndicate 
J . P .  Morgan and Company was origi

nal ly establ ished in  1 87 1  as Drexel, Mor
gan and Company, located in Phi ladel
phia and New York. It was an extension 
of Morga n's  father's London bank, as
signed by the British establ ishment to de
stroy the Phi ladel phia national i sts. Mor
gan's  fi rm ran a smear campaign  a n d  
fi n a n c i a l  wa rfare t h a t  i n  1 8 7 3  bank
rupted the Jay Cooke b a n k i n g  hou se, 
consequently plunging the U n ited States 
i nto depression and g ravely weaken ing 
the Ph i lade lph i a n s .  An i nternat i o n a l  
British-led syndicate o f  Morgan a n d  the 
Rothsc h i lds  then g a i ned co ntro l over 
U.S. govern ment bond fi nancing.  Wa l l  
Street, the nest of London's  U . S .  pa rt
ne rs, was fast becom i ng d i ctator of 
American pol it ics, cred it, and busi ness 
l ife. 

The Morgan fam i ly's attitude towards 
America's i nnovation and nation-bu i ld
i n g  may be g leaned from a letter from 
J . P.  Morgan to h i s  father, J u n i us ,  Apr i l  
2 9 ,  1 874: 

" I  h ave come to the conc l u s ion that 
neither my firm nor myself wi l l  have any
th ing to do, hereafter, d i rectly or i n d i 
rectly; with t h e  negotiation o f  secu rities 
of any u n derta k i n g  not ent i re l y  com
pleted . . "  [q uoted in Ron Chernow, 

Edward H. Johnson, Edison's business 
manager, from Philadelphia 's political 
nationalist leadership group, led the 
7 884 Edison coup against J.P. Morgan. 

The House of Morgan, N ew York: At
lantic Monthly Press, 1 990, p. 37] . 

Edison's Rise . . 
The Ph i lade l p h i ans' George Ba rker, 

ch ief scientist for the Frankl i n  I nstitute, 
was put in  touch with Edison during the 
Automatic Telegraph days .  Professor 
Barker i nvited Edison to demonstrate his 
work at the U n iversity of Pen nsylva n i a  
a n d  the National Academy o f  Sciences, 
w h i c h  the P h i lade l p h i a  grou p i ng had 
founded during the Civ i l  War. 

F rom then on,  the P h i lade l p h i a ns 
boosted Ed ison towards fame and suc
cess; Paul Israel documents much of this, 
a lthough abstracted from i ts b roade r  
context. 

Ed J o h nson oversaw Ed ison's  tele
phone development, i n  which Ed ison's  
carbon transmitter transformed Alexan
der G raham Bell 's ineffective instrument 
i nto a commercial technology. Professor 
Barker made Edison famous at a National 
Academy of Sciences speech de l ivered 
by the phonograph, Edison's new inven
t ion,  and with Was h i ngton demon stra
tions arranged by the national i st faction. 
Ed Joh nson man aged the early Ed ison 
phonograph company. 

The l i ght project began soon after
wards, when Edison went out West on an 
astronomy exc u rs ion with B a rker. The 
professor reviewed the evol ution of elec
trical science, and the recent attempts to 
create l ight from e lectric ity, and p ro
posed that Edison take this up as his  own 
great project. Barker next took Edison to 
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Con necticut to view an arc I ight and a 
primitive generator i nsta l lat ion.  Seeing a 
problem posed, and that no one was on 
the track to a solut ion,  Ed ison exc itedly  
took u p  the c h a l l e nge.  A month l ater, 
Edison tol d  the newspapers he had " in
vented the electric l ight," and  would sup
ply l ight 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 i ncreas i n g  dom i nation of the 
nation's credit, Ed ison was forced to deal 
with  h i m .  He constant ly  jousted with 
Morga n ,  with the  (now fi nanc i a l l y  
weaker) Pa l me r  group beh i n d  h i m  and 
i n  h i s  management. Only a fragment of 
these formative developments are in the 
Paul Israel b iography, but h i s  treatment 
of the i n i t iat i ve from th is  point on has 
broad interest. 

We learn that you ng men worked for 
Ed i so n  for l i tt le o r  not h i ng, fo r the 
c h a nce to learn ,  and many wou l d  be 
w i l l ing  to pay for the pr iv i lege; Edison 
set u p  an e lectr ical  engi neering school 
with i n  the enterprise. Israel describes in 
depth the i nvention of the electrical in
d ustry, with teams of sub-i nventors in a 
small  group of companies and shops. 

Edison con sta nt ly d rew down profits 
to advance development, as he and h i s  
men learned to tame cu rrent. 

Ed Johnson went to London and estab
l i shed the fi rst commerc ia l  central sta
tion in the world ,  the Holborn Viaduct. 
Joh nson exh i b ited Ed ison's work at the 
London C rystal Pa l ace E x h i b it ion in 
spri ng 1 882. The London Daily News re
ported : " H is exh i bit ion is the wonder of 
the s how . . . .  There i s  but one Edison 
and Joh nson is h is  prophet." 

I srael 's  b iography shows that Samuel 
Insul l ,  who was to pioneer the creation of 
Edison's e lectric uti l ities, was recru i ted 
i nto the Ed ison orga n i z at ion  by the 
Phi ladelph ians Gouraud and Johnson in 
Londo n .  And that F ra n k  Sprague, who 
would engineer the large electric installa
tions, worked fi rst for Ed Johnson . John
son was later president of Sprague's own 
company, introduci ng America's electric 
elevators, streetcars, and subways. 

Morgan Applies the Brakes 
When Edison successfu l l y started up 

the Pea rl Street, N ew York,  central 
power stat i o n ,  J . P .  Morgan l et i t  be 
known that there wou ld be no more such 
stations bu i It. 

An 1 883 report of the Edison Electric 
Light Company, written by Morgan rep-
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New York Herald, Dec. 2 1 , 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 i ncome 
from l icenses and royalties thereunder." 

B iographer I s rae l  comme nts on the  
showdown with Morgan: "Whereas Edi
son was committed to central stations as 
the basis of the electric l ight industry and 
as the pr imary customers for h i s  shops, 
Eaton found that it was d ifficult  to estab
l i s h  local  i l l u m i nati n g  compan ies 'be
cause people wi l l  not go i nto them u nti l 
our  b ig  centra l stat ion  on Pearl St. i s  a 
success, and because they take so much 
capitaL '  . . .  Edison E lectric . . .  [was] 
al lowing the central stat ion bus i ness to 
lag u nt i l  Ed iso n  decided to promote it 
h imself . . . .  

"Ed ison therefore d e c i ded i n  March 
1 883 'that if the busi ness i s  to be made a 
success it must be by our personal efforts 
and not by depending upon the offic ia ls  
of our compan ies . '  He an nou nced that 
he was 'go ing to be s i m p l y  a bus i ness 
man for a year. I am now a regular  con
tractor for electric l ight plants, and I am 
going to take a long vacation i n  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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New York Herald, Dec. 21 , 1 879 

Experimental design of an early working 
Edison generator. 

New York Herald, Dec. 2 1 , 1 879 

The generator constructed as a motor, 
"capable of performing light work . . .  
may be used either with or without the 
electric light. II 

As the Morgan-contro l l ed company 
squeezed harder agai nst development, 
Edison and his a l l ies staged a successful 
rebe l l i o n .  I s rae l  q u otes E d i so n : "We . 
sought i n  a most determ i ned way to in
duce our friends i n  the parent company 
. . .  to j o i n  us in the u n derta k i n g .  I n  
t h i s  we s i g n a l l y  fa i l ed . W e  thereupon 
determ i ned upon taking a l l  the risks and 
car ry i n g  the b u rd e n  o u rs e l ves to the  
best of  our abi l ity-more with an object 
to make the Edison electric I ight a suc
cess than to make money by manufac
turing." 

I srael adds, "by 1 883 ' it [was] admit
ted by a l l '  that if Ed ison h ad not [ i nde
pendent ly  of Mo rga n ]  u n dertaken the  
manufactu ring the  Edison l ighting busi
ness  wo u l d  have been ser iou s l y  i m 
paired." 

There was a proxy fight between Ed 
Johnson and Morgan at the parent com
pany's stockholders' meeti ng in October 

1 884. Morgan was temporari ly defeated, 
a n d  E d i s o n  d eterm i n e d  that " J o h n so n  
wou ld have fu l l  control o f  the busi ness." 
E d i s o n  now worked at a s u perh u m a n  
pace t o  c reate t h e  e l ectr ica l  i n d u stry, 
with Joh nson and and Insu l l  runn ing the 
bus i  ness .  Thei  r I i g htn i ng s u ccess, and 
that of  Ed ison partners overseas, helped 
launch our modern world.  

Morgan's Usury 
Israel provides vivid evidence of Mor

gan's usury. In the late 1 880s, when Edi
son final ly lost control of his  company, he 
asked assu rances from fi nancier  Henry 
V i l l a rd that Morgan wou l d  n ot h ave a 
contro l l ing i nterest, "his  experience being 
that when money was req u i red for the 
busi ness it was next to impossible to get it 
so long  as D rexel Morgan & Co. con
trol led the business, or if obtai nable at a l l  
the money cou l d  on ly  be got at  ru inous 
rates." Edison felt that if they were "able 
to exercise control the value of his prop
erty would be very seriously affected . . .  
and . . .  that h e  wou l d  o n  no accou nt 
want to place h imself in a position where 
Drexel Morgan & Co. could squeeze any 
interest he owned." 

Israel s ignals  the cru sh i ng of Edison's 
career by Morgan, with these l i nes: "AI
fred Tate c l a i med that E d i so n  was so 
deep l y  h u rt by the merger that formed 
General E lectric and removed h i s  name 
from the company that he declared, 'I'm 
goi n g  to do someth ing now so d ifferent 
and so much bigger than a nyth i ng I 've 
ever done before people w i l l  forget that 
my name ever was connected with any
thing electricaL' " 

B u t  a l t h o u g h  moti o n  p i ctures were 
later main ly  Edison's i nvention, he real ly 
d id  not do anyth i ng "much bigger" than 
he had done u nder the o l d  reg i m e .  He 
worked faithfu l ly as an inventor and gad
fly, u nt i l  h i s  death in 1 93 1 . 

The London- New York a x i s  a n d  i ts 
corporate cartels had crippled America's 
m i ss ion;  and their h i storians, u nti l now, 
have not shed much l ight on the whole 
struggle. Paul Israel's book has good ma
terial which  w i l l  he lp  us to construct a 
competent accou nt, but th ere i s  much  
more to  be  done. 

Anton Chaitkin is director of history 
intelligence for Executive I nte l l igence 
Review. Among his many American his
torical studies are the books Treason in  
Amer ica : F ro m  Aaron B u rr to Avere l l  
Harr iman and George Bush :  The U nau
thorized B iography. 
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Seeing America's 
Ancient History 
by Al len Douglas 

In Plain Sight: 
Old World Records in Ancient America 
Gloria Farley 
Columbus, Ga.: ISAC Press, 1994 
Hardcover, 483 pp . ,  $37.00 

Th i s  rem arkab le  book was 1 1  years 
i n  the writ i ng, and 4 5  years i n  the 

researc h i ng .  It presents 338 p ieces of 
e v i d e n c e ,  s u pp o rted by 540 p h oto
graphs  and s c a l e  d raw i n gs,  and 8 9 3  
refere nces, t o  demonstrate t h a t  E u ro
peans and North Africans v is ited Amer
i c a  before C h r i stop h e r  C o l u m b u s .  I f  
o n e  opens t h e  book somewhat s kepti
cal of s u c h  contact-w h i c h  is st i l l  
fiercely den ied by "mai nstream" arche
o l og i sts a n d  a n t h ropolog i sts-by the 
e n d  of its  483 pages,  
one has devel oped the 
eyes to see what is ,  i n 
deed, " i n  p l a i n  s ight." 

(a) 

proved to be V i k i n g ru nestones from 
750 A.D. In the two decades before she 
met Ba rry Fel l ,  Farley found h u n d reds 
of other, non-ru n i c  i n scr ipt ions ( in 22 
d ifferent scri pts) and hundreds of petro
glyphs (pictures on stone), v i rtu a l l y  a l l  
o f  w h i c h  were a l o n g  the M i s s i s s i p p i  
R i ver a n d  i t s  t r i b utar ies ,  s u c h  a s  t h e  
Arkansas ,  Poteau,  a n d  C i ma rron 
Rivers-the pathways along which early 
visitors would obviously travel .  

F� I I ' s  l i ng u i st ic gen i u s  provided the 
keys to unlock Farley's treasure trove of 
scrupulous records, and the result is her 
grou nd-breaking book .  Her col labora
tion with Fel l was extraord i n ari ly  fru it
fu l ,  and she soon fou n d  carved sto nes 
all the way from Vermont in the north-

eastern U n ited States, Cal iforn ia, many 
of w h i c h  were t ra n s l ated by Fe l l ,  and 
appear in  th is book .  

Plow Marks-or Ancient Writing? 
In h is  1 976 book, America B.C., Barry 

Fel l has noth i n g but r i d i c u l e  for those 
who d i s m i ss the extens ive evidence of 
i nscriptions on stone, which he and h is  

I ts  author, Oklahoma 
housewife-tu rned-ep ig
rapher  G l o r i a  F a r l ey,  
was a c l ose co l l abora
tor of the fou nder of the 
E p i g ra p h i c  Soc i ety,  
Barry Fel l ,  for al most 20 
years,  begi n n i n g the 
d a y  they fi rst m et ,  in  
1 9 7 5 ,  at H a rvard U n i 
v e r s i t y .  S h ort ly before 
Fel l 's death i n  1 994, he 
had j u st f i n i s h ed re
v iewing the p re-p u b l i -

F ------ L - B-D L-M-B--S S ----- B M B-G S ------------- G M -------- C 

cat ion p roof copy, a n d  
he remarked t o  F a r l e y :  
" I  cou l d  n ot p u t  i t  
down. I am s o  g lad you 
wrote it ." 

G loria Farley's career 
as a se l f-edu cated p i o
neer ep i grapher began 
at age 1 2, when she fi rst 
saw " I nd i a n  Rock" i n  
her home town of Heav
e n er, O k l a ho m a .  Th i s  
large rock was covered 
with  what  were l ater 
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Travelers in need may rest a short time, there is water outside' 

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 10 
feet of Ogam writing in western Okla
homa, photograpi}ed by Mark Farley. 

Source: In Plain Sight. pp. 209-210. 
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col laborators uncovered and translated, 
as "plow marks" or " I nd ian art." I n  fact, 
Fel l  consu lted extens ively with farmers 
about the k i n d s  of ma rks made w h e n  
plows h i t  rocks, w h i c h  bear n o  resem
blance'io the sorts of clearly a lphabetic 
inscriptions he was worki n g  with.  ( Ex
amples of ancient Ogam "grooved writ
ing" are shown i n  F igure 1 .) 

N o r  cou l d  I n d i a n s  wr i te i n  a n c i e n t  
Egypt ian ,  P h oe n i c i an ,  and o t h e r  such  
scr i pts.  O n e  of the  more i nterest i n g  
t h i ngs F e l l a n d  G l o r ia  F a r l ey d i scov
ered, which, on the surface of it ,  m ight 
look l i ke simple p ictures drawn by Ind i 
ans, was the ancient use  of  "rebuses"
letters arranged i n  such a way as to not 
o n l y  s pe l l  a word,  b u t  a l so to d raw a 
picture of i t .  A s i m p l e  exam p l e  Far ley 
gives of a rebus i s  the word "ch icken ."  
(see F igure 2).  

There i s  a lso an actua l  example of a 
rebus tra n s l ated by F e l l ,  for " S h i p  of 
Ra,"  the Egypt i a n  s u n-god ( F i g u re 3 ) .  
T h i s  i n scr ipt ion was fo u n d  i n  P i ct u re 
Canyon, Colorado. Fel l  expla i ned that it 
was a s h i p . rebus i n  the anc ient  Berber 
langu age, u s i n g  connected N u m i d i a n  
l ette rs . The l etters s pe l l  " R a  Saf i n a , "  
w h i c h  m e a n s_ " S h i p  o f  R a . "  A l l  to l d ,  
G loria Far ley fou nd 48 d i fferent petro
glyphs of s h i ps ,  34 of w h i c h  a re p u b
l ished i n  her book. 

Figure 2 
A SIMPLE REBUS EXAMPLE 

A rebus uses the letters spelling 
the object pictured. 

Source: In Plain Sight, p. 1 5  

The Caves of  Anubis 
Perhaps Farley's most i nteresting dis

covery involves a series of five caves in 
western O k l a homa, w h i c h  conta i n  a 
wealth of Old World inscriptions, many 
featu r ing the Egyptian god of the after
l ife, the jacka l-god, Anubis .  (A p ictu re 
of A n u b i s  from one of those caves i s  
featu red o n  t h e  cover o f  her  boo k . )  
When she  fi rst wal ked i nto Cave Two, 
and saw the extens ive i n scr ipt ions on 
the wal l ,  she excla imed, "Th is  is Egypt
ian ! "  H e r  compan ions,  loo k i n g  at the 
dog- l i ke i m age she  was p o i n t i n g  o ut, 
l a u ghed and s a i d ,  "That i s  j u st a coy
ote, "-a common s ight  in that part of 

Continued on page 83 

Figure 4 
ANUBIS  I N  EGYPT-AND OKLAHOMA 

R S B - N 
Ra Safina 

Figure 3 
FELL'S DECI PHERMENT 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. 1 6  

This depiction of Anubis with the royal flail is from a postcard of the tomb of Chamwes in Luxor, Egypt. Farley recognized 
Anubis in an Oklahoma cave drawing, which is shown on the cover of her book in a photograph, and here in a tracing. 

Source: In Plain Sight, frontispiece and p. 89 
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Old World Travel to Ancient America 
by Michael Skupi n 

Phoenicians in America 350 B.C. 
Mark McMenamin 
South Hadley, Mass.: Meanma Press, 1999' 
Paperback, 2 Vol., $40 

On l y  a cou p l e  of years ago some of 
the most owl ish nooks of the Inter

net were roi led by a brouhaha of aston
ish i ng rancor, on the  norm a l l y  nerdy 
subject of a n c i e n t  co i n age.  The acri
mony was occasioned by two pub l ica
tions of Mark McMenamin, the author of 
the book bei ng reviewed here :  The arti
cle "Cartography on Carthagin ian Gold 
Staters" (a stater i s  a k ind  of coin) ,  ap
peared in the venerable journal The Nu
mismatist (November 1 996), and a self
p u b l  i shed (Mea n m a  Press,  1 9 96)  
monograph, titled Carthag in ian Cartog
raphy: A Styl ized Exergue Map (exergue 
is the techn ical term for the space below 
a coi n ' s  central des ign,  usua l ly  on the 
"ta i l "  side). 

McMenam in, a professor of geology at 
Mt. Holyoke Col lege, had suggested that 
certai n  h itherto-unexplai ned designs on 
Carthagi nian coins are in fact maps, and 
that these maps include some localities in  
the New World, and hence are evidence 
( i f  not proof), that in t h e i r  heyday the 
Carthagi nians had cro�sed 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-Co l u m bus contact between the 
Old World and the Americas is a strictly 
enforced taboo, even as a thought-exper
iment. Thus, the mud-wrestl i ng. 

It was during a l u l l  in  the fighting that 
you rs tru l y  entered the p ictu re: I i nter
viewed Prof. McMenami n for an archae
o logy monthly in  Spain  (via the I nternet; 
we have never met). The i nterview was a 
l ively one, and I was very impressed with 
his original ity and the depth of his inves
tigations in the arcane realm of archaeo
numismatics, or in plain English, ancient 
coins .  Now I fi nd myself rev iewing  an 
ampl if ied vers ion of these ideas in the 
vo lu mes u nder d i scuss i o n ;  the reader 
may have gathered that I wou l d  l i ke to 
recommend these books as a good intro-

duction to an i nteresting h istorical ques
tion. 

Alas, I cannot. The normal ly  engaging 
McMenamin has laid an egg with this ef
fort: Its style i s  the mu rkiest of profspeak, 
i ts o rga n izat i o n  i s  topsy-tu rvy, a n d  it 
contains  several serious scholarly s ins. I 
w i l l  get through the autopsy as qu ickly 
as I can . 

I n  support of my a l legation of c lumsy 
writi ng, I note that Volume 1 has about 
a h u n d red pages of text, but 4 7 6  foot
notes ; Vol u me 2 has 360 footnotes for 
about  80 pages.  I cou l d  rest my case 
right here, but si nce I must be cruel only 
to be kind, I hereby complain not only 
of the quantity of the footnotes, but their 
q u a l ity, zero i ng in on notes 1 82 ,  1 86, 
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and 338 in the first volume. 
Note 1 86 cites not a scholarly source, 

but a w itti c i s m  of contem porary h u 
morist P.  J .  O' Rourke. I a m  not making 
this  up.  

Note 1 8 2 stra i g ht-faced I y  (and,  I 
hope, u nwitt i ngl y) memoria l izes Lou i s  
H.  Gray's 1 923 article o n  the Carthagin
ian sn ippets in Plautus's p lay Poenulus. 
F ie !  G ray's art i c l e  is the crassest, most 
brazen p lag i ar i s m  in a l l  Phoen i c i a n a ,  
and McMen a m i n  was wrong t o  h ave 
cited it as anything  other than a piece of  
knavery. 

I n  n ote 3 3 8, M c M en a m i n  has  en
tom bed one of t h e  strongest p ieces of  
s upport i n g  evidence for h i s  thes i s ;  i f  I 
hadn't found it, and d rawn 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 i rrele
vant d i scussion of a G u stave (Madame 
Bovary) F l a u bert novel that is set i n  
Carthage. 

I n  the same vo l u me, C h a pter 5 ,  we 
find a d iscussion of The Circumnaviga
tion of Hanno, a G reek text purporting to 
record a Carthaginian voyage down the 
coast of Afr ica.  Here McMenam i n  s im
p ly  has  not done h i s  homewo r k :  H e  
states that Hanno "founded five c ities," 
whereas the G reek clearly states that he 
"re-suppl ied"  them:  Hanno's voyage be
gan not as a bo l d  venture i,nto the u n 
known, b u t  as a " m i l k  ru n," its h igh ad
venture starting later in the voyage. 

As to the background information Mc
Menamin g ives on the Phoenicians and 
their Carthagin ian kin in various pre l imi
nary chapters, the reader wou l d  l earn 
just as much from an encyclopedia, and 
wou l d  f ind the wr i t ing more succi nct; 
the professor l i kewise i nc l udes an 
overview of Phoenician grammar as Ap
pend i x  A, a lthough what this has to do 
with navigation i s  a mystery to me. 

Enough . Rather than thrash through a l l  
the shortcomings of this effort, let  me of
fer a shortcut, a thought experi ment of 
my own : If you get rid of the bad parts of 
McMenamin's Carthagi n ians, you wind 
u p  w i th the same m ateri a l  a s  h is  f ine  
1 996 monograph Carthaginian Cartogra
phy. So order that one instead . 

Michael Skupin was an associate of 
the late Barry Fell. 

Notes -------------
• Available from Meanma Press, 63 Silver Street, South Hadley, Mass. 01075 
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Ancient History 
Continued from page 8 1  
America. However, a s  G loria repl ied, " I  
knew that a n  Okla homa coyote wou l d  
not be wea r i n g  the c rown of U p per 
Egypt and that he wou l d  not h ave the 
royal fl a i l  sta n d i n g  o n  h i s  bac k . "  For 
comparison, see Figure 4, a photograph 
of a p a i n t i ng of A n u b i s  in an a n c i e n t  
Egyptian tomb. 

The A n u b i s  caves project occ u p i ed 
many months over a number of years. 
Far ley provided the i nscr ipt ions, Barry 
F e l l  prov ided the tran s l at ions ,  and i t  
m a kes a fasc i n at i ng sto ry. O n e  o f  the 
most i nteresting aspects i s  how the en
t i re i n scr i pt ion in Cave Two was de
signed such that on only two days of the 
year-the spri ng and autu m n  eq u i nox, 
when the length of n ight and day are ex
act ly  eq u a l-wo u l d  a s u n l i t  poi nter 
move across the entire series of i nscrip
t ions  in an obvious ly c a l c u l ated way, 
w h i c h  Farley records. One day before 
the eq u i nox, or one day after, and the 
p atte rns of l ight  and s hadow form no 
coherent pattern .  In fact, the work of 
Barry Fell  and h is  collaborators, such as 
Dr. Jon Polansky and G loria Farley, gave 
a m ajor boost to the new d isc i p l i ne of 
"archaeoastronomy"-the design of an
cient monuments accord i ng to sophist i
cated astronom ical knowledge, of which 

I 

Fe l l  g ives many examples i n  h i s  Amer
ica B.C. 

A Story of Persistence 
There is sti l l  another story to this hand

some book, beyond those graven i n  the 
stones of bygone m i l lennia.  It is the story 
of the cou rage and pers i stence of ind i 
viduals such  as Barry Fel l  and  G loria Far
ley in standing up to the "s l i ngs and ar
rows" h urled at them by the guard-dogs 
of the status q uo, those whom the poet 
F riedrich Sch i l ler r id icu led as "s inging
for-their-supper" scholars. 

Farley i s  now 82, and hard at work on 
another book. D r. George F. Carter, an 
emi nent geographer, now 87, and also a 
longt i me associate of Fel l ,  sum med u p  
her efforts in h i s  preface to I n  Plain Sight: 

" G lor ia  has been the ded icated per
son, afire with determination to solve the 
h uge puzzle, who is wi l l i ng to pay any 
price i n  time and effort to add to the ma
ter ia l  ava i l ab le  and to advance the un
derstanding of  the  data gathered. That a 
housewife, handicapped for a l ong pe
riod by an i nval id h usband, without ma
jor funds, and not in robust health, has 
accompl ished so much i s  enough to put 
the rest of us to shame." 

A llen Douglas writes for Executive In
tel l igence Review. 

Notes-------------
• Available from the author at P.O. Box 717, Heavener, Okla. 74937 for $37 plus $4 shipping. 
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Transocean ic Contacts with America 
Before the Time of Col umbus 
by J .  Huston McCu l loch 

Across Before Columbus: Evidence for 
Transoceanic Contact with the Americas 
Prior to 1 492 
Donald Y. Gilmore and Linda S. McElroy, 
Eds. 
Edgecomb, Maine: New England Antiquities 
Research Association, 1998' 
Paperback, 3 1 3  pp., $26.00 

Th i s  vol u me is a col l ection of 2 7  pa
pers presented at the q u i ncentennia l  

"Across Before Col umbus?" conference, 
sponsored by the New England Ant iqui
t ies Research Associat ion,  a n d  he ld  at 
Brown University i n  J u ne 1 992.  Most of 
the participants, inc lud ing myself, were 
sympathetic to the poss ib i l ity that there 
were n u merous  contacts between the 
Old and New Worlds before Col umbus. 
Evidence of such contacts has genera l ly  
been dismissed by professional archeol
ogists, apart from the m i n imal ,  but now 
genera l ly accepted, Viking settlement at 
l'Anse aux Meadows, Newfoundland. 

Several  of the pape rs rel ate to re l a
t ively fam i l i a r  ep igra p h i c  evidence of 
contact from the Med i terranean or Eu
rope. A part icu l ar ly noteworthy a rt ic le  
by David H .  Kel ley, a major contributor 
to the decipherment of Mayan phonetic 
writi ng, confirms Barry Fel l 's  identifica
t ion  of North Afr i c a n  p roto-T if inagh 
script-both at Peterborough, Ontario, 
and in Scandi navia-if not the deta i l s  of 
Fel l 's proposed tra nslations. 

Suzanne Carlson provides a survey of 
n o  l ess t h a n  4 1  p u rported Amer ican  
run ic  i nscri pt ions.  Of  these, she identi
fies only 1 2  as c learly runic, yet not def
i n itely modern fab rications, but  t h i s  i s  
st i l l  a n  i m p ress ive n u mber .  The most 
important of these remains the Kensi ng
ton ru nestone from M i n nesota, in terest 
in w h i c h  has  been rej u ve n ated by 
Richard N e i lsen's  meti c u l ous ana lys is  
of  the ru n es, language, and n u merals ,  
and by the l ate Cornel l l i ng u i st Robert 
H a l l ' s  1 9 94 book, The Kensington 
Runestone: Authentic and Importan t. 
Carlson prov ides her own trans lat ions 
of the controvers i a  I S p i  r i t  Pond ru ne-

stones from M a i ne, a n d  of t h e  H eav
ener, Poteau, and Shawnee inscr iptions 
from Oklahoma. 

Semit ist Cyrus H. Gordon, Professor 
Emeritus at both Brandeis and New York 
u n i versit ies, su rveys evidence of " H e
brew Presence in Pre-Columbian Amer
ica." This incl udes the Smithsonian's

'
Bat 

Creek Stone, which Gordon translates as 
reading "For Judea," in script of approxi
mately AD. 1 00; the two Decalogue in
scriptions from Newark, Ohio, and Los 
Lunas, New Mexico; and three coins  of 
the Bar Kokhba rebel l ion of the 2nd cen
tury AD., found in  Kentucky. 

My own contribution to the volume is 
a rep ly  to cr i t ic i sms  ra ised by certa i n  
archeologi sts to the va l id ity o f  the Bat 
Creek inscription. Photographs of this ar
tifact and the two Decalogues are on my 
website:  http//eco n o m i cs .sbs .oh io
state.edu/j hm/arch/outl iers.htm I .  

Asiatic Contacts 
More surprisi ng, however, are n umer

ous articles reporting non-epigraphic ev
idence of Asiatic contacts with the Amer
icas-and vice versa. In the lead article, 
Sm ithsonian anthropologist Betty J .  Meg
gers answers objections that have been 
rai sed to her 1 966 proposa l ,  with CI  if
ford Evans, that Japanese Jomon pottery 
was i ntroduced to the coast of Ecuador 
around 3000 B .C. 

Anthropologist Nancy Yaw Davis pro
vides evidence that several un ique traits 
of the Zuni  of New Mexico are the result  
of a 1 3th century A.D.  contact by Bud
dh ist missionaries from Japan.  Although 
she does not mention i t, B u d d h i s m i n  
America i s  a l so suggested b y  the hand
eye symbol that i s  common in the 
Mississippian cu lture of the same period. 
Joseph Campbe l l ,  in h i s  book The 
Mythic Image, has poi nted out that th is  
part icu lar  symbol i s  i nt i mately associ
ated with the Boddhisatva Avalokitesh
vara, the man ifestat ion on Earth of the 
infin ite compassion of the Buddha. 

Geographer George F .  Carter a rgues 
that ch ickens used by Ameri nd popu la
t i o n s  i n  Lati n America are n ot of the 
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Med i te rra nean type that wou l d  have 
been i ntroduced by the S p a n i s h ,  but  
rather, a re d isti nctively Chi nese and/or 
Ma lay. Ameri nd n ames for the ch icken 
are not based on Spanish models, as one 
wou ld expect. F u rthermore, the ind ige
nous Americans u sed thei r  ch ickens for 
the Asian practices of sacrifice, d iv i na
tion, and hea l i ng, rather than as food. 

My favorite paper of the entire volume 
is " M a i z e  D iffu sed to I n d i a  before 
Col u mbus Came to America," by geog
rapher Car l  Johan nessen . Johan nessen 
identifies n u merous objects held in the 
hands of scu l pted figu res at several I n
d ian temples, datable to the 1 1  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 1 362. 
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1 3th centuries AD., as maize, a crop de
veloped i n  the New Wo r ld  after 6000 
B .C.  Johan nessen's  a rt ic le i s  u n iq ue, in  
that it provides pre-Columbian evidence 
of the New World in the Old .  A few of 
Johannessen's photos are l i n ked o n  my 
web page, noted above. 

Johan nessen first put forward h i s  evi
dence in a 1 989 article with Ann Parker 
in  the geographica l  journa l  Economic 
Botany. Critics argued that Johannessen, 
not bei ng an expert on H i ndu icononog
raphy or mythology, m i staken ly  identi
fied as maize what surely must be some
th ing e l se-va r i o u s l y  pomegran ates, 
puffed rice bal ls ,  beaded pu rses, cornu
copias, Muktaphala (a mythological fruit 

made of pearls), and even the Kal pavrik
sha, or mythical  wish-grant ing tree ( ! ) ,  
depend ing 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."  
I n  1 9 96, however, Shakti M .  G u pta, 

an I n d o l og i st a n d  eth nobota n i st, who 
has written extensively on H induism and 
the role of p l a nts in H i ndu mythology, 
pub l is hed a volume surveying plants i n  
I nd ian temple art. Gupta not only con-

firms that Johan nessen's scul ptu res are 
obvious ly  maize, but identif ies no less 
than  five other N ew World p l a nts i n  
scu l ptures dati ng a s  early a s  the 2nd cen
tury B.C. : pi neapple, sunflower, custard 
apple, cashew, and sp l i t  leaf p h i l oden
d ro n .  J o h a n nessen ' s  thes i s  co u l d  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. 

;. Huston McCulloch is Professor of 
Economics and Finance at the Ohio State 
University at Columbus. 
Notes-------------
• The book can be ordered from NEARA Publications, Box 1050, 77 Court Street, Laconia, N.H. 03246. 

Time and Astronomy 
Didn't Start i n  Babylon 
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 astrono my, the 
most rema rkable th ing  about the 

British, as  wel l  as other old colonial  aris
tocracy, and t h e i r  h i red p rofessors,  i s  
their obsessive assertion that the first as
tronomers were Babylon ian astrologers, 
who evo lved i nto astro nomers, beg in
n ing some t ime around 2000 B .C.-and 
that this was the watershed from which 
a l l  other astronomy derives . That th is  i s  
obsess ively i rrati o n a l  i s  obvious  fro m 
E.G . Richards's book Mapping Time. For 
example, compare these two statements 
from the book: 

"Among the earl iest surviving records 
are the great nu mbers of clay tablets that 
have been u nearthed from the cit ies of 
Baby l o n i a .  The ear l i est a re d ated to 
about 2 000 B . C .  but  it was not u nt i l  
about 400 B.C. that they record soph i sti
cated measurements of the pos it ions of 
the stars and other bodies" (p. 37) .  

"The bui ld ing of Stonehenge began in  
about 3 1 00 B.C. ,"  which he says m i ght 
have been used to determ ine the length 
of the day, the days of sol stice, and the 
helical rising of stars (p. 8) .  
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Now, a rational person in the pursu it 
of truth,  wo u l d  try to reco n c i l e  these 
two contrad i ctory statements. B ut th i s  
author, a n d  the B r i t i sh  schoo l  i n  gen
era l ,  s i m p l y  can not, so comm itted a re 
they to defend i ng the Babylon ian roots 
of the calendar and everyth ing e lse as
tronomical .  

The poet Shel ley described the m i nd
set and heritage of this colonial crew in 

Illustration of the wa
ter clock of Chinese 
engineer Su Sung, 
built in 7 090 A. D., 
one of many interest
ing illustrations in 
Marking T ime.  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. 

h i s  poem "Ozymandias" :  They produce 
noth i n g  of last ing val ue, and leave be
h i nd the record of a "sneer of cold com
m a n d "  captu red i n  a fra g m e n t  h a l f
bu ried, where the " lone and level sands 
stretch far away."  

N o  rati o n a l  i n vest igator c a n  d o u bt 
that m a n k i n d  sta rted astro n o m y  long  
before 3000 B .C .  For  exa mp le, there i s  
a strong case made by a Dutch scholar 

Source: Marking Time, p. 57 
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that the C h i nese named the ir  asterisms 
o r  c o n ste l l at i o n s  by n o  l ater t h a n  
1 7,000 B . C .  What w e  a l ready know i s  
that T i l ak, an Ind ian patriot imprisoned 
by the B rit ish in the late 1 800s, proved 
i n controvert i b l y  from the Vedas, that 
the Sanskrit speakers had identified the 
occu rrence of s p r i n g  equ i n ox in the 
conste l lat ion of Orion. I n  other words, 
given the rate of precession, that part of 
the Vedas m ust h ave been com posed 
by no l ater than 5000 B.C. 
Why We Need an Accurate Calendar 

Why we need an accu rate calendar 
is  a key quest ion.  An honest attempt to 
answer it m i ght lead us to some aston
ish ing new i deas. But here aga in ,  E . G .  
R ichards gives the usual fraudu lent an
swers, some rei ated to a g r i c u  Itu re, 
some to re l i g i o n .  These are goss i p  of 
the post hoc ergo proper hoc var iety. 

Letters 
Continued from page 3 

(2) Exp l a i n  rad iat ion i n  terms of the 
t ime to get the same effective dose from 
natu ral rad iat io n-the Backgro u n d  
Equivalent Rad iation Ti me, or BERT ap
proach (Cameron 1 998a). 

(3 )  A l l  medica l  d oses shou l d  be ex
plai ned to patients using the BERT con
cept. 

(4) The news med i a  shou l d  use the 
BERT concept i n  d iscussing al l  radiation 
doses. 

The B E RT approach has several ad
vantages : 

• Patients and the publ ic  w i l l  under
stand the explanation. 

• The explanat ion does not mention 
risk; it is a s imple comparison . 

• Patients wi l l  become aware that we 
l ive in a sea of rad

·
iation. <' 

• Rad i ation phobia of the publ ic  wi l l  
g rad u a l l y  dec rease as t h e  p u b l i c  be
comes aware of the lack of r isk of nat
ural radiation.  

A more i n-depth expl anat ion of the 
BERT concept is  avai lable on the I nter
net (Cameron 1 998b). 

John Cameron 
Madison, Wise. 

References ----------Norman Frigerio, et al. 1 974. "Carcinogenic Hazariffrom Low-level Low-rate Radiation," Argonne National Laboratory Report ANUES-26. Robley Evans, 1 974. "Radiation in Man," Health 

Physics, Vol. 27 (Nov.), pp. 497-510. Bernard Cohen, 1 995. "Test for the Linear Nothreshold Theory of Radiation Carcinogenesis for Inhaled Radon Decay Products," Health 
Physics, Vol. 68, pp. 1 57-174. John Cameron, 1 998a. "A New Radiation Unit for the Public," 21st Century (Spring), p. 5. 

-- , 1 998b. "Are X-rays Safe?" http://www. medinfo.ufl.edu/other/cameronlrads.html 
Corrections 

The Granger Collection 

Th is detai l  from an Attic pai nt ing de
picting the soul of the bl ind prophet Ti re
s ias  ( r ight) cou nsel  i n g  Odysseus i n  
Hades, published o n  p .  46 i n  the Spring 
1 999 issue, was mis-credited. The source 
of the painting was The G ranger Col lec
tion. 
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The fact i s, that farm i ng does not need 
a calendar, accurate to the nth decimal 
p l ace of how m a ny d ays i n  the year. 
The author tel l s, for example, of some
one in England who t i med the return of 
the c u c koo (a m i g ratory b i rd )  ove r a 
n u m ber of decades,  a n d  fo u nd t h e  
m e a n  va l u e  of the i nterva l s  t o  b e  3 6 5  
days. B u't a l l  the farmer needs is some 
trad it ion, and a good eye for plant and 
a n i m a l  behav i o r  to know when to be
g i n  sowi ng.  

Summary verd ict: Should you buy this 
boo k ?  No. S h o u l d  you borrow i t  from 
the l i b rary? Yes, if you need a lot of in
formation .  Where else can you qu ickly 
get names of the days of the week i n  Old 
Fr is ian,  Old Iceland ic, Ukra in ian,  B u l 
gar ian,  We lsh ,  a n d  a raft o f  other lan
g u ages? Raw mater i a l  there i s  here 
aplenty, but i nterlaced with ideology. 

An i l l ustration in a book review of An 
Imaginary Tale: The Story of-Y=T, in the 
Wi nter 1 998-1 999 issue, p. 67,  m is la
beled one poi nt. The corrected graphic 
appears here. 

• -1 

-Rf 
DEMYSTI FYI N G  IMAGINARY 

N UM BERS 
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 n umbers. He 
shows that -f=T is the mean pro
portional between + 1 and 1=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 = -{aJJ. Gauss 
would have named the numbers 
direct, inverse, and lateral. 
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