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EDITORIAL 

The Eurasian Land-Bridge Is 
Changing the Political Climate 
I f not for an almost total blackout i n  the 

U . S .  nat ional  med ia,  m ore readers 
m ight a l ready know of the vast c l i mate 
change-po l it ica l  c l i m ate, that i s-as 
C h i na, Russia, Japan, and other nations 
begin  col laborating to make the Eurasian 
Land-B ridge project a reality. The recent 
d i p l omacy of C h i n ese Pres ident  J i ang  
Zem in, in  visits to Russia and Japan, un­
leashed the potential to reverse the  de i  n­
dustrial ization landsl ide and its accom­
panying demoral ization, as wel l  as the 
ongoing financial col lapse. J iang Zem in 
cal led for "a  new technological revolu­
t ion," as  you can  read in  h i s  speech (p. 
23)  to scientists and engi neers at the sci­
ence city of Novosibirsk in Russia, Nov. 
24, and his Land-Bridge agreements with 
Russia and Japan are an open ing salvo to 
make that revolution happen. 

How can we make the U n ited States a 
part of this revol ution? 

The urgency of this task, and the diffi­
cu lties, were a l l  too evident at the winter 
meeting of the American Nuc lear Soci­
ety in  Washington, D.C., Nov. 1 5-1 9. At 
one session, some of the nation's top n u­
clear officia ls, inc luding a former d i rec­
tor of a nat ional  la boratory, a d m i tted 
their  utter fai l u re in the po l it ical  a rena  
and in  educating the publ ic.  Techn ical ly, 
we've accompl ished wonders in n uclear 
sc ience in the past 50 years, but in a l l  
other ways we've fa i led,  one person 
stated . "We can't move nuclear technol­
ogy forwa rd in this pol i t ica l  c l i mate, " 
was the general lament.  One i n d u stry 
engi neer, who has worked on fast reac­
tor tec h n o logy for most of h i s  career, 
s a i d  sad l y, " I 'd l i ke to see at least a 
demonstrat ion fast reactor b u i lt i n  m y  
l ifetime." 

It  was a balefu l test imony to the de­
c l i n e  of America's once proud technol­
ogy l e a d e rs h i p, e n o u g h  to m a ke one 
c ry .  Yet,  every o n e  of these n u c lear  
leaders could c h ange the pol it ical c l i ­
m ate-a n d  the i r  se l f- i n d u lgent i m po­
tence. H ow? By jo in ing with the forces 
beh i n d  the Eu ras ian Land-B ridge, who 
are carryi ng on with the spi rit and phi­
losophy that bui lt  the American nation, 
and steered its great p rojects ( l i ke the 
Manhattan Project) to success. 

J iang Zemin's I nitiatives 
J u st a few d ays after the  A N S  meet­

i n g, J i ang  Zem i n ,  an e n g i n eer, was i n  
Novos ib i rsk, speaking to scientists and 
eng i neers there about  the importa nce 
of sc ience and creativity i n  moving civ­
i l i zat ion  fo rward . He a l so m et wi th  
Russian Prime M i n ister Primakov, con­
f i  rm i ng cooperat ive agreem ents to 
b u i l d  the 1 1 ,OOO-m i l e  E u ra s i a n  Land­
B ri dge, from L i a n yu ngang, on C h ina's  
east coast, to the European port of Rot­
terdam. In th is  project, Russia's tremen­
dous  sc ient if ic and tech no l og ica l  po­
tent i a l ,  w h i c h  is concentrated in the  
"closed c ities" of  the  m i l itary-scientific­
i n du stri a l  complex (and now languish­
ing in  the col l apse of the Russ ian econ­
omy), w i l l  be i nvaluable.  

F ro m  R u s s i a, J i a n g  Zem i n  went to 
Japan, where he met with Prime M in i s­
ter Obuc h i ,  and s i g n ed a n  agreement 
to co l l aborate o n  the Land-Bridge.  As 
stated i n  t h e i r  J o i nt Press Announce­
ment Nov. 26: " B oth sides be l i eve that 
t h e  E u r as i a n  L a n d - B r i d g e  Project, 
which  spans from East Asia across Cen­
tral  A s i a  to Eu rope, has a pos i t ive s ig­
n if icance for the peace and sta b i l ity of 
t h e  e n t i re E u r a s i a n  cont i ne n t .  B oth 

Wi nter 1 998-1 999 21 st CENTURY EDITORIAL 



o 
, 

1,000 
, 

kilometers 

Bering Strait: 
proposed 

tunnel connection 
to North America 

2,000 
, 

Eurasian Land-Bridge routes 

Planned or proposed main routes 

Existing other lines 

Other planned or proposed lines 

MAIN ROUTES AND SELECTED SECONDARY ROUTES OF THE EURASIAN LAND-BRIDGE 

si des, with the recog n it i o n  of  t h e i m ­
portance of enhanc i n g  the transporta­
tion and dist ri but ion infrast ructure from 
East As ia  to Centra l  A s i a ,  c o n fi rmed 
t hat they w i l l  p romote cooperat i o n  i n  
this area." 

The J a p a nese d a i l y  Nihon Keizai 
Shimbun reported N ov .  2 6  that :  "the 
J a pa nese a n d  C h i nese gove r n ments 
have agreed t o  cooperate i n  con stru c­
tion of a E u ras ian Land-Br i dge . . .  to 
incl ude ra i lways, roads, and fiber-optic 
net works ru n n i ng through 30 cou ntries; 
t h e goal  i s  t o  deve l o p  a' m a j o r  eco­
n o m i c  a rtery sp a n n i n g  the E u ra s i a n  
l andmass . . . .  With the zone extend i ng 
through the vast, u ntapped energy re­
sou rces of Central Asia,  it is l i kely t hat 
major Russian and U . S .  compan ies wi l l  
take a n  i n terest in  the p roject .  C h i n a  
w i l l  set up a S i no-Japanese regional de­
velopment center, a n d  J a p a n  w i l l  as­
s i gn spec i a l i sts to i t  to d raft p l a n s  fo r 
ra i lway a n d  road netwo rks a n d  shi p­
ments of energy resou rces .  Japan wi II 
host a publ ic-private sem i n ar on means 
of  materi a l i z i n g  the project .  C h i n a  
wants to bu i ld  a h ighway, p i pel i ne, and 
opt ica l-fi ber n etwo rk a l o n g s i d e  a 
planned new Eurasian rai l  system ."  

EDITORIAL 

The LaRouche Connection 
The con cept beh i n d  the E u ra s i a n  

Land-B ridge or ig inated with econom ist 
and statesman Lyndon H. LaRouche, re­
v iv ing  and expanding t he 1 9th century 
American System methods that i ndustri­
a l ized t h e U n ited States, a n d  spread 
through Russia, Japan, and China via the 
L i n co l n  adm i n i stration po l i c ies .  
LaRouche's writi ngs on the Land-Bridge 
concept, and those of his associates, in­
c l u d i ng a book-lengt h  t echn ical  report 
pub l ished by Executive Intelligence Re­
view, have c ircu lated widely. 

In October, a Sch i l ler Inst itut e delega­
tion, led by Helga Zepp-LaRouche, went 
to China to part ic ipat e  in a series of con­
ferences on the Land-Bridge, hosted by 
t he C h i nese Academy of Sciences and 
local  governme nts in fo u r  c i t i es. The 
speeches from that  conference, "Asia­
Europe Economic and Trade Relat ions in  
the 21  st Centu ry  and the Second 
Euras ian Bridge," are avai lable from Ex­
ecutive Intelligence Rev iew in  the Dec. 
4 and Dec. 1 1  issues. 

21st Century covered the Land-B ridge 
tech nologies in the Wi nter 1 996- 1 997 
and Spring 1 997 issues. Th is  issue of 2 1st 
Century reports briefly (p. 24) on Zepp-

LaRouche's i ntervention in Mexico, with 
the Land-Bridge concept, and on a s imi­
lar infrastructure project to i ntegrate the 
South American continent.  As she told 
her Mexican aud iences, the grow i ng re­
sistance in Asia to the pol icies of the in­
ternati ona l  m onetary i n st itut ions,  p ro­
vides us with a u n iq ue opport un ity. 

The U . s .  n uclear commun ity, and sci­
ent ists, i n d ustr i a l i sts, a n d  ot h e rs con­
cerned with turn ing  around the present 
economic,  cu ltura l ,  and scienti fi c  col­
lapse, have to grab this opport u n ity, and 
b reak with the ideological  co nstra i nts 
imposed by the New Age and its med ia. 
The key to the Eurasian Land-Bridge, as 
st ressed by J i a n g  Zem i n ,  and by 
LaRouche, is  the technological  revo l u ­
t ion  req u i red i n  o r d e r  t o  meet the de­
mands of  economic survival and devel­
opment for a l l  of t he peoples of Eurasia.  

L ike the scientific capabi l it ies locked 
up in the closed science cities of Russia, 
the capab i l i t ies of U . S .  advanced sc i­
ence and technology, in  the national lab­
oratories and in industry, have to be u n­
locked . Then the U n ited States can join 
with the E u rasian nations i n  making the 
Land-Bridge the engine of a global eco­
nomic renaissance-in our l ifetimes. 
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Letters 

Yes, Virginia, There Is a 
Dr. Todtkopf 

We reprint here the correspondence 
between 2 1  st Century and a senior bio­
physicist concerning the articles on the 
work of A lexander Gurwitsch ("Alexan­
der Gurwitsch and the Concept of the 
Biological Field"), which appeared in 
the Summer and Fall 1 998 issues of 
21 st Century. This correspondence is 
useful because it underlines some of 
the basic issues in Gurwitsch's work, 
and it makes it clear that such charac­
ters as the Dr. Todtkopf and Prof. 
Lebensfroh, featured in the dialogue 
by Jonathan Tennenbaum (p. 28), are 
not only fictional. 

The name of the biophysicist has 
been withheld, upon his request. 

To the Editor: 
Thank you for sending me the Sum­

mer [ 1 998] issue. I read the issue with 
interest but, from what I knew, the ar­
ticles on Gurwitsch were way off base. 
The l ate Alexander H o l l aender trav­
e l l ed to the Soviet U n ion u nder  the 
auspice of the Rockefel ler Foundation 
to work in Gurwitsch's laboratory. Af­
ter a three-month stay there, he returned 
to the United States and continued work­
ing on the properties of m itogenetic radi­
ation in col laboration with a number of 
other individuals. Hol laender had an ac­
tive interest i n  the field but fi nal ly  con­
cluded that most of the resu lts were not 
only inconclusive, but i nconsistent. 

He and w.o. Claus wrote a review on 
mitogenetic rad i at ion entitled, "An Ex­
perimental Study of the Problem o� Mito­
genetic Radiation" that appeared in Bul­
l et i n  1 00 of the N at iona l  Research 
Cou n c i l ,  p u b l i shed by the Nat iona l  
Academy of  Sc iences i n  1 937. The re­
view concluded that m itogenetic rad ia­
t ion cou ld  not be demon strated . H o l ­
laender was a preeminent photobiologist 
with extensive training in physical chem­
istry. He was quantitative in his analyses. 

Thus,  to the best of my knowled ge, 
mitogenetic radiation has no fou ndation 
in physical real ity as we know it. 

Associate Editor 
Colin Lowry Replies 

[The editor] has asked me to respond 
to your letter concern ing Alexander Gur­
witsch, and to br ing you up to date on 
photon emission from l iving cel ls .  A lot 
has happened s i nce 1 937, and, in fact, 
photon emission has been found to be a 
property of al l  l iving cel ls, not j ust in mi­
tos is. The study by Hol laender you c ite 
is usefu l as an example of how science 

that does not conform to the polit ica l ly  
correct ideas of  the  t ime i s  contro l led 
and buried. At the time, Hollaender was 
a lready aware that the mitogenetic radi­
ation experiments had been successfu l ly 
repeated by researchers in the Siemens 
Company l aboratory i n  the 1 9 30s i n  
Germany. 

D r .  F r itz A l bert Popp and my co l ­
league, D r .  Jonathan Tennenbaum, vis­
ited with Dr .  H o l l aender in the ear ly  
1 980s in New York. Dr .  Popp was work­
ing on photon emission from l iving cel ls, 
and had come to see Hol laender to tel l  
h i m  that he was now meas u r i n g  G u r­
witsch's mitogenetic radiation. Dr. Hol­
l aender told him that he bel ieved that 
G u rwitsch had fo u n d  someth i n g, and 
that he had fou nd evidence of photon 
emiss ion,  but that he was sent to do a 
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hatchet job on G u rwitsch's work by the 
Rockefe l ler  Fou ndatio n .  The report in 
the National  Academy of Sciences that 
was p u b l i s hed was des igned to c r u s h  
any interest i n  th i s  f ie ld  i n  the U n ited 
States, and i t  was q u ite successfu l for 
many d ecades, although i n  E u rope the 
research continued slowly. 

Gurwitsch's original experiments have 
recently been repeated in Russia u s i n g  
modern equ i pment, a n d  there has been 
an active but smal l group of researchers 
i n vo l ved i n  t h i s  area s i nce the 1 970s .  
The fi rst q u antitative anal yses demon­
strat ing b iophoton emission were done 
i n  the 1 950s. 

I t  is worth pointing o ut, that the bio­
p hoton emission is o n l y  o ne part of 
G u rw itsch's  b io logica l  f ie ld theory. 
He warns that attempts to reduce the 
cel l to cu rrently k nown physics, can 
never exp l a i n  the l i v i n g  state. The 
other questions he raises in embryol­
ogy, in m itos is,  and  d ifferentiat ion,  
h ave n ot bee n stu d ied adequ ate l y  
s i nce h is  death, i n  the context o f  the 
electromagnetic organization of l iving 
processes. The bias aga i n st such an 
approach comes from the reductionist 
ideologies that domi nate the mi nds of 
most scientists today. 

Last month,  there was an i n terna­
t ional  conference of the researchers 
working on biophotonics and related 
questions that took place in Germany. 
I received a report from th i s  confer­
ence that b iop hoton emiss ion  from 
respi ratory bu rsts from gran u l ocytes 
and other immune cel ls was shown to 
trigger activation of immune cel ls  in a 

neighboring cell cu lture. 
I am sen d i ng you a copy of the 1 988 

review from Experentia on the subject of 
G u rwitsch a n d  b i ophoton emiss ion ,  
which  was  coord i nated by D r .  F r itz 
Albert Popp, one of the lead ing scientists 
work ing  on biophoton emiss ion today. 
. . .  I wi l l  also supply you with other ref­
erences at the end of this letter. 
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The Biophysicist Replies 
-Again 

To the Editor: 
Thank you for send i n g  me the Fa l l  is­

sue of 2 7st Century. I read carefu l l y  the 
articles on G u rwitsch and h i s  apparent 
data and theories. 

I sti l l  have seen no convincing data in­
dicating that there i s  such a th i ng as mi­
togenetic rad iat i o n .  The notions  about 
"fie lds" i s  p u re ly  spec u l at ive s i nce no 
experiments are yet avai lable to confirm 
any predictions of these notions. 

In the experi mental world in which  I 
l ive, there are many data on the genes 
i nvolved in changes in  development and 
how the recent rapid advances i n  molec­
u lar biology are lead ing to these u nder­
standi ngs. After a l l ,  an organ i sm beg ins  
from a s i  ng le cel l .  The  o r i g i  n of  these 
p resum ptive fi e lds  must res ide in that 
cel l but there are no data ind icating that 
i ndividual cel l s  send out radiations to af­
fect other nearby cel ls .  

Sorry, I don't bel ieve any of it .  

Gurwitsch Appreciated 

To the Editor: 
H aving just completed a first reading 

of  the article i n  the Summer 1 998 issue, 
tit led "Alexander  G u rwitsch a n d  the 
Concept of the B iological  F ie ld ,"  I feel 
compel led to exp ress, both a p rofo u n d  
gratitude for you r br inging to m y  atten­
tion such an enormously sign ificant body 
of work, and an equa l ly enthus iastic an­
ticipation of your fal l  issue with the sec­
ond part of the article. 

In the meant i me, I wou Id  be m ost 
gratefu l i f  you co u l d  te l l  me whether 
there are E n g l i s h  trans lat ions cu rrent ly 
avai lable of Prof. Gurwitsch's  Histologi­
cal Foundations of Biology (1 930), or The 
Theory of the Biological Field ( 1 944). If 
not, might 2 1 st Century Science be con­
sidering sponsori ng such trans lations? I 
bel ieve that this wou ld be an i nvaluable 
service. 

Mark Douglas Rei ners 
Los Angeles, Cal if. 

The Editor Replies 

U nfortu n ately, there a re n o  E n g l i s h  
translat ions  o f  t h e  o r ig i n a l  papers of 
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Alexander G u rwitsch .  The orig ina ls  are 
p u b l i s hed i n  R u s s i a n ,  German,  o r  
French. This would be a worthwh i le pro­
ject to be fu nded, a nd 2 7  st Century 
would welcome assistance in  getting this 
project going. 

Thinking about How 
A Foucault Pendulum 

Works 

To the Editor: 
I d id a double take read i ng the last is­

sue of 2 7 st Century, where it was sa id  
that Foucault's pend u lum made a com­
p lete 360 degree rotation in 24 hours, 
except in R ich mond, V i rg in ia, where it 
takes 29 hours and 2 7  mi nutes [ i l l ustra­
t i o n  on p. 27 a n d  back cover, i n  
" S h o u l d  the Laws 
of G rav i tat ion  Be 
Reconsidered?" by 
M a u r i ce A l l a i sl. I 
k new t h i s  cou l d  
n o t  be true-even 
i n  the heyday of 
the Confederacy­
but I cou Id not re­
member  the fo r­
m u l a  I had d u l y 
memor ized so 
many years ago. 

H owever, by 
thought  experi­
ment, you can see 
that at the poles, the pen d u l u m  wou l d  
appear to g o  around in  2 4  hours, a s  the 
Earth rotates u nder it, s i nce the zenith 
and the pole coincide; that is, the angle 
between the l i ne of s ight  go ing  to the 
pole, and the str ing or cable of the pen­
d u l u m ,  go i n g  "stra i g h t  up ,"  is zero. 
(Here a lso, a s u n d i a l ,  with its gnomon 
pointing to the zen ith/po le, wou ld s l ice 
the day up i n to neat 1 5  d egrees per 
hour.) 

A l so by thought exper i me nt, at the 
eq u ator, the angle between the l i ne of 
s i ght to the pole, would now coinc ide 

. w i th  the hor izon,  and the pen d u l u m  
string going u p  toward the zenith, would 
be at  90 degrees. Thus, the Earth wou ld 
appear not to rotate at a l l  relative, to the 
p l ane in w h i c h  the pend u l u m  swi ngs, 
because the pendulum is swinging paral­
lel to the Earth's axis . .  

So, you m ight guess that the trigono­
metric fu nction you ' re look i ng for i s  a 

s i ne, s i nce the s i ne of 90 degrees i s  1 ,  
and the s i ne of 0 degrees i s  O.  

I t  wou l d  n ot be any fu n to g i ve the 
whole a nswer here. The reader shou ld  
work the  rest out  for h i mself: us ing d ia­
grams, models  of the E arth, s i m p l e  
tr igonometric relat ions,  p i c k i n g  a spot 
with a specific latitude, drawing the plane 
of the horizon there, and arriv ing  at the 
time for a pendu lum to turn 360 degrees, 
which is equal to 24 hours d ivided by the 
s ine of the angle of the latitude. 

Th i s  experi ment should a lso make us 
pause, before we too read i l y  agree that 
a gravitational  field i s  i n d istingu i shable 
from a field caused by accelerated mo­
t ion .  In the often-cited thought-experi­
ment, i t  i s  a l leged that if you were in a 
huge wi ndowless room, there wou ld be 
no experiment you cou ld  do, that wou ld 
tel l  you whether you were i n  a room on 

Science Museum o f  Virginia 

a planet whose gravity was causing ob­
jects to fal l  at a specific acceleration, or 
if you were bei ng pul led by a rocket sh ip  
at  that  acceleration .  What if  you took a 
pend u l u m  around to learn a couple  of 
th ings! 

Rick Sanders 
Leesburg, Virg in ia 

The Plain Truth 

To the Editor 
I ad m i re 27st Century sc ient ists and 

editors, for the p la in  truth, and that i s  to 
exp l a i n  the truth without coverup and 
compro m ise. B u t  the American people 
are physica l l y  present, menta l ly  absent, 
s leep i n g  l i ke the i n h abitants of a nc ient 
caves. 

Thank you so much for educating us.  
Johannes Zemichael 

Scott, La. 
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U.N. AIDS PROGRAM REPORT SHOWS AFRICAN HOLOCAUST 
The U n ited Nat ions A I DS Program issued i ts updated 1 998 report 

Dec. 1 ,  documenting a 1 0  percent i ncrease in H IV infections worldwide 
over the past year, and the utter devastat ion of the African populat ion.  
Si nce the beg inn ing of the epidem ic i n  the late 1 9 70s, some 34 m i l l ion 
Africans have been i nfected, and 1 2  m i l l ion have died, one-quarter of 
the dead being ch i ldren . In 1 998, about 70 percent of new H I V  infec­
tions in the world occu rred in sub-Saharan Africa. In the nine countries 

• """""""",_..---_T_o_ta_I :_3_3 ._4_m_II_IiO_n __ _ 

� €f) of southern Africa, H IV prevalence in the adult population is 1 0  percent 
�"'!! or h igher. I n  Botswana, Namibia, Swazi land, and Z imbabwe, between 

The latest U. N. AIDS epidemic update 
estimates that 33.4 million people now 
have A IDS, and that in the next few 
years, AIDS will turn much of Africa into 
a graveyard. 

NASA 

Is the sky falling? Or is another explana­
tion required for why satellites like Pio­
neer 7 a and 7 7 are experiencing anom­
alous gravita tional acceleration. Here, 
an  artist's concept of Pioneer over 
Jupiter's surface. 

20 percent and 26 percent of the adult population is infected with H IV. With infec­
tion rates at levels this h igh, these countries wi l l  have lost a l most an entire genera­
tion to the AIDS epidemic by 20 1 0. 

A lso Dec. 1 ,  Pres ident C l i nton presented a series of new i n it iat ives to increase 
fu nd ing for A I DS vaccine researc h, and provide emergency fu nds to help care for 
chi ldren who have been orphaned by the epidemic i n  Africa and elsewhere. 

TUBERCULOSIS EPIDEMIC SWEEPING ACROSS ASIA 
The World Health Organ ization (WHO) reports that I nd i a, C h i na, Bangladesh, 

Pakistan, Indonesia, and the Ph i l ippi nes alone have 56 percent of the 8 m i l l ion re­
ported tuberculosis cases i n  the world, and that 3 m i l l ion of those i nfected are ex­
pected to d ie. WHO Di rector-General Gro Harlem Brundtland told a recent i nterna­
tional conference in Bangkok, "A disease that many of us bel ieved wou ld disappear 
in our l ifetime is k i l l ing more people today than at any time in our h i story." 

U.S. DOE RECEIVES 524 PROPOSALS FOR N UClEAR R&D 
The Department of Energy division in charge of the Administration's Nuclear Energy 

Research In itiative (NERI) has received 524 proposals from researchers in industry, un i­
versities, and national laboratories to work on new ideas in producing and us ing nu­
clear power, accord ing to a report in  the Dec. 1 1  Science magazine. The proposals in­
cl ude the design of compact, easily deployable reactors for developing nations. 

The NERI  program had been proposed by the Department of E nergy a year ago, 
but was not funded by the Congress. The fiscal year 1 999 budget, however, includes 
$ 1 9  mi l l ion to start the research programs, although the Wh ite House had requested 
$24 mi l l ion.  In a report released a year ago, the President's science and technology 
advisory panel said that $50 m i l l ion per year was needed in n uclear research and de­
velopment, increasing annual ly to $ 1 00 m i l l ion by 2003, lest the nation entirely lose 
the nuc lear option in energy prod uction .  Of major concern is the fact that in the 
1 990s, enro l lment in nuclear engi neering and rel ated programs has dec l i ned by 1 0  
percent per year, and that graduate programs offered i n  nuclear fields have fal len by 
30 percent si nce 1 975, and now stand at 3 5 .  

DATA FROM SATElLITES INDICATE 'THE SKY IS FALLING' 
The Oct. 5 issue of Physical Review Letters reports that radio telemetry data from 

a l l  deep-space satel l ites indicate an anomalous gravitational acceleration. The satel­
l i tes Pioneer 1 0  and 1 1 ,  Gal i leo, and U l ysses are a l l  experiencing a s l ightly greater 
apparent pu l l  by the Sun than that projected by the cu rrent theories of gravity, which 
are general ly based on Newton's Theory of  U n iversal Gravitation.  These data cou ld 
confirm the work of Dr. Benny Soldano, physicist and member of the science advi­
sory board of 2 7st Century, who has recently pub l ished a book titled Non-Equiva­
lence: A Key to Unity. The book sums up al most five decades of Soldano's work on 
h is  theory of the non-eq u iva lence of inertia l  and gravitational mass-a hypothesis 
contrary to that of Newton.  
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CHINESE PRESIDENT PUTS EURASIAN LAND-BRIDGE ON WORLD AGENDA 
In  November summit meetings with Russian Prime Minister Yevgeni  Primakov and 

Japanese Prime M i n i ster Keizo Obuchi ,  C h i nese President J iang Zem i n  concluded 
agreements on the Eurasian Land-Bridge project of transportation and agro-industrial 
development corridors, stretching 1 1 ,000 km from the east coast of China to the Eu­
ropean port of Rotterdam. The U .S.  major media chose to black out news of this ma­
jor world development. 

As described by one Japanese dai ly, "The Japanese and Chinese governments have 
agreed to cooperate in construction of a Eurasian Land-Bridge . . .  to i nclude railways, 
roads, and fiber-optic networks runn ing through 30 countries; the goal is to develop a 
major economic artery spanning the Eurasian landmass . . . .  With the zone extending 
through the vast, u ntapped energy re�ources of Central Asia, it is l i kely that major Russ­
ian and u.s. companies wi l l  take an i nterest i n  the project. China wi l l  set u p  a Sino­
Japanese regional development center, and Japan wi l l  assign special ists to it to draft 
plans for railway and road networks and shipments of energy resources . . . .  " 

The proposal for the Eurasian Land-Bridge was fi rst put forward by economist Lyn­
don LaRouche. 

ADAMOV OUTliNES RUSSIAN EXPORTS OF N UCLEAR PLANTS 
In a press conference Dec. 8 in Moscow, Yevgeny Adamov, Russia's Minister for 

Atomic Energy, reported on h is recent trips abroad to firm up export busi ness for the 
nation's nuclear energy industry. Although I ran is an oi l -rich cou ntry, he said, "the 
strategical ly minded leadership of that country is looking 30 years ahead and more," 
and Russia has received an offer to bui ld  three nuclear u n its in Iran. As for concerns 
with pro l iferation, Adamov said that Russia should be, and is, more concerned about 
weapons prol i feration in I ran than the U n ited States is, because America is an ocean 
away and Russia is right next door. 

Adamov sa id Russ ia i s  a l so work i n g  on the contract for a new power p lant i n  
China, and has signed a contract with I n d i a  for design o f  a plant, which wi l l  b e  com­
pleted in the first half of 1 999.  The I nd ian n uclear regulatory bodies wi l l  then make a 
decision on bu i ld ing the p lant. As for Russia's domestic n uclear situation, Adamov 
stated, "We intend to d ramatical ly cut the number of faci l ities in which we invest, in 
order to concentrate our i nvestments in fac i l ities which are nearing completion and 
can be quickly put i nto operation, and bring returns." 

FOR GREENS, 'SMALL IS BEAUTIFUL, BIG IS SUBSIDIZED' 
Several green groups, including Friends of the Earth, the Gaia Foundation, and the 

Club of Rome have recently attacked the current market system and global ization . 
Why? According to the d i rector of the B ritish-based International Society for Ecology 
and Culture (lSEC), Helene Norberg-Hodge, it's because of the "demonstrable, mad 
investment in infrastructu re" taking place around the world. When asked, does this 
i nclude the Eurasian Land-Bridge project, Norberg-Hodge replied, "Absolutely!" She 
then attacked the bu i ld ing of bridges between Sweden, Denmark, and Norway; plans 
for l ink ing up Spa i n  and North Africa; the al ready completed Channel Tunnel be­
tween Brita in  and France; and E u ropean plans for h igh-speed rai l .  Norberg-Hodge 
says she's the "driving force" beh i n d  the launching of the I nternational Forum on 
Globalization. 

The ISEC produced a report titled "Sma l l  is Beautiful, B ig is Subsidized," which at­
tacks transport infrastructure projects, inc luding the 1 9th century bui ld ing of the con­
tinental railway system in the U n ited States, because it helped "subdue and civi l ize 
the untamed wi lderness." The report bemoans the fact that the East and West coasts 
of the U nited States were l i nked by rai l .  "Many people today bel ieve things wou ld be 
far better if the nation were d ivided i nto much smaller entities," the report says. 

Stuart LewisiEIRNS 

Chinese President Jiang Zemin reached 
agreements on the Eurasian Land-Bridge 
with both Russia and Japan in Novem­
ber. Here, Jiang at h is October 1 997 
meeting with President Clinton. 

Rolling back progress: a green view of 
the u.s. future. 
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VIEWPOINT 
Can the Greens Destroy Nature? 

For the decades that America's tech­
nological society has been u nder at­

tack by its environmental leadersh i p, a 
major fact has been h idden : On ly  ad­
va nced tec h no l og i c a l  nat ions  have 
ever reversed the degradation of the 
natural envi ronment that accompanies 
human occu pation .  Americans need to 
u nderstand the truth and i mpl ications 
of th is statement and how they h ave 
been led to believe something else. We 
can then better eval uate the i rrationa l i ­
t ies of the e n v i ro n menta l  movement  
and its dangerous cou nter-productivity. 

Some Environmental Paradoxes 
I w i l l  summarize tech nology's envi­

ron mental v i rtues as rel ated to natu re 
by d i s c u s s i n g  some a p parent  pa ra­
doxes. In each case, the accu racy of 
the paradox is verified by summ ariz­
i n g  facts that have been h idden from 
the publ ic .  

Paradox 1 .  Technologists are far 
more beneficial for the natural envi­
ronment than are their environmental 
critics. 

To see why this is  true, let's analyze 
the m a j o r  pos i t i ve env i ro n menta l  
changes that  h ave occu rred i n  Amer­
ica dur ing the past 1 50 years. 

Forests and trees. Major increases in  
the tree pop u l at i o n  h ave 
taken p l ace in the eastern 
two-th i rd s  of A m e r i c a .  
These c h a n ges sta rted i n  
the M i d west w i t h  its set­
t l i n g  i n  the e a r l y  to m i d-
1 800s; i n  the eastern th i rd,  
Amer ica 's  new coat of 
green started i n  the 1 920s.  
The i ncrease of tree cover 
in former prairie areas was 
the i nevitable result  of peo­
ple using the land for agri­
c u l t u re .  The i n c rease of 
tree cover in the eastern 
states was the i nevitable re­
su lt of people no longer us­
ing the land for agriculture, 
a n d  m ov i n g  to c it ies .  The 
changes i n  the prairie states 
contributed to the changes 
in the East. Natu re was the 
winner i n  both areas. 

by James Dunn, PhD. 
When the fi rst sett lers came to the 

M idwest, the area was a monotonous 
grass l a n d  created l a rge ly  by t h e  re­
peated bu rn i ng of vegetat i o n  by the 
Ind ians over thousands of years (Stew­
art 1 9 5 6 ) .  B u r n i n g  expan ded the 
prai ries, and thus  the b ison herds, but 
i t  d e n u ded vast a reas of t rees a n d  
b r u s h .  I n  t h i s  host i l e  e n v i ro n ment, 
farmers had to use dr ied b i so n  d u ng, 
crop residues, and grasses for cooki ng 
and heati ng fires. 

Qu i c k l y  the ear ly  fa rmers p l a nted 
trees a ro u n d  the i r  fa rm b u i l d i n gs, i n  
towns, a long fence l i nes and i n  wood 
lots. In addit ion,  states per ipheral  to 
the central  p ra i r i e  l a n d ,  l i ke Ten­
nessee, Kentucky, Oh io, I n d i a na, I lI i -
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nois,  M ich igan, Wiscons in, a n d  M i n­
nesota grew new forests, natu ra l ly, by 
afforestation on former prair ie that was 
not t i l led (Stewart, op. cit.) . 

A l so,  cotto nwoods, w i l lows, a n d  
assoc i a ted u n d erstory growth re­
tu rned by afforestat ion along the ma­
jor river syste ms west of the M i ss i s­
s i p p i  R i ve r ( D u sek et a l .  1 9 8 9  a n d  
Curtis 1 998) .  

In  the E ast, generation of new tree 
cover sta rted somew h at l ater. I n  the 
e a r l y  1 8 0 0 s ,  wood was the o n l y  
source o f  energy. Large a reas around 
c ities and i ro n  fu rnaces were str ipped 
of trees fo r ene rgy.  As we developed 
coal resou rces a n d  rai l  transportation, 
co a l ,  a n d  l ater o i l ,  rep l aced wood . 
E l ectr i c a l  power generated by coa l ,  
o i l ,  and water comp l eted the cha n ge 
fro m woo d .  A l t h o u g h  some people 
sti l l  use wood for energy, most can get 
a long without it .  

J u st as i m portant, new agr icu ltura l  
technology, such as agricu l tu ra l  chem­
icals and tractors, a l l owed us to retire 
marg ina l  croplands and pasture lands. 
The major release of agricu ltural  land 
i n  the East started i n  the 1 920s, but  the 
expans ion  of d ry - l a n d  farm a reas i n  
the G reat P la ins (1 909-1 920), and the 

i ncrease in i rrigated land 
in the West through the 
1 970s (U .S.  Department 
of A g r i c u l t u re 1 976),  
m o re than cou n terba l ­
a nced t h e  l a n d  released 
in the East. Hence Amer­
i c a ' s  total agr i c u l t u r a l  
l a n d  d i d  n o t  decrease 
unt i l  about 1 960. 

The agri c u l t u ra l  l a n d  
re l eased from 1 9 60 
t h ro u g h  1 9 9 6  a l o n e  is  
2 0 8 . 9  m i l l i o n  a c res 
(Wright 1 997), more than 
8 m i l l  ion acres per year. 
The u.S .  Department of 
A g r i c u l ture  ( 1 9 8 9 ,  p .  
1 4 1 )  p red i cts that Amer­
ica w i l l  release up to 1 60 
m i l l  i o n  m o re a c re s  by 
2 0 3 0 .  H owever, m ajor  
worl dwide chan ges m ay 
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m ake t h i s  est i m ate too low.  K i l m a n  
(1 998) describes current major fai l u res 
of farms i n  the northern p l a i ns states 
because of a combination of deregu la­
tion and h igh agricu ltu ra l  productivity, 
both in America and in foreign coun­
tries. This  cou l d  be partly the resu lt of 
the pred icted "carbon d ioxide bonus" 
as the world's crops respond to h igher 
carbon d i o x i d e  l eve ls  in the atmos­
phere.  Carbon d i ox ide,  of c o u rse, is  
plant food .  

O u r  use o f  m i neral-based construc­
t ion pro d u cts s u c h  as  b r i c k, stee l ,  
g lass, cement,  a n d  sto n e  fo r l a rge 
bu i l d i ngs and other structures fu rther 
decreased demand for wood. 
And people a b l e  to l ive a n d  
work i n  tal l  b u i l d i ngs requ i re 
far less l a n d  t h a n  peo p l e  i n  
low b u i l d i ng s .  U s i n g  l ess 
land takes pressu re off 
forests .  F u rther, o u r  u s e  of 
wood preservat i ves a l l ows 
wood to last longer. Accord­
i ng to Barrons ( 1 9 8 1 , p .  60), 
without wood preservatives, 
a forest twice the s ize of New 
E n g l a n d  wou l d  be needed 
just to replace rotted wood in 
b u i l d i n gs  and fe nces on a 
sustai ned basis.  The total de­
c rease i n  demand fo r wood 
for construction a l lows us  to 
fi l l  a l l  of our need fo r c o n ­
stru ct ion wood with  but  5 
percent of o u r  forest (Sedjo 
1 995) .  

S i nce 1 9 2 0 ,  America has added 
some 1 40 m i l l ion acres of new forest, 
the equ ivalent of the land area of Ver­
mont, Massa c h u setts, Rhode I s l a n d ,  
New York, Pen n sylvan ia, New Jersey, 
Mary l a n d ,  V i rg i n ia ,  a n d  N o rt h  C a r­
o l ina (Dunn and Kinney 1 996, pp. 1 7, 
37) .  Some 7 5  m i l l io n  acres of new 
mesqu ite a lso returned to the Panhan­
d l e  reg i o n  of O k l a h o m a ,  southward 
into Texas (Stewart, op. cit. ) .  

In  add i t i o n ,  b i l l i o n s  of  trees h ave 
been p l a n ted throughout  A m e r i c a .  
New York's  S a ratoga n u rsery a l o n e 
has sold more than 2 b i l l ion trees s i nce 
the early 1 900s. Cu rrently, it wou l d  be 
d i ff icu l t  to fi n d  a v i sta from t h e  At­
l a ntic Ocean to the Rocky Mou nta i n  
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front, from the Canad ian border to the 
G u lf Coast, where new trees or woods 
are not visible. 

Wildlife. W i l d l ife that req u i re trees 
have prol iferated . Wi ld l ife in large ar­
eas of the eastern two-t h i rd s  of o u r  
" l ower 4 8 "  a re both mo re a b u n d a n t  
a n d  more d i verse than i n  1 49 2 .  T h e  
m i x  o f  subu rbs, t i l led fields, land re­
vert ing to new woods, and old forests 
of the East favors a d iverse and plenti­
fu l fau n a.  The best measu red cha nge 
i s  the w h i te-ta i l ed deer pop u l a t i o n .  
Recent record deer harvests through­
out  the E ast refl ect record tota l deer 

popu l ations ( D u n n  and K i n ney 1 9 96, 
62-67). 

B ec a u se the E a st in 1 49 2  was 
largely covered with old forest, which 
w i l l  n ot su pport a h ig h  deer popu l a­
t ion,  the wh ite-ta i l ed deer are proba­
bly more abundant now than ever be­
fore . Other w i l d l ife populations have 
s i m i lar ly  i ncreased . Tu rkeys, coyotes, 
wood b i rds i n  genera l ,  and sq u i rre l s  
h ave a l l  pro l iferated . Pyne and McCoy 
( 1 9 9 8 )  from m o re recent d ata,  con­
c lude that most eastern states w i l l  see 
record or near-record harvests of deer 
th i s  year; so the tre n d  con t i n u es .  
Tu rkeys, which share the deer habitat, 
w i l l  a lso probably  be at record levels 
for 1 998.  

In  the centra l U n ited States, the 
w h i te-ta i l ed d eer pop u l at i o n  i s  a lso 
sett ing new records, but  for somewhat 
d i ffe rent reaso n s .  T h e  new woods 
i n  states adjacent to former grasslands, 
of cou rse, bear most of the respo ns i ­
b i l ity. But  major river systems such as  
the N o rt h  P l a tte, M i sso u r i ,  Yel l ow­
sto ne, and S n a ke have a l l  seen a re­
turn of cottonwood, w i l low, and re­
l ated u n derstory vegetati on,  beca u se 
t h e  p r a i r i e s  a re no l o nger  b u rned . 
Dushek, et a l .  ( 1 989) and Curtis ( 1 998) 
desc r i be the process in d eta i l  for the 
Yel l owsto ne R i ver in Monta n a .  With 
the new cover and u nderstory browse 

a d d ed to c rops i n  n e a rb y  
f ie lds ,  w h ite-ta i l ed d e e r  a re 
abu ndant. 

Along with deer, b irds have 
retu rned . We l sc h  ( 1 992)  d e­
scribes the condit ions i n  Ne­
braska w h e n  the w h i te m a n  
f i  rst arrived : "And there were 
few b i rd s :  n o  card i n a l s, n o  
ro b i n s, no o r i o l es, n o  owls ,  
n o  t h r u shes,  n o  s i sk ins ,  no  
goldfinches, or wood d ucks." 
N ow, the A u d u bo n  Soc iety's 
b i rd books te l l  us that a l l  of 
th ese b i rd s  a re present 
throughout the a rea. 

F i n a l ly, a nother l argel y  ig­
n o red w i l d l i fe conse rvati o n  
benefit i s  t h e  several  m i l l i o n  
new p o n d s  i n  A m e r i c a .  The 
m an-made ponds a re breed­
ing and stopover sites for wa­

ter b i rds a nd attract other w i l d l ife. I n  
add ition, many are stocked with fish .  

Biodiversity. F loral biodiversity has 
i n c reased t h ro u g h o u t  A m e r i c a  be­
cause m u c h  exot ic  vegeta t i o n  has 
been i m ported fro m other a reas.  For 
exa m p l e, A m e r i c a n s  h ave p la n te d  
Austra l i a n  euca lyptus, Russ ian  o l i ve,  
Chi nese chestnut, Austri an and Scotch 
p i nes,  a n d  N o rway spruce t h ro u g h  
m u c h  o f  America. Most o f  the 1 6  trees 
a n d  s h ru bs offe red fo r s a l e  by N ew 
York's  1 9 9 8  Renssel aer Cou n ty S o i l  
a n d  Water Conservat ion  D i st r ict a re 
not native to New York state. 

Foreign i m ports comprise about 1 5  
percent of the species described i n  The 
Audubon Society Field Guide to North 
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American Trees, Eastern 
Region ( L itt le 1 9 80) .  I n  
a d d i t i o n ,  m a n y  o f  o u r  
flowers, shrubs, a n d  food 
trees a n d  p l a nts are i m ­
ports, a fact acknowl­
edged by AI  Gore (1 992, 
pp. 734-735) .  

F i n a l l y, our  bota n i cal  
tec h n o l o g i sts c o nt i n u ­
ously create new hybrids 
of food a n d  decorat ive 
plants further i ncreas i n g  
f l o r a l  b i o d ivers i ty .  A 
modern seed cata logue 
i n c l  udes  about  1 0  per­
cent new hybr i d s  a n n u ­
a l l y  i n  its l i st ings.  F l oral  
d iversity has never been 
greater in America. 

Faunal  biodiversity h as 
expanded i n  many areas 
of Amer i c a .  I h ave a l ­
ready d i scu ssed the return o f  w h ite­
ta i led d eer i n  m u c h  of the M i d west. 
S i m i lar ly, the i n creased d i vers i ty of 
birds in the M i dwest i s  i nd isp utable.  
The dom inant, relatively s i mple faunal  
comp lex that the I n d ians  created has 
been rep l aced by a far m ore d i verse 
fauna. Also, through much of the east­
ern states, fau na l  abu ndance h as never 
been greater. 

Erosion. Si nce 1 9 1 0, per acre agr i ­
cu ltural production i n  America has in­
creased about 5 . 5 9  t i mes faster than 
the popu lation has grown ( D u n n  and 
Kin ney 1 996, pp.  1 8, 25) .  Because un­
needed farm land now has permanent 
natura l  cover, s o i l eros i o n  h a s  de­
creased . In fact, the rate of new s o i l  
generation o n  such  l a n d  far exceeds 
the erosion rate. Additional ly, because 
the q uantity of ti  l ied land is red uced, 
and the land that is u sed i s  the flattest, 
erosion of t i l led land is decreas ing. 

The greatly decreased erosion is de­
scri bed by the U . S .  Department of 
Agr icu l ture ( 1 989),  w h i c h  ant ic i pates 
a 57 percent further red uction i n  ero­
sion of agricu ltural land by 2000. The 
u n a n t i c i pated ( i n  1 9 8 9 )  i n crea s i n g  
crop prod uction per acre because of 
i ncreas i ng carbon d i ox ide in the at­
mosphere cou l d  m ake the 1 9 89 est i ­
mated reduction very conservative. 

Notice that none of the great envi­
ro n menta l benefits descri bed above 

has been the result of activities of peo­
ple who ca l l  themselves environmen­
tal i sts. Nor have government environ­
mental regu lat ions been a s ign if icant 
factor.  Most benefi c i a l  c h a n ges re­
su lted from effic iency i n  land u se be­
cause of effect i ve tech no l og i es, a n d  
because norm al ,  respo n s i b l e  peo p l e  
tend t o  take care of t h e i r  l a n d .  N o  
amount o f  regulations could h ave cre­
ated the enormous environmental ben­
efits. 

Sustainability. When our  en v i ro n ­
mental gai ns are poi nted out, environ­
menta l i sts tend to reply:  "but the gains 
are not sustai nable. We wil l  run out of 
resou rces . "  I g n ored is the fact that  
tech nology creates resources by show­
i ng h ow to u se the rock m ater i a l s  o n  
w h i c h  we walk. A n d  w e  conti nuously 
create a n d  s u bstitute new c o m m o n  
materia ls  for rarer metals, such a s  plas­
tic for steel ,  s i l ica for copper in phone 
l i nes,  and s i l icon c h i ps for vacu u m  
tubes. 

The concept of susta i nabi l ity i s  a pa­
thet ic  goa l .  Tec h no logy m u l t i p l ies  
m i neral resources, just as it has m u lti­
p l ied our forests, so i l s, w i l d l ife, a n d  
food. For a fu l ler d iscussion, see D u n n  
a n d  Kinney ( 1 996, p p .  1 38-1 5 1 ) . 

Paradox 2. Nature has fared the 
worst i n  nations where people are 
closest to nature, best, where people 
are most removed from nature. 
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Those w h o  are m ost 
c r i t i c a l  of  t h e  i m pact  of 
h u m a n ity  on the n a t u r a l  
e n v i r o n m e n t  te l l  u s  t h at 
t h e  worst t h i n g  t h a t  c a n  
h appen to t h e  e n v i  r o n ­
m e n t  i s  i n d ustr i a l izat i o n .  
They poi nt out that the sal­
vat ion of n ature can o n l y  
b e  ach ieved by our  goi n g  
back to the land o r  revers­
ing tech nology. To bel ieve 
th i s, they m u st i gn ore the 
fol lowing:  

F irst, Amer i ca ' s  great 
environmental gains  i n  the 
East occu rred bec a u s e  
people got off land tha t  
was not efficient for agri­
culture. They concentrated 
l arge l y  in metropo l it a n  
acres where they were far­
thest removed fro m  n a ­

ture. Even i n  t h e  M idwest t h e  current 
trend i s  for people to leave the land. I n  
1 880, 4 3 . 8  percent o f  America's pop­
u l ation were farmers (U . s .  Department 
of Agricu lture 1 972);  in the 1 990s, less 
than  2 percent of the pop u l at ion  are 
farmers (Wr i g h t  1 9 9 8 ,  p. 3 1 4) .  As 
farmers left the land, the natural envi­
ronment i m proved in many ways. The 
process i s  cont i n u i ng in the East and 
recently, i n  areas of the M idwest (K i l ­
man,  op. cit.) .  

The greatest stress on 
nature is where people are 

closest to nature. Going 
back to the land is 

environmental suicide. 

Second, i n  low-tech nology, poor na­
t ions, where often more than 90 per­
cent of the popu lation are farmers, the 
natura l  env i ronment  s u ffers .  In most 
poor nations where people are closest 
to nature, the stress on forests is severe. 
Eth iopia, for exam ple, was once about 
75 percent forested, but is n ow o n l y  
about 1 percent foreste d .  Eth i o p i a n s  
need t h e  l a n d  for agr i c u l tu re a n d  t h e  
wood for fue l .  W i l d l i fe a r e  d e p l eted ; 
s o i l  eros i o n  i s  excess ive .  Only with 
cheap fuel and modern agriculture can 
trees and wi ld l ife return to Ethiopia. 
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Clear ly, the  g reatest 
stress on n a t u re is w h e re 
people a re c l o sest to n a ­
ture.  Going back to the 
land is environmental  sui­
cide. 

Paradox 3 .  If  environ­
mentalists ach ieve their  
major stated goals of turn­
ing back our technological 
clock, and of br inging us 
closer to nature, we will de­
stroy nature as we know it. 

F i rst, l et s o m e  of o u r  
pro m i nent  env i ronmenta l  
leaders  def i n e  the i r  rea l  
goals :  

Barry Commoner, former 
Social ist candidate for Pres­
ident: "We must go back to 
the spi n n ing wheel, return­
ing to a beatific state of endless drudge, 
labor s ix  days a week, and exhaustion 
on Sunday" (Ray 1 993,  p.  77) .  

Maurice Strong, Soc ia l ist a n d  Ass i s­
tant  Secretary G e n e r a l ,  U . N . :  " I t  i s  
c l ear that cu rrent l i festy les a n d  con­
su mption patterns of  the affl uent mid­
die-class . . .  i nvolv ing  h igh meat in­
take, consumption of  large amou nts of 
frozen and 'conven ience' foods, own­
ers h i p  of motor ve h i c l es ,  n u m e ro u s  
e lectro n i c  h o u se h o l d  a p p l i a nces,  
home and workplace a i r  condit io n i ng, 
suburban housi ng, i s  not susta i nable . .  
. .  The U n i ted States i s  c l e a rly the  
greatest risk" Uasper 1 992, p.  36 ) .  

Chellis Glendinning, author  of  the  
Neo-Ludd ite Manifesto: "We favor d is­
mant l i ng of the fo l lowing destru ctive 
tec h n o log ies : n u c l ear tec h n o l og ies ,  
chemica l  techno logies, genetic tech­
nolog ies, televis ion ,  el ectro m agnetic 
technologies, computer tech nolog ies" 
(Glend i n n i ng 1 990) . 

AI Gore i n  h is Earth in the Balance 
rai l s  aga i nst " i n d ustr ia l  c i v i l izat ion's  
terri b le ons laught  aga i nst the natura l  
world," and industry's " u n p recedented 
patte rn of destruct i o n "  ( G o re 1 9 9 2 ,  
pp. 282, 245). 

Paul Ehrlich, author of The Popula­
tion Bomb, among other books, says : 
"There is no, I repeat no, conceivable 
technologic solut ion to the p roblems 
we face" (Efron 1 984, p .  35) .  

Ted Turner, former owner of  C N N ,  
and environmental mega-fu nder: "The 
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ind igenous people were the ones that 
were right. I mean, they had their own 
re l i g i o n ,  the i r own eth ics,  a n d  t h e i r  
o w n  techno logy. W e  j u st went down 
the wrong road" (Ray 1 993, p.  80). 

David Foreman, co-fou nder of Earth 
F i rst! : "We must . . .  reclaim the roads 
and pl owed land,  ha l t  dam construc­
t i o n ,  tear down e x i s t i n g  d a m s ,  free 
shackled r ivers and return  to wi ld er­
ness m i l l ions  a n d  tens of m i l l ions  of 
(acres of) presently settled land" (Ray 
1 990, p .  1 66). 

Of cou rse, the above env i ron men­
talists have not been clear about med­
ical technology. To be consistent, they 
s h o u l d  i n s ist that  med ica l  t reatment  
for heart d i seases, cancer or other such 
common a i l ments, should be only that 
ava i l a b l e  i n ,  say, 1 9 3 0  or 1 9 00 or 
1 49 2  or 1 0,000 B . C . ,  whatever the i r  
ideal ized t ime i s .  To my knowledge, 
n o n e  of the e n v i ro n m enta l  l eaders 
h ave done th is .  

T h e  rea l bel i efs of the greens,  
q u oted above, do not appear in  the 
major med ia.  We are told that they are 
o u r  e n v i ron mental l eaders-but they 
a re n ot e n v i ro n menta l i sts at a l l ;  they 
are Luddites. They are i n  the tradit ion 
of Ned Ludd, who from 1 8 1 1 - 1 8 1 6, 
tried to reverse the cou rse of industri­
a l i z a t i o n  by s m a s h i n g  m a c h i nery .  
Ludd thought  t h at i n d u s t r i a l izat i o n  
was cost ing jobs. The cu rrent breed of 
L u d d ites i s  fa r m o re d a n gero u s  be­
cause they h ave enormous  pol i t i c a l  

power and wealth, and they 
ope rate b e h i n d a fog c re­
ated by a cooperative me­
d i a .  Most med i a  st ro n g l y  
s u p p o rt the  v i ews o f  s u c h  
greens a s  AI  Gore, Mau rice 
Strong, and Ted Tu rner. 

A major ch a racterist ic of 
L u d d i tes is t h a t  they stub­
born l y  refu se to a c k n ow l ­
e d g e  t h e  e n v i ro n m e n t a l  
g a i n s  they see around them. 
T h u s , they c a n not  l e a r n  
from h i story. T ry t o  f ind i n  
G ore's Earth in  the Balance 
a n y  m e n t i o n  of Amer ica ' s  
i n c reased fo rests, w i l d l i fe 
a n d  b iod i vers i ty or o u r  re­
duced erosion.  Yet Virg i n ia, 
adj acent  to W a s h i n gto n ,  
D . C . ,  a n d  Gore's beaut i fu l 

home state of Te n nessee, a re c l a s s i c  
exa m p l es o f  g reat cha nges t h a t  h ave 
occu rred . 

T h e  a d a m a nt refu s a l  to acknowl­
edge a n y  e n v i ro n mental  " u p  s ide"  i s  
a l so s h ow n  by the  pol i c y  of C a ro l  
B rown er, A d m i n i strator o f  E PA (who 
h elped G o re w r ite Earth in the Bal­
ance) : In eva luat ing pestic ides, EPA al­
lows n o  benef i ts to be c o n s i d e red 
( H u rst 1 994).  Th is  pol icy is both one­
s i ded a n d  s h o rt-s i g hted, l i ke a b u s i ­
ness that bases its pol ic ies on o n l y  one 
s i d e  of i ts  l ed g e r .  Reaso n a b l e  d e c i ­
s i o n s  are v i rtua l ly  i mposs ible.  

The stubborn one-sided view is  very 
ev i d e n t  i n  t h e  w r i t i n g  of A I  G o re's  
h e ro, Rachel  Ca rso n .  I n  h e r  1 9 6 2  
Silent Spring, i n  w h i c h  she depl o res 
the u se of agr ic u lt u ra l  chem ica l s  be­
cause they k i l l  b i rds, she omitted one 
major fact:  I n  the 2 0  years before the 
p u b l i c a t i o n  of  her book,  most b i rd 
pop u l at i o n s  were d ra m at i c a l l y  i n ­
creasi ng.  F u rther, a major cause of the 
increased b i rd popu l ations was the use 
of the very agric u l tu ra l  chemicals  she 
d e p l o re d .  As I s h owed a bove, i n ­
c reased agricu ltu ra l  prod uct iv i ty per 
acre a l l owed u s  to release farm l a n d .  
T h at u n needed l a n d  l a rgely became 
wooded and able to support b i rds  that 
need trees for the i r  hab i tat. This thor­
oughly docu mented refutation of Car­
son's  major thes i s  has  never reached 
the general publ ic .  

Continued on page 73 
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NUCLEAR REPORT 
A N S  M E ETI N G  OF TH E AM E RICAS 

B razi l ian Optimism, u .s. U n real ity 
Characterize N uclear Meeting 
by Col i n  Lowry 

Aside from the n ucl ear optimism ex­
pressed by the Brazi l ian speaker, the 

plenary session on "Opportu n ities and 
Chal lenges for N uc l ear Science i n  the 
Americas" at the American Nuclear So­
c iety's wi nter meet ing  in Was h i ngton, 
D.C. ,  Nov. 1 6, was fu l l  of g loom from 
u.s .  officials who insisted that the fraud­
u lent global warming agreements, com­
bi ned with the "free market," must dic­
tate the future of nuclear power. 

Speaking for the B raz i l ian Min ister of 
Sci ence and Tec h n o l ogy, H ugo Ro­
drigues outli ned the ach ievements of the 
B raz i l i an  n u c lear  program, its i m po r­
tance for the nation's development, and 
Brazi l 's opti mistic plans for bui lding two 
new pl ants by 2 0 1 5,  and expecti ng fu­
s ion power to be deve l oped by 2 0 2 5 .  
"The n u c l ear field h a s  p l ayed a n d  w i l l  
continue to play a key role in supporting 
the creation of a scientific and tec h no­
logical cu l ture in Braz i l , " he sa id .  Ro­
drigues is the d i rector of F IN EP, the gov­
ernment group that fu nds sc ience 
research. 

Brazil has an impressive cadre of about 
3,000 n uclear scientists, Rodrigues said, 
and the government wou ld l i ke to invest 
more i n  n u c l ear tec h no l ogy researc h .  
" N uclear science and technology i s  ex­
tremely important for Brazi l ,  since it can 
guarantee a reliable supply of energy, re­
solve and he lp  to u n derstand society's 
problems, with the appl ication of its tech­
niques, and br ing about technological  
advances i n  national industry." 

Brazi l also plans to complete the con­
struction of the Angra 2 and Angra 3 nu­
clear power plants, and to increase the 
use of radioisotopes in med icine and in­
dustry. Rod rigues made no mention of 
the global warming treaty, or emissions 
targets, as reasons to pursue the develop­
ment of n u c lear energy. The B razi l i an  
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Brazil plans two new nuclear plants by 20 1 5. Here, the 1300-MW Angra 2 plant, 
in construction. 

n uclear program forecasts that by 2020, 
nearly 50 percent of the world's electric­
ity w i l l  be generated by nuclear fiss ion 
reactors. 

U.S. Focus on Warming Hoax 
In contrast to Rodrigues, the U .S.  offi­

cials uncritica l ly cited the c l imate treaty­
m a n dated em iss ion restr ict ions  as 
"good" for n uc lear e nergy. Dr .  E rnest 
Moniz, U .S.  Department of Energy U n­
d ersecretary, tal ked about the i m por­
tance for the nuclear industry of the c l i ­
mate treaty, w h i c h  the U n i ted States 
delegation to the Buenos Aires meeting 
had just signed. He presented the global 
warm ing agreements positively, as a po­
tential i ncentive for the bui ld ing of new 
n u c l ear power p l ants i n  the U n ited 
States, because nuclear plants have no 
"gree n house gas" em iss ions.  But  then 
Moniz desc r i bed the a d m i n i strat i o n ' s  
approach t o  meeting the emissions tar­
gets as a " lowest-cost" approach, rely­
i ng on the "free ma rket" to decide the 
fate of the nuclear industry. 

I ncred ibly, Moniz also praised dereg­
u l at ion of the e lectric power i n d u stry, 
and said it would be "good" for the nu­
clear i nd ustry because it wou ld cr�ate 

new opportun ities, j ust as deregu lation 
has done for the telephone ind ustry. ( In  
real ity, deregulation wi l l  further degrade 
the rel iabil ity of the U .S .  power grid and 
cost consumers more.) 

Mo n i z con c l u ded on a pess i m i st ic 
note, conced ing that the future of the nu­
clear power industry in the U n ited States 
"is u nclear, " and citing the d ifficulties of 
the "brain d rain" on nuclear science, as 
almost no new students are being trained 
in these areas. 

H is speech was l ike a poor sales pitch, 
try ing  to pl acate nuc lear  profess iona ls  
who know that the adm i n istrat ion's so­
cal led free market energy pol icy wi l l  de­
stroy the remaining nuclear power plants 
sti l l  i n  operati on .  T here have been no 
new orders for nuclear plants in 20 years 
i n  the  U n ited States .  F u rther, e l ectric 
power deregulation wil l  make it  impossi­
b l e  to recover the h ig h  capital  i nvest­
m e n t  n eeded to b u i l d  n u c l ea r  power 
plants, leaving electric uti l ity executives 
o n l y  lower-cost ( i n  the short term) op­
tions, such as natural gas generators. 

There was more g loom from David  
Wal ler, Deputy Di rector G eneral of  the 
I nternat iona l  Ato m i c  E n e rgy Agency.  
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Waller estimated that nuclear-generated 
electri c ity wi I I  fa l l  from 1 7  percent to 
on ly  8 percent wor ldwide, if c u rrent 
trends remain u nchanged. He referenced 
the climate treaty and its requ i rement to 
slash carbon em issions, but he said that 
nuclear  tec h n o logy was the o n l y  eco­
nomical option for generat i n g  e l ectric 
power, and that it ought to be the prior­
ity of leading nations. 

Contradictory U .S. Policy 
The presentation by Richard Stratford, 

Di rector of Nuclear Affairs, U .S.  Depart­
ment of State, h ig h l ighted the i nconsis­
tent and often contrad ictory pol ic ies of 
the a d m i n istration concer n i n g  n uc l ear  
power. Stratford first prai sed the b road 
peacefu l uses of nuc lear techno logy i n  
agri cu l ture, water d esa l i nat ion,  med i­
c i ne,  and power generat ion ,  but  then 
went on to stress that the global warm ing 
treaty mandated "cost-effective" so lu­
tions to meet emissions targets. 

"Wi l l  carbon emissions targets mean 
more n uclear plants? Only if the govern­
ment favors new n uc l ear  p lants," Strat­
ford said. But  the a d m i n istration favors 
electric power deregulation, which Strat­
ford said-speaking  on h is  own behalf, 
and not for the State Department-"wi l l  
l ikely hurt the n uclear i ndustry, a s  cost is 
the big factor." 

A q uestion from the audience poi nt­
ed ly  asked how the  ad m i n i strat i o n  
could b e  for t h e  globa l  warm ing treaty's 
carbon em iss ions targets, without sup­
port i n g  n u c l ear  power?  Stratford re­
sponded that the government cou l d  not 
openly support the n uclear industry, be­
cause t h i s  wo u l d  be " ad vocacy . "  H e  
sa id  that t h e  gove rn ment was leav i n g  
the decis ion o f  how t o  meet t h e  e m i s­
sions targets to the electric power com­
pa n i es, w h i c h  may c hoose n u c l ea r  
power generators i f  they offer a "cost-ef­
fective" option. 

This should have made it c lear to the 
audience that those i n  the nuclear i ndus­
try who bel ieve that r id i n g  on the coat­
tai ls  of the globa l warm i ng scare wi l l  be 
good for nuc lear power, i s  foo l is h .  No 
one addressed the fact that the same en­
vironmental ist groups that attacked nu­
clear power in the 1 970s, are now push­
i ng the global warm ing scare, us ing the 
same anti-development ideo l ogy.  And 
n o  one addressed the i rrelevance of  a 
"cost-effectiveness" concept that leaves 
out the cost in human l ives of not going 
nuclear. 

VIEWPOINT 

Viewpoint 
Continued from page 7 7 

I stress :  rejecting technology is not 
the same as improving the en viron­
ment. Qu ite the opposite. For example, 
Dr .  N o rman Bor laug, the Nobel Prize 
win ner for h is  green revol ution work in 
poor nations, says that turn i ng agricul­
ture's tech nological c lock back on ly  to 
the late 1 9 30s would result  in our need­
ing 437 m i l l ion more acres of new agri­
c u l t u ra l  l a n d  ( B o r l a u g  1 9 9 3 ) .  T h i s  i s  
greater than America's land area east of 
the Miss i ss ippi  River. Our new woods 
and forests and much wildlife would 
disappear, and much of our current bio­
diversity would vanish. 

Let's turn agriculture's cl ock back to 
the 1 890s and look at another env i ron­
m ental  hazard, po l l u t i o n .  The A m i s h  
cou ntry o f  Pennsylvania is frozen i n  that 
period. It may be quaint and a tourist at-

Reversing agricultural 
technological progress would 

create a major 
environmental catastrophe. 

We must not let this happen. 

traction but accord ing to Dave Corre l l ,  
d i rector of  Sm ithson ian Env i ronmental 
Research Center: " It's perhaps the most 
p o l l u ted area in the Eastern U n ited 
States," largely because of "prod igious 
quantities of manure" (Ross 1 996). 

N i troge n - r i c h  r u n off from A m i s h  
fa rms is  respo n s i b l e  fo r pol l u t i o n  o f  
n orthern Chesapeake B a y .  H igh n i tro­
gen waters apparently cause blooms of 
p hyto p l a n kton that k i l l  sea g rass and 
blue crabs as  wel l as  other species. 

I n  a d d i t i o n  to the po l l u t i o n ,  the 
1 8 90s  n eed fo r pastu re land fo r farm 
draft animals wou ld further stress Amer­
ica's forests. If we used 1 890s technol­
ogy,  Dr.  B o r l a u g ' s  437 m i l l i o n  extra 
acres n eeded with 1 9 3 0 s  tec h n o l ogy 
wou l d  be more l i ke 500 to 600 m i l l ion 
additional acres to produce the food we 
need for our present population.  

Revers ing  agricu ltu ral tech nological  
progress wou ld create a major environ­
m e ntal  catastro p h e .  We must not l et 
this happen.  

james Dunn, Ph. D., a geologist, is the 
co-author, with j.E. Kinney, of Conser va­
tive Environmental ism, published by Quo­
rum Books (Westport, Conn.) in 7 996. 
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SPECIAL REPORT 

What Ever Happened to Cold Fusion? 
by Dr. Ed m u n d  Storms 

Cold fus ion is sti l l  a l ive, though a i l ­
i n g .  Regular  conferences are being 

held by the devotees, the most recent 
ones being the international  I CC F-7, in 
Vancouver in Apri l ; l the Cold F u s i o n  
and New Energy Symposium, Manches­
ter, N . H . ,  i n  October/ and the S i xth 
Russian Conference o n  Cold N u clear  
Transmutat i o n ,  Oagomys,  R u s s i a  in  
early October.3 Other conferences are 
being p lanned dur ing regular  meeti ngs 
of several scientific societies in 1 999.  A 
well-balanced article appears in the No­
vember i ssue of Wired magaz i ne, and 
web sites conta i n i ng much usefu l i nfor­
mation have been constru cted by the 
Alternative E nergy Institute4 and the In­
stitute for New E nergy.s Slowly, i nfor­
mation is  being made avai lable, in spite 
of broad ly based skepticism. 

More t h a n  n i n e years have passed 
s i n ce Profs . Stan l ey Pons and Mart i n  
Fleischmann first shocked, a n d  then dis­
g u sted, the  sc ient i f ic  co m m u n ity by 
c la iming to cause a fusion reaction be­
tween deuterons with i n  pal l ad i u m  deu­
teride.6 The process was named "co ld  
fusion" by  Prof. Steve Jones/ who also 
c l ai med to see th is  reaction,  a lthough 
he later repud iated h i s  earl ier  work and 
denou nced claims for excess energy. 

Where do these claims stand today? 
On the one hand, the field has grown, 

and evidence is b e i n g  pub l i shed for a 
variety of nuclear reactions, in addition 
to fus ion-the transm utation branch of 
the fie ld .  Conseq uently, the name cold 
fusion has been changed to chem ical ly 
assisted nuclear reactions (CANR), in or­
der to better describe the natu re of the 
environ ment i n  which the broad range 
of nuclear activity is proposed to occur. 

C l a i m s  are be i n g  s u p po rted by a 
growing body of increasingly well done 
and, in some cases, reproducible obser­
vat ions,  and the res u l ts a re be i n g ex­
pla i ned (slowly) by some very imagina­
tive processes . 8. 1 1 On the other hand,  
a l l  of  the l arge, we l l -fu nded efforts to 

University of Utah 

A briefing in April 7 990 for press and scientists a t  the Pons-Fleischmann electro­
chemistry lab at the University of Utah, during the first international conference on 
cold fusion, held in Salt Lake City. 

study the effect have been abandoned . 
The stu dy sponsored by E P R I  ( E lectric 
Power Research I nstitute) at SRI (Stan­
ford Research International) was closed 
down ; the Center for New H yd roge n 
E n e rgy ( N H E) i n  Sapporo ,  H o kka ido,  
supported by the Japanese government, 
has been d isbanded; the l abo ratory i n  
France sponsored b y  t h e  J apanese firm 
Tec h n ova, wh ere Pons and F l e i s c h ­
m a n n  worked , h a s  been c l osed ; t h e  
Japanese support o f  the work at S R I  has 
e n d e d ;  and work at E N EA, F rascati  
(Italy) has been cut back. 

F leischmann has retu rned to England 
and Pons has remai ned in F rance as a 
F rench c i t ize n . 1 2 It wo u l d  appear that 
efforts to demonstrate the real ity of the 
claims have fai led and that the field has 
been abandoned to the trash bin of bad 
science, as many critics have been say­
ing is long overdue. How can these two 
opposite realities be reconci led? 

A Stand-off Situation 
F i rst, we need to u nderstand that a l l  

of the  l a rge efforts were u n d e rtaken 

with expectation of an easy demonstra­
t ion  and q u i c k  d eve lopment  of com­
mercia l  products. This  d id  not happen, 
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for reason s  I w i l l  d i scuss l ater. As re­
producible methods to prod uce the ef­
fect remai ned e l usive, the skeptics were 
embolden ed to fu rther h i nder  fu n d i ng 
for new research and to stop p u b l ica­
t ion of resu lts which escaped their  i n i­
tial efforts. 

Seco n d ,  absence of a c l e a r  path to 
commercial ization provided a powerfu l 
argument even for open-m i nded people 
to wait u nt i l  m ore bas i c  research was 
done before risking additional money. 

We are now in a stand-off s ituat ion .  
The phenomenon has  been d e m o n ­
strated to b e  rea l ,  b u t  i n suffic i e n t  w i l l  
exists i n  corporate a n d  government in­
stitut ions  to move to  the n ext  leve l  of 
understanding.  The vocal skeptics have 
so tai nted the fie ld  with c l a i m s  of bad 
science, that few peop l e  want  to r i sk  
be ing assoc iated w ith th i s  m ethod of 
in itiating n uclear reactions. 

Why have p eo p l e  had s u c h  a h a rd 
t ime m a k i n g  the  effect o cc u r  o n  de­
mand, as is  req u i red for the effect to be 
accepted ? 

Several of the n i ne methods (Table 1 )  
now known to in i tiate these anomalous 
nuclear reactions are very reproduci ble. 
For example, the u ltrason ic method (see 
box) eas i ly prod u ces heat and he l i u m, 
provided the tec h n iq u e  is properly  ap­
pl ied . 1 3 Several methods rout inely pro­
duce transmutation productS . 14,1 5 

On the other hand, the skeptical view 
has historica l ly  been obsessed with the 
e lectro l yt i c  m et h o d ,  as fi rst u se d  by 
Pons and Fleischmann.  This method has 
been freq uent ly u nsuccessfu l because 
the req u i red properties of p a l l ad i u m , 
the material i n  which the effect occu rs, 
are n ot u n ifo rm or eas i l y  d u p l i cated . 
Only  rare p i eces of p a l l a d i u m ,  w h i c h  
d o  n ot crack w h e n  reacted w i t h  h i g h  
concentrat i o n s  o f  deuteri u m, a re s u it­
able. 1 6  The absence of certai n  i mpur i ­
t ies ,  such as carbon and oxyge n ,  and 
the presence of  certa in  other impurities, 
such as s i l v e r  a n d  boron,  h a ve been 
fou nd to improve success. Most i mpor­
ta n t  i s  the co n d i t i o n  of  t h e  su rfac e  
where t h e  n u c l ea r  reacti o n s  actu a l l y  
occur . 1 7, 1 8 A l l  of t h i s  i nfo rmat i o n  has 
been s l ow l y  acq u i red but, u nfo rtu­
nately, it i s  frequently not used by peo­
ple attempting to dup l icate the method. 

For examp l e, the N H E  l aboratory i n  
Japan d id not take many o f  these impor­
tant va r iab les  i nto acco u nt .  Con se­
quently, much of the pal lad ium stud ied 
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was later demonstrated to be i ncapable 
of su pport ing  the necessary high deu­
terium concentration.  

To make matters worse, researc hers 
who h ave attempted repl ication i n  the 
past have often failed to fol low the nec­
essary instructions, preferring instead to 
use their own approach.  When the work 
was done properly, such as in F rance 
where the Pons-F l e i s c h m a n n  i nstruc-

Courtesy of  Infinite Energy 

"The vocal skeptics have so tainted the 
field with claims of bad science, that  
few people want  to  risk being associ­
a ted with this method of initiating nu­
clear reactions. " Here, the author giving 
a presentation at  the Cold Fusion and 
New Energy Symposium in Oct. 7 998. 

Edmund Storms 

Roger Stringham (right) at  the ICCF-7 in 
Vancouver. 

t ions were fo l l owed exactly, the rep l i­
cation was completely  successfu 1 . 1 9,20 

Palladium and Physicists 
We can now conclude that many past 

attem pts to d u p l i cate the origi i nal  cold 
fu sion c la ims have fai led because poor 
pal l ad i u m  was stu d i ed and i m p roper 
procedu res were used.  Why hasn't th is  
rea l ization had a greater effect o n  the 
general attitude? 

When n uclear processes are claimed, 
physic ists fee l  qua l ified to suggest and 
eva l u ate the m ethods used to su pport 
the claims.  U nfortu nately, however, this 
i nfluential  branch of science has a nar­
row view of natu re. For example, when 
p h y s i c ists e x p l o re n u c l ea r  p rocesses 
they are deal ing w i th a p h e n o m e n o n  
w h i c h  i s  norma l l y i ndependent o f  s u r­
roun d i ng materials. F ission, for example 
takes p l ace regard less of the chem ical 
structure in w h i c h  the u ra n i u m  o r  p l u ­
ton i u m  i s  l ocate d .  H ot fu s i o n  i s  p ro­
d u ced in a p l asma,  a gaseo u s  form of 
matter, and then on ly  when the temper­
atu re is extre m e l y  h i g h .  E v i d ence of 
such reactions is  eas i l y  acq u i red, us ing 
various radiation detectors. 

Consequ ently, physicists genera l ly ig­
n ore the  nature of the pa l l ad i u m  and,  
i nstead, i ns ist o n  looking for rad iation.  
Their  attitude is that any old pal lad i u m  
w i l l  d o  j u st a s  wel l .  After a l l , t h e  reac­
tions should not occu r  at a l l ,  accord i ng 
to c u r rent ly  accepted theory-so why 
shou l d  a l i tt l e  d ifference i n  the pa l l a­
dium matter? 

After many fru strated stud ies, every­
one is  wi l l ing to admit that very l ittle ra­
diation is em itted even when excess en­
e rgy i s  b e i n g  prod uced . T h i s  i s  n ot to 
say that n o  rad iat ion i s  produced . The 
l ittle that is seen sti l l  m ust be explai ned, 
rather than being ignored as is cu rrently 
the case . F ro m  th i s  experience, phys i­
c i sts n atu ra l l y  co n c l u de t h at the 
c l a i med n u c lear  reactions  are n ot oc­
cu rri ng,  and that the h eat res u l ts from 
someth ing else. 

Because the l a rge amount  of heat is 
not b e l ieved to be n u c l ea r  in o r i g i n ,  
most physic ists are n o  longer interested . 
After a l l ,  calorimetry, the meas u rement 
of h eat, is not very i nterest ing  and can 
h a ve va r i o u s  e rrors w h i c h ,  in t h e i r  
m i nds ,  can  acco u nt fo r the  su pposed 
h eat. With p h y s i cs bei ng the voice of 
�cience these days, th is  bias causes the 
CAN R i m p l icat ions  for mate r i a l s  sc i ­
ence to  be  completely  ignored. 
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Yes, people have studied the effect of 
annea l i ng temperatu re and t i m e, they 
have exam i ned pal l ad i u m  conta in ing a 
few different i m pu rities, and they have 
used d ifferent proced u res to apply the 
electrolytic cu rrent. These efforts barely 
scratch t h e  su rface of pote n t i a l  var i ­
ab les, whi le  ignor ing  the effects these 
changes wou l d  have on the i m porta nt 
properties of pa l lad i u m  and its h yd ro­
gen compound.  As a resu l t, the ab i l ity 
to fi nd active pal lad ium has been com-

prom ised . Meanw h i le ,  n o n e  of t h i s  
work is  acknowledged b y  most physi­
cists as having any relevance to achiev­
i n g  reprod u c i b i l i ty-the l ack of rep ro­
d u c i b i l i ty  b e i n g  caused by t h e  
imposs ib i l ity o f  i n it iating a nuc lear re­
act ion u n der  these co n d i t i o n s  i n  the 
first place. 

A Frustrating Problem 
Where does this leave us? 
We are faced with a frustrating prob­

l e m .  H u n d reds of exa m p l es of excess 

e n e rgy p ro d u c t i o n  h a ve been p u b­
l i sh ed ;  dozens  of a n o m a l o u s  n u c l ear  
products have been detected;  several 
independent measurements of heat and 
hel ium prod uction show a c lear, q uan­
titative relationsh ip  between these two 
products;2 1 relat ionsh i ps between cer­
ta i n  propert ies  of t h e  pa l l ad i u m  a n d  
h e a t  p rod uct ion  h a v e  b e e n  d e m o n ­
strated;22.24 most errors have been re­
d u ced to i n s i g n if icant l eve l s  i n  some 
stud ies; a few methods are completely 

Sonic Cavitation: A Reproducible Method 
For Making Heat and Hel ium 

1 6  

Before cold fusion was even an idea, 
Roger Stringham was toying with ul­

trasonic cavitation. After Pons and F leis­
chmann gave people perm ission to try 
unusual methods for producing a fusion 
reaction, Stri ngham tried load ing pal la­
d ium with deuteri um using bubble col­
lapse, and had surprisi ng success. Russ 
George jo i n ed the work severa l years 
later. 

When a suffi c i e n t l y  i ntense sou nd 
wave is passed through l i q u id water, 
bubbles are formed which then collapse 
as the wave passes. If these bubbles col­
lapse next to a sol id  su rface, they inject 
a h igh temperatu re p lasma of decom­
posed water, dur ing  a very brief t i me, 
j u st before they d isappear. This  is the 
same process that causes cavitat ion 
damage to ship propel lers. 

F i gu re 1 shows an idea l ized bubble 
just as i t  is starting to i nject its contents 
into the su rface. 

If the sol id is pal ladium and the l iquid 
is heavy water, the i njected material is a 
m ixture of 0+ and 0 - .  The deuterium 
ions rap id ly  d i ffuse from the i njection 
site and gradual ly bui ld up a h igh, local 
concentration,  as more material  is i n ­
jected b y  a steady rain  of bubbles. 

trolytic method is used. In fact, the cavi­
tation method is even able to load si lver 
and copper (two elements which do not 
normally dissolve hydrogen), and obtain 
excess power from the effort. 1 

The Measurements 
How do we know an anomalous  

process i s  actual ly occurring? 
Two types of m ea s u rement  h ave 

been made. I n  the first, the power ap­
pi ied to the cel l  to make the acoust ic 
waves i s  su btracted from the power 
leav i ng the cel l as heat,  with the d if­
ference g i v i n g  the a m o u n t  of power 
p rod uced by an anomalous  p rocess . 
As can  be seen i n  F i g u re 2 ,  t h e  ob­
served power is freq uently above that 
obta i n ed when an i nte r n a l  h eater i s  
used i n stead of  son i c  heat ing .  Excess 

power reached 1 24 watts i n  this case, 
and has been h ig h e r  in other exper i­
ments. This quant i ty of power can not 
be e x p l a i ned by a n y  c o n ve n t i o n a l  
process or error. 

In  the second measu rement, the pres­
ence of he l ium is looked for i n  the ar­
gon gas w h i c h  fi l l s  the vapor space 
with in the apparatus. Amounts between 
50 parts per m i l l ion and 500 ppm have 
been seen . These val ues  a re s i g n i fi­
cant ly  above a concentrat ion of 5 . 2  
ppm known t o  b e  i n  t h e  su rrou n d i n g  
a i r .  Therefore, t h i s  h e l i u m  cou l d  n ot 
have o r i g i n ated fro m a leak, a n d  no 
conventional source could be identified 
with i n  the apparatus. 

More i nformation about the work of 
these two sc ient ists can be obtai n ed 

The oxygen stays on the su rface and 
gradual ly forms pallad ium oxide, visible 
as a colored sta in .  If the conditions are 
just right, the local deuter ium COllCen­
trat ions can reach va l ues req u i red for 
producing a nuc lear react ion .  The ad­
va ntage of th i s  process is that su rface 
barriers and cracks are not as important 
as they are when the more gentle elec-

Figure 1 
IDEALIZED SONIC BUBBLE, JUST BEFORE COLLAPSE ON A SURFACE 
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reprod uc ib le ;  and,  f ina l ly, theoret ica l  
u nderstand i ng is  growing. 

In  spite of a l l  this support, skepticism 
rules s u p reme; papers su pport i n g  the 
claims are routinely rejected; and patents 
are sti l l  not being issued by the nuclear 
section of U .S .  Patent Office. A reason­
able person might ask, "What does it take 
these days to change a bias in science?" 

What ever happe ned to the  idea of 
open-m i nded inqu i ry ?  H as science lost 
its way? 

from the web s i te w r itte n by Russ  
George for E-Quest Sciences.2  Roger 
Stri ngham now has a sepa rate com­
pany for developing the process, F i rst 
Gate Energies. 

Although Str ingham a n d  G eo rge 
have no trouble producing excess en­
ergy, this  rel iabil ity was earned only af­
ter much experimentation. An i ndepen­
dent attempt by Scott Little to dupl icate 
the results, without guidance, so far has 
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Edmund Storms retired in 1 99 7  from 
Los Alamos National Laboratory in New 
Mexico, where he had worked for 32 
years. His research there was on the 
SP7 00 space nuclear program and space 
nuclear propulsion programs. His re­
view of the 7th International Conference 
on Cold Fusion appears in the Summer 
7 998 issue of 21 st Century, p. 75. 
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COMPARISON BETWEEN APPLIED ELECTRICAL POWER AND MEASURED 

THERMAL POWER IN SONIC CAVITATION 
The diagonal line is based on a calibration during which electric power was 
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The 
Lightning 
ROd 

My Dear Friends: 
I beg you to excuse m y  p ro l o n ged 

absence from th ese pages, by accept­
i n g my a s s u r a n ces,  o n c e  aga i n ,  that  
what passes for " n ews" these days far 
su rpasses my m od est attempts at 
sati re. What cou l d  be more try i n g, for 
a s c i e n t i f i c  m i n d ,  t h a n  to wade 
through the  apocalyptic scientific pro­
nou nceme nts in t h e  d a i l y  press?  T h e  

Cold Fusion 
Continued from page 17 
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S u n  is fry i n g  us beca use we u sed too 
m u c h  a i r-con d i t i o n i n g ,  o r, the s u b ­
stances t h a t  m a d e  A m e r i c a ' s  c ro p s  
abundant are now poiso n i ng u s ,  and­
b u t, I m u st not  overwh e l m  you w i t h  
t h e  very facto ids i n  which you m a y  a l ­
ready b e  d rown ing.  

I n stead, I want to report o n  a recent 
commun ication proposing a tru ly apoc­
a lyptic scenario, that concerns one of 
my favorite investigative topics:  e lectri­
cal power. rhe writer,  J i m  M u cker­
h e ide,  is a n u c l ear  e n g i n e e r  from 
Boston, a p lace, of cou rse, dear to my 
heart. 

Borrowing term i nology from the nu­
clear industry, which is sure ly  fam i l iar  
to most readers, J i m  asks us to consider 
the consequences 
of a "max i m u m  
c red i b l e  acc i ­
dent ,"  if  th is  na­
tion were sol ar­
powe red B u t  
solar energy is  be­
n ign and acc ident 
proof, the na ivest 
m ight obj ect. Not 
so, says Mother 
Nature. 

Reca l l  the 
n ight ly  newscasts 
d u r i n g t h e  spr ing 
w ith  i ts stor ies of  
fi res b u r n i ng in  
Mexico for weeks, 
wi th  smoke ex-
ten d i n g  i nto the southern U n i ted 
States-"smoke cover ing thousands of 
square mi les . . .  pervasive smoke from 
the grou nd,  with eve n i ng darkness at 
noon, and soot pervad i ng everyth i n g .  
Or t h i n k  o f  the weeks of fires i n  central 
Florida," Jim writes. 

Now i m agi ne, J i m  says, perso n a l l y  
d e pe n d i n g  o n  so l a r  powe r .  I m ag i n e  
you r  i ndustries a n d  transportation and 
water suppl ies and l ights depending on 
solar power, or on the l i mited back-up 
power and fuel that are not capable of 
covering an extended durat ion, over an 
extended area-even were soci ety to 
spend the money to have such back-up 
systems. 

Now, J i m  cont i n u es, "ask the so l a r  
col lector engineers about performance 
assessment of the extent of solar  power 
loss fro m c u rrent smoke d i st r i b u t i o n  
cond it ions. Ask energy system anal ysts 
about the effect of that power loss i f  
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there were a solar powered economy. A 
1 0  percent loss can be devastat ing.  Pic­
ture 30 percent or more." 

J i m  a l so asks us to i m ag i n e  depen­
dence o n  so lar  power d u r i ng a n d  fo l ­
lowing a major volcanic eruption, s u c h  
a s  Krakatoa's "year without a sum mer" 
i n  1 884.  S i nce the 1 9 70s, he says, so­
lar  energy analysis has fa i l ed to recog­
n ize the actua l  experience of such at­
m o s p h e r i c  i n te r r u p t i o n s  i n  so l a r  
rad iat ion,  g reater than Mt.  S t .  H e lens 
and Mt.  P i natubo .  This  wo u l d  be the 
"maximum cred ib le  accident" for solar 
power. 

The consequences? " Economies col­
l a pse, food and water a re l ost. We 
should expect 1 00 mi l l ion deaths, poten­

t i a l l y  exceed i ng 
any h u man popu­
l at i o n  d i saster 
s i n c e  the 'black 
death' of the 1 4th 
centu ry. I t  cou l d  
r i v a l  a l l -out  n u ­
clear war." 

This is no hypo­
thet ica l  acc ident  
with hypothetical  
health effects, J im 
poi nts out .  " Even 
if society were ul­
ti mately foo l ish  
e nough to actu­
a l ly  depend on so-

BSa-,.,.,..., lar energy, req u i r-
i n g  5 0  to 1 00 

square m i les of col lectors to produce the 
energy of one nuclear plant on 2 acres, 
and even if  so lar  cou l d  be made more 
cost effective, it wou ld sti l l  have the po­
tential to leave large future popu lations 
without the energy essential to l ife." 

So, dear readers, when you next suffer 
an apoca lyptic del u ge of factoids  from 
an ignorant-by-choice envi ronmenta l i st, 
inform them of this "maximum cred ib le 
acc i d e n t "  scenar io,  cou rtesy of t h e i r  
revered Mother Nature.  Perhaps i t  may 
prompt a smal l-scale eruption of reason, 
or at the very least, a desire to ask some 
real scientific questions. 

I remain, 
Yr. obedient servant, 

TH E L IGHTNING ROD 
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SHOCKI N G  U . N .  R E PO RT S H OWS AFR ICA N  H OLOCA U ST 

Implosion of Popu lation G rowth Rate 
Continues th rough 1 998 
Thirty million Africans "disappeared" from the African population, relative to the 1 996 count, according 
to the United Nations Population Division 's 1 998 report-deaths caused by the spread of AIDS and 
warfare. The forecast for the future is even more grim, as a verage life expectancy plummets. 

by Pau l Ga l l agher 

There was a t ime when a congress of 
royal astronomers met for weeks to 

calcu late-or, at least, to est imate-the 
rate at which a h uge astero id was rush­
ing away from their p lanet. Despite cer­
ta in learned d i sagreements, these emi­
nents la id  down the bas i c  parameters 
(the "ba l l park agreed u po n  by every­
body") concern i ng t h e  g reat s peed of 
su pposed recess ion  of t h e  aste ro i d ;  a 
speed so g reat, some c l a i med,  that i t  
must soon dis i ntegrate. Then, one fel low 
discovered a very unfortunate flaw in the 
calculations. They all had the sign of the 
velocity wrong. The asteroid was rush­
i ng, not away, but straight toward their  
planet, and gathering speed ! His shock­
i n g  new res u lts were j u st a b o u t  to be 
taken up for d i scussion, when the cata­
strophic col l is ion brought the congress­
and much e lse  besid es-to a n  abrupt  
and tragic end. 

So it is with the h u man "popu l at i o n  
expl osi o n . "  The g rowth rate of the 
world's population i s ,  in fact, rush ing to­
ward zero, and toward the potential of a 
catastroph ic  col lapse l i ke the one u n­
leashed in the 1 4th century, the epoch of 
the B lack Death. 

One year ago in 2 1st Century Science 
& Technology, we forecast that the hu­
man popu l at ion,  as  a whole, wou l d  be  
fal l ing by  sometime i n  the  first decade of 
the com i n g  centu ry, u n l ess we re­
versed-and rap i d l y-the accelerat ing  
breakdown of  the  physical economies of 
the world's nations. Recent, shocking re­
ports from the U n ited N ations Pop u l a­
tion Div is ion and the U . S .  Census B u ­
reau, show that there is no reason now 
to change that forecast. 
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Uwe Frieseke/EIRNS 

Pictured is Ibadan, Nigeria. L ife expectancy in A frica 's most populous nation, 
dropped to 53.6 years in 1 998. 

Recent "d isagreements," debates, and 
fights among demographers and com­
mentators on th is  q uest ion,  are rap id ly  

com i n g  to a n  end,  despi te d i shonest 
holdouts among Malthusians who advo­
cate negative population growth . For ex-
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LIFE EXPECTANCY AT BIRTH I N  29 AFRICAN COUNTRIES, 
WITH AND WITHOUT AIDS (1 985-1 990 AND 2005-201 0) 

Year 

2005-201 0  •••••••••••••••• 58.4 

2000-2005 •••••••••••••• 56.4 

••••••••• 54. 1 1 995-2000 �!£lL��k.l2..it±J 
1 990_1 995 •••••••••• 51 .7 pk.l2..����2R1 48.5 

1 985-1 990 

40 

••• 50.2 

45 50 55 

Life expectancy at birth (years) 

• Without AIDS 
o With AIDS 

60 

Source: United Nations Population Division, World Population Prospects: The 1998 Revision 

Table .l 

65 

DEMOGRAPHIC INDICATORS WITH AND WITHOUT AIDS: 1 998 

Growth ratel Life expectancy Crude death rate2 

With Without With Without With Without 
Country AIDS AIDS AIDS AIDS AIDS AIDS 

Botswana 1 . 1 2.4 40.1 61 .5 20.9 8.6 
Burkina Faso 2.7 3.2 46.1 55.4 1 7.7 1 3.1 
Burundi 3.5 4.0 45.6 55.4 1 7.4 12.2 
Cameroon 2.8 3.2 51 .4 58.6 14.0 1 0.6 
Central Af. Republic 2.0 2.5 46.8 56.3 1 6.8 1 2.0 
Congo (Brazzaville) 2.2 2.7 47.1 57.2 1 6.5 1 1 .3 
Congo (Kinshasa) 3.0 3.3 49.3 54.4 1 5.2 1 2.7 
Cote d'ivoire 2.4 3.0 46.2 56.5 16. 1  1 0.7 
Ethiopia 2.2 2.9 40.9 50.9 21 .3 1 5.0 
Kenya 1 .7 2.5 47.6 65.6 14.2 6.2 
Lesotho 1 .9 2.3 54.0 62.0 12.8 9.2 
Malawi 1 .7 2.7 36.6 51 . 1  23.7 14.4 
Namibia 1 .6 2.9 4 1 .5 65.3 1 9.8 7.5 
Nigeria 3.0 3.2 53.6 57.8 13.0 1 0.9 
Rwanda 2.5 3.2 41 .9 53.9 1 9.0 1 2.2 
South Africa 1 .4 1 .9 55.7 65.4 1 2.3 7.8 
Swaziland 2.0 3.2 38.5 58.1 21 .4 1 0. 1  
Tanzania 2.1 2.6 46.4 55.2 1 6.7 1 2. 1  
Uganda 2.8 3.5 42.6 54.1 1 9.0 1 2.5 
Zambia 2.1 3.3 37.1 56.2 22.6 1 1 .4 
Zimbabwe 1 . 1 2.5 39.2 64.9 20.1 6.2 

Brazil 1 .2 1 .5 64.4 7 1 .4 8.5 5.6 
Guyana -0.5 -0.3 62.3 65.7 8.7 7.3 
Haiti 1 .5 2.0 51 .4 55.5 14.2 1 2.6 
Honduras 2.3 2.5 65.0 69.2 7.0 5.5 

Burma 1 .6 1 .8 54.5 57.1 1 2.5 1 1 .2 
Cambodia 2.5 2.7 48.0 50.7 1 6.5 1 5.0 
Thailand 1 .0 1 . 1 69.0 71 .3 7.1  6.1 

Notes 
1 .  Growth rate is given as a percentage. 
2. Deaths per 1 ,000 population. 

Source: U.S. Bureau of the Census, International Data Base and unpublished tables 
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ample, the U n ited Nations Fund for Pop­
u lation Affairs (UNFPA), which convened 
the notorious 1 994 "Ca i ro Conference" 
on world pop u l at ion,  cont i n ues  to 
"warn" of rap i d  g loba l  popu l at i o n  
growth. (At that conference, t h e  pol icy of 
supra-national enforcement of zero pop­
u lat ion g rowth,  nat ion by nat ion,  was 
beaten back by a l l ied efforts of the Vati­
can, Musl  im nations,  and forces i nf lu­
e n ced by Lyndon LaRouche and the 
Sch i l ler Institute.) 

But  the U N FPA is not a demographic 
agency, though it  has usurped an inter­
nat ional  repute as such . Rather, it is a 
Malthusian advocacy agency, which re­
ce ives, publ  ic izes, and misuses the ac­
t u a l  popu l at i o n  d ata gathered by the 
U . N .  Population Division. The latter is a 
demographic agency, part of the U . N .'s 
Department of Economi c  and Social Af­
fai rs (DESA), and actual ly counts people, 
i n  co l l aborat ion with nat ional  govern­
ments. The Population D ivis ion's d irec­
tor, Dr. Joseph Cham ie, released a 1 998 
Revision of the U. N.'s worldwide popu­
lation estimates Oct. 28, which revealed 
a d evastat i n g  co l l apse of pop u l at i o n  
growth in  Africa-an actual holocaust. 

In the 1 998 Revision, the est i m ated 
popu lation of the African continent was 
sudden ly  d ro pped by 30 m i l l ion,  rela­
tive to the 1 9 9 6  est i m ate and its u p­
dates, and t h e  wor ld pop u l at ion est i ­
mate fe l l  by t h e  s a m e  amount .  Thirty 
million persons IIdisappeared" from the 
African population! Dr. Chamie, i n  re­
leasing the report, said that the average 
l i fe expectancy i n  some n a t i o n s  of  
Africa " is  fa l l ing  l i ke a stone." 

Two Continents at Zero Growth? 
"AI DS' Long Shadow," head l i ned The 

Washington Post, Oct. 29, i n  report ing 
the release of the U.N.  Population Div i­
sion's Revision. Accord ing to the report, 
29 African cou ntries, with two-th i rds of 
Africa's popu lation, have adult AIDS in­
fect ion rates above 2 percent; most of  
t h e m  h ave 5 to  1 0  percent,  o r  more .  
The average l ife expectancy at  b i rth, for 
a l l  these countr ies, has p l u m meted to 
47 years. 

Th is  level cries to heaven at the end 
of  the 20th century-it was characteris­
tic of the U n ited States early in  the 1 9th 
century, before the com i n g  of modern 
medic ine and publ ic  hospita ls .  L i fe ex­
pectancy i n  the U n i ted States, Western 
E u rope, and Japan, now is in the range 
of 80 years. · 
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The " long shadow" is, i n  fact, that of 
d i sease and war:  The d evastati ng i m ­
pact o f  AIDS and its co-factor i nfectious 
diseases, among others; and the genoci­
dal  wa rs which h ave been sp read i n g  

",from the central "G reat Lakes" region of · Africa s ince 1 99 1 . Some examples of its 
impact: 

- In Zimbabwe, l ife expectancy is re­
ported as fal l i ng from 52 years in 1 990-
1 995, to 44 years i n  1 995-2000, and 41 
years i n  2000-2005. 

- In Botswana, I ife expectancy is re­
ported as fal l  i ng from 61 years in 1 990-
1 995, to 47 years in 1 995-2000, and 4 1  

·· years i n  2000-2005.  
- I n South Africa,  I i fe  expecta ncy is  

repo rted as fa l l i n g  from 5 9  years in  
1 990-1 995, to 45 years i n  2005-2 0 1  O .  

Moreover, the 1 998 Revision had not 
been out a month,  when a new report 
by the U .S .  Census  B u re a u ,  a l so o n  
AIDS and African demographics, made 
even those figures appear opt im istic. It 

;, had been the Census B u reau, in a May 
··1 994 report ignored by the world press, 
which  fi rst s howed the l e a p i n g  death 
rates and fa l l i n g  l i fe expecta n c i e s  i n  
Africa. 

Now, in November 1 998, the Census 
Bureau charted 21 of the same nations 
in Africa, and i nd icated an average ex­
pectancy of, not 47 but 45.1  years, with 
Botswana, Malawi, Zambia, Zimbabwe, 
and Swazi l and a l l  down to 40 years or 
less. The crude death rates i n  nearly al l  
of these 21 n at i o n s  had, as of  1 9 9 8 ,  
risen b y  50 t o  1 00 percent si nce t h e  o n ­
set of the A I DS pandemic (see Table 1 ) . 

The appearance of these shocking re­
ports opens up a paradox, l i ke that of 
the metaphorical asteroid, as to whether 
the h u m a n  popu l at ion  of Africa, as a 
whole, is sti l l  growi ng at a l l .  On the one 
hand, the 1 998 Revision, desp i te the 

)ragedy i t  presents, states that Africa's 
population is  sti l l  increas i ng by 1 7  m i l ­
l ion persons p e r  year.  Aga i nst  t h i s ,  i s  
the startl ing  fact that  the U . N .  Popu la­
tion Divis ion's  October 1 998 Revision 
reports Afr ica's  pop u l at i o n  to be 749 
m i l l ion, whereas U N F PA's State of the 

. World Population, 1 998 publ ished on ly  
two months ea r l i er, h ad c l a i med t h at 
the African popu lat ion was 778.5  m i l ­
l ion!  

I n  fact, U N F PA's  1 9 9 7  report gave 
the African popu lat ion,  a year earl i er, 

,:as 7 5 8 . 4  m i l l i o n ,  near ly  1 0  m i l l i o n  
more than i t  is  now reported to be, after 
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a year's  "growt h . "  Tens of 
m i l l i o n s  of Afr icans  have 
"disappeared." 

The same paradox appears 
i n  d e ta i l ,  i n  respect to the  
most  i m portant nat ions  of  
Africa. South Africa's popu­
l at i o n ,  reported by U N F PA 
to be 4 3 . 3  m i l l i o n  i n  1 9 9 7  
and 44.3 m i l l i on i n  1 998, is 
now, according to the Popu­
l at i o n  D i v i s i o n-3 9 . 4 m i l ­
l i o n .  N i ger ia,  cou nted as 
1 1 8 .4 m i l l io n  in 1 9 97,  and 
1 2 1 . 8 m i l l i o n  i n  1 99 8 ,  is  
n ow 1 06 . 4  m i l l i o n !  S u d a n  
fa l l s  from 2 8 . 5  t o  2 8 . 3  m i l ­
l i o n ;  Eth iop ia  from 6 2 . 1  to 
5 9 . 6  m i l l io n ;  U ganda from 
2 1 . 3 to 2 0 . 5  m i l l i o n ;  Z i m­
babwe from 1 1 . 9 to 1 1 .4 
m i l l i o n ;  a n d  so o n .  Where 
m a y  o n e  fi nd here a n  i n­
c rease of 1 7  m i l l i o n  per 
year? 

B e h  i nd these contrad ic­
tions l i e  two processes: first, 
the cruel  ravages of spi k ing  
morta l ity rates i n  su b-Saha­
ran Africa, dragging the pop­
u l at i o n ' s  g rowth down to­
ward zero and below; 
second, the cruel deceptions 
of U N FPA in the 1 990s, us­
i n g  "growth rates" a n n u a l l y  
p u n c hed i nto a computer 
program, to m a i nta i n  the 
M a l t h u s i a n f ict i o n  of run­
away popu lation by fudging 
figu res up. This has been the 
stoc k - i n -trade of a l l  those 
agencies, l i ke the notorious 
Worldwatch Institute, which, 

Table 2 
NATIONS WITH N EGATIVE OR ZERO 

POPULATION G ROWTH (1 998) 

Nations with negative 
population growth 

Burundi 
Ethiopia 
Kenya 
Somalia 
Uganda 
Zimbabwe 
Morocco 
Namibia 
Iraq 
Jordan 
Lebanon 
Kuwait 
Bulgaria 
Romania 
Estonia 
Latvia 
Lithuania 
Albania 
Bosnia-Herzegovina 
Italy 
Macedonia 
Spain 
Austria 
Belgium 
Gemnany 
Amnenia 
Russia 
Ukraine 
Paraguay 
Dominican Republic 
Trinidad and Tobago 
North Korea1 

Nations with zero 
population growth 

Gabon 
Lesotho 
Japan 
Czech Republic 
Poland 
Slovakia 
Netherlands 
Switzerland 
Georgia 
Tajikistan 
Uzbekistan 
Cuba 
Melanesia 
New Caledonia 
Vanuatu 

Notes-------------------------------

1 .  Not as reported by U.S. Census Bureau, but based on 
U.S.  State Department estimates of 1 to 2 mi llion 
deaths by starvation in 1 997 -1 99B-the death of 5 to 9 
percent of the population. 

Sources: UNFPA. 1 998 VS. 1997 reports and U.S. Census Bu­
reau, 1998 vs. 1 997 reports, as compared by the author 

o n  the bas i s  of a mere 
Malthus ian  advocacy, have 
fraudu lently c la imed demographic "ex­
pertise." 

An Ongoing Holocaust 
Th irty m i l l ion Africans have not d ied 

of d i sease and war from August to Oc­
tober; but an ongoing holocaust of the 
Afr ican popu lation has been revealed, 
which has been del iberately covered u p  
b y  the U N FPA a n d  related "demograph­
ics." 

Mid-Year Report shows a growth of only 
about  1 0  m i l l i o n  pers o n s  in the total 
Afr i c a n  p o p u l a t i o n  s i n c e  m i d - 1 9 9 7 .  
This  wou ld b e  a l i ngeri ng growth o f  j ust 
over 1 . 3 percent per yea r, o n l y  very 
s l i g h t l y  above the c u rre nt worldw i d e  
growth rate, which fal l s  every year. 

In contrast to the disarray of U . N .  de­
mogra p h i c s  cau sed by U N F PA's  d i s­
honesty, the U .S .  Census B u reau d ata 
appear m ore consistent, but the para­
dox remai ns. The Census Bureau's 1 998 

N ote that i n  T a b l e  1 ,  the  actua l  
growth rate ("G rowth rate with  A I DS") 
c o l u m n  i s  pos it ive fo r a l l  2 1  Afr ican  
cou ntries l i sted . But, i f  one  compares, 
nation by nation, the pop u l ation given 
by the Census B u reau's Mid- Year 1 997 
and Mid- Year 1 998 reports, one fi nds 
that there appear to be fewer people, 
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Despite the devastating toll of AIDS on Africa 's population, Malthusian advocacy groups continue to trumpet the horrors of 
"overpopulation. �' 

one year later, i n  five of those countries, 
and in  th ree others in Africa. Two mor.e 
nations i n  the l i st appear to be at zero 
growth. 

Based upon these comparisons-not 
upon the momentary growth rates cur­
rent ly . reported by t h e  demogra p h i c  
agenci es-Ta b l e  2 l i sts 3 2  nat ions  
worl dwide which apparent ly  have 
fa l l i n g  pop u l at i o n s  n ow, i n c l u d i n g 8 
Afr ican nat ions, and 1 5  more nat ions 
apparently at  zero growth.  This is with­
out taking into account the shockers i n  
the U . N .  Population Division's 1 998 Re­
vision, already d iscussed, which i n  s ig­
n if icant cases lower these figu res fur­
ther. 

Genocidal Process 
The fu l l  weight  of the genoc i d a l  

process u n leashed i n  Afr i ca, s ince the 
shutdown in the 1 9 70s  of long-term 
cred it and aid to the entire continent be­
low the Sahara, continues to elude even 
the honest demographic agencies. They 
know that one entire continent of the in­
habited five-namely, a l l  of Europe from 
the Atlantic to the U rals, with Asian Rus­
s i a  as wel l-is at zero popu lat ion  
growth, and  about to decl ine. Even more 
t h a n  the extremely  low b i rth rates of 
Western E u rope's post- i nd ustr ial  para­
d igm, this dec l ine is caused by the phys­
ica l-economic col l apse of Central and 

Eastern Eu rope, under a savage " looting 
capital ism" in  the 1 990s, and the fright­
e n i n g i n creases i n  crude death rates 
there. 

But these demographic agencies now 
face the p ros pect of a seco nd cont i ­
nent-Africa-goi ng into human popu­
lat ion dec l i ne, at a catastroph e-d r iven 
rate, too rapid and too sudden for the 
u n certa i n  nat ional  stat i st i cs of the af­
fl icted nations to keep track. 

LaRouche's Holocaust Forecast 
i n  1 9 74, Robert McNam ara, then  

head of  the  World Bank and  speak ing 
for the  i nternat ional  f inancial  commu­
n ity, pub l ic ly  "red- l i ned" sub-Saharan 
Africa, declaring i t  a "Fourth World," or  
terra incognita, where long-term lending 
and i nvestment were no longer worth­
whi le. 

Economist Lyndon LaRouche immed i­
ate l y  reacted to "body-co u nt" McNa­
mara's pronouncement with a forecast: 
Were th is  red- l in ing carried out, the re­
su l ts i n  the next decades, LaRouche 
sa id ,  wou ld u n leash a b iological  holo­
caust from that conti nent, i n  which old 
pandemics wou ld ret u rn in force and 
new ones emerge, taking advantage of 
lowered barriers of species i m m u n ity.  
LaRouche i n it iated a B iological  H o lo­
caust Task Force among his associates 
and scientific col l aborators, to d iscover 
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and promote the breakthroughs in b io­
physics necessary to attack these wors­
e n i n g  pandemics .  (The F u s i o n  E ne rgy 
Foundation, and now, 2 1st Century Sci­
ence & Technology, have conti nued this 
work to date.) 

The ev i l  p o l icy toward Afr ica p ro­
pou n ded 25 years ago by Robe rt Mc 
Namara, has been bruta l ly carried out .  
Many Afr i c a n  cou ntr ies have fewer 
m i les of rai l roads today, less developed 
e lectric ity and si\n itat ion grids, and far 
fewer hospital beds per popu lation, than 
they had in the 1 970s. Their foreign debt 
is  greater by the demon of compounded 
and capita l i zed i n te rest ;  at the same 
time, they have been making net trans­
fers of wealth out of the country contin­
u o u s l y  over that  period, l ooted ruth­
lessly. 

Today, the i nternational mi nerals car­
te l s  sti l l  present i n  Afr ica are eager ly 
preparing to feast on regions "c leared," 
or bei ng cleared, of people by war fight­
i ng .  Br i t i sh  pol icy, backed or tolerated 
by the U n i ted States, has b u i l t up the 
"new strongmen" of Central Africa, led 
by Uganda's Museven i ,  who have pur­
sued the genocidal  Tutsi vs.  H utu war­
fare w h i c h  has spread, s i n ce 1 9 94, to 
involve n i ne nations of the region.  

The forecast LaRouche made i n  1 974, 
is graph ical ly borne out in the mortal ity 
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rates and l ife expectancies of the Census 
Bureau and U.N.  reports: These reported 
"facts" are a moral assau lt  and chal lenge 
to humanity. 

The pandem i cs i n volved,  cente red 
upon AI DS and i ts  co-factors, part icu­
larly tubercu losis, have had an impact 
espec i a l l y  d i ffi c u l t  fo r d e m og r a p h i c  
agencies to forecast, for reason o f  the 
age g ro u p s  that are p red o m i n a n t l y  
k i l led by t h ese d i seases.  P a n d e m i cs 
which sharply increase i nfant morta l i ty, 
can lead to an "offsetti ng" i nc rease i n  
t h e  b i rth rates o f  t h e  affected nat io ns, 
but those w h i c h  s h a r p l y  i n c rease t h e  
mortal ity o f  adu lts below midd le  age­
and both AI DS a n d  co n st a n t  wa rfare 
are s u c h  p a n d e m i c s-can c a u se,  i n  
themselves, decreases i n  the b i rth rates, 
which u n pred ictab ly  magn i fy t h e  i m ­
pact o f  r i s i n g  d e a t h  rates o n  popu l a­
tion.  

The figu res for the entire h u man pop­
u lation, given in the 7 998 Revision by 
the U . N .  Popu lation Div is ion,  is 5 .901  
b i l l ion.  Th is  is 3 0  m i l l ion persons fewer 
than claimed by the U N F PA's 1 998 State 
of the World's Population, and 2 3  m i l ­
l ion fewer than t h e  Census B u reau's l at­
est estimate. The Revision claims a c u r­
rent human growth of 78 m i l l ion persons 
per year, far from the 93 m i l l io n  a n n u ­
al ly, o f  which one heard on ly  i n  1 99 3 .  
The growth has fal len-at least-to 1 .29 
percent per year. 

And perhaps it has fal len further. The 
1 997 U . N .  fig u re for world popu l at ion 
was 5 . 849 b i l l i o n .  E i ther t h at s h o u l d  
have been considerably lower in real ity, 
or, the increase from 1 99 7  to 1 998 was 
only about 52 mi l l ion people-a growth 
of wel l  under 7 percent. And if the 1 99 7  
figure is declared "revised," then t h e  last 
two years' growth rate wi l l  be below the 
1 .29 to 1 .30 percent cu rrently given out. 
As recently as 1 99 1 - 1 992, that rate was 
said to be 1 . 7  percent per year, so there 
has been, by demographic standards, a 
rapid and drastic drop, that is sti l l  accel­
erating. 

A notable, a n d  happy, exception  to 
th is  pictu re i s  C h i na.  W h i l e  its cu rrent 
pop u l at ion growth is  low, about 1 . 2 5  
percent annual ly, that rate h a s  j u mped 
from 0.9 percent  in the past few years. 
The only maj o r  nation whose physical  
economy is rapid ly  growing i n  real pro­
ductive terms, C h i n a  may be t h e  o n l y  
nation whose popu lation growth rate i s  
significantly increasing. 
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C h inese President Speaks 
On Science in  N ovosibi rsk 

Chinese President Jiang Zemin visited 
Russia in late November, and gave a 
speech on the importance of science and 
creativity for economic and social devel­
opment, Nov. 24, before the scientific 
and technological community in the Sci­
ence City of Novosibirsk. Jiang a lso 
called for China and Russia to work to­
gether in science and other areas. He 
spoke in Russian; the English translation 
is as reported by People's Daily. 

I have long heard about the Science City 
of Novosibirsk. But seeing is believing. 

During the vis it, I have been deeply  im­
pressed by your scientific research capa­
bi l ities and the explorative atmosphere. I 
worked with a scientific and technologi­
cal department for years. In th is  sense, 
we are col leagues. It a lways gives one 
great pleasure to meet col leagues. 

Russia is a scientific and technological 
power in the wo rld . Russ ian scientists 
have made outstanding contri butions to 
the p rogress of h u man c i v i l izat i o n .  
Lomonosov, Mendeleyev, Pavlov, Tsi­
ol kovsky, Popov, among others, left thei r 
names i n  the world h i story of science 
and technology. Even today, Russia leads 
t h e  wor ld in many key sc ientif ic and 
technological areas. 

The Science City of Novosi b i rsk is a 
sc ient ific base known for its resea rch 
strength. I n  both the basic sciences l i ke 
mathemat ics ,  phys ics,  b i o l ogy, and 
chem istry, and app l ied sc iences l i ke 
comprehensive util ization of energy, en­
v i ro n m e nta l  protect ion,  and n u c l ear  
tec h no l ogy, you i n  Russ ia  have pro­
d uced a wea lth of ach ievements i n  sci­
entific  research up to world standards, 
as we l l  as a n u mber of world-famous 
s c i e nt i sts s u c h  as Lavrent iev,  Kan­
torov ich ,  and D u b i n i n .  I t  i s  rare for a 
city of on ly  1 . 7 m i l l ion people to boast 
as many as about 1 00 research institutes 
for d ifferent pu rposes, 20 i nstitutes of 
tertiary education, and tens of thousands 
of peo p l e  spec ia l ized in sc ient ific  re­
search. 

The progress of human civil ization has 
more and more convincingly proved that 
science and technology constitute a pri­
mary productive force and an important 

Stuart LewisiEIRNS 

Chinese President Jiang Zemin reached 
agreements on the Eurasian Land-Bridge 
with both Russia and Japan in Novem­
ber. Here, Jiang at h is October 7 997 
meeting with President Clinton. 

driving force for economic development 
a n d  soc i a l  p rogress.  None of t h e  
achievements mankind has scored in u n­
derstanding and taking advantage of na­
tu re wou l d  have been possible without 
sc ient if ic and tech n o logical  advance­
ment. H u man wisdom is i nexhaust ible.  
Sc ie nce and tec h n o l ogy are a s h i n ing  
beaco n of th i s  wisdom.  A g reat many 
scientists, one after another, have kept 
sca l ing new heights in science and tech­
nology after overco m i ng numerous ob­
stacles through arduous efforts. 

The 20th centu ry i s  o n e  fu l l  of u n­
precedented ly  splendid ach ievements in 
science and technology and fu l l  deve l ­
opment  of  scientific rat iona l ity. Never 
before has mankind p roduced as many 
scientific resu lts and material wealth as 
i n  this century. The birth of the theory of 
relativity and the quantum theory early 
t h i s  centu ry, the b reakt h rough in t h e  
semi-conductor technology in t h e  1 950s, 
and the d i scovery of the double  s p i ra l  
structure o f  DNA have set off a round of 
geometrical development of science and 
technology in the world .  

S ince the middle of  th is  century, major 
progress has been made in the studies of 

Continued on page 27 
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I N  TH E FOOTSTE PS OF H U M B O L DT 

Now I s  the Time for South American 
Development 
by E l i sabeth Pasca l i  

"On the one s ide, there i s  a grave 
danger that civi l ization is  plu ng­

i ng into a Dark Age, that if the polic ies of 
the i nternat ional  monetary i n stitutions 
are continued, many countries wil l  suffer 
the same fate as Honduras, N icaragua, 
I ndonesia, or most parts of Africa. But, 
while I am absolutely clear on that dan­
ger, I also want to report to you that just 
in the last two weeks, someth ing extraor­
d i nary has occ urred : namely, that the 
countries of Eurasia are jo in ing together 
in bu i ld ing the E u rasian Land-Bridge­
the idea to integrate the Eurasian conti­
nent through infrastructure programs.'" 

Th is  is the o pe n i n g of a d ramat ic 
speech given on Dec. 2 by Helga Zepp­
LaRouche, head of the Sch i l ler I nstitute, 
at an event in Mexico City sponsored by 
the I be ro-A m e r i ca n  Sol idar ity Move­
ment. The p rev i o u s  eve n i ng, Zepp­
LaRouche had addressed precisely these 
issues, speaking at the headquarters of 
the Mex ican Society of Geography and 
Statistics. In her speech, she traced out 
the h istory of the doomed policy of glob­
a l i sm and the hopeful re-emergence of 
the po l i c i es of tran scont i nental  i nfra­
structure development and defense of 
national economy. She stressed that now 
is the t ime that the nat ions  of I bero­
America must again pick up the fight for 
the integration and development of their 
own continent. 

Zepp-LaRouche was fol lowed by a 1 5-
m i n ute com mentary on her remarks by 
former Mex ican  Pres i dent  J ose Lopez 
Port i l lo, who than ked her and her h us­
band, economist Lyndon LaRouche, for 
the i r  enthus iasm i n  t h e i r  endeavor to 
"enl ighten us as to what is happening in 
the world, as to what wi l l  happen, and 
as to what can be corrected ." 

Plans for the economic integration of 
Ibero-America have been d iscussed for 
more than a century.  Zepp-LaRouche 
n oted that at  the e ntrance to the G eo­
graphical Society's headquarters, located 

Ruben Cota MezalEIRNS 

In the footsteps of Alexander von Humboldt: Former Mexican President Jose L6pez 
Portillo (left), Schiller Institute president Helga Zepp-LaRouche, and fiR director of 
Ibero-American Intelligence Dennis Small, at a meeting of the Mexican Society of 
Geography and Statistics in Mexico City, Dec. 1 .  

i n  t h e  h i storic d i str ict o f  Mexico C i ty, 
stands a bust of A lexander H u m bol dt, 
who was a member of the society, which 
was fou n ded in 1 8 3 3 .  H u m boldt  was 
one of the fi rst to propose connecting the 
three great river systems of South Amer­
ica, which he explored, into a continen­
tal transportation system. 

"I know that he would be very happy 
with what is happening in the world to­
day because the dramatic changes which 
we see before us are a positive s ign for 
h u m a n ity," she said .  In th i s  sense, she 
commented, her vis it  to Mexico fol lows 
" in  the footsteps of H umboldt." 

Tremendous Opportunity 
Many i n stitutions in most of the na­

tions of Ibero-America, in fact, are th ink­
ing more closely about economic i nte­
grat ion,  and how to stop the horrors of 
eco nomic  col l apse that have been 
caused by free-trade global ist pol ic ies 
and the i nternati onal  moneta ry con d i ­
t ional it ies.  Ear l ier  th is  year, i n  August, 

Zepp-LaRouche visited B razi l ,  invited by 
several i nstitutions inc lud ing the p resi­
dential campaign of Dr. Eneas Carneiro. 

I n her speeches there, she stressed that 
now is the t ime in w h i c h  "developing 
countr ies" m u st p l a y  an equal  ro le  to 
that of the i n d u stri a l ized countries.  In  
South America, she sa id,  the develop­
ment of conti nent-wide infrastructu re, 
"from north to south, from east to west, 
the bu i ld ing of waterways, of h ighways, 
of high-speed rails, as the center of open­
ing up the country for industrial and agri­
cultu ral development, is obvious"-and 
long overd ue. Brazi I and other nations 
should do this, she said, n ot for the ex­
traction of raw materials,  but beca use 
these transportat ion corridors can a l so 
become development corridors to upl ift 
whole populations. 

As to why t h i s  is i m portant, Zepp­
LaRouche noted,  "Wh ere does wealth 
come from? " It comes from the develop­
ment of the minds of the people. M r .  
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1. New Panama Canal 
2. Atrato-Truand6 Canal 
3. Orinoco-Negro Canal 
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8. Chaco Canal 
9. Bermejo Canal 

10. Tiele Canal 
1 1 .  Lake Ibera 
12. Ibicui· Yacui Canal 

- Navigable rivers 
. . . .  Proposed canals 
III "Productive Axis" '! 

com m i tment  of the sover­
e i g n  nati o n s  i nvo lved to 
create the conditions neces-
sary for the cont inuous de­
velopment of their popu l a­
tions. 

The book summarizes the 
gu idel i nes for this process : 

( 1 ) Physical ly  i ntegrati ng 
the region through construc­
t ion of great infrastructu ral 
works,  w h i c h ,  i n  turn ,  i n ­
crease the economy's over­
a l l  productivity. 

( 2 )  Rei n vest i n g  wealth 
generated by the economic 
p rocess in  order to max i ­
m ize employment o f  labor 
power with the best poss i ­
ble technology a n d  produc­
tivity. 

(3) Estab l i sh ing  a protec­
t ive ta r i ff system wh i c h  
guarantees the development 
of regional  industry to sup­
ply the maximum of the re­
gion's necessities. 

(4) Applying state d i rigism 
to c reate a cu rrency and a 
credit system subord inate to 
the sovereign i nterests of the 
nations; that is, to fac i l itate 
the fi rst three requ isites and 
to p u n i s h  u s u ry and other 
fo rms of eco n o m i c  i m­
moral ity. 

GREAT WATER PROJECTS TO I NTEGRATE SOUTH AMERICA 

There have been many at­
tempts to create a transcon­
tinental ,  and i nter-conti nen­
ta l ,  transportat ion g r i d  fo r 
Ibero-America.  As the 
Sch i l ler  I nstitute book, The 
Integration of Ibero-Amer­
ica, notes, "One of the most 

A 6,OOO-mile water transportation system for Ibero-America would link up the three main 
watershed regions of South America-the Orinoco, Amazon, and Rio de la Plata river 
basins, with a series of canals. Plans for waterway and railway networks across the conti­
nent have been on the drawing boards since the 7 9th century. important i ntegrationist in i ­

t iatives which  su rged forth 
LaRouche has put great emphas is  o n  
what h e  cal ls  the Machine-Tool Princi­
ple [creati ng the capabi l ity for tec h nol­
ogy advances] because the concept of 
man in  the image of God, creates an ad­
equate hypothesis about the laws of cre­
ation, about the physical u n iverse. If this 
hypothesis is adequate, it leads to a sci­
entific d iscovery . . . .  " 

" I n  the co m i n g  per iod,  everyth i n g  
which has to d o  with the IMF, with glob­
a l izat ion,  the World B a n k, the World 
Trade Organization, wi l l  a l l  van ish," she 
conti nued.  " But there must be people 
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who have a well-thought-out plan of 
what to do in that moment of crisis, be­
cause that moment of crisis can be a mo­
ment of great danger-but it can also be 
a tremendous opportunity."2 

The Sc h i l l e r  I n stitute has been pro­
moting the i ntegration and development 
of the South American conti nent s i nce 
the 1 980s, and in 1 986, it issued a book­
length proposal for the integration of the 
entire continent.3 The authors point out 
that economic integration has a nu mber 
of d i fferent facets. Most important, the 
Sch i l ler I nstitute stressed, is the cu ltural 

in the 1 870s and 1 880s, was the idea of 
b u i l d i n g  a cont inental rai l road network 
w h i c h  wo u l d  l i n k  the cont inent  from 
Tierra del Fuego to Mexico, and which 
wou l d  con nect there with the great rai l­
road system a l ready ex isti n g  i n  the 
U n ited States."  

Such  a proposal was put forward in  
February 1 890,  at  the Pan-American 
Confere nce in Was h i n gton ,  D.C. ,  by 
Mexico's representative Matias Romero. 
Romero-who had been Ben ito Juarez's 
am bassador to Abraham L i nco ln  three 
decades before-achieved the passage 
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of a resolut ion favori ng the b u i l d i ng an 
interconti nental ra i l road or Pan-Ameri­
can rai l road, using the rai l road pol icy of 
h is o ld  fri end L i nco l n  as a mode l .  The 
conference set up a comm ission to study 
the p roject, and a few years l ater, the 
Com m ission on the Panamerican Ra i l ­
road, c h a i red by Jose Lopez Porti l l o y 
Rojas (the grandfather of the former Mex­
ican President), released its final report. 
That 1 890 report noted : 

" Experience has everywhere shown 
that the development of a country's nat­
ural resources fol lows the establ ishment 
of rai l  com m u n i cations . . . .  Commun i ­
cations between the nations of  the hem i­
sphere wou l d  br ing noth ing  other than 
deve lopment of the rep u b l  ics of the 
South, especia l ly  their i nteriors . . . .  Sta­
tistics from the majority of these coun­
tr ies show that u nt i l  now o n l y  the re­
g ions contiguous to the sea have been 
developed . . . .  Such a ra i l road wo u l d  
help to exploit  t h e  territory now practi­
cally inaccessible and would contribute 
to the general wealth of the countr ies 
that it passes through." 

Opening Up the Interior 
More recent ly, Professor Vasco 

Azevedo Neto, a former Braz i l ian presi­
dent i a l  c a n d id ate, has combi ned the 
plans for ra i l road and water routes i nto a 
proposal to open up the i nterior of Ibero­
America along what he terms, "the path 
of least res istance . "  Th is  i dea, he says, 
was i nspired by "the theories and fore­
casts of the polem ical  American pol it i ­
c ian and eco n o m i st, Lyndon H .  
LaRouche." Professor Vasco's plan i s  to 
look for the paths of least res ista nce i n  
the physical geography, which w i l l  lead 
to the greatest rates of econom ic devel­
opment. 

The m a i n  con nect ions  of the South 
American river systems which Professor 
Vasco ca l l s  the " G reat Wate rway, "  i s  
shown i n  the accompanyi ng map. Den­
nis Smal l ,  Ibero-American Ed itor for the 
Executive Intelligence Review, the pol iti­
cal wee k l y  magaz i n e  associ ated w ith 
LaRouche, described the river system in 
a Was h i ngton, D .C.  conference of the 
Sch i l ler Institute earl ier this year.4 

"There are two pr inc ipal  connection 
points that have to be developed," Small 
said.  "One, where the Ori noco l i nks up 
with the Amazon, which i s  in a reg ion 
cal led the Cas iquiare, at  the headwaters 
of both r iver systems. This  is one of the 
most fasc i nating  geographical areas on 

the face of the Earth, because it  has wa­
ter that comes from underground springs, 
and flows in two opposite d i rections s i ­
mu ltaneously." 

What's req u i red i s  a canal system to 
con nect these two systems, and thereby 
make the entire area navigable. Further 
south, on the Amazon system, it can l i n k  
up t o  the Parana/Rio de l a  Plata system 
in the Guapore rapids area, if canals are 
constructed. 

Carry i ng out th i s  deve l opment pro­
gram would create an internal navigable 
waterway that is 9,800 ki lometers long­
about 6,000 m i les. If you t h i n k  back to 
the i m portance i n  Ameri ca's i n d ustria l  
deve lopment of  open i ng u p  the O h i o  
and the other river systems, Smal l said, it 
gives you and idea of how crucial such a 
program would be for South America. 

The Motor for Development 
The shaded area in the map-southern 

B raz i l ,  U ruguay, and northern Ar­
gentina-is what the Sch i l ler Institute has 
cal led the " Prod uctive Ax is"  of South 
America. I t  is only 12 percent of the total 
land area of Ibero-America, but it has 26 
perc�nt of the population, 40 percent of 
the electr ic i ty prod uction of the conti­
nent, and 44 percent of the man ufactur­
i ng. "This is the most econom ical ly dense 
region, and it has to be the motor which 
spreads development-technology and 
la bor-fo rce development-th roughout 
the i nterior of the continent, through not 
o n l y  th i s  G reat Waterway, but  a l so 
through an i ntegrated conti nental ra i l ­
road system," Small said. He poi nted out 
that the rai l road has the crucial  capab i l ­
ity-u n l i ke the Waterway, wh ich  can't 
go over the Andes Mountains-of l ink ing 
South America up with the Pacific Bas in  
and the Eurasian Land-Bridge. 

As for the exist ing ra i l roads of Ibero­
Ameri ca, Smal l  said, they are "rei ics of 
colonial ism." The rai l road density (ki lo­
meters of ra i l  per square ki lometer of land 
area) is only one-sixth that of the U n ited 
States, and one-thi rteenth that of France! 
To make it  worse, there are six d ifferent 
gauges in Ibero-America, such that, the 
existing rai l  systems, cannot i nterl i n k  the 
traffic of one country to another. 

"Th is was an i ntentional colonial  pol­
icy," Small said, "to have rai l  l i nes run­
n i ng only from the m i nes, to the po rts, 
for export of raw materials." 

The Grande Carajas Project 
A different, non-colonial approach to 

development must i nc l ude, a long with 
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transportation, an investment i n  the pro­
ductive industry of nations. The origi nal 
conception beh i n d  the G rande Carajas 
i ron m in i ng project in B razi l  is an exam­
ple of the potential that exists to use the 
raw materials of a nation as the start ing 
po i nt to create whole new areas of de­
velopment. It is also an example of how 
such potent ia l  has been sabotaged b y  
t h e  pol ic ies o f  t h e  I nternational Mone­
tary Fund. 

The Carajas i ron m i neS i s  located a 
l itt le more than 300 m i les south of the 
eq uator, in the m idd le  of the Amazon 
rai n  forest, but in h i l ls 2,000 feet above 
sea- level . Its i ro n  deposit  was d i scov­
ered i n  1 9 6 7 ,  by a B raz i l i a n  engi n eer 
who was work i ng fo r U . S .  Stee l .  The 
man was engaged in he l icopter recon­
n a i ssance work searc h i n g fo r man­
ganese, when he noticed a range of red­
d i sh ,  denuded h i l l s  a m i d  so l i d  j u ng le  
overgrowth, an i nd icat ion of the pres­
ence of some k ind  of m i nera l  depos its. 
Telegraph records demonstrate that the 
engi neer's reports that he fou nd s izable 
depos its of very pure i ron ore were re­
peated ly  and i ns i stently d i sm i ssed by 
U .S .  Steel off ic ia ls  in the U nited States. 
The engineer was told, " Forget the i ron; 
we are looking for manganese! "  

Subseq u ently, the B raz i l ia n  govern­
ment re-purchased al l  of the rights to the 
area from U .5. Stee l .  The Serra dos Cara­
j as, composed of two adjacent ranges, 
has an est imated 1 8  b i l l ion tons of i ro n  
ore-enough t o  supply t h e  enti re world's 
cu rrent demand for at least 25 years. The 
m i neral  has an average pu r i ty of 66 .8  
percent, compared to  average purities of 
20 to 25 percent in al most a l l  i ron m ines 
in the U n ited States today. 

I n  many locat ions,  the i ro n  ore 
reaches 70 percent pu rity-the h ighest 
techn ica l ly possi ble given the molecular 
structure of the su bstance Fe203-and 
can l itera l ly  be pul led off the m ; ne wal l  
i n  powder form with one's own hand. 

The B raz i l ian  govern ment gave the 
pr i mary respons i b i l i ty for the p roject's 
execution to the state m i n i ng company, 
Companh ia  Vale do Rio Doce (CVRD). 
The original plans conceived the G rande 
Carajas project as only the fi rst step i n  
Braz i l 's conquest of the Amazon.  There 
were plans to have a city of 20,000 peo­
ple at Carajas, a long with a ra i l road 
which would open up an area the s ize of 
Italy i n  the Amazon j u ngle for agro- in­
dustrial settlement. 
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But u nder one pro-IMF government af­
ter another, Braz i l  e nded u p  or ient ing 
the Grande Carajas project to merely 
produce raw materials for export, and to 
thereby generate foreign exchange with 
which to pay off Brazi l 's gigantic foreign 
debt-the largest in the worl d .  Then i n  
1 997, CVRD itself was pr ivatized, to a 
private consortium financed by the inter­
national specu l ator George Soros-for 
the equivalent of one month's worth of 
national i nterest payments! 

However, as Zepp-LaRouche stressed 

Chinese President 
Speaks on Science 
Continued from page 23 

atomic energy, space tech nology, m icro­
electronics, information technology, bio­
engi neeri ng, and new materials,  which  
has greatly increased the h u man cogn i­
tive power of nature and society. Knowl­
edge economy has started to take shape, 
and new industries have kept emerging.  
Mankind is  experiencing a global scien­
tific and technological revolution . 

The Frontiers of Science 
Recently, there have been some major 

new orientational  developments i n  the 
advancement of science and technology 
in the world. The focus of research in the 
science of matters has been shifted to the 
study of the properties of matter and their 
i nteracti o n  u nder extreme cond it ions, 
thus l ay i ng a new g ro u n d  fo r the  cre­
ation of new materials, new energy, and 
c lean and effi c ient tec h nolog ies .  B i o­
engi neering, which is  centered on mole­
c u l a r  b i o l ogy, p ro m ises a fresh major 
brea kth rough,  w h i c h  w i l l  open up a 
completely new prospect for agriculture, 
med ici ne, and human health . . . .  Space 
science has hel ped people deepen their 
understand ing of the origi n of space and 
its evolution, provid ing a new panoramic 
picture of the structure of d ifferent forms 
of matter and their i nteraction.  Geo-sci­
ence has increas i ng ly  become a m u lt i ­
disc ip l ine science, enabl ing man to ac­
quire new capabi l ities in  the exploration, 
protect ion,  and rat i o n a l  u t i l izat ion of 
natural resources and ecological envi­
ronment. 

Scientific and tech nological develop­
ment, with its overlappi ng, frontier, and 
d iversified nature and the ever-faster pro­
duction, d issemi nation, and appl ication 
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i n  her recent i nterventions i n  Brazi l and 
Mexico-among others: As the system of 
global ism col lapses, the nations of Ibero­
America must be ready to cooperate and 
carry on with these development and in­
tegration projects. 

The plans for integration of the conti­
nent are on the drawing boa rds. The 
question is  whether the Ibero-American 
nations w i l l  take u p  the development 
ban ner, and move forward, along with 
the E u rasian cou ntries that are turn i ng 
the Eurasian Land-Bridge into reality. 

of scientif ic and tech nological  knowl­
edge have given rise to enormous socio­
economic progress, promis ing a bright 
future for human civi l ization. 

The new scientific and technological 
revol ut ion has presented people  of a l l  
cou ntr ies w i t h  p rec ious development 
opportu n i t ies and a l so seri ous  c h a l ­
lenges. A cou ntry or  nation wou l d  l ag 
beh i n d  and land itself i n  an extremely 
passive position, u nless it were to closely 
keep abreast with scientific and techno­
logical progress and u pgrade its scien­
tif ic and technological level in  the l ight 
of its national development texture. 

The Importance of Education 
In order to meet the chal lenge of rapid 

scientific and technological progress and 
the fast-r is ing knowledge economy, we 
m ust keep on creating and i n novati ng.  
Creativity is  the sou l of a nation and an 
inexhaustible source of a cou ntry's pros­
perity. The key to creation and i n nova­
tion l ies in human resources, whose de­
velopment depends on education. Only 
a well-developed education can sustain 
scientific and technological progress and 
economic development. Scientific and 
tec h nological  strength and the educa­
tional level of a nation have always been 
an i mportant yardstick for measuring the 
overa l l  national strength and the civi l iza­
t ion  of a soc iety . L i ke i n d ispensa b l e  
wheels,  they propel a cou ntry t o  pros­
perity. 

C h i n a is  one of the crad les of world 
c i v i l izat ion .  Its education and science 
both have a glorious history. The ancient 
C h i n ese science and techno logy sym­
bol ized by the four  famous inventions­
paper-making, gunpowder, printing, and 
the compass-had once tremendously 
i nfluenced the development process of 
h u m a n  c i v i l izat ion and profo u n d l y  
changed the face of world civi l ization . 

Notes--------------

1 .  Helga Zepp-LaRouche's speech, "We Have a 
Golden Opportunity to Save Civilization from a 
New Dark Age," appears in the Dec. 1 1 ,  1 998, 
issue of Executive Intelligence Review

,
" p. 34. 

2. Zepp-LaRouche's Brazilian speech appears in 
Executive Intelligence Review," Aug. 28, 1 998, 
p. 33. 

3. Instituto Schiller, 1 986. La integracion ibero­
americana: Cien mil/iones de nuevos empleos 
para el ana 2000 (New York: New Benjamin 
Franklin House). 

4. Dennis Small , "Brazil Is Likely to Be the Next 
'Big One,' " Executive Intelligence Review, Sept. 
25, 1 998, p. 3 1 .  

5. "Carajas: First Step Toward an  Amazon Indus­
trialization Drive," Executive Intelligence Re­
view, Oct. 26, 1 982, p. 1 6. 

Si nce the found ing of New China, es­
pecial ly over the past 20 years of reform 
a n d  open i ng-up, the C h i n ese govern­
ment has a lways attached great i m por­
ta nce to the deve l opment  of sc ience, 
tec h n o l ogy, and ed ucati o n .  The we l l ­
known c o n c l u s i o n  that "sc ience and 
technology constitute a primary produc­
tive force," d rawn by Comrade Deng Xi­
aopi ng, is  now becoming an i m portant 
idea gu id ing  C h i na's development. We 
have g iven a pro m i nent position to the 
strategy of eco n o m i c  deve lopment 
through science-technology and educa­
t i o n ,  and a s u sta i n a b l e  deve l o pment 
strategy, when drawi ng up the bl ueprint 
for the modernization drive. 

Creativity is the soul of a 
nation and an inexhaustible 

source of a country's 
prosperity. 

Recent ly we have deci ded that the 
C h i n ese Academy of Sc i e nces shou l d  
take t h e  lead i n  i ntrod uc ing a pi lot pro­
gram of i nstituting a national knowledge 
i n n ovation syste m .  That is, to ident ify 
new objectives of scientific and techno­
logical development, readjust the exist­
i ng o perat iona l  mech a n ism,  str ive for 
more and greater scientific and techno­
logical i n novations, and put in place an 
i n novat ion system for C h i n a  in v iew of 
the n eed of a devel opment strategy for 
Ch i na of the n ext centu ry and the 
prospects of the world frontier sciences. 

In  the 2 1 st centu ry, we wi l l  achieve a 
take-off i n  science and education so that 
China's modernization d rive wi l l  be able 
to advance steadi ly  along the path of de­
velopment, th rough scientific and tech­
n o l og i c a l  p rogress and t h ro u g h  i m­
proved qual ity of human resources . . . .  

21 st CENTURY Wi nter 1 998-1 999 27 



SCIENCE AND LIFE 

A Dialogue on the 
Importance of Keeping 

People in a Healthy, 
Unbalanced State 
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This dialogue considers some crucial paradoxes raised by the 
discovery of the so-called mitogenetic or biophoton radiation of 

living organisms, by the great Russian biologist Alexander 
Gurwitsch. At the same time, it intends to provoke reflection on 

one of the unique ideas that Lyndon LaRouche has contributed to 
science in his concept of "nonlinearity in the small. "I 

by Dr. Jonathan Ten nenbaum 

PART 1 :  PARMENIDES REVISITED 

Two lead i n g  b i o l og i sts, Dr. Leben sfro h a n d  Professor 
Todtkopf, 2 were recently argu ing  a bout the n atu re of l iv ing 
processes. A l though the two h ave o pposite o p i n ions,  they 
share a common, u nderlyi ng error of axiomatic assumption, 
which is pervasive among even the best scientific profession­
als today. 

Todtkopf: So, you keep up with th is "vital ist" obsession of 
yours, that there is something u n ique about l iv ing processes. 
How can you rej ect t h e  fu n d a menta l  acco m p l i s h ment  of 
modern biology? 

Lebensfroh: What you cal l  "biology" h as long si nce degen­
erated i nto b l atant  red uctio n i sm and mech a n i c ism, los ing  
s ight of  the rea l  obj ective, which is " l i fe . "  To me,  b io logy 
shou ld be defi ned as the study of exactly those aspects of l iv­
ing processes, which  d isti nguish them absolutely from non­
l iving processes. 

Todtkopf: I say there are no such d ifferences. A l iv ing or­
ganism is noth ing but a very complex aggregate of molecu les, 
interact ing and combin ing  with each other accord ing to the 
known l aws of chemistry and physics.  Everyone knows that 
biology today is j ust a specia l ized branch of physical chem­
istry. The triumph of molecular biology is a great victory of sci­
ence over naive su perstition and metaphysics. For centuries, 
unscientific people c lung to the romantic idea, that some sort 
of " l ife force" or " l i v ing fl u i d "  i nhabits the tissue of an imals  
and pl ants and lends them their  " l iv i ng" qual ity. But  nobody 
ever fou nd th is  l iv ing  force. So it was a great breakthrough, 
when chemists demonstrated that l iv ing organ isms are com­
posed of exactly the same atomic elements and particles that 
we fi nd in the i nan i mate world, in the atmosphere, in rocks 
and so forth. Looki ng for anyt h i n g  more is l i ke grasping fo r 
ghosts in thin a ir. But fanatics continue to defend the notion of 
a " l i fe force" u p  to this very day. 

I remember the uproar which was created when Justus Liebig 
publ ished his book Chemistry and its Applications to Agricul­
ture and Physiology, i n  1 840, showi ng that l i v i n g  t issue is  
composed n ear ly ent i re ly  of the s imple  elements hydrogen, 
oxygen, carbon, and nitrogen, and that plants can grow on in­
organic material alone. Liebig's proposal to introduce mi neral 
and chem ical  fert i l izers i nto agricu l ture met fan atical  resis­
tance, even among scientists, who insisted that the nutrition of 
plants must i nvolve organic m ateria l  in some essential  way. 

Even today, there is a big market for food grown with "organic 
fert i l izers, " and many people  bel ieve that p lants grown with 
mineral ferti l izers are somehow different and even poisonous 
to the health.  But these ideas h ave been refuted long si nce. 
There is no special material in l iving organisms, the atoms are 
exactly the same there as in this d i rty piece of rock. 

Lebensfroh: But in l iv ing tissue the atoms are organized and 
tranSformed i nto complex o rga n i c  molecu les, l i ke p rote ins  
and  DNA, for example, wh ich  are not  fou nd i n  the  inorganic  
world .  Only l iving processes do that. 

Todtkopf: People l i ke you d i dn 't want to bel ieve it, when 
the great chemist Friedrich Woehler  succeeded in artificially 
synthesizing the organic substance urea from oxygen, hydro­
gen, carbon, and nitrogen in the laboratory. That was 1 82 8 .  
U n t i l  then, m a n y  biologists and chemists bel ieved that l iv ing 
organ isms had their  own, fu ndamenta l l y  d ifferent chem istry, 
and that the most important molecu les composing l iving tissue 
cou ld never be prod u ced outs ide l iv i n g  t issue.  The famous 
chemist j .J .  Berzel ius even put forward the "vis vital  is" hypoth­
esis, accord ing to which the characteristic d ifference between 
l iv ing and nonl iv ing systems lay exactly in the former's sup­
posed ly  u n ique powers of chem ical synthes is .  This  idea was 
the original basis for the d ivision between "organic" and " inor­
ganic" chem istry, which  tu rned out  to be j u st conventi onal 
and not fundamental .  After Woehler, countless other organic 
molecu les were synthesized, a nd today, we can make amino 
acids, sma l l  proteins (peptides), and pieces of DNA in the lab­
oratory with no trouble.  So, there is no special  chemistry and 
no magical synthetic powers of l iv ing organisms. 

Lebensfroh :  Aren't you cheati ng with that a rgument ?  You 
left out the fact, that l iv ing human bei ngs-chemists-carried 
out those laboratory syntheses. So they are sti l l  products of l iv­
i ng processes, even if the reactions that prod uce them occur  
i n  a test tube.  The orga n i c  molecu les wou l d  never ar ise by 
themselves, without human intervention. 

Notes---------------------

1. Gurwitsch's work is described in detail in a two-part feature "Alexander 
Gurwitsch and the Concept of the Biological Field," written by his student, 
Michael Lipkind, which appeared in the Summer and Fall 1 998 issues of 
21st Century. Lyndon LaRouche's "Remarks on Gurwitsch's Method" ap­
pears also in two parts, in the same issues of 21st Century. In addition, 
LaRouche's science policy statement, ''The Reciprocity of Extremes: The 
Astrophysics of Gurwitsch Radiation," appears in the Fall 1998 issue. 

2. In  German, Lebensfroh is "Light-hearted," while Todtkopf translates as 
"Dead-head," 
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Todtkopf: Not true. Researchers have demonstrated in labo­
ratory experiments, that amino acids-the bu i ld ing-blocks of 
protei ns-can be generated by electric d ischarges in a gas simi­
lar to the Earth's original atmosphere. The Nobel Prize-winn ing 
chemist Manfred Eigen has shown, that in a "soup" of chemi­
cals, more and more complex molecules can evolve from sim­
pler ones i n  a purely spontaneous man ner, through a k ind of 
natural selection process among competing chemical reaction­
cycles. Given enough time, I am sure all the complex biomole­
cu les would eventual ly  arise in such a self-organizing "chemi­
cal sou p . "  E i gen proposes that the fi rst pr im it ive l i v ing 
organisms actua l l y  evolved i n  th is  way, and I bel ieve h im.  It 
was a grad ual  process, and there was never a defi n i te point 
when you suddenly had "l ife," and before just a lot of reactions. 

lebensfroh :  What about growth ? O n l y  l iv i n g  processes 
grow i n  a self-s i m i l ar, exponent ia l  way. Wh atever you say 
about the origin of l iv ing processes, the power of growth d is­
tingu ishes them absolutely from non-l iving matter. 

Todtkopf: Real ly? Crystals  can grow too, can't they? Haven't 
you watched how sugar or salt crystals  grow in a water solu­
tion? Would you say those growing crystals are al ive? 

lebensfroh: No, no, wait a minute. Uh, crystals don't grow 
in an exponential way, but actual ly  more l ike an arithmetic or 
rather cubic series, as additional layers are added on, surface 
by surface. 

Todtkopf: And what do you say about a chemical chain re­
action, as we find in  the detonation processes i n  various ex­
p l os ives? F u rthermore, in the 1 920s,  the Russ ian  c h e m i st 
Semionov d iscovered the phenomenon of "branched cha in  
reactions," i n  which a popu l at ion of  enzymatic molec u l es 
grows exponential ly, by cata lyzing the synthesis of identical 
molec u l es i n  a m i xtu re of reactants. These "autocata lyt ic" 
processes display exactly the same growth-cu rve characteris­
tics, as cu ltures of bacteria and other l iving organ isms. 

lebensfroh :  You mean to say, that if your  mother had only 
been 5 percent pregnant and if you were 95 percent dead, 
you would sti l l  be speaking to me now? 

Todtkopf: Sometimes I feel that way. 
lebensfroh: But, seriously, you cannot deny that l iv ing or­

ganisms behave completely differently from non-l iving mat­
ter?! lebensfroh: But  th is  on ly  works unt i l  the m i xture of reac­

tants is used up. After that the process stops, doesn't it? Todtkopf: This is j ust a matter of degree of complexity. Nat­
ura l ly, the more complex a system becomes, the more circus 
tricks it can perform. But i n  principle, every chemical process 
going on in a l iving organism cou ld be carried out just as well 
in a test tube. We are already doing DNA synthesis and other 
sorts of enzymatic reactions that way . It's j ust when you put 
all those molecules and reaction processes together, that you 
get the effect of l ife. 

Todtkopf: Don't l i v i n g  o rga n i s m s  a l so stop, when the i r  
source of nutrition i s  exhausted? After a l l ,  l iv i ng organ isms, 
l ike bacteria, never actual ly  grow exponentia l ly .  Their growth 
cu rve is always an "S-curve," as growth slows when the bac­
terial popu lation has reached a maximum density, where the 
avai lable sou rces of nutrition become marg ina l ized and the 
cu lture reaches an equ i l ibr ium or stationary state. And such S-

On the Fate of Gurwitsc 
The d i scovery of so-cal led " m itoge- organism as" a whole.  By us.ing m itoge-

netic radiation" by the Russian biolo- netiC' rad iation as a crucial experimental 
g i st A lexander G u rwitsch ,  as a by-' ' method i n  embryol0gy, physiology, the 
p roduct of G u rwi tsc h ' s i nvestigat ions study of  the nervous system and other ar-
into the h igher principles of organization ' " eas, G u rw i tsch a n d  ,h i s  c9! -' aborators 
of I i v i ng  p roce��es, wa s reg a rded by.i;, 'made' one remarkable d iscovery' after 'an-
many leading scientists in  the 1 920s and , other, conti n u i ng throu h G u rw itsch's 
early 1 93Ds as oQ� 9f the most " ' , ' death in ,1 954.  
ing experimental discoveries in  modern , St�;'t i n g  n'd l ater 
science, Among those was V. 1 .  Vernad- ' 1 9 20s, systematic o pe rat ions were 
sky, a personal friend of G u rwitsch froml' l au nched to " k i l l "  the new area of re-
the beg i n n i ng of h i s  researc hes at the search. These inc l uded a widely publ i -
Crimean town of  S imferopol in 1 9 1 8. ' cized hatchet-job done on behalf  of the 

G u rwitsch's'decis ive experiments i n  Rockefel ler Fou ndation b y  one A .  Hol-
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cu rves are typical of thousands of autocatalytic chemical re­
actions, which we can make in a laboratory. So i n  terms of the 
growth curve, you can't tel l  the difference between the growth 
of various chemical  species i n  an auto-cata lytic, branched 
chain reaction, and a popu l ation of bacteria which grows in  
the same way. 

t ia l ly  with the expansion of h u man popu l ation and its econ­
omy. So wou ld you include combustion or steel production as 
l iving processes? 

lebensfroh :  Of course not. You are j u st twisting my argu­
ment i nto nonsensical shape. 

lebensfroh :  But what about the pop u l ation of the h u man 
species? The human population has grown exponentia l ly  over 
history. 

Todtkopf: I don't th i n k  that can continue i ndefi n itely. After 
a l l ,  resou rces are l i m ited . But  even if h u man m u lt ipl ication 
cou ld conti nue without l i mit, you mean to say that only hu­
man beings are l iv ing organ isms, and a n i mals and plants are 
not? 

Todtkopf: Then where do the inorganic processes leave off, 
and the " l iving" process beg i n ?  You cla im there is a categori­
cal, absol ute d istinction between the two. Would you say that 
the oxidat ion of g l ucose i n  c e l l s  is a l i v i n g  or n o n l i v i ng 
process? It's rea l ly  just a form of combustion isn't it, burn i ng 
sugar for energy. 

lebensfroh: No. The growth of the human population, and 
its impact on the biosphere in terms of a multipl ication of do­
mesticated plant and an imal  species, demonstrates that the to­
tality of l iving material on the Earth, taken as a whole-what 
Vernadsky cal led the biosphere, i n c l u d i n g  h u man bei ngs­
the b iosphere has the potent ia l  for unlimited growth i n  the 
U n iverse. Actual ly,  th i s  was the d i rect ional ity of evol ut ion 
even before human cu ltu re emerged . So we can say, that l iv­
ing organisms are u n iquely characterized by the potential for 
exponential growth, as part of the growing biosphere. 

lebensfroh: This is  just a trick of yours, to rip an i nd ividual 
chemica l  p rocess out  of the orga n i c  context of the l i v i ng 
process of which it is a part. I n  fact, the u n ique characteristic 
of l iv ing organ isms is  their  ind iv is ib le u n ity or "wholeness," 
which means that al l  p rocesses going on i n  an organ ism are 
interconnected and subord i nated to a single overal l  principle, 
and that all react together as a whole-rather than an assem­
bly of parts-to every change in the organ ism's environment. 
No mere mechan ical or other non-I ivi ng physical system has 
such characteristics. 

Todtkopf: Wel l ,  then, from your rather invol uted argument 
you w i l l  have to recogn ize countless inorganic processes on 
the Earth as "l iv ing," if they are connected with the growth of 
the biosphere i n  any way, won't you ?  After a l l ,  the combus­
tion of o i l ,  or the production of steel ,  has increased exponen-

Todtkopf: Wrong aga i n .  Modern quantum physics has gone 
far ahead of you, and identified what are cal led "macroscopic 
coherent states" in non-living matter-states you wou l d  be 
forced to ad mit  have every bit  of that qua l ity of "one-ness" 
you ascribe to l iving organisms. Even the wave-front of a l ight 
wave d isplays this qual ity, as Fresnel a l ready demonstrated in 
his analysis of the diffraction of a l ight-beam at a sharp edge: 
When part of a l ight-wave encou nters an obstacle, the entire 

$(Niet � � ion 'fro�' the 1 961Js
'
.i�;:r e��ecf�l ly

·
the· ·1 970s on, Hu�leY,'; John v0'� Neuma�n,  N o rbe� Wieneil'and so J�), .;* the fos:gs,: on the. L4ndame6}a l" J.m p l i qati q ns  0 its<;:h's/ the.\-y�r:� of von Neumann and other� on formaF logic, " �rti-

work\:vl� nearly I1£W there; tQo. if; .�. ;., � "ficial i ntel l igence," "self-reproduc ing  machi nes," " i nforina-
It wa� 0nly i n  tm ,;� rnjcl� 1 9��.! h t�at ($t:JQwitsc�:S , . . begaOj •• . t ion theory" and 50 on·and·so forth .  ;The B ritish side, o�en 
be r�. {- ived in a serious way/w ith t�e work of Ffitz PoPP :. c lo�hed

.
i n  "h�l istic" trappings, includ.ed the H ��leys; Jos�ph 

$· ·and h' is\· �ol laboratc)'rs· i n  . aneJi other countries. F�om' ¥; Ne�dha:ri1; J.S: Haldane, Waddi ngton�; Bernal, and, of codf#e, 
: 1 985 on'� LYQdbn ;; �aR�uch� ; Ber�o na I IXfan� h is . <:0I 1f?orators . .'� Ru�§e l l , amorig 0rhers .. Th� Cambri�ge s ide qf the B ri� !?h 

hi' h�ve pl�yed a crut ra(" indispe' nsable role i n  ke�pi ng' work i ri '�; e l ite we�e predominantly biologists, fol lowi n g  i n  the p'uta-
'\?,this anci} cr�la�ed a��as: fT ive i !1te�ration�l Iy., : l n eyery :<:ase thaH;� tive. Jo�,t.step5 of �ristotle h i mself. Of cou rse, ·�be so-cal !i&d 

·, ' has been �xami ne� so;far,· .th� resu lt� of. G urwifsc'h's lab<fia� .· "biblogis'm" of Haeckel et aJ .. was an important surrent fl�'t'­
'h , lory. hay.e been c9pfitmed.�l n'tbe meantime, technQlogical, ... ; i ng iotoithe Nazi T)1ovement; and . i nto today's A'-.jew l\ge , alid 
/ dev�loPTents ma�e it pos '; le: to',des ign qew s'pec[,es ot' ex.f ;, 'green rn9vements; 

. 
{ , ' . >  . :, ' . f per iments w h i c H;� wou l d  e been poss i b le ri n  G u r.:' " . I pers;�naI lY ha'(j the bccas ion to v is i t  H o l l aender i n' h' i s 

witsch's time; ';,. . ' 
. 

'}c i +  . .F ,. , }  New Y5;�k office t�gether vyi�� F ritz �,�pp arouqd 1 9&5� 69t 
$1\ ; Th€ , th' ��at io B�itish Eugenks long' before Hol laender' s d�ath at th� age of more, than 9,0. ' 

i'; { I,n re\�o��rct; �; i.si9bvioY�J�at a:�r;naj9r motiyat ion for Hol laender admitted havink been dEiployed by the .Roc:�e­
buryi ng '6u rwitSG��,s work/,wai that it th reatened to dera i l  fel ler Foundation to Russia with the sole purpose t o  " investi­

' .  the Briti�h plans, notabJy sUPJ9ort�d by .the Han'ima!,)s, .Rock: h gate" G u rwitsch and h i s  laboratory, br inging back the st9FY' 
efel lers" and,()ther�l t9 estaQH�h ::race scie�ce" . fnd eugenics ,' that G u �witsch'� .. :xper i m:ntal  tec� n i q ue w�s a l l ege�. I 'y 

, ;0 as {'autl16ritative S,9ientific tlbctrJnes.ff';Thi's progrartr was re.i" · "s loppyll, 'and h i s ' res u l ts " u n re l  iabIEi :!! ( H o l iaE/nder s u b'��: 
,su med 'i rrmed i at:ly after lb�. \.'\!ar, a n'� ,t()ok the i rlC l tJded . . quently �arried ou�. and pu�J .. ished i n  1 93 7  h i s  (). \.'\!n b.otch�d 
form of;? fn' a5sive.:pr()motio n of{' �ad i caJAh�chanistlc, redtk- ' series Of experime'nts, a l leg�d ly  fa i l i n g  to d iscover any �vi� 

., .. .. 
tionist fgrcrQ� Of mglrsu'lar, �ip!ogy and ��netics,

.
wh k h had n dence of:Gurwitsc:h's radiation.)  Confrpnted with Popp's �t�, 

' ; aheady begu'n to Se de\leloped by ' M'ax Del brueck; and oth- . tai l ed measureme'�ts of mit()genetic radiation using modirn , 
in the,'r:n iddle;�l: 93(j�, 'wi.th th'e SUr:lpolt.:of the ROGkefel ler photom4, lt ip l ier i n'Strumentst H o l laen1der adm itted, with'd'ut 

Foundation's Warren Weayer. pf cou rse, these operations b l i n k i ng an eyel'ash, th at h � " had a lways s u s�ected G l:! r-
went hand"i l1-hand' with th� pr�motI0n'of behaviorist psy- witsch had been right." " . ;, . 

chology; mechan istic theories of nerve function (Hodgk in- -Jonathan Tennenbaum f!.: -� . -�� \ - -\} - '.:� :+�� 

2 1 st CENTURY Winter 1 998-1 999 3 1  



, ' i, 

wave-fro nt " reacts, " a n d  the d i rect i o n  of propagation i s  
changed . With i n  scale-lengths o f  the order o f  a s ingle wave­
length of l ight, the l ight wave behaves as an i nd ivisible whole. 

Beg inn ing in the early 1 920s, entirely analogous character­
ist ics were demonstrated for beams of e l ectro n s .  Modern 
qu antum physics teaches us, that even a s i ngle electron in­
volves a process d istributed over a large region of space, and 
which "feels" all the events occurring with i n  that space. Fur­
thermore, we today have countless experimental proofs, that 
there is no such thing as a tru ly isolated, independent particle, 
atom or molecule.  Rather, in a certai n  sense each particle i n  
the U n iverse "knows" a n d  reacts to what is  happen ing with 
every other one, without having to be informed by any sort of 
signa l !  Our  l asers, superconductors, and even the sem icon­
ductor devices which are the basis of today's computers and 
comm u n ications systems, are a l l  based on that pr inciple.  I n  
such devices, huge numbers of atoms behave a s  i f  they consti­
tuted a s i ngle coherent entity. The fact that we can demon­
strate this  sort of "hol istic" behavior in  so-called nonliving sys­
tems, has  been a major  b reakth ro u g h ,  demystify i ng the 
characteristics of l iv ing organ isms and demonstrati ng, once 
again,  that there is  no categorical d ist i nction between l iv ing 
and non-l iv ing processes. 

lebensfroh: You are b l uffi ng. You are ignoring the crucial  
property of l iv ing  organ isms, which i s  the i r  ab i l ity to repro­
duce themselves, based i n  the u n ique process of m itosis  or 
cel l  d i v i s i o n .  N o  red u ct ion ist or mechan ist ic theory could 
possibly describe such a self-reproducing process. 

Todtkopf: Evidently you are not fam i l iar  with the work of 
John von Neumann on self-reproducing machines. Although 
such machi nes have not actu al l y  been b u i lt yet, von Neu­
mann proved their  feas i b i l ity i n  pr inc ip le  long ago, and he 
even worked out how such machi nes wou ld have to be pro­
grammed. Essentia l ly, a self-reproducing mach ine would con­
sist of a complex of computer-control led, automated ind us­
tr ia l  p rocess i ng-un its and robots, a l l  d i rected by a central 
computer. The robots gather raw materials from the surround­
i ng area and feed them i nto the industrial process-u n its, which 
in turn produce materials and parts to match those from which 
the central com puter, robots and i nd u str i a l  process-un its 
themse lves were constructed . As the fi n a l  step, the central 
computer d i rects the assem b l y  of those parts i nto a second 
copy of itself and its robots and i ndustrial  processing u n its. 
Obviously, such a machine wou ld have to be extremely com­
plex, and i ndeed, this is  the fundamental point that John von 
Neumann and others have stressed-that there is a lower l i m it 
to the necessary, m i n i mu m  comp lex ity of a self-reproduc ing 
mach i ne .  Th is  exp l a i ns why qua l i tatively new types of phe­
nomena occur when systems become as complex as cel ls .  So 
a l iv ing cel l  is j u st an extremely complex k i nd of self-repro­
ducing mach i ne, with a bit of hol ism thrown in, if you want. 

lebensfroh :  You mean to say, you are a von N e u m a n n  
clone. 

Todtkopf: No doubt about it. That's where all  of us modern 
biologists come from. 

PART 2: H ElP FROM NICK 

Lebensfroh felt frustrated and a bit  depressed after his  en­
counter with Prof. Todtkopf. He was sure he had been right, 
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and Todtkopf wrong, when he i n s isted that l iv i ng processes 
cou ld  n ot be red uced to the same phys ics  as n on l i v i n g  
processes. But in  spite of this, Todtkopf seemed to have come 
out ahead in  the debate. Todtkopf's arguments reminded h i m  
o f  prosecutors who can "prove" or "disprove" anythi ng, b y  a 
se lective arrangement of su pposed l y  u n assa i l ab l e, " h a rd 
facts." Lebensfroh had tried to defend l ife, and lost his  case. It 
wasn't any particu lar argument, but the whole debate that had 
somehow missed the point. Lebensfroh felt embarrassed, l i ke 
someone who had lost his  wal let to a pickpocket. 

Return i ng home, Lebensfroh sank deep i nto h is  armchai r .  
He went through the d i scuss ion w i t h  Todtkopf aga i n  i n  h i s  
mind .  Where was the mistake? Lebensfroh had presented a se­
ries of properties A, B, C, O . . .  , each one of which he con­
s i dered to be a u n i q u e  and exc l u s i ve p roperty of l i v i n g  
processes : the synthesis of complex organ i c  molecules, expo-, .• 

nential  growth, self-rep l icat ion,  "wholeness, " and so forth . '  
One after the other, Todtkopf returned the argument, by pre­
senti n g  examples of n o n l i v i n g  p rocesses w h i c h  seemed to 
have the same properties, and maybe even a l l  of the proper-" 
ties Lebensfroh had come up with. Lebensfroh was d ismayed. 
What he thought he had u nderstood very wel l  before the ar­
g u ment  started-n a m e l y  the u n ique nature of l i fe-now') 
seemed to have evaporated i nto someth i n g  i ntang ib le  and 
elusive, even i n  his  own mind.  

Sudden ly  he had a new thought .  He recogn i zed i t  came 
from someth ing he had read long ago by Card inal N icholas of 
Cusa, concern ing the nature of the c i rcle. The thought was: If  
someone would specify any set of poi nts A, B, C, O . . .  on 
the c ircumference of a c ircle, would that determine the c ircle 
as the cu rve pass i n g  through those poi nts? Wel l , obviously 
not;  someone e lse cou l d  j u st connect the poi nts by straight 
lines, gett ing a polygon, which is not the same as the c i rcle.  
No number of poi nts, so suppl ied, cou ld ever suffice to d i stin­
guish the c i rcle from a mere polygon. What, then, is the char­
acteristic d istinction of the c ircle? 

Lebensfroh's g loom and frustration d isappeared, l i ke the 
popping of a bubble. In h is m i nd's eye, Lebensfroh caught a 
gl ance of the old card i nal 's  face, sm i l ing  at h i m .  Lebensfroh 
smi led, too. "Than ks, N ick," he heard h i mself say. 

The next day, Lebensfroh met Prof. Todtkopf agai n .  
Todtkopf: Well ,  I hope you have given u p  your s i l ly  idea af­

ter our last conversation. 
lebensfroh: I ndeed. I wil l  never again lose sight of the false, 

lying nature of so-called "scientific facts ."  
Todtkopf (shocked ) :  What do you mean ! ?  Facts never l ie .  

Facts are the very fou ndation and essence of truth. 
lebensfroh: Wrong. I say, truth l ies entirely outside, above 

and apart from mere "facts" ;  and no s ingle fact, nor any col­
lection of facts, however comprehensive, cou ld ever represent 
truth. Only ideas, not facts, can represent truth. 

Todtkopf: Are you crazy? 
lebensfroh: I wi l l  show you.  See how I draw this c i rcle, and 

now I mark points A, B, C, 0, etc. on it,  which represent what 
you call "facts"-

Todtkopf: Don't talk to me about geometry. I am a b i olo­
gist. I don't go there! 

lebensfroh: The problem is, the conception I want you to 
u nderstand, cannot be comm u n i cated without a certai n  type 
of metaphor- CJ 



Todtkopf: I am a scientist, not 
a poet. 

lebensfroh: Wel l ,  I tel l  you it 
is  absolutely impossible to grasp 
what a l iv ing process is, without 
metaphor.  Beca use there is a n  
orderi ng of ideas i n  science, and 
the con cept i o n  of " l i v i n g  
process" is  a strictly higher type 
than any conception which can 
be com m u n i cated in a l i n e a r  
way. T h i s  wou l d  be o b v i o u s  t o  
y o u  if  y o u  h a d  worked through 
Gauss's determ i n ation of the or­
bit of Ceres, for exa m p l e . 2  The 
natu re of l iv i ng p rocesses, and 
the abso l ute, "strong" gap sepa­
rat ing them from a l l  non- l i v i n g  
processes, lies i n  the characteris­
tics of change manifested in the 
v irtual ly  i nfi n itesimal ly smal l .  

Todtkopf: I have n o  idea what 
you mean. 

lebensfroh :  Wel l ,  I see we' l l  
, have to a p p roach t h i s  th ro u g h  

a n  example.  I have i t !  Let's look 
at a u n i q u e  case, w h i c h  poses 
the re levant  pa radoxes i n  t h e  
strongest form:  a physical econ­
omy, which is a very special sort 
of l iving process. 

Todtkopf: What do you mean 
by " p h y s i c a l  eco n o m y " ?  I re­
member read i n g  someth i ng 
about that. 

lebensfroh: I mean the physi­
cal process by w h i c h  a h u ma n  
population reproduces the mate­
rial cond itions for its conti n u i ng 
ex i stence, at ever h i gher  l eve l s  
of potential population density. 

Todtkopf: So it's m o re t h a n  
just the l iv ing popu lation a n d  its 
immediate activity, but also the physical processes in m i n i ng 
and industry, which deal with i norganic materials, as wel l  as 
th ings l i ke farmi ng ?  

lebensfroh :  O f  cou rse. Physical  economy su bsu mes the 
processes of agricultural ,  m i n i n g  and i ndustr ia l  prod uction;  
d istribution and consu m ption of  goods;  housi ng, education, 
and health services; cu ltural activities, scientific research, ad­
m i n istrative and related activity and so on-everyth i ng nec­
essary for the mai ntenance and development of human soci­
ety from one generat i o n  to the next.  In a sen se, a l l  these 
th ings form the tissue and organs of the physical economy as 
a coherent l iv ing entity. 

Todtkopf: H a !  N ow I have caught you in a contrad iction ! 
Just a moment ago you restated your old thesis, that there is  
a catego r i c a l  d i st i n c t i o n  between l i v i ng a n d  n o n l i v i n g 
processes, true? 

lebensfroh :  True. 

Todtkopf: And accord ing to that you wou ld d istinguish be­
tween l iving and non l iv ing matter, wou ldn't you ? 

lebensfroh: Yes. 
Todtkopf: Then tel l me th is .  A piece of rock s itti ng some­

where in a mountain,  is that l iv ing or nonl iv ing material? 
lebensfroh: Nonl iv ing, of course. 
Todtkopf: And when that same rock is m i ned, and the ore is 

transported to a factory, and metal is produced, and that metal 
is worked up i nto parts, and the pa rts assem bled into a ma­
c h i ne, and that mac h i n e  i s  i nteg rated i n to the p rod uct ion 
process-would you not say, that the material of  the rock has 
become part of the physical economy? 

lebensfroh: Yes. 
Todtkopf: So then,  if the p h y s i c a l  eco n o m y  is a l i v i n g  

process, then the material which constitutes i t  must b e  l ivi ng, 
must it not? 

lebensfroh: (hesitating) Wel l ,  I guess so. 
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Todtkopf: Then one and the same mater ia l  is both l iv i ng 
and non l iv i ng, or else you w i l l  have to tel l me at what poi nt 
the rock, o r  ore, or meta l ,  or mac h i ne, became " l iv i ng," i n  
your sense! 

[Lebensfroh realized he was about to fal l  into the same trap, 
as he had done in h is  earl ier debate with Todtkopf. Focussing 
on h is happy idea about the c ircle, he recovered qu ickly and 
continued.] 

lebensfroh :  Exactly.  That is  j u st the poi nt. We are deal ing 
with a mu ltiply con nected man ifold.  

Todtkopf: There you go again with your mathematics! Tel l 
me pla in ly now: do you or do you not regard the machi nes in  
a factory as  be ing living, i n  virtue of  thei r be ing integrated as 
parts of the "tissue" of the physical economy, which you cal l  
a l iving process? 

lebensfroh: In a sense, absolutely, yes. But the "l iving" as­
pect of these thi ngs does not l ie in the th i ngs themselves as 
isolated entit ies, but in the character ist ics of the process of 
change in which they actively participate. And the ch ief char­
acteristic of change, which defi nes a physical economy as liv­
ing (as opposed to pathological, dying states of an economy), 
is scientific and technological progress. That progress takes 
t h e  fo rm of an i n cessant ser ies of " p u l ses" or "shocks" of 
change in the organization of production-shocks which orig­
i n ate in fu ndamental scientific d i scoveries of pr inciple, and 
propagate, l i ke waves, throughout the tissue of the economy. 
Those pulses or shocks reflect the action of a h igher geome­
try-one characterized by human creative reason-upon the 
e nsem b l e  of lower geometries com pos i n g  the t issue of the 
physical economy. 
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Todtkopf: You mean to say, without  
those p u l ses, the t i ssue of t h e  eco nomy 
would degenerate and the  economy wou ld 
"die"? 

lebensfroh :  Exactly. And I am sure that 
someth ing ana logous must occu r  i n  l iv i ng 
processes general ly, and on another level, 
in  the creative processes of the mind itself. 
The great b io logist  A l exander G u rwitsch 
had some appreciation of this .  

Todtkopf: What you say is amazing.  
lebensfroh : N ot rea l l y .  I m a g i n e  how 

stu pid you would be right now, if N icholas 
of Cusa had not hel ped me get your m i nd 
moving. 

PART 3: H IGHER AND LOWER 
STATES 

At t h e  e n d  of t h i s  d i sc u ss i o n ,  Prof. 
Todtkopf was a m azed a n d  a b i t  over­
whel med by the concept i o n  Lebensfroh 
came up w i t h ,  that p h ys ica l  economy 
m i ght p rovide the key to u n derstand i ng 
l iving processes in genera l .  But later, as he 
thought back on the conversation, h is  ad­
m i ration tu rned to suspic ion,  then i rrita-
tion, and fi nal ly  rage. The more he thought 
about it, the more r idiculous it seemed to 
h i m  to mix u p  economics and biology as 

Lebensfroh had done, compari ng an economy to a l iving cel l ,  
for example. Todtkopf's teachers had taught h i m  to beware of 
sweepi ng analogies, which m ight excite our  fantasy, but un­
derm i ne the objectivity that is essential to professional scien­
tific work. Todtkopf saw h i mself admon ishing an aud ience of 
h i s  co l l eagues :  " I n  s c i e n ce the fi rst step i s  to define your 
terms; and once you have done that, you have to stick to the 
defin itions. If you start to play with metaphors and analogies, 
as Lebensfroh loves to do, then you can make anyth ing i nto 
an yth i n g, as if you wou l d  say:  the so lar  syste m is a l i v ing  
process, the ga laxy i s  a l i v i n g  p rocess, an  atom is  a l iv i n g  
process, everything i s  a l iving process! Then w e  would a l l  feel 
happy, l i ke Dr. Lebe nsfro h .  Absu rd ! By t h ro w i n g  words 
a�ound l ike that, we accomplish noth ing of any substance."  

Lebensfroh has  to be cut down to s ize, thought Todtkopf. 
He shou ld stop acting as if he were superior to us empiricists, 
just because he has a creative m i nd.  I ' l l  give h i m  a lesson on 
what science is a l l  about. He started lecturi ng aga i n :  

"Science is  based on empi rical fact. That means observing 
and investigat ing the real objects i n  the world around us .  To 
be able to arrange the facts, and to correlate facts i n  order to 
adduce general laws, you need to estab l ish a d ivis ion of the 
sciences. The sciences are d ivided accord ing to the different 
k inds of objects you study. So, b iology studies the l iv ing or­
ganisms which are d ivided i nto plant and a n i m a l .  To deter­
m i ne what a l iv ing process is, you start concretely, by study­
i n g  th i s  specific p lant, that specific a n i m a l .  Not h i n g  to d o  
with econom ics o r  anyth i ng l i ke t h a t .  You keep stu d y i n g  
those plants and an imals a n d  then you correlate your obser­
vat ions and measu rements and d raw general  conc lus ions .  



So, by painstaking investigations, molecular biologists d iscov­
ered the com mon molec u l a r  basis of l iv ing organ isms-the 
amino acids and proteins, the genetic code and so forth.  Step 
by step, we u nravel led the mechan isms and we d i scovered 
that in each case we exa m i ne carefu l l y, we find everyth ing 
occurs accord i ng to the k nown l aws of physics and chem­
istry---Iaws verified i n  hundreds of thousands of iaboratory ex­
periments. At least, no one in academ ia dares refute us.  The 
wispy d reams of the vita l i sts, have given way to pi les of hard 
facts. Th i s  is the tr iumph of science, the tri umph of Aristotle, 
the first biologist and systems analyst! 

"50 don't ever forget, Lebensfro h :  We empir ic ists a re the 
ones who do the real work.  We k now w h at fu nctions and 
what doesn't  function i n  the real world .  Don't  stand there 
and try to te l l  u s  how we s h o u l d  do th i ngs ! "  Professor 
Todtkopf was so preoccu pied, that he emptied his  coffee cup 
onto his  trousers. 

The next day Todtkopf sought out Dr. Lebensfroh .  
Todtkopf: O u r  conversation last week was fu n, D r .  Lebens­

froh.  B ut speak ing as a p rofess iona l  scientist, I must say, it 
was a waste of time. 

Lebensfroh (taken aback) : Why that? 
Todtkopf: You presented not a s i ngle sol id scientific fact, 

but only wi ld,  i rrelevant analogies to economics and so forth. 
I was taken in for a moment, but now no more. 

Lebensfroh:  O h ,  o h ,  I see you have decayed i nto your  
lower state ! 

Todtkopf: Lower state? Decayed ? 
Lebensfroh: Wel l  you know, accord ing to modern physics 

we find that atoms and molecu les can exist in d ifferent modes 
or states, w h i c h  form a d i s c rete series or spectru m that i s  
characteristic for the species o f  atom or molec u le i nvolved . 

Todtkopf: Every chem istry student knows that. 
Lebensfroh :  In the so-ca l led ground states or lower-energy 

states, atoms and molecu les are typica l l y  i nactive and i nert. 
B u t  if we i rrad i ate them w i t h  p h otons of the r ight  wave­
length, for example, we can raise them i nto a h igher-energy, 
excited state. They become h i g h l y  reacti ve, they beg i n  to 
emit rad iation, they are more l ively and i nterest ing in every 
way. We can get las ing and a l l  sorts of wonderfu l th i ngs to 
happen.  

Todtkopf: And ? 
Lebensfroh: But if they are left to themselves, and taken out 

of the spec i a l  environment we h ave created, the atoms and 
molecu les tend to decay back to the i r  lower-energy states, 
and become lazy and bori ng aga i n .  So it is  with people, too. 

Todtkopf: There you go a ga i n  w i th you r  a n a log ies and 
metaphors ! What does that have to do with me?  

Lebensfroh: Because l ast week at  the end of  our d iscussion 
I had pul led you u p  to an excited state for a w h i l e  and now 
you seem to have s l i pped back down. The d ifference is  ele­
mentary and very easy to observe, when one knows what to 
look for. People in h igher (creative) states of m i nd th ink of the 
Universe in terms of change, w h i l e  in you r lower state, you 
think of it in terms of arrangements of objects. 

Todtkopf: What d iffe rence d oes that make?  T h i n k i n g  i s  
th inking .  

Lebensfroh :  N ot s o .  I f  you were to stay in  your p resent 
';tate, you wou l d  be i ncapable of m a k i n g  any fund amental 
discovery. 

Todtkopf: How do you know? I can look through a micro­
scope as wel l  as you ! 

Lebensfroh :  Maybe even better than me, but  you won't 
discover anyth i ng .  Because a fu ndamental d iscovery is  not 
the d iscovery of some property of an object, but a change in 
the characteristics of o u r  own mental processes, a change i n  
the way w e  think about t h e  U n i verse as a w h o l e .  I t  occurs 
entirely i nside the m i n d .  And that is the begi n n i ng of actu­
a l ly  changing the U n iverse itself. But it can't happen if  your 
mind is  in the deadened state, typ ified by a fixation on ob­
jects or object- l i ke images. 

Todtkopf: Chal lenge me. I w i l l  show you you're wrong. 
Lebensfroh :  F i ne.  The other day you asserted molecular  

biology had for the first t ime identified the chemical bas is for 
l iving processes? 

Todtkopf: Yes, of course. 
Lebensfroh:  Then tel l  me, what is  the difference between a 

l iv ing ce l l ,  and the same cel l  i m med iate l y  after it has d ied? 
The molecules stay the same. Even many reacti ons keep go­
ing for a whi le, as they m ight i n  the non- l iv ing environ ment 
of a test tube. 

Todtkopf: U m  . . .  Uh . . .  Wel l ,  eventu a l l y  the normal  
processes stop and the cel l  d is i ntegrates. You can see th is  i n  
a m icroscope. 

Lebensfroh:  I am not asking what eventually happens, as a 
result of the event of the cel l  dyi ng. I mean the event itself. 
What is it precisely, that has happened at that moment? 

Todtkopf: Obvious ly ,  there was some d i vergence fro m 
normal fu nction ing, and the cel l d id not recover. 

Lebensfroh :  Why d id n 't it recover? As the Russian b io lo­
gist G u rwitsch and others showed, somet i mes l i v i ng ce l l s  
can recover from the g rossest sorts of d i stu rbances. So, for 
exa m p l e, G u rw i tsch centr ifu ged fert i l i zed egg cel l s  u n t i l  
t h e  v i s i b l e  stru ctu res i n  t h e  ce l l  h a d  been destroyed, and 
yet the ce l l s  reorga n i zed themselves and devel oped i nto 
ad u l t  o rga n i s m s .  W h at is it t h a t  occu rs, at  t h e  m o m e n t  
when a l iv ing process, which  w a s  v iable  before, loses that 
capabi I ity? 

Todtkopf: Actu a l l y ,  I m u st a d m i t  I d o n ' t  k n o w .  Maybe 
there is  no s i mple general  answer. Of cou rse there are m i l­
l ions of papers about a g i n g  of t i ssue and var ious  damage 
mechanisms which can lead to the death of cel l s .  But actu­
a l ly, I don't recal l  anyone having posed exactly the q uestion 
you are aski ng, in such a straightforward way. 

Lebensfroh:  I sn't that a bit  strange? After a l l ,  you were just 
c la iming the molecular  b iologists had uncovered the molec­
u l a r  basis for the m a i n  p rocesses which  occ u r  in l i v ing or­
ganisms. But as for such a centra l issue in b iology, as I now 
have raised, you haven't even begu n  to add ress it. Doesn't 
that suggest some problem with your th i n king? 

Todtkopf: I see what you mea n .  B ut m aybe the answer is  
very compl icated . 

Lebensfroh: If you had studied how Gauss determi ned the 
orbit  of Ceres, you wou ld at least know how the q u estion 
wou l d  have to be approached exper imenta l l y .  What is  the 
characteristic of the orbit of a comet, for example, which is  
headed for a col l ision with the Sun?  What is the change in  or­
b ital characteristics, between a "healthy" orbit and an orbit 
which might differ at fi rst only imperceptibly from the healthy 
one, but lead inexorably to the destruction of the comet? 
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Todtkopf: How can you compare the processes of a l iving 
orga n i s m  with the orbit of a comet? Another of your  w i l d  
analogies. 

lebensfroh : I am not compari ng the two as objects. I am 
tal k ing about how we have to think about two problems that 
share a common, crucial methodological feature.  

Todtkopf: Wel l ,  it doesn't  he lp  me to br ing in the astro­
nomical  example .  I saw that long art i c l e  in Fidelio,4 but I 
d idn't work it through. 

lebensfroh: Why not? 
Todtkopf: My friends all told me it is  very difficult.  
lebensfroh :  Why i n  the world, should it be regarded as an 

argument against d o i n g  somet h i ng, to say it is d i fficu lt?  If 
what Gauss accompl ished were just triv ia l ,  so people cou ld 
swallow it at one gu lp, l ike a 
dogg i e  b i sc u it ,  then i t  
wou l d n ' t  be wort h  m u c h ,  
would it? 

Todtkopf: I guess not. 
lebensfro h :  A n d  d i d n ' t  

Gauss h i m self work o n  t h i s  
for months, and other scien­
t i sts spend years a n d  
decades o r  e v e n  I i fet i mes 
strugg l i ng to work through a 
crucial  paradox and make a 
fu ndamenta l  d i scovery of 
pr inci ple, com i ng back to it 
agai n  and aga i n  from d iffer­
ent a n g l e s  u n t i l  they h ad 
succeeded, for the benefit of 
m a n k i n d ,  i n  m aste r i n g  i t ?  
D id n't Beethoven oftenti mes 
spend years deve l o p i n g  a 
s ingle composition ? 

Todtkopf: He did .  
lebensfroh :  T h e n  we 

s h o u ld  be happy when the 
esse n t i a l s  of a c ru c i a l  d i s­
covery, and relevant materi­
a l s, have been put together 
in such a way that we don't 
have to waste t i me on non­
essentia l s , but  can get to the rea l  i ssues d i rectly.  Because, 
tru l y, we l ive in a world where there is  no t ime to waste. So 
we shou ld  concentrate on the difficult  th i ngs, and brush triv­
ial thi ngs aside. 

Todtkopf: I agree.  B u t  can you at l east  te l l  me what  
Gauss's work has  to do with  biology? 

lebensfroh :  The oldest, c lassical problem in astronomy, is 
that when you observe the motion of the Sun or any pl anet 
in the sky, that motion actu a l l y  resu lts from many different 
motions, a l l  acting du ring any arbitrar i ly smal l  interval of the 
observed mot ion.  So, the motion of Mars in the sky, for ex­
ample, involves Mars' own orbital motion, the rotation of the 
Earth, the orbital motion of the Earth with respect to the Sun, 
the p recession of the eq u i noxes, and even sti l l  other, more 
subtle and partly even not-yet-d iscovered cycles. The subtler 
poi nt is,  none of these motions is  strictly i ndependent from 
the other, but each one reacts to the existence of the others. 
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Todtkopf: Then, how is  it possib le to d isentangle them ? 
lebensfroh: There is no formal mathematical solutio n .  B u t  

there does ex ist a method o f  experimenta l  measurement 
based on so-ca l led analysis situs, which Kepler appl ied i n  a 
masterfu l way to h i s  fou nd i n g  of modern astronomy.  T h e  
crucia l  point i s ,  that t h e  pr inc i ples or " d i mensional it ies" o f  
action we are looking for are axiomatica l l y  d isti nct, l i nearly 
incommensu rable pr inci ples; each is  characterized by a d if­
ferent ch aracterist ic cu rvature i n  the i nfi n ites i m a l l y  s ma l l .  
Their  mutual  action generates dense s i ngu l arit ies.  Second, 
the ensem b l e  of such p r i n c i p les must be harmon i c a l l y  o r­
dered accord ing to a sti l l  h igher principle.  

Todtkopf: How do you know that? 
lebensfroh:  That is Kep ler's h i gher  hypothes is,  that o u r  

U n i verse is  ordered i n  that 
sort of way. He d e m o n ­
strated t h at t h e  h ar m o n i c  
o rga n i zat ion  of motions of 
our solar system is u n iquely 
coherent with that hypothe­
sis, and in h i s  snowflake pa­
per he d i d  t h e  s a m e  th i ng 
for the microscopic domain, 
too-at least provis ional ly.  

Todtkopf: I w i l l  have to 
bel ieve y o u .  But get to my 
q u est i o n : what  does th i s  
have to d o  with biology? 

lebensfroh : Very m u c h ,  
obviously. But i n  o u r  d iscus­
s i o n  the part i c u l a r  i ss u e  
keeps com i n g  u p ,  that t h e  
processes i n  l iving tissue are 
determ i ned by m o re than 
o n e  fu ndamenta l o rder i n g  
p r i n c i p le.  W e  have one set 
of p r i n c i p l es-the one you 
assoc i ate w i t h  "ord i n a ry 
physics and chem istry," and 
w h i c h  you a n d  yo u r  c o l ­
leagues observe operat ing  
also with i n  l iv ing organisms, 
at least to a very great extent. 

However, in l iv ing tissue another, h igher set of principles-a 
h igher geometry, in effect-is superimposed upon those " i nor­
ga n i c" pr inc ip l es. In fact, we can even say, that the h i gher 
pr incip le rules the lower one, even though the effect of the 
h igher geometry might only appear as a virtual ly i nfi n itesimal 
d isplacement from the pathway, that the process wou ld have 
fol lowed, had on ly  the lower, i norgan i c  pr inci ples been ac­
tive. Nevertheless, the overal l  cumulative effect of that " infin i­
tesimal deviation," is enormous. This sort of  situation is  qu ite 
fam i l iar from astronomy. There, the most powerfu l ,  "tectonic" 
forces are the o nes con nected with what appear at fi rst as 
bare l y  percept i b l e, i nf i n i tes i m a l  deviat ions o r  a n o m a l ies  
with in  otherwise wel l-determ i ned orbits. 

Todtkopf: What you say seems strange to me. How can it 
be that a "strong" force appears as the most i nfin ites i m a l ?  

lebensfroh :  H ere i s  another case, w here a k e y  poi  n t  of 
method can h a rd l y  be com m u n i cated effectively,  w ithout  



geometry. But this  t i me maybe you w i l l  offer more patience 
than last time I tried. 

Todtkopf: I am defi n itely in an excited state. 
Lebensfroh : Good . Now take th is  piece of paper, and ob-

serve how I role it i nto a cyl i nder. No problem, eh?  
Todtkopf: Very easy. 
Lebensfroh: And now I rol l  it i nto a conical shape. 
Todtkopf: Also no problem. 
Lebensfroh : And many other s h apes a re poss i ble,  obvi­

ously. But what about giving the paper a spherical shape, or 
even part of a sphere.  See, here I have a g lobe and I am try­
ing to bend the paper onto its shape. 

Todtkopf: I see, it doesn't work. You get creases all over 
and it sti l l  doesn't rea l ly  fit. 

Lebensfroh :  A n d  w h at wo u l d  h a ppen i f  I tr ied to make 
part of the su rface of the g lobe i nto a f lat su rface? 

Todtkopf: You wou l d  tear it, for s u re, if it were made of 
some material l i ke paper which doesn't stretc h .  

Lebensfroh :  Is  that problem a matter o f  how l arge the por­
tions of su rface I use? 

Todtkopf: Evidently not. 
Lebensfro h :  So, t h e n ,  the c h a racte r i s t i c  w h i c h  cau ses 

these violent creases and tears-and I guess you w i l l  agree, 
these wou ld be typical of "strong forces"-is manifested as a 
virtual ly  infinitesimal d ifference at the level of a t iny section 
of the spherical su rface v i s-a-vis the flat su rface. Of cou rse, 
when I look at l arger port ions of the su rfaces, the d iscrep­
ancy in shape and characteristics becomes macroscopica l ly 
evident. 

Todtkopf: OK, I get it. So you want to say, for example, 
that we should th ink about the h igher pri nciple acting i n  l iv­
ing tissue as a k ind of "curvature" i mposed on an otherwise 
re lat ive l y  "fl at" geom etry of  n o n - l i v i n g  p h ys i o-c h e m i c a l  
processes. 

Lebensfroh :  Wonderfu l !  
Todtkopf: So that, i f  we j ust exam i ne a smal l ,  i so lated as­

pect of the l iv i ng process, the effect of that cu rvature m i ght 
appear v i rtua l ly i nfi n ites i m a l .  B ut, if  your  approach i s  cor­
rect, somewhere i n  there we m u st f ind  extremely  i ntense 
forces of tearing or wrench ing  between the geometries. Be­
cause they are axiomatica l ly  i ncompatible.  What form wou ld 
those "creases and tears" take? 

Lebensfroh :  That q u es t i o n  o b v i o u s l y  takes us beyo n d  
mathematics, i nto t h e  d o m a i n  o f  experi mental b i ophysics.  
This is  exactly the area of Alexander G u rwitsch's  fu ndamen­
tal work, w h i c h  led h i m  to the d i scovery of the so-ca l l ed 
"mitogeneti c  rad iat ion,"  or  constant p hoton em ission from 
l iv ing t issue.  Th is  rad i at ion is so extremely weak, many or­
ders of magn itude weaker than the metabol ic energy of the 
tissue itself-so weak that most scientists today regard it as 
an i rrel evant, mere c u r ios ity devoid  of b io l o g i c a l  or b i o­
chemical sign ificance. This  is because they don't understand 
the elementary point you j ust grasped. Alexander G u rwitsch 
and h i s  fol lowers deve loped an e l a borate series of u n ique 
experi ments based o n  the character ist ics of th i s  very weak 
rad i at ion, and a l l  d i rected at d i se ntang l i ng and meas u r i ng 
the h igher pri nciples of ordering of l iv ing processes. 

Todtkopf: What d i d  they d i scover? 
Lebensfroh : We l l ,  t h i s  was l i tera l l y  a l i fe' s  work,  a n d  

worth more than five m i n u tes' d iscuss i o n .  B ut without m y  

goi ng into t h e  experi mental method, perhaps you m ight, i n  
conc l u s i o n ,  l i ke t o  h e a r  h o w  o n e  o f  G u rw i tsch's  students 
summarized some of the main conclusions of that work. Ac­
tua l ly, the concl us ions are questions: they lead i nto an en­
t i re l y  new d o m a i n  of b i o logy, w h i c h  has barely been ex­
plored u p  to this day. H ere is  the quote : 

The conclusion was that the harmonic movements 
observed in a normal cel l  are caused by a certai n  factor 
related to the cel l  as a whole and this  factor is not 
destroyed or i nactivated by the destruction of the 
vis ible i ntrace l lu lar structu res or processes. H ence, 
space-time connections between separate intracellular 
structures or processes are not caused by any properties 
of the structures themselves. A further conclusion was, 
that together with stable structu res in which the 
molecu les are bound by means of various types of 
chemical bonds, there are unstable molecu lar 
conste l lations i n  which the molecules are not 
connected with each other by any of such bonds, but 
where their association is  mai nta i ned by a continuous 
i nflux of energy . . . .  Such labi le, energy-dependent 
molecular conste l lations were designated by A.G.  
Gurwitsch as  'unbalanced molecular constellations' . .  
. However, the continuous i nfl ux of metabol i c  energy is  
a necessary cond it ion,  but not the only one for the 
existence of unbal anced molecu lar  constel lations. Their 
existence is  e l ic ited by a certai n  dynam ic factor, whose 
action, although somehow connected to a conti n uous 
uti l i zation of metabol i c  energy, is  q u ite i ndependent. 

Todtkopf: What are those " u n balanced molecular constel­
lations"? I don't know of such a th i ng in chem istry, even to­
day. 

Lebensfroh :  Wel l  first of a l l ,  you m ight have fu n th in k i ng 
about the l ast of Gurwitsch's conc lus ions, mentioned above, 
in relation to physical economy. What is involved by the i m­
pact of scientific and tech no logica l  progress on the i nvest­
ment cycle (metabol i sm)  of free energy and energy-of-the­
system of an eco n o m y ?  As fo r G u rw itsc h ' s  " u n ba l a n ced 
molecu lar conste l l at ions," I th i n k  we i l l ustrated that pr i nci­
ple i n  our very conversation today. 

Todtkopf: How so? 
Lebensfroh: Wel l ,  obvious ly, the l iv i n g  process is a con­

stant battle to keep those molecu les from s l i pp i ng back into 
t h e i r  accustomed, ba n a l ,  stu p i d ,  bor i n g  i n o rga n i c  state . 
What must be suppl ied, to accompl i sh that, is not "energy" 
i n  the ord i nary sense,  b u t  rath e r  someth i n g  a k i n  to w h at 
N icholas of (usa d i d  for me the other day, and what I have 
tr ied to do for you in these l ast two ta l ks .  Don't you t h i n k  
those great men are t o  b e  honored a n d  emulated, who con­
stantly raise people u pward toward the passionate pursu i t  of 
truth.  These are the real benefactors, fathers, and l eaders of 
the human race! 

Jonathan Tennenbaum heads the Fusion Energy Founda­
tion in Europe. 

For Further Reading ----------------­

"How Gauss Determined the Orbit of Ceres," by Jonathan Tennenbaum and 
Bruce Director,· in Fidelia, Summer 1 998, published by the Schiller Insti­
tute, Inc., P.O. Box 20244, Washington, D.C. 20041 .  
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BEYOND MOLECULAR BIOLOGY 

The Biophoton 
Revolution 

by Jonathan Tennenbaum 

O
ver the last 20 years, blacked-out from the pages of 
standard textbooks, and on ly  seldom represented i n  
the lead ing professional journals, a new, revol ution­

ary field of biological research has emerged : the investigation 
of the spontaneous photon rad iation emitted from l iving cel ls, 
as a "wi ndow" o nto the most fu ndamental l ife processes. At 
present, experi mental i nvestigations related to this  "b iopho­
ton" emission are being carried out in  about a dozen laborato­
ries and i nstitutes, i nc lud ing i n  G ermany, Italy, Switzerland, 
the Netherlands, Poland, Russia, China, India, and Japan. 

A n u m ber of these research groups have jo i ned forces to 
create an I nternational I nstitute of B iophysics ( l i B), which is 
now coordi nating much of the research in this area. Over the 
last several years, this author has had the privi lege of partici­
pat ing in several of the yearly symposia of the l i B, he ld i n  
Hombroich, Germany. 

The fact, that practica l ly  a l l  l iving processes are l ight emit­
ters-albeit usua l l y  at an extremely low level-was fi rst d is­
covered by. the great Russian biologist Alexander Gurwitsch in 
the 1 920s. G u rwitsch demonstrated i n  1 9 23,  that when two 
onion roots are situated in a common plane, in such a way that 
the grow i n g  t ip (meristem) of the fi rst root poi nts toward a 
point X along the axis of the second root, at a distance of sev­
eral m i l l imeters, then the frequency of cel l  d ivision (m itosis) 
was increased in the reg ion of X, compared to the opposite 
side of the second root. 

This "mitogenetic effect" (as Gurwitsch cal led it) was not af­
fected when a transparent quartz window was placed between 
the two roots, but it d isappeared when he replaced the quartz 
window by ord inary glass or opaque materials. By a variety of 
further experiments, G u rwitsch was able to establish that the 
physical agent of this stimulation of the rate of mitosis in the 
second root (the mitogenetic effect), was a very weak, u ltravio­
let l ight rad iation em itted from the meristem of the fi rst root. 
He cal led this "mitogenetic radiation." 

Soon, G u rwitsch and his co-workers were able to demon­
strate that countless other biological objects, includi ng animal 
tissue, cu ltu res of microorganisms, and even some biological 
materials such as blood, emit mitogenetic radiation. Gurwitsch 
found that special ly prepared cultures of yeast cel ls, grown on 
agar blocks, made the most convenient and rel iable detectors 
for the study of mitogenetic emission. Typically, the yeast cul­
ture b l ocks were d iv ided i nto adjacent pa i rs;  one side was 
briefly exposed to an experimental object as "source," whi le 
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the other was optica l l y  sh ie lded as a contro l .  Subsequ ent ly, 
both cu ltures were incubated for a certain  time; then the cel l s  
were fixed a n d  the number of mitoses (seen a s  "buds" on the 
yeast cel ls) were counted u nder a microscope for the exposed 
culture and for the contro l .  

The presence (and to a lesser extent, the strength) of the mito­
genetic radiation revealed itself in a sign ificantly positive differ­
ence in the exposed cel ls  relative to the controls. G urwitsch and 
his co-workers developed this technique to the point, that they 
could even obtain spectra of the mitogenetic radiation, by inter­
polating a diffraction apparatus between the source and detector. 

A Science of Theoretical Biology 
Fortunately, Gurwitsch was no mere experimenter, but one 

of the greatest theoreticians of biology in this century. In fact, it 
was h is  conception of the biological field, developed in con­
nection with countless experimental stud ies of embryology, 
morphogenesis, and h istology, which orig inal ly led him to hy­
pothesize the existence of some sort of d istant, radiative inter­
action between cel ls.  The experimental demonstration of the 
m itogenetic effect by the famous "onion root" experiment­
hai led at the t ime as one of the most important experimental 
discoveries of the centu ry-by no means d istracted Gurwitsch 
from h is  main  goal ,  namely the creation of a comprehensive 
Science of Theoretical B iology. 

In the subsequent period, Gurwitsch and his growing school 
of students and col laborators, transformed mitogenetic radia­
tion i nto a powerfu l experimental technique for fundamental 
biological research .  Mitogenetic rad iation attracted worldwide 
scientific i nterest and became, in  the cou rse of the 1 930s, one 
of the main areas of biological research i n  the Soviet U n ion.  
An enormous number of interesti ng and important results were 
publ ished in nearly every major domain  of biology, inc luding 
also neurophysiology and cancer research .  

Unfortunately, for reasons I indicate elsewhere (see box, p .  
30), G u rwitsch's work on m itogenetic rad iation came u nder 
heavy attack in  the 1 930s-not accidental ly at the same time as 
funds began to be poured i nto molecular genetics and molecu­
lar biology, which were bui lt up to take the dominant position i n  
biological research in the postwar period. After World War I I ,  
the whole subject o f  m itogenetic rad iation nearly d i sappeared 
from view, at least in the West; whi le in the Soviet U nion, a few 
groups--centered on students of Gurwitsch--continued active 
experimental work in the d i rections he had in itiated. 



The main attack on Gurwitsch consisted i n  the claim, that al l  
the thousands of experiments by Gurwitsch's and other groups 
(including in F rance and Germany), demonstrati ng the m itoge­
netic effect, were "wrong," and that G u rwitsch's mitogenetic 
radiation s imply "does not exist." To bol ster th is  assertion­
hardly cred ible to anyone fam i l iar with the q ual ity of the scien­
tists involved, and thei r  pai nstaking methods of work-it was 
pointed out, that G u rwitsch 's  exper iments were exc lusively 
based on the use of biological objects as detectors; whereas at­
tempts to detect the radiation by technical means (photodetec­
tors) had fai l ed or yielded ·ambiguous resu lts. The argument 
was also raised, that a l ight radiation, so weak that it could not 
be detected by tech n ical devices-notto speak of by the hu­
man eye itself-cou ld hardly be expected to have any notice­
able effect on biological objects. 

In fact, as we know today, the spontaneous photon radiation 
of l iving organisms is i ndeed too weak-given the problems of 
sensitivity and background noise-to have been rel iably mea­
sured by the kinds of photodetector apparatus that were avai l ­
able in the 1 930s and 1 940s. I n  1 954, however, a group of Ital­
ian astronomers who had been working on the development of 
supersensitive l ight detectors, d iscovered that sprouts of wheat, 
corn, beans, and other pl ants constantly radiate l ight at an in­
tensity of the order of 1 0 to 1 00 photons per second per square 
centimeter of l iv ing tissue. These resu lts were fi rst looked on as 
a curiosity in the West, but they gave a considerable boost to 
the work of Gurwitsch's fol lowers i n  the Soviet Un ion. 

Fritz Popp's Experiments 
In 1 973, some of the newer Soviet results caught the atten­

tion of the German biophysicist Fritz Popp and h is  col labora­
tors. At that t ime, Popp was work i ng in cance r  research ;  he 
and a group of graduate students were trying to fi nd an expla­
nation for the extremely powerfu l carci nogen ic action of the 
substance 3,4-benzpyri ne, com pared to the very s im i lar, but 
essenti a l ly  harmless l ,2-benzpyrine.  Popp's hypothesis was, 
that the anomalously strong carc inogen ic action of the former 
molecule was somehow related to a known, pecu l iar feature of 
its absorption and em ission spectra in the u ltraviolet range. 
The idea, that the carcinogenic action of 3,4-benzpyrine might 
be caused directly by its optical characteristics-and not nec­
essar i ly  mediated through its chemical reactivities-went d i ­
rectly aga i nst the preva i l i ng, molecu lar-biological m i ndset of 
most cancer researchers. 

But to put the matter rather s i m p l istica l l y :  H ow cou l d  the 
posited optical action be accounted for, u n l ess there were a 
source of l ight i n  the cel l ?  And u n l ess very sma l l  photon "sig­
nals" could trigger gross changes in the behavior of cells? The 
Soviet work on "u ltraweak" photon rad iation of cel l s  seemed 
to provide the m issing l ink .  

I n  order to learn more about this photon radiation, Popp and 
co-workers developed and perfected over many years, a photo 
multipl ier-based experimental apparatus with a high sensitivity 
and h igh s ignal/noise ratio, spec i a l l y  su i ted to the measu re­
ment of "u l traweak" photon em ission of b io logical  objects. 
With the help of this greatly i mproved "biophoton" detector, 
Popp and his collaborators have been able to d iscover a num­
ber of remarkable and highly anomalous characteristics of the 
biophoton rad iat ion .  I ndeed , taken togeth er, the resu lts of 
Popp and his growing c i rc le  of i nternat ional  co l l aborators, 

HZR GK274 
180 

1 55 

� c: � 130 
.<: 
c.. 

1 05 

80 +-------�------��------�-------r 

250 313 375 
Seconds 

437 

LOW LEVEL LUMINESCENCE OF 
CUCUMBER SEEDLI NGS 

500 

Photons per second observed between 250 and 500 
seconds in the course of time. The dark-count rate is of 
the order of 70 photons. The figure is from Fritz Popp's 
experimentation, as he reported in "Principles of Quan­
tum Biology As Demonstrated by Ultra weak Photon 
Emission from Living Cells, II I nternational Journal of Fu­
sion Energy, Vol. 3, No. 4, Oct. 1 985. 

demonstrate the existence of principles of organ ization of l iv­
ing processes, which are entirely i ncompatible with the basic 
assumptions of molecular biology. 

Biophoton Radiation in Brief 
We cannot go i nto the matter i n  depth here, but the fol low­

ing brief summary shou ld give the thoughtfu l reader a sense of 
the fundamental importance and anomalous character of bio­
photon rad iati o n .  Th is  shou l d  wet the reader's appetite for 
more in-depth discussions of these matters in com i ng issues of 
2 1  st Century. 

( 1 )  It is wel l  establ ished that spontaneous, u ltraweak photon 
emission is a ubiquitous phenomenon throughout nature. This 
u ltraweak em ission i s  completely d ifferent in nature from the 
fam i l iar, much more speci a l i zed phenomenon of "b io l u m i­
nescence," typified by firefl ies for example, and whose inten­
sity is many orders of magnitude larger. The i ntensity of u ltra­
weak e m i s s i o n  d i ffe rs very g reat ly  between ce l l  
types-u nd isturbed animal  ce l ls  having genera l l y  the lowest 
rate of emission-but also varies greatly from moment to mo­
ment for any given cu lture or organism stud ied. The em ission 
often contains "trains" of very short (sub-m i l l isecond) "photon 
bu rsts" with a tendency toward recu rrence, but  with con­
stantly shifting periodicities. 

(2) J udging from experiments with interference-fi lters, the typi­
cal wavelength spectrum is spread over a broad band, from the 
near-infrared into the u ltraviolet; the intensity distribution varies 
with time and the biological object studied. Bu rsts in the ultra­
violet range tend to be fou nd i n  tissue or cultures undergoing 
rapid cel l  divisions, in  agreement with Gurwitsch .  However, the 
exact relationship between G u rwitsch's mitogenetic radiation 
and the general phenomenon of u ltraweak photon emission, as 
detected with the apparatus of Popp, has not been clarified . . 
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(3) The i ntensity of biophoton em ission is extremely sensi­
tive to virtual ly any disturbance or other change in the biologi­
cal system .  For example, the i ntroduction of toxic substances 
in extremely small  concentrations-concentrations lower than 
those req u i red to cause noticeable effects on metabol ism or 
morphology-are typical ly  fol lowed by a sharp burst of bio­
photon em ission. 

(4) In spite of the obviously i nti mate relationsh ip  between 
biophoton em ission and the biological state of a given object, 
it has proven imposs ib le  to d i scover any strict, mechanical 
correlation between variations in photon i ntensity, on the one 
hand,  and any specific known set or type of b iomolecular  
events on the other. 

(5) On the contrary, the evidence of many biophoton experi­
ments points to the existence and involvement of a correlation 
among a large "continuum "  of events occu rring virtua l ly  s i­
mu ltaneously, not only with in  a given cel l ,  but between large 
numbers of cel ls in a tissue or population of microorganisms­
events which cou ld not possibly be correlated, with in the ex­
tremely short t im es i nvolved, by "chemica l  messengers" or 
s imi lar mechanisms of molecu lar biology. 

(6) One of the c l earest demonstrat i o n s  of the above­
mentioned fact is the dramatic change in the photon emission 
behavior of two biological objects, when they are placed into 
optical communication with each other. 

For example, in experiments conducted by Popp and others 
at the l i B  l aboratory i n  H om broich,  G ermany, two cuvettes 
conta i n i n g  Gonyaulax polyedra were mou nted i n  adjacent 
dark chambers and the real-time spontaneous photon emission 
of each was measured by a separate photo multipl ier detector, 
the axes of the two detectors being para l l e l .  When a shutter 
was opened, a l lowing the two cuvettes to "see each other" 
along an axis perpend icular to the axes of the photomultip l i ­
ers, then the emission of  both cultures changed markedly: The 
em issions became c losely correlated, with a strong tendency 
toward s imu ltaneous,  short b u rsts, as wel l  as a general i n ­
crease in  emission activity. 

(7) Another, somewhat different demonstration of the same 
principle is provided by stud ies of the strongly nonl inear char­
acter of the biophoton emission of suspension cu ltures of cel ls  
or microscopic animals as a function of their  density. 

I n  the case of suspensions of Oaphnia magna at the same 
development stage, for example, the curve of the average total 
photon intensity as a function of the n umber of organ isms in a 
fixed-volume cuvette, displays a succession of several maxima 
and m i n i ma, which is  hard ly u nderstandable if  we assume a 
s imple add it iv ity of the emission from the i nd iv idual  organ­
isms, together with the effects of absorption and opacity as the 
density changes. Close study ru les out the possibi l ity of chemi­
cal communication or "co l l ision" models as an explanation of 
this phenomenon, and strongly points to a biological ly signifi­
cant resonance- interference effect :  The total i ntensity has a 
pronounced minimum at a density correspond ing to the "nat­
ural" d istance between adjacent animals when populations of 
them are l i v i n g  i n  natural  condit ions,  but  has pronounced 
maxima in the regions where the density is 50 percent and 1 50 
percent of the "natural" density. 

(8) Although much more extensive studies need to be done, 
it has been fou nd that the cel l s  of at least some cancer types 
(for exam p le, hepatocytes vs.  HTC cel ls) d i st i ngu ish  them-
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selves rel at ive to the correspo n d i ng h ealthy cel l  types by a 
striki ng d ifference i n  the curve of em ission as a function of cell 
density-the former showing monoton ica l ly  increasing emis­
sion with density, and the latter d isplaying a nonl i near density 
dependency with decrease toward a min imum.  

This is interpreted, roughly, to  ind icate that the processes in 
the popu lation of cancer cel ls  are no longer correlated in the 
strongly harmon ic, coherent man ner characteristic of healthy 
tissue. 

(9) F inal ly, the photon emission from a given l iv ing system 
(organ ism or cu lture) displays characteristics of optical coher­
e nce, parti c u l a r  temporal cohere n ce, i n d icati ng t hat the 
sources of emission-to the extent they can be local ized with in 
the system at al l-are not i ndependent, but are strongly corre­
lated with each other i n  the manner suggested by the image of 
a multimode, mubfrequency laser. 

One ind i rect indication of this, accord i n g  to the theoretical 
analysis by Fritz Popp (wh ich cannot be dealt with here) is the 
shape of the decay curve of l ight re-em ission by biological ob­
jects fol lowing thei r exposure to i ntense l ight.  L iv ing systems 
d isplay a characteristic, hyperbolic decay-curve, whi le  nonl iv­
i ng materials (except some with h ighly ordered i nternal struc­
ture, such as some crystals) typical ly  re-emit in an exponential 
decay curve. I n  particular, after a more rapid i n itial decay, the 
l iving material then has a much slower re-emission. It appears 
to be a ubiqu itous characteristic of l iv ing matter, to mai nta in  
an elevated energy state for as  long as  possible after the i nitial 
l ight exposure. 

'Photon Sucking' 
( 1 0)  Many exper iments point to a fu rther anomaly which 

Popp and h is col l eagues refer to as "photon sucking"! U nder 
certain c ircumstances, l iv ing organ isms, placed in the vicin ity 
of a medium of excited atoms or molecu les, appear to actively 
suppress l ight em ission by those molecu les.  How? By the l iv­
i ng process integrating the excited states of the neighboring 
molecules into its own, coherent electromagnetic field. 

Popp l i kens the resu lt to the so-ca l led destructive interfer­
ence of waves; i n  t h i s  case, those p h ase re lat ionsh ips are 
"trapped" or "cance l l ed out," that wou l d  otherwise lead to 
emission of photons from the molecules .  

The demonstration of  "photon sucki ng" is a wonderfu l thing, 
not least of a l l  because it defies any i nterpretation in terms of 
Newtonian,  "bal l i st ic" conceptions of l ight em ission, which 
are typical ly  carried over i nto the i mage of a photon as a kind 
of bul let shot out from the em itt ing atom or molecule .  I n  this  
case, t ime seems to be reversed, and with it the "target" which 
controls the path of the bul let! 

This brief i ntroduction has focussed main ly  on the experi­
mental  resu l ts per se. I have left it to Drs. Leben sfro h and 
Todtkopf, in  the preced ing article, to discuss the real ly interest­
ing part-the choice of crucial hypothesis. 
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THE BURN-WAVE 
FISSION REACTOR 

H-Bomb 
Science to 
Power the 

World 

From the world's pioneers in nuclear explosive devices comes a revolutionary new design for 
safe, foolproof fission reactors to power human civilization for the next century. 

T
he world is cu rrently l iv i ng i n  a "dark age," with a h uge 
and growing deficit of electric energy generation. Bring­
i ng the world's popu l ation up to the standards of l iving 

now enjoyed by the i ndustr ia l  nations, w i l l  req u i re the con­
struction of 1 0,000 electric power plants in the first decade of 
the 2 1  st centu ry, each of which generates a g igawatt (1 b i l l ion 
watts) of electric power. 

Scient ists at Lawrence L ivermore National  Laboratory i n  
California have developed a new design for a safe, fu l ly auto­
mated, unde rg round n uc l ear  fiss ion reactor that cou l d  help 
meet th is  requ i rement. The reactor is  based on a new concept 
of a fission burn-wave, d e r i ved from the  study of n u c l ear 
bombs, which uti l izes n uc lear fue l  30 ti mes more effic iently 
than current fission reactor designs. The reactor core is  a rela­
tively smal l  cyl inder, about 3 meters in d iameter and 1 0  me­
ters long, weigh ing  about 1 00 tons, w h i c h  means it can be 
mass-produced at one location, and read i ly  transported. 

The reactor design was developed by a team of leading nu­
clear scientists, work i ng u nder the d i rection of the legendary 
Dr. Edward Tel ler:  Drs. John N uckol ls, Lowel l  Wood, Muriel 
Ishikawa, and Roderick Hyde. The reactor concept was i n i ­
t ial ly presented i n  a technical paper given a t  a J u n e  1 996 i n ­
ternational conference on Emerg i ng N uc lear Energy Systems, 
held in Russia:  "Completely Automated Nuclear Reactors for 
Long-Term Operat ion I I :  Toward a Conceptu a l - Level Poi nt 

Design of a H igh-Temperature Gas-Cooled Central Power Sta­
tion System." 

The burn-wave reactor is  fu l ly automated and is  designed to 
operate without refuel i ng for its fu l l  3D-year l ifetime. The out­
put of the reactor is h i gh-temperature, h igh-pressure he l ium 
gas, heated to a temperature of  1 ,200 kelvi n .  The  thermal out­
put wou l d  be on the order of 2 g i gawatts of h eat.  Ex is t ing  
combi ned-cyc le turbi nes, based o n  aero-derivative systems 
a l ready i n  use with electric p lants powered with natu ral gas, 
could transform th is  output at 60 percent eff ic ienci es, and 
thus prod uce more than 1 g i gawatt of e l ectr i c ity.  A lterna­
t ively,  the output of the reactor cou l d  be ut i l ized as h igh­
qual ity thermal industrial process heat. 

The design of the h eat extraction system of the reactor is 
self-regulati ng, so that the reactor shuts down if the tempera­
ture of the he l ium rises above a certa in leve l .  And the reactor 
wou ld be bu ried at a depth of more than 1 00 meters u n der­
ground, surrounded by hot, d ry sand, in order to further guar­
antee its safety and security. 

The bu rn-wave reactor has a cyl i ndrical core, with a smal l 
n uclear ign itor region and a much larger nuclear bu rn-wave­
propagating region.  The larger burn-wave zone contains either 
thorium or depleted u ranium fuel. This burno-wave zone uti l izes 
the pri nciple of fission fast-breeding to reproduce the in itial nu­
clear fission fuel present i n  the smal l n uclear ign itor zone. 
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A key aspect of this new design is that it is fu l ly  automated, 
by u s i ng red u ndant thermostati ng modu les .  Each mod u l e, 
composed of bulbs of the l ight element l ithi um-6, strongly ab­
sorbs neutrons when the core reaches a certa in temperatu re 
l i m it set by the design .  The thermostati n g  mod u l es are i n ­
jected i n  a n y  region o f  the reactor t o  absorb neutrons and thus 
immediately s low down the fission chain reaction. If enough 
l ithium-6 bulbs are injected, the fission chain reaction wi l l  be 
completely suppressed. Conversely, if the temperature of the 
reactor fal l s  below a certai n  l im it, the l ith i um-6 bulbs are ex­
tracted, and the chain reaction starts up again .  In this way, the 
chain reaction becomes self-regulating; it proceeds only when 
heat is being extracted from the core, and fu l l  thermal home­
ostasis is automatical ly maintained. 

I ntervention by h u m a n  o perators i s  req u i red o n l y  at the 
startup of the reactor, and at its sh utdown.  At the sh utdown 
poi nt, the reactor's reactivity is  i rreversibly q uenched by the 
i njection of neutron-absorbing materials. 

The heat from the reactor core is removed by a primary ex­
traction system using hel ium gas. A secondary system, also us­
ing hel ium gas, carries the heat out of the reactor for either di­
rect i n d u str ia l  p rocess ing ,  o r  for use in power ing e l ectric 
generators. 

What's Different? 
The b u rn-wave concept i s  the  res u l t  of mo re than five 

decades of m i l itary research i n  the design of n uclear explo­
sive devices. What makes this new reactor so small and effi­
cient, is that it does not use the trad itional static critical mass 
to sustai n  the n uclear fission chain reaction. In conventional 
fission reactors, a suffic ient mass of en riched uranium metal 
is  brought together such that neutrons prod uced by one fis­
s ion reaction w i l l  be able to i n iti ate other fission reactions 
before escaping the ent ire assem bly.  The conventional nu­
clear reactor runs for a period of t ime, usual ly  a couple of 
years, u nt i l  a certai n  proportion of the ura n i um-235 has un­
dergone n uclear fiss ion .  At th is  poi nt, the fuel elements are 
"spent" and must be replaced-that is, the reactor must be 
refuel led .  

I n  conventional breeder reactors, the escaping neutrons are 
used to breed more n uclear fuel in "blankets" surrounding the 
reactor assembly. However, before that newly generated fuel 
can be used in power plants, it must fi rst be extracted from the 
blanket material by fuel-reprocessing. 

In contrast, in the new bu rn-wave reactor, a smal l ,  ign itor 
assemb l y  of 20-percent-en riched u ran i u m  is p l aced with i n  
the center of a cyl i nder of 7 5  to 1 00 tons of thori u m .  When 
th is  assembly is  ign ited and a l lowed to go critica l ,  it gener­
ates a fission bu rn-wave that proceeds i n  two d i rections, to­
ward both ends  of the cy l i nder .  Fast n eutrons (those with 
high velocity and high energy) from this critical ign itor region 
breed new fiss i le  fuel in the thorium that is adjacent to the ig­
n itor region.  This  produces a new ign itor region, so that, as 
the first ign itor region bu rns u p, a new ign itor region is gener­
ated d i rectl y  i n  front of it-a self-sustai n i ng fission "bu rn­
wave." 

In th i s  way, the burn-wave reactor is able to produce the 
same energy output as a conventional n uclear reactor, whi le 
uti l iz ing only 1 00 tons of n uclear fue l .  I n  comparison, a con­
venti ona l  I ight water reactor requ i res between 3 , 000 and 
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Figure 1 
REACTOR CONFIGURATION AND 

UNIQUE SAFETY FEATURES 

The bu rn-wave reactor provides h igh-temperature heat 
that can be used to generate e lectricity. In order to max i ­
mize both the safety a n d  the economic return o f  this reac­
tor, it must operate safely and rel iably without mai ntenance 
or repairs, at high temperature for many years. 

The reactor generates h uge amou nts of thermal energy, 
which must be continual ly removed in the form of approxi­
mately 2 GW of thermal power, which is used to generate 
electricity. The reactor is designed with two sets of coolant 
loops: a large primary set for use dur ing normal operations, 
and a smal ler  secondary loop-set for removal of afterheat 
during any potential loss-of-coolant accident and for multi­
century intervals after the reactor is shut down. 

There are s ix novel features in this new type of reactor, 
which are intended, the designers say, "to make obvious to 
any reasonable person its great safety as a large-scale source 
of high-grade heat." 

• Three completely  i ndependent, physica l ly  separated, 
coolant-loops, each of which can operate when the reactor 
is at fu l l  power, are the first l ine of defense against al l  types 
of "standard" loss-of-coolant accidents. 

• The coolant-loops have one-time-operation, automati­
cal ly-started coolant-pipe closures, which back up automati­
cal ly started conventional mechanical valves. This assures 
that fission products carried by coolant gases can never reach 
the surface-or the biosphere-in significant quantities. 

• The reactor is located more than 1 00 meters u nder­
ground, providing a great amount of mass and distance be­
tween the biosphere and the radioactive reactor core. This 
a l l ows several i ndependent and h i g h l y  effective safety 
meas u res, both act ive and passive,  to be taken,  i n  the 
event of an accident. It also completely precludes the pos­
s ib i l ity of covert d iversion of reactor prod ucts for m i l itary 
pu rposes. 

• The heat-d u m p  for the reactor ( loosel y  packed sand 
that sits on top of it) acts automatically, without h uman ac-

4,500 tons of fuel .  The burn-wave also achieves a more com­
plete bu rn-up of the fission fuel-more than 50 percent. 

The Reference Design 
In the basic, or reference design of the bu rn-wave reactor, 

the entire core is is embedded in a neutron reflector and a ra­
diation shield. A multipl icity of thermostating modules (Figure 
2) is used to mai nta in  a u n iform temperature throughout the 
core. The thermostating mod u l es make use of s imple  auto­
matic contro ls  w h ich rel ease i sotopica l l y  e n riched l i th i u m  
when the local material temperature rises above a tempera­
ture of 1 ,200 kelv in .  Because l ith ium-6 is a great absorber of 
fast neutrons, t h i s  lowers the local n eutron f lux, w h ich ,  i n  
turn, reduces the nuclear power production i n  that region.  

The heat from the reactor core is  removed - by a primary ex­
traction system using hel i u m  gas. This system is tri p ly  redu n­
dant. In others words, there are three separate hel ium circula-



• Three completely independent 
coolant loops, each full power-rated 

• One-time closures of coolant gas 
pipes 

• 1 OO-meter diameter bubble of 
hot/dry sand 

su���� H ,  __ To heat-dump To heat-dump 
heatpipe network • Highly redundant heat-dump that 

can accept full-power afterheat 
via 

closures , ' 

Source: Lawrence Livennore National Laboratory 

tion, to absorb a l l  the afterheat of the reactor's core, effec­
tively forever, no matter what the c i rcumstances of the reac­
tor are. In fact, the heat dump is designed to prevent human 
intervention in its operation.  

• The h ighly red u ndant thermostatic control of the reac­
tor core's temperature is the second, ent i re ly  i ndependent 
l i ne-of-defe n se aga i n st a l l  types of l oss-of-coo l a nt acc i ­
dents. I t  con nects the core's fuel-charge-automatica l ly and 

tion systems, each of which is  capable of transporti ng out all 
of the heat generated by the reactor. A secondary system, also 
using he l ium gas, carries heat out of the reactor for either d i ­
rect i n d u st r ia l  process i ng,  o r  for use i n  powe r i n g  e l ectr ic 
generators. 

There is also another i ndependent, triply redu ndant energy­
dumping system, wh ich is inc l uded in the design in order to 
passively transport afterheat out of the core in the event of a 
loss-of-coolant accident, or at the end of the reactor's opera­
tional l ife. 

The reactor is designed for a 30-year l ifetime of fu l l  opera­
tion, at which point the reactor's i n it ia l  fue l  load i ng of tho­
r ium or depleted u ran ium w i l l  have been burned up. The re­
actor wi l l  then be permanently shut down by the addition of a 
neutron absorber to the core. The core's spent fuel w i l l  s imply 
undergo beta-decay i n  the reactor. The reactor is  su rrounded 
by design by hot, d ry sand-the e n g i n ee red heat-d u m p-

-­
Heat-dump heat 
exchanger 

From heat-dump -- heat exchangers 

Thermostatically driven heat 
exchanger actuation module 

• Highly redundant, distributed ther­
mostatic control of core temperature 

• Highly redundant, distributed ther­
mostatic control of core fuel power 
density 

swiftly, with triple redu nd ancy-to the heat dump.  
• The highly redu ndant and automatic thermostatic con­

trol of the core fu e l -charge's tempe ratu re perm i ts com­
pletely automatic operation of the reactor over i ts  fu l l  range 
of thermal power demand, from 0 to 1 00 percent, from the 
moment of i n i t ia l  reactor start-u p  th rough the fi n a l  sh ut­
down. This e l im i nates a l l  poss ib le types of hu man operator 
error. 

which provides long-term protection against any envi ronmen­
t;:tl condit ions that m i ght  l ead to the rel ease of res i d u a l  ra­
d ioactivity i nto the biosphere. 

Why Fast Neutrons? 
Thorium-fueled reactors are probably best for mass produc­

tion, because thori u m  is both i nexpensive and widely ava i l ­
able throughout the world i n  h igh-grade ore deposits. The re­
acto r is a b reeder, i n  order to most effi c ient ly  use n u c l ear 
fuels, and to m i n i mize the amount of isotope enrichment re­
qu i red to fuel these power p lants . A fast breeder mode is re­
qu i red, because the slow (or thermal) neutrons uti l ized in con­
ventional fission reactors are quickly absorbed by the reaction 
products of n uclear fiss ion. Therefore, in order to operate and 
breed, the burn-wave reactor u ses a fast-breed i n g  mode i n  
which the neutrons have high energies a n d  do not suffer from 
such high rates of absorption by the fission products. 
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In this way, the burn-wave reactor achieves an operational 
l ife of 30 years without requ i ring any refuel ing. Thus, there is 
no n eed for h u m a n  operators to i ntervene with the reactor 
core. This also i nherently prevents the d iversion of fiss i le ma­
terials to mi l itary pu rposes. 

Neutrons that are generated dur ing  fission of the nucleus 
have energ ies of about 1 m i l l i o n  e l ectron volts-w h i c h  
roughly corresponds to a temperature o f  1 0  b i l l ion kelvi n .  The 
burn-wave reactor is designed to keep these neutrons at about 
1 0  percent of th is  energy l evel o r, i n  other words, at about 
1 00,000 electron volts. These are fast neutrons. 

There are numerous advantages to having the reactor oper­
ate with fast neutrons: 

• The c ross sect i o n s  ( rates) for f iss i l e  fue l  b reed i n g  are 
much h igher. 

• Higher cross sections also lead to a h igher fuel burn-up. 
• Materials that absorb fewer fast neutrons (than slow neu­

trons), such as n i o b i u m  and tanta l u m, can be used for the 
core, which wi l l  enable the reactor to operate more efficiently 
over it's 3D-year l ifetime. 

• The rate of neutron prod u ct i o n  per fiss i l e  reaction  i s  
much greater for fast neutrons than for thermal ones. Th is  i s  
notably the case for u ranium-233, which is  the primary fissi le 
fuel powering the burn-wave reactor. When thorium-232 ab­
sorbs a neutron, u ran ium-233 w i l l  resu lt. This  is the primary 
fiss i le fuel bred in the reactor core, and it also powers the core 
during most of its l ifetime i n  a thorium reactor design. 

• Fast neutrons also generate some fission of thori um-232 
or u ranium-238. Although smal l  compared to the rates of fis­
sion of the fissi le fuels (uran ium-233, u rani um-235, and pl uto­
n ium-239), the overa l l  amount generated th roughout the 30-
year l ifeti me of the reactor is  not negl igi ble. 

The Core 
To generate 1 gigawatt of electricity over 30 years, the core 

of the bu rn-wave reactor m ust be in the shape of a right-circu­
lar cyl i nder approximately 3 meters in d iameter and 1 0  meters 
in length. Alternatively, if a reactor with a 1 DO-year l ifet ime is 
des i red, the reactor could simply be made 3 3  meters long, or 
a reactor with a 1 O-year l ifeti me, wou ld be 3 . 3  meters long 
w h i l e  m a i nta i n i n g  the same d i ameter of 3 m eters in both 
cases. 

A smal l  nuclear ignition region is placed at the center of the 
core cyl i nder conta in ing enriched u ranium-23 5.  This ignitor is 
embedded in a much larger breed i ng section conta i n i ng ei­
ther thori um-232 or u ran i um-2 3 8 .  This  breeder section w i l l  
also burn after fissi le fuel has been generated in  it. 

The process occu rs in the fol lowing man ner. The in itial ig­
nitor zone reproduces itself in two d i rections-moving toward 
opposite e n d s  of the cyl i nder .  B ut, d u r i ng operation o n l y  
about 1 percent o f  t h e  total core w i l l  cons ist o f  fiss i l e  fue l .  
T h i s  is comparable t o  t h e  ratio that exists i n  natural u ranium 
deposits. G iven the feasib i l ity of a high fuel burn-up-greater 
than 50 percent-the total fuel requ i rement for a 3D-year re­
actor l ifetime is about 1 00 tons. As noted above, this is much 
less fue l  than the 3 ,000 to 4,500 tons of natu ral u ranium re­
qu i red for fue l ing a 1 -gigawatt electric conventional l ight wa­
ter reactor during the th ree decades of its operational l ife. 

The core is cooled with hel i u m .  This  perm its operation at 
much h igher temperatu res than conventional reactor systems 
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that are water cooled. It a lso avoids the hazards arising from 
the reactions of water with h igh-temperature materials. In ad­
d ition, us ing hel ium as a coolant makes the core's neutronic 
reactivity i ndependent of the coolant, and therefore indepen­
dent of any u nfavorable results that m ight arise from the loss 
of any coolant. 

The reactor core materi a ls  cons ist of n i obi u m, tanta l u m ,  
tu ngsten, a n d  rhe n i u m .  These are widely avai lable a n d  a lso 
superior materials because of the i r  long-term, h igh-tempera­
ture mechan ical and chem ical properties, which can be main­
tained to an adequate extent u nder the reactor's large neutron 
flows. 

Starting the Burn-wave 
The ign itor module  is started up by the removal of material 

which absorbs neutrons. This one-time removal of the neutron 
"poison" causes the centra l l y  located ign itor to go cr it ica l .  
Nuclear fi ssion begi ns i n  the ign itor a n d  concurrently, h igh­
gai n  breed ing begins in the the regions adjacent to the ignitor. 
This  lau nches a n u c lear deflagrat ion wave-that is, a burn­
wave-i nto these adjacent regions of u nenriched fue l .  

At first, the bu rn-wave moves out spherical ly u nti l  it reaches 
the outer edge of the core cyli nder. It then becomes two op­
posite l y  d i rected bu rn-waves, mov i ng down the axis of the 
cyli nder toward both ends. The slow speed at which each of 
these burn-waves moves is determ i ned by the rate at which  
heat is removed from the  reactor core. At  its fastest pace, the 
power is sufficient to supply 2 g igawatts of heat. (In the case 
of a thori um reactor, this fastest rate of propagation is bounded 
by the beta-decay of protact i n i u m - 2 3 3 ,  which  is relatively 
slow and is the rate-determ i n i ng step for breed ing of uranium-
233 from thori u m-232.)  

The fu l ly  automatic regu lation of nuclear power generation 
in the core is performed by u n iform ly distributed, functional ly 
redu ndant thermostating modu les. These act to i ntensely ab­
sorb the local neutron flux when the local material tempera­
ture exceeds the maximum temperature va l u e  of the reactor 
desi g n .  Therefore, t h i s  action q u enches the  local  n u c l ear  
power prod uction and assures thermal homeostasis of  every 
portion of the reactor core. This homeostasis is sustained, de­
spite the wide range of coolant flow, temperatu re, fuel com­
position, and neutron flux. 

Each thermostating module acts by reversibly i nserting neu­
tron-absorb ing l iqu id  l ith i u m-6 i nto small compartments lo­
cated i n  the coolant-flow from a sou rce outside the neutron 
reflector. This occurs u nder the drive action of a thermostating 
bulb fi l led with neutron-ind ifferent l iquid l ith ium-7, which is 
emp laced in adj acent, su bstanti a l l y  hotter n uc l ear fue l .  A 
three-d imensional lattice of such thermostating modules, each 
independent of a l l  the others, serves to regulate temperatu res 
everywhere, at a l l  times (Figure 2).  

When h eat extraction from the core i s  red uced, o r  even 
brought to zero, the reactivity of the neutrons is reduced, and 
even d riven to zero. T h i s  resu lts in the stal l i ng of the bu rn­
wave. If  the h eat extraction is i n c reased, the core mater ia l  
cools, and the neutron-absorbing l i th ium-6 is  removed from 
the core by the action of the thermostat system. Th is leads to a 
rise in neutron ic reactivity to s l ightly positive leve ls, and  the 
two bu rn-waves restart their motion toward the ends  of the 
cyl inder. 



· Figure 2 
THERMOSTATING MODULE 
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The fuel power density in the 
reactor core is continuously 
regulated by the collective ac­
tion of a distributed set of inde­
pendently acting thermostating 
modules, which provides a 
large negative temperature co­
efficient of reactivity just above 
the design-temperature of the 
core. These operate over very 
large variations in neutron flux, 
significant variations in neutron 
spectrum, large changes in fuel 
composition and order-of-mag­
nitude changes in power de­
mand on the reactor. 
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The modules are located 
throughout the core's fuel-charge 
in a three-dimensional lattice. 

3-D lattice of isotope-shifting 
Reactor core thermo stating module 

Thermostating module actuator 
(located outside of radiation shield) 

Source: lawrence livermore National laboratory 

Each module consists of a pair of 
metallic compartments, each one of which is fed by a capil­
lary tube. The small thermostat-bulb compartment located in 
the fuel always contains L i-7, whose neutron absorption 
cross-section is essentially zero for the neutron energies ex­
pected. The relatively large module, located in a cooler loca­
tion on the wall of a coolant tube, may contain variable 
amounts of Li-6, which has a comparatively large neutron 
absorption cross-section. 

As the fuel temperature rises, the thermostat-bulb-con­
tained Li-7 expands, expelling a small fraction of it. The 
modest volume of high-pressure Li-7 drives a piston, which 
pushes a larger volume (by 3 orders of magnitude) of Li-6 
through a core-threading capillary tube into an intra-core 
compartment adjacent to but cooler than the thermostat-

Behind each of the bu rn-waves, two regions of moderately 
enriched fiss i le material  are generated.  These two i ncreasing 
masses of fiss i le fuel continue to burn, u nti l  fission product ac­
cumulation and burn-up of the fiss i l e  fue l  fi n a l l y  makes the 
neutronic reactivity in th is  region negative. A burn-up of 50 
percent is achieved in this manner. Figure 3 shows the typical 
conditions su rrounding these burn-waves. 

Pressu r ized h e l i u m  gas  at 1 , 2 0 0  k e l v i n  rem oves heat 
fro m t h e  core . A two-d i m e n s i o n a l  h e x a go n a l  l att ice of 
pi pes a l l ows the hel i u m  to c i rc u l ate axia l ly  throughout the 
core. Reactor fue l  is p laced between the h e l i u m  flow pi pes, 
and heat is transferred to the h e l i u m  pi pes through thermal 
cond uction . 18 .this manner, the h e l i u m  is heated . A three­
fold red u ndancy is b u i l t  i nto the coolant loops, which,  u n­
der normal  c i rcumstances, a re powered by p u m ps located 
at the surface. The array of cool a nt p ipes, which i s  the pri­
mary i n -core structu re,  are m a d e  w i t h  a tanta l u m  a l loy 
which has  the req u i red long-term, h i g h  tem peratu re creep 
resistance. 

bulb which is driving the flow. There the L i-6 acts to de­
press the local neutron flux, thereby reducing the local fuel 
power density. When the local fuel temperature drops, Li-6 
returns to the cylinder-and-piston assembly under action of 
a gravitational pressure-head, thereby returning the Li-7 to 
the thermostat-bulb whose now-lower thermo-mechanical 
pressure permits it to be received. 

This arrangement provides the desired h igh-gain nega­
tive feedback of local-temperature-above-the-set-point on 
the local nuclear power density. Similar thermostating 
modules thermally connect the three passively convected 
helium-gas coolant loops to the heatpipe network of the 
engineered heat-dump when the multiply-sensed core tem­
perature rises above the design set-point. 

The entire reactor core is placed with i n  a contai nment ves­
sel. Because this vessel is outside the hot, n.eutron-rich core, it 
can be made with conventional steel a l loys. 

Six-level Safety Redundancy 
The th ree-fold redu nd ant system of pri mary coolant loops 

greatly reduces the poss i b i l ity of a loss-of-coolant accident. 
Each of these three systems is fu l ly  capable of removing all of 
the reactor core's heat. 

A second,  tota l l y  i ndependent coo l i n g  system has been 
added to the above. This is a passive system which surrounds 
the reactor. G iven the fai lu re of the three normal heat coolant 
loops, this system wou ld convey heat. This  engineered heat­
dump su rrounding the reactor is also triply redu ndant. It is de­
signed to remove the afterheat when the reactor is shut down. 
However, in the case of an accident, th is  system is suffic ient 
for removal of the reactor core heat via . passive convection .  

Coolant  p ipe c losures act  to robustly sea l  off the reactor 
from the biosphere, either in the case of an acc ident, or at 
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Figure 3 
BURNWAVE DEVELOPMENT OVER TIME 

Shown are some of the salient features of the fuel-charge of the core of the proposed reactor, at four times during its oper­
ational life, after nuclear ignition and with a continuous demand for the full approximately 2 GWt of power. The mass (in 
grams) of various isotopic components and fuel specific power (in W/kg) are on the x axis, and the fuel charge's axial posi­
tion along its 1 0-meter-length is the y axis. The inset (center) shows the positions of the leading edge of the nuclear def/a­
gration wave. E on the vertical scale stands for exponential. 

Note that the neutron flux from the most intensely burning region behind the wave-front necessarily breeds a fissile­
rich region at the front's leading-edge, thereby advancing the wave. After the wave's front has swept over a given mass 
of fuel, the fissile atom concentration continues to rise for as long as radiative capture of neutrons on a vailable fertile 
nuclei is considerably more likely than on fission product nuclei, while ongoing fission generates an ever-greater mass 
of fission products. Nuclear power-production density necessarily peaks in this region of the fuel-charge, at any given 
moment. 

Finally, well behind the wave's advancing front, the concentration ratio of fission product nuclei (whose mass a verages 
half that of a fissile nucleus) to fissile ones climbs to a value comparable to the ratio of the fission to the fission product ra­
diative capture cross-sections, the local neutronic reactivity goes negative, and both burning and breeding effectively 
cease-as is clear from comparing the various snapshots with each other, far behind the wave-front. 

shutdown.  These pipe closures wi l l  automatical ly close in the 
event of an accident in which a large amount of fission prod­
ucts is released into the hel ium gas stream . 

erational l ifetime. The small  s ize and relatively low weight of 
the reactor means that it can be mass-produced on an i ndus­
tr ial  assembly l i ne, and then read i l y  transported to v i rtua l ly 
any location. This revol utionary new design of a fission power plant is ca­

pable, with the cu rrent stock of uran ium and thorium ores, of 
providing the whole world with electrical power and heat en­
ergy at levels per capita equal l ing those of the U nited States­
and doi ng this for more than a century. It is also the case that 
no sign ificant amount of "enriched" n uclear fue l  (such as i s  
needed for bomb-maki ng) i s  req u i red i n  th is  reactor design. 
F u rthermore, the reactor i s  com pletely automated and self­
regulati ng, and requ i res no mai ntenance over its 3D-year op-
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As the designers of the reactor note in  their techn ical paper, 
an "entirely fresh look at nuclear-energized large-scale power 
generation is cal led for, particularly in the l ight of rapid ly  i n­
creas i n g demand fo r e l ectr ic ity i n  the  cap i ta l -poor T h i rd 
World . . . .  " They have designed a reactor to meet that chal­
lenge. 

Charles B. Stevens is an associate editor of 2 1  st Century 
magazine. 
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by Caro l i ne Hartmann 
A 2,2S0-year review of how man solved the paradox of measuring 

the unique, constantly changing spheroid on which we live. 

H
Ow can we discern the shape of the Earth, without leav­
ing its surface ? How can we exactly determ ine our lo­
cation on Earth? How can we measure or otherwise ex­

actly determ ine the distances among several locations? 
The science of geodesy, and the c losely related science of 

cartography or map-making, developed in  the process of look­
ing for answers to these questions. Today every nation has its 
own institutions charged with measuring its territory and pro­
ducing exact maps, and we have arrived at a very h igh degree 
of precis ion .  But the recent ach ievements of space research 
and of satel l ite geodesy have opened the way to ever more ar­
eas of research and ever greater precis ion-for example, the 
much more precise study of the d i fferences in altitude on the 
Earth's su rface, especial ly the h uge ocean surfaces (ocean geo­
desy), which confront us with total ly  new questions. 

Today we can determ i ne positions on Earth with a precision 
of m i l l imeters, using the Global Positioning System developed 
by U.S .  m i l itary engineers . Th is  tech nology, combi ned with 
wire l ess transmitters, makes it poss i b l e  to steer large sh ips 
along rivers with precis ion, or to d i rect trucks across the vast 
expan ses of a c o n t i n e nt, or to locate leaks i n  o i l  or gas 
pipel ines. 

But, to return to the basic q uestion : How were we first able 
determ i n e  the Eart h ' s  fo rm w i t h o u t  these modern i n stru­
ments, and how has mank ind  produ ced ever more prec i se 
methods of measu rement? This  development has not been a 
smooth or l i near process. After the fi rst attempts, made by the 
members of the school of A lexandria in anc ient Egypt, who 
recogn ized the Earth's spherical  form, 2,000 years went by 
without any s ign ificant progress. D u ri n g  this t i me, man had 

The repetition theodolite produced by S. W. Breithaupt in 
1 829, with an 1 8-inch telescope, allowed for very precise ge­
odetic measurements. 

to overcome many fu ndamental " l i m its" of h is  th ink ing:  
First, he had to recogn ize, that the assumption that he is  on a 

plane surface presents h i m  with u nso lvable paradoxes and 
cannot be right. 

Second, he had to find sol i d  evidence for the fact that the 
Earth is indeed a sphere (or a spheroid). 

Third, he had to recognize that the Earth's sphere, u n l i ke a 
plane surface, i ncorporates the phenomenon of "curvature i n  
the sma l l , "  a n d  another pri nc ip le  o f  our  u n iverse, perpetual 
change. 

Now, how can we measure this un ique, perpetual ly chang­
ing spheroid? 

Measuring a Distance-Easier Said Than Done 
It is not so easy to measure a "straight" d istance, because we 

are always operating on a curved surface. On a sphere, it is diffi­
cult to measure l i nes. Yes, we can claim a stretch of land, l ike a 
garden or a field, by walking straight for a few yards, then going 
a few yards to the left, then back, paral le l  to the first d istance, 
and then a few yards back to where we began .  Done! So, some 
might argue, "What do we need a geodetical service for?" 

But  if a mayor of a city or a governor of a state wants to 
know its area exactly, or if a sailor wants to know the exact po­
sition of h is  ship, he has to know the "true" d istances between 
several locations on the Earth's sphere. For, the larger the area 
we have before us, the more we cannot avo id the q uesti o n :  
What is straight? D o  I move precisely t o  t h e  north, o r  b y  how 
many degrees to the northwest, and so on?  

Some m ight argue that a compass wi l l  suffice. B ut, even if  
we fol low a compass d i rection "straight," the conditions of the 
path wi l l  produce an imprecis ion too large even for us to de­
term ine the length of the path.  We fol low a compass, say, to 
the north. F i rst, we have to remember a lways to take steps of 
the same length. So, we need a measu ring rod. If we arrive at 
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Figure 1 
DETERMINING THE lATJTUDE 

To determine the elevation of the celestial pole a, and 
thereby the geographic latitude, the theodolite is fixed 
horizontally; then, through the telescope, one aims at 
the celestial pole. The angle between the horizon (the 
line perpendicular to the plumb line) and the celestial 
pole, is the desired value. The drawing shows that this is 
the same angle as the one between the direction of 
gravity, that is, the zenith of the observer, and Earth 's 
equator. 

At the North Pole, a = 90°. At the equator, a = 0°. 

a r iver, we can nat canti n ue, u n less it is sha l law enaugh ta 
wade acrass. Otherwise, we h ave ta take a baat. But  then, 
haw w i l l  we measure the exact d i stance,  and haw da we 
knaw that we cant i n u e  .our cau rse exactly an the appasite 
side .of the river? 

After a whi le, we may arrive at a maunta in .  Even the sl ight­
est step abave the surface .of the river creates an uncertainty in 
measur ing the d istance; but when we cross a maunta in ,  we 
have a difference .of height as wel l  as a difference in harizontal 
d istance. The q uest ian arises: Which d i stance da we rea l l y  
want t a  measure, i n  .order t a  defi ne t h e  d istance between twa 
lacatians? The "wal king" d istance, .or the "true" d istance, as if 
an the .ocean's su rface? If we want ta praduce a map, we wi l l  
have ta use the latter-ar we wau ld probably never arrive at 
the second lacatian. 

Therefare, geadesy never uses "d irect" measurements .of dis­
t a n ces an Earth;  it uses t h e  m ethad .of t r iangu l at i a n .  T h i s  
m ethad, descri bed i n  deta i l  bel aw, w a s  d i scavered b y  the 
Dutch m athematician and astronamer W i l l ebrad Sne l l  van 
Rayen ( 1 59 1 - 1 626), and it was a giant step far man i n  measur­
ing  the Earth's shape, i ndependently .of man's sense percep­
tians. 
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Figure 2 
THE SHAPE OF THE EARTH 

Satellite measurements show the deformations in the 
Earth's form. 

Where Am I ?  
Determ ining a precise lacatian or pasitian a n  the surface .of 

the Earth is as d ifficult  as measuring the d istance between twa 
lacatians. What if we were the su rvivors .of a p lane crash in 
the middle .of a desert? Of cau rse, we wau ld want ta find ta 
shartest way ta the next human settlement. Haw cou ld  we da 
it?  Ta he lp  gu ide  themselves, the members .of the schaal .of 
Alexandria, l i ke H ipparchas, d ivided the Earth, as they had di­
vided the sky, i nta prec i sely defi ned areas.  They used l i nes 
l i ke merid ians  (c i rc les .of langitude),  where the Sun ,  far a l l  
pai nts a lang these l i n es, reach es i ts h i gh est pasit ian a t  the 
same ti me, and they used c i rcles .of latitude, where the angle 
between the horizon .of the .observer (the l i ne perpendicular ta 
the plumb l i ne) and the d i rectian .of the celestial pale (which 
is para l le l  ta the Earth's axis) is  the same far a l l  paints alang 
the circle. 

But haw can we determ ine exactly where we are? In .order 
ta da that best, we have ta first determ i ne .our d i stance fram 
the nearest pale .of the Earth (that is, in the narth-sauth d i rec­
tian), and, secand, we have ta determ ine .our d istance from a 
certain pasitian defined as zero in the east-west d i rectian. The 
first measure is .our geagraphical latitude; the secand, .our geo­
graphical langitude. 

Because a great c ircle has exactly 3 60°, i t  is  better ta mea­
sure these distances in angles, for, as we shal l  see, it is nat easy 
ta determine the exact length .of an arc. It is passible, hawever, 
ta meas u re the a n g l e  with  an i n stru ment  (a q u a d ra n t  .or a 
theadal ite), and thus ta determ ine .our pasitian. Haw da we da 
this? 

Fi rst, we determ ine latitude, which is, as shawn i n  F igure 1 ,  
the angle between the harizan .of the .observer-perpendicular 
ta the plumb l ine-and the l i ne painting ta the celestial pale. 
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Figure 3 
HOW ERATOSTHENES DETERMINED THE CIRCUMFERENCE OF THE EARTH 

(a) The cities of Alexandria and Syene (Aswan) lie nearly on the same meridian, about 490 miles apart. (b) At the summer 
solstice, sunlight falls perpendicularly into a well at Syene; at Alexandria, however, on the same day, the Sun casts a 
shadow from the summit of an obelisk at an angle of 7.2°. (c) With a simple calculation, Eratosthenes arrived at an aston­
ishingly precise result. 

Longitude is the angle between the meridian l i ne of the obc 
server and the merid ian l i ne at G reenwich, England. Measur­
ing longitude was sti l l  an unsolved problem in the 1 8th cen­
tury.  Because the d i fference i n  l o n g i tude between two 
locations is equ ival(;!opq,tJ1e d ifference in  local t ime, it is often 
stated in terms of hours, m i nutes, and seconds, instead of de­
grees. U nti l 1 630, every country calcu lated its own t ime ac­
cording to the l ine of merid ian of the cou ntry's capita l .  Only 
s ince the end of th� 1 9th century has the merid ian of G reen­
wich been general ly accepted as the 0° point. 

Thus, in principle, we have to be able to determine the time 
that passes u nt i l  a specific astronomical  event occurs for the 
observer, compared to when it occurs at the zero merid ian .  
We know, because of  the rotation of the Earth about its axis, 
that the the moment in  which the Sun reaches its h ighest posi­
tion occu rs 4 m i n utes l ater or ear l ier, for every 1 degree i n  
east-west d i rection. 

In a l l  these considerations and possible measu rements, we 
have impl  ic it ly  presu med that the Earth is a perfect sphere. 
However, our measu rements wi l l  not be perfectly accu rate: As 
Christiaan H uyghens demonstrated in the 1 8th centu ry, the 
Earth is not a perfect sphere, but is  flattened toward the poles 
(a spheroid).  Th is flatten,ing causes d ifferences in the determ i­
nation of latitude. 

Today, one can see in sate l l ite pictures that the Earth is  not 
even a perfect rotational spheroid :  At the poles, it has "dents" 

of different sizes, and looks rather l i ke an apple (F igure 2). The 
South Pole is about 25 meters closer to the plane of the Equa­
tor, and the North Pole is about 20 meters farther away from 
the Equator than it wou ld be i n  a perfect sphero id .  Ever s i nce 
Carl Friedrich Gauss (1 777-1 855) described the Earth's form as 
a "geoid," the su rface of which is  defined as being perpendicu­
lar to the d i rection of gravity in every location, it has been evi­
dent that these deformations are of a fu ndamental ly different 
nature from the u nevenness of the mou nta i ns and val leys on 
the Earth's surface. 

From Sensory Perceptions to Exact Proof 
Now, let us look at some of the steps which led to the recog­

nition of the Earth's true form. 
The hypothesis that the Earth was spherical was held by the 

Pythagoreans i n  ancient G reece. They bel ieved in  a harmonic 
ordering of spherical planets, inc luding the Earth; i n  this order­
ing, the planets were conducti ng a c ircular dance, at distances 
determi ned by the musical i ntervals.  There were several prob­
lems, however, in rea l l y  understand ing the spherical form of 
the Earth-p roblems w h i c h  cou l d  n ot be so l ved w i th the 
Pythagoreans' way of  looking at  thi ngs, which was based on 
everyday experience. I n  honesty, many of us today would fi nd 
it d ifficult to expla in  these paradoxes: 

• F i rst, there is  the q uest ion of the people on the opposite 
s ide  of the Earth . If I stand with  my feet on one s i de of the 
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sphere, does that mean that those on the other side must stand 
on their  heads? But those on the other s ide of the sphere wi l l  
say that they are standing u pright. How can it be that one and 
the same d i rect ion is " u p "  for the one and "down" for the 
other? 

• Second, it cou ld not be explai ned how the many parts of 
the Earth were held together, espec ia l ly  the h uge amou nts of 
water in the oceans. Therefore, a real proof of the spherical 
form of the Earth was necessary. 

Eratosthenes (ci rca 2 76-1 92 B .C.), a scholar of the school of 
Alexandria and head of its famous l ibrary, was the first to l iber­
ate himself from the notions determined by mere sense percep­
tion in looking at the universe; he constructed a real proof for 
the spherical form of the Earth, measuring what he cou ld not 
see . Fr iends-poss i b l y  some of the last fo l l owers of the 
Pythagoreans-had told h im about a wel l  in Syene, Egypt (now 
the city of Aswan), where the Sun shone down to the bottom of 
a wel l  on that summer day when it reached its most northerly 
position in the sky, the summer solstice. On this day, therefore, 
in Alexandria,  E ratosthenes measu red the angle of a shadow 
cast by an upright measuring rod that was exactly perpendicu­
l a r  to the E arth . Because the d i stance between Syene and 
Alexandria was known, Eratosthenes calcu lated the ci rcumfer­
ence of the Earth as being in the same relation to this distance, 
as the angle cast by the measuring rod's shadow would be to a 
ful l  c ircle of 3600 (Figure 3). 

Eratosthenes' proof was a revol ution for human ity-deter­
min ing practical knowledge about nature which was i ncon­

. ceivable before these G reek scholars. Man's power of imag­
i n at i o n  h ad r i se n  above a l l  p h e n o m e n a  s u p posed l y  
stemming from " logica l "  del iberations, based o n  pure sense 
percept i o n s ;  E ratosthenes had reached a h i gher  level  of 
knowledge. 

Nearly 2,000 Years to the Next Step 
At that poi nt, one wou l d  have expected a rapid develop­

ment in many areas of science and its appl ications. Instead, Er­
atosthenes' discovery was cast aside for many centuries. It was 
.only in the 1 6th century, that th is  knowledge about, the true 
form of the Earth brought to the fore agai n-abo�t 2,OO

'
O years 

later! As late as 1 580, the geographer Conrat von U l m  spoke 
merely of "geodaisia, which is of rel iable and proven measure­
ment of fields." 

Th is extreme step backward in  the effort to determine the 
true form of the Earth was related, most of all, to the decl ine of 
science during the time of Roman domi nation and the fol low­
ing centuries, which were domi nated by ol igarchical powers 
and interests. True, there were scientists who tried to propa­
gate the knowledge of the school of Alexandria, l i ke Isidor of 
Sev i l l e  and the Venerable Bede. But cu lts, superstition, and 
mysticism, which were used by the o l igarchy for social  con­
tro l ,  dominated the m i nds of most men.  The cu l t  of Apo l l o, 
which operated as a well-organized secret service, is one such 
example. 

Further, independent scientific thought was stifled by the 
cu ltivation of Ptolemy, in  second centu ry A .D.  Alexandria, 
who systematica l ly fa ls ified the d i scover ies made u p  to h i s  
t ime. For example, Ptolemy used t h e  i mprecise values given 
by Strabo, an astronomer with a back-to-nature outlook, in­
stead of the much more p rec ise measurem ents of E ratos-
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thenes. This meant that measu rements of longitude came out 
about one th i rd too smal l ,  the Equator was too far north, the 
Mediterranean Sea was too long by 50 percent, and Asia was 
pushed east by 50 degrees! In his  Almagest, Ptolemy had pre­
sented the ideas of H i pparchos and E ratosthenes, but i n  h i s  
second work, the Geographic Introduction to the Representa­
tion of the Earth, he turned around and used the wrong val ues 
given by Mari nus of Tyre and Posidonius.  He mentions an ob­
serv ing  in stru ment that he supposed l y  constructed, but  he 
may never have used it-he never explains how. In his Geog­
raphy, the measurement of the Earth is explained only i n  prin­
ciple, without any figures being given. 

The Romans were hardly interested in the true form of the 
Earth or any other scientific endeavors. Theirs was a society 
in w h i c h  sc ient if ic  advance was " u n necessa ry, " because 
bondsmen and s l aves were ava i l ab l e  to do the work. They 
were interested only i n  c la i m i ng a reas they had conquered, 
and the extension of existing forms of agriculture.  In order to 
make these claims, the Roman su rveyors defined an east-west 
l i ne, cal led the "decumanus," and a noon l i ne, the "cardo," 
by which they d ivided a given area . The land was measu red 
with the aid of long roads, between which they cut right tri­
angles. But these angles were never measured, and one can 
imagine how "para l le l"  the roads were, in  real ity. The Roman 
method of measurement was tota l l y  l i near. I t  i s  no wonder, 
then, that the i r  ideas about the Earth's  form soon became 
s imi lar  to that held by the Egyptians i n  the 4th century B .C.  
(Figure 4) . 
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The Alexandrian astronomer Hipparchos, depicted with his 
astronomical instruments. 



Only after the compass was developed, and navigation was 
able to move beyond coastal shippi ng, d id the question of the 
true form of the Earth come up aga in .  As early as the 1 3th cen­
tury, some seafarers intende.d to fi nd a transatlantic route to In­
dia. But without rel iable maps, this was a journey to no-man's­
land. 

Navigation and the Development of Cartography 
To go from the recogn ition of the Earth's spherical form to a 

real understanding of the un ique form of the Earth, requ i res an­
other necessary step, which  can be taken o n l y  if we real ly  
want to "discover" th is  sphere. It was Nicholas of  Cusa ( 1 401 -
1 464), the scholar and cardinal ,  who demonstrated for the first 
time, in Oe Circuli Quadratura (Quadrature of the Circle), that 
it is impossible to define the real magnitude of the c i rcu mfer­
ence of a circle, using a l i near measuring u n it. Thus, Cusa cre­
ated a h igher level of u nderstand ing  of geometry. He taught 
that the Earth was a sphere, rotating around its own axis. Fur­
ther, he drafted the fi rst rel iable map of Central Europe, and a 
map of the Earth, which was pri nted after Cusa's death as a 
copper e n g rav i ng,  o n e  year  befo re Col u m bu s  d i scovered 
America. 

How closely the development of the p roduction of maps 
was related to geodesy, and to the d iscovery of the true form of 
the Earth, is demonstrated by the work of two other scientists: 
the mathematician, astronomer, and mechanic Regiomontanus 
Uohannes Mueller of Konigsberg, 1 436-1 476), and his student, 

Figure 4 
C\JlTISH EARTH VIEWS 

At left is a figure from a sarcophagus from Sakkara, from the 
4th century B.C. The body of the old Egyptian god of heav­
en, Nut, embraces the Earth as a circle, with Egypt's 
provinces forming a ring. At right is a copy from the 7 2th 
century of the so-called World Map of Turin. 

Source: Deutsches Museum, Munich, Bulletin of the Metropolitan Museum of Art, 
Sept. 1914 

the mathematician and seafarer Martin Behaim of Nuremberg 
( 1 459-1 507),  whose resea rc h  and d i scoveries were stud ied 
closely by the fou nder of triangulation, Wi l lebrod Snel l .  

A s  seen above i n  t h e  d etermi nat ion o f  l at itude, t h e  mea­
surement of angles is ind ispensable for the determ i nation of a 
position on Earth . Drawi ng an " i m age" of a smal l  section of 
the Earth, as Cusa d id for Central Europe, an additional ques­
t ion a rises about the true d i sta nces between two l ocations.  
Can we measure the angles here, too, i n stead of m easur ing 
the d istances, which wi l l  necessar i ly  be d ifficu l t  and impre­
cise? How do we do th i s  on a sphere? Or, graphical ly, if we 
d raw a squ are on a d efl ated ba l loon,  a n d  b l ow it u p, what 
happens to the squ are? W i l l  the angles at the corners sti l l  be 
90°?  Or, v ice versa, how do we represent a fi g u re on the 
cu rved su rface of  the bal loon-or of some area on Earth-on 
a plane sheet of paper? 

For these questions, the works of Regiomontanus are of great 
importance. He was the fi rst to expla in the method of measur­
ing angles and of calcu l at ing the relations between the angles 
and s ides of a triangle, in h is  work Oe Triangulis Omnimodis 
libri quinque (F ive Books o n  Triangles of A l l  K inds), and thus 
created a true science of the "trigonometry" of plane and spher­
ical triangles. F igure 5 g ives an example of Regiomonta nus's 
approach. 

Further, he was the first to accu rately calculate the positions 
of comets, with i nstruments that he had developed. His student, 
Mart i n  Beha im,  brought Regiomontan u s's astro l a bes a n d  
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ephemerides to Portugal ,  where he stayed from 1 484- 1 486. 
Ch ristopher C o l u m b u s  and Vasco da Gama both had h i s  
Ephemerides ab anno 7475- 7 506 on board, and, using them, 
Amerigo Vespucci determi ned the geographical position of the 
mouth of the river Orinoco. Back in Nuremberg, Behaim cre­
ated the fi rst globe, a complete image of the Earth in spherical 
form. 

The Problem of 'Curvature in the Small' 
It is a u nique.property of a sphere, as opposed to a cyl inder, 

that it cannot simply be u nfolded onto a plane su rface. There is 
no l i nearity, and every attempt to represent a section on a 
plane surface or map, wi l l  necessari ly embody distortions. This 
phenomenon was studied more deeply only later, with the def­
in ition of the term "Gaussian curvature." 

Ocean maps were, u nt i l  about  1 400, o n l y  p lane  maps, 
which did not represent the true relationship between longitu­
dinal and latitudinal d istances. Only when methods of projec­
tion were developed, pr imari ly by Gerhard Mercator ( 1 5 1 2-
1 5 94), in 1 5 69, was sign ificant progress m ade. I n  Mercator's 
projection, sometimes cal led "projection of the growing lati­
tude," the Earth's su rface projected by means of rays emanat­
ing from the center of the Earth, onto a cyl i nder enclosing the 
Equator. Thus, an image is created, which is sign ificantly d is­
torted in relation to the sphere, but is "true to the angles" in the 
smal l  (Figure 6). If two l i nes cut each other in a specific angle 
on Earth, they will cut each other in the same angle on the pro­
jected image. Only the polar areas cannot be represented with 
this method, si nce the l i nes of latitude grow rapid ly and u lti­
mately to the infinite. 
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Figure 5 
REGIOMONTANUS'S APPROACH TO GEOMETRIC 

MEASUREMENT 
This is example 35 from the third book of De Triangulis 
Omnimodis libri quinque by Regiomontanus, where he 
discusses the spherical triangle A BC: "In every two 
spherical triangles, whose sides are equal except one of 
them, the angles lying opposite to the equal sides are 
equal. " Regiomontanus's five books deal with plane tri­
angles in books 7 and 2, and spherical triangles in 
books 3, 4, and 5. 
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Mercator's projection was a large step forward for seafaring. 
The explorer Magel lan was the first in modern times to seek to 
prove empi rica l l y, that the Earth is a sphere, by h i s  jou rney 
around the world from 1 5 1 9- 1 5 2 1 . This endeavor, which he 
h imself did not survive, gai ned much attention.  

First Attempts to Measure the Globe 
A decis ive i m pu lse for the deve l op ment of the science of 

map-m aking came from the attem pts m ade to scientifica l ly 
prove the Earth's form. Among the first who attempted to mea­
sure the latitud ina l  degree d i rectly, was Jean-Francois Fernel 
( 1 497-1 5 5 8),  a F rench doctor.  In 1 5 28,  Fernel described in 
h is "Cosmotheoria," how he measu red the latitude of 48 de­
grees, 38 min,  in Paris, and then travel led a certain distance 
toward another place, fou r  days away, counti ng the tum'; at a 
wheel of known c i rcu mfere nce.  T h i s  seco nd location was 
chosen in a way, such that the difference in latitude cou ld be 
ca lcu l ated to be 1 °, u s i n g  the S u n ' s  h e i gh t  at noon and its 
dec l ination.  Discounting a certai n  amou nt-without giving a 
detai led reason-he arrived at an arc's length of 1 ° = 1 0 1 . 1  
km. 

Because of Fernel 's  i m prec ise measurement of the Su n's  
height, h is  measurement was taken as a lucky accident. Sne l l  
said openly that he suspected fraud. Again,  the obvious prob­
lem was the d i rect measurement of the distance, which neces­
sari ly made the endeavor a fai lu re. 

Noteworthy, too, is the attempt of Regn ier Gemma Fr is ius  
( 1 508- 1 55 5), which is often erroneously cal led a tr iangula-
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Figure 6 
MERCATOR'S PROJECTION 

The projection of the Earth 's sphere onto the surround­
ing cylinder. By this projection, the distances between 
the latitudinal circles get larger, as one moves away 
from the equator. Near the poles, the distances grow to 
the infinite. As a result of this distortion, Mercator's 
projection is used mainly to depict the areas between 
50° north and 50° south; the projection preserves the 
angles. 



t ion.  Gemma Fr is ius  defi n ed a so-ca l led basic d ista nce be­
tween the church steeples at B russels and Antwerp. Us ing a 
circu lar d isk marked in grades, s imi lar to a quadrant, he deter­
m i ned the l i ne-of-sight to addit iona l  locat ions .  These d isks 
were oriented exactly to the north,  by means of a compass. 
Then the poi nts of intersection of these directions were graph­
ical ly determ i ned on a sheet of paper. From these locations, 
Gemma Fr is ius conti nued in the same manner, "cutting for­
ward" new points of measurements (Figure 7) .  The weak point 
of h is method is, that the length of the basic d istance is not 
known.  The l i ne from Brussels to Antwerp was the basis for 
the calcu lation of a l l  the other d i stances, but Gemma Frisius 
never measured how long this  d i stance actua l l y  was; he j ust 
took it as given . 

The Discovery of Triangulation 
It was the Dutch mathematician, astronomer, and cartogra­

pher W i l l ebrod Snel l ,  who d i scovered h ow to free h i mself 
from measuring distances d i rectly on the Earth. With h is  mea­
surement of the length of the arc of 1 ° between the locations of 
Bergen op Zoom and A l kmaar i n  the Nether lands, he i ntro­
duced a highly precise method-triangulation-instead of esti­
mating or imprecisely measuring the length of an arc of 1 ° on 
Earth directly. 

In his two-volume work Eratosthenes Batavus-De Terreni 
ambitus vera quantitate (The Dutch Eratosthenes-On the true 
magnitude of the Earth's c i rcumference), Snel l  argues that he 
wanted to measure the Earth's circumference in a more precise 
way than Eratosthenes d id .  H is presentations and calcu lations 
are based on real measurements, which cou ld  be verified. 
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Figure 7 
GEMMA FRISIUS'S METHOD OF 

'CUTTING FORWARD' 
This method devised by Regnier Gemma Frisius can be 
used to produce maps, but it does no� measure true dis­
tances. 

Carl Friedrich Gauss (7 777- 1 855) 

As can be seen i n  the earl ier attempts described above, the 
measu rement of straight d i stances on the Earth poses i ns u r­
mountable d ifficu lties. Hero of Alexandria, for example, c i rca 
3 rd century A. D.,  noted i n  h is Dioptria, that there is no good 
measuring if there are mountains or val leys or even oceans i n  
between .  But even along shorter d istances o f  a few ki lometers, 
there are many irregularities. Also, the material of the measur­
ing rods or l i nes can be d i storted by changes of temperatu re 
or moved by wind,  which  w i l l  prevent the necessary preci­
sion. 

Even the method of measuring d i stances by measuring the 
angle of the Sun with a rod perpend i c u l ar to the Earth (the 
method of Eratosthenes) was cons idered too i m p recise by 
Snel l .  Poi nted ly, he noted that Eratosthenes should not have 
assu med that the Sun's  rays are paral le l ,  because the Sun  is 
very large, and the rays eman ating from different sides of the 
Sun wil l  arrive at sl ightly different angles. 

Regiomontanus had w ritten several sem i n a l  works on the 
perfection of trigonometry, inc lud ing  De docta triangulorum 
and De triangulis omnimodis libri quinque (Nuremberg 1 53 3), 
which dealt with the possibi l ity of calculating angles and trian­
gles. He calculated the first detai led tables of the si nes for the 
un it rad ius of 60,000, for angles up to 90°, and another more 
complete table of si nes for a rad ius of 6,000,000. He also i n­
troduced the versine (1 -cos a), although he d id not use that 
term himself. 

Snel l  had thoroughly stud ied Regiomontanus's works, be­
fore he considered triangu l ation as a method to measure the 
Earth using plane trigonometry. Regiomontanus explai ned a l l  
relations a n d  lawful con nections with i n  p l a n e  a n d  spherical 
tr iangles, using .t he c i rcle, the sphere, and their r:noyements. 
Thus, a new understanding developed, that triangles actua l ly  
are "created" by a n u mber of  c i rcular  movements, a n  u nder-
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Figure 8 
THE TRIANGLE AND THE CIRCLE 

The trigonometrical functions are represented by the 
sides of a Pythagorean (right) triangle: 

(1) sin 0. = his = opposite!hypotenuse 
cos 0. = cv's = adjacent/hypotenuse. 

(2) The sum of the angles of a plane triangle will al­
ways be 7 80°. Triangles and the relationships among 
their sides and angles can best be explained by circles. 
Because the circle's circumference will always be 360°, 
it can easily be shown by parallel displacement, that 
0. + P + 'Y = 7 80°. 

standing which has s ince been lost. In the classroom, triangles 
are presented as static constructs of l i near geometry, and their 
laws are taught as dead formu las. What is actual ly i nteresting 
in  triangles, is their close relation to the c i rcle, and thus to the 
trigonometrical fu nctions-the i n ner relations of which (F ig­
ure 8) have been forgotten and thus mystified in  what is taught 
today. 

Snel l 's  drawings in Eratosthenes Batavus demonstrate how 
fascinated he was that his method could determine the precise 
location of some point on Earth, measuring the angles and cal­
culating thei r  sides. Further, he col lected a l l  the astronomical 
observations of Regiomontanus, and publ ished them in  1 6 1 8, 
together with those of Bernhard Walther and Wi l l iam IV, count 
of Hesse-Cassel. 

Thus, Cusa and Regiomonta n u s  defi n ed the trad it ion of 
thou ght, w h i c h  S n e l l  fo l l owed i n  dev i s i n g  h i s  m ethod to 
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Figure 9 
THE GEOMETRY BEHIND SNElL'S TRIANGULATION 
According to Pythagoras's law, 

9 = '1/ Xy2 + ZX2, and 
S = 'l/E02 + 0y2. 

measure d i stances indirectly. With th is  method, he l iberated 
geodesy from m easu r i n g  d i stances directly on the Earth's  
s u rface, and from al l  m ethods rest i ng on pure sensory per­
ceptions. 

Now, let's look at how Snel l  determi ned the true d i stance 
between two l atitu d i nal  degrees, because it was in fu lfi l l i ng 
this task, that he developed the original method of triangula­
tion. It is th is mere by-product of the above task, which is used 
sti l l  today (although in a form refined by Gauss and others) to 
exactly measure the form of the Earth. 

Snel l's strategy was as fol lows: 
F i rst, he wanted to fi nd two locations in the Netherlands,  

which were exactly 1 0  apart i n  the i r  geographic latitude. De­
term i n ing the geographic latitude of A l kmaar and Bergen op 
Zoom, using the method described earl ier, he fou nd that Alk­
maar is exactly 1 ° north of Bergen op Zoom. But i n  o rder to 
determ ine the true length of the arc of 1 0  (distance YX in  F ig-
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Figure 1 0  
SNELL'S METHOD OF ENLARGING THE BASELINE 

Snell used Rhenish wooden measuring rods (see his drawing above) to measure out a very short distance of a few meters. 
This is the baseline, with the end points t and c. From these positions, the points e and a-for example, widely visible tow­
ers-are chosen, such that the angles etc and ect can be measured by a quadrant or a theodolite. From the laws for plane 
triangles, Snell could calculate the angle tec and the sides ec and et. In the same way, the triangle tac is determined. The 
angle eta is obviously 

eta = etc + cta, 

and, because the two sides et and at, and the enclosed angle eta, are known, Snell could calculate the distance according 
to the law of cosines developed by Regiomontanus: 

ea = "'-:te-;;2-+-:ta'2'---::'2-. ..,.te-·-:ta-· c-o-s-:<I:-e-t-a. 

The distance ea is now used as the new baseline, to calculate the large triangles ema and eia, which, following the same 
method, produces the distance between Leiden i and Soeterwoude m, which was the distance he sought. 

u re 9),  he h a d  to p roject the  d i sta nce B e rgen op Zoo m­
Al kmaar (g) o nto the meri d i a n  of A l kmaar.  To increase the 
precision of h is calculations, he also looked at the meridian of 
the city Leiden, and projected the distance Leiden-Alkmaar (s) 
onto the meridian's section EO. 

Now, Snel l was deal i ng with two right tr iangles, OEY and 
ZXY. Using Pythagoras' law, he could determine the length of 
XY, which is equ ivalent to the length of 1 0  of latitude. These 
were his prel imi nary thoughts. Then, he had to "measure" the 
distances. 

His next step was to determine 23 locations in the area be­
tween the two mer id i a n s  through A l kmaar  and Bergen op 
Zoom. Then, he looked for prominent, very visible features of 
these towns, l ike the steeples of churches or city hal ls, which 
he needed to take bearings on measuring the triangles. The dis­
tances between these towns were smal ler than that between 
Al kmaar and Bergen op Zoom ,  but sti l l  too large to be mea­
sured d i rectly. However, he had an idea on how to circumvent 
the d i rect measurement: He invented the principle of enlarging 
the basis, or basel i ne. 

His fi rst target for a rea l measu rement was the smal l  d is­
tance from Leiden to Soeterwoude. In order to carry out h is  
plan, he i ndeed measu red a short d i stance of several meters 
very precisely .  Us ing a double row of wooden rods made es­
pecial ly for this task, he la id these rods out para l le l  to each 
other, as shown in F igure 1 0 . 

This small, precisely measured distance with the ends t and c 
was his basel ine.  It was not i m portant whether th is d istance 

was on the l i ne between Leiden and Souterwoude. Then, he 
marked two other points located a few meters to the right and 
to the left from the line tc, e and a, and measured the angles etc 
and ect from the end points of his  basel ine te. Now, he looked 
at the tri angle etc and ca lcu l ated , accord i n g  to the laws of 
trigonometry, the angle tec = 1 800 - (<I: etc + <I: ect) . Further, he 
calculated the sides ec and et (because the side tc was known), 
as fol lows: 

and 

ec = tc . s in  <I: etc 
s in  <I: ect 

et = tc . sin <I: ect 
s in  <I: tee. 

Thus, a l l  s ides and angles of the triangle are known.  I n  the 
same way, he determined the lower triangle tae. 

Obviously, the angle eta is the sum of the angles etc and atc, 
and now, the d istance between e and a cou ld be calcu lated 
according to the law of cosines in plane trigonometry: 

ea = ...j tel + ta2 - 2 . te . ta . cos <I: eta. 

This  is ca l led the m ethod of e n l a rg i ng the base l i ne,  be­
cause the relati vely sma l l  basel ine  tc i s  measu red d i rectly, 
and  then e n l arged by the p roced u re descri bed above. Be­
cause, th is  new d i stance ea i s  now used as the base l ine  for 
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Figure 1 1  
SNELL'S METHOD, USING 23 LOCATIONS 

H 

Thus, Snell  created down, step by step, a net­
work of smal l  tr iangl es, and came c l oser and 
c loser to the great d istance between A l kmaar 
and Bergen o p  Zoom ( F i g u re 1 1 ) . About  the 
method of these many smal l steps, he wrote: 

I have taken the fol lowing path to solve 
the problem: differentiating the individual 
problems i nto several ind ividual triangles, 
I could ach ieve the whole work speed ily 
and comfortably [Eratosthenes Batavus, p. 
1 69] . 

How Can We Measure an Angle? 
The great paradox of determ in ing the curved 

su rface of the Earth us ing l i near measurements, 
has now been reduced to a m uch more achiev­
able task: measuring the angles between i nd i ­
v idua l ,  fixed marki ngs on Earth .  But  how can 
we measu re these ang les, rea l l y ?  For th is, we 
use theodol ites. I n  antiqu i ty, Hero of A lexan­
d r i a  had constru cted one of the best i n stru­
ments to measure angles, which he cal led the 
dioptra, and from this, the modern theodol ite 
was derived. 

The main part of a theodol ite is a horizontal 
c i rcle (cal led l i m bus), which has been marked 
with utmost precis ion.  In the center of this cir­
c le, is a telescope, which can be tu rned hori­
zonta l l y  and has a poi nter (ca l l ed a l h i dade) . 
The ear l i est theodo l ites d i d  not have a tele­
scope; one had to take bearings with the naked 
eye. The telescope was pointed to the apex of 
an object, and the angle was read from the hor­
izontal c i rcle. Then, the telescope was poi nted 
at the second object, and the angle read again.  
The d ifference between the two angles was the 
angle being sought. 

The network of 23 prominent towers in towns in the Netherlands cho­
sen by Snell, and the marked distances between the individual loca­
tions, which he calculated using the method of enlarging the baseline. 

To increase the precision, the procedu re can 
be repeated . Thus, we have measured the "hori­
zontal angle" (Figure 1 2), that is, the angle be­
tween the poi nts with in  the level defined by the 

the calcu l ation of the l arger triangles aei and ame, to arrive 
at the l e ngth of t h e  d i stance mi (from Le iden  to Soeter­
woude). 

This, however, was only the first step of his huge endeavor. 
Next, Snel l measu red and cal c u l ated the triangle Soeter­

woude (g)/Leiden (E)M'affenaria (d), knowing the side gE from 
h i s  fi rst measu rement, and determ i n i n g  the angles Egd and 
gEd, using his q uadrant, to take bearings at the church steeple 
of Waffenaria (Figure 1 1 ) . From the trigonometric calculations, 
he derived the sides gd and Ed. After calcu lating the triangles 
Vorschooten-Leiden-Soeterwoude and Leiden-Waffenaria­
Vorsc hooten,  w here he aga i n  d eterm i ned the d i stance 
Vorschooten-Waffenaria, using the method of en larging the 
basel ine, he then determ i ned all the distances within the net­
work H aag-Waffenari a-Vorschooten-Leiden, us ing the d i s­
tance Vorschooten-Waffenaria as the basel ine to determ ine the 
distance Haag-Leiden. 
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horizontal circle of the theodolite. This horizon­
tal circle is set exactly perpend icu lar to the plumb l ine, that is, 
the direction of the Earth's center, using a very precise level ing 
instrument. 

The fact that a theodo l i te always measures the horizo ntal 
angle, is what d isti ngu ishes this i n strument. For, if  we take 
bearings at the steeple of a city hal l ,  for instance, we get an in­
c l ined l i ne up to the steeple, a horizontal l i ne to the base of the 
steeple, and the height of the steeple itself, a vertical triangle. 
Taking bearings at the other object, we arrive at a simi lar trian­
gle. The problem, that the angles between the incl ined l ines is 
not the same as that between the horizontal l i nes, does n ot 
concern us in measuring the horizontal angles. 

In all these measu rements, there are many sou rces of error, 
but with the development of fi ne mec h a n i cs, opt ics,  tele­
scopes, and the refinement of the scales on the horizontal c i r­
cles, the theodol ite gai ned u nique importance in modern ge­
odesy (see Figure 1 3 ) .  



Figure 1 2  
USING THE THEODOLITE 

We want to measure the angle Ci., which is between the 
observer B, where the theodolite is centered and lev­
elled out, and the two locations A and C. To make the 
measurement, we take bearings at point A and read the 
angle on the theodolite's horizontal circle (which is di­
vided into 3 60 degrees); then, we take bearings on 
point C, and again read the angle on the horizontal cir­
cle. The difference between the two angles, is the angle 
Ci. we sought. One can see, that because of the con­
struction of the theodolite, only the horizontal angles 
are measured. 

Today, i n  add it ion to the hori zontal c i rcle,  the theodol ite 
has a vert ical  c i rcle,  to measu re the vert ical  ang les;  a tele­
scope, which can be tu rned about the vertical axis and about 
the i n c l i n ing axis;  and i n sta l l at ions  to read the scale on the 
c i rc les, a n d  to or ient  t h e  vert i c a l  a x i s  p rec i se l y  a long the 
p lumb l i ne. 

The rapid development of machi ne-tool bui ld ing in  the 1 9th 
centu ry made ever more p rec ise meas u rements poss i b l e .  
Among the companies that became famous for the precision of 
their geodetic instruments, in  the latter half of the 1 9th and the 
first decades of the 20th century, we note the workshops of Carl 
Zeiss in Jena, Germany, where F .W. Breithaupt bui l t  the instru­
ments developed by Reichenbach, of Otto Fennel in Casse l ,  
and of Max H i ldebrand in  FreibergiSaxon ia;  the works of R. & 
A. Rost in Vienna; and the compan ies Wild i n  H errbrugg and 
Held in Aarau, Switzerland. 

A Network of Triangles 
When he had measured the first d istance between Leiden 

and Soeterwoude, Snel l  devoted years to the measurement of 

Figure 1 3  
DEVELOPMENT OF THE THEODOLITE 

(a) Hero of Alexandria's dioptra, about 7 00 A.D. 
(b) An English diopter-theodolite, about 7 650. 
(c) A transit instrument by F. W. Breithaupt in Cassel, 
7 820, which can also be used as a multiplication 
theodolite. 
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Willebrod Snell ( 759 1 - 1 626) 

many individual  sma l l  distances, using the method of enlarg­
ing the basel i ne, to create a network of 23 triangles in total 
( F igure 1 1 ) , which u l ti mate ly  added up to the d istance from 
Al kmaar to Bergen op Zoom. Now, he returned to his original 
geometrical construction, and by calcu lating the two right tri­
angles, he arrived at the value of the d istance, which is equiv­
alent to exactly 1 ° of geographical latitude: 

1 ° = 28,500 Rhenish rods (= 1 07.3 km). 
Now, he cou ld calculate the circumference of the Earth, ac­

cording to the simple relationship: 
U :  1 07.3 km = 360° : 1 °, where U is the total circumference 

of the Earth. 
In h i s  studies,  Sne l l d i scovered more poss i b l e  meas u re­

ments, as, for example, the method of "cutting backward," to 
determine the d istances to a fou rth poi nt from the given dis­
tances between three other poi nts (F igure 1 4) .  This method 
later became very important for the great surveying projects. 

The paradox in this method is, that we calcu late triangles as 
if we were on a level su rface; that is, we use the laws of plane 
trigonometry (such as, the sum of the angles in a triangle is al­
ways 1 80°); but, by closely kn itting a network of triangles, we 
can measure the cu rvature of the Earth's spheroid. 

Carl Fr iedrich Gauss was rea l l y  the first one to study the 
sm a l l  imprecis ions in tr iangu lat ion,  which derive from the 
laws of p l a n e  tr igonometry, a n d  to seek i m p roveme nts i n  
the  m ethods o f  observat i o n  a n d  m e a s u rement .  H e  o n ce 
noted that the inval id ity of the axiom of a sum of the angles 
of 1 80° wou l d  probably appear on ly  in measu ring the h uge 
d istances between the stars. Gauss was in constant contact 
with Re ichenbach's  workshop in Bened i ktbeu ren, and he 
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Figure 1 4  
SOLVING THE SNELL-POTHENOT PROBLEM 

Snell's method of triangulation solved the problem 
of "cutting backward, " which is today known as 
Pothenot's Problem or as a "recession problem. "  (Cor­
rectly, it should be called the Snell-Pothenot Problem.) 
Hipparchos had already discussed the problem, that in 
order to determine the ephemeris of the Sun, we have 
to find the point near to the center of a given circle, 
where the rays to three known points on the periphery 
of the circle are perpendicular to each other. 

Snell reformulated the problem: If the distances be­
tween three given points are known, the distances to a 
fourth point are also known, from which we can take 
bearings at the three other points, and measure the re­
spective angles. 

Snell is looking for the distance between a and I ,  
which h e  derived from the given distances between Y, 
U and I ,  and the angles YOI and YOU, which he mea­
sured. The geometrical construction he used, was the 
following: If one connects the bisectors of the angles 
over YI and YO, as well as over YU and YO, the point 
of intersection of the first two lines A is the center of the 
circle with the radius Y A, on the periphery of which the 
point a, Y and I lie. Then, the radii result in 

Y A = YI/(2 sin YOI) and YE = YU/(2 sin YOU). 

In the triangle AEY, the two sides, and the enclosed 
angle are known, and thus also the angle AEY. Because 
LE is perpendicular to the center of YO, we can a lso 
calculate YO: 

YO = 2 YE ·  sin AEY. 

Then, we calculate au, in the triangle OUY, and ai, 
in the triangle OIY. Then, we know the sides OY, a i ,  
and a u .  



vis i ted h i m  to d i s c u s s  i d e as a n d  i m p rove­
ments. 

The method of tr iangu lat ion was fi rst used 
i n  the su rvey of Wu rttem berg ( 1 6 2 4 - 1 6 3 5 ) ,  
carried o u t  o n  the perso n a l  i n i t i at ive o f  the 
mathemati c ian  and orienta l i st W .  Sch icka rd 
of Tubingen.  A lthough he had the coopera­
t ion of the d u ke's ad m i n i strat i o n ,  he had to 
rely on the help of the population of the area. 
In order to determ i ne the most v i s i b l e  l and­
marks, he cal led u pon a rt ists, scho l a rs, and 
stu d ents,  to i n spect the  a rea a ro u n d  t h e i r 
home towns, a n d  to p l ace the i r  notes at h i s  
d isposa l ,  t h u s ,  foster ing  a n  eager i nterest i n  
geodetic study.  

The trigonometrical net was constructed ex­
actly according to Snel l's method. Close to th.e 
Neckar river, a basel ine of 3,900 feet was mea­
sured, which then was used accord i n g  to the 
method of enlarging the basel i ne. Points, which 
were located in narrow val l eys, and could not 
be aimed at d i rectly, were determi ned accord­
ing to Snel l 's method of "cutt i n g  backward ."  
For  th i s  g reat su rvey, S c h i c ka rd constru cted 
foldable, triangu lar instruments. U nfortunately, 
because of the T h i rty Years' War, Sch icka rd 
d i ed very young, a n d  the engrav i ngs for the 
maps co u l d  n ot be f i n i s hed .  S h o rt l y  after 
Schickard, W. Bachmayer used Snell 's method, 
to measure the area of the free i m perial city of 
Ulm.  

The first g reat s u rvey was done in  F ra nce, 
in 1 67 1 ,  d i rected by the astronomer Jean P i ­
card (1 620- 1 682) .  I n  the i l lustrat ion of  h i s  tr i­
angu lar network, the or ig i n a l  base l i n e  deter­
m i ned accord i n g  to S n e l l ' s method of the  
e n l a rged basel i n e,  i s  v i s i b l e  ( X Y  i n  F i g u re 
1 5) .  In h i s  measu rements, Picard was able to 
ma ke use of m a n y  i m p roveme nts i n  the i n ­
stru mental  tec h n o l ogy.  After t h e  telescope 
had been developed in the beg i n n i n g  of the 
centu ry, i t  was necessary to d efi ne the p re-

E 

Figure 1 5  
PICARD'S TRIANGULATION 
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c ise d i rect ion of a i m i n g  by fixed m a rks, l at­
ti ces, or t h reads, in order to use i t  fo r these 
observati o n s .  I n  add i t i o n ,  these co u l d  be 
used to make fine movements v is ib le  agai nst 
the rough d iv i s i o n  of the c i rc l e .  P i ca rd was 

The drawing on the left includes a fine line for the meridian. On the 
right, notice the baseline xy near top. 

the first to use reticu l es i n  h i s  telescopes, made out of ha i rs 
or metal wires. 

For triangulation, Picard determi ned the merid i an's arc, as 
Snel l had done, by a chain of triangles. F igure . 1 5  ind icates the 
fine l ine of the merid ian,  to the left, and the original  basel ine 
XY, to the right. 

Fol lowing F ra nce's exam ple, soon a l l  E u ropean cou ntries 
were surveyed for m i l i tary, adm i n i strative, and other reasons. 
Countries beyond E u rope were opened u p  through scientific 
exped itions l i ke those of Alexander von H u mboldt to South 
America and Russ ia .  The first geographical and topographical 
map of France was produced i n  1 744 by Cass i n i  de Thury. In 
Denmark, measurements started in  1 766, i n  Saxonia in  1 780, 

in England i n  1 784, and i n  su bsequent years i n  other cou n­
tries. 

Real improvements of the method of tri angu lat ion, and of 
the theodol ites and fine mechanics in general, were closely re­
lated to the geodetic and other works of Carl Friedrich Gauss. 
Gauss i ntrod uced a whole new era, in terms of conceptua l  
profu nd ity and precis ion.  Gauss's work sti l l  stands today as a 
chal lenge to modern science, which has yet to complete the 
tasks he defi ned. 

Caroline Hartmann is an organizer with the LaRouche politi­
cal movement in Germany. This article first appeared in the 
German-language Fus ion magazine (April-May-June 7 998), 
and was translated into English by Alexander Hartmann. 
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ANCIENT DISCOVERY 
E RATOST H E N ES I N  ACTION 

The Decipherment and Discovery 
Of a Voyage to America in 232 B.C. 
by Marjorie Mazel Hecht 

About 25 years ago, mar ine biologist 
and l i ngu ist Barry Fel l  made a stun­

n i ng breakth ro u g h  in dec ipher ing  i n­
scriptions from the Pacific i s lands  and 
from I rian Jaya, the western s ide of  New 
Gui nea, which is now part of Indonesia.  
Fel l  determ i n ed that the i n scr ipt ions  
were written i n  a western (L ibyan) d i a­
l ect of anc ient  Egypti an ,  and that th i s  
was t h e  basis o f  t h e  Maori language of 
the Polynesian i s la nders. The o ldest of 
the inscriptions, fou nd in the "Caves of 
the Navigators" in I rian Jaya, were dated 
to 232 B.C. 

In  the early 1 970s, Fel l ,  original ly from 
N ew Zea l a n d ,  was at the Museum of 
Comparative Zool ogy at H a rvard U n i­
versity, where he had been work ing on 
his special ity of the biology of the ocean 
f loor,  a n d  i n  part i c u l a r  ec h i noderms,  
s ince 1 964. But he devoted m uch of his  
energy to epigraphy, enjoying the vast l i­
brary resou rces on "obscu re languages 
and writing systems" at Harvard. One of 
the m a n y  puzz les he tac k l ed was the 
mystery of the stra nge i n scr ipt ions 
throughout the Polynesian islands-from 
Hawai i  to New Zealand. 

As he described it, he spent eight years, 
"ransacking" Harvard's Widener Li brary, 
to pursue his i n itial hunch that the Poly­
nesian i nscriptions were not meaningless 
scribbles, as the experts had mai ntained, 
but "a written form of the Polynesian lan­
guage, and that the texts it perhaps con­
cealed wou ld possibly answer our h ith­
erto unsolved problems of how American 
and Asian domesticated p lants and ani­
mals  found their  way to Polynesia." 

Fel l had long pondered the fact that 
the h u n d reds of i n scr ipt ions on rocks 
and in caves throughout the Pacific I s­
lands had s i m i lar  characters, a lthough 
they were located on islands separated 

Drawing of a bas-relief of an Egyptian warship, early 2nd century B.C., at the acrop­
olis in Rhodes. From The Socia l  and Econom ic H i story of the H e l l e n i st ic  World, 
Vol .  I I  (Oxford: The Clarendon Press, 7 94 7  J. 

by thousands of mi les. he also had been 
i m pressed with someth i n g  h i s  zool ogy 
professor in graduate school i n  New 
Zealand had told h im about the s imi lari­
t ies between words in the present-day 
Maori l anguage, and the c l ass ica l  
Med iterranean languages. (Fe l l  h i mself 
was an extraord inary l i ngu ist, with profi­
c i e ncy i n  many l a n g u ages, i n c l u d i n g  
Maori and ancient Greek.) 

Through perseverance, Fe l l ' s  hunch 
became a rea l i ty: " Recogn izable letter 
forms and words bega n to emerge, " he 
wrote. Fel l credits the academic atmo­
sphere at Harvard at the time, for provid­
i n g  the " i nte l lectu a l  freedom" a n d  the 
com patriots, i n c l ud i ng stu dents, in h i s  
quest. " I  doubt if a more favorable atmo­
sphere for solving the problem could have 
been found in any other place," he wrote. 
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Among the Maor i - language i nscr ip­
tions, Fel l  determ i ned that: "the o lder an 
inscription i s ,  the closer its vocabulary is  
to that m ixtu re of G reek and Egypt i a n  
that was once spoken i n  North Africa af­
ter Alexander conquered Egypt. The old­
est of al l  the i n scr ipt ions p roved to be 
written i n  a n c i e nt L i byan,  a d i a l ect of 
Egyptian spoken by the brown-s k i n ned 
fisherfo l k  whom the G reeks c a l led 
Mauri." 

Some i nscri pt ions, among the 1 , 500 
or so known ones, were b i l i ngual ,  with 
Lat in  o r  P u n i c  as the second l anguage 
(these are tomb i nscriptions from Algeria 
and Tun is ia), which p rovided c l ues.  I n  
general, the i nscriptions were a l phabet 
characters, with no vowels marked (as in 
Hebrew). F e l l  was a b l e  to recog n i z e  
some root words in  Egyptian a n d  i n  stan­
dard Polynesian . In some cases, if  the 
letters were su bstituted with th e i r  an­
cient Egyptian counterparts, the i nscrip­
tions cou ld  be read in Egyptian.  A sense 
of how Fel l worked at the puzzle can be 
seen from the sample Fel l  translation and 
his comparison of Maori a lphabets that 
appear i n  the figures. 

Upsetting the Establishment 
Decipher ing  Maori  was j u st o n e  of 

Fel l 's  many wide-ranging d iscover ies . '  
D u r i n g  h i s  years at H a rvard , h e  p i o ­
neered othe r  ep igra p h i c  work, most l y  
around ancient (pre-Columbian) inscrip­
t ions and sett l e m en ts i n  A m e r i c a .  H e  
publ ished th ree books o n  t h e  s u bj ect, 
the best know n  of w h i c h  is A merica 
B.C., and created "earthquakes" in the 
tradit ional d isc i p l i nes of archaeo logy, 
epigraphy, and ancient h istory (to name 
just a few) . To this day, it i s  considered 
academic heresy to agree with Fel l ,  and 
his departure from Harvard i n  1 977 was 
not a friendly one. Although he had cre­
ated tremendous excitement at Harvard, 
his ideas proved too th reate n i ng to the 
establ i shment.2 The c rit ics carped and 
attacked Fe l l ' s  " method," although the 
main argument against him seems to be 
that his ideas went against the accepted 
views. 

But  the g e n i e  was out  of the bott le .  
Fel l fou nded the Polynesian Epigraphic 
Society in 1 9 7 3 .  This  later became the 
Epi graph i c  S oc i ety, w h i c h  p u b l i shed 
Fel l 's  papers and those of othe r  epigra­
phers, geographers, archeo l og ists, and  
interested amateu rs3 F rom a l l over the  
world, interested i nd ividuals sent Fe l l  i n­
scriptions and information. 
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Figure 1 
FELL'S RECTIFICATION OF THE SANTIAGO CAVE I NSCRIPTION 

2 

4 

6 

The inscription, copied from a cave near Santiago, Chile, by Karl Stolp in 
1 885, is rendered here by Barry Fell. The script is standard Libyan, and reads 
alternately from left and from right. The language is ancient Maori, which Fell 
determined to be spoken in the western part of Egypt (Libya) as a dialect of an­
cient Egyptian. Modern Maori dialects, according to Fell, differ only in minor 
respects from the language of Maui. 

Source: Reprinted with permission from the Epigraphic Society Occasional Publications, Vol. 2, No. 21. See Note 3. 

Figure 2 
FELL'S PHONETIC TRANSCRIPTION OF THE SANTIAGO TEXT 

1. Re Re-su ra ga Ma-wi. Ba re Re-su ta-za T e-te to-

2. hi ha-wa tu ta Ta tu-hi-ha. 

3. Re Re-su za-wa da-ba ma-ka. Hi-ge ta Ta tu 

4. Na-za Ta-m'ra Hi-ne Za zara tu ha, 

5. ga-¥a-ta-ta 1111 da-ba ¥a-ta, ra-kha, wa-ra (mountain hieroglyph) 

6. ka-ta. Ta-he 1I111-ra ni-ta ra-na-pa 7 6. 

Source: Reprinted with permission from the Epigraphic Society Occasional Publications, Vol. 2, No. 2t.  See Note 3. 

Fel l's work on Maori, and the spectac­
u l a r  translat ions from the Caves of the 
Navigators, never received the p romi­
nence given to his work on America, and 
the Epigraphic Society Occasional Publ i­
cat ions are, to my knowledge, the sole 
source for the astound i ng story that fol ­
lows. 

1 937-1 938 by an expedition led by Josef 
Roder from the F robenius Institute at the 
U n ivers ity of F r a n kfu rt, G ermany.  
Roder's group was i nvestigating the rel i­
gious practices of the native i nhabitants, 
and took photographs of the inscriptions 
and d rawi n gs, but  cou l d  n ot decipher  
them.4 

The Eratosthenes Expedition 
As word spread of Fel l 's  work on the 

Egyptian roots of Maori, epigraphers and 
others sent h i m  copies of i nscriptions.  
The i nscriptions i n  the Caves of the Nav­
igators at Sosorra i n  McCluer Bay, Ir ian 
J aya, for example, were sent to Fel l by 
Ruth K. Hanner of Hawai i ,  who noticed 
that they had Egyptian featu res. These 
cave i nscr ipt ions were d i scovered i n  

T h e  Soso rra works i n c l u d ed d raw­
i ngs, pai nti ngs, astronomical  and navi­
gat i o n a l  d i ag ra m s  and c a l c u l at i o n s ,  
m a n y  i n  co l ored c h a l k  a n d  m o s t  i n  
c h a rcoa l ,  and  a l l  p reserved by a th i n  
sta l actite layer .  A m o n g  the d i agrams 
were those of sh ips and fish ing gear, as­
tronomical  observations, "with i l l ustra­
tions of celestial phenomena and astro­
n o m i c a l  a p paratus,  i n c l u d i n g t h e  
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Letter 
New 

Fiji Tonga Hawaii West Irian Pitcairn 
Javan 

Libya Chile 
Zealand Pyramid 

� «,� � XI >4,X - -
p � � . .  

b • 8 • El • � m e  e.c 
t X;f- XI'" + x;+ x x X,+ X.+ 
t n,A nm ",n � !l,� • 

• • 

t (h) (i) • • Q,IT\ • • • · 

d • 1\ • I:l • n n,c n 
k ii. At\ �, .; � \l,t �� � J J� 11' .*= ..L 
k • .L. • • • 

' . • .L •• , . 1. • • t • 

g • �, � • r • v �, " /\, 1 
r 0 , ) 0.0 0 o,e � 0 0,0 0 . 0  
I - V V > II • 

• - • 

m u , e  • v v , u � u U , J U 
n, (ng) I I I I I J I I 

S � .x • 

S • • • • 

v W w ? 1,W M S • • • 

I: t: C. . 
� • • • • 

z, (s) • -- - - • • - -

h � . III. '" � :t �.N • N IlI .N /tN\ ,/N'M 

w II , = • : , :::' :, =, n� • � If , =  V, � 
Figure 3 

MAORI ALPHABETS OF LIBYA, POLYNESIA, AND CHILE 
This chart, compiled by Barry Fell, compares the alphabets he compiled from various inscriptions. 

Source: Reprinted with permission from the Epigraphic Society Occasional Publications, Vol. 2, No. 21 . See Note 3. 
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cross-staff, a variable-angle sund ial  for 
use in various latitudes, a computing in­
strument for correcting zen ith angles to 
l atitude, d iv iders, set-square, charts of 
the sky show i n g  parti c u l ar c o n ste l l a ­
t ions, " a n d  n u m erous rel ig ious  d raw­
i ngs and pa i nti ngs of G raeco-Egyptian 
deities. There are a lso some records of 
mining gold and s i lver. 

Fel l determ ined that the most i m por­
tant inscription was what he i nterpreted 
as a concise proof, in words and d raw­
ings, of the E ratosthenes experi ment at 
Syene and A l exandr ia to demonstrate 
that the world was rou n d ! s  (The as­
tronomer Eratosthenes was the head of 
the great l ibrary at Alexandria, and the 
most important scientist of his  t ime.)  The 
author was Mau i, who identified h i mself 
as an astronomer and navi gator of a 
flot i l l a  of s ix  s h i ps, capta i ned by Rata, 
that had set out from Egypt around 2 3 2  
B .C., during the reign o f  Pto lemy I I I , on 
a mission to circumnavigate the globe. 

The dat ing of the occu pation ,of these 
Caves of the Navigators is set as 235-225 
B.C., based on Mau i 's record of a solar 
ecl ipse, and a comet, occ urr ing in the 
1 5th year of the reign of Pharaoh, which 
wou ld coincide with the annular ecl ipse 
of Nov. 1 9, 232 B.C. The elegant proof of 
Eratosthenes' theorem is introduced by 
Maui as fol lows: "This particular theorem 
Eratosthenes, an astronomer of the delta 
country in Lower Egypt, d i sc losed to 
Maui." 

Fell's supposition was that the exped i­
t ion was sent out by Ptolemy I I I  both to 
fi nd new sources of gold for co i n s  and 
to demonstrate E ratosth enes'  " newly  
propounded doctr ine ."  Based o n  Fel l ' s  
prel im i nary translations, made i n  1 9 74, 
Fel l and others work ing  w ith h i m  con­
cluded that the voyage of the floti l la, led 
by Rata and Mau i,  had been plan ned by 
Eratosthenes, and wou l d  fol low a great 
c i rc l e  route a ro u n d the  g lobe .  There­
fore, they forecast that i nscriptions cou l d  
be found o n  the west coast o f  the Amer­
i cas, dated a year or so l ater-2 3 1  o r  
2 3 0  B . C .  The Pacif ic  c u rrents wo u l d  
have taken the flot i l la from New G u i nea 
to, approxi mately, the region from Baja 
Cal ifornia to Panama, and it was thought 
that the sh ips wou ld then go both north 
and south to find a seaway through the 
land mass. 

Learning of Fel l 's  Nov. 1 3, 1 974, sem­
inar, geographer George F. Carter, Sr., a 
professor at Texas A&M U n i versity with 
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an i nterest in ancient i nscriptions (and 
who has made i ndependent d iscoveries 
of paleol ithic settlements in the Ameri­
cas) recal led a cave i nscription that he 
had copied from a German- la ngu age 
sc ient i f ic  j o u r n a l  p u b l  i shed i n C h  i Ie, 
w h i c h  h e  fou nd at the J o h n s  Hopkins  
U n i versity L ibrary i n  Balt imore, i n  the 
1 950s, when he was teaching in  the ge­
ography department there. The i nscrip­
tion was copied in 1 885 by Karl Sto l p, 
w h o  had taken she l ter i n a cave near 
Santiago d u ring a storm (see accompa­
nying article). 

Carter thought the script was s imi lar to 
the  Polynes ian i nscr ipt ions .  H e  was 
right: As Fel l  was able to translate it, the 
Santiago inscription gave the date as the 
" regna l  year 1 6, "  w h i c h  wou l d  have 
bee n 2 3 1  B . C . ,  and a l so had Mau i ' s  
name: 

"Southern l i m it of the coast reached 
by Mau i. T h i s  reg ion  is  the southern 
l i mit  of the mounta inous land the com­
mander  c l a i ms, by wr itten proc l ama­
tion, i n  this land exu lting. To th is  south­
ern l i mit  he steered the floti l l a  of sh i ps. 
T h i s  land the nav igator c l a i m s  for the 
K i n g  of E gypt, for h i s  Queen, and for 
t h e i r  n o b l e  son,  ru n n i n g  a cou rse of 
4,000 m i l es7, steep, mighty, mou ntain­
ous, on h igh upl ifted . August, day 5,  reg­
nal year 1 6." 

The floti l la  never returned to Egypt. It 
is assumed that when the Egyptians did 
not fi n d  a navigable passageway 
through America, they turned back to 
retu rn the way they had come, across 
the Pac ifi c .  One sh ip, accord i ng to an 
inscription, was apparently wrecked on 
Pitcairn Is land.  

Fel l  proposes that Rata, Mau i, and the 
other 300 or so members of the expedi­
t i o n  became the fou nd i n g  fathers of 
Po lynes i a .  In fact, h e  says, the actu a l  
names Rata and Maui appear i n  Polyne­
s i a n  lege n d .  F u rth er, he says, the an­
c ient M aor i -L ibyan language, writ ing,  
and knowledge became the " in itial her­
itage of Polynesia." L ibyan i nscriptions, 
accord i n g  to Fe l l ,  were fou n d  in New 
Zealand "as l ate as 1 450 A.D." 

The Importance of Rata and Maui 
The Egyptians' knowledge of naviga­

t i o n  a n d  thei  r abi I ity to m a ke l o ng­
d istance voyages, has been dated as far 
back as 2890 B .C., exploring the African 
Coast, the Red Sea, the I nd i an Ocean,  
a n d  even so fa r as the  southern po lar  
c i rc le.6 These voyages to  find and mine 

g o l d ,  a n d  a l s o  to co l o n i ze,  i nvo l ved 
thousands of Egypti ans, and very large 
ships (67 meters long, accord ing to one 
rep l i ca fou n d  in an Egypti a n  to m b ) .  
T h u s ,  b y  2 3 2  B . C . ,  Rata a n d  M a u i  
shou l d  h a ve had s o m e  knowl edge, at 
least, of previous long-distance voyages. 

T h e y  a l so k n ew from E ratosth e n es 
that the c i rcumference of the Earth was 
2 5 0,000 stades (approxi mate ly  28,000 
m i l es ) ,  and they had state-of-the-art 
astro n o m i c a l  and navigat iona l  equ ip­
ment.8 

The fact of a 3 rd century B.C.  voyage 
across the Pacific, then, is entirely possi­
b le .  What bogg les the m i nd, however, 
as poi nted out  by phys ica l  econo m i st 
Lyndon LaRouche,  i n  a speech at a 
Sch i l ler Institute conference in Germany 
i n  Novem ber, is the fact that a n other  
science-directed transoceanic voyage to 
the Amer icas d i d  not take p l ace u nt i l  
Colum bus's 1 492 voyage-l , 7 2 3  years 
later. In other words, there was no c ivi­
l izat ion capable of making that k ind of 
exped ition, between 232  B.C.  and 1 492.  

More articles on this and related top­
ics are planned for future issues. 

Notes--------------------------

1 ,  A short biography and bibliography of Fell, who 
died in 1 994, can be found on the web page of 
the Royal SOCiety of New Zealand: 
http://www.rsnz.govt.nzlhome.html. 

2. The voyage of Maui and Rata was brought to 
our attention in October 1 998 by John Chap­
pell, director of the Natural Philosophy Alliance, 
who attended some of Fell's talks at Harvard in 
1 975. 

3. For more information, contact the Epigraphic 
Society, Donal B. Buchanan, Secretary, 821 6 
Labbe Lane, Vienna, Virginia 221 82-5244 or e­
mail donalb@aol.com. 

4. The inscriptions appear in J.  Roder's Felsbilder 
u. vorgeschichte d. McCluer-Golfes West­
Neuguinea Ergebnisse d. Frobenius-Expedition 
1937- 1938, published by the Frobenius Insti­
tute in 1959 (Frankfurt). 

5. An illustration of the Eratosthenes proof can be 
found on page 51 of this issue. Articles on Er­
atosthenes, the inscriptions from the Caves of 
the Navigators, and the importance of the voy­
age appear in Executive Intelligence Review, 
Nov. 20, 1 998. 

6. Dr. George F. Carter reviews the documenta­
tion, especially the 1 952 work of Heinrich Quir­
ing, in "Egyptian Gold Seekers and Exploration 
in the Pacific," The Epigraphic Society Occa­
sional Publications, Vol. 2, No. 27, Feb. 1 975. 

7. There is a descrepancy between Fel l 's ren­
dering and the Stolp Copy. In the fifth text 
line, where Fell shows 4 number marks, com­
pared to the 6 number marks found at the end 
of the 5th line in the Stolp copy (See p. 66). If 
it is 6,000 mi les,  it would have a l lowed the 
flotilla to travel northward about 1 ,000 miles, 
before turning south, down the coast of South 
America, in search of an eastward passage. 

8, A future article in 21st Centu/}' will examine the 
astronomical devices recorded by Maui, and his 
writings on the constellations in the southern 
sky. 
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I nd ian I nscriptions from the 
Cord i l leras i n  Chi le  
Found by Kar l  Sto lp  

EDITOR'S NOTE 
This is an account by German-Chilean 

engineer Karl Stolp of how he found the 
cave inscription in Chile in 1 885, which 
was deciphered by Barry Fell, nearly a 
century later. Stolp's story, which he pre­
sented to the German Scientific Associa­
tion in Santiago, Chile, on A ug. 22, 
1 888, appears in the German-language 

journal, Verhand lu ngen des Deutschen­
wissenschaftl ichen Vere ins zu Santiago 
de Chi le, Vol. 2, 1 889- 1 893, pp. 35-37, 
published in Valparaiso. 

Geographer George F. Carter came 
across the inscription at the Johns Hop­
kins University L ibrary in the 1 950s, and 
sent it to Fell in the early 1 970s, after 
learning of Fell's work with similar in­
scriptions. 

The German text was provided by the 
Special Collections section of the Milton 
S. Eisenhower L ibrary, Johns Hopkins 
University, and was translated by Geof­
frey Steinherz. 

* * * 

As I was crossing the Cajon mountain 
range in 1 88 5 ,  I was forced by a 

su dden snowstorm, to seek shelter be­
tween the c l iffs of a ravine. Leaving our 
horses beh ind in the val ley, I looked for 
refuge with my people i n  a cave at the 
southern slope of the ravine.  Located at 
2,000 feet above the val l ey, the cave is  
very d iffi c u lt to reach and i s  therefore 
seldom visited by the natives, and espe­
c ia l ly  avoided by them because secret 
signs and spi rits were said to be present 
there. That was mai ntained by the shep­
herds who l ived in the vici n ity. 

The adverse weather,  h owever, 
forced me i n  sp ite of the bad location, 
signs, and spi rits to seek it out. As I have 
said, it was very inaccessi ble, with steep 
cl iffs d i sappearing beneath it and sheer 
c l iffs r i s i n g  above.  The cave stayed 
complete l y  d ry in a l l  weather, as the  
deep d u st i n d icated .  U n u s u a l  s igns  
wh ich  immed iately aroused the  cu rios­
ity of a vis itor were d isplayed on several 
smooth cave wa l ls .  But, not only on the 

o 0 0 /\ � /� 0 Q -±. -t +  
x -r + + � �  

o 

+ + x ...J.. 

Q n O U l 
� /  

+ ---=- / I N .j..- / I  / 1 1 /  

SANTIAGO CAVE INSCRIPTION COPIED IN 1 885 BY KARL STOLP 

wa l l s,  but a lso on the face of the c l i ff 
above, there were many s i g n s  to be 
seen. 

It is  i ncomprehens ib le how the signs 
outs ide  the cave cou Id have been 
pai nted, because they were located at a 
p l ace where even w i th a l adder  one 
cou ld  not  reach them, beca use they 
were above a cI iff, and  from above they 
were even more inaccessib le.  The on ly  
possibi l ity was that at that time, beneath 
the pai nted cl iffs, there were other c l iffs 
from which one cou ld have pai nted the 
s igns, which had s i nce then broken off 
and plu nged into the rav ine. 

As has been mentioned, the cave was 
fi l led with dry dust, which on the aver­
age was 1 foot deep. I had the cave ex­
ami ned more closely and removed the 
dust, and fou nd at the bottom seven hu­
man skeletons .  F i ve of the  sku l l s  ap­
pea red to be men, and two wome n .  I 
gave the best specimen to Dr. Ph i l l ips for 
the local national museu m. Some of the 

skeletons were so brittle, they fel l  apart 
in my hands. 

The facial  angle of the sku l ls was, on 
the average, 75 percent and the th ick­
n ess of the roof of the sku l l ,  forehead, 
and pari eta l bone was 1 cent i m eter. 
Next to the skeletons were crudely wo­
ven fabrics of bast, not wool, and some 
shel l  jewelry. 

The u nusual signs which covered the 
stones and wal l s  of the cave were exe­
cuted i n  red, b l ack, and wh i te colors .  
The chem ical analysis revealed that the 
red, as well as the black color, was com­
posed of red, i ron-r ich  c l ay, and the 
wh ite was made of kaol i n  or ash. 

The q uestion arose, /I Are these signs of 
I nd i an orig in  or not? At first glance one 
would thi n k  that the signs came from the 
land of the pyramids, and someone had 
amused h i mself by decorating the walls 
of the cave with them. But fo r w hat? 
And, on top of that, [why] in such i nac-

Continued on page 71 
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A Formal ist Look at a 
Fascinating Paradox 
by Bruce D i rector 

An Imaginary Tale: The Story of q 
Paul Nahin 
Princeton: Princeton University Press, 1 998 
Hardcover, 257 pages, $24.95 

Th e  paradoxes associ ated wi th  the  
concept of  the sq u a re root of - 1  

have spu rred some of the greatest m i nds 
in  h i story to i n vestigate the u nder lyi ng 
h ypothes i s  of space.  U nfo rtu n ate ly,  
Prof. Pa u l  N a h i n  h a s  m i ssed that e n ­
t i rely.  A s  an e lectr ical  engi n eer with a 
background i n  popu lar science and sci­
ence fict ion, N a h i n  i s  perhaps b l i nded 
to these more fu nda mental  i n vest iga-

• - 1  

. -
FT 

-. 0 , 

,r-r-

t ions.  Conseq uently, h i s  book presents 
th i s  i mportant and fasc i nati ng su bject, 
from the  sta n d po i n t of genera l l y  ac­
cepted formal ist dogmas. 

To be fair, a d iscussion of the deeper 
m ea n i ng of ·r=-r is not easy.  Car l  
F r iedr ich  Gauss, who more than any­
one else developed the concept, wrote 
to h i s  friend Hansen on Dec. 1 1 , 1 82 5 :  

"These investigations lead deeply into 
many others, I wou ld even say, i nto the 
Metaphysics of the theory of space, and 
on ly  with great d iffi culty can I tear my­
se lf  away from the resu I ts that spri ng 
from it, as, for example, the true meta-

physics of negative and com­
plex numbers. The true sense 
of the square root of - 1 stands 
before my m i nd [ Seele] fu l l y  
a l ive, but i t  becomes very d if­
fi c u lt to put it i n  word s;  I am 
a l ways o n l y  ab le  to g i ve a 
vague i mage that floats i n  the 
ai r." 

To com m u n i cate t h i s  
"vague pi cture" a s  Gauss de­
scri bes it, sc ient ists m ust be 
p repared to abandon mathe­
m at i c a l  fo rm a l i sm,  a n d  ac­
cept what economist Lyndon 
L a R o u c h e  h as l o n g  put fo r­
ward : that " Poetry m u st su­
persede mathematics in  sc i -

DEMYSTIFYING IMAGINARY N UMBERS 
To make the so-called imaginary numbers 
real, Carl Gauss suggests that the reader 
draw a grid and construct a spatial depic­
tion of the imaginary numbers. He shows 
that FT is the mean proportional between 
+ 1 and FT. A mean proportional is a val­
ue x between two numbers a and b such 
that a ;s to x as x ;s to b. This can be ex­
pressed algebraically as x = --Jali. Gauss 
would have named the numbers direct, in­
verse, and lateral. 

ence." 
In fact, the square root of 

- 1  and Gauss's notion of the 
complex domain, is  prec isely 
that sort of meta p h o r  that 
LaRouche has ins isted upon.  
Most important, Gauss saw in  
h i s  con cept i o n  of complex  
n u m be rs, a d i rect refutat ion 
of Kant a n d  E u l e r, whose 
wrong-headed ins istence that 
the nature of space can be de­
term i ned from formal mathe-

m at ics, cont in ues to hamper sci entific 
progress to this day. 

Unfortunate Formalism 
Professor N a h i n  is  an u nfortunate ex­

ample of th i s  problem.  Attracted to the 
paradox ica l  n ature of ..f=T , he never­
the less avoids the metaphys ica l  ques­
tions, re ly ing on the forma l ism of E u l er 
a n d  C a u c h y .  H e  p resents the  s i g n i f i ­
cance o f  FT i n  terms o f  t h e  appl icabi l ­
i ty to p h y s i c a l  prob lems of cert a i n  
m athematical  fu nctions,  a n d  the a l ge­
braic uses of this q uantity, instead of its 
m o re p rofo u n d  i m p l i c at i o n s .  Co nse­
quently, the real appl ication of complex 
magn i tudes  i s  n ever  presented to the 
reader. 

Perh a p s  the  most e l oq u e n t  d i sc u s­
s ion  of t h i s  s u bj ect comes from G auss 
h i mse l f, in h i s  second treat ise on b i ­
quadrat ic res i d u es, w h i c h  receives n o  
mention i n  Nah in 's  book. There, G auss 
states :  " T h e  d i ff i c u l ty ,  o n e  has be­
l i eved,  t h a t  s u rrou n d s  the theory of  
i m a g i n ary  m a g n i t u d e s ,  i s  based i n  
l a rg e  p a rt o n  t h a t  not s o  appro p r i ate 
designation ( i t  has even h ad the d i scor­
dant  n a m e  i m poss i b l e  magn itude i m ­
posed o n  it) .  H ad one started from the 
i d ea to present a m a n i fo l d  of two d i ­
mensions (which presents the concep­
tion of space w i th g reater c l a rity), the 
pos it ive magn itudes wou l d  h ave been 
cal led d i rect, the negative i n verse, and 
the i m ag i n a ry l atera l ,  so there wo u l d  
b e  s i m p l i c i ty i n stead of  confu s i o n ,  
c larity instead of darkness. "  

This book o n l y  contributes to the con­
fusion, when c larity is so dearly needed . 
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A Vivid, but Narrow View of a 
War-winn ing Technology 
by J. c. Sm ith, J r. 

Monitor: The Story of the Legendary 
Civil War Ironclad and the Man Whose 
I nvention Changed the Course of History 
James Tertius deKay 
New York: Walker and Company, 1 997 
Hardcover, 247 pages, $21 .00 

Th is book provides a grippi ng, exc it­
ing accou nt of the epic Civi l War bat­

t le  between the Confederate Virginia 
(formerly the Merrimac) and the U n ion 
Monitor, in  Hampton Roads, Virgi nia, in 
March 1 862.  So vivid is the writing, that 
I fi n i shed the book with mental i mages 
as c l ear as if it had been a te lev is ion  
min i-series. 

And that's the problem with the book. 
As the author states, " [TJ h is retel l i ng  of 
the Monitor's story is designed as popular 
history . . . .  " But there are many thi ngs 
about the creation of the two i ronclads 
and the broader circumstances of the bat­
tle that the author cou ld have striven to 
make popular knowledge, instead of sim­
ply writing another "best seller." 

Above all, the creation of the ironclad 
Monitor, and the development of Moni­
tor's designer, John Ericsson, were a vital 
part of a broader project not only to save 
the U n ion, but to destroy, once and for 
al l ,  the power of the British Empire, then 
making its th i rd attempt to destroy the 
U n i on,  by bac k i n g  the Confederacy.  
There is none of this larger pictu re, how­
ever, in the deKay book. 

The Battle 
The battle between the two i ronclads, 

occurred on March 9, 1 862. Virginia had 
entered Hampton Roads one and a half 
days before Monitor. With in two hours of 
its arr ival ,  Virginia attacked, rammed, 
and sank, the steam frigate Cumberland, 
whose armament incl uded 22 80-pound 
cannons. One hundred and twenty-two 
men were kil led . One hour later, Virginia 
destroyed the Congress, virtual ly  shred­
d i ng her with rifled cannon fi re, and 
k i l l ing 1 3 6 of the  crew of  434, including 
the capta i n .  N i ghtfa l l  stopped the de­
struction of the steam frigate Minnesota. 

In that one day, CSS Virginia had be­
g u n  to break the U n i o n  b lockade, re-

vers ing  the strategic bala nce between 
North and South. 

Members of L i n col n ' s  Cabi n et pan­
icked. Some cal med down a l i ttle when 
informed that the 24-foot draft of the CSS 
Virginia would prevent it from reach i ng 
Was h i ngton, D . C .  Monitor arr ived i n  
Hampton Roads o n  March 8 ,  1 862, and 
its commanding officer prepared to de­
fend the Minnesota the next morning. 

Virginia and Monitor fought a ferocious 
battle for more than three hou rs, some­
times at point-blank range. Virginia had 
run agrou nd once during the battle, and 
l ikely would have had her armor pierced 
by Monitor's, gu ns, had she been us ing 
fu l l  gunpowder charges in her guns, in ­
stead of the half-charge sti pulated by  the 
Navy. (Th is decision occu rred because 
d u ring  test i ng, a gun had bu rst, w h i c h  
was falsely blamed o n  Ericsson.) 

For  d i fferent reaso ns, both s h i ps 
sheared off, and never e ngaged each 
other agai n .  Monitor had re-closed the 
Un ion blockade. 

Ericsson's Ironclad 
The USS Monitor had been designed 

and built, from the keel up, as an ironclad 
warship .  Her designer was the i nventor 
and engineer Capt. John Ericsson, born in 
Sweden in 1 803 .  In 1 83 7, Er icsson had 
tried to se l l  the B rit ish Ad m i ra lty a 
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steamship that was powered by his inven­
tion, the prope l ler, and cou ld exceed 1 0  
knots, a record at that t ime. The Ad m i ­
ralty rejected h is design, cal l i ng it " . . .  
useless i n  p ractice because, the power 
being applied at the stern, it would be ab­
so lute l y  i m poss ib le  to make the vessel 
steer." 

This, and the rejection of his  other de­
signs for an advanced steam locomotive 
and other i nventions, fi na l ly  convi nced 
Ericsson to venture to America, where he 
was recruited by the U . S .  Navy to bu i ld  
h i s  design for a "sub-aq uatic system of 
naval warfare." The u ltimate design con­
s i sted of a h u l l ,  con structed of oaken 
beams and covered with i ron plate, and 
an iron-cladded deck. Her hu l l  was mod­
estly sized, 1 24 feet long, with a draught 
of 6-1 /2 feet. The deck was 1 72 feet long, 
and 41 feet wide, enough to protect the 
propel ler and the sides of the hu l l .  

I n  the  center of  the  deck, Ericsson de­
signed a revolving turret, mounting two 
1 2- inch Dah lgren gu ns, which was 20 
feet in d iameter, 9 feet h igh, and bu i l t  of 
9 layers of 1 - i nch i ron plate and armor. 
Its propel ler wou ld  move her at 6 knots. 
It was begu n on Oct. 25, 1 86 1 , and de­
l ivered to the Navy on March 3, 1 862, a 
l ittle more than 1 20 days after the laying 
of her keel .  

The Rebuilt Merrimac 
The CSS Virginia had been b u i l t by 

p lac ing  an armored deck and c i tade l ,  
with openi ngs for naval guns, u pon the 
h u l l  of the captu red USS Merrimac, a 
steam frigate salvaged by the Confeder­
ates after Un ion naval forces had unsuc­
cessfu l ly  prevented its capture, and had 
attempted to b u rn it. The Confederate 
Secretary of the Navy, Benjamin Mallory, 
had been Chairman of the Naval Affai rs 
Committee while sti l l  a U .S .  Senator, and 
was qu ite fam i l i ar with the work of the 
French and B rit ish to begi n  developing 
such i ro n c l ad s .  H e  repeate d l y  de­
manded, and fi n a l l y  succeeded i n  ob­
tain ing, orders to build the first Confeder­
ate ironclad, wh ich he intended to use to 
lay waste Un ion shipping and ports. 
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A 1 9th century engraving of the battle between Monitor and Merrimac. 

Reconstruction of Virginia began o n  
Ju ly  1 2, 1 861 . The i ron for h e r  cladd ing 
was difficult for the Confederates to pro­
duce, and consisted largely  of recyc led 
rai l road ra i l s .  The o n l y  m i l l  that cou l d  
produce armor plate, i n  Richmond, had 
to mod ify its rol lers to make the neces­
sary 2-inch armor plate. 

Her guns consisted of some of the 54 
new D a h l g ren g u n s  (ca ptu red at N o r­
folk), the h ighest technology naval guns 
ava i l able a nywhere. Design and con­
struction d iffi c u lt ies p revented h e r  
launch a n d  engagement u nt i l  March 8,  
1 86 1 . Virginia could only turn its  g u ns 
by changing the head of the ship.  Moni­
tors turret, in contrast, a l lowed a i m i ng 
and concentrating the fire of 2 Dahlgren 
guns. Monitors m ac h i nery and l i v i n g 
spaces were a l l  be low the water l i ne ;  
hence, E ri csson's  term, a "sub-aquatic 
system of naval warfare." 

What's Missing 
Now, for what's missing from deKay's 

account: 
It would be of interest to know, for ex­

ample, w h o  taught  you n g  E r i csso n ,  
while h is father was a n  engi neer on the 
Swedish G6ta Canal. At the ti me, Lazare 
Carnot had j u st revol ution ized warfare 
i n  Fra nce, a n d  h ad c reated the Eco le  
Poly technique to  tra in  scientists and en­
gineers. Were any of  Ericsson's teachers 
from the Ecole? What method of th i n k­
ing did they introduce to Ericsson ?  

T h e  w o r k  o f  Carnot, a n d  o f  Carl 
Fr iedr ich  G a uss,  was the bas is  fo r 
Alexander Dal las Bache's project, to es­
tablish the U .S.  Naval Academy. Bache's 
idea was to create a cadre of American 
scientific naval officers, to both develop 
the U n ion and to export the American 

Revol ution to Eu rope-by making it pos­
sible to defeat the British Navy. 

Bac he, a grandson of Benjam i n  
Frankl i n, was a n  engi neer and West Point 
graduate, who organ ized a series of pro­
j ects d u ri ng the 1 8 30s and 1 840s, de­
s ig ned to make the U n ited States the 
hegemonic global power, capable of de­
feat ing  the Br i t ish .  One of h i s  projects 
was to re-create, at the Girard School for 
Orphans in Phi ladelphia, Carl Fried rich 
G a u ss's  experiment to measu re the 
Earth's magnetic field. 

Two other men directly involved in the 
G i ra rd project were Charles H .  Davis, 
and Commodore Bidd le, both members 
of the Naval  Board that u lt i mately ap­
proved Ericsson's Monitor design. 

J ust th is  br i ef look at the repu b l ican 
network that shaped early u.s.  naval his­
tory makes it clear why it is important to 
know something about Ericsson's educa­
tion. 

Ocean-going Monitors 
On a nother matter, the author cou l d  

h ave hel ped the reader, b y  explori ng a 
l i ttle the development, and planned de­
p l oyme nt, of fo l low-on designs for 
ocean-go ing  mon itors . Did Li nco l n  i n ­
ten d  t o  b l ockade t h e  B r i t ish after the 
Civi l  War, and pun ish them for thei r role 
in attempting to permanently destroy the 
U n i o n ?  Ocea n-go i n g  mon itors wou l d  
have proven the perfect platform for such 
an operation. 

After the report of the battle between 
the Monitor and the Virginia, the British 
Admiralty cancelled all wooden warship 
requisitions, and began to bui ld armored 
monito rs as fast as its l i m ited i nd ustria l  
capacity cou ld bui ld them. America had, 
by the end of the Civil War, a vast indus-

tri a l  capacity. The nation h ad begun to 
b u i l d  a fleet of ocean-go i ng mon itors, 
adequ ate-were they to h ave been so 
deployed-to engage the B ritish fleet. If 
L i nco l n  h ad had such a p l a n ,  i t  cou l d  
have succeeded. 

What actual ly  happened to U .S.  strate­
gic p lann ing after the Civi l  War? I mme­
diately after L i ncol n's death, in 1 865, the 
N a vy's  tonn age stood at more t h a n  
500,000 pounds: 7 0 0  ships, 5,000 guns, 
and 59,000 officers and men.  By 1 870, 
tonnage had been reduced to 200 ships, 
200,000 pounds ,  a n d  1 , 300 g u ns,  i n ­
c lud ing 500 obsolete can non . By 1 880, 
the N avy's ton n age had been red u ced 
fu rther, from 200,000 tons in 1 870, to 
1 47,000. 

In 1 880, the u.s. Navy spent $500,000 
to reb u i l d  a wooden warsh ip,  Omega, 
whi le  Br ita i n  had 3 7  i ro n  battlesh ips. I n  
the 1 880s, Secretary o f  t h e  N avy Tracy 
ordered the bui lding of armored cru isers, 
uti l iz ing a breakthrough tech nology in ar­
mor p l at i ng,  but the U .S .  Navy d i d  not 
become powe rfu l enough to defeat a n  
E m p i re u nt i l  W o r l d  War I I , a l most 60 
years later. 

Perhaps a l l  this is not with in the scope 
of d e Kay's l i tt l e  book.  B u t  the p u b l i c  
wou ld have been wel l  served at least to 
have been able to catch a g l immer of the 
scope of the republ ican project. The fu l l  
story o f  the Monitor, a n d  deKay's engag­
i ng writing style, cou ld have helped pro­
vide that i nsight. 
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I ri sh Women's Contributions to Science 
by Marsha Freeman 

Whatever Shines Should B e  Observed 
Susan M.P. McKenna-Lawlor 
Dublin: Samton Limited, 1 998 
Hardcover, 1 36 pages, $1 7.00 

Th i s  wonderfu l book, w hose t i t le  is 
taken from the motto of the 1 9th cen­

tury astronomer Wi l l iam Herschel (quic­
quid nited notandum), is about the con­
tri butions of five women during the last 
ce ntury.  I t  was w ri tten by an I r i s h  
woman w h o  herself h a s  made su bstan­
tial contributions to science, Susan M.P. 
McKenna-Lawlor. Four of the women in 
the book were I r ish,  and the fifth ma r­
ried into an Irish fami ly. 

a bout to d i scover with the 
use of a microscope. 

Before the age of 1 0 , 
Ward was a l so look ing  to­
ward the heavens, m a k i n g  
o bservat ions  i n  1 8 3 5  of 
Hal ley's Comet, which, the 
a uthor  states, "fi l l ed h e r  
with  wonder ."  I n  1 8 5 9 ,  
Ward publ ished a companion, o f  sorts, 
to her book on microscopes, titled Tele­
scope Teachings. I n  t h i s  vo l u m e  she 
covers the  essent ia ls  of  the telescope, 
a n d  such s u bj ects as how to v i ew 
sun spots, accompan ied with d rawi ngs 
from her own observations. She also re­
prod uces a stu n n i ng series of observa­
t i o n s  she made of Donat i ' s  comet i n  
1 858 in her drawings and d iary. 

The other women whose sto ries a re 
to ld in th is book are Mary, Countess of 
Rosse (1 81 3-1 885), who made contribu­
tions to photography; E l len Mary Clerke 
( 1 840-1 906), a poet and writer on l iter­
ary and scientific subjects; and Margaret 
H ug g i n s  ( 1 848-1 9 1 5 ) ,  who,  wi th  her  

h usband, Wi l l iam Huggins, 
made major contributions to 
astrophysics. 

It is not surprising that Su­
san McKenna- Lawlor wou ld  
be the  author of  such an un­
usual book, or have such an 
i nterest and affection for the 
women whose l i ves and ac­

com p l i s h ments she  c h ro n ic les .  She is 
cu rrently a professor i n  the Department 
of Experi mental Physics at the National 
U n i versity of I re l a n d, a nd fo u n der of 
Space Tec h no l ogy Company, Ltd . She 
participated i n  the American Skylab and 
Solar Maximum Mission programs, was 
the Principal Investigator for the first Irish 
experiment flown by the European Space 
Agency, and she is fl ying and preparing 
experiments for scientific sate l l ites. 

Rest ing on her combination of contri­
butions to so lar  and p lanetary science, 
and work in the h i story of science, Su­
san M.P. McKenny-Lawlor has made her 
book as del  ightfu I as the women she is 
describ ing.  

The women Mc Ken n a- Lawlor  de­
scribes plowed new ground by i ntruding 
i nto the man's world of the physical sci­
ences at a time when girls were not even 
afforded an education in such su bjects. 
One, Agnes Mary Cl erke ( 1 842- 1 907),  
became only the th i rd woman to h ave 
had bestowed upon her honorary mem­
bership in the Royal Astronomical Soci­
ety. Their i nterests ranged from the mi­
croscopic to the astronomica l ,  and i n  
the part icu l a r  exa m p l e  o f  M a ry Ward 
( 1 82 7-1 869), her accom pl ish ments lay 
in both fields. 

The Art of Exploration 
Microscopic to Astronomical 

F rom the t ime she was a c h i l d, Mary 
Ward used a magn ify i n g  g l ass to d i s­
cover the sec rets of the i n sect worl d ,  
a n d  i n  1 8 5 7, s h e  p u b l i s hed a l i ght­
hearted book with her sister titled, Ento­
mology in Sport, Entomology in Earnest, 
in order to catch "u nwary youth" i n  the 
"meshes of science whi le  seeking  on ly  
amusement." 

In 1 8 64,  in h e r  book Microscope 
Teachings, Ward u ndertook not on ly  to 
share what she had observed u nder the 
microscope, but to i nstruct the reader i n  
everyt h i n g fro m h o w  t o  buy a m i c ro­
scope and which k i n d  is best su i ted to 
each pu rpose, to how to best i l l u m inate 
various specimens, and even how to ob­
serve l ive tadpoles. 

Ward's  deta i l ed a n d  met i c u l o u s  
d ra w i n g s  o f  w h at she  h a d  obse rved 
about the structure and organ ization of 
l ife are i ntended to prepare the novice 
fo r the wonderfu I world he or she was 

NASA & the Exploration of Space 
Roger Launius and Bertram Ulrich 
New York: Stewart, Tabori & Chang, 1 998 
Hardcover, 224 pages, $60.00 

Many h i stories of NASA have been 
publ ished over the years, but th is  

work, produced to celebrate the 40th an­
n iversary of the space agency in Octo­
ber, is the fi rst that is ded icated to the 
fruits of the 30-year NASA Art Program. 

A l though there i s  g reat beauty a n d  
d rama i n  depict ing the h a rdware o f  
space exploration, espec i a l l y  lau nc hes 
of the magn ificent Space Shuttle, and the 
enormous Saturn V rocket that took men 
to the Moon, what I fou nd most engag­
ing in the painti ngs and drawings in th is  
book, were those that portrayed the peo­
ple of space exploration. 

Over the decades of space activit ies, 
there have probably been thousands of 
photographs taken of astronauts, mission 
control personnel, and other NASA em-
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p l oyees. B u t  
most pho­
tographs can 
captu re o n l y  
one moment 
in a l ife, whi le 
a painting can 
crystal l  ize the 
ent i re h i sto ry 
and personal­
i ty of a subject. There a re severa l such 
pai nti ngs presented i n  this work that pro­
vide a n  i ns ight  i nto who these peop le 
are, that have taken mankind i nto space. 

In his introduction to the book, former 
Senator and recent astronaut John G lenn 
states that "our legacy will be marked by 
not o n l y  the many tangi ble benefits of 
the space program, but by our abi l ity to 
insti l l  that q uest ing nature of the Ameri­
can spirit in generations to come." 

This book makes an important contri­
bution to that legacy. 

-Marsha Freeman 
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Prospects for Interstellar Travel, By 
J. H. Mauldin, 1 992, 390p, Hard Cover 
$50. 

The book reviews most of the seri­
ous published literature on interstellar 
travel and is a source book for profes­
sional and amateur scientists and engi­
neers, educators and students seeking to 
study a problem that integrates many 
fields. The book also advances the litera­
ture with new ideas and findings and pro­
vides novel tools for understanding the 
scope of the problem. Extensive bibliog­
raphy. Index. 

Working in Orbit and Beyond: The 
Challenges for Space Medicine, Ed., 
D. B. Lorr, V. Garshnek, C. Cadoux, 1 989, 
1 88p, Hard Cover $22.50, Soft Cover 
$1 7.50 

Topics covered are: the differences 
in normal physiology and adaptation to 
zero gravity, the special hazards of life 
and work in space, their countermea­
sures, and future challenges in space 
medicine. 

BOOKS ON MARS 
These volumes provide a blueprint 

for manned missions to Mars and a 
continued presence on the planet's 
surface, including what technology is 
required, and what kinds of precursor 
missions and experiments are required. 

The Case for Mars I I I ,  Strategies for 
Exploration, Consists of two volumes. 
Ed., C. Stoker, 1 989 

Part I ,  General Interest and Over­
view, 744p, Hard Cover $37.50; Soft 
Cover $27.50. 

Part II, Technical, 646p, Hard Cover 
$35; Soft Cover $25. 

The Case for Mars II, Ed. ,  C. P. McKay, 
1 985, Second Printing 1 988, 730p, Hard 
Cover $30; Soft Cover $20 

The Case for Mars I, Ed. ,  P. J. Boston, 
1 984, Second Printing 1 987, 348p, Hard 
Cover $45 

The NASA Mars Conference, Ed. D. B. 
Reiber, 1 988, 554p, Hard Cover $25; Soft 
Cover $15.  
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cess i b l e  p l aces ? Why wo u l d  the art i st 
want  to pa i n t  h i s  s i g n s  on s u c h  neck­
breaking p laces, which one cou l d  o n l y  
reach today wi th  spec i a l  scaffo l d i ng ?  
The place is  s o  inaccessib le that I cou ld 
not find a p l ace to posit ion my camera. 
The signs cou ld on ly  have been pai nted 
from a posit ion o n  f irm g ro u n d _  There 
must h ave been fi rm ground i n  front of 
the cl iff face when the signs were made, 
and t h i s  f i rm g ro u n d  m u st have l ater 
p l u n ged i nto the abyss many h u n d reds 
of yea rs ago, because g ro w i n g  i n  the 
ravine were many massive cypresses and 
soap trees ( Quillaja saponaria) of ad­
vanced age, w h i c h  had been c l ear ly  
damaged or destroyed by landsl ides. 

T h e  s k e l etons  a l o n g  w i t h  t h e  s h e l l  
jewelry and weav i ng al lowed one to as­
sume that the skeletons were very o ld ,  
at l east h u n d reds of years  o l d ,  F ro m  
their construction,  the sku l l s  cou ld only 
have belonged to very i nte l l i gent race 
of men, p robab l y  the forefathers of our  
Araucaner (Ch i l e and west Argent ina) .  
The s k u l l s  a n d  many other  bones 
showed s igns of  healed wounds_  F rom 
their  appearance, the s igns were made 
with fingers from color or m i nera ls  that 
came from another locat ion,  and u sed 
here. 

In my opin ion, in view of the location 
and t h e  co n d i t i o ns in w h i c h  I fou nd 
these s igns,  these s igns  were of I n d i a n  
o r i g i n ,  a l t h o u g h  the i r  u n u s u a l  form 
cal led to m i nd the old Egyptians rather 
than the Araucaner. 

The cave itself was cal led by the peo­
ple "Ia casa pi ntada," or pai nted house_ 

Yet other s igns,  w h i c h  do not resem­
ble these described, are to be found on a 
sto n e  i n  t h e  v i c i n i ty of A n tofogasta , 
These d rawings appear at fi rst glance to 
be of I n d ian  ori g i n ,  as the successfu l l y 
executed photographs of Mr. F _ San Ro­
man, d i rector of the local geograph ical 
and geological section, ind icate. J udging 
from the H u an aco d rawi ngs, i t  can be 
determ i ned that in former t i mes, when 
the large d rawings were made, the stone 
stood u p r i ght,  a n d  t h at l ater o n ,  the 
g ro u n d  beneath i t  was eroded a n d  i t  
t ipped over, at  which point  many d rafts­
men i n  l ater periods cont inued decorat­
i ng it with d rawings. 
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SPACE 

I nternational Station Opens New E ra 
I n Space Exploration 
by Marsha Freeman 

T
he successfu l launch on Nov. 20 of 
the Russian-bu i lt Zarya ("Sunrise") 
spacec raft opened the era of per­

manent man ned presence in space. The 
four-year process of assem b l i n g. the I n ­
tern at ional  Space Stat ion began a few 
days later, with the Dec. 4 launch of the 
Space Shuttle Endeavour, which del iv­
ered the second station element, cal led 
U n ity. 

When completed in 2004, the Interna­
tional Space Station ( ISS), w i l l  be larger 
than  a footb a l l  f ie ld ,  a n d  w i l l  we igh 
more than 1 m i l l ion pounds. The ISS  wi l l  
be made up of  more than 1 00 parts, de­
l ivered to Earth orbit  v ia  more than 45 
lau nches, and con nected together d u r­
ing more than 850 hours of spacewa l ks 
by astronauts. 

ISS wi l l  provide world-class laboratory 
fac i l i t ies fo r sc ient i sts and eng i neers 
working in many d iscipl i nes, from many 
nations in  the worl d .  The development 
and fabrication of the hardware itself is  
a lready push ing forward the state-of-the­
art in materials, robotics, energy produc­
tion, and other technologies. 

On board the station, research wi l l  be 
conducted to exam ine the effects of mi­
crogravity on l iving systems; to develop 
new materials;  to take advantage of the 
weightless env i ron ment in the study of 
many phenomena such as c rysta I 
growth, combustion, tissue growth; and 
to lay the basi s  for l ife i n  space and on 
other p l a n ets, such as the  Moon and 
Mars. 

It is  as impossible to produce a I ist of 
accompl i sh ments expected from re­
search aboard the I nternat ional  Space 
Station, as it would be to determ ine what 
breakthroughs in sc ience w i l l  be forth­
coming when a new research laboratory 
is opened in any city on Earth. But we do 
know that th is  u n ique environment can 
be used to conduct research to help us 
l ive better on Earth, and to learn how to 

l ive and work in  space, as a prerequ isite 
to going further out into the Solar System. 

A Dream of Mankind 
From the earl iest days of space experi­

mentation, the expectation existed that 
man would learn how to l ive in  space. I n  
t h e  1 92 0s, space p i oneer H e rm a n n  
Oberth, who grew u p  i n  a town i n  Ro­
mania where the only connection to the 
outside world was a rai l road, described 
the constru ction of a "station" in o rbit, 
and the many uses for such a future fa­
ci l ity. U nti l  1 971 , cosmonauts and astro­
nauts could ride a rocket into orbit, or to 
the Moon, but  they d i d  n ot h ave a 
"home" in space. In that year, the Soviet 
U n ion lau nched its fi rst Salyut space sta­
tion, which was a very smal l ,  temporary 
faci l ity; the Soviets fol lowed Salyut with 
six more stations through the mid-1 980s. 

In  1 986, the Soviets lau nched the core 
of the new, mod u lar M i r  space station, 
which eventual ly became the anchor for 
five laboratories in Earth orbit. For nearly 
1 2  years in orbit, far beyond its rated 5-
year l ifet i me, Mir  has done a yeoman's 
job as a platform for research and inter­
nat ional  cooperation .  ISS w i l l  rep l ace 
Mir with a faci l ity four times as large, in­
corporat i n g  tech no logy of the 1 9 90s, 
and the benefit of part i c i pation by the 
only other spacefaring nation, and more 
than a dozen other nations, so far. 

The International Space Station poten­
t i a l l y  opens the door to v i rtu a l l y  every 
nation in the world, to part ic ipat ion i n  
th i s  great project. I n  t h e  2 1  s t  century, 
every nat ion shou l d  become spacefar­
ing, and the International Space Station 
provides the fi rst step for many. 

The core participants in  ISS have been 
the U n ited States, the E u ropean S pace 
Agency nations, Japan, Canada, and Rus­
sia. In October 1 997, NASA annou nced 
that Brazi l  would be jo in ing the project, 
as a b i l atera l partner  wi th  the U n i ted 
States . U nder t h i s  arrangement,  the  

72 Wi nter 1 998-1 999 21 st CENTURY 

B raz i l i a n  Space Agency w i l l  provide 
fl ight eq u i pment and science payloads 
for American faci l it ies on the station. In 
exchange, B raz i l  w i l l  h ave access to the 
station's research fac i l i t ies, and a fl ight 
opportunity for a B raz i l ia n  astronaut dur­
i ng the course of the program. 

The government  of U k ra ine an­
nounced Nov. 25,  that it wou ld be join­
i n g the project, conc l u d i ng a n  ag ree­
ment with the Russian government. The 
Ukra i nian Space Agency wi l l  construct a 
scientific mod u le to replace one of two 
laboratories the Russians were to b u i l d  
for ISS,  but  fo r w h i c h  t h e y  do not yet 
have the fu nds. The plan is  to complete 
the $ 1 5 0 m i l l io n  mod u l e  by the year 
2003 or 2004. 

A New Dawn 
The Zarya, or "Sunrise" spacecraft that 

the Russians lau nc hed on Nov. 20 w i l l  
fu nct ion as a con tro l a n d  prop u l s io n  
mod u l e w h i l e t h e  fi rst elements o f  the 
station a re be i ng assem bled.  I t  is  more 
than  41 feet long  a n d  weighs 44,088 
pou n d s .  Zarya's solar  a rrays can pro­
duce an average of 3 k i l owatts of elec­
tric ity. Although it  is  rated for an opera­
tional l i fetime in orbit of 1 5  years, many 
of its functions wi l l  be superseded by fu­
ture Russian station modules. 

The module is designed to perform au­
tomated rendezvous and dock ing ma­
neuvers . When the t h i rd R u s s i a n  el e­
ment, the Service Modu le, is lau nched 
this  summer, it wi l l  be on an u nmanned 
Proton rocket, and the two Russian ele­
ments w i l l  dock without any assistance 
from cosmonauts. 

Zarya's docking ports can accommo­
d ate Russ i a n  Soyuz veh i c l es carry i n g  
crew members t o  the station, a s  wel l as 
u n m ann ed Progress supp ly  s h i ps,  l i ke 
those used to service the Mir. The mod­
ule has 1 6  fuel tanks that can hold more 
than six tons of propel lant. To keep itself 
a n d  the  e a r l y  stat ion  assem b l y  i n  the 
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