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a compass; courtesy of the Vatican Mu
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EDITORIAL 

The Hard Truth 

I n june, 300 anti-environmental ists who 
came to the A l l i ance fo r A m e r i ca 

meeting to plan strategy to defeat ecoter
ror i s m  were treated to a d i fferent  
agenda, inc luding lectures by leaders of 
Earth F i rst!, the National Audubon Soci
ety, and the National Wildl ife Fund. 

Loggers, ranchers,  farmers, m i ners, 
and others had come to the Washington, 
D.C. ,  meeting to fight the Endangered 
Species Act (ESA), but instead an attempt 
was made to organize them to support 
it-with minor reforms. There was noth
ing wrong with the ESA, they were told, 
except the fai lure to properly compen
sate property owners .  Conven i e n t l y  
overlooked was the fact that the ESA i s  
o n e  o f  a n u mber o f  envi ro n menta l i st 
laws that cumulatively wi l l  destroy what 
is left of our productive economy. Fight 
big government, not envi ronmenta l i sts, 
was the message. 

One session on june 1 1  featured the 
heads of the Wash i ngton state Earth 
F i rst ! ,  the National  Audubon Society, 
and the National  Wi ld l ife Federat ion .  
Th is  was an insult to many in  the audi
ence who have been the victims of Earth 
F i rst ! ' s  terrorist activities, wh i le  others 
have been driven out of thei r homes or 
bus i nesses by the p o l i c i es of t h e  
Audubon Society o r  Wildl ife Federation. 
The conference itself was dedicated to 
the memory of G i l  Murray, head of the 
Cal iforn ia Forestry Association, who was 
murdered in  Apri l by an ecoterrorist let
ter bomber. 

It was evident that some conference 
speakers, in particu la r  those from the 
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Competitive Enterpr ise I nstitute (CE I ) ,  
were actively trying to  shift the focus of 
the anti-environmentalist movement. As 
CEI spokesman R.j . Smith stated, "con
servatives a n d  e n v i ronmental i sts can 
work together" around their common in
terests,  s u c h  as  c u t t i n g  government  
waste. 

' Green Scissors' 
The Green Scissors Report, issued in 

january 1 995, exempl ifies how conserv
atives and envi ronmenta l i sts are coming 
together to shut d own America's sci
ence and technology capabi l ity. Put out 
by conservative james Dale Davidson's 
National Taxpayers U n ion, a long with 
Fr iends of the Earth,  and other green 
groups, the Green Scissors Report advo
c ates c u tt i n g  t h e  bu d get by c l os i n g  
down advanced research in  fission and 
fusion energy and major infrastructure 
projects. T h i s  strange convergence of 
the envi ronmental i sts and conservatives 
is exp l icit ly based upon a shared oppo
sition to the constitutional ly sanctioned 
powers of the  federa l  government
powers through which this country be
came the world's foremost industria l  na
tion . 

There is a real danger that ideologues 
pushing the Conservative Revolution can 
succeed in forging an a l l iance with envi
ronmental rad icals on a program of cut
ting back "big government." But at bot
tom, rad ical cuts in the federal budget for 
social welfare show the same contempt 
for the sacredness of human l ife as do 
the pagan assumptions of the Gaia cult 
that put mankind on a par with animals. 
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As can be seen in the Letters column 
in  this issue (p .  4), some readers are d is
turbed when we tell the truth about the 
Conservat ive Revolut ion .  T h i s  i s  be
cause they are u nwill ing to look at the 
premises that l ie beneath the slogans 
with which they agree or d isagree. For 
them it. i s  perfectly acceptable to label 
the greens as fascists-but not F riedrich 
von Hayek. Yet, von Hayek's ph iloso
phy, endorsed by the Conservative Rev-
01 ut ion a n d  expressed i n  the  G reen 
Scissors Report, i s  based on the same 
fundamental premises endorsed by the 
greens. 

The failu re to think through the as
sumptions that underlie the ideologies 
with wh ich they may think they agree 
can turn good people into the dupes of 
individuals who rival Adolf Hitler in bru
tality. This is why operations such as the 
Green Scissors Report and the attempted 
takeover of the  All i ance for Amer ica 
June meeting are so dangerous. 

Academi c Authority vs. Thi nki ng 
Another danger is the susceptibi l ity of 

so many people to be victimized by 
academic authority. A case in  point is 
economist and Nobel Prize winner Ken
neth Arrow, who co-authored a policy 
paper on world population along with 
Cornel l  U n iversity professor David Pi
mentel and others, that appeared in Sci-
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ence magazine April 28. (See p. 34.)  
M a n y  readers who t h i n k  that they 

support family values will be perfectly 
prepared to accept the argument of Ar
row et al. that envi ronmental concerns 
dictate a maximum sustainable popula
tion on Earth, its so-called carrying ca
pacity. 

Pimentel, it should be noted , is on 
record arguing that over the next cen
tury, the world's population must be re
duced to 2 bi llion people and the U .S.  
population reduced to 40 to 1 00 million. 
Such "dramatically reduced U .S .  popu
lation densities would insure ind ividual 
prosperity and quality envi ronment for 
future generations," Pimental says in a 
1 99 1  paper .  Then the U nited States 
could become self-susta in ing on solar 
energy. 

The article in Science is especially 
pernicious because the average u.s. citi
zen still tends to accept academic au
thority. He or she is reduced to a vi rtual 
automaton if the self-styled expert puts a 
mathemat ical form ula on the black
board. 

The vulnerabil ity of the majority of 
people lies in thei r  failure to examine the 
basic assumptions beh ind the ideologies 
that they take for granted. Unless this sit
uation changes, we will not survive as a 
nation .  

Celebrating 
Kepler and 
Riemann 

The Winter 1 995-1 996 issue of 
2 1 st Century will i ntroduce the 
400th a n n i versary of Johan nes 
Kepler's Mysterium Cosmograph
icum with two special articles: a 
review of Kepler's method by Ralf 
S c h a ue r h a m mer ,  a n d  t h e  f i rst 
Engl i sh-language translation of a 
brief philosophical d iary written by 
the 1 9th century German mathe
matician Bernhard Riemann. 

The d i a ry is  a n  excepti o n a l  
statement of t h e  princ iples that 
g u i ded the ser ies of R iemann 's  
d i scover ies  i n  m a t h e m a t i c al 
physics, wh ich, i n  turn, laid the 
foundations for the elaboration, at 
the beginning of this century, of 
Relativity and Quantum Theory, 
and at the end of this century, of 
LaRouche's d i scoveries concern
ing physical economy. 
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Letters 
E DITOR'S NOTE 

We have expanded the letters column 
to include a selection of comments on 
the Special Report in the Summer 1 995 
issue, "A Warning on the 'Wise Use' 
Movement. " Author Anton Chaitkin 's 
reply includes references for further 
reading. 

In Defense of Hayek, 
Speculators, and the 

U.K.'s 'Prosperity' 

To the Editor: 
Concern ing Anton Chaitk in's  a rt ic le 

["A Warn i n g  on the Wise Use Move
ment," Summer 1 995, p. 1 0] :  If Friedrich 
August H ayek was a fascist, Musso l i n i  
w a s  not. Fasc ism w a s  exempl if ied by 
Mussol ini 's  d ictum, "Nothi ng outside the 
State, nothing against the State." Hayek's 
posit ion was the polar  opposite. One 
who very nearly s inglehanded ly fought 
social ism of both the Bolshevik and fas
c i st var ie t ies  for 7 0  years (and  was 
largely responsible for the renaissance of 
classical l ibera l ism) shou ld rest in peace 
free from such calumny. With "friends" 
l i ke Chaitkin, champions of l iberty need 
no enemies. 

For an understanding of methodologi
cal conflict between the Austrian school 
and Historicism (the latter of which was 
the actual source of both the fascist and 
National Soc ia l ist repudiations of eco
nomics per se, see von Mises, Theory 
and History, p .  1 98 et seq . ;  Money, 
Method and the Market Process, p. 289 
et seq . ;  and espec i a l l y The Historical 
Setting of the Austrian School. 

Social ists started label ing the Austrian 
school "fascist" soon after von Mises's 
essay "Economic Calcu lation in the So
c i a l ist  Com monwea lth" conc l u s ively 
demonstrated that the implosion of So
viet central planning was i nevitable-68 
years before the fact. In a futi le attempt 
to evade von Mises's i rrefutable proof of 
the unworkabi l ity of central p lann i ng, 
Oskar Lange cobbled together the oxy-

moron "market socia l ism," the inspira
tion for Lenin's NEP, Mussol in i 's  cor po
rativismo, and Gunnar Myrdal's "Th i rd 
Way." Yet von Mises's analysis l i kewise 
ann i h i lated the pretensions of a l l  these 
contrapt ions,  particu la r ly  fasc i sm,  as 
Hayek trenchantly observed in The Road 
to Serfdom, et al .  

On a related topic, Chaitkin's d ispar
agement of "usury" and "specu lators" 
gives h im someth i ng in common with 
the Italian Fascists and German National 
Social ists. Interest is the opportunity cost 
of renting money ( inc lud i ng i nflation, 
taxes, etc.) .  "Usury" laws, that is, a cei l 
ing on interest, produce the same effects 
as any other rent contro l :  a surplus of de
mand and a shortage of legal supply (for 
example ,  the " homeless  c r i s i s ; "  the  
"credit crunch"), and a lucrative black 
market to meet the surplus demand (for 
example, i l legal "accessory" apartments, 
squatters; in the case of loans, " Ioan
sharks") .  I n  an attempt to evade these 
consequences, Nazi and Fasc ist usury 
laws req u i red a total system of com
mand economy, i nclud ing not just rent 
control but complete wage and pr ice 
controls. 

"Speculators" are, of course, people 
who transfer r i sks from producers to 
themselves, in hopes of rea l izing a profit. 
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Speculators in cattle futures, for example 
( those w i t h o u t  p o l i t i c a l  c l o u t  i n  
Arkansas, anyway), buy i n  anticipation 
that the price wi l l  rise. If they are wrong, 
they lose money. By absorbing th is risk 
themselves, they remove this risk from 
l ivestock farmers and ranchers, provid
ing them with a relatively stable market 
from year to year. 

The persecution of "specu lators" un
der socia l ism/fascism-except those in  
government power or favor, of  course 
(who actua l ly  bore no risk at a l l )-Ieft 
the risks of market fluctuations d i rectly 
on the shoulders of primary producers, 
resu lting in a wel l-documented crisis of 
risk aversion, which is anathema to en
trepreneural i nnovation. The attempt to 
stab i l ize risks without a futures market 
("speculators") results again in wage and 
price controls, which, aside from being 
oppressive and total itarian, are useless or 
downright destructive. 

F i nal ly, if privatization is a British plot 
to destroy any country in which it is im
plemented, why d id Margaret Thatcher 
implement the world's most aggressive 
privatization program in the U .K. (reviv
ing the erstwhile moribund British econ
omy in the process)?  If privatization is to 
be repudiated, then whatever is nation
a l ized wi l l  stay that way in perpetu ity. If 
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the State can cont inue  to nationalize 
p r ivate p r o pe rty (even t h r o u g h  
compensated eminent doma in )  b u t  we 
cannot privatize State property, sooner 
or  later a l l  p roperty w i l l  be in t h e  
hands of the State. 

The idea behind the Homestead Act, 
etc. was the oppos ite-that the federal 
government has a trust obligation to d is
pose of public lands. This, by the way, 
was also the idea behind the Sagebrush 
Rebel l ion,  of wh ich  Nye Cou nty was 
pretty much the heart. Wayne H age and 
his Western following have a legitimate 
grievance: I n  the states that composed 
the original 1 3  colonies, the federal gov
ernment holds about 3 percent of the 
land; in Western states l i ke Montana, 
Nevada, Idaho, Utah, Wyo m i ng, Col
orado, and Alaska, the federal govern
ment h ol d s  some 80 to 9 0  percent .  
These Western states are not on an equal 
footing with their  Eastern counterparts 
vis-a-vis federal power. 

Cui bono, indeed? Hage can hardly be 
blamed for suspecting an Eastern con
spiracy to suppress development and 
compet i t i o n  i n  the West ;  a fter all, 
Chaitkin posits an analogous conspiracy 
emanating from the U .K. 

Mark La Rochelle 
Executive Di rector 

Putting People F i rst 
Helena, Mont. 

Focus on the Greens 
At Home 

To the Editor: 
We don't think Prince Philip and oth

ers you mention can subvert Wise Users. 
It's hard to see how agents of British or 
other foreign interests could possi bly 
channel the th inking of the mill ions of 
highly diverse, independently motivated 
folks or hundreds of loosely-knit groups 
that make up the Wise Use movement. 

But we know for certai n  that green 
groups are trying to destroy it. And we 
know they are heavily funded and h ighly 
influenced by America's wealthiest fami
lies and corporations. 

And we know that local issues-such 
as outrageous misapplications of the En
dangered Species Act, grotesque wet
lands d ictates, tyra n n ical regulat ions 
which deprive citizens of livel i hoods and 
property, and a host of other governmen
tal abuses-have created massive public 
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resentment  w h i c h  i s  now foc u ssed 
mai nly on federal authority. We ser i
ously doubt Prince Phil ip pu lled this off. 

So why should Wise Users squander 
their efforts a i m i ng IIfor the head," as 
you say, of mostly i nv i s ib le, poss ibly 
nonexistent foes? We have many power
ful, giant-sized confirmed enemies right 
in  pla in  sight. 

We admire your tenacity in  furthering 
your message. But we don't agree that 
the B r i t i s h  crown and other fore ign
d i rected enemies are lead ing us to self
destruction .  We're accompl ish ing that 
pretty well without them. 

Bill Kramer 
liThe Angry Environmentalist" 

Si lver Bay, Minn .  

Von Hayek and Fascism 

To the Editor: 
I received my copy of 27 st Century for 

Summer 1 995 the same day I fi n i shed 
read ing Friedrich von Hayek's The Road 
to Serfdom. 

After reading the excellent piece on 
Max Planck and a few of the other ex
cellent articles, I read the diatribe by An
ton Chaitkin, "A Warning on the 'Wise 
Use Movement.' II 

I h ave  o n ly read two books  by 
H ayek,  but  The Road to Serfdom i s  
about as scat h i ng a den unc iat ion of 
G e r m a n  soc i al i s m  u nder  the fasc ist  
thugs of  H itler as  I have ever read and 
develops the strong case that fascism or  
s i m i l a r  total itarian regi mes are an in
evitable outgrowth of  central plann ing 

and control of the economy and of the 
lives of the citizens .  H ow Chaitk in  can 
dare call H ayek a fascist i s  beyond my 
compre h e n s i o n .  I su ppose he would 
characterize Stalin as a "compass ionate 
ideal ist./I 

The thesis of Chaitk in proposes is in
teresting but I can find nothing in  his ar
ticle to provide it with a sh red of cred i
b i l i ty .  To t h e  contrary,  h i s  u n-c i ted 
attacks on the various people only serve 
to turn my mind to wondering just what 
axe he is gri nding and why. 

Harry H. Fries 
Vineland, N .J .  

Anton Chaitkin Replies: 
I n Defense of the 
American Union 

Among the responses to my article the 
interesting objections seem to boil down 
to these: 

• The po sti nd ustri al po li cy i m posed 
o n  the U nited States si n ce the mid -
1960s bro ught about such "lo cal i ssues" 
as " mi sappli cations of the E nd angered 
Species Act," and other "reg ulatio ns 
whi ch deprive citizens of livelihood s 
and property." The resulti ng public re
sentment "i s now fo cused mai nly o n  
federal authority." 

Well, s h all we f ight  to restore the 
abandoned policy of industrial and sci
entific progress? Or should we be ma
n i pulated, by those who induced the 
policy change, i nto fighting against the 
American U n ion and our national gov
ernment? 

• Friedri ch vo n Hayek w as " largely 
responsi ble for the renai ssance of classi
cal li ber ali sm"; he and l udwig vo n 
Mises were " champions of li berty" who 
argued agai nst totalitarianism. 

Von H ayek and von Mises were i n  
Brita in  working for the same British oli
garchy (the royal fam ily, Bank of Eng
land governor Montagu Norman, and 
the Cliveden setl, which before 1 93 8  

� "Von Hayek [left] and von Mises were 
in Britain working for the same British 
oligarchy (the royal family, Bank of Eng
land governor Montagu Norman, and 
the Cliveden set), which before 7 93 8  
had openly promoted Hitler and Mus
solini. II 
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had open ly  promoted Hitler and Mus
solini. After World War II, the British set 
up the radical-right Mont Pelerin Soci
ety around von Hayek and others to do 
dirty international operations. The same 
social and political idea-to rol l  back 
civilization to feudalism or worse-was 
to be expressed by the royal family's  
radical-left World Wild l ife Fund and its 
su bordinate environmenta l ist move
ment. 

Von Hayek is associated with the doc
trine of Hitler and Nietzsche in the realm 
of finance. That is, there must be  no re
striction on the absolute "freedom of the 
will of the powerfu l . "  This doctrine holds 
that the moneyed o l igarchy m ust be 
freed from the problems posed by the 
existence of modern nation-states and 
elected governments, such as l aws about 
dope trafficking and money laundering, 
bank reserve laws, and securities laws. 
National governments that resist the wil l  
of the I nternational  Monetary Fund are 
to be crushed, their nationalist l eaders 
overthrown or assassinated. 

Von Mises is a bit more quaint-his 
name is associated primarily with the 
point of view of the Southern Confeder
acy of 1 86 1  - 1 8 6 5 ,  the "freedom" to 
own s laves and to break up the Ameri
can Union. 

B ritain 's Mont Pelerin Society orga
nized an interconnected group of institu
tio n s  o p e ratin g  as foreign agencies 
within the United States, including the 
Heritage Foundation, the Cato Institute, 
the  A m e rican  Legis l ative E x c h a n ge 
Council, the National Taxpayers Union, 
and so on. This British complex guides 
the congressional "conservative revolu
tionaries" toward crushing the poor and 
simu ltaneously breaking U.S .  national  
power. For example, the insane "Green 
Scissors Report, " issued jointly by the 
Natio n a l  Taxpayers U nion a n d  the  
Friends of the  Earth, demands an end to 
most U.S.  national scientific and infra
structure programs. 

When an American patriot sees von 
Hayek's portrait on an office wa l l ,  it 
ought to jolt him into a remembrance of 
the international nuclear power develop
ment and bold space program that John 
Kennedy a n d  American n atio n a l ists 
fought for not so long ago. 

• Marg aret Th atcher "revi ved the 
British economy." 

Anyone who that claims this ought to 
be sentenced to a long holiday in some 

formerly industrial English town, in the 
c o m p a n y  of Satanic rock sta rs o r  
drunken soccer fans! 

• "The idea behind the Ho mestead 
Act • . • was . • . that the federal gov
er nment has a tr ust obligation to dis
pose of publi c lands." 

This is the saddest response. From the 
middle 1 700s until the 1 930s, the bitter 
contest between the Americans and the 
British in effect defined world politics. 
Abraham Lincoln and his a l l ies, the clas
sical republicans and nationalists, under
stand the issues of good versus evil as 
centering on the industrial development 
of the United States and other sovereign 
nations against the feudalism, imperial
ism, and racia l ism promoted by the 
British Empire. 

But a post-World War" generation 
has grown up with an essential ly  neutral 
conception of the United States of Amer
ica. The universal character of the Amer
ican Revolution as a project embodying 
mankind's hopes against the plundering 
British Empire, and America's unique, 
humanistic mission has been denied, or 
ignored . If  Linco ln ' s  motives confl ict 
with the currently chic pro-Confederate 
or pro-imperial viewpoints, why bother 
even thinking about Lincoln's ideas? 

The Homestead Act had been vetoed 
by the previous President, James Buch
anan, a strict " laissez faire" man who al
lowed the southern slavocracy to dom
inate national affairs. Free l and for fam
i ly farms was one of the many measures 
through which President Lincol n  and 
his congressional a l l ies secured Amer
ica ' s  ag ro-i nd u stria l deve l op m e n t .  
Among the other measures were free 
col leges, federal ly  sponsored rail roads, 
subsidies for mining and other enter
prises, a new science-for-farmers agency 
c a l led  the Agric u l tu re Depa rtment ,  
record high tariffs to start up an Ameri
can steel industry, and an immigration 
strategy to thickly popu l ate the Ameri
can West. 

Getting back to Lincoln's orientation 
is now a matter of national survival .  Yes, 
it is difficult, not to say dangerous, to vi
olate the ru les of public discourse im
posed by the British oligarchy and their 
sycophants. This can be i l l u strated by 
the fol lowing remarks, taken from the 
preface to the Encyclopaedia Britan
nica's Book of the Year 1 964, gloating 
over the m u rder of President John  F .  
Kennedy a few months earlier: 
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"And yet even this monstrous ki l l ing 
somehow pointed to a kind of beginning 
or at the least, a renewal, of sensibility 
a m o n g  Ken n e d y ' s  cou ntry m e n  a n d  
among the United States a n d  other na
tions. The event certainly gave evidence 
that-like it or not-the world commu
nity was in fact a reality. The nations had 
become too tightly intermeshed and in
terdependent through both military and 
mercantile treaties; too many of the edu
cated people of the world crossed inter
national frontiers too often and accomo
dated themselves too easi ly in foreign 
lands to have any lingering inte l lectual 
response to 1 9th century nationa lism, 
though an emotional  residue persisted 
and was sti l l  exploited in some areas of 
the world." 

Suggested Reading 
On British sponsorship of Hitler, see 

Webster G. Tarpley and Anton Chaitkin, 
1 992,  George Bush: The Unauthorized 
Biography (Washington D.C., Executive 
Intel ligence Review) . 

O n  Pinchot, Roosevelt ,  and  "wise 
use," see "How Environmentalism Killed 
the American Frontier," a chapter from 
Chaitkin's out-of-print book Treason in 
America-From Aaron Burr to A verell 
Harriman ( N ew York:  New Benjamin 
Frank l in  House, 1 985 ) .  A copy of the 
chapter is avai lable from 21st Century 
for a shipping and  hand ling charge of 
$2 .00. 

On Hayek and the Conservative Revo
lution, see "Phil Gramm's 'Conservative 
Revo l ution in America,'  " a 56-page 
special offprint from Executive Intelli
gence Review, February 1 995 (available 
at $ 1 0  from EIR, P.O. Box 1 7390, Wash
ington, D.C. 2004 1 ) . 

Attack on Lord Rees-Mogg 
Unwarranted 

To the Editor: 
After reviewing the Summer 1 995 is

sue, I must insist that my subscription 
be terminated at once. Your completely 
u nwarranted a n d  ignorant attack on  
Lord Rees-Mogg (what p lace does that 
have in a "science" pub l ication ?) has 
pushed my m isgivings way past the  
limit. You seem to view British the  way 
the N azis viewed the Jews. Wel l ,  the 
Brits have their problems to be sure and 
the Royal Fami ly  is  a sick j oke, but  
please, get real ,  people. . . . 
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And check this out: There is far more 
evidence of government comp l ic ity i n  
m'urder at Waco than there is for cold 
fusion. 

John L .  Quel 
Bel levue, Wash.  

The Editor Replies 
There is indeed evidence of jud icial 

misconduct at Waco on the part of the 
permanent bureaucracy at the Depart
ment of J ustice-in part icu lar, Deputy 
Ass i s tant  Attorney Gen er a l  Mark  
R ichard and  Sen i o r  Deputy  John  C .  
Keeney i n  the  Department  of J ust ice 
Criminal Div is ion.  For deta i l s ,  we rec
ommend "The Long Overdue  Cleanup 
of the Just ice Department," a 3 2-page 
report in Ju ly  1 995,  publ ished by Execu
tive Intel l i gence Review. 

In Defense of Duesberg 

To the Editor: 
Contrary to the assert ions  of Wol f

gang L i l lge in "The B ig  Lie About A IDS" 
in  the Summer 1 995 issue [po 45], Peter 
Duesberg strikes me as one of the few 
genuine scientists left who are pointing 
simply to what the facts seem to be try
ing to say. 

The space devoted to establ ish ing that 
a corre lat ion exi sts between H IV and 
A I DS was large l y  i rre l evant because 
Duesberg has never den ied i t .  I n  fact, 
correlations exist with in  the risk groups 
to all k inds of other viruses too, most of 
them harmless, and in some cases with 
correlations h igher than for H IV. When 
everyth i ng that 's  goi ng gets  passed 
around, i t  becomes a marker of  a r i sk  
category, but not  necessari l y  the cause 
of people having that category's health 
problems. 

The q uestion of whether H I V  is the 
com m o n  cause  of the var i o u s  s i c k
nesses-total ly d ifferent in d ifferent parts 
of the world, affecting completely differ
ent groups of people with d ifferent pat
terns of epidemiology-that are being  
l umped together and called "AI DS," is a 
purely scientific matter. To judge its truth 
or otherwise on the basis of perceived 
social and pol i t ical  consequences, as 
character izes  the reg u l a r  attacks on  
Duesberg, i s  absurd. 

As far as I am aware, the H IV theory 
,has failed d i smal ly  in every one of its 
pred i ct ions ,  whereas Duesberg' s has 
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The American colonists had no trouble understanding how Britain intended to de
stroy the new Union. 

been str iki ngly successfu l .  The question 
of what publ ic pol icy ought to be i s  a 
separate i s sue-an d where pol i t i cs ,  
mora l iz i ng, and personal  prej u d ices 
have a place. Confusion of the science 
with the pol itics seems to be the root of 
t h e  w h o l e  prob lem s u rro u n d i n g  the 
subject. 

The i rony i s  the paral le l ism of Dues
berg's position to so many of 2 1  st Cen
tury's own in such other areas as ozone 
dep let ion and g lobal warm i n g .  In i ts  
thrust, the article cou ld be a model for 
v i rtual ly any of the pol i t ica l l y  correct 

, media d ismissals of Rogel io Maduro [au
thor of 27 st Century's book, The Holes 
in the Ozone Scare]. 

Perhaps one reason why the environ
mental ist lobby prevai l s  i s  that they at 
least have the pol itical sense to keep a 
un ited front. Scientists as a class seem 
less smart-too often eager to jo in  i n  
the persecutions of each other, but fai l 
ing to real ize that the war i s  agai nst  
them al l .  I t  evokes the quotation that 
begins, "They came for the communists. 
I wasn't  a communist, so I d idn't com
plain . . . .  " 

Perhaps what we need is a constitu
t ional  amendment separat ing  science 
from the state. 

James Hogan 
Pensacola, Florida 

The Author Replies: 
We Need a Commitment 

To Eradicate AIDS 

James P. Hogan takes an in terest ing 
position in  the controversy around Peter 
Duesberg's controversial assertions con
cern ing AIDS.  Solv ing the problems of 
establ ished AIDS research by proposing 
to completely  separate science from is
sues of state pol icy wi l l  not work, how
ever,  because  both sc ience  and  the 
health pol icy of  the state have been cor
rupted . There cannot be any separation 
of publ ic pol icy from personal morality, 
as Hogan impl ies. 

Rather, what we need i s  a c lear-cut 
commitment to erad icate AIDS-and for 
that matter H I V-which must be a col
laborat ive effort of both sc ience and 
pol icy. What seems ,to be forgotten is 
the fact that mankind has been able to 
cope with dead ly d iseases i n  a very ef
fective manner when scientif ic pr inci
p les of d i sease control have been ap
pl ied, even in cases where the infective 
agent was not known. 

Therefore, i n  the case of AI DS, why 
do we wait to implement effective con
trol measures worldwide to stop the pan

Continued on page 7 a 
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NASA 

Shuttle astronaut Dr. Bonnie Dunbar 
greets Mir 18 flight engineer Gennady 
Strekalov. Behind (left) is Mir 19 flight 
engineer Nikolai Budarin and (right) 
Shuttle Commander Robert Gibson. 

Purely by Choice: SteriGenics' lineup of 
irradiated spices. 

NEWS BRIEFS 

SHUTTLE/MIR LINK-UP OPENS NEW CHAPTER IN SPACE OPERATIONS 
The historic docking of the Space Shuttle Atlantis and the Russian space station 

Mir  on June 29 is the first of seven missions planned to conduct joint operations in  
space. Un l i ke the Apol lo/Soyuz handshake in  space 20 years ago, the goal of  these 
joint missions is to lay the basis for the construction and operation of an international 
space station at the end of this century, a long with the European Space Agency, 
Japan, and Canada. 

The masterful pi loting of Shuttle Commander Robert "Hoot" Gibson made a series 
of complex rendezvous and docking maneuvers look exquisitely simple. The "cosmic 
bal let," in which the Shuttle, Mir, and the smal l  Russian Soyuz return spacecraft were 
a l l  involved during the undocking five days l ater, capped a perfect mission. 

Astronaut medical special ists Bonnie Dunbar and E l len Baker used the equipment 
aboard the Shuttle's Spacelab laboratory to do physiological studies on the three 
crew members, includ ing American Norm Thagard, who had been aboard the Mi r  
station for 1 1 0 days. The results wi l l  help determine i f  there are any  long-term effects 
of the body's adjustment to microgravity, that could set a l imit on the time an astro
naut. can spend in space. 

'APOl lO 1 3' MOVIE: AMERICANS AGAIN LOOK UP TO T HE STARS 
The fi lm "Apollo 1 3" captivated mi l l ions of movie-goers this summer and height

ened Americans' interest in the nation's space efforts, includ ing at the White House. 
Apollo 1 3  Commander James Lovel l  received the ninth Congressional Space Medal of 
Honor from President Cl inton in  a White House ceremony June 26.  The President re
ferred to the "Apollo 1 3" film, noting that flight d irector Gene Kranz tel ls the engineers 
in Mission Control that "fa i lure is not an option." These words "have meaning far be
yond that one extraordinary mission," Cl inton said. " In  many ways, they have become, 
for mi l l ions of Americans seeing that movie, a statement of the national purpose we a l l  
need as we move toward a new century and a new uncharted time here on Earth." 

FE DERAL COURT OF APPEALS BLOCKS MT. GRAHAM BINOCULAR TE LESCOPE 
The N inth U .s. Circuit Court of Appeal s  Aug. 1 1  denied the l ast option for appeal 

of a Ju ly 1 994 lower court decision against the Un iversity of Arizona and u.s. Forest 
Service over the Large B inocular Telescope. It requ ires further years of environmental 
studies before the Large Binocu lar Telescope can be bu i l t  on Mt. Graham in Arizona. 
At issue was whether the s i te could be shifted 500 yards for better observing. The 
Un iversity bel ieved it was with in  its mandate to shift the site and began cutting trees 
there when 1 8  green groups obtained an injunction. There is now also a legal obsta
cle to simply returning to the old site. Federal legis lation may now be sought to pro
vide access to the new site. 

FOOD IRRADIATION: SPICES MEE T  WITH CONSUMER APPROVAL' 
A smal l  test marketing of 1 0  different irradiated spices at a Cal iforn ia gourmet mar

ket again proved that most consumers appreciate qual ity products and don't bel ieve 
the l ies of the scaremongers. Gamma irradiation safely reduces or e l iminates existing 
bacteria and other organisms that are common to many earth-grown foods and im
ported spices, and does not alter their taste or smel l .  When the benefits of gamma i r
radiation were explained and people cou ld see and smell the freshness of the i rradi
ated product on hot garl ic bread, they bought the spices. SteriGen ics, based i n  
Tustin, Calif., packaged a variety of spices and herbs, including bas i l ,  black pepper
corns, c innamon, garlic powder, paprika, oregano, and tyme, under the label "Purely 
by Choice." The company has been i rrad iating spices for commercial food proces
sors for 9 years, and business has increased each year by 60 to 70 percent. This was 
SteriGenics' fi rst retai l  market test. 
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NEW FORM OF MATTER CREATE D AT RECOR D  LOW TEMPERATURE S 
Scientists Eric Cornel l and Carl Wieman announced Ju ly 1 3  that they had cooled 

rubidium atoms to 1 70 nanokelvin ( 1 70 bi l l ionths of a degree above absolute zero) 
and condensed them into a new state of matter-a Bose-Einstein condensate. At such 
low temperatures, the rubid ium atoms are nearly motionless and condense into a 
"superatom," which behaves as a si ngle entity. The quantum-mechan ical waves that 
describe each atom spread out and merge unti l  the entire condensate is in the same 
quantum state. 

The condensate takes its name from the scientists who predicted its existence 70 
years ago: Indian physicist Satyendra Nath Bose and Albert E instein .  Cornel l and 
Wieman are at J I LA, the Joint Institute for Laboratory Astrophysics, which is jointly 
run by the National Institute of Standards and Technology and the Un iversity of Col 
orado at Boulder. 

This phenomenally low temperature is achieved by first cool ing and trapping ru
bidium atoms in beams of laser l ight (see article, p. 54). After the atoms are cooled to 
10 microkelvin, they are placed in  a magnetic trap for further cool ing, by al lowing 
the hottest atoms to "boi l  out." This work "wi l l  provide physicists with a new way of 
studying quantum effects on a large scale, simi lar to the threshold effects observed in  
superconductivity and superflu idity," Wieman commented . 

Eric Cornell (left) and Carl Wieman with 
the apparatus used to achieve the B05e
Einstein condensation. 

THE FINANCIAL TIMES OF LONDON PROMOTES CANNIBALISM 
. Cannibal ism is a "radical but real i stic solution to the problem of overpopu lation" 

and "headhunting can be seen as good ecology" argues a two-page article in  the Ju ly 
15 weekend edition of The Financial Times, a City of London dai ly .  Under the head
l ine "The Case for Cannibal ism," author Lya l l  Watson, an anthropologist, promotes 
the cann ibal istic practices of the Asmat tribe of Indonesian New Gu inea. Asmat 
means "the human beings," he says, whi le a l l  outsiders are known as Mandowe, "the 
edible ones." Watson describes headhunting as "good ecology, because it reduces 
competition on the hunting and fish ing grounds." But, Watson says, the Asmat prac
tice of headhunting "has nothing to do with war. It is the formal and ritual expression 
of a need to keep things in balance. It is an Asmat admission of human responsibi l ity 
for human destiny . . . .  Whatever you may feel about it taking place, you have to 
admit that it works." 

OZONE BILL ST ILL ALIVE; C ONST ITUENTS MUST DO SOME K ICK ING! 
Rep. John T. Doolittle, a Cal iforn ia  Republ ican, intends to introduce into Congress 

in September a b i l l  to rol l  back the ban on freon. At press time, Doolittle's proposal is 
to push the date of the CFC ban back to the year 2000, and hold hearings on the sci
ence in order to make a decision based on real ity instead of environmental ist ideol
ogy. Dool ittle and your elected officials need to hear from constituents on this issue. 
Phone him at (202) 225-25 1 1  or fax him at (202) 225-5444. 

OZONE HOLE T HE OR IST WATSON GET S  SOME E LE MENTARY E DUCATION 
When Dr. Robert Watson, former head of the Ozone Trends Panel that launched 

the ozone hoax, appealed to scientists at the spring meeting of the American Geo
physical U n ion to fight the budget cuts and attacks on environmental science, he met 
with an unexpected response: The June 1 audience sharply chal lenged Watson's def
inition of "good science." Watson, now Associate Director for the Environment at the 
White House Office of Science and Technology Pol icy, said that good science is 
what caused the bann ing of DDT and CFCs, and he effusively praised Rachel Car
son. Oli both' issues, Watson's "bad science" was c lobbered. Not one scientist pre- What do Watson and Rachel Carson 
sent defended Watson. have in common? Bad science. 
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demic, even if we have not clarified a l l  
the detai ls  of H IV microbiology? It seems 
to me that the pol i tical interests that con
trol publ ic health pol icy internationa l ly  
are the same that also control AIDS re
search and have led it into a dead end. 

However, it must be stressed again, as 
I did in my article, that the alternative to 
this d ismal situation cannot be to simply 
deny any ro le  of H IV  in the d i sease 
process. We cannot deny that there is a 
worldwide AIDS pandemic with mi l l ions 
of victims, and that HIV plays a major 
role in  that. Without any doubt, there is 
an i nfect ious agent i nvo lved in A I D S  
transm ission . 

Today's so-cal led scientific establ ish
ment, because of its ideologica l-reduc
t ion is t  b l i ndness, has fa i led so far to 
come up with novel approaches to un
cover the intricate activity of retrovi ruses 
l i ke H IV. Also the role of cofactors of 
A IDS and other contribut ing elements 
have been crimina l ly neglected. 

Hogan's cal l  for a un ited front of sci
entists i s  a very good idea. The major 
role of such a un ited front must be to 
come up with a so lution for the A IDS 
problem, with a positive a l ternative to 
the b l indness of the AIDS establ ishment. 
And such a united front must mobi l ize 
for effective publ ic health measures to 
stop the AIDS pandemic even before a 
cure and/or vaccine has been found. It 
i s  exactly  such a commitment that is 
lacking in  Duesberg's attitude. 

1 0  Fal l 1 995 21  st CENTURY 

Jeers and Cheers 
From Abroad 

To the Editor: 
I recently picked u p  a copy of you r 

magazine, intrigued by the title and top
ics shown on the cover. Whi le I appreci
ate any factual presentation which pro
vides another perspective on the world,  I 
soon became alarmed, not enl ightened, 
reading your magazine. 

Worse than ignorance, there i s  real 
perversity in  the k ind of "science" you 
promote. I tru I y hope the 2 1  st centu ry 
has nothing to do with the world you are 
trying to promote. 

To the Editor: 

Robert Champion 
Mamer, Luxembourg 

I th ink your magazine is marvelous. I 
read many art ic les with which I com
p l ete l y  agreed ( s u c h  as on n u c l ea r  
power, rad iat ion,  ozone, and tox i ns) ,  
two with which I completely d isagreed 
(Carol H ugunin's attack on Darwin and 
Carol White's attack on the British royal 
fami ly) and a number which simply pre
sented new and very i nteresting views 
( such as Carol  W h i te ' s  "G reat Atom 
Bomb Hoax"). 

Above all I welcome an abundance 
of scientific information that is either ig
nored or suppressed by the pol it ica l ly  
correct establ ishment. 

Wonderful stuff. Keep i t  up. 
A.R. Kenny 

Rondebosch, South Africa 

LETIERS 



SPECIAL REPORT-THE UNPREDICTED IN THE ATMOSPHERE 

Lightning is a very dynamic and famil
iar example of the power of nature: It 

can be both frightening and fascinating. 
Since the time when Benjamin Franklin 
flew a kite during a thunderstorm to 
show that it was an electrical phenome
non, lightning has been studied exten
sively. And although scientists know a 
great deal about lightning, there is still 
much that is unknown. For example, the 
mechanism by which clouds become 
electrically charged is still not fully un
derstood. 

In recent years, new discoveries have 
added more puzzlement to the phenom
enon of atmospheric electricity. While 
the brilliant, jagged bolt of lightning 
streaking from cloud to ground is famil
iar, what was unexpected is the degree 
of electrical activity above the clouds in 
the immense region between the cloud 
tops and the upper atmosphere. 

The upper atmosphere was once 
thought to be a very stable and benign 
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area, with little water vapor or weather 
activity present. Until recently, it was 
also assumed that there was no electrical 
activity. But two years ago, Eugene 
Wescott and Davis Sentman of the Geo
physical Institute at the University of 
Alaska in Fairbanks reported unusual 
flashes of light reaching 80 to 90 kilo
meters in the upper atmosphere above 
th u nderstorms. 

These flashes, extending from the 
cloud tops into the upper atmosphere, 
occurred during a severe summer thun
derstorm in the Midwest. On July 8, 
1 993, flying alongside a line of thunder
storms over Kansas, Iowa, and Nebraska, 
the researchers recorded 1 9  examples of 
light flashes with a low-light-level, 
black-and-white video camera aboard 
NASA's DC-8 Airborne Laboratory. 

40 Km High! 
The most startling feature was the size 

of these flashes, estimated to be about 
40 km high and 1 0  km wide. 

• Television image of a blue jet over 
eastern A rkansas, June 30, 1 994. A l
though these jets have been sighted in 
the past, this one was among the first to 
be caught with a camera. 

Wescott and Sentman did not get very 
good resolution in the 1 993 photos; the 
images on the video were ghostly and 
fuzzy. But even these results were tanta
lizing enough to pursue, and the two sci
entists made plans to look for flashes the 
next year with the best instruments avail
able. 

In the summer of 1 994, Wescott and 
Sentman used two aircraft, each with 
Global Positioning System equipment, to 
locate the aircraft accurately. All the 
cameras were precisely synchronized so 
that the image sequences started at the 
same time. With these improved cam
eras and two aircraft, they were able to 
improve the resolution by a factor of 4 
over the previous year. 
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Geophysical Institute, University of Alaska 

A family of sprites over the Midwest, taken July 6, 7994. By using triangulation from two aircraft the height of the sprites was 
determined to be 95 km. The cloud tops are at an altitude of 73 km. 

The researchers also added a very
low-light-level color camera to their 
equipment, which produced the first 
quantitative color data on the flashes. 
They discovered that the sprites-as they 
now called them-were essentially red, 
with very little green and blue. 

Having two aircraft allowed them to 
triangulate to get accurate locations for 
the sprites. They could also determine 
their altitude. They were found to extend 
from an altitude of about 95 km down to 
30 or 40 km, where the flash from the 

lightning washes them out. Presumably, 
however, the sprites connect with the 
top of th� storm cloud. 

With better' photos, Wescott and Sent
man could begin to identify certain struc
tural characteristics of what they called a 
classic sprite, The main body of a sprite, 
sometimes called the head, has an irreg
ular, semispheroidal shape. Extending 
below the head and down toward the 
cloud tops are numerous streamer-like 

features called tendrils. They also found 
that at times several sprites appear to
gether in close proximity. 

The researchers recorded more than 
500 sprites in several nights of flying 
over Oklahoma and the surrounding 
states. Using low-light-level photome
ters, they were able to determine that 
some of the sprites lasted only about 3 or 
4 milliseconds. In general, the sprites 
seemed to be associated with positive 
cloud-to-ground lightning strokes. 

Blue Jets 
During this 1 994 sprite campaign, 

Wescott and Sentman made an unex
pected discovery: They found another 
phenomenon, quite different from the 
red sprites, that started at the clouds and 
jetted upward at about 1 00 kilometers 
per second, or around mach 300. They 
called these blue jets. In one storm over 
Arkansas they sighted some 56 of these 
amazing events in less than half an hour. 

The blue jets form a fairly narrow 
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cone, averaging about 1 5  degrees, and 
they ascend from the cloud tops to 
about 40 or 50 km altitude. They are 
very energetic and last for about 200 to 
300 milliseconds. It is thought that the 
blue color may be the result of emis
sions from atmospheric nitrogen ions. 

The blue jets present something of a 
unique puzzle. They are different in na
ture from the sprites and do not appear 
to be related to them. If they are not ac
tual movements of matter, they could be 
thought of as vertical fountains of light. 
Or they could be caused by a flow of 
high-energy electrons with speeds of 
some appreciable fraction of the speed 
of light. Neither seems possible, since 
the jets propagate too slowly. 

On the other hand, if there is matter 
moving at mach 300, one would expect 
to see a shock wave. In some instances, 
a faint shock front may have been ob
served, but such a phenomenon would 
produce light only in the region of the 
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front , not along the entire length of the 
jet , as is observed. 

Because the blue jets go u p  to an alti
tude of only about 40 to 5 0  km , they 
may be a danger to high -flying aircra ft, 
but how dangerous is not known. The 
blue jets carry a lot of energy and , travel
ing at 1 00 km/sec , would be hard to 
avoid. They could re present a radiation 
ha zard should one of them hit an air
plane , bombarding it with " relativistic 
electrons that could produce X-rays or 
other radiation. 

Other Observations of Flashes 
There have been numerous sightings 

by airline pilots and other sky -watchers 
o f  momentary flashes above thunder
storm clouds. These rare sightings have 
been generally ignored by scientists be
cause they were undocumented. 

Wescott and Sentman may not have 
been the first to see blue jets. A possib le 
precursor observation was made in sum
mer 1 993 by pilots flying just south of 
Panama. After large discharges of light
ning , they re ported seeing "a vertical 
shaft of b lue light that pro pagated from 
the to p of the cloud u pward to 1 00,000 
feet ." This descri ption fits well that of the 
blue jets observed by Wescot t and Sent
man last year. 

In 1 989, John Winckler and his asso 
ciates at the University of Minnesota 
happened to record on video unusual il
luminations above a thunderstorm with 
a ground-based television camera. They 
described the image of the discharge as 
resembling "two jets or fountains." 

Last summer , Winckler and his col
league , Walter Lyons of the atmos pheric 
research com pany ASTeR Inc. in Ft. 
Collins , C olo.,  set u p  te lesco pic T V  
photometers on Yucca Ridge near Ft. 
Collins . From this point , they could sur
vey thunderstorms across the plains as 
far away as 1 ,000 km. Du ring their ob
servations , which took place in the 
same time frame as the Wescott and 
Sentman s prites cam paign , they ca p
tured hundreds o f  s prites , many of 
which were correlated with the airborne 
observations. 

Other u pper atmos pheric flashes have 
been identified by Otha Vaughan at 
NASA's Marshall S pace Flight Center in 
Huntsville , Ala. After searching through 
video recordings of thunderstorm activity 
made by the Mesoscale Lightning Ex per 
iment (M L E) during several S pace Shuttle 
missions , Vaughan has been able to 
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identify do zens of exam ples of u pward
pro pagating lightning . 

Are there s prites in other areas of the 
world ? Earlier this year , Wescott and 
Sentman went to Peru to sam ple tro pical 
thunderstorms in search of s prites , which 
previously had been recorded only over 
the U.S. Midwest. They were able to 
confirm that indeed s prites can be found 
in the lower latitudes. In eight nights of 
flights , the researchers s potted about 20 
s prites. These South American s prites re
sembled their North American cousins 
in sha pe ,  color , and si ze. 

With the various successful recordings 
o f  these red s prites and blue jets , other 
scientists have taken a second look at 
their own unusual observations. 

Gamma-Ray Flashes 
Shortly after its launch in A pril 1 99 1 ,  

the Com pton Gamma Ray Observatory 
(C G RO )  began detecting intense , brief 
flashes of gamma rays coming from our 
planet-a sur prise , since C G RO's mis
sion has been to search for gamma -ray 
sources in s pace , and Earth had not been 
a sus pected source for these flashes. 

One o f  the instruments C GRO carries 
is called the Burst and Transient Source 

Ex periment ( BATSE). It is designed to 
survey the entire sky for gamma-ray 
sources , and has discovered hundreds o f  
gamma-ray sources in the heavens, and 
also a do zen or so on Earth. 

Gerald Fishman of the S pace Science 
Laboratory at NASA's Marshall S pace 
Flight Center in Huntsville , Ala., is the 
princi pal investigator for the BATSE in
strument. Fishman ex plains that th e"se 
terrestrial events had not been re por ted 
previously because it was not clear that 
they were real events. However , when 
he heard of the work of Wescott and 
Sentman in 1 993 ,  he took the gamma 
ray flashes more seriously and published 
his findings last year. 

The researchers at Marshall surmise 
that the gamma-ray flashes they detected 
were produced in the u pper atmos phere, 
not below an altitude o f  30 km. Flashes 
produced at any lower altitude would be 
absorbed by the atmos phere and would 
not reach BATS E's orbiting detectors , 
they say. 

C GRO's orbit puts it over the Tro pics 
and not above the Great Plains , where 
most of the s prites have been re po rted. It 
does not have the resolution to pin point 

BIRTH OF RE D SPR ITE S ACCOR DING T O  STAN FOR D'S QE MODE L 
Scientists at Stanford University have developed the quasi-electrostatic (QE) 
model to account for red sprites. A lightning stroke triggers changes in the 
electric fields above the thunderstorm. These fields-as well as the lightning
induced electromagnetic pulse (EMP) itself-cause ionization and heating in 
the ionosphere. A stream of 'runaway' electrons could produce the observed 
gamma rays. Changes in the ionosphere are detected by means of changes in 
a VLF radio signal reflected from the ionosphere. 

Source: Umran Inan, Stanford University 
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the g amm a- ray f l a she s, but whe re 
we athe r satellite d at a  are av ail able, large 
sto rm sy stem s can be seen in the are as in 
which the g amm a- ray fl ashe s o ccu r . 

. "Wh at we re ally need he re i s  a smok
ing gun," Fi shm an expl ain s. "Th at i s, 
the ob se rv ation of a g amm a- ray fl ash at 
the same time they see one of the se up 
w ard-going jet s o r  sp rite s above a thun
de rsto rm region." Su ch p ai red ob se rv a
tion s would tie the two me ch ani sm s  to 
e ach othe r. 

At the f all 1 994 meeting of the Ame ri
can Geophy si cal Union in S an F ran 
ci sco, the re we re seve ral p ape rs rel ating 
to uppe r atmo sphe ri c  lightning, m any of 
whi ch we re p re sented by re se arche rs 
f rom Lo s Al amos N ation al Labo rato ry in 
New Mexi co. The Lo s Al amo s re
se arche rs too h ave thei r sh are of puz
zling d at a-and po ssible expl an ation s of 
uppe r atmo sphe ri c lightning. 

Fo r ex ample, Willi am Feldm an of Lo s 
Al amo s h as studied the d at a  f rom the 
A rmy B ackg round Expe riment, A B E, a 
satellite in st rument th at su rvey s g amm a
ray emi ssion s f rom Earth. Feldm an h as 
pointed out a numbe r of ex ample s of 
"hot spot s "  of g amm a ray activity 
a round the globe, su ch a s  the Hi
m al ay as and Indone si a. 

Unlike the C G RO, whi ch w as de
signed to dete ct g amm a- ray bu rst s with 
p re ci sion time re solution, the A B E  h as a 
time re solution of only 1 2  se cond s. 
Gene rally, howeve r, it su rvey s emi s
sion s in 96 se cond inte rv al s. Fo r thi s 
re ason, mo st of the g amm a- ray "bu rst s" 
re co rded by A B E  re semble wh at a re 
called T rimpi event s. The se well-known 
phenomen a, whi ch h ave been studied 
fo r m any ye ars, o ccu r  when the ele ct ro 
m agneti c pul se f rom a lightning di s
ch arge indu ce s  a p re cipit ation of rel a
tivi sti c ele ct ron s f rom the radi ation 
belt s, whi ch then impinge on the uppe r 
atmo sphe re to gene rate g amm a ray s, 
among othe r thing s. 

T rimpi event s are mo re common at the 
highe r l atitude s, whe re Earth' s m agneti c 
f jeld line s are clo se r  to the su rf ace. The se 
event s m ay be impo rt ant as a me an s  of 
di sch arge fo r the radi ation belt s. One 
could ask : Wh at would h appen on thi s 
pl anet if the re we re not as mu ch light
ning ? Would the radi ation belt s build up 
to highe r level s, fo r ex ample ? 

Although mo st of wh at A B E  see s are 
indeed T rimpi event s, the re al so seem 
to be region s out side tho se known to 

Mark Wilsey 

Davis Sentman of Geophysical Institute, 
University of Alaska, presents results of 
his recent trip to Peru in search of sprites 
at the spring 7995 meeting of the Ameri
can Geophysical Union in Baltimore. 

be asso ci ated with the radi ation belt s 
th at show enh an ced g amm a ray emi s
sion s, and the se m ay be the effe ct of 
uppe r- atm o sphe re I ightn i ng di re ctly 
cau sed by the high rate of thunde r
sto rm s in tho se are as. 

Radio -frequency E missions 
At the othe r end of the ele ct rom ag

neti c spe ct rum, Robe rt Massey and Dan 
Holden at Lo s Al amo s h ave repo rted 
odd radio-f requen cy (R F )  emi s sion s 
coming f rom the E a rth. The se we re 
re co rded by the B lackbe ard in st rument 
abo ard the A LE XIS satellite and are the 
most powe rful t ran sient R F  emi ssion s 
eve r ob se rved coming f rom Earth. 

The se emi ssions are ve ry sho rt in du ra
tion- 1 0  mi cro se cond s-mu ch b righte r 
th an the R F  sign al of o rdin ary lightning, 
and they almo st alw ay s o ccu r in p ai rs 
about 50 mi cro se cond s ap art .  It seem s 
cle ar th at they are coming f rom some
whe re unde r the iono sphe re on Earth be
cau se of the w ay they are di spe rsed. Be 
cau se of thei r su spe cted o rigin, the se R F  
emi s sion s we re dubbed T ran siono 
sphe ric Pul se P ai rs, o r  T IPP event s. 

Why they o ccu r in p ai rs i s  not unde r
stood. One hypothe si s i s  th at the se cond 
pul se i s  a refle ction f rom the g round of a 
fi rst emi ssion, o ccu rring at some 1 5  km 
altitude. The p roblem with thi s i s  th at the 
se cond pul se i s  often b righte r th an the 
fi rst, whi ch m ay be po ssible unde r ce r-
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Mark Wilsey 

Umran Inan of Stanford University pre
sents data on changes in the ionosphere 
associated with red sprites at the spring 
7 995 meeting of the American Geo
physical Union in Baltimore. 

t ain condition s but st ill doe s not quite 
jibe wi th all the d <;lt a. 

The satellite see s  a large .p art of the 
Earth at one time, so re solution in pin
pointing the sou rce i s  a p rob lem. last 
summe r, the Lo s Al amos re se arche rs no
ti ced TIPP s .ove r the United St ate s but 
did not see ve ry m any in the winte r. Thi s 
se ason al v ari ation in the d at a  would sug
ge st th at T IPP s are asso ci ated with thun
de rsto rm s. 

When the thunde rsto rm se ason re
tu rn s, M assey and Holden are going to 
look fo r T IPP s with two g round st ations 
and the satellite and will t ry to pinpoint 
the lo cation s of the sou rce s with re
spe ct to E a rth. Howeve r, as with the 
g amm a- ray bu rst s, the re i s  as yet no 
cle ar link between T IPP s and red sp rite s 
o r  blue jet s. 

R adio E xperi ments 
Anothe r re se arch g roup, th at of Um 

ran In an and hi s asso ci ate s at St anfo rd 
Unive rsity in C alifo rni a, h as spent m any 

ye ars studying the iono sphe re and the 
inte rpl ay between the radi ation belt s and 
the uppe r atmo sphe re. Thi s inte rpl ay 
doe s show up in g amm a- ray and X- ray 
bu rst s, In an say s, but the upw ard light
ning phenomenon, red sp rite s, m ay h ave 
little to do with radi ation belt s. 

St anfo rd h as a p rog ram of radio expe r
iment s fo ; rem 9te sen sing of the Earth' s 
atmo sphe re at altitude s of about 60 to 
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1 00 km. By bounc ing electromagnetic 
wave s off the iono sphere, in thi s ca se 
very-low-frequency or VL F wave s, the 
Stanford re searcher s can measure electri 
cal conductiv ity change s in that altitude 
range. They are study ing the phy s ical 
change s in the med ium. 

For example, when electron s  are 
heated, the conduct ivity of the iono s
phere is changed and add itional ioniza
tion occur s, from wh ich the rad iowave s 
reflect and scatter. By mea sur ing the 
scattering of the s ignal s, the re searcher s 
can map out the d istribut ion and inten
sities of the se iono spher ic change s. In 
th is way, they can inve stigate change s 
in the me so spheric and iono spher ic 
den sity and temperature a s  red spr ite s 
occur. 

Dur ing la st summer 's Spr ite s '94 cam
paign, for example, the Stanford group 
wa s able to ob serve several event s 
s imultaneou sly : A re searcher in San 
Diego, mea sur ing the radio s igna l from a 
large Navy tran sm itter in Ma ine, de
tected several event s in wh ich the ampl i
tude of the signal changed. A s  it turned 
out, there wa s a one-to-one corre spon� 
dence between the t iming of the s ignal 
change s and that of several large spr ite 
event s. The sprite s occurred right in the 
radio propagat ion pattern and the d i s
charge into the iono sphere changed the 
radio pathway. 

Lightni ng Theories 
More than 70 year s ago, C.T.R. Wil

son theorized that it might be po ssible 
for an inten se electr ical field above a 
thunder storm to throw a stream of "run
away " electron s into the upper atmo 
sphere. The strength of the electr ical 
f ield would go down w ith the square of 
the upward d istance from it s source, the 
thunder storm. However, a s  the atmo
sphere become s more raref ied w ith alti
tude, the electr ic potent ial requ ired for a 
d ischarge that would throw up a stream 
of electron s decrea se s  exponent ially. 
Th is stream, unl ike a lightn ing d ischarge, 
would cont inue to be accelerated by the 
pre sence of the electr ic f ield ; hence the 
term, "runaway electron s." 

Wil son concluded that eventually, 
with a suffic iently strong f ield, an alti
tude would be reached where a d i s
charge would occur. Once the d ischarge 
doe s take place, an electric current of 
h igh-energy electron s form s, produc ing 
a conduct ing path between the top s of 
the storm cloud s and the iono sphere and 
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causing add it ional ionization. 
Electron s accelerated over d i stance s 

of several kilometer s could reach very 
high energy level s. If such h igh-energy 
electron s are produced, they could be 
re spon s ible for gamma -ray emi ssion s by 
mean s of brem sstrahlung. Brem sstrahl
ung (German for braking or decelera
tion radiation ) i s  emitted when high
energy electron s slam into nucle i-in 
thi s ca se, nucle i of molecule s in the air. 
The electron s would have to have very 
high energ ie s- on the order of 1 0  
Me V. 

The Stanford group i s  involved in the
oretical modeling of the way s in wh ich 
lightn ing-generated energy interact s w ith 
the me so sphere and iono sphere. One 
model cons ider s the electric field s gener
ated in the iono sphere when lightn ing 
di scharge s occur at cloud alt itude s. 

A s  the charge build s up in the cloud, 
the iono sphere and me so sphere above it 
respond by slowly sett ing up polar iza
t ion charge s. Th is occur s in the time be
tween l ightning di scharge s. When a 
lightn ing di scharge occur s, a large part 
of the charge i s  suddenly lo st and the re
ma in ing charge d ictate s a new electric 
field at iono spheric alt itude s. 

According to thi s model, the iono s
phere cannot re spond in stantly becau se 
it i s  a relat ively poor conduct ing med
ium. In stead, it re spond s slowly over the 
cou r se of ten s of mill i second s to the 
change cau sed by the lightning. In the 
meantime large electric field s exi st at 
iono spheric altitude s.  These large elec
tr ic field s heat electron s and accelerate 
them over a short d istance unt il they h it, 
for example, a molecule of n itrogen, and 
produce light. 

The Stanford sc ienti st s  call thi s the 
qua si-electro stat ic (QE ) heating model. 
The heating is thermal. The electron s are 
accelerated and very quickly collide 
with part icle s ;  then they accelerate 
aga in, then collide, and so on. Thi s is 
not the same as the runaway electron 
mechan ism. 

Another type of heating occurs when 
the electromagnet ic pulse from lightning 
excite s electron s at h igh altitude s-EMP 
heat ing. The runaway mechani sm may 
work in add it ion to the bulk QE and 
E M P  heat ing effect s to expla in tendr il s, 
the lower alt itude feature s of the spr ite s. 
However, Stanford 's Inan explain s, the 
runaway mechani sm require s sub stan
t ially h igher field s, so it probably occur s 

more rarely than the bulk QE heat ing 
mechan ism, which occur s w ith run-of
the-m ill l ightn ing di scharge s. 

Another theory, developed by Robert 
Rou s sel- Dupr e at Lo s Alamo s, get s 
around the high f ield requirement to pro
duce relat iv i st ic electron s. Although 
Rou ssel- Dupr e po sit s high electric f ield s 
from the thunder storm to 'accelerate the 
e lectron s, the f ield may not be strong 
enough to init iate the di scharge. There
fore, he incorporate s the influx of co smic 
ray s into h i s model . The co sm ic ray s 
produce high-energy electron s, which ; 
in ef fect, seed the proce ss and lower the 
thre shold for the di scharge to occur. 

What about the blue jet s?  "In term s of 
mechan ism at th is  point we know very 
l ittle, " Inan said . " Wherea s the red 
spr ite s come out of ju st ba sic con sidera
tion s of the electrodynam ic s, one ha s to 
really force parameter s to get anything 
like a blue jet." 

Too Soo n for I mpli cations 
The d i scovery of the se upper atmo

sphe ric di s"Charge s is so new that the ir 
implication s have not yet been fully con
sidered. Sc ienti st s are only now trying to 
sort o ut the electrodynamic s and at
tempt i ng to under stand how much heat
ing and ion ization" there is. Several thou � 
sand cubic kilometer s of atmo sphere are 
affected by a single di scharge . 

One obviou s  area in wh ich the se phe
nomena have an effect i s  that of atmo
spheric chemi stry. Atmo spheric chem
i stry is extremely complex. When the 
electron s are heated, the reaction rate s 
change and potentially there w ill be 
change s in the chemi stry. Becau se there 
are hundred s of react ion s at d ifferent 
rate s, all intermingled, it will take some 
time to evaluate the effect s. Even the 
be st model s of atmo spheric chem istry 
are far from comprehen sive. To take into 
account upper atmo spheric d ischarge s 
the se model s may need to be over 
hauled or overturned. How w ill thi s af 
fect our under standing of strato spher ic 
ozone, for example ? 

The mo st fa sc i nati ng a spect of the 
story i s  that such dramatic and large 
scale phenomena a s  red spr ite s and 
blue jet s have gone und iscovered all 
thi s time . Although they commonly oc
cur, they were not doc umented until 
very recently. What other common 
place but a s  yet unnot iced phenomena 
occur with in Earth ' s  atmo sphere a s  it 
extend s out into space ? 
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G reat Heaven ly Bal ls  of I ce 
by J i m  Olson 

Approximate altitudes 

3,000 mil e� • .!} 
Small co met 
40-foot diamet er 
1 00 tons, wat er snow 
10 miles/second 

800 miles .e:- Tidal or el ectro st at ic disr upt ion ---+ • • •  
Exosphere .!} 10 miles/second 

Rap id vapor izat io n 
300 miles . Black spot s in Dynamics Exp lor er images 

• 30 miles diamet er 

Thermosphere . .!}  10 miles/second 
60 miles 

35 miles 

Sp eed r educed by 
at mo sp her ic dr ag 

...[!,.. 3 miles/second 

No ct ilucent clo ud 

Mesosphere (wet) Rap id disper sal of wat er vapor 
-by at mo sp her ic winds 

25 miles 
4 inches/second 

Stratosphere (dry) 
5 miles 
---

Troposphere (wet) 
o miles 
---

I ce p art icles for med 

Wat er v apor fro m  .... 1iiIt v apor izat io n of ice par ticles 

� Co ndensat ion of � wat er vapor 

H OW A SMALL COMET DE POSITS ITS WATER ON T HE E AR T H  

As advances in instr umentat io n  con
t inue to perm it sc ie nt ists to detect 

new p henome na in space , it is only nat
ural t hat some establ is hed astronom ical 
ass umpt ions m ig ht have to b ite t he dust. 
T h is is t he story of how one s uc h  new 
p henomenon -bel ieved to be a large 
populat ion of small ice comets vapor iz
ing as t hey aproac h Eart h's atmo

sp here-st irred up a storm in t he sc ien
t if ic comm unity. 

I n  Apr il 1 986, Lou is A. Frank, a p hys i
c ist at t he Un ivers ity of Iowa, publ is hed 
two papers back-to-back in a mo nt hly 
journal of t he Amer ican Geop hys ical 
U n io n, Geophysical Research Letters. 1 
The f irst paper s imply annou nced t hat he 
a nd two colleag ues had fou nd t housands 
of anomalous "black spots " in p hoto-

grap hic images of Eart h's ultrav iolet rad i
at ion , spots t hat represented somet h ing 
real in near- Eart h space. 

T he second paper interpreted t hese 
resu lts , hypot hes iz i ng t hat t he b lack 
spots were images of water vapor re
ma ins of ice comets. Frank est imated 
t hat Eart h was be ing struck by 20 of 
t hese 1 00-ton, house-s ized iceball 
comets, heretofore undetected , every 
m in ute (more t han 1 0,000,000 per year ), 
and he suggested t hat t h is process had 
been occ urr ing for eo ns. 

Frank was wel l known among space 
sc ient ists because of h is extens ive work 
in plasma p hys ics and in bu i ld ing instru 
ments for spacecraft go i ng all t he way 
back to t he f irst u .s.  lunar probes. 

T he two papers created a f irestorm of 
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controversy w it h in t he sc ient if ic commu 
n ity , part icularly among geop hys ic ists 
and astro nomers. As Frank comme nted 
several years later i n  h is book, "/  was 
dr iv ing a bu lldozer t hroug h dozens of 
t he neatly pla nted f ields of sc ience and 
everyone was upset."2 

T he seeds of t he controvers ia l  hypot h
es is had been sown severa l years earl ier , 
on Aug. 3, 1 98 1 ,  w hen a Delta rocket 
lofted a pa ir of NASA satell ites , Dynam 
ics Explorer I and I I ,  into ell ipt ical po lar 
orb its from Vandenberg A ir Force Base 
in Ca l iforn ia. 

Dynam ics Explorer I, orb it ing at alt i 
tudes vary ing from 350 to 1 4,500 m iles 
(and carry i ng t hree i nstruments for 
w h ic h Frank was respo ns ible ), was to in
vest igate t he nonv is ible l ig ht em iss ions 
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from the E arth , with the purpo se of 
le arning more about the auror al light s 
th at appe ar in both hemisphere s. 

One of the in strument s w as an ultr a
violet camer a built and oper ated b y  Dr. 
John C r aven , a colle ague of Fr ank in 
the Dep artment of Ph ysi c s  and A stron
om y at the Univer sit y of Iow a. Thi s  
camer a w as to look at the E arth and 
record it s ultr aviolet emi ssion s. The 
photo s returned "were spe ct acul ar , "  in 
Fr ank' s word s. When either of Earth' s 
pole s w as in the field of view , the pho
togr aph s showed be auti ful  h aloe s 
(cau sed b y  the inter action between the 
sol ar wind and Ear th' s m agneto sphere ) 
in the upper atmo sphere above the 
pole s. In addition , E arth' s d a y side 
looked like an illum in ated or ange b all , 
a phenomenon called "d ayglow ," re
sulting from the inter action of sunlight 
with the atomi c ox ygen in the upper 
atmo sphere. 

The trouble w as th at m an y  of the 
photo s of Earth h ad inexpli cable d ark 
spot s-spot s th at interfered with an al yz
ing the photo s for gr avit y w ave s. Fr ank s, 
Cr aven , and e speci all y John Sigw arth , an 
undergr adu ate , m ade l aboriou s effort s to 
identif y the cau se of the spot s as "noi se " 
from somewhere in the system. The y ex
amined the camer a (remotel y) for f ailure 
of it s sen sor s and electronics, the satel
lite computer , the tr an smi ssion system s, 
and the ground -b ased equipment , in an 
effort to identif y the cau se or cau se s of 
the photogr aphic anom alie s. 

When these effort s proved un su cce ss
ful , the scienti st s were l ed to the con clu
sion th at the multitudinou s d ark spot s 
were cau sed b y  tr an sient , f airl y f ast -mov
ing re al object s  in sp ace between the or
biting camer a and the E arth. The y further 
con cluded th at the bodie s cau sing the 
phenomenon h ad to be plentiful in the 
sol ar system and h ave the abilit y to ab 
sorb ultr aviolet r adi ation within the fre
quen cy r ange of the UV camer a. 

The onl y candid ate the Fr ank te am of 
re se ar cher s could identify w as the w ater 
molecule ; the y con cluded th at the d ark 
spot s were huge b all s of w ater v apor , e s
tim ated to be 30 mile s acro ss on aver
age. The de scription of the bl ack spot s 
and their interpret ation as w ater v apor 
appe ared in Geophysical Research Let
ters in April 1 986. 

The Tempest 
M anu script s submitted to peer -re

viewed scientifi c journ al s  are forw arded 
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University of Iowa 

Frank: "/ was driving a bulldozer through 
dozens of the neatly planted fields of sci
ence and everyone was upset. " 

to two or mo re experts (referee s) in the 
topi c di scu ssed , who ev aluate the p aper 
and return comment s to the editor. The 
editor , in turn , m ay forw ard the com
ment s (with referee s' n ame s removed ) to 
the author . B ased on the comment s, 
along with hi s own ev alu ation , the edi
tor de cide s whether or not to publi sh. 

The two referee s of Fr ank' s 1 986 p a
per s re commended ag ain st publi cation 
(one of them w as highl y agit ated ). A c
cording to Fr ank , the editor asked h im 
to withdr aw the se cond (interpret ation) 
p aper , which he refu sed to do. The p a
per s were publi shed in spite of the refer
ee s' view s. 

Re ader s' comment s beg an to roll in , 
and within 1 5  month s of publi cation
before the editor de cl ared the exchange 
of view s clo sed- 1 1  comment s criti cal 
of Fr ank ' s  h ypothe si s h ad appe ared 
along with Fr ank 's replie s. 

Fr ank 's 1 986 p aper s should not h ave 
hit the geoph ysi c al communit y like a 
bolt out of the blue. Between e arl y 1 983 
and 1 986,  he and h i s  asso ci ate s pre
sented p aper s asserting th at the bl ack 
spot s were cau sed b y  re al obje ct s  at four 
meeting s of the Ameri can Geophysical 
Union . (At th at time , Fr ank had not yet 
arrived at the full y developed h ypothe si s  
th at the obje ct s  were i ce b all s arriving 
from a region in the sol ar system be yond 
the known pl anet s.) There w as al so con-

sider able inform al ex ch ange and di scu s
sion between Fr ank and other s in the 
geoph ysi c s  communit y on the subje ct 
during tho se ye ar s. 

On ce the two p aper s were publi shed 
in 1 986, however , Fr ank w as hit with a 
gre at de al of printed fl ak. Some of the 
comment s appe ared to be uninformed , 
so �e verged on vi ciou sne ss, and some 
were p atentl y di shone st. Mo st of the crit
i ci sm centered on the d ark spot s in the 
im ager y; the criti cs con cluded th at Fr ank 
w as mi st akenl y assuming th at spuriou s 
d at a  repre sented something re al. 

The Big Splash 
Fr ank an swered hi s criti cs b y  publi sh

ing a book , The Big Splash, in 1 9 90, 
which l aid out hi s more-or -Ie ss full y de
veloped h ypothe si s .3  Briefl y, Fr ank as
serted th at the Earth i s  being showered 
with more th an 1 0,000,000 thirt y-ton i ce 
comets ye arl y, th at the se comet s origi
n ate in the outer portion of a comet belt 
th at lie s out side the outermo st pl anet s, 
and that periodi call y an unknown pl anet 
sweep s though the region and send s cas
cades of sm all comet s into the inner so 
l ar system th at strike the Earth at an aver
age r ate of 20 per minute (see figure ). 

It should be remembered th at Fr ank 
w as not the fir st to h ypothe size either an 
unknown outer pl anet or a comet ar y  
b and be yond the known pl anet s. 

After Fr ank' s book w as publi shed , the 
b attleground shifted. In Augu st 1 99 1 , Dr. 
A.J. De ssler of the Sp ace Ph ysics and A s
tronom y Dep artment of Ri ce Univer sit y 
in Hou ston publi shed wh at he hoped 
would be the ultim ate refut ation of 
Fr ank' s h ypothe si s  in the Review of Geo
physics, another journ al of the Ameri can 
Geoph ysi cal Union.4 De ssler , it should 
be noted , w as the editor of Geophysical 
Research Letters in 1 98 6  and the one 

who h ad initi all y en cour aged Fr ank to 
publi sh hi s arti cle s. 

In some 28 p age s, with more th an 1 
1 /2 p age s of referen ce s, De ssler did a 
det ailed step -b y-step an al ysi s of ever y 
ph ase of Fr ank's  h ypothe si s, con cluding 
th at it w as m o st likel y th at the comet s 
did not exi st and th at th at the bl ack 
spot s in the photogr aph s were "in stru 
ment artif acts"  (th at i s, something old 
timer s might call gremlin s). On the fir st 
p age of De s sler ' s  arti cle , the editor 
noted th at Fr ank w as prep aring a repl y 
for a future i ssue. 

Fr ank took a f airl y long time to re
spond to De ssler 's arti cle ; hi s repl y ap -
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peared in Reviews of Geophysics in 
Febr uary 1 9 9 3. 5  In 28 pages, Frank 
replied point by point to Dessler 's com
ments. He maintained his hypothesis 
that Earth is indeed being str uck by stag
gering n umbers of ice comets each 
year. Altho ugh he altered the estimated 
average size from abo ut 100 tons to be
tween 2 2  and 5 5  tons, this was done as 
a res ult of new information he was 
given by another researcher from tele
scopic observations of the apparent 
comet infl ux. 

A Method of Proof 
In an interv iew in May, I asked Frank 

what he wo uld do, if he had everything 
at his d isposal -finances and re
so urces -to set up an experiment to 
demonstrate, once and for all, the reality 
of the comets. Frank, it sho uld be noted, 
is still heavily involved with spacecraft 
instr umentation and control. 

"First, he said, " I 'd fly a camera above 
the atmosphere, beca use looking 
thro ugh the atmosphere j ust won 't work. 
Act ually, I bel ieve that if the [ H ubble ] 
Space Telescope we re used correctly, 
they 'd be able to see the ob jects. Look
ing away [from Ea rth ], if they 'd just use 
the right expos ure, and point in the right 
direction, they wo uld see them as streaks 
. . .  in visible images, just from the re
flection of s unlight from them." 

"What wo uld I do ?" Frank contin ued. 
"Well, I 'd b uild an imager that was fast 
eno ugh and had eno ugh spatial resol u
tion that I co uld make a movie of these 
atmospheric. spots movi ng across the 
planet. And then I 'd b uild another im
ager that co uld be used on the Sh uttle 
that co uld look o ut at abo ut 3 ,08 5 
angstroms. Then yo u sho uld be able to 
see them glowing as they go by . 

"Some of these small comets wo uld 
be b ursts [of water vapor ], and they 
wo uld have these ultraviolet, not far ul
traviolet, glows abo ut them, and yo u 
sho uld be able to see the expanding 
clo uds from them as they whiz by the 
Earth. If yo u had a motion pict ure [from 
an unmanned satell ite ] even of these 
black spots moving across the planet in 
1 0  frames, there 's no statistical a rg ument 

yo u'd ever make [against their reality ]. If 
yo u had an imager look every 1 5  to 20 
seconds, yo u wo uld see it j ust march 
aro und the sky and impact into the 
atmosphere and see it disappear." 

Almost as an aftertho ught, Frank 
added, " By the way, yo u may or may 

not know, that I am b u ilding a $ 1 4  mil 
lion came ra, to be la unched in Decem
ber on the Polar spacecraft . . . .  It will 
do what I just described to yo u." 

Had his articles and book p rovoked 
any r esponse from amate ur ast ronomers ? 
F rank sa id that several amate urs had 

made observations based on his work. 
One of these amate urs, when I called 
him, sent me s ummaries of three years of 
night sky observation (by telescope and 
by unaided eye ). These contained re
por ts of a n umber of sightings of what he 
referred to as "l umino us ob jects," which 
co uld perhaps be called circ umstantial 
evidence of the ice comets as they enter 
the Ea rth 's atmosphe re and diff use. 

What's Next? 
A NASA spacecraft called Polar is 

sched uled for la unch on Dec. 8, 1 995, 
aboard a Delta I I  rocket into polar orbit 
from Western Space and Missile Center 
(formerly called Vandenberg Air Force 
Base ) in California.6 The Polar spacecraft 
is part of the Global Geospace Science 
program, which is an ongo ing effort to 
investigate the solar wind and the inter
play between the solar wind and Ear th 's 
magnetosphere. 

"If this was correct, we 
would have to burn half the 
contents of the l ibraries in 

the physical sciences." 

The Polar spacecraft carries 1 1  inst ru
ments, each generally designed to inves
tigate a different aspect of plasma 
physics . The camera referred to above 
by Frank is the Visible Imaging System 
(VIS ) on board Polar. As he noted, the 
VIS sho uld be capable of settling for 
once and for all the iss ue of whether the 
icy comets are real or merely a hare
b rained attempt explain away anom
alo us data. The camera, by the way, is 
not deployed for the p urpose of proving 
Frank 's hypothesis b ut is ded icated to 

other investigations ; if in the process it 
proves the reality of the icy comets, this 
wi ll be serendip ito us. 

And if the icy comets are proven to be 
real, what happens ? 

For those living in coastal lowlands, 
it 's not necessary to "head for the hills." 
As F rank points o ut, if he 's proven to be 
generally co rrect abo ut the impact rate 
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and size of icy comets, it will  take 
aro und 1 0,000 years for the oceans to 
rise 1 inch. 

The impact s uch proof will have on 
science, however, may be greater. As 
one of the refe rees to Frank 's 1986 paper 
in Geophysical Research Letters p ut it : 
" . . .  [ I lf this was correct, we wo uld 
have to b urn half the contents of the li
braries in the physical sciences." 

Notes --------------
1 .  L.A. Frank et aI., 1 986,. "On the Influx of Small 

Comets into the Earth's Upper Atmosphere, I ,  
Observations," Geophysical Research Letters, 
Vol. 1 3, No. 4,  pp. 303-306 (April); and L.A. 
Frank et aI., 1 986, "On the Influx of Small  
Comets into the Earth's Upper Atmosphere, I I ,  
Interpretation," Geophysical Research Letters, 
Vol. 1 3, No. 4, pp. 307-31 0 (April). 

2. Louis A. Frank with Patrick Huyghe, 1 990. The 
Big Splash (New York: Birch Lane). 

3. See note 2. 
4. A.J. Dessler, 1 991 . "The Small-Comet Hypothe

sis." Reviews of Geophysics, Vol. 29, No. 3 (AU
gust), pp. 355-382. 

5. L.A. Frank and J.B. Sigwarth, 1 993. "Atmo
spheric Holes and Small Comets," Reviews of 
Geophysics, Vol. 30, No. 1 (February),  pp. 1 -
28. 

6. A N,A.SA spokesman said June 1 that the sched
uled launch date is still Dec. 8, 1 995, but as of 
press time, the effect of budget cuts on the 
launch date is unknown. 
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Although best known as a geometer 
and mathematician, Archimedes was/ 

in fact, a universal genius. 



by Bob Rob i nson 

I t is  a tribute t o  the great American p oet Edgar Allen P oe that 
he named his bea utiful, if lit tle kn own, treatment of science 
and natural law, "Eureka," in remembrance of the great 

Syracusan scientist, Archimedes. Just as in a well constructed 
p oem, Archimedes ' disc overies and inventi ons, and the 
meth od by which he made them, are n ot really separable. 

Archimedes lived from 28 7 t o  2 1 2  B.C. in Syracuse, a city 
built in ab out 700 B.C. by C orinthian Greeks on the s outh
eastern c oast of Sicily. By the fifth century B.C., Syracuse had 
bec ome one of the m ost imp ortant and strongest of the Greek 
cities. At its zenith, Syracuse had a p opulation of 1 million. Its 
temples and m onuments are, after the Parthen on, s ome of the 
m ost impressive Greek remains in existence. 

.The scientific spirit of classical Greece bl oss omed in the 
Academy of Athens, f ounded by Plat o in 38 7 B.C. It was 
spread through out the known w orld by the c onquests of 
Alexander the Great (356 t o  323  B.C.). Alexander planned and 

built his w orld capital n ot in his native land of Maced onia, but 
at the crossroads of w orld trade on the Nile del ta in Egypt, in a 
ci ty he called Alexandria. There he b uilt a universal museum 
and library, eventually c ontaining m ore than three quarter mil
li on "v olumes " (papyrus scrolls ) from Greece, India, R ome, 
Egypt, and elsewhere. As we shall see, Archimedes was in di
rect c orresp ondence with the chief librarian in Alexandria 
(circa 220 B.C.), Erat osthenes, wh o was himself a first -rank as
tronomer and ge ometer. 1 

After the death of Alexander the Great, the classical Greek 
city -state, m odeled on the republican c onstit uti on of S ol on of 
Ath ens , was all b ut eclipsed by a c ontest between empires, 
and now f oll owed the Spartan c onstituti on of Lycurgus. By the 
time of Archimedes, R ome and C a rthage had bec ome-ac
c ording to admittedly unreliable later Graec o-R oman hist ori
ans like Plutarch--equal "superp owers " c ontending f or d omi
nati on of the Mediterranean w orld in the s o-called Punic Wars. 

T H R A C E  
M A C E D O N I A  
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Ult im ately, when Jul iu s C ae sar conquered Egypt in 48 B .C ., 
even the Alex andr ian l ibr ary-wh i ch h ad become the v irtu al 
nerve center of an cient intel le ctu al l ife-w as destr oyed by fire . 

In retr ospect, we see th at the very ex istence of Ar ch imede s 
in the th ird century B .C .-and of fr iend s of h i s l ike Er at os
thene s-w as the m a in h ope f or prevent ing the Rom an Emp ire 
from cau sing a descent int o a perm anent d ark age . 

Alth ough be st kn own as a ge ometer and m athem at ician, 
Ar ch imede s w as, in f act, a un iver sal gen iu s. The red iscovery 
of h i s  w ork, and the tr an sl at ion s  of it m ade by the cir cle s 
ar ound N ich ol as of Cusa in 1 450, were (al ong w ith Pl at o' s  d i
alogue s) cru cial f or all the bre akthr ough s of the G olden Re 
n aissan ce. The m any me ch an ical invent i on s  of Le on ard o  d a  
Vinc i, the u se by Kepler of the 5 regul ar Pl at on ic and 1 3  
sem iregul ar Ar ch imede an sol id s in astr on omy and cry st al log
r aphy, and later on, the devel opment of the integr al calculus 
by P ascal, Huygen s, and Le ibn iz, all owe a gre at debt t o  
Ar ch imede s. 

Archi medes' Discovery 
Ar ch imede s' m ost fund ament al scient if ic d iscovery w as the 

con cept of center of gr av ity and it s re lat ion sh ip t o  accomp l ish
ing w ork . Ge ometr ically, th is concept re late s t o  cir cul ar ac
t ion, the con ic se ct ion s, the sp ir al, and the sphere. H is m any 
invent ion s  based on lever age and screw act ion are a cor ol lary 
of th is bre akthr ough. 

It is imp ortant t o  d i st ingu ish between the u se of the b al an ce 
scale, in commer ce, f or ex ample (wh i ch f ar pred ated 
Ar ch imede s) fr om "center of gr av ity " as a un iver sal con cept of 
n atur al l aw. Th is concept i s, one m ight say, the "center of 
g rav ity " ar ound wh ich a l l  the re st of Ar ch imede s' w ork re
v olved and the b as i s  on wh ich he un if ied ge ometry and 
phy sics int o one coherent subje ct .  Tw o of h is ext ant w ork s, 
"On the Equ i libr ium of P lane s" and "The Method," tre at the 
con cept of center of gr av ity exp l ic itly. 

The center of gr av ity i s  a p oint such th at, if a b ody be con
ce ived t o  be su spended fr om th at point, n o  m atter wh at the 
body' s in it i al or ient at ion, the we ight carr ied thereby rem ains at 
equ il ibr ium and the body pre serve s it s or ig in al posit ion (F igure 
1 ) . It can al so be con ce ived as the inter se ct ion of all the axe s  
ar ound wh ich a body in free f all w il l  r ot ate, n o  m atter wh at it s 
d irect ion of r ot at ion .  Thu s, an other repre sent at ion of the center 
of gr av ity can be "center of inert ia. "  T o  have a center of gr av ity 
f ixed re lat ive to  the p arts of a b ody, the p art s of the b ody mu st 
gener al ly, a lth ough n ot a lw ay s, h ave a f ixed rel at i on sh ip t o  
one another. 

The center of gr av ity need n ot be w ith in a b ody or in any of 
the obje ct s  composing the b ody . F or ex ample, in a t oru s, the 
center of gr av ity is in the hole in the m iddle of the t oru s. If tw o 
object s are in b al an ce on opp osite side s of a ful crum, the cen
ter of gr av ity of the tw o obje ct s, t aken as a set together w ith 
the arm of the b al an ce it self, is the point in a pl an e  perpend ic
ul ar t o  the b al an ce arm th at p asse s  thr ough the fu lcrum of the 
balance, not in e ither of the obje ct s  be ing b al an ced per se . In a 
sphere, whether sol id or hol low l ike a soap bubb le, the center 
of gr av ity i s  at it s center . In a regul ar or sem iregu lar solid, the 
center of gr av ity w ill be sim il arly situ ated . 

. 
However, all b od ie s, n o  m atter h ow d issim i lar t o  the sphere 

In appe ar an ce or h ow asymmetr ic, h ave one and only one 
center of gr av ity. T o  f ind the center of gr av ity of any b ody 

(a) Center of gravity 

Center of 
gravity 

30 lb. weight at distance of 1 
10 lb. weight at distance of 3 / 

� 

\ 
(b) Lever principle 

Fulcrum 

Fig ure 1 
ARC H IME DE S' C ONCE PT OF 

T HE CENTER OF GRAVITY 
Using his concept of the center of gravity and a bal
ance, Archimedes was able to measure and compare 
various curvilinear surfaces, solids, and lines that were 
otherwise not comparable-and to make discoveries 
about their properties and relationships. He contrasted 
this method to the technique of exhaustion, which fills 
up volumes, areas, and lines with smaller and smaller 
units ad infinitum-to approximate, asymptotically, 
their measurement (see Figure 8). The center of gravity 
method involves actual equalities, not asymptotes or 
convergences. 

The center of gravity, which is not the center of 
mass, is a point such that if a body is suspended from 
it, the weight of the body will be at equilibrium. Using 
this concept, Archimedes invented many devices and 
methods for doing work, including his well known use 
of leverage and screw action. 

To find the center of gravity of any body small 
enough to be handled, hang the body successively 
from two or more points on its surface (a). When it 
stops wobbling, the center of gravity will be found 
where all the lines meet that are extensions of the cords 
from which it is hung. 

The balance shown in (b) demonstrates Archimedes' 
lever principle, where the product of the weight times 
the distance is equal on both sides. Thus, a 7 D-pound 
weight at a distance of 3 units on one side of a fulcrum 
will balance a 3D-pound weight at a distance of only 7 
unit on the other side. 
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(a) 

(b) 
Fig ure 2 

T HE CENTER OF GRAVITY OF A TRIANGLE 

Center of 
gravity 

cen ter of mass. On a balance, f or ins tan ce, the 
center of grav ity is in a plane pass ing thr ou gh the 
ful crum of the balan ce, n o  ma tter h ow mu ch 
m ore we igh t  is on one s ide of the balan ce than 
the other. 

If a 1 a-p ound we ight  were on one s ide of a 
balan ce and a 2-p ound we igh t  on the other, the 
center of mass w ould have to be in a plane d iv id
in g the 1 a-p ound we igh t  s o  that 4 of its p ounds 
joined w ith the 2-pound we ight  to d iv ide the to
tal we igh t  in half : 6 pounds and 6 p ounds. 

The cen ter of grav ity, on the other hand, w ill 
be in a plane (in clud in g the ful crum of the bal 
an ce )  tha t  is 5 times as cl ose to the 1 a-p ound 
we ight  as the 2-p ound we igh t, but not ne cessar
ily pass ing through the 1 a-p ound we ight. What is 
be in g equated, or balanced, at  the center of grav-
ity is mass times d is tan ce from the center of grav
ity, or phys ical spa ce, n ot mass or d is tan ce sepa
rately. 

In cer ta in cases in wh ich mater ials of cons truc
tion are un if orm and the f igure is symme tr ical, 
the v is ible cen ter, the cen ter of grav ity, and, f or 
that  ma tter, the center of mass all coin cide. As is 
self-ev ident, these cases in clude f igures su ch as a 
f in ite s tra igh t  l ine at its m idp oin t, or a circle or 
sphere at  its center of spa tial ex tens ion. A square 
also has a fa irly obv ious center of grav ity, wh ich 
may be def ined as the in tersection of its d ia go
nals. The center of grav ity of a re ctan gle or paral
lel ogram may be s im ilarly def ined. 

What a bout a tr ian gle ? We can tes t  to see fr om 
what p oin t the tr ian gle, when hun g, is in approx i
m a te equ il i br ium, as sh own in F i gure 2. Bu t 

The center of gravity of a mesh triangle was found by suspending it 
such that it lies parallel to Earth's surface (aJ. Another way Archi
medes determined the center of gravity of a triangle comes from 
plane geometry. Bisect the base of a triangle and fold it along the 
line from the bisection point to the opposite vertex, which will pro
duce two equal triangles. Repeat this process for another side of the 
triangle, and the intersection of both folds will be the center of gravi
ty of the triangle. 

th ink. If y ou are fam il iar w ith a l ittle plane ge om 
e try, y ou may know tha t the area of a tr iangle on 
a flat surfa ce is equal to one half its base times its 
he ight. S o  if we bisect the base of a tr iangle, then 
f old it al on g  the l ine from the bise ction point  to 
the opp os ite ver tex, we crea te tw o tr iangles, ea ch 
w ith the same base and he ight and, theref ore, 
w ith the same area. 

Th is f old f orms n ot the center of grav ity, bu t 
an ax is of grav ity or an ax is of iner tial rotation, 
as prev iously des cr i bed, s im ilar to the ax is a bout 
wh ich a plane t or a gyros cope turns. If we then 

For two triangles equal in area, Archimedes showed that the cen
ter of gravity of the two is the midpoint of the line connecting their 
respective centers of gravity. 

small enou gh to be handled, it is merely ne cessary to hang the 
body success ively from tw o or m ore poin ts on its s urfa ce. 
Once the body has s topped w obbl in g and is han ging in eq ui
l i br ium, ima gine the ex tens ion of the cord from wh ich the 
body is hung as f orm in g an ax is of rota tion runn in g through 
the body, s im ilar to the Ear th 's ax is of rota tion or that of a gy
ros cope. The center of grav ity is the p oint at wh ich all su ch 
l ines mee t. 

The center of grav ity is the physical center of an object. A 
circular obje ct we ighted to one s ide, su ch as an out-of- balance 
wheel, w ill have a v is ible center that  is n ot the same as its cen
ter of grav ity. The center of grav ity is also d ifferent from the 
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bise ct an other s ide of the tr iangle and f old a ga in 
from the new bise ction p oint to its opp os ite ver

tex, the in tersection of the f irs t and se cond f olds w ill give us a 
un ique p oint that  is the center of grav ity of the entire or iginal 
tr ian gle. I t  can be eas ily sh own that  th is p oin t w ill always be 
one th ird the way al on g  the med ian (the l ine produ ced by the 
f old ) from ea ch base m idpoint (bise ction p oint) to its opp os ite 
ver tex. More over, it is the same poin t  f or all three axes of ro
ta tion, thus def in in g a un ique center of grav ity f or any tr ian gle 
on a plane. 

Supp ose n ow we have tw o tr ian gles, adjacent or separa te, 
but f ixed relative to ea ch other and equal in area. The center 
of grav ity of the set of both tr iangles w ill be the m idp oint of the 
l ine conne ctin g the ir respe ctive centers of grav ity. 



But what ab out a surface that cann ot be neatly div ided int o 
triangle s or a three-dimen si onal b ody that cannot be neatly di
vided int o pyramid s; for example, a curvilinear surface other 
than the circle or sphere, one which i s  not perfectly symmetri
cal ? What ab out the conic section s  other than the circle, such 
a s  the ellip se, parabola, and hyperb ola ? What ab out surface s 
and v olume s pr oduced by rev oluti on of the ab ove figure s, 
such a s  the ellip soid and the parab ol oid ? What ab out secti on s  
of the se surface s and v olume s ?  O n  the level of engineering, 
what ab out a ship that mu st be de signed with a center of grav
ity that i s  appr opriate t o  with stand r ough sea s?  

The se are some of the que sti on s  Archimede s an swered. 

The Tech nique of E xh austion 
One way to find the appr oximate area of curvilinear figure s 

that are f ormed by some rule, such a s  the c onic sect ion s, i s  t o  
divide them up int o smaller and smaller triangle s that ap
pr oach the curve as a limit, a sympt otically. Thi s technique, de 
vel oped by Eud oxu s, a student of Plat o wh o lived 1 50 year s 
bef ore Arch imede s, i s  called, appr opriately, "exhau sti on," and 
wa s u sed succe ssfully by Eud oxu s t o  appr oximate the v olume s 
and surface area s of cone s and fru strum s of c one s.  

Archimede s him self u sed thi s technique t o  define the area of 
the parab olic c onic section, purely in term s of a serie s of trian
gle s, a s  neither m ore n or le ss than 4/3 the area of the max i
mum triangle in scribab le within it (Figure 4). Thi s Archimede s 
called the "Quadrature of the Parab ola ." 

More over, becau se the triangle s c omp osing the parab ola are 
symmetrically organized ar ound the central vertical axi s of the 
parab ola, Archimede s wa s able t o  determine the center of 
gravity of parab olic secti on s  u sing the same technique, as  he 
sh ow s in hi s w ork "On the Equilibrium of Plane s." In turn, thi s 
gave Archimede s the in sight nece ssary t o  define (in hi s w ork 
"On Fl oating B odie s") the c on straint s on the shape of a ship 's 

Circle Ellipse 

hull if it s center of gravity were to be such that it w ould stay 
upright in the water. 

However, Archimede s wa s never able t o  figure out the cir
cle 's area or circumference, a s  he had determined the para
b olic secti on 's area. He could find n o  way of relating the cir
cu lar area or perimeter t o  the diameter of the c ircle or t o  an 
in scribed triangle or other in scribed p olyg on in side the circle, 
by mean s of any known number, whether wh ole, fracti onal, or 
even "incommen surable," such a s  the square r oot of 2. N or 
did he cla im t o  have d one so, a s  some other s did. Archimede s 
d id succe ssful ly measure a circle with a spiral, but thi s, like 
Eud oxu s' earlier determinati on of the surface area and v olume 
of a cone in term s of it s c ircular ba se and it s height, already 
pre suppose s  circu lar acti on. 

It is a cruc ial parad ox that while Arch imede s naturally c ould 
only appr oximate n, a term he d id n ot u se, he c ould neverthe
less determine the area of the circle and the surface area and 
volume of the sphere preci sely in term s of n; that i s, by treating 
n a s  a real number even though ne ither he (n or any one el se )  
could l ogically deduce it s value fr om the c ounting number s or 
a serie s of triangle s. How did he re solve thi s parad ox ? 

Archi medes' Dis covery Reexamined 
Let u s  take a step back . What ab out the ca se where the tri

angle or other figure i s  of vary ing den sity ; in other w ord s, 
where the f igure i s  heavily weighted t o  one side, c ontrary per
hap s t o  appearance s ?  I s  n ot such a circum stance rather the 
rule than the excepti on ? In such ca se s  we mu st go back to the 
previou sly menti oned meth od of ba lancing the b ody, or some 
ordered sequence of it s parts, t o  find it s center of gravity . Thi s 
sort of inve stigati on may be called, by c ontra st with the tech
n ique of exhausti on, the center of gravity meth od. 

Here are a few example s of Archimede s' u se of the center of 
gravity meth od. 

Parabola Hyperbola 

Fig ure 3 
FINDING T HE CENTER OF GRAVITY OF OTHER PLANE FIGURE S 

The conic sections are those figures obtained by slicing the cone with a plane. The slice may be parallel to the base
' 
of 

the cone (producing a circle), may cut the cone at an angle less thim parallel to the slope of the cone (ellipse), parallel to 
the slope (parabola), or at an angle greater than parallel to the slope, thus cutting both horns of the cone (hyperbola). 

To find the center of gravity or the area of regular curvilinear figures such as the conic sections, Archimedes used a 
technique developed by Eudoxus. He divided the figures up into smaller and smaller triangles that approached the curve 
of the figure as a limit. 
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Figure 4 
ARC H IME DE S' QUADRAT URE OF T HE 

PARABOLA BY E XHAUST ION 
Using the technique of exhaustion, Archimedes found 
the area of the parabola to be neither more nor less 
than 4/3 the area of the maximum triangle inscribable 
within it. He used a series of triangles organized 
around the central vertical axis of the parabola. 

As shown, the midpoint of the line BB' ,  which 
bounds the parabolic section, is 0. Therefore, ALMNO 
is a median of the triangle A BB ' .  L ines parallel to 
ALMNO and passing through points Q and Q' similarly 
bisect BA and AB', and so form medians of the trian
gles BQA and B' Q' A, respectively. This construction of 
ever-smaller triangles that fill the parabola as a limit 
permits determination of both the area of the parabola 
and its center of gravity. 

First, consider the famous story of King Hieron 's ceremonial 
wreath. King Hieron of Syracuse, who was a friend of 
Archimedes, wanted to know if someone had substituted silver 
for some of the gold in a sacred wreath. Archimedes was set to 
the task. One day, while taking a bath, he was pondering how 
to make his investigation without melting the wreath down . As 
he descended into the bath, he noticed that his body dis placed 
a s pecific amount of water, causing the water level to rise by a 
certa in amount. As the story goes, Archimedes jum ped out o f  
the tub and went running down the streets o f  Syracuse stark 
naked crying, "Eureka ! "  (I have found it ! ). 

Archimedes went to the palace and placed King Hieron 's 
wreath on one side of a balance with an equal weight of pure 
gold on the other, thus balancing the two ob jects at equal dis
tances. (Whether he was still naked I have no idea .)  Then he 
substituted an equal weight of silver for the gold, again e x
actly balancing the wreath. Ne xt he immersed first the gold 
and then the silver in a vessel of water. The silver, of course, 
dis placed more water than the gold, silver being less dense 
than gold. Finally, he immersed the wreath, finding that it dis
placed more water than its weight in gold but less than its 
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weight in silver, showing thereby what pro portion of the gold 
had been re placed by silver in the wreath. 

Archimedes had used the fulcrum of the balance to establish 
a center of gravi ty and equality of mass between the wreath, 
the gold, and the silver. He was then able to demonstrate that 
the volumetric dis placement per unit mass is a unique charac
teristic of each element, such as gold or silver. This character
istic, called s pecific gravity, became much later the foundation 
stone of the develo pment of chemistry from Lavoisier to 
Mendeleyev. 

Now consider a second e xam ple, this time from astronomy. 
Archimedes wrote a beautiful piece called "The Sand Reck
oner," which is com parable to Ke pler 's 1 600 work "The Six
sided Snow-flake." Archimedes hy pothesized the number of 
grains of sand that the universe could contain, thus giving, for 
his day, a sort of ma ximum and minimum measurement to the 
universe. To accom plish this, Archimedes had to develo p a 
whole new system of exponential numbers. 

Archimedes wrote to King Gelon :2 

. . .  Now you are aware that "universe " is the name 
given by most astronomers to the s phere whose center is 
the Earth and whose radius is equal to the straight line 
between the center of the Earth and the center of the 
Sun . . . .  But Aristarchus of Samos brought out a book 
consisting of some hy potheses, in which the prem ises 
lead to the result that the universe is many times greater 
than that so called. His hy potheses are that the fi xed stars 
and the Sun remain unmoved, that the Earth revolves 
about the Sun in the circumference of a circle, the Sun 
lying in the middle of the orbit, and that the s phere of the 
fi xed stars, situated about the same center as the Sun, is 
so great that the circle in which he su pposes the Earth to 
revolve bears such a pro portion to the fi xed stars as the 
center of a s phere to its surface. Now it is easy to see that 
this is im possible ; for since the center of a s phere has no 
magnitude, we cannot conceive it to bear any ratio 
whatever to the surface of the s phere. We must, how
ever, take Aristarchus to mean this ; since we conceive 
the Earth to be, as it were, the center of the universe, the 
ratio which the Earth bears to what we describe as the 
"universe " is the same as the ratio which the s phere con
taining the circle in which he su pposes the Earth to re
volve bears to the s phere of the fi xed stars. 

Thus, based on Aristarchus' heliocentric model of the solar 
system, he made an equation between two pro portions, that as 
the diameter of the Earth is to its orbit about the Sun, so is the 
diameter of the Earth 's orbit to the diameter of the then
acce pted "s phere of the fi xed stars." 

Archimedes develo ped a s pherical model of the heavenly 
motions, probably based on Eudo xus ' earlier concentric s phere 
model of the universe, in which, we may conjecture, the 
above pro portions were to be found. However, the models, 
along with Archimedes ' treatise "On S phere Making," were 
"lost " under Roman rule. 

Consider the coherence of the heliocentric model of the 
solar system with Archimedes ' conce pt of center of gravity. 
Aristarchus had shown, as a key part of his theory, that the 
Sun is much larger than the Earth or the Moon. Even though it 



would be diffi cult fo r A rchimede s to me asu re the den sity of 
the Sun di re ctly (as it still would be so tod ay ), and notwith
st anding the f act th at the sol ar sy stem i s  not a rigid body but 
h as p ar ts con st antly moving rel ative to one anothe r, it m ade 
pe rfe ct sen se fo r A rchimede s to hypothe si ze a cente r of g rav
ity th at would be clo se to the Sun , around whi ch the Sun 
would revo lve clo sely , while the pl anet s would revolve at 
g re ate r di st an ce s .  

M any o f  A rchimede s'  invention s we re not "lo st " :  The 
A rchimede an screw , o r  co chle a, w as called by G alileo "not 
only m arvelou s but mi raculou s," in sof ar as it appe ars to defy 
g ravity by pulling w ate r uphill without compartment s in the 
screw me ch ani sm to keep the w ate r f rom slipping b ack down . 
A rchimede s app arently developed thi s simple me ch anical de
vi ce on one of hi s t rip s to Egypt in o rde r to help i rrig ate l and 
around the Nile River, but it w as al so u sed as a bilge pump fo r 
ships and mine s. 

The re are seve ral ve rsion s of the sto ry of how A rchimede s 
singleh andedly l aun ched the ship Syracusia, to the am azement 
of King Hie ron and the citi zen s of Sy racu se , by utili zing fo rm s  
of me ch anical adv ant age , singly o r  in combin ation . Block and 
t ackle , the windl ass, the endle ss screw , and simple leve rage all 
are mentioned by v ariou s  autho rs, but in one w ay o r  anothe r, 
Archimede s redu ced the effo rt needed to move a lo ad by p ro
portion ally incre asing the tot al di st an ce th rough whi ch the ef
fo rt w as exe rted. 

When he h ad accompli shed thi s t ask ,  A rch imede s said , 
"Give me a place to st and ,  and I will move the E arth." 

Hi s othe r invention s in cluded the crane , the hyd rau li c o r
g an, and the paraboli c reflecto r. A cco rding to some l ate r ac
count s, pe rh ap s  apo cryph al ,  A rchimede s u sed a reflecto r with 
an el abo rate netwo rk of sm all rot at able mi rro rs to fo cu s  sun 
light and set enemy ship s on fi re .  Leon ardo d a  Vin ci m arveled 
at A rchimede s'  invention of a we apon fo r th rowing bu rning 
pit ch onto an opponent 's ship . Ag ain and ag ain in the se ac
count s, the same b asi c ide a of leve rage re appe ars: Di scove r 
the t rue cente r of g ravi ty of a body , then rot ate the body abo ut 
it s cente r of g ravity in o rde r to pe rfo rm wo rk mo st effi ciently , 
given all the ci rcum st an ce s. 

Becau se of thi s method, rathe r th an any parti cul ar invention , 
A rchimede s rep re sented the potenti al in the thi rd centu ry B .C 
fo r city -st ate s to be e conomi cally sove reign and to defend 
them selve s ag ain st empi re s. One i s  tempted to say th at 
A rchimede s developed the equiv alent of a St rategi c Defen se 
Initi ative (501) fo r city-st ate s of hi s d ay ,  a so rt of " B C I." 

Given thi s b rief account , it i s  now po ssible to situ ate 
A rchimede s' defen se of Sy racu se , f rom 2 1 6  to 2 1 2  B .C Thi s i s  
an epi sode in the ann al s of scien ce a s  hi sto ry th at will fo reve r 
m ake A rchimede s come alive , even though it ended with 
Archimede s' own de ath. 

When H annib al , the g re at C arth agini an gene ral , almo st 
conque red Rome in 2 1 6 B .C at the b attle of C ann ae ,  hi s 
st rategy w as to p rovoke a revolt of the city -st ate s unde r Ro
m an cont rol and the Rom an s  them selve s ag ain st the Rom an 
Empi re. The st rategy did not quite wo rk ,  pe rh ap s  be cau se of 
di st ru st of H annib al and the C arth agini an army , who we re ,  
like Rome , empi re builde rs and hum an sacrifice rs. Neve rthe
less, Sy racu se and a few othe r Rom an subje ct people s, su ch 
as the C apu an s  and the G aul s, did th row o ff Rom an rule ,  with 
the con sequen ce th at the Rom an s  h ad to d raf t 1 0  pe rcent of 

thei r popul ation to su rvive . 
F abiu s Maximu s, who h ad been appointed Rom an di ct ato r 

in thi s cri si s, sent M arcellu s, a gene ral , out to defe at Hannib al 
and re conque r the citie s in revolt. The g re at t ragedy in this sit 
uat ion w as that H annib al did not fo rm an open alli an ce with 
A rchimede s. S uch an allian ce could h ave p rev ailed ag ain st the 
siege of Sy racu se by the Rom an s. But the Rom an s  won , so the 
hi sto rie s th at come down to u s  about A rchimede s' b rilli ant de
fen se of Sy racu se we re w rit ten by Rom an hi sto ri an s  Polybiu s, 
Livy , and Plut arch . The o sten sible subje ct of Plut arch 's ac
count , fo r ex ample , w as not A rchimede s, but Gene ral M arcel
lu s. Even so , Plut arch ,  him self a G reek who lived unde r Ro
m an rule , give s a highly moving account3 

When , the refo re ,  the Rom an s  assaulted the w all s in two 
place s  at on ce ,  fe ar and con ste rnation stupefied the Sy ra
cu sans, believing th at nothing w as able to re si st th at vio
len ce and tho se fo rce s. But when A rchimede s beg an to 
ply hi s engine s, he at on ce shot ag ain st the l and fo rce s all 
so rt s of mi ssile we apon s, and immen se m asse s  of stone 
th at came down with in credible noi se and violen ce ; 
ag ain st whi ch no m ao could �t and ; fo r they kno cked 
down tho se upon whom they fell in he ap s, b re aking all 
thei r rank s and file s.  In the me antime huge pole s th ru st 
out f rom the w all s ove r the ship s sunk some by the g re at 
weight s which they let down f rom on high on them ; oth
e rs they lif ted up into the ai r by an i ron h and o r  be ak like 
a crane 's be ak . . . .  

A ship w as f requently lifted up to a g re at height in the 
ai r (a d re adful thing to behold ) and w as rolled to and f ro ,  
and kept swinging ,  until the m a riners we re all th rown out , 
when at length it w as d ashed ag ain st the ro ck s, o r  let f all . 
. . . Yet Marcellu s e scaped unhurt, and de riding hi s own 
artifi ce rs and enginee rs, "Wh at , "  said he , "mu st we give 
up fighting with thi s geomet ri cal B ri areu s, who pl ay s  pit ch 
and toss with ou r ship s, and , with the multitude of d arts 
which he showe rs at a single moment upon u s, re ally out 
does the hund red -h anded gi ant s of mythology ? . . . M ar
cellu s  de si sted f rom confli ct s  and assault s, put ting all hi s 
hope s in a long siege . . . .  

But nothing affli cted Marcellu s  so mu ch as the de ath 
of A rchimede s, who w as then , as f ate would h ave it , in
tent on wo rking out some p roblem by a di ag ram , and 
h aving fixed hi s mind alike and hi s eye s upon the sub je ct 
of hi s spe cul ation , he neve r noti ced the in cu rsion [by 
subte rfuge ] of the Rom an s, no r th at the city w as t aken. In 
thi s t ran spo rt of study and contempl ation , a soldie r, un
expe ctedly coming up to him , comm anded him to follow 
M a rcellu s ;  whi ch he de clining to do befo re he h ad 
wo rked hi s p roblem out to a demon st ration , the soldie r, 
en raged , d rew hi s swo rd and ran him th rough . . . .  M ar
cellus eve r afte r reg arded him th at killed him as a mu r
de re r  . . . .  

Marcellu s, who kept two of A rchimede s' pl anet ari a  as booty 
af te r  the conque st of Sy racu se , w as l ate r ambu shed and killed 
by H annib al. Plut a rch de s c ribe s the in s c ription on 
A rchimede s' tomb of a sphe re in scribed in a cylinde r, whi ch 
w as confi rmed to exist centu rie s l ate r by Cice ro ,  on a t rip to 
Sy racu se. Wh at i s  mo st cle ar in Plut arch 's account , howeve r, 
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is the awe with which the Rom ans, and Pl ut arch himself, re
garded Archimedes ' scientific method. 

Arch imedes' Method 
Let 's take a closer look at Archimedes ' method. There is no 

better pl ace to st art th an with a letter from Archimedes to his 
friend Er atosthenes, the li br ari an scientist at Ale xandri a. This 
letter is an introd uction to a tre atise Archimedes w rote called, 
appropri ately, liThe Mech anic al Method," which incl udes n u
mero us ill ustr ations of Archimedes ' method of solvin g v ario us 
geometric pro blems th at h ad perple xed previo us geometers. 
The letter and the tre atise were une arthed in 1 906 by the Ger
m an scho lar J.L. Hei ber g. The doc ument h ad been conce aled 
for seven cent uries under an Eastern Orthodo x lit ur gic al doc u
ment. The letter to Er atosthenes s ays, in p art:4 

I tho ught fit to write o ut for yo u and e xp lain in det ail in 
the s ame book the pec ul i arity o f  a cert ain method, by 
which it will be possi ble for yo u to get a st art to en able 
yo u to investi gate some of the pro blems in m athem atics 
by me ans of mech anics. This proced ure is, I am per
s uaded, no less usef ul even for the proof of the theorems 
themselves; for cert ain thin gs first bec ame cle ar to me by 
a mech anic al method, altho ugh they h ad to be demon
str ated by geometry afterw ards bec a use their investiga
tion by the s aid method did not f urnish an act ual demon
str ation. B ut it is o f  co urse m uch e asier, when we h ave 
previo usly acq uired, by the method, some knowled ge of 
the q uestions, to s upp ly the proof th an it is to find it 
witho ut any previo us knowled ge. 

In this letter, Archi-
medes e xplicitly st ates 
th at his method of scien
ti fic discovery is to be 
distin g uished from his 
method of form al logic al 
proof. This is a cr uci al in
dic ation th at Archimedes ' 
method is deli ber ately 
based on the method of 
hypothesis fo und in 
Pl ato 's di alo g ue "P ar _  
men ides " and not on the 
lo gic of Aristotle or Eu
clid. Th at is, Archimedes 
wo uld not be coerced 

geometric forms, and the techniq ue of e xh austion to form al ly 
prove that s uch eq uations were consistent with Pyth agore an 
geometry. Archimedes w as no form alist even here, and we 
sh all see th at wh at he h as in mind is a kind of te amwork be 
tween the two methods : the first to achieve bre akthro u ghs 
any w ay he co uld and the second to force even lo gic al for 
m alists to accept his res ults, if only gr ud gin gly. 

The center of gr avity permits the direct me as urement of v ari
o us c urvi line ar s urfaces, solids, and lines not otherwise com 
p ar able. It gives a s ufficient re ason to believe a proposition to 
be tr ue. The techniq ue of e xhaustion shows th at s uch a propo 
sition does not contr adict e xistin g axioms, by demonstr atin g 
th at any other proposition (involvin g q uantities less th an or 
gre ater th an those of the origin al  proposition ) does contr adict 
existing axioms. 

To be v alid, the techniq ue of e xh austion m ust alw ays in
volve some r u le of form ation of an infinite series, geometri
c al ly or n umeric ally . The center of gr avity method, altho ugh it 
can be of some use even as a sin gle empiric al me as urement, is 
only ri goro usly scienti fic if, by in genio us e xperiment al desi gn, 
it c an be shown to involve an ordered series of its own distinct 
type, as we s aw in the c ase of the tri an gle. Both involve the 
cre ation, or discovery, of some underlyin g r ule or principle. 
However, the techniq ue of exh austion i gnores all di fferences 
except those of e xtension, whi le the center of gr avity method 
is based-in the l ar gest sense, as we h ave seen-on t akin g 
note of the under lyin g physic al differences th at determine visi
ble differences. Th us, e xh austion is a techniq ue, while the cen
ter of gr avity appro ach is a method. 

In usin g bal ances, or the center of gr avity method, in the e x
amples shown in liThe 
Metho d , "  Archimedes 
ass umes th at all vol umes, 
pl anes, lines, and points 
h ave wei ght (and there
fore m ass ) and are th us 
me as ur able on a balance 
of some sort. Moreover, 
in reconstr uctin g Archi
medes ' e xperiments, one 
m ust be c aref ul to use 
m ateri a ls with a ch ar ac 
teristic width, depth, and 
specific gr avity. 

into accepting any lo gic al 
system, Rom an or other
wise, if he co uld con
str uct a geometric form 
inconsistent with the ax
ioms o f  th at system, yet 
intern al ly coherent as a 
conception. 

Fig ure 5 
ARC H IME DE S' SCREW 

The techniq ue of e x
h a ustion, on the other 
h and, is based on the 
opposite ass umption; 
n amely, that vol umes, ar
e as, and lines c an be di
vided ad infinitum. Fo r 
e xample, t ake the series 
1 /2 pl us 1 /4 pl us 1 /8 . . . .  
There is no n um ber less 
th an 1 th at the series 
c annot be shown to e x-This distinction, be

tween the scientific work-

Archimedes designed the screw or helical pump to carry water 
uphill; for example, to remove water from the hold of a large 
ship. A circular pipe encloses a helix. When it is rotated with 
one end in the water and at an angle of about 45 degrees to the 
water, the rotation causes the water to flow up. The screw has 
no compartments but depends on gravity. 

shop method and the form al lo gic al  proof, is ro ughly corre
l ated in Archimedes' own mind with the distinction between 
the "center of gr avity," or use o f  a bal ance to eq uate v ario us 

ceed. Therefore, we con
c lude indirect ly, by the above reductio ad absurdum, th at the 
limit of the series is 1 .  

The techniq ue of e xh a ustion w as used lon g before 
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Figure 6 
MEASUR ING AN IRRE GULAR AREA 

An irregular area, such as that on the left, can be measured by balancing it with a unit square. 

Archimedes to show, for example, that numbers l ike the square 
root of 2 are i rrational (that is, cannot be expressed as ratios of 
integers), and to determine the volume and surface area of vari
ous so l i d s  such as cones .  ( I n  h i s  l ette r to E ratosthenes, 
Archimedes makes reference to Eudoxus' work in this area.) 

Thus, the ordered series formed by the technique of exhaus
tion are. asymptotic, converging on a l im it if extended to infin
ity. On the other hand, the ordered series of the center of grav
ity method are, as one might expect from the employment of a 
balance, a series of perfect equal ities involving no asymptote 
or convergence but only coherence between the parts and the 
whole, and a one-to-one, unique correspondence between the 
parts themselves. ( In fact, these series are perfect elementary 
examples of the Cantorian defin ition of equivalent sets.5) 

Archimedes' employment of the center of gravity method 
has caused fits among 20th century logical  posit ivists l i ke 
Ernst Mach. Such logicians-evidently because of their fear of 
non-Euc l idean solutions of geometric propositions, or fear of 
Georg Cantor, or both-hysterica l ly  fai l  to see the difference 
between a tautological proposition and one based on a self
reflexive coherence. 

Squari ng the C ir cle 
Archimedes packed qu ite a one-two punch by combin ing 

the center of gravity method of scientific investigation with 
the techn ique of exhaustion, or exhaustive logical proof. This 
is, as we shal l  see, most clearly and profoundly borne out in 
Archimedes' quadrature of the parabola and his comparison 
of the surface areas and volumes of the sphere, cone, and 

cyl i nder in  terms of s imple ratios of a un it c i rc le, or what we 
cal l  TC. However, as previously stated, there was no number 
cal led TC when Archimedes l i ved, and, moreover, Arch imedes 
knew that he d id not know what such a number m ight be. 
Neither the technique of exhaustion nor the center of gravity 
method was of any ava i l  in determin ing what sort of number 
TC might be. 

N icholas of Cusa, the great phi losophical genius of the Re
naissance, was, in about 1 440, the first to recogn ize and rigor
ously prove that, in fact, an entirely new type of number ( later 
cal led transcendental)  was needed to define what we cal l  TC; 
that TC could not be considered whole, fractional, or i rrational 
( l ike the square root of 2) .  By standing on Archimedes' shou l
ders, Cusa was able to see someth ing Archimedes never h im
self saw: the necessity to create h igher orderings of numbers 
than the Greeks had known. 

Series were eventual ly found to approximate the c ircumfer
ence of the c ircle i n  terms of its d iameter, but none was ever 
found to converge, as d i d  Arc h i medes' quadrature of the 
parabola, on a known number, whether whole, fractional, or 
i rrational . Some series were based on successive approxima
tions with inscribed and c ircumscribed polygons, whose num
bers of sides are continuously doubled (as Archimedes had at
tempted) .  Some were based on a techn ique developed by 
N icholas of Cusa h imself: that some geometric figure approxi
mately equivalent to the c ircle's ci rcumference in length and 
susceptible to analysis in  terms of an exhaustive series, be used 
for such an approximation. In 1 674, the great d iscoverer of the 
calculus, Gottfried Leibniz, formed such a series for 1 /4 TC, 
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namely 1 - 1 /3 + 1 /5 - 1 /7 + . . . .  But a l l  of these series are 
only approximations. 

Many s imi lar series fol lowed, some by Newton and some 
later by Euler. However, (usa, Kepler, Huygens, and Leibniz, 
who pioneered this method of approximate quadrature, were 
a lways c i rcumspect, as was Archimedes before them, about 
claim ing a true, perfect quadrature of any curvi l i near figure, 
whether an infin ite series could be formed or not. Newton and 
Euler, logicians first and scientists second, both attacked Leib
n iz for not accepting the " logical" impl ication-the equiva
lence of recti l i near and bounded curved figures-of his own 
proofs based on infin ite series. 

The inabil ity of the Greeks to square the circle using Pythag
orean methods, and the even more frustrat i ng i nabi l ity to 

(a) 

(b) 

(c) 

Figure 7 

prove that n was an irrational number-l ike the square root of 
2 (which also depends logical ly on a proof involving exhaus
tive series)-was thei r  stumbl ing block: How cou ld one hope 
to determine the surface area or volume of a sphere, for exam
ple, or a conic section, if even the c ircumference of a c irc le  is 
not provably rational or irrationa l ?  

So me E xamples 
With this in m ind, let us conclude our exploration of Arch i

medes' center of gravity method as i t  appl ies to a fie ld nor
mal ly reserved for Eucl idean geometry, supplemented by Eu
doxus' technique of exhaustion; namely, the determination of 
the area and vol ume of some curvi l i near geometric figures. 
The first three examples are elementary heurisms, not actua l ly  

c o n t a i n ed in  A rc h i me d e s '  
"Meth od . "  I h ave i n c l u ded 
them to establ ish the princip le 
i n v o l ved in  a n  e l ementary  
way. The last two examples are 
from Arch imedes' "Method ." 

( 1 ) F igure 6 shows an i rregu
l a r  a rea meas u red by a u n i t 
square on a balance. This  is a 
s imp le  so lut ion to one of the 
pro b l e m s  ment i oned before :  
how to measure an area that is 
very d ifficult  to triangulate. No 
ordered series is created, either 
center of gravity or exhaustive. 

(2) The area of the circ le, as 
we a l l  know from school, is nr2. 
But how do we know this, and 
why is it so? To answer the fi rst 
question, the center of gravity 
method comes in very handy. 
We can see in F igure 7 that a 
right triangle with one leg equal 
to the rad ius of a circle and the 
other equa l  to the ci rcumfer
ence of that same c i rc le, wi l l  
h ave an  a rea o f  1 /2 r X 2nr, 
which equals nr2 .  Wil l  a trian
gle so constructed balance, at 
an equa l  d i stance, the c i rc le  
from which it was derived? 

As to w h y  the  two fig u res 
balance, stated strictly in terms 
of Eucl idean axioms, th is is best 
expla ined by the technique of 
exhaustion. Archimedes shows 
( F igure 8) that by successively 
doubl ing the sides of inscribed 
and  c i rcu mscr i bed polygons 
about the  c i rc l e, as was at

A R I G HT TRIANGLE OF ARE A E QUAL TO THAT OF A GIVEN CIRCLE tempted in measu ring the c i r
c u mfere nce,  t h e  common 
height of  the isosceles triangles 
that are defined by the center of 
the c i rcle and the sides of the 
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Wrap a rope around a circle and then construct a right triangle making the longest 
side the length of the rope (the circumference of the circle) and the short side the 
length of the circle's radius. The triangle and the circle will balance at equal distances 
from 'the fulcrum. 
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polygons wi l l  converge on the 
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Figure 8 
FINDING T HE ARE A  OF A CI RClE USING T HE 

TECHNIQUE OF E XHAUST ION 
As the number of sides of a polygon inscribed in the circle is successively dou
bled, the height of the triangles, such as AE in triangle ABC and AF in triangle 
ABO, approaches length AD, the radius of the circle. The sum of the lengths of 
the bases of the triangles composing the polygons, such as BC in the square, or 
BO and DC in the octagon, approach the length of the circumference of the 
circle. The total area of the successive polygons, equal to the total area of the 
triangles composing them, thus approaches 1/2 x radius x circumference, and 
circumference = 1tr2. 

Figure 9 
T HE BASIC LAW OF T HE BALANCE 

A whole square balances a half-square at 1/2 its distance from the fulcrum, 
according to the basic law of the balance: mass x distance on one side of the 
fulcrum must equal mass x distance on the other side. The squares here are 
constructed from a mesh material. 
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rad i us, and the sum of their  bases 
wi l l  converge on the circumference. 

Therefore, even if the c i rcumfer
ence does not exist from the logic of 
the polygons per se, if we take 1t as a 
rea l  exi stence, we can then deter
mine that the area of the circle could 
not be less than, or greater than, pre
cisely 1tr2. 

(3) Consider a simple square, Fig
ure 9. Its axes of gravity must a l l  go 
through its center of gravity, which 
can be defined as the intersection of 
the two d iagonals.  (We assume that 
the th ickness of the surface and its 
specific gravity are uniform.) 

D i v i d e  the square in h a l f  a long 
one of i ts  d iagona ls .  As you m ight 
expect,  the h a l f- s q u a re m u st be 
placed twice as far from the fulcrum 
as the whole square to ach ieve a bal
ance. But if we did not know that d i 
v id ing a square along its d iagonal ex
actly halves it, how might we check 
to see whether this method produces 
a true half-square and not merely a 
good approximation? 

Create an ordered series, by divid
i ng the whole square and the sup
posed half square into equal numbers 
of vert ica l  str ips of correspond ing  
widths (F igure 1 0) .  Design the experi
ment-the experimental design is al
ways crucial-so that the strips of the 
s upposed ha l f  square, when hung 
successively from a fixed point (arbi
trari ly  chosen) on one balance arm, 
j ust balance the correspond ing strips 
of the whole square. 

Here's what i s  key. The i nterval s  
between suspens ion poi nts for the 
strips of the whole square wi l l  be 
equ a l .  F i n d  the m idpo int between 
the points of suspension for the fi rst 
and last strips. If the half-square is a 
true ha/� the distance from the ful
crum to this midpoint will be half of 
the distance from the fulcrum to the 
fixed point from which the segments 
o f  the h alf-square were h ung. I t  
doesn't matter how many strips were 
created from the square and  hal f
square. It doesn't matter how widely 
the strips of the square have to be 
spaced, based upon the choice of the 
fixed point on the other arm of the 
balance. 

This example, un l i ke the fi rst two, 
is not a s i mple empi rical measure
ment but i nvolves a test of coherence 
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A B C B'  

Fig u re 1 0  

C' 

to show that the area of  any parabol ic 
section i s  exactly 4/3 the area of the 
maximum triangle inscribable with in  it. 

Mark off the segment that is to be 
measured, for examp le, AC in F igure 
1 1 ,  and then unwind a string from the 
parabola al lowing it to remain tangent 
at C ( th i s  is the  i nvo l ute of t h e  
parabola) .  Mark off a section of the in-
volute, CF, such that FA is para l le l  to 
the axis of the parabola XY. Fold FCA to 
form a med ian CK. Find the midpoints 
of CF and AC and by connecting them, 
form l i ne oBE. Note that the tr iangle 
ABC is the maximum triangle that may 
be inscribed with in  the parabol ic  sec
tion AC 

It is apparent, by construction, that 
triangle AFC has twice the area of trian
gle AEC But triangle AEC has twice the 
area of triangle ABC; therefore, triangle 
AFC has four times the area of triangle 
ABC 

N ow, the a reas  that  Arc h i medes  
wants to balance against each other are 
triangle AFC and the parabolic section 
bounded by the l i ne AC A balance is 
constructed-CKH with its fu lcrum at 
K. The ent i re parab o l i c  sect ion A C, 
placed at one end of the balance H, 
balances the entire triangle AFC, placed 
1 /3 of the d istance to the other end of 
the balance C This gives a rough idea 
that the parabol ic section AC i s  1 /3 the 

DOE S  A DIAGONAL BISECT T HE SQUARE ? 
area of the triangle AFC 

Next, in a manner precisely s imi lar 
to the way we cut the whole square 
and the square d ivided by the d iagonal 
into strips (F igure 9) with a one-to-one 
correspondence to each other, Arch i
medes cuts the parabola AC and the tri
angle AFC into a series of strips in one
to-one correspondence; for example, 
MO and PO, EO and Bo, and QU and 
RU. ( in this case, F igure 1 1  (e), wooden 

To determine whether a square divided along a diagonal (as in Figure 9) cuts it 
exactly in half and is not just an approximation, cut the square and the sup
posed half-square into equal numbers of vertical strips of corresponding 
widths. Find points at which corresponding strips A and A' balance. Replace 
A' with B' -hanging it at the same point-and find the point at which B bal
ances B ' .  Replace B' with C '  and find the point where C balances C ', and so 
on. If intervals AB, BC, and so on, are equal, and if the midpoint between the 
first and last of these suspension points is half as far from the fulcrum as the 
fixed point of suspension on the other arm, then the supposed half-square is 
truly half the area of the square. dowels were used to represent the strips 

but, of course, strips work also.) 

of the in it ial measurement with the creation of an ordered se
quence. This is what gives us sufficient reason to believe-if 
we did not al ready know-that the d ivided square is one half 
the whole square. 

With this principle, Archimedes makes visible the invisible: 
The area of a figure is measured by means of l i near distances 
along the balance arms. Arch imedes does not actua l ly  pre
sent this s imple example, but understanding the principle in
volved wil l  c larify the more d ifficult examples from h is  writ
i ngs that fol low. 

(4) F igure 1 1  shows Archimedes' demonstration, using the 
center of gravity method and then the techn ique of-exhaustion, 

30 Fal l  1 995 2 1 st CENTURY 

As in the previous example, the strips 
of the parabol ic section AC, such as PO, Bo, and RU, when 
placed at the arbitrary position H at one end of the balance, 
exactly balance the strips of the triangle AFC, such as MO, EO, 
and QU, when placed at a succession of points along the bal
ance corresponding precisely to their original locations along 
the median CK. However, the ratio of the balance arms, when 
the parabol ic section and triangle AFC balance, is not 2 to 1 as 
with the half-square and square. I nstead it i s  3 to 1 .  Thus, 
Archimedes has created an ordered series, providing sufficient 
reason to bel ieve that the origina l  "bal lpark" measurement, 
which showed the parabol ic section AC to be 1 /3 of the trian
gle AFC, is true. The parts cohere with the whole. 



c 

(a) Mark off a para
bolic section AC. 

A 

(c) CK is a median of triangle FCA. DBE joins mid
points of CF, CK, and CA and is parallel to FKA. 

A 

c 

(b) FA is parallel to the axis XY. 
CFis tangent to the parabola at C. 

F 

Fig ure 1 1  

A 

(d) Triangle ABC is the maxi
mum triangle inscribable in 
parabolic section AG. 

(e) Section MO balances section PO at H. Sections 
MO and ED balance sections PO and BD at H. 
Sections MO, ED, and au balance sections PO, 
BD, and RU at H. 

QUADR ATURE OF T HE PARABOLA USING T HE CENTER OF GRAVITY MET HOD 

F 

Archimedes demonstrated that the area of any section of a parabola is exactly 4/3 the area of the maximum triangle 
inscribable within it. 

As shown in (a), mark off the parabolic section to be measured, AC Unwrap a string from the parabola, forming a straight 
line tangent at C (the involute of the parabola). Mark off a section of the involute CF so that FA is parallel to the axis of the 
parabola XY (b). (Look back to 1 1  (a) if axis XY appears drawn incorrectly here!) Fold FCA to form a median CK (c). Find the 
midpoints of CF and AC and connect them to form the line OBE. Triangle ABC is the triangle of maximum area inscribable 
in parabolic section AC (d). 

It can be shown by construction that the triangle AFC has twice the area of AEC, which has twice the area of ABC 
Thus the triangle AFC has four times the area of triangle ABC 

Balance the parabolic section AC on one arm with triangle AFC, placed one-third of the distance on the other arm of 
the balance. This shows roughly that AC is one-third the area of AFC 

Finally, using a method similar to that in Figure 1 0, cut the parabola and the triangle into a series of strips and bal
ance the corresponding sections of each, one pair at a time. This is shown in (e). Wooden dowels (not shown) were used 
to represent the strips. The geometric construction is superimposed near the balance arm to show that intersections with 
the median CK indicate where the dowels must be suspended. 

Because the triangle ABC is 1 /4 the area of the triangle AFC, 
the parabol ic section AC is shown to be 4/3 of the maximum 
triangle ABC inscribable with in  it. 

The same result is ach ieved, but in  a way i ntended to con
vince even a Eucl idean forma l ist, with the techn ique of ex
haustion. Triangles are successively inscribed, as shown in 

F igure 4, converging asymptotical ly  on an area that is 4/3 of 
the triangle in itia l ly  inscribed, when summed together. This is 
so because the combined areas of each succeed ing set of tri
angles is, in  a self-s im i lar  progression, exactly 1 /4 the area of 
the previous set: 1 + 1 /4 + 1 /1 6  + . . . , which, if extended infi
n itely, is provably neither more than nor less than 4/3 (is not 
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other than 4/3} .  
Note that we have measured the area of a parabol ic sec

t ion,  not the ent i re parabo la ,  because the parabo la  and 
the hyperbola are both inf in ite con ic  sections.  Thus, what 
Archimedes actua l ly measured was an " infin itely" smal l mi
crocosm of the enti re parabola, even though the figure is in 
every case qu ite defin ite. 

(5) Archimedes proves, using the center of gravity method 
and then the technique of exhaustion, that the volume of a 
sphere is 2/3 that of a cylinder that has a d iameter and height 
equal to that of the sphere. This center of gravity experiment is 
the one Archimedes had placed on his tombstone. 

In th is case (Figure 1 2), Archimedes is balancing th ree ob
jects: a sphere, a cone, and a cyli nder. The cone and cyli nder 
each have heights equal to the d iameter of the sphere, but the 
d iameters of their bases are twice that of the sphere. 

The sphere w i l l  balance the cyl i nder when the sphere i s  
placed 6 times farther from the fu lcrum than is the cylinder. 
One might therefore suspect that the sphere is 1 /6 the volume 
of the given cyli nder, or 2/3 the volume of a cylinder whose 
height and base are both equal to the d iameter of the sphere. 

The cylinder wi l l  balance the cone at 1 /3 the distance of the 
cone, but Archimedes already knew that the cone is 1 /3 the 
volume of the cylinder that has the same base and height. 

The cone and sphere together wi l l  balance the cylinder at 
1/2 their distance from the fu lcrum. This makes sense, because 
the sphere, at 1 /6 the volume of the cyli nder, and the cone, at 
1 /3 the volume of the cyli nder, wi l l  together equal 1 /2 the vol
ume of the cyl inder. 

What is remarkable in this case is that an ordered unique se
ries of ba lanced parts (in this case, comparing cross sections of 
the three bodies) is possible only with a l l  three bodies and not 
with any two of them, as shown in  Figure 1 2(e}. The cone and 
the sphere (or correspond ing sections thereof) are suspended 
together at one fixed point on the balance, against the cyl inder 
(or corresponding sections of the cyl i nder) p laced in an or
dered series. 

Arch imedes created an ordered series of cross sect ions, 
suspen.d ing the correspond ing sphere and cone cross sections 
together at a fixed point G, at one end of the balance arm, 
against the corresponding cross sections of the cyl i nder at the 
succession of positions along the axislbalance arm FE from 
which the sections of cone, sphere, and cyl i nder were s l iced, 
SRQP in Figure 1 2(e}. 

Now the cy l i nder  has one t h i n g  in common wi th the 
square of Example 3: Its center of gravity i s  at the midpoint of 
its axis of rotation. Therefore, if the ordered series of cross 
sections balances in a one-to-one fash ion, as it does in the 
photographs, it confirms, rather beautiful ly, that the cyl inder 
is indeed twice the volume of the sphere and cone combined. 

However, if the volume of a sphere is thus shown to be 1/6 
that of a cyli nder with a height equal to the sphere's diameter 
but with a base that is twice the d iameter of the sphere, then 
its volume wi l l  be 2/3 of a cyl inder with height and base both 
equal to its d iameter, because this cyl inder wi l l  have 1/4 the 
volume of the former one. 

This, in  turn, translates simply into what has come down to 
us as Archimedes' d iscovery: The volume of a sphere is equal 
to 4/3 nr3 .  

We omit here Archimedes' proof of  this same proposition by 
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o 
(a) 

(b) 

(c) 

the technique of exhaustion, although I recommend that read
ers review it independently. In addition, Arch imedes deter
mined through exhaustion that the su rface area of a sphere is 
neither greater than, nor less than, 4 times the surface area of a 
great circle of the sphere. 

From these examples, we see more clearly the paradox with 
which Archimedes was confronted . The technique of exhaus
tion was inadequate to define the circumference of the circle 
in terms of its d iameter-inadequate to define what we call n. 
The paradox was that such measurement of the circle, though 
undefined by any self-s imi lar exhaustive series, cou ld itself be 
used to determine perfectly self-s imi lar series for the area of a 
circle (nr2), the volume of a sphere (4/3 nr3), and the surface 
area of a sphere (4 times the area of its great circle). Not only 
that, but one conic section, the parabol ic section, Archimedes 
defined with no reference to n whatsoever, as 4/3 the maxi-



(d) 

Figure 1 2  
BALANCING A SPHERE, C ONE, AND CYLINDER TO 

MEASURE T HE IR VOLUME S 
A cone, cylinder, and sphere each have the same height, but 
the cone and cylinder each have a base twice the diameter of 
the sphere (a). 

As shown in (b), the sphere balances the cylinder when 
the sphere is placed 6 times farther from the fulcrum than is 
the cylinder. The cylinder balances the cone at 7/3 the dis
tance of the cone (c). The cone and sphere together balance 
the cylinder when it is 7/2 their distance from the fulcrum (d). 

Archimedes created an ordered series of cross sections (e), 
as done in Figures 7 a and 7 7, and balanced them to confirm 
that the cylinder is twice the volume of the sphere and cone 
combined. In this manner, Archimedes also determined that 
the volume of a sphere is equal to 4/3 mJ . 

Archimedes' tombstone, at his direction, was engraved 
with a diagram similar to (e). 

(e) A schematic of Archimedes' method. FEG represents 
both the balance with fulcrum at E, and the axis of rotation 
for sphere, cone, and cylinder. A plane PS (dashed line), per
pendicular to GF at any point P will cut the sphere, cone, and 
cylinder in circles with radii PR, PQ, and PS, respectively. 
(The cylinder, with axis EF, is seen edge-on.) Three succes
sive, arbitrary cuts designated PS are shown. Archimedes 
proved that the circles cut in any plane PS from the sphere 
and cone (their weights proportional to their areas) placed on 

mum triangle inscribable with in  it! 
Arch imedes' discovery of the concept of center of gravity, 

and his bri l l iant use of the balance to construct crucial experi
ments, enabled h im to see in such paradoxical results not a 
stumbl ing block, but the necessity for science always to find 
new forms of measurement coherent with its own advance. 

Bob Robinson, a graduate of Johns Hopkins University, 
works with the Schiller Institute in Norfolk, Virginia, and en
joys delving into the history of science. 
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the balance FEG at G would exactly balance the circle cut 
from the cylinder placed at P. From this he derived the vol
ume of a spherical segment, as well as the volume of a whole 
sphere (41trJ /3). 

4. Heath, The Works of Archimedes, p. 1 3. 
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elegance than Kant had done.s That was, and is sti l l  a val id 
observation.  Today, I wou ld prefer to emphasize, that the ax
iomatically essential features of " information theory" and "sys
tems analysis" were stated p la in ly  more than two centuries 
ago, by the influential Venetian monk G iammaria Ortes.6 

Today, Arrow and his co-authors are sti l l  plagiarizing the ar
guments of 1 8th century Venetian monks'? The contribution of 
Arrow et a l .  to Science magazine's April 28 "Pol icy Forum," 
contains nothing more in  idea-content than a new plagiarism 
of the same G i ammar ia  Ortes's  1 790 Popolazione delle 
nazioni per supporto all'economica nazionale 8 whose Engl ish 
edition9 was plundered by Thomas Malthus's famous An Essay 
on the Principle of Population in 1 798. 1 0 

The notion of "carrying capacity," as employed in this Sci
ence piece of Arrow et aI . ,  is specifical ly original to Ortes. It 
was an aspect of Ortes's 1 790 Popolazione . . . which was left 
behind by Malthus in  the process of bowd lerizing Ortes's orig
inal work. This feature of Ortes's original version of what is 
known as the Malthusian dogma, was revived from the archive 
during the course of the early 1 980s. 

This resurrection of Ortes's "carrying capacity" came in re
sponse to the mounting ridicule of the plainly fraudulent, early 
version of the Club of Rome's argument, in the Meadows
Forrester Limits to Growth.1 1 Attacks upon the Club of Rome's 
in itial argument1 2  had not halted the massively funded spread 
of the neo-Malthusian ideology, but had spoiled its acceptance 
in governmental c i rc les.  In th is  c i rcumstance, the Club of 
Rome resurrected Ortes's notion of "carrying capacity."1 3 

That much introduction has now prepared us to address di
rectly the content-and also want of content-with in  the piece 
before us. 

'Carrying C apacity' and E co nomics 
Today, many m i l l ions of dol lars of Rockefel ler and other 

fund ing later, the phrase "carrying capacity" has seemingly ac-

5. See Kant on "synthetic judgment a priori," Critique of Pure Reason, pas
sim. My own mid- to late-adolescence studies in the epistemology of sc� 
entific method, had been forged in a defense of Gottfried Leibniz against 
Kant's attacks on this matter of ideas. Thus, my initial, late 1 940s, ap
proach to the abhorrent features of "information theory" and "systems 
analysis," had been to treat them as philosophically radical expressions of 
neo-Kantian positivism. 

6. Giammaria brtes ( 1713- 1790), Della economia nazionale libri sei (1 777). 
Ortes, together with the hoaxster Pierre-Louis Maupertuis, is credited with 
being among the first to apply what was termed the "hedonistic calculus" 
(for example,"Newtonian social science") to both economics doctrine and 
the theory of "human nature." 

This is the 1 8th century origin of Norbert Wiener's efforts to reduce the 
content of "ideas" to a quality of "information-contenf' assumedly subject 
to statistical interpretation. The "hedonistic calculus" of Ortes is also the 
origin of the axiomatic assumptions of John von Neuman's "systems 
analysis." Ortes was nominally a Camaldolesian monk, of that sort whose 
vows were more or less continuously in abeyance. He was among the 
leading Venice intelligence operatives in Venice spy-master Antonio 
Conti's 1 8th century network of salons. 

7. Most notable, is Abbot Antonio Conti (1 677-1 749), Venice's leading spy
master during the first half of the 1 8th century. Typical of Conti's network is 
Abbot Guido Grandi of Pisa, the educator of both Ortes and of the Venice 
spy, Francesco Algarotti (the author of the book Newton for Ladies), whom 
Conti's salon planted upon Prussia's Frederick II ('1he Greaf'). It is a no
table indication of the condition of today's university curriculum in history, 
that the names of Conti and Ortes, two of the most influential figures of 1 8th 
century European history in general, and the history of science in particular, 
do not appear in such indicative locations as the Encyclopaedia Britannica. 

Conti's salon created Montesquieu and Voltaire, coordinated the 
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quired the powers of post-hypnotic suggestion among its true 
believers. In such m i l ieus, today, it enjoys the authority of an 
axiom: among its devotees, whatever is uttered under the aura 
of this magic phrase, is instantly defended, often with great 
passion. Such is the rhetorical style, and content, of the argu
ment set before us by Arrow et a l .  

Arrow et  a l .  come to the point of  their piece with the fol l ow
ing statement: 

In  this article we discuss the relation between economic 
growth and environmental activity, and the l ink between 
economic activity and the carrying capacity and res i l i 
ence of the environment. 

A footnote to that statement provides the fol lowing relevant 
information on background : 

This  [article] is a report of the Second Askoe Meeti ng, 
held 31 August to 2 September 1 994 . . .  outside Stock
holm, Sweden. The meet ing was organized by the Beijer 
I nternat ional  I n stitute of Ecological  Economics, Royal 
Swedish Academy of Science . . . .  The aim of the meet
ing  was to estab l i sh  a substant ive d ia l ogue among a 
sma l l  group of eco l og i sts and  eco n o m i sts to gauge 
whether an interd iscipl inary consensus exists on the i s 
sues of  economic growth, carrying capacity, and the en
v i ronment and to determ ine what cou l d  be said about 
the joint development of economic and environmental 
pol icy. 

After read ing that explanatory footnote, one shou ld not ex
pect scientific rigor from what the authors have admitted to 
be a "consensus" uttered joint ly by representatives of such 
assorted, axiomatical l y  i mm isc ib le  contemporary advoca
cies. 

Europe-wide attacks on Leibniz's influence o n  science, directed 
Casanova's operations in France, created the Physiocrats, controlled 
much of the policy of Frederick II's Prussia (including the Berlin Academy 
of Science) from the inside, and created the modern radical empiriCism of 
Adam Smith, Jeremy Bentham, et aI . ,  in addition to fabricating and 
spreading the dogma known today as "Malthusianism." 

On the present-day influence of Conti's salon, see Lyndon H. LaRouche, 
Jr. ,  "How Bertrand Russell Became an Evil Man," Fidelio, Fall 1 994, 
passim. 

8. Published in Venice in 1 790. Since the revival of his dogma of "carrying 
capacity," Ortes himself has also enjoyed a literary resurrection: see Piero 
del Negro, Giammaria Grtes: un "filosofo" veneziano del Settecento (FlO
rence, Italy: L.S. Olschki, 1 993). For a library source on Grtes's writings 
as an econornist, see Scrittori classici italiani di economia politica, P. Cus
todi, ed. (Milan: G. G. Stefan is, 1 803-1 81 6). 

9. Reflections on the Population of Nations in Respect to National Economy. 
1 0. Thomas Malthus, [1 798]. An Essay on Population (New York: E.P. Dutton 

and Co., 1 960). 
1 1 .  Donella H.  Meadows, Dennis L. Meadows, J0rgen Randers, and William 

W. Behrens, I I I ,  1 972. The Limits to Growth: A Report for the Club of 
Rome's Project on the Predicament of Mankind (Washington, D.C.: Po
tomac Associates, New American Library). 

1 2. Typical of the argument against Meadows and Forrester is my own Es 
Gibt Keine Grenzen des Wachstums (Wiesbaden, Genmany: (Club of Life) 
Campaigner Publications Deutschland, 1 983). This was later published in 
English as There Are No Limits to Growth (New York: New Benjamin 
Franklin House, 1 983), and enjoyed an influential, if modest circulation in 
Europe, the Americas, and elsewhere. 

1 3. See Webster G. Tarpley, 1 994. "Giammaria Ortes and the Venetian Hoax 
of Carrying Capacity," The New Federalist, June 20, pp. 6-9. 



Like many pro-envi ronmental consensual utterances written 
in a simi lar spi rit: l ike a practical joker's staging of an empty 
suit of clothes sitting in  a chair, it pretends to conta in  precisely 
that qual ity of scientific del iberation which is entirely l acking 
with in .  That we might not be presumed to be exaggerating the 

contemptib i l i ty of that item from Science, we quote the arti
cle's concluding paragraph in its entirety. 
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Economic growth is not a panacea for envi ronmental 
qual ity; indeed, it is not even the main issue. What mat-
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All charts are based on standard estimates compiled by demographers. None claims any more precision than the indica
tive; however, the scaling flattens out what might otherwise be locally, or even temporally, significant variation, reduc
ing all thereby to the set of changes that is significant, independent of the quality of estimates and scaling of the graphs. 
Note breaks and changes in scales. 
Sources: For population and popUlation-density, Colin McEvedy and Richard Jones, Atlas of World Population History ( 1 978); for 
life-expectancy, various studies in historical demography, including Gy. Acsadi and J. Nemeskeri, History of Human Life Span and 
Mortality (1 970); Peter R. Cox, Demography (1 976); Jacques Dupaquier, La population rurale du Bassin parisien a I'epoque de 
Louis XIV (1 979); Jacques Dupaquier, Introduction a la demographie historique (1 974); D.V. Glass and D.E.C. Eversley, eds., 
Population in History ( 1 965); T.H. Hollingsworth, Historical Demography ( 1 965); Roger Mols, S.J., Introduction a la demographie 
historique des villes d'Europe du XIVe au XVI/Ie siecle, (1 955); Henry S. Shryock et aI. , The Methods and Materials of Demography 
(1 976); E.A. Wrigley, Population and History (1 967); E.A. Wrigley and R.S. Schofield, The Population History of England, 154 1 - 1871 
( 1 98 1 ).  
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Primate Comparison 
Gorilla 
Chimpanzee 

Man 
Australopithecines I B.C. 4,000,000- 1 ,000,000 

Homo erectus 
B.C. 900,000-400,000 

Paleolithic (hunter- I gatherers) 
B.C. 1 00,000-15,000 

Mesolithic (proto-agricultural) 
B.C . 1 5,000-5,000 

Neolithic, B.C. 1 0,000-3,000 I 
Bronze Age 
B.C. 3,000-1 ,000 

Iron Age, B . C. 1 ,000 

Mediterranean classical 
period 
B.C. 500-A. D. 500 

European medieval period 
800-1300 

Europe, 1 7th century I 
Europe, 1 8th century 

Massachusetts, 1 840 
United Kingdom, 1 86 1  
Guatemala, 1 893 
European Russia, 1 896 
Czechoslovakia, 1 900 
Japan, 1 899 
United States, 1 900 
Sweden, 1 903 
France, 1 946 
India, 1 950 
Sweden, 1 960 

1 970 
United States 
West Germany 
Japan 
China 
India 
Belgium 

Table 1 
T HE DEVE LOPMENT OF HUMAN POPU LAT ION 

Life 
expectancy 

at birth 
(years) 

1 4-1 5 

1 4-1 5 

1 8-20+ 

20-27 

25 

28 

Population 
density 

(per km2) 

llkm2 
3-41km2 

1/ 1 0  km2 

1/ 1 0  km2 

likm2 

1 0ikm2 

Comments 

68% die by age 1 4  

55% die b y  age 1 4; average age 23 

"Agriculfural revolution" 

50% die by age 1 4  
Village dry-farming, Baluchistan, 5000 B. C.: 9.61/km 2 
Development of cities: Sumer, 2000 B.C.: 1 9. 1 61km2 
Early Bronze Age: Aegean, 3000 B.C. : 7.5- 1 3.8Ikm2 
Late Bronze Age: Aegean, 1 000 B.C.: 1 2.4-31 .3/km2 
Shang Dynasty China, 1 000 B.C.: 5lkm2 

I 

I 

I 

World 
popula

tion 
(millions) 

.07 
1 +  

.07-1 

1 .7 

4 

1 0  

50 

28 50 

25-28 15+ikm2 Classical Greece, Peloponnese: 35lkm2 1 00-190 
Roman Empire: 

Greece: l l lkm2 Italy: 24lkm2 
Asia: 30lkm2 Egypt: 1 791km2 * 

Han Dynasty China, B.C. 200-A. D. 200: 1 9.27 
Shanxi: 28/km2 Shaanxi: 24/km2 
Henan: 971km2 * Shandong: 1 1 81km2* 

• Irrigated river-valley intensive agriculture 

30+ 20+ikm 2 40% die by age 1 4  220-360 
Italy, 1 200: 24lkm2 Italy, 1 340: 34lkm2 
Tuscany, 1 340: 85/km2 Brabant, 1 374: 35/km2 

32-36 Italy, 1 650: 37lkm2 France, 1 650: 38/km2 I 545 
Belgium, 1 650: 50/km2 

34-38 30+ikm 2 "Industrial Revolution" 720 
Italy, 1 750: 50lkm2 France, 1 750: 44/km2 
Belgium, 1 750: 1 08lkm2 

41 
43 90+ikm 2 1 ,200 

24 
32 

40 
44 
48 

"0 53 Q) N "0 62 � 41 Q) 2,500 N 
I/) � 73 :> 

�- ·c (;) Population density figures are for 1 975. 3,900 :> � � 71 26lkm2 CL 
70 248lkm2 
73 297lkm2 

59 1 80/km2 
48 1 83lkm2 

333ikm 2 
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50 l + 4 + 8  :::: 4 1  

fio 4 + 8 + 1 6 :::: 3S 

!)O S + 1 6 + 5l :::: 56 

ec. ce. 
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d�, I. progressione s,,,hleua sad, ri.lotla atl avi 
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Not only is Arrow's idea of "carrying capacity" all wrong, but it is plagiarized from the 1 8th century Venetian monk 
Giammaria Ortes ( 1713- 1 790). Here, a drawing of Ortes along with some population figures from his 1 790 work, in which he 
attempts to show that the rate of population increase will outpace the capacity of the land. 

ters is the content of growth-the composition of inputs 
( inc luding environmental resources) and outputs ( includ
i ng waste p roducts) .  T h i s  content is d etermi ned by, 
among other th i ngs, the economic  i nstitutions with i n  
which human activities are conducted . These institutions 
need to be designed so that they provide the right incen
tives for protecting the res i l ience of ecological systems. 
Such measures wi l l  not only promote greater efficiency 
in the a l location of envi ronmental resources at a l l  in
come leve l s, but they wou l d  a l so assure a susta inable 
sca l e  of economic activity with i n  the ecological l i fe
support system. Protecting the capacity of ecological sys
tems to sustain welfare is of as much importance to poor 
countries as it is to those that are r ich. 

The reader is chal lenged : Can you identify relevant mea
surements, which m ight be made to demonstrate the truth or 
falsehood contai ned with i n  that paragraph which we have 
just quoted? How is  "economic activity" to be measured? In 
what un its, do we measure "carry i n g  capacity" ? In what 
un its, might one measure "resi l ience." If one cannot identify 
such measurements, what meaning cou ld anyone attribute to 
the formulation : "greater efficiency in the allocation of envi
ronmental resources at all income levels . . .  " which "would 
ensure a sustainable scale of economic activity with in  the 
ecological l i fe-support system"?  In what u n its, should one 
measure greater efficiency, sustainable scale of economic ac
tivity, resources, income levels? What k ind of an allocation 
function, wi l l  be employed for th is purpose? Nowhere in the 

Sources for Table 1 :  For world population and population densities, McEvedy and Jones, Atlas of World Population History (1 978), and Colin Clark, Population Growth and Land Use 

(1967). For primate comparison, eslimates presented by George B. Schaller, The Year of the Gorilla (1 965). For life-expectancies: for prehistoric man through the European medieval peri

od, Acsadi and Nemeskeri, op. cit., and Kenneth M. Weiss, Demographic Models for Anthropology (1 973); for Bronze and Iron Ages, additionally J. Lawrence Angel, "The Length of Life in 
Ancient Greece," Joumal of Gerontology, Vol. 2, Nos. 1-4 (1 947); for classical period, additionally J.C. Russell, "Late Ancient and Medieval Populations," Transactions of the American 

Philosophical Society, New Series, Vol. 48, No. 3 (1 958); for 17th and 1 8th centuries, Wrigley and Schofield, op, cit. , and Glass and Eversley, eds., Population in History (1 965); for 19th 
and 20th centuries, Weiss, op. cit., and T.E. Smith, "The Control of Mortality," Annals of the American Academy of Political and Social SCience, Vol. 369 (Jan. 1 967). For area studies: for 
Mesopotamia, Robert J. Braidwood and Charles A. Reed, "The Achievement and Early Consequences of Food·Production," in Cold Spring Harbor Symposia on Quantitative Biology, 

Volume XXII (1 957); for the Aegean, Colin Renfrew, The Emergence of Civilization: The Cyclades and the Aegean in the Third Millennium B.C. (1 972); for the Peloponnese, Clark, op. cit.; 

for the Roman Empire, Karl A. Wittfogel, "The Hydraulic Civilizations," in Man's Role in Changing the Face of the Earlh, ed. by William L. Thomas, Jr. (1 956); for China, John D. Durand, 

"The Population Statistics of China, A.D. 2-1 953," Population Statistics, Vol. 13, NO. 3 (March 1960). 
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artic le are there h i nts as to the 
nature of the un its or fu nctions 
requ i red. 

Let us i d e n t i fy some of the  
anomal ies of  measurement those 
authors wou ld have been obliged 
to resolve, had they wished to 
contribute a l uc id  argument on 
the topics they name. Let us be
gin with the notion of "carrying 
capacity," which they have bor
rowed-perhaps u nwitt i ng ly
from old G i ammaria Ortes. For 
the fo l lowing d iscussion of this 
matter, reference both F i gure 1 
"G rowth of E u ropean Popu la 
tion," 1 4 and Tab le  1 " Develop
ment of H uman Popu lation ." 1 5  

For our purposes here, i t  is suf
ficient to argue that today's con
tention among relevant paleon
to log i sts i s ,  that the h u ma n  
species may have existed o n  this 
p lanet for as long as 2 m i l l ion 
years, or perhaps less. If we apply 
known evidence to that presump
tion, we have that general picture 
of changing human demography 
and growth of popu lation-density which is summarized by the 
combined images of F igure 1 and Table 1 .  

Three d i mensions of the process must be considered, to 
represent the process impl icitly described by those indicated 
changes in the population-density. A l l  parameters of change 
in  combined demography and popu lation-density, must be 
stated as values per un it of land-area uti l ized, per household, 
and per capita. The latter, per capita assessment, appl ies to 
the total popu lation's imputable, total l abor-force, or equiva
lent function. 

To arrive at useful statements respecting changes in  popula
tion-density, we must correlate those changes, with changes in 
demographic characteristics of households, l abor-force mem
bers, and total population. To address matters such as those 
which were named by Arrow et a I ., we must define the rela
tionsh ip between measurable features of population-density 
and demography, and "economic growth," respectively. We 
must discover some ontological, not merely statistical correla
tion-or lack of correlation-between the two arrays. Since 
we are compar ing modern with very ancient societies, it 
should be ind isputable,  that we must measure "economic 
growth" in  terms which do not depend upon the existence of a 
monetary-financial system. We must resort to the methods of 
the science of physical economy, as developed by Gottfried 
Leibniz over the interval 1 67 1. -1 71 6. 1 6 

Therefore, to obtain a usefu l ,  fi rst-approximation measure
ment of "economic growth," a self-respecting operations re
searcher would have wished to construct a good descriptive 
model .  For reasons which ought to be impl icitly obvious, such 
a conscientious inquirer would begin with a relatively simple, 
easi ly defi ned, undergraduate-classroom sort of "thermody
namical," input-output model .  
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In fi rst approximation, such a 
researcher wou ld define the rel
evant " i n puts" of consumption, 
requ i red to sustain that popula
t i o n  a t  l eve l s  of  both d e m o 
graphic characteristics a n d  pop
u lation-density, which are equal 
to or  g reater than those p rev i 
ous ly  extant. Let us regard th is  as 
comparable to the classroom no
t ion of "energy of the system."  
The  researcher wou l d  wish  to 
com p a re these  q u a nt i t i e s  of 
those qua l it ies of consumption, 
cons idered as i n puts, with the 
society's reproduction of output 
of the same, or better qual ities. 
The gain of that output over the 
req u i red i np ut, thus represents 
re l a t ive  "free e n e rgy" of t h e  
physical-economic process. We 
measure the ratio of the "free en
ergy" of that process to its "en
ergy of the system." If the "free 
e n e rgy"  i s  s u ccessfu l l y c o n 
verted i nto an  i ncrease o f  the 
" e n e rgy  of  the syste m , "  a n d  
without decreas ing the rat io  of 

"free energy" to "energy of the system," we have the case 
which conforms approximately to the p icture presented i n  
Figure 1 and Table 1 .  So, the notion o f  "growth" to be em
ployed for the inquiry proposed by Arrow et aI., requ i res that 
the functional relationship between output and input not be 
entropic in  form. 

The question posed by Norbert Wiener's and John von Neu
mann's axiomatic assumptions, is whether or not the growth of 
economies, as measured i n  the terms j ust described, is not a 
" local reversal of entropy," in the sense of Ludwig Boltzmann's 
derivation of his statistical H-theoremY Or, in  the alternative, 
does such economic growth in society lessen the estimable en
tropy of the universe at large? During recent years, it has be
come fash ionable among rad ical "ecologists" to argue, in ef
fect, that, "according to the Second Law of Thermodynamics," 
the entropy of the u n i verse as a whole, and the system of 
planet Earth local ly, must i ncrease; " therefore!," thei r  hand
waving rhetoric continues, "the increase of the 'negentropy' of 
society cou ld occur on ly by accelerating the entropy of the 
planet and universe as a whole." No proof has been suppl ied 
for their assertion; but that s l ight imperfection in their rhetoric 
has not lessened the passion with which the proposition is as
serted . As we sha l l  see, below, the contrary proposition is the 
demonstrable case. 

At this point, let us abandon a l l  further use of the term "ne
gentropy" from our d iscussion of l iving systems in general ,  or 
human behavior. Let us use a term which bears none of the 
ideological baggage of Wiener's " i nformation theory" dogma; 
let us use the term "not-entropy" in the fol lowing way. Eco
nomic "not-entropy" corresponds to a process, or phase of a 
process, i n  which the energy of the system i ncreases per 
capita, per household, and per un it-area of l and uti l ized, in  



which the ratio of free energy to energy of the system remains 
constant or increases. 

in respect to the proposition which Arrow et a l .  purport to 
have add ressed, the study of "not-entropy" i n  economic  
growth should be appl ied, fi rst, to  the  economic process, nar
rowly defined as such, and, after that, to the interaction be
tween a "not-entropic" state of the economic process and the 
"environment" with in  which that economic process is located. 
One might see, rather qu ickly, that some crucial facts are to be 
learned from focussing, at first, more narrowly, on the internal 
dynamics of the physical-economic process as such. 

After that first phase of the inqu i ry, once the two phases of 
the process are seen in  a combined way, it w i l l  become clear 
why the notion of "carrying capacity" introduced by Ortes was 
always absurd, and remains so today. H ad Arrow et a l .  trou
bled themselves to state their proposition in terms of measur
able magnitudes and related notions of functions, they wou ld 
have d i scovered, that thei r notions of "economic growth," 
"carrying capacity," and "resi l ience" are absurdities. 

Measuri ng E co no mi c  'Not-E ntropy' 
The key fact upon which a science of physical economy is 

premised, is the demonstration, that the coordinate variabi l ity 
of society's demographic and popu lation-density characteris
tics has no precedent in other l iv ing species. To some ob
servers, in  every respect but the human ind ividual's intel lec
tual potentials, man is plausibly a h igher ape: a higher-primate 
omn ivore of food-gathering capabi l ities wh ich may be fai rly 
compared with the stronger and ha i r ier variet ies of h igher 
apes. Yet, had mankind been a h igher ape, at no time during 
the recent 2 m i l l ion years, would the human population have 
exceeded several m i l l ion l iving i nd ividuals.  

The actual growth of the human popu lation, and the demo
graph ic improvements associated with that, is the primary ref
erent for the use of the term "economic growth" in physical 
economy. This term impl icit ly references the fact, that inferior 
species of l ife have a degree of adaptabi l ity which sets upper 
bounds for the potential relative popu lation-density of each 
species. This estimable, "ecological" upper bound is associ
ated with the characteristics of species and varieties among 
those species. it wou ld  be an exaggeration to state that this 
variab i l ity is "genetical ly" fixed, although, in the narrow sense, 
and short-term, that might appear to be the case to the pre
sumptuous observer. 

14 .  Adapted from Fidelio, Vol. I I I ,  No. 3, Fall 1 994, p. 25. 
15. Adapted from Executive Intelligence Review, Vol. 22, No. 1 2, March 1 7, 

1 995, p. 23. 
1 6. Two of the present writer's books on physical economy are most relevant 

for this purpose. His introductory textbook, So, You Wish to Learn All 
About Economics (New York: New Benjamin Franklin House, 1 984), and 
The Science of Christian Economy (Washington, D.C.: Schiller Institute, 
1991) .  

17. See Morris Levitt, 1 976. "Linearity and Entropy: Ludwig Boltzmann and 
the Second Law of Thermodynamics," Fusion Energy Foundation 
Newsletter, September, pp. 3-18. 

1 8. Bernhard Riemann, 1 854. "Uber die Hypothesen, welche der Geometrie 
zu Grunde liegen, " ["On the Hypotheses Which Underlie Geometry"] 
Bernhard Riemanns Mathematische Werke, H. Weber, ed. (New York: 
Dover Publications, 1 953), pp. 272-286. An English translation appears in 
David E. Smith, A Source Book in Mathematics (New York: Dover Publi
cations, 1 959). 

1 9. I IASA: The Laxenberg, Austria-based International Institute for Applied 
Systems Analysis. This was set up by the same British intell igence team 

it shou ld not be necessary to re-argue the obvious point 
here, that the cultural h istory of mankind shows that this factor 
in economic growth is not automatic, but is willful. By the very 
fact that Arrow et a I . ,  among others, occupy themselves with 
d iscuss ing someth ing as w i l l fu l  as changes in  ex ist ing eco
nomic pol icy, they have impl icitly abandoned the basis for ob
jecting to our view of this factor of difference as a voluntary 
one, not as " i nstinctual ly" predetermined. This d iscrepancy be
tween human and animal ecologies-this crucial anomaly
prompts us to ask: How might th is  functional d ifference be 
measured? Fai lure to address that crucial point invalidates any 
"environmentalist" criticism of a trad itional i st pol icy of mod
ern c iv i l ization, the pol icy of sc ientif ic and technological 
progress for its own sake. Bernhard Riemann's famous 1 854 
habil itation d issertation provides an axiomatic key for meeting 
that chal lenge.1 8  

"Had mankind been a h igher ape, at n o  time 
during the recent 2 mi ll ion years would the 

human population have exceeded several 
mil l ion living individuals." 

We are now at the outset of the most crucial point of that 
scientific argument which must be addressed, before any com
petent pol icy-theorems on so-cal l ed environmental ist issues 
could be presented. This is the crucial point which a l l  of the 
visible co-thinkers of the Club of Rome, Laurance Rockefel ler, 
and I IASA1 9  have variously refused or fa i led to address over 
the 27-year span of the U .S .  "env i ronmenta l i st movement" 's 
existence in its own name.20 

Since any deductive mathematical system is derivable from 
a geometry, the passage from one geometry to a relatively 
h igher one, is the most general form of mathematics su i ted for 
addressing those problems of measurement impl ic it ly posed 
by the conjectures with i n  the art ic le presented by Arrow et a l .  
Riemann's habi l i tation d issertation is an exemplar  of  the  entry 
i nto those qual itative ly h igher domains  of mathematics i n  
general .  

The notable point to be stressed aga in, a s  Riemann empha
sizes this dramatical l y  at the conclusion of his habil itation dis
sertation: the point at wh ich we pass from ord inary mathemat-

which launched the Club of Rome. That team included Britain's Dr. 
Alexander King, who described his co-creation, the Club of Rome, as mo
tivated by a wish to shrink the darker-complexioned populations of the 
Mediterranean, Africa, and Asia. King had been a key figure in the de
structive educational programs launched through the Paris office of 
OECD in 1 963. This team also included, most prominently, Lord Solly 
Zuckerman (the "baboon man" from South Africa). 

According to King, he, Zuckerman, and Soviet official Dzherman Gvishi
ani (Soviet President Kosygin's son-in-law) set up I IASA as a KGB chan
nel of the Club of Rome into Moscow. IIASA served as a conduit for the 
influence of Cambridge University's "Systems Analysis" group around 
Lord Kaldor; the Moscow end of the connection was I. Frolov's Global 
Systems Analysis group. 

20. For the information of those who, unlike the present writer, were not "on 
the ground," when the U.S. environmentalist movement was assembled 
from such relics of 1 968 as the shattered SDS: What became the mass
based U.S. environmentalist movement of today, was set into motion dur
ing the second half of 1 969; the mass organizing which established that 
movement was completed during the first half of 1 970. 
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ics i nto these h igher, subsuming considerations, is a matter 
lodged with in  a domain higher than mathematics itself, that of 
physics. In this case, what Riemann says of physics in general, 
must be focussed upon the domain of physical economy. This 
is the domain we reference here, to address the problem of 
measurement which is posed by that seemingly anomalous, 
un ique characteristic of human existence, wh ich sets the eco
nomic processes of society apart from, and above the domain 
of animal ecology. 

For our narrowly defined purpose here, the fol lowing ap
proximation of the requ i red measurement is adequate. 

If we assume, that the l imited range of potential adaptabi l ity 
by any variety of a lower animal species, can be treated, in ap
proximation, as genetica l ly  determined, then, that range of be
havioral adjustment can be regarded as, approximately, a for
mal theorem-lattice of those behavioral propositions which are 
val id for that variety of that species. This assumption simpl ifies 
the task of describing, in effect, the d ifference which places 
human behavior and popu lation-potentia l  absolutely apart 
from, and above that of any animal species. 

If this i magery is val id,  then it must be the case, that the 
ab i l ity of the human species to rise to today's popu lation-

(a) (b) 

Earth 

(c) 

3600 + 7.20 = 50 

If 1 /50 circumference = -490 miles, 

then the full circumference = -24,500 miles 

dens i t ies ,  more than  t h ree dec i m a l  orders of mag n i tude 
greater than that imputable to an aborig ina l ,  ape- l i ke food
gatherer, may be represented as a series of theorem-lattices, 
wh ich a re each ax iomatica l l y d i sti nct from one another, 
arranged in  an order correspond ing to increase of potential 
relative popu lation-density. 

We must then ask ourselves: I s  the result  of such a "meta
mathematical" description a mere ruse of "operations research 
model-making," or does this model correspond to a character
istic feature of the actual  physical-economic process? Our re
sponse is a defin i te, if ontologically qual ified, "the latter." The 
obvious first step is to demonstrate that for mathematical sci
ence; after that, the same point must be demonstrated for the 
fine-arts media, too. 

To describe the demonstration for mathematical science, 
begin with the fol lowing reformu lation of Riemann's habi l ita
tion dissertation. To some, what is now provided may appear 
as a d igression.  Let them be ca lmed : i t  w i l l  be shown that 
none of this is d igress ion. These passages w i l l  make clear, not 
only what the most crucia l  b lunder of Arrow et al. has been, 
but why the consenters to thei r  art icle bungled the issue as 
they did.  

Obelisk at 
Alexandria 
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HOW ERAT OST HENE S ME ASURE D T HE UNSEEN 
Eratosthenes' measurement of the size of the Earth was based upon determining the angle of arc between Alexandria 
and Syene (Aswan), cities that lie close to the same meridian at a walking distance of approximately 490 miles (a). 
At the same time that the Sun's rays shone directly into a deep well in Syene, they cast a shadow of 7.20 from the top of 
an obelisk at Alexandria (b). 

Eratosthenes' calculation was remarkably accurate. 

Source: Adapted from "What Is God That Man Is in His Image?" by Lyndon H. LaRouche, Fidelia, Vol. IV, No. 1 ,  Spring 1 995, p. 28. 
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Axiomatic Method 
What was taught traditional ly as "geometry," was not a true 

sensory image of the arrangement of events in real physical 
space-time, but was, rather, a creat ion of the na ive v isua l  
imagination. Empty space was defined, in  the imagination, as 
extended, without l im it and with perfect continu i ty, in three 
senses of d irection : backward-forward, up-down, and side-to
side. It was imagined, s imi larly, that sense of time was back
ward-forward . This was assumed to be space-time. 

Physics was assumed to be the placing of movable objects 
with in this empty, "Eucl idean" space-time, not ing thei r  posi
tion and d isp lacement in much the same way the ana lytic 
geometry of Rene Descartes prescribes. The assignment of 
ponderabi l ity, percussive interaction, and action-at-a-d istance, 
formed the i n it ial  basis of what c l icked in many mechanical 
minds as a mathematical physics :  a parody of Aristotle and 
pre-Aristotel i an reductionists generally. 

That naive notion of Eucl idean space-time corresponds nei
ther to our sense-perceptions, nor to any demonstrable form 
of phys ical  rea l i ty.  Leonardo da V i n c i  demonstrated that 
space is harmon ical ly organized, not simply continuously ex
tended, and that vision affords us no evidence that extension 
in space-t ime i s  perfect ly  conti nuous  in any sense. As Jo
han nes Kep ler, Le ibn iz ,  R i e m a n n ,  and l ater Max P lanck 
showed, physical space-time i s  quantized, not continuously 
extended s imply.  

The naive picture began to be chal lenged most profoundly, 
beginning with the appearance of N icholas of Cusa's De docta 
ignorantia, i n  1 440; among h i s  profound accompl i sh ments 
there, Cusa was the first to locate with in  the mathematical do
main of " incommensurables," a h igher order of magn itude, 
known today as "transcendentals."21  This work of Cusa, and of 
Leibniz, et a l .  on what we know as "transcendentals," is key to 
Riemann's fundamental d iscovery of 1 854. Notable are those 
1 690s' works of Leibniz, J. Bernou l l i ,  and others, following the 
d iscoveries of Ole R0mer and Christ iaan H u ygens, on the 
brachystochrone characteristics of the refraction of l ight propa
gated at a fin ite speed. These considerations typify the demon
stration, that certai n  unique phenomena of physics, being at 
once unden iable and also in defiance of the axiomatic princi
ples of a pre-established mathematical-physics doctrine, force 
an overturn of at least some among the essentia l ly underlying 

21. The conventional, mistaken view, is that associated with Professor Felix 
Klein, who argued, that the proof of the transcendental quality of pi was 
first demonstrated by Ferdinand Lindemann, following Charles Hermite on 
natural logarithms, in 1 882. Cusa's proof, based upon a correction of 
Archimedes' method, was already conclusive geometrically. The same is
sue arose, in a related way, in Gottfried Leibniz's physics-referenced dif
ferentiation between algebraic and non-algebraic (transcendental) func
tions. The work of Hermite is an elegant accomplishment in its own right; 
however, the principled, axiomatic issues were already settled by Cusa, 
by Leibniz after him, and were also generally understood by the tradition 
of Gaspard Monge and A.M. Legendre in France, and of Karl Gauss. 

In this matter of the "transcendence of pi," Klein's misrepresentation 
has significant origins, origins with rather devastating implications for the 
practice of mathematics today. Klein's fraudulent assertion on this matter, 
is a consequence of a long, unfortunate tradition in the Berlin Academy 
and its successors, dating from the time of Prussia's Frederick I I .  The ori
gin is specifically a series of fraudulent attacks upon Leibniz by the Conti 
salon's agents, including, notably, "least-action affair" hoaxster Pierre
Louis Maupertuis and his leading accomplice, the extraordinarily talented, 
but morally perverse Leonhard Euler. [On Euler's politically motivated at
tack on Leibniz, see Lyndon H. LaRouche, Jr., "Euler's Fallacies on the 
Subjects of Infinite Divisibility and Leibniz's Monads," The Science of 

axiomatic assumptions of pre-establ ished doctrine.22 

In the case of the treatment of non-algebraic physical func
tions by Leibn iz, it was the na ive space-t ime geometry of 
Gal i leo, Descartes, and Newton-as we identified this sum
marily just above-which was discred ited by the physical evi
dence. The relevant point i s  made clearer, if we restate the 
same issue in  d ifferent terms of reference. 

A voluntary choice of a change in  behavior, for the case that 
behavior and its resu lts have never been experienced earl ier, is 
an action which l ies with in  the domain, not of experience, but 
of the imagination. The associated difficu lty with such volun
tary powers, i s  that, although the scope of the imagination of 
the individual person i s  potentia l ly  vast, this vastness extends 
into previously unexperienced states of nature, some of which 
prove later to exist, and other unexperienced states which do 
not exist. Thus, the characteristic problem of the imagination, 
is the task of d istingu ishing between the two kinds of resu lts : 
the true, or possible, and the impossible .  

Consider the peri l  which,  on the one side, attends a risky 
experiment, and the somet imes greater per i l  which attends 
avoiding that risk; human ity requ i res an appropriate means for 
foreknowledge of the qual ity of a resu lt before that resu l t  could 
be tested by experience. Thus, the qual ity of science cannot be 
anything other than a rel iable qual ity of prescience. Consider 
what I have come to adopt, in recent times, as my favorite 
demonstration of the point to be made now: Eratosthenes' esti
mate of the length of the meridian passing through the poles of 
the Earth; this is the kind of demonstration of what Plato signi
fies by " ideas," which any l i terate adolescent could read i ly  
comprehend .  

Eratosthenes estimated the size of  what he presumed to be 
that circular meridian to with in  approximately 50 mi les of the 
actual polar diameter (Figure 2) .  The construction is one which 
a team of l iterate adolescent pupi ls  could rather readi ly under
stand and rep l icate; the point is, that Eratosthenes measured 
the curvature of the Earth about 2,200 years prior to the time 
any human being had seen the curvature of the Earth.23 L ike 
Thales earl ier, and in the tradition of the Platonic Academy of 
which he was a product and part, Eratosthenes shows afresh 
the efficiency, for human social practice, of ideas which rest 
not u pon sense-percept ions,  but  u pon  anoma l i es among 
sense-perceptions. 

Christian Economy (Washington, D.C.: Schiller Institute, 1 991). pp. 407-
425.) It was Euler, through the Berlin Academy's Johann Lambert (1 768), 
who generated the anti-Leibniz, algebraic approach later continued by 
Hermite and Lindemann. This is the tradition of fraud which the politically 
sensitive, pro-Hegelian Klein defends by his exaggerated claims for Her
mite and Lindemann. 

22. In that way, Leibniz had already overturned axiomatically the mechanistic 
mathematical physics of Paolo Sarpi protege Gali leo Gali lei ,  Rene 
Descartes, and Antonio Conti protege Isaac Newton, to such effect that 
from the 1 690s until the dismantling of the Monge Ecole Poly technique, in 
1 8 1 5, Newton's reputation survived only in those circles which repre
sented the direct, continuing Venetian influence of Antonio Conti's 1 8th 
century salons. Exemplary of this is the Berlin Academy under Prussia's 
Frederick I I ;  the scandal which exposed Pierre-Louis Maupertuis and 
Leonhard Euler as hoaxsters, in the "least action affair," typifies the con
trol of science at that Academy by such Antonio Conti creatures as Algar
olli, Maupertuis, and Voltaire. The LaPlace appointed to wreck the Ecole 
Poly technique of Monge and Legendre, reestablished the influence of the 
previously discredited Newton in France. 

23. Greek Mathematical Works, 1 980. 2 vols. Loeb Classical Library. Ivor 
Thomas, trans., Vol. II (Cambridge, Mass.: Harvard University Press), pp. 
266-273. 
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Let us designate validated ideas of that d isti nctively Platonic 
qual ity as characteristical ly products of a special human intel
lectual capabil ity, absent in the beasts, which we shal l  agree to 
name creativity. Let us add a further restriction. Define a cre
ative act in mathematical physics, or another department of 
physical science, as any anomalous, but valid idea which re
quires a change in that underlying set of axiomatic assump
tions which defines the pre-existing body of formal knowledge, 
relatively, as a consistent theorem-lattice. That establ ishes the 
bearing of this matter upon the describable difference between 
the economic behavior of the human species, and the ecologi
cal characteristics of the lower species. 

"The singularities of mathematical physics 
are the poetry of physical science, the 

characteristic footsteps, the metaphors, or 
true creativity, as expressed within the 

medium of that latter domain." 

Such val idatable creative acts of the imagination, as found 
with in  the domain of the mathematical physical sciences, have 
a read i ly identifiable complement with in  the domain of the 
class ical  fi ne arts . I n  the mathematical  domain ,  any such 
change in  axiom defines a formal mathematical d iscontinuity, 
or singu larity, separating the previous theorem-lattice from the 
superior one. In the case of creativity in the fine arts, the role 
of the mathematical d iscontinu ity is fi l led by the metaphor.24 
Conversely, we could say truthfu l ly, that the s ingularities of 
mathematical physics are the poetry of physical science, the 
characteristic footsteps, the metaphors, of true creativity, as ex
pressed with in the medium of that latter domain.  

Consequently, when we speak, after Riemann, of an appar
ently "self-bounded" physical space-time, we have left the do
main which empi ricism adopts as "objective evidence"; these 
bounds are known to us in the domain of what Plato defines as 
" ideas." They are what val id d iscoveries have shown to us to 
be the boundary which d ivides the imagination into two re
gions: the fi rst, the portion of the domain of imagination which 
corresponds to valid d iscoveries, and that other portion which 
does not. The fact, that this boundary exists in  the subjective 
domain, rather than the so-called "objective" realm of the em
piricists, does not d imin ish its real ity, but rather enhances it. 
We are speaking of those changes which the valid crucial d is
coveries of principle, from the domai n  of physics, instruct us to 
impose, from the exterior, upon our notions of geometry. This 
externally imposed alteration of geometry is the price we must 
pay, if we are to develop a sane mathematical physics, a math
ematical physics which responds to the accumulated evidence 
from val id axiomatic-revolutionary d iscoveries. We require a 
"meta-mathematical "  physics which effic iently gu ides us to 
d i stinguish the boundary separating the valid from the inval id 
regions of the imagination.  

Ed ucation and E co nomy 
Arrow et al .  shou ld have examined these d istinctions, which 

we have just referenced, from the standpoint of the contrast 
between two educational methods. The fi rst, the unfortunately 
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commonplace, textbook method of classroom instruction;  the 
second, the classical-humanist, or Socratic method. I n  the first, 
the student ass imi lates approved doctrines; in the second, the 
student's educational experience is pivotted on rel iving the act 
of original d iscovery of one crucia l  d iscovery after another. 
The latter mode of education provides a paradigmatic image of 
the kind of social process which is occurring in a society in  
which the productive powers of  labor, per capita, per house
hold, and per unit of land-area, are being increased through 
the impact of capital-i ntensive, energy-intensive investment in  
scientific and technological progress. 

Assume the case, that a secondary school graduate, at about 
the age of 1 7  years, has benefitted from a classical-humanist 
(Socratic) mode of education. 

Through the numerous creative d i scoveries (each, i n itia l ly, 
original to the infant, chi ld,  or adolescent) which are rel ived 
in the process of growing up and being educated, the pupi l  
has ass imi lated much of the most crucial  portion of the cu l
tural heritage of mank ind up to that t ime.  He has experi
enced, thus, the original,  axiomatic-revolutionary d iscoveries 
embodied in the development of the language and its use, in  
the development of  p lastic and non-plastic f ine arts generally, 
and in  the ideas of science and technology. The student has 
accumulated an enormous number of axiomatic-revolution
ary d iscoveries, each, in  its turn, a d i scontinu ity in  the suc
cession of theorem-lattice-l ike bodies of knowledge to date. 
Progress, thus, in effect, assumes the form with in  that gradu
ate's mind, of an increase of the density of (axiomatic-revolu
tionary) d iscontinu ities per interval of thought-action by that 
student's mind.  

We cannot assign any s imple k ind of measurement to that 
transfin ite overview of the student's mental processes; but, the 
idea of measurement is clearly defined, nonetheless. 

Carry that graduate'S education, then, and, l ater, after a 
un iversity education, over to the processes of production of 
wealth. What is the connection among an axiomatic-revolu
tionary qual ity of scientific d iscovery, technology, and i n
crease of the productive powers of labor in that society? How 
does the m ind of that student, or former student, interact with 
that process of i ncreasing the productive powers of labor? To 
add ress th i s ,  focus u pon  the cruc ia l  type of case:  those 
un ique qual ities of valid d iscoveries of principle, the which 
a re fa i r l y  represented, from the vantage-point  of forma l  
theorem-lattices, as  axiomatic-revolutionary advances in  sci
entific knowledge. 

Such a crucial, new proposition demands "proof of princi
ple" experiments, or observations to the same effect. The re
finement of successful experiments (or, observations) of that 
function, brings us to the point, that a successful laboratory 
apparatus provides the model of reference for the introduc
tion of a new machine-tool pr inc ip le to the productive, or 
analogous processes within the economy. That newly devel
oped machine-tool,  or analogous principle, represents what is 
usefu l ly and fai rly identified as a "new technology." The in
corporation of sundry appl ications of that new technology to 
des igns of products, of p roduction processes, and of the 
human envi ron ment, typ ifies what u .S .  Treasury Secretary 
Alexander Hami lton identified as the role of investment i n  
"artificial  labor" to the effect o f  increasing the "productive 
powers of labor."25 



EIR 

Here, students in Chicago looking at the similarities of the geometry of solar system orbits and the registration of the human 
voice. 

The investment i n  such (and rel ated) new technologies, 
combined with the spread of those ideas which correspond to 
the impact of the same d iscoveries of principle, provide us the 
most read i ly identified feature of the relationship between sci
entific and technological progress, and those increases of the 
productive powers of labor which account for the results de
picted in Figure 1 and Table 1 ,  above. 

The same point is to be made for great works of classical fine 
art. In both types of creative work, scientific d iscovery and com
position of great fine art, the successful creative act appears in 
the guise of a metaphor. In  mathematical physics, as a formal 
mathematical discontinuity, or singularity; in art, as metaphor. 
Both are different ways of representing the same activity. In  
each instance, the metaphor stands for that which is not suscep
tible of a l iteral meaning with in  that existing language with in  
which the metaphor (or, d iscontinuity) i s  situated.26 

When we examine the accumulation of va l id  changes in  
the state of  human knowledge, i n  terms of  that process's most 
crucial, axiomatic-revolutionary incidents, we shou ld recog
n ize that our use of the princip le of formal theorem-lattices to 
identify the qua l itative d ifference of man from beast, is no 
mere model-maker's convenience. The axiomatic-revolution
ary event, the d iscont inu ity which separates one theorem
lattice from the better theorem-lattice which supersedes it, 
sets the mark which is typical of that series of incidents, the 
which sets the demography and population-density of histori
cal human existence apart from the relevant characteristics of 
animal ecology. 

The process marked by that series of axiomatic-revolution-

ary events, is the manifest origin of the societal impu l se for 
what we identified, above, as the "not-entropy" manifest i n  
economic growth. To complete that picture, we must examine 
the interaction between that "not-entropic" impulse with in so
ciety, and the constraints which that impulse must overcome 
to provide a sustainable i ncrease of the "energy of the system" 
per capita, per household, and per un it-area, under the condi
t ion that the ratio of "free energy" to "energy of the system" 
not decrease. 

Consider fi rst, the constrai nts bearing upon the development 
of the potentia l  for economic growth with i n  the popu lation; 
then, second, consider the constraints expressed in the rela
tionsh ip between that popu lation and its environment. 

Look, now, at the broadly definable role of education itself, 
considered as a constrai nt of such an impu lse. Turn aga in  to 
focus upon the growth of the modern European popu lation
density (F igure 1 ), 1 500-1 975 . Concentrate u pon the graphs 
for "population-density" and " l ife-expectancy." 

24. See the Fidelia "Metaphor" series by Lyndon H. laRouche, Jr.: "On' The 
Subject of Metaphor," Fall 1 992; "Mozart's 1 782-1 786 Revoution in Mu
sic," Winter 1 992; "On the Subject of God," Spring 1 993; "History As Sci
ence," Fall 1 993; 'The Truth About Temporal Eternity," Summer 1 994. 

25. See (U.S. Treasury Secretary) Alexander Hamilton, Report to the U.S. 
Congress on the Subject of Manufactures, Dec. 1 791 . Excerpts appear in 
Executive Intelligence Review, Jan. 3, 1 992, pp. 6-14. Hamilton's notion 
of "artificial labor," like the anti-Locke "general welfare clause" in the Pre
amble of the U.S. Federal Constitution, represents the influence of Gott
fried Leibniz on the principal architects, such as Benjamin Franklin, of the 
American Revolution and U.S. Federal Constitution of 1 789. 

26. Hence, the intrinsic, ontological absurdity of Wiener's attempt to measure 
the content of "information" in terms of Boltzmann's H-theorem. 
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During the middle of the 1 5th century, from approximately 
1 430, unt i l  1 483, a d ramatic i nstitutional change occurred 
with i n  Western Europe's lead ing  institutions, the Catho l ic  
Church and France under Louis X I :  the "Golden Renaissance," 
centered upon the 1 439-1 440 developments at the Counci l of 
Florence, and Louis Xl's found ing of a reconstructed France as 
the fi rst modern nation-state, the forerunner of our U.S. Federal 
Constitutional Republic. The radiated impact of these institu
tional changes brought about rates of improvement in demo
graphic characteristics of popu lations which had never oc
curred earl ier, dur ing a l l  human existence, as Figure 1 and 
Table 1 i l lustrate that point. The development which underlies 
both the making of the "Golden Renaissance," and the estab
l ishment of Louis Xl 's France as the first modern nation-state, is 
the l imited, but crucial influence of the secondary-educational 
programs of the Brotherhood of the Common Life. Without fo
cussing Lipon the influence of that educational program, there 
could be no rational comprehension of either the Golden Re
naissance, nor the founding of the modern nation-state, nor the 
recent centuries' unprecedented improvements in the condi
tion of the population with in  extended European civil ization. 

The key to these improvements i s  located in  the rate of gen
eration of new not-entropic impulses, and the rate at wh ich 
those are ass imi lated by the popu lation. It is the ass imi lation of 
the impact of axiomatic-revolutionary progress in  ideas, within  
the popu lation i n  general, wh ich sets the upper boundaries 
u pon the potential  for that qual ity of "economic progress" 
wh ich we have referenced here. The d i fference which ac
counts for the relatively sustained, hyperbol ic improvement of 
demographic characteristics and population-densities of popu
lations unde

'
r European c iv i l ization, dur ing the recent 550 

years, i s  chiefly twofold.  F irst, the commitment of  society in  
the d i rection of  provid i ng universal education, accord ing to 
the impulse suppl ied by institutions such as the Brotherhood of 
the Common Life. Second, the emergence of the modern na
tion-state as an institution comm itted to fostering sustained 
rates of increase of the productive powers of labor, through the 
aid of improvements in the d irection of universal education. 

"Prior to Europe's 1 5th century, in all human 
existence, in every culture, in every part of 

the world, more than 95 percent of the 
population of each national ity subsisted in a 
relatively brutalized condition comparable 

to serfdom, slavery, or worse." 

I have stated this often, but c larity of argument demands that 
it must be restated for the purposes of this present discussion : 
Prior to Europe's 1 5th century, in a l l  human existence, in every 
culture, in every part of the world, more than 95 percent of the 
population of each nationality subsisted in a relatively brutal
ized cond ition comparable to serfdom, s lavery, or worse. It 
was the impact of the Golden Renaissance, as reflected in  the 
emergence of the modern sovereign nation-state, beginn ing 
with Louis Xl's France, wh ich began to raise the status of the 
overwhelming majority of mankind to hopefu l expectation of a 
condition of l i fe fit for a human being. 

There was progress before that t ime. In  history, as typified by 
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the best of the classical Greek civi l ization of Solon's reforms 
and Plato's Academy, there have been islands of great cultural 
and scientific beauty, but, unti l  modern times, they were but 
islands floating in a sea of brutalization of the great majority of 
mankind. 

That mode of education, best described as "Socratic," wh ich 
fosters the student's rel iving the experience of original acts of 
axiomatic-revolutionary, and other i mportant discovery, typi
fies the true transmission of the best cu ltural  heritage of a l l  
mankind to the present generation, and beyond. That i s  not 
mere "textbook education," but rather the invoking of the use 
and development of the innate creative-mental potential of the 
student: thus developing in the student the power to radiate, as 
wel l  as ass imi late, old and new such qual ities of discoveries in  
science, technology, and fine arts. That qual ity of  education 
expresses the not-entropic impulse, which the developed indi
vidual personal ity suppl ies to the society. It is the power to as
s imi late those ideas, with in  the population at large, which de
fines the upper boundary for the potential rate of growth of the 
society, in demographic and population-density characteristics. 

"The reductionist-deductive is a state of 
mind, a state which is superseded by 

creative (Socratic) thinking i n  that same 
mind. The first corresponds to an arithmetic 

or merely algebraic (for example, l inear) 
mode of argument; the opposing second 

state of mind corresponds to the mental act 
of rel iving val id original d iscoveries, or  
generating ones which are new, at least 

new to the thinking i ndividual who 
rel ives them." 

Before tu rning to the second type of constraint to be consid
ered, a closing observation must be made upon what is fairly 
identified as the "subjectivity" of human knowledge. 

To develop a model of reference for creativity (that is, not
entropic human behavior), we have presented two images. 
The fi rst is the i mage of the formal  (ded uctive/i nd uctive) 
theorem-latti ce, premised upon an i m p l ic i t ly  u nderly i ng, 
fixed set of axiomatic assumptions. The second, i s  an ordered 
array of a succession of such theorem-lattices, to represent 
scientific and analogous advances in combined demographic 
and popu lation-density through economic growth .  This, it has 
been ind icated, is not merely an attem pt at a "curve-fitting," 
operat ions-research model l i ng of the case; the axiomatic
revo l ut ionary d i sconti n u it ies  so ident if ied, in the second 
image, correspond, as marks, to the actua l  events through 
which progress is generated. 

The two images are accurate abstractions of the Aristotel ian, 
or reductionist-deductive, and Socratic method of argument, 
respectively. The reductionist-deductive i s  a state of m ind, a 
state which is superseded by creative (Socratic) th inking in that 
same mind.  The first corresponds to an arithmetic or merely a l 
gebraic (for example, l i near) mode of argument; the opposing, 
second state of mind corresponds to the mental act of rel iv ing 
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Fig ure 3 
T HE PRODUCTIVE TRIANGLE: PAR IS-BERLIN-VIENNA 

The Productive Triangle, the area bounded by Paris, Vienna, and Berlin, is the most highly developed area in the world in 
terms of population density, industry, and rail and inland waterway transport. 
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val id original d iscoveries, or generating ones which are new, 
at least new to the thinking individual who rel ives them. The 
inabi l ity to comprehend this d istinction, is the mark of the re
duct ion ist, the empi r ic i st, the Kant ian : such as a Norbert 
Wiener or a John von Neumann.  

Science, when viewed in these terms of  reference, assumes 
its proper ontological character, as epistemology. The investi
gations of natural science, as typified by the referenced case of 
Eratosthenes' measurement of the meridian, are to be viewed 
subjectively, as a matter of uncovering the secrets of human 
knowledge, the secrets of the way in which the mind is capa
ble, subjectively, of d iscriminating, with successively lessened 
imperfection, between valid and inval id conjectures of the in
dividua l 's imagination .27 This is the deeper meaning of a non
infin ite physical space-time, a "Riemannian curvature of physi
cal space-time." 

The constra int which immed iately de l imits the real ization 
of that not-entro p i c  i m p u l se s u p p l ied by an ind iv idua l ' s  
axiomatic-revol utionary creativity, is the extent and  degree of 
the development of the creative powers of the ind iv idual  
mind, with in  the popu lation in  genera l .  The education of the 
future citizen of the nation-state, to develop the potentia l  of 
each to generate and assim i late those ideas corresponding to 
axiomatic-revolutionary d iscoveries, defines the upper l imit 
placed upon the not-entropic performance of that population 
itself. 

Man Withi n the Bioc;phere 
Study the maps and relevant sate l l ite images of the planet. 

Look fi rst at the most h ighly developed region of modern Euro
pean c iv i l ization, the Paris-Vienna-Berl in  "productive trian
gle," set within  a region of Europe from the Atlantic coast of 
France to the Oder-Neisse border of Germany.28 (F igure 3) .  
Look at the system of i n l and waterways and rai l-transport. 
Trace the transmission of electrical power and petroleum and 
gas feedstocks. Note the densities of power consumption, by 
agricultural, industrial, commercial ,  and residential areas. 

Compare those images with some crucia l  data, a l l  mea-

27. This point is ably illustrated by the stubbornness with which the hoax of 
Claudius Ptolemy was upheld, into Europe's 1 7th century. There are three 
pivotal facts to be considered, respecting the argument at this point in the 
above text. First, the knowledge, that the Earth orbitted the Sun, had been 
rigorously established by no later than the time of Aristarchus, during the 
third century B.C. Second, internal evidence has shown that Claudius 
Ptolemy's work was a deliberate hoax, intended to eradicate the influence 
of pre-established scientific proof of the "solar hypothesis" [See Robert R. 
Newton, The Crime of Claudius Ptolemy (Baltimore: Johns Hopkins Uni
versity Press, 1 977)]. Third, the fraud was constructed on behalf of the 
factional standpoint of Aristotle, against Plato and the approximately two 
centuries of work of the Academy of Athens and its colleagues, from 
Plato, Eudoxus, and Theaetetus, through Archimedes and Eratosthenes. 
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We must say, without deprecating the actual contribution of Copernicus, 
that the myth of the "Copernican Revolution" is just that, a myth. The "so
lar hypothesis" was affirmed by Cardinal Nicholas of Cusa, the leading 
1 5th century canon of the Christian Church, and Cusa's influence on sc� 
entific method is the foundation for the subsequent work of Luca Pacioli, 
Leonardo da Vinci, and Johannes Kepler, and of Leibniz, et al. later. The 
upholding of the fraud of Ptolemaic astronomy was never an "honest mis
take," but a deliberate hoax, from the highest ranks, down, a part of the 
continuing efforts of the anti-Renaissance, "reductionist" faction of Pietro 
Pomponazzi, Gasparo Contarini, et aI., to eradicate what they abhorred 
as the "docta ignorantia" of Cusa, et al. 

The issue is clearer, if one poses to the student of Eratosthenes' mea
surement of the meridian, the question, "How was it possible that Eratos
thenes measured the curvature of the Earth with such credible approxi
mation, 2,200 years before any person saw that curvature directly?" 
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sured in per capita, per household ,  and un it-area values, for 
various types of l and-use types and · ar�as. Measure i nputs in  
physical goods consumed, inc lud ing power and water, p lus 
education, science and technology as such, and the health
care essentia l  to the longevity and health of the population. 
Measure per capita productivity of l abor in those same qual i
ties composing the market-baskets of household, infrastruc
ture, industria l ,  educational science, and health consumption 
(as "energy of the system"). 

Measure flows of freight through the economy in tons
k i lometers-hours, and tons-k i lometers-hours per square ki lo
meter of land-use. Analyze the tons-ki lometers-hours in terms 
of relative cost per ton-mi le  of water, p ipel i ne, magnetic-levi
tation transport, ra i l ,  h ighway, and a i rborne transport. 

Next, shift attention to the region to the East of the Oder
Neisse, eastward, to the shores of the Pacific (Figure 4). The 
spectacle i s  d ismal; the lack of density of power, water-devel
opment, and transport, v irtua l ly  precludes reaching levels  of 
productivity comparable to those traditional ly available (prior 
to the 1 964-1 972 "post-industrial-utopian" paradigm-sh ift) in 
northern continental Europe west of the Oder-Neisse l i ne. 

Sh ift aga i n :  i nto the Midd le  East, and, then, southward, 
across the Mediterranean, into Africa beyond the Sahara. Make 
the same comparison, as for Western Europe with eastern 
Euras ia .  What is the agricu l tu ra l  ' l a n d-area of sub-Sahara 
Africa? What is the population-density of this land-area, com
pared with that of Western Europe? How much popu lation 
could be sustained, at a European standard of food consump
tion, were this same land-area in use, to be "healed" with 
modern l and-management technologies and supporting basic 
economic infrastructure in  transport, power-transmission, and 
water-management? 

Those comparisons inspire recogn ition of the mean ing of 
"relative" with i n  "potential relative popu lation-density ."  To 
make the comparison a more general one, add another case, 
the prospect of future "science cities" on Mars. After that rela
tively extreme case of land-use development has been noted, 
let us return to make the relevant points. 

Against the background so defined by that question, the origin and revival 
of Claudius Ptolemy's fraud, is, as a close friend ,md collaborator would 
put the point: the "epicycles" are Aristotelian reductionists' "epiphenom
ena: directly inherited from Aristotle's Metaphysics. The post-Renais
sance resurrection of the Ptolemaic hoax was part of the Venetian 
usurers' campaign to turn back the clock of history, to return mankind to 
that perpetual dark age of brutalization which prevailed prior to launching 
of modern science by the 1 5th century's revolution. The function of 
Ptolemy's hoax, was to outlaw from science that knowledge which defined 
the higher authority of Platonic ideas, over the alternative of treating 
sense-perception as a faithful image of a reductionist's supposed reality. 

28. Das "Productive Dreieck" Paris-Berlin-Wien: Ein europaeisches 
Wirlschaftswunder als Motor fuer die Weltwirlschaft (Wiesbaden, Ger
many: Executive Intelligence Review Nachrichtenagentur GmbH, August 
1 990). 

29. The December 1 984 death of a dear and respected friend, Kraff1 Ehricke, 
inspired Helga Zepp-LaRouche to organize a June 1 985 international 
conference, in Kraff1 Ehricke's honor. For his part in that Reston confer
ence, the present writer prepared an address, on the subject of "Ehricke's 
Contribution to Global and Interplanetary Civilization" [Colonize Space! 
Proceedings of the Krafft A. Ehricke Memorial Conference, June 1985 
(Washington, D.C. :  The Schiller I nstitute/New York: New Benjamin 
Franklin House, 1 985)]. Out of the discussion during that conference, this 
writer developed his proposed 40-year Mars-colonization mission policy, 
published several weeks in advance of the Payne Commission's report on 
a Mars-colonization proposal. The similarities and differences between 
this author's and the Payne Commission's 40-year programs are notable 
for anyone studying modern thinking about space-exploration. 
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Figure 4 
EXIST I NG RAIL L I N ES AND NAVIGABLE R IVER S  AND WAT ERWAYS I N  C H I NA 

Without major infrastructure development, China's lack of density of rail and waterway transport as well as power devel
opment and other industrial infrastructure virtually precludes the region from reaching even those levels of productivity 
achieved in postwar Western Europe. 

There are two reasons a sane civi l ization on Earth wi l l  have 
establ ished "science-city" colon ies on Mars by the middle of 
the coming century. 

The most v i s ib le  purpose for estab l i s h i ng such colon ies 
there, over the coming half-century, is that the future welfare 
of mankind demands the coord inate solution of anomal ies on 
the frontiers of presently known, combined astrophysics, mi
crophysics, and biophysics. Essential parts of this scientific de
velopment must be accomplished in a space-environment, as 
far distant from the Sun as we can reasonably expect to man
age such an enterprise with the technologies becoming avai l 
able dur ing the coming decades. 

Two b its of frontier research are most promi nently sub
sumed by that purpose for a long-term Mars-colon ization pro
gram. The d i rect target of such a project, is the study of the 
most stunn ing astrophysical anomal ies in the un iverse, by ex
ploration of an expanded spectrum of rad i at ion in c i rcum
stances as near as possible to a deep-space setting for the ob
servatories and space-laboratories employed. The second ch ief 
target is the scientific d iscovery involved i n  "gett ing there." 
When we put man into space-travel ,  we are driving our own 

bodies, and other l iv ing processes beyond the l i m its of sci
ence's prior experience; everyth ing we do, in that respect, is 
either actual ly, or at least potentia l ly anomalous. One wou ld 
exaggerate only s l ightly, at the most, to say of a Mars science
city program:  just getting there, is a l ready half the scientific 
discovery to be made.29 

The second leading motive for any astronautical-coloniza
tion project is that we know, as from the experience of the 
1 960s' Moon-landing crash-program, that any science-driver 
program of the scale and intensity a major space-program in
volves, w i l l  pay back to the u .S .  economy (for example),  
with in  about a decade, about 1 0  times the cost put into the 
project itself. A generic term for th is sort of motive might be 
"qual ified scientific optimism;" not only the h istorica l ly  val i
dated fact that scientific progress has always increased demon
strably the potential not-entropy of human existence, but that 
the benefits of large-scale science-driver projects are very im
pressive in scale, relative to other kinds of productive invest
ments. 

Contrary to
' 
the Physiocrat delusion, that the profit of enter

prise is obtained as the "Bounty of Nature,
,,3o man must create 

2 1 st CENTURY Fall  1 995 49 



his environment, if society is to rise sign ificantly above very 
precarious and brutal conditions of l ife. The chal lenges of pro
viding a su itable habitat as a "science city" on Mars, and the 
chal lenge of transporting human beings back and forth, be
tween Earth-orbit and Mars-orbit, exemplify the point in a rela
tively extreme degree. It is helpfu l to compare the chal lenge of 
bu i ld ing a science-city in the worst part of the Sahara, with 
that of putting a "science city" on Mars. 

"When we put man into space-travel, we 
are driving our own bodies, and other l iving 

processes beyond the l imits of science's 
prior experience; everything we do, in that 

respect, is either actually, or at least 
potential ly anomalous. One would 

exaggerate only slightly, at the most, to say of 
a Mars science-city program: just getting 

there, is already half the scientific 
discovery to be made." 

The compared sketches so indicated, i l l ustrate the urgency, 
that our d iscussion might avoid the customary fal lacy of com
position which typical ly  dominates d iscussions by "ecologists" 
on the subjects of economy and "the environment." To avoid 
"ivory-tower" fallacies of composition, and to make the identi
fication of the issues a more manageable one, it is important to 
d ivide the d iscussion of these matters into two stages. F i rst, 
consider the problem of developing the environment as a mat
ter of physical economy, more narrowly defined . After that, 
address the broader issue: the impact of economical ly moti
vated development of the economy upon the relative viabil ity 
of the biosphere as a whole. To organize the relationsh ip be
tween those two concluding topics of our argument here, we 
s u p p l y  a prefatory rem ark on the re l a t i on s h i p  between 
mankind and the biosphere. 

"Is the biosphere as a whole, including 
man, a process which increases its 'energy 
of the system' per square kilometer of the 

Earth's sol id-surface-area, without decreasing 
the ratio of 'free energy' to that 'energy of 

the system?' This is the question which 
Arrow et al. ought to have posed to 

themselves; they did not." 

Mankind is part of the biosphere. Restate the same point in 
thermodynamical terms. To assess the thermodynamics of the 
biosphere, a l l  human existence and activities must be included 
as a measure of the level of development of the biosphere. 

By "biosphere" we mean, in the relatively narrowest sense, 
a she l l  composed of those portions at, below, and above the 
sol id  su rface of the planet, which are inhabitated by l iving 
processes. In  a broader sense, in contemplating the very exis-
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tence of our planet's atmosphere and oceans, we 
recogn ize that often what m ight otherw i se be 
identified even as the i norganic processes of the 
planet, may owe thei r  existence to the action of 
self-development of l iv ing processes d u ring b i l
l ions of years. Between those extremes, we strike a 
balance, and cal l  that "the biosphere." Man is part 
of that biosphere. 

Measure the thermodynamics of that biosphere 
in terms of power-throughput, including all of the 
activities of mankind. Does man's ex istence in-
crease, or decrease that throughput? I s  the bios
phere as a whole, including man, a process which 
increases its "energy of the system" per square 
ki lometer of the Earth's solid-surface-area, without 
decreasing the ratio of "free energy" to that "en
ergy of the system?" This is the question which Ar
row et a l .  ought to have posed to themselves; they 
d id  not. That i s  the standpoint from wh ich  we 
shou ld  in tegrate the i n d i cated two s uccessive 
phases of the immed iate inqu iry. 

In physical-economy, were the demographic � �� 
characteristics of the population not to deteriorate, 
the increase of the size and density of the popula-
tion is a prime source for increase of the produc
tive powers of labor. 

Respecting population-density, lowering the av-
erage d i stance among the poi nts of activity, of 
production and consumption, addresses one of the 
most conspicuous variables in comparing the net 
productivit ies of nations operati ng at the same 
general level of productive and related technolo-
gies. Shorter l i nes of transport and commun ica-

= 

t ion, mean less cost for transport and com m u n i cation per 
capita, for example: a resu lt ing lower physical cost per capita, 
per household, and per square k i lometer for v i rtual ly every
thing produced . An increase of mean d istance means an in
crease of the cost of every variety of physical i nfrastructure re
qu i red by an economy. In physical economy, every saving of 
this type in cost, represents productive capital resources which 
may be added to the forces of production itself. 

S ince the relative physical-economi c  effic iency of many 
kinds of operating u nits with in  economies is strongly affected 
by "economic lot-size" considerations, the absolute increase of 
population, means a relatively more economical way of in
creasing the social d ivis ion of labor in  production and related 
employment. More important, the greater the number of wel l
developed personal ities, the greater the number of impulses, 
per capita, represented by the radiation of d iscoveries which 
have not-entrop ic  i m pact; therefore, the i ntensity of not-

30. It is most relevant in any response to the arguments of today's self-styled 
"ecologists," to recognize that the mind-set axiomatically underlying their 
views on the relationship between "macro-economic" profit and nature, is 
nothing other than the Physiocrat dogma of Dr. Franyois Quesnay. Thus, 
it was indispensable, in addressing the article of Arrow et aI., that we note 
the hereditary basis for that article's viewpoint in both the interdependent 
dogmas of "information theory" and "systems analysis," and the common 
origins of "systems analysis" and "Malthusianism," in the 1 8th century sa
lons of Venice's Abbot Antonio Conti. Quesnay was a creature of Conti's 
salons in France; the axiomatics of the argument posed by Arrow et al. 
are nothing but the axiomatics of Quesnay's Physiocrat dogma. 

= 



Illustration by Chrislopher Sloan 

"Science city" colonies on Mars in the next half-century will be the laboratory for solving the anomalies of today's frontier 
areas of astrophysics, microphysics, and biophysics. 

entropic impulse per capita is increased relatively in this way. 
As a consequence of cons iderat ions  such as these just 

cited, the most effective way in  which one wou ld approach 
the development of today's post-Soviet northern Euras ia ,  
would be to make the vastness of this (relatively) th in ly popu
lated region economical, by concentrating economic-devel
opment with in  very long development corridors of a modal 
effective w idth of about 50 k i l o meters on e ither s ide of a 
dom inati ng central transport artery of transportat ion .  Th i s  
central artery would represent one or a combination of  the 
fol lowing:  an i n land waterway, a magnetic-levitation mass
transport system, or a modern h igh-speed rai l corridor. That 
same central artery wou ld be a pathway for logistical support 
of closely related, central ized power and pipel ine transport. 
This would be supported by local mass-transport, h ighways, 
and other loca l ly  adapted d i stribution modes, forming a sys
tem of rib-l i ke spines reach ing about 50 k i lometers in either 
d irection, away from the central artery. 

To sum up that point: Rather than attempting to bui ld up 
the industria l  and related potential of  the land-area "on the 
average," one wou ld concentrate development in  h igh-den
sity development corridors. The economic conquest of the 
entire territory to be developed, progresses piecemea l ,  as the 

territory is d igested into the a l imentary tract of an i ncreasing 
number of such h igh-ga in  development corridors. Thus, the 
world should address the cha l l enge of Asia,  Africa, South 
America, and Austra l ia .  

The rise of  the level of  productivity per  capita, is conditional 
upon increased rates of consumption of power, and of such 
other resources as usable water. One of the ways we manage 
water, is by moving it from where it is i n  excess, to where it is 
needed . Without increasing the amount of water entering a re
gion, we increase the effective water supply by s lowing the 
rate at wh ich fresh water returns to the ocean, not only by 
canals, dams, and so forth, but by planting cover-crops on re
serve land, bu i ld ing up wood lands and forests, and so on. If 
those means are not sufficient, we lay stress upon reprocessing 
of waste and related qual ities of water. If that were not suffi
cient, it is cheaper to manufacture water, by large-scale desal i 
nation, than to want it. 

We improve the c l imate of the p lanet, by moderating the 
weather. The more agricu ltural and wood land b iomass pro
duced per square ki lometer, the better. The more desert turned 
into ferti le productive land-area, the better. 

We cannot measure the ecosystem-as some prefer to iden
tify it these days-simply in  tons, or in  calories of throughput, 
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or in number of species and varieties present. The h igher forms 
of l i fe must dominate, and the lower forms be configured in  
the degree needed to support the h igher ones. So, insecticides 
are indispensable tools of ecological management, to maintain 
the level of "the environment." It is the "not-entropy" of the 
biosphere as a whole (man and his activities included) which 
must be optimized. 

"The difference between the newly 
founded u .s. Federal Republ ic of the first, 

1 790 national census, and the land of 
those unfortunates left behind in Britain, 
was that the Americans had more than 
twice the l iteracy of the poor sods left 

behind, and twice the productivity 
and twice the income." 

This i l l ustrates the significance of the "hard" forms of basic 
economic infrastructure. It was the feudal and financier para
sites in Europe, who fostered the Physiocratic delusion, that 
the colonists in America were but harvesting the Bounty of Na
ture. The colonists knew the truth .  Leave the myth of the 
"Frontier" to a "Min iver Cheevy" such as "Teddy" Roosevelt, 
or his favored Frederick Jackson Turner; the bounty of America 
was no gift of evi l  Gaia, but the laborious transformation of the 
relatively barren and unproductive wi lderness into developed 
productive, rural and u rban l and-areas. The difference be
tween the newly founded U .S .  Federal Republ ic of the fi rst, 
1 790 national census, and the land of those unfortunates left 
behind in Britain,  was that the Americans had more than twice 
the l i teracy of the poor sods left beh ind, and twice the produc
tivity and twice the income. 

The principled sign ificance of publ ic investment in educa
tion, science and technology as such, and in support of un iver
sal health-care del ivery, ought to be obvious. Education, and 
science and technology, are d irectly means indispensable for 
promoting the not-entropic impulses with in  the society. Health 
care is essential as it bears upon the health and productivity of 
the present and future labor-force. 

In the process of production, nature and man are in no way 
inherently adversaries. Rather, the improvement of agricultural  
and reserve land, plus the development of basic economic in
frastructure, are, combi ned, the pr inc ipa l  means by which 
"free energy" from production is invested to the cumulative ef
fect of i ncreasing the density of the "energy of the system," 
while maintaining or even enhancing the ratio of "free energy" 
to "energy of the system." Nature is an integral part of econ
omy, and man is an integral part of the biosphere. 

This brings us to the second, concluding point. 
Impl icitly, m the least, Arrow et a l .  have forgotten, or simply 

ignored the h istorical-economic con notations of such com
monplace phrases as "the improvement of land," and "Make 
the desert bloom ! "3 1  The dynastic cyc les of Mesopotamia, 
from the fa l l  of the pre-Semitic Sumer of the "black-headed 
people," through the col lapse of the Baghdad Cal iphate, are a 
paradigmatic case for any student of archeological physical 
economy. The fal l  of each of the dynastic systems in that re-

52 Fal l 1 995 2 1 st CENTURY 

gion, during that interval, is characterized by the role of tax
farm ing-related usury in destroying the del icate balance of the 
system of i rrigat ion,  through destroyi ng the "bow-tenure"
based mi l itary-economic social structure upon which both the 
economy and the political stabi l ity of the society rested. 

The case of the dynastic cycles of Mesopotamia, during a 
span of approximately four mi l lenn ia, shows that c iv i l ization 
in this region, as in  Egypt, took into account the need to effect 
a "not-entropic" development of the local portion of the bio
sphere, through the systematic investment of "free energy" i nto 
the accumulation of greater intensities of "energy of the sys
tem." With the rise of usurious tax-farming, that stored-up "free 
energy" in the existing "energy of the system" was looted to 
enrich the financier interest of that time; the increasing power 
of the fi nancial class, and the corruption of the political institu
tions by the practice of usury, was the self-feed ing process 
which set into motion the col lapse-phase of the dynastic cycle. 

Rosa Luxemburg, whose devastat ing refutation of Len i n's 
Imperialism32 typifies her stature as the most astute of the so
cia l-democracy's Marxist economists, identified this k ind of 
phenomenon by her refined notion of "pr imitive accumu la
tion," the monetizing, through plunder, of destroyed volumes 
of wealth stored-up in nature, or in preced ing times' capital 
contr ibutions to economic deve lopment of the product ive 
powers of a population and its "environment." One of the Bol
shev ik  admi rers of her profess iona l  acco m p l i shments, the 
economist E .  Preobrazhensky, recogn ized this type of "primi
tive accumu lation" in  the Soviet economic system.33 

If the "environmental ists" were to l imit their complaints to 
the depredations of usury, and related modes of "primitive ac
cumulation," no one cou ld argue reasonably, that they were 
not contributing a service to man and nature. The trouble is, 
they have resurrected the ancient madness which governed 
the Phrygian Cybel l i ne cult of Dionysos. That cu lt, a synonym 
for the cu lts of Shakti-Siva, Ishtar, Is is-Osiris, and Gaia-Python, 
recru ited youth from the lead ing fam i l ies of the cities, to as
semble them into terrorist youth-movements of brainwashed, 
anti-science, anti-technology assassins, deployed to k i l l  their  
own parents. L i ke "the second generation" of the so-cal l ed 
Baader-Meinhof gang, whose members had been recruited sig
n ificantly from the Heidelberg (mental) Patients' Col lective, the 
assassins of the cult of Dionysos adopted the cause of destroy
ing modern society, modern science, and modern technology, 
to turn the world into the d i rection of a less populous, l unatic 
sort of bucol ic utopia. 

The reader would not imagine my aging generation's Ken
neth Arrow joining the ranks of such a group of young zombie
k i l lers; but, Arrow contributes to the ideology of such eco
terrorists in the obvious way, by neglecting to calcu late the 
d ifference between macroeconomic "profit" ("free energy") 
from development in a not-entropic mode, and a usurious pol
icy of looting the population, productive capita l ,  basic eco
nomic infrastructure, and nature itself. The distance from gown 
to bomb, from such academic negligence, to some Earth F i rst! 
ecoterrorist's murderous actions, i s  no greater than the d is
tance between the bombs which Bakun in-accomplice Richard 
Wagner th rew in Lord Palmerston's 1 848-1 849 revol utions, 
and the artistic bombs which the same Richard Wagner threw, 
later, on the musical-theatrical stage. 

The questions are these. F i rst, is the development of the 



economy itself not-entropic, as we have defined not-entropic 
here? Second, treating man and h is  activities as part of the 
power-throughput of the biosphere, is the impact u pon the 
biosphere of not-entropic modes of economic development (as 
d istinct from the prim itive accumulation of usurious modes) 
also not-entropic? 

Is it not then the case, that the radiation of not-entropic im
pulses from the developed, innate creative powers of the indi
vidual human mind, i s  not only un iquely the source of true 
profit in economic processes, but a lso a source of not-entropy 
radiated into nature in genera l ?  

"The 'most economical' assum ption, is that 
the universe is designed in such a manner, 

that professors of biology and i norganic 
physics, can both exist as an organic part 
of that universe. That evidence is already 
clear beyond reasonable objection. If the 

'environmental ists' wish to redeem 
themselves, they should be guided by the 

implications of that clear fact in 
redoing their  i nquiry." 

From a d usk-fi l led, different corner of the room, comes a 
protesting voice. The owner of that voice is i rate, that we dare 
to propose that the creative powers of the ind ividual human 
mind cou ld radiate not-entropic impu lses effic iently into the 
inorganic domain, perhaps the domain of subnuclear micro
physics. 

The model for the appropriate sort of shorter reply to that 
objection, was suppl ied by Bernhard Riemann's ridicu l ing of 
Isaac Newton's hypotheses non fingo.34 I n  the case of the ob
jection from the dusky corner, as in Newton's i l l iterate use of 
the term "hypothesis," the i ntroduction of the ru le of "Ock
ham's Razor" is itself an extravagant assumption.  To assume, 
barring contrary evidence, that something is true, is the most 
contemptibly banal of a l l  soph i stries. Today's "Ockhamite" 
sophist assumes, that si nce the reduction ist assumptions re
specting the onta of the microphysical domain are "more eco
nomica l"  than an arguably hylozoic one, that the reductionist 
position must be asserted, pend ing exp l ic it  evidence to the 
contrary. On the premise of that sophistry, taken as axiomatic, 
he then d ispenses with precisely that evidence which does dis
prove his case, by asserting, that a l l  l iv ing processes must be 
traced u ltimately, axiomatical ly, to his present, reductionist as
sumptions respecting the ontology of the u ltimately sma l l .  Pure 
sophistry! 

Not only does mankind, a l iv ing process, exist in the uni
verse, but, i t  i s  o n l y  through the  i ntel l ectua l  powers of 
mankind that we possess any knowledge of that un iverse. 
What we may classify as knowledge, depends upon the practi
cal effect of acting upon that knowledge, as measured in the 
impact upon the condition of human existence, even the pos
sihility of continued human ex istence itself. Th us, does a l l  
know l e d ge perta i n  t o  m a n ' s  w i l l fu l  p o w e r  t o  i m pose 
mankind's improved status with in the un iverse, to affect the 

state of the universe in this way. 
There are relevant experimental inquiries to be made, to this 

effect. Among those experimental inquiries i s  the study of the 
anomalous fact, that the same chemical compositions which 
may be, in one moment, l iv ing processes, may be, in  the next, 
non-l iving organic processes. Related anomal ies are prompted 
to our attention once we contemplate that one. For example, is 
there, perhaps, some optical-biophysical difference in the state 
of a molecule with in  a l iv ing process, and the equ ivalent mol
ecu le not part of a l iving process? The answers must wait for 
the relevant experimental i nqu i ries, but the evidence which 
prompts such inqui ries is a l ready c lear. 

The "most economical" assumption, is that the universe is 
designed in  such a manner, that professors of biology and inor
ganic physics, can both exist as an organic part of that un i
verse. That evidence is a l ready clear beyond reasonable objec
tion. If the "environmental ists" wish to redeem themselves, 
they should be guided by the impl ications of that clear fact in 
redoing their inquiry. 

Economist Lyndon H. LaRouche, Jr., is a member of the sci
entific advisory board of2 1  st Century. 

3 1 .  During this century, many adorned with the highest grades of professional 
reputations in such fields as the history of science, archeology, and so on, 
have participated in propagating fairy-story science respecting the sup
posed "birth of civilization" in Mesopotamia. As a by-product of the 1 582 
victory of Paolo Sarpi's faction within Venice's financier nobility, the north
ern portions of Europe consigned to the forces of the Reformation were 
adopted as the place in which to build an Anglo-Dutch clone of Venice, to 
become worldwide, the kind of financier and maritime power which Venice 
had come to represent for the Mediterranean region. 

Out of this, there arose among British anti-Semites a "Low Church" 
mythology, to the effect that the Anglo-Dutch, the Germans, and the 
Scandinavians were bearers of the Convenant, as representatives of the 
Ten Lost Tribes of Israel. 

In service of that my1h, we acquired such more recent products as the 
British role in producing Adolf Hitler's Nazis, and the comi-tragic specta
cle, or, if you prefer, farce of 1 9th century British Imperial "Biblical Arche
ology." Witness, in ritual references to the history of science by notable 
scientists, the contorted efforts at "political correctness," contrary to all 
fact, to affirm the British myth, that "history and science" began in 
Mesopotamia. (This matter was the subject of a book-length study, which 
the present author produced in 1 982.) 

Out of this sorry spectacle came the "hydraulic culture" my1h-making of 
Kart Wittvogel, for example: another version of the British my1hical history 
of culture, from food-gathering, to agriculture, to riparian civilizations, to 
maritime cultures. Simple calculations, corroborated by crucial archeologi
cal evidence, show that the development of modem civilization could have 
come only by a different route-sequence: fishing, to maritime culture, to 
production of the germs of agriculture as a by-product of maritime culture, 
to riparian cultures developed in the estuaries of key rivers, and so on. 
Had any of the relevant professors of anthropology troubled to make a 
few elementary calculations, the hoax of British archeology would have 
been quickly apparent to them. Arrow et al. exhibit the same folly respect
ing the calculable nature of the historically known role of land improve
ments in the development of physical economies. 

32. Rosa Luxemburg, The Accumulation of Capital, Agnes Schwarzchild, 
trans. (New York: Monthly Review Press, 1 964). 

33. It was that factor of long-term "primitive accumulation," inherent in the So
viet System under Stalin, Khrushchev, Brezhnev, et aI., which caused the 
1 989-1991 collapse of the Soviet system; it is the older form of "primitive 
accumulation," instituted by the governments of Margaret Thatcher and 
George Bush, conducted under the rubric of "reform," which has done 
more, since 1 991 , than all the earlier regimes in that region during the 
preceding five centuries. 

34. Riemanns Mathematische Werke, p. 525: "Die Unterscheidung, welche 
Newton zwischen Bewegungsgesetzen oder Axiomen und Hypothesen 
macht, scheint mir nicht haltbar. Das Traegheitsgesetz is die Hypothese 
'Wenn ein materieller Punkt allein in der Welt vorhanden waere und sich 
im Raum mit einer bestimmten Geschwindigkeit bewegte, so wuerde er 
diese Geschwindigkeit bestaendig behalten.' " 
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E lementary physics tel l s  us that the 
temperature of an object is related to 

the motion of its atoms. The faster the 
atoms move, the more thermal energy 
they have and the hotter they are. I n  
theory, therefore, t h e  coldest tempera
ture would be that in  which a l l  atomic 
motion has ceased. Phys icists cal l  this 
absolute zero, or 0 kelv in (-273 . 1  5 °C). 
A l th o u g h  in p ract ice t h i s  p o i n t  w i l l  
never be reached, experimenters have 
come to with in  less than a m i l l ionth of a 
degree of absolute zero. 

Sc ien t i sts are kee n l y  i nte rested i n  
stu d y i n g  the behavior  and  nature of 
atoms at ultra-low temperatures. In  addi
tion to the scientific and technical chal
lenge of approaching absolute zero, new 
technologies are expected to come out 
of this research that may improve by or
ders of magnitude the measurement of 
time or even a l low us bu i ld microelec
tronic circu its atom by atom. 

An atom at room temperatu re cI i ps 
along at about 200 meters per second . 
(Although it moves fast, it doesn't actu-

NIST 

a l l y  travel that far because it is con
stant ly changing d i rect ions, bump ing  
i nto other atoms or  bon d i ng to  other 
atoms. )  An atom cooled to near 0 K, 
however, i s  slowed to less than 1 cen
timeter per second. 

Over the past several years, many 
tech n i q ues have been developed to 
cool, trap, and man ipu late particles at 
ultra-low temperatures. Ions, because of 
their electrical charge, have been partic
u l a rly amenable to being corra l l ed i n  
magnetic a n d  e lectrical fie lds.  Neutral 
atoms, which have no charge, are a l ittle 
more d i ff icu l t  to contro l .  H ere, l aser 
cool ing, using laser beams to slow and 
snare atoms, has been very successfu l .  
Many aspects of this techn ique were de
veloped at N IST, the National Institute of 
Standards and Technology, in the 1 980s. 

At the spr ing  1 99 5  meet i n g  of the 
American Physical Society in  Washing
ton, D.C., Steven Rolston of the atomic 
physics division at N IST made a presenta
tion on laser cool ing as part of a sympo
sium featuring physics research at N IST. 
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� Physicist Kris Helmerson (face par
tially obscured) observes a tiny glowing 
cloud of sodium atoms caught by six in
tersecting laser beams-a technique 
that can produce the coldest tempera
tures in the universe. 

Laser cool ing is possible, Rolston ex
p l a i ned, because photons, packets of 
l ight energy, carry momentum and can 
be d i rected in such a way as to exert a 
force on an atom. As an atom absorbs a 
photon, the transfer of momentum be
tween them can cause the atom to s low 
down. 

H owever, the atom em its  another  
photon for each photon it  absorbs. Be
cause the d i rection of the emitted pho
ton is random, the "recoi l "  force is can
celed out over t ime, whi le the momen
tum of the oncoming photons being ab
sorbed exerts a net force on the atom. 
This is cal led the scattering force. 

Optical Mo lasses 
The s implest experimental configura

tion consists of two opposing lasers. For 
any atom of a given element there i s  a 
particular wavelength of l ight that it w i l l  
read i l y  absorb-its natural resonance 
frequency. The frequency of the laser 
l ight is selected to be sl ightly lower than 
th is  optima l  value for the atoms being 
cooled. To an atom moving in the d irec
tion of a l aser, the l ight w i l l  appear to be 
at a h igher frequency (because of the 
Doppler effect)' and wil l  be absorbed by 
the atom. 

The l ight from the opposite d i rection 
w i l l  appear to be even lower in fre
quency and i s  less l i kely to be absorbed 
by the atom. When the atom changes di
rect ion and moves toward the second 
laser, the process i s  reversed, and the 
l ight from the first laser is ignored whi le 
the l ight from the second is absorbed . By 
this process, the motion of atoms i n  both 
d i rections--or along one axis-is s lowed 
down, thereby cool ing them. 

The physical effect on the motion of 
the atoms with i n  these l aser beams i s  
analogous to viscous dampen ing.  One 
example of  such dampening would be a 
simple shock absorber i n  which the mo
tion of a piston in  a cyl i nder i s  impeded 
by a flu id .  In the case of l aser cool i ng, it 
is as if the atoms had been thrown into a 
h ig h l y  v i scous med i u m-a cond i t ion  
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Fig ure 1 
HOW COLD CAN ATOMS GET ?  

The figure shows some natural phenomena in terms of the Kelvin and Celsius 
temperature scales, as well as laboratory milestones reached in laser cooling. 

that has been dubbed optical molasses. 
Rolston explains that such techn iques 

may not enable one to reach a velocity 
of zero because there w i l l  a lways be 
some heating caused by the presence of 
l i ght and  f l uctuat ions  i n  the  syste m .  
However, i t  i s  possible to calcu late the 
temperatu re o n e  m a y  att a i n  by t h i s  
means. For sodium atoms, Rolston says, 
the NIST team expected a temperature of 
about 240 microkelvin (I-lK), or 240 mi l 
l ionths of  1 degree. Experiments done in  
1 988, however, found the temperature 
to be more than an order of magnitude 
cooler than predicted. Clearly there was 
some other cool ing mechanism at work. 

In addition to the scattering force from 
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the photons, there is what Rol ston cal ls  
the d ipole force, which is created by the 
e lectric field associated with the l ight. 
This electric field osci l lates at the optical 
frequency and causes a s l ight d isplace
ment of the negative electrons from the 
positive nucleus, such that the atom be
haves l ike a d ipole. (A d ipole is s imply 
an object with two poles, either electrical 
or magnetic.) In this case, the induced 
"dipole" condition of the atom then in
teracts with the electric field that created 
it, producing a force on the atom. 

As the atom moves, it picks up energy 
from the field, which a lso impedes its 
motion .  This  energy is then emitted by 
the atom.  I n  th is  way, some of the ki-
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Fig ure 2 
LASER COOLING AN ATOM 

When an atom absorbs a photon 
(in this case, photons directed at 
the atom by a laser), the atom 
slows down. At  the same time, 
the atom will emit another pho
ton in a random ·direction. Over 
time, the "recoil" forces of the 
randomly emitted photons cancel 
out, leaving a net force (called 
the scattering force) exerted on 
the atom by the momentum of 
the incoming photons. 

netic energy of the atom is d issipated as 
rad iant energy and cools the atom. 

Opti cal Latti ces 
To hold atoms in  place and cool them 

in three d imensions requ i res more than 
just a pair  of opposi ng l aser beams. A 
stable i nterference pattern produced by 
mu lt ip le laser beams that is capable of 
cool ing and trapping atoms is cal led an 
optical lattice. 

An optical  l attice is ana logous to a 
crystal l attice i n  that it is a regular three
d imensional  array-in th is  case, "opti
cal potential  wel ls" i nto which a cold 
atom may fal l .  At such low tempera
tures, the atom does not have enough 
energy to overcome the potentia l ,  l i ke 
B Bs fa l l i ng i nto the holes of a c h i ld 's  
toy. U n l i ke a crystal whose lattice con
stant, the d istance over which its pattern 
repeats, is on ly  a few angstroms, the op
tical l attice has a constant on the order 
of 1 ,000 angstroms. (1 angstrom equals 
1 x l O- 1 0  m.) 

One of the d ifficu lties in  laser cool ing 
experiments, accord ing to Rolston, is to 
isolate the lasers from vibrations. For a 
more stab le  optical  l attice, N IST uses 
a fou r- laser  conf igurat i o n .  Two l aser 
beams cross each other at 90 degrees in  
the horizontal p lane. The other two laser 
beams, a lso at 90 degrees, intersect the 
fi rst two from the opposite d i rection i n  

Continued o n  page 67 
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FUSION REPORT 

TH E 5TH I NTERNATIONAL COL D  F U S I O N  CO N FE R E N C E  

Slow, Steady Progress and 
Some Fast Talk  
by Carol Wh ite 

The F i fth I nternat iona l  Cold Fus ion 
Conference ( I C C F 5 )  was h e l d  i n  

Monte Carlo, Monaco, from Apri l  9 to 
1 3, with 208 participants from Belarus, 
Ch ina, F rance, Germany, Hong Kong, 
India, Italy, Japan, the Netherlands, Re
publ ic of Korea, Russia, Spain, Switzer
l a n d ,  the U n ited K i ngdom,  a n d  the  
Un ited States. It was hosted by  electro
chemists Martin F le ischmann and Stan
ley Pons.  Although there had been ru
mors  before t h e  c o n ference that  
Fleischmann and  Pons wou ld have d is
t i l lat ion cel l s  on d i sp lay either at the 
conference or i n  their nearby l abora
tory, this was not to be; however, there 

Carol White 

Martin Fleischmann addresses the Fifth International Conference on Cold Fusion. 
The logo of the conference depicts Icarus, the Greek mythological figure. 

was a working demonstration of the first 
cold fus ion ce l l  to be granted a U .S .  
patent, a l ight water cel l  designed by 
veteran inventor James Patterson. 

I t  was in  many ways a d isappointing 
conference. Cold fusion has proven to 
be a far more difficult research area than 
we might have thought six years ago. Al
though progress has been made i n  un
derstand i ng the experiment, it has not 
been as rapid as one might have hoped. 

ICCF5 might best be described as two 
conferences, held simu ltaneously and in  

the same location and even attended by 
the same people. But otherwise they had 
l ittle in common, although both were os
tensibly about cold fusion. 

One of the conferences was a rather 
sober affa i r  in which a grouping of pri
mari ly Japanese, American, Ita l ian, and 
Russian scienti sts held a concentrated 
d iscussion over the five days to evaluate 
the past year's work and coord inate re
search plans for 1 995-1 996. 

Attendees at what I have chosen to 
cal l  the other conference were anything 
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but sober. In their view, much of the d i s
cussion about about how to ach ieve suc
cessfu l resu lts fo l lowing  the F l e i sch
mann-Pons model ,  or variations on it, 
was simply beside the point .  For them, 
the main focus in the fie ld  shou ld  be 
shifted to development rather than fun
damental research.  I ndeed, they claim, 
cold fusion i s  a product which w i l l  be 
marketable in  the immed iate future. 

Both "conferences" occurred in an  
atmosphere shaped by the unremitti ng 
attack to which the fledging scientific 
field has been subjected, almost from its 
beginning.  Funding, in the United States 
especial ly, has virtual ly dried u p  in the 
aversive pol i t ical  c l i mate de l i berate ly  
fostered by opponents of  col d  fus ion .  
John H u izenga-who chaired the  U .S .  
Department of  Energy blue-ribbon panel 
convened after the 1 989 announcement 
by Fleischmann and Pons-has contin
ued to intervene wherever he could to 
urge that research be shut down.  As a re
su lt, promis ing experimental programs 
have been term i nated becau se they 
could not get funding. 

Those scientists in  the U n ited States, 
and to some extent in Europe, who have 
continued to work on cold fusion have 
had their careers th reatened, and have 
in some instances a l so been subjected 
to abuse. This  has tended to reinforce a 
defens ive-even em battled-att i tude 
among those who have continued in  the 
field at a real personal cost. This  has led 
to a certa in  tendency to overemphasize 
positive results and downplay fa i l u res. 
Although th i s  i s  understandab le,  i t  is 
a l so d e p l o rab l e .  I ndeed ,  it is often  
through apparent experimental fa i l u res 
that the most progress is made. 

Advances in the Field 
Over the years s ince the original an

nouncement of the d iscovery, repeata
b i l ity has certa in ly  been the bugaboo. 
G rad u a l ly ,  some u nd e rsta n d i ng h a s  
been ga i ned o f  t h e  i n it i a l  cond i t ions  
necessary for the  production of  excess 
heat. One of these is the establ ishment 
and maintenance of a h igh concentra
tion of deuterium in  the pal l ad ium cath
ode. Another is the presence of certain  
additives to the e lectrolyte, such as s i l i
con and a l u m i n u m ,  wh ich co l lect on 
the surface of the pal ladium and most 
l ikely help to slow the recombination of 
deuterium atoms into molecu les when 
they are outgassed from the pal lad ium.  
Important a lso i s  the achievement of  a 
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Edmund Storms (right), retired from Los Alamos National Laboratory, gave the 
keynote address, emphasizing the broad array of experiments that confirm chemi
cally assisted nuclear reactions. With him is Francesco Celani of the Italian Na
tiona I Institute of Nuclear Physics at Frascati. 

threshold current density in electrolysis 
experiments. 

At this conference there was serious 
d iscussion of the pretreatment of pal lad
ium and also of methods of determin ing 
cr iteria by which u n usable pa l lad i u m  
can b e  d iscarded in  advance of a n  ex
periment. 

Edmund Storms, who is reti red from 
Los Alamos National Laboratory, gave 
the keynote address, which emphasized 
the broad array of experiments that con
firm chemica l ly assi sted nuclear reac
tions. He a lso d iscussed protocol s  that 
he be l ieves can guarantee success i n  
achieving excess heat. (These were re
ported in the Winter 1 994-95 2 1 st Cen
tury, pp. 60-61 .) H is review of the field 
was extremely upbeat, but he neverthe
less devoted serious attention to some of 
the problems associated with improving 
reproducibi l ity. 

There is widespread agreement that an 
overa l l  ratio of deuterium to pal lad ium 
atoms ( the D/Pd load ing  ratio) some
where above 85 percent is desirable in  
order to produce excess heat in  a Fleisch
mann-Pons experiment. Normally, a pal
ladium lattice wi l l  have what is cal led a 
face-centered cubic structure; however, 

at high load i ngs of hydrogen or deuter
ium,  th is  structure has been known to 
change. It is of course possible that an 
endotherm ic/exothermic transit ion can 
occur, i rrespective of whether there is a 
phase transition, as Steven Crouch-Baker 
of SRI pointed out in his presentation.  

Such a change may affect the possi
b i l ity of cold fusion occurring in several 
ways;  for example ,  by c h a n g i n g  the 
p rox i m i ty of t h e  d e u te r o n s  to eac h 
other. Or it cou ld change the thermody
namics-whether load ing  hydrogen or 
deuterium into the lattice causes an en
ergy release (is exotherm ic) or i n stead 
req u i res an a d d i t i o n  of e n e rgy ( e n 
dothermic) .  Or t h e  change i n  the pal
l a d i u m  l att ice struct u re cou l d  affect 
cold fusion in other ways. 

On the other hand, the cold fusion re
action is h ighly local ized, so that the lo
cal  concentration of deuter ium with in  
the lattice is also an important parameter. 

The relationsh ip  between current den
sity and excess heat production is wel l  
establ i shed . There i s  a l so a corre lation 
between over-voltage and load ing. One 
question yet to be answered is whether 
there may be a saturation curve for en
ergy input. I s  there perhaps also, as Mar-
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Carol White 

Michael McKubre, leader of the Stanford 
Research Institute cold fusion research 
team, told ICCF5: "Progress has indeed 
been made, but it has been somewhat 
slow and somewhat unsteady, but cer
tain! Wielding science, we have fought 
against ignorance, envy, and malignant 
self-interest. However, if we cannot de
fine our progress in rational and con
crete terms, we will have a much more 
difficulty adversary-apathy. " 

t in  F le i schmann contends, a pos i t ive 
feedback that occurs with a rise in tem
perature? If th i s  i s  the case, then it i s  
clearly desirable that the pal l ad ium-deu
teride be in an endothermic rather than 
exotherm ic phase, so that the h igher 
temperature does not immediately cause 
the pal ladium to outgas deuterium. 

So far, only Storms has tested Fleisch
mann's hypothesis that there is a corre
lat ion between tem peratu re i ncrease 
and h igher excess heat production .  In 
h is  experiments reported at the Third In
ternational Conference on Cold Fusion, 
Edmund Storms did find ind ications of 
such a corre l at ion  of i ncreased heat 
p ro d u c t i o n  as  the tem perature was  
raised. Unfortunately, he was not able 
to pursue these experiments for lack of 
funding. 

The subtleties involved in  measuring 
excess heat i s  one area of d ifficulty in 
p inn ing down the experiments. In  most 
c o l d  fu s i o n  ex p e r i m e n ts the  act u a l  
amounts of excess power are relatively 
smal l ,  and in  some instances-not only 
at boi l i ng or near boi l i ng temperatures, 
but a l so i n  h i gh-voltage exper i ments 

among others-highly transient phenom
ena are involved. 

The Stanford Research Institute (SRI) 
team led by Michael McKubre has had 
the most comprehensive and successful 
experimental program to date, yet h is  as
sessment of the state of affa irs, wh i le  op
tim istic, was sober. He began his presen
tation with th is  assessment: "We have 
some interesting new results that suggest 
better reproducib i l ity of cond itions for 
excess heat production." But, he contin
ued ,  " N ot many  peo p l e  h ere today 
would have suspected that after s ix  years 
of study, the field revealed by Fleisch
mann and Pons would have survived but 
not thrived." 

" Progress has i n deed been made,"  
McKubre sa id ,  "but  i t  has  been some
what slow and somewhat unsteady, but 
certa i n !  W i e l d i n g  sc ience,  we have 
fought against ignorance, envy, and ma
l ignant self-interest. However, if we can
not define our progress in rational and 
concrete terms, we w i l l  have a much 
more d ifficu lty adversary-apathy. I t  is 
too late to be vague; we must be precise, 
we must quantify. I hope to introduce 
some concepts that wi l l  a l low us to do 
that better than we have." Making the at
tainment of precision much more d iffi
cult, and greatly restra in ing progress, he 
said, are two very d ifficult problems: the 
(apparent) i rreproducibi l ity of results and 
the scarcity of (nuclear) products. 

"I wi l l  address the fi rst of these and di
rect attention to the fol lowing questions: 
What conditions do we need to achieve 
for the reproducible attainment of excess 
power? What factors prevent us from 
achieving these necessary starting condi
tions? What procedures can an experi
mentalist employ to obtain  reproducible 
resu lts?" 

Another Side to the Story 
For those whom I have described as 

attend ing  the "other conference," the 
mood was one of exuberant vind ication. 
Not only do they bel ieve that "cold fu
s ion" has been proven beyond doubt 
but, in the main, they are convinced that 
the phenomena descri bed by F le i sch
mann and Pons have proven to be only 
the t ip of an  a lchemical  i ceberg (see 
box, page 59).  

The important poi nt i s  not whether 
substantiation exists for some of the vari
ous claims presently being made on be
ha lf  of I ight water fusion and various 
other, alchemical reactions, and certain  
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mechanical devices that supposed ly tap 
zero-point  energy from the vac u u m
someth ing which I greatly doubt. These 
claims wou ld sti l l  be l argely i rrelevant to 
the press ing  task of p i n n i ng down the 
phenomena presently grouped under the 
rubric of cold fusion, in  order to u nder
stand what might actual ly be going on.  

To assemble a col lection of marvelous 
reports, o r, one m ight  say, reports of 
marvels, cannot replace a rigorous scien
tific effort. Fu rthermore, the u ncrit ical  
acceptance of j u st about any t h i ng
which characterized some circles at the 
conference-serves the enemies of cold 
fusion wel l  in  d i screditing serious scien
tific effort in the fie ld.  There were even 
some people at the conference ped d l i ng 
a perpetual motion machine. 

It was t h i s  g ro u p i ng-what I h ave 
chosen to cal l  the other conference-to 
which were attached a number of entre
preneurs, or at least wou ld-be entrepre
neurs. These people were trying to sel l  
i nvestment in cold fus i o n-or some 
more rococo vers i o n  thereof-on the 
grounds that  the t i me i s  near  at h a nd 
when practicable devices w i l l  be mar
ketable, even for home use, as for ex
ample hot water heaters. 

Unfortunately, th is  is not a situation 
un ique to cold fusion, although market
ing i s  g lar ingly premature for cold fu
sion. The proposition that scientists must 
hawk thei r  wares in order to gain sup
port for thei r  research is by no means re
stricted to the cold fusion commun ity. In  
fact, U .S .  national l aboratories are de
manding precisely that from their staffs. 
If you wish your  project to be funded, 
then find some industry to whom you 
can sel l a share of your  work. F i n d  a 
sa lab le  app l icat ion of your researc h ,  
buddy, if you want to stay in  science. 

Even l ead i n g  Amer ican u n i vers i t ies 
are now pegging the salaries of tenured 
professors to the i r  a b i l i ty to b r i n g  i n  
grant money. "Publ ish o r  perish" used to 
be the byword for academics  i f  they 
wished to achieve tenure. Now, not on ly 
must they sol icit grants to support the i r  
research, but  the i r  very ab i l ity to con
tinue teaching i s  being pegged to their 
abi l ity to "market their product." 

The Patterson Cell 
I t  w i l l  be a great i rony indeed, if the 

only cold fusion patents issued so far i n  
the U n i ted States-t h o se granted t o  
James Patterson-turn out t o  be granted 
for a device wh ich does not actual ly pro-
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duce excess heat. (H i s  patent has been 
granted for a l ight-water cel ! . )  Patterson, 
along with members of his fam i ly, has 
already formed a company, CETI (Clean 
Energy Technologies, Inc.), that is intent 
on marketing his ,device. 

He cla ims to get a heat excess of up to 
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to 400 percent excess thermal power. 
T h i s, cold fus ion syste� ut i l i zed the 
pate�ted inventions of )a'Tes A. Patter
son: . . .  
\;;J,Jot only was the working react9r a 
successful scientific presentation but it 
was a lso one of the forerunners of the 

mercial ization of cqldfusion. ,�' . .  
e;have long toute'if

'
the cori€ept 

that the cold fusion deveJopers need to, 
demonstrate cold fusion , reactors;that 

� � ' . - ., 

are reproducible and that provide ther-
mal power that is at least 300 percent 

' larger than the input power. The 'stage 
has now been achieved:':'� . .  Now' 

we 
h a�e cold fusi6n therm�l power avail
abl� . aYabout the cost of natural gas 
thermal power but without the pollu
t�,?[!, J?f the atmowhere�1,

Jempha�L: i n  
original] .  ; ,1', , '  

I n  the May issue of 'Fusion Fads, 
Fox develops the theme that this ex:, 
cess ' energy is obtained from the �ac
u u m :  "Because there is-an energetic 
ethe�, '�enhanced energy, deviq'!s ,are 
mer.�ly ehergy transformers." " , ' '. ' 

He goes on to say: '�The good news 
is that there are now a few enhanced 
energy devices that have been devel-
0'8�?I"commercial ized, ,(�nd are being 
rrf<Iollfactu red ;:wd maWeted.  As is . 
ge�eraI lY. true in the adC�ncement of 
scie:nc,e; we do not, as y�t: fu l ly under
stand how any of these devices work. 

600 percent from a l ight water cel l  and a 
3 0  percent h igher excess us ing heavy 
water. The powers involved, however, 
are on the level of watts, rather than 
k i lowatts, making this a low-grade heat 
source of dubious commercial value at 
best. It might however, prove to be an 

interesting teach ing device. 
Dennis  Cravens, a physics teacher at 

Vernon Region Jun ior Col lege in Vernon, 
Texas, and a member of the ENECO Sci
ence Advisory Board, was asked by CHI 
to evaluate the cel ! .  (ENECO is a com
pany involved with the commercial iza-

21 st CENTURY Fal l  1 995 59 



tion of cold fusion.) He prepared a care
ful report which concluded that "Noth
ing discovered during the evaluation of 
the cel l  is inconsistent with the produc
tion of excess heat. . . .  [Rlegardless of 
the cause, the system does give repeat
able resu lts at substantia l  levels. If, as ex
pected, the power l evels  pers ist with 
tighter experimental bounds in the low 
cu rrent levels, then the system should 
have important practical and commer
cial appl ications." H is verification was 
based upon improvements in  the original 
Patte rson ca l o r i m etry .  Accord i ng  to 
Cravens, problems in  temperature mea
surement made the effic ienc ies of the 
original Patterson cel l  only around 20 to 
30 percent. 

nate l y ,  however,  
c l a i m s have been 
made implying that 
the  s c i e n t i s ts who 
observed the ce l l  in  
action at  the confer
ence were in a posi
tion to val idate Patt
erson's claims. Sheer 
nonsense. 

The Patterson cel l s  
( F i g u re 1 )  conta i n  
m i c rosco p i c  res i n  
beads ,  wh i c h  a re 
coated successively 
with very th i n  coats 
of copper ch loride, 
n i c k e l ,  p a l l a d i u m  
and final ly n ickel
about  2 m i c ro n s  
each. They are bath
ed in an electrolyte 
conta i n i n g  boron,  
which used tap wa
ter and l i th ium su l 
phate. 

Th ere a re 1 , 200 
beads per  cel l ,  but 
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A Patterson l ight-water cel l was set up 
each day of the conference in  the ante
room of the meet i n g  ha l l .  Attendees 
were i n v i ted to w i tness temperature 
read ings, from which heat gain cou ld be 
inferred . Unfortunately the cel l  had to 
be moved from the anteroom each day. 
As a result, when it  was tested by two 
scientists, Haven E. Bergeson and Steven 
Barrowes from Utah U n i vers i ty, they 
fou n d  a h a l f-watt d e v i a t i o n  in the  
calorimetry and  inaccurate temperature 
measurements. Since the demonstration 
was not occurring in a laboratory, such 
problems were to be expected. Unfortu-

they use  o n l y  40 
m i l l igrams of metal .  
P lat inum plates are 

SCHEMAT IC OF T HE PATTE RSON POWE R CE LLTM 

used for the anode, and to i ntroduce 
cu rrent to the beads, wh ich serve as 

Courtesy of James Patterson 

james Patterson in his laboratory with the first cold fusion cell patented in the 
United States. 
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cathodes. A nickel coating is put on the 
outside of the beads to stabi l ize the pal
ladium, in  order to prevent cracking as 
the beads expand and contract. 

Patterson has never witnessed X-ray 
emissions or neutron bursts. He claims 
that his cel ls  produce between 500 and 
600 percent excess heat, which i s  con
s iderab ly  h igher than Cravens's more 
conservative estimate. 

While Cravens bel ieves that any com
plex chemistry that m ight be occurring 
under these c ircumstances wou ld be en
dothermic, there are conceivable-if un
l i kely-compl icated scenarios that might 
exp la in  an exotherm ic reaction . S i nce 
the ce l l s  a re not c losed to the atmo
sphere, there may be complex organ ic 
compounds being formed in exothermic 
reactions.  An example of such a com
pound would be formic acid (although 
the presence of formic acid itself in  the 
cell is h ighly u n l i kely because it would 
have been noticeable for the sti ng ing  
sensation even sma l l  amounts produce 
on h u man s k i n ) .  Cons ider ing that the 
amount of  excess heat i nvolved (not the 
ratio) is quite low, it i s  possi ble that such 
complex chemical react ions cou l d  ac-
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Jame s Patte rson , 7 3 ,  
ha s a long hi sto ry a s  an 
invento r and h i s  p re sent .. 
'cold ,fu sion ce tt evolve d! " ., 
f rom iea rl ie r expe rimen
tal wo rk . T h e  re s in 
bead s, wh ich a re of  h i s  
o wn u n i qu e;': de s ign ; 
have been a . f eatu re of 

.' . many' of l1 i:g< �a rl ie r 
· patented inve f')t ion s. A s  

long ago a s  1 952, Patte r
son began wo rking with 

· metal bead s b oilt a round 
a 'pqlyme r co fe ,fo r wate r. 
purif ication. At"the 'time

' 

he wa s wo rk ing a s  a 
phy s ical  chem i st f o r 

, D0'-'Y Chem ic �l. H e  .. then'i ' .  
· u sed the bea ci s  to de- ' James Patterson and Carol White . . '
velop ch romatog raphy 
fo r an amino acid analyze r now u sed 
in D NA analy si s . 

. In the 1 9 705, Patte rson u sed the 
bead s in Qrde r.'to mea su re diffe rent 
densit ies; by c pating them with diffe r-

count fo r the appea rance of excess heat 
p roduction . 

Tempe ratu re change s we re slightly 
mo re than 2 deg ree s du ring the demon
st rat ion. Patte rson had al so placed the 
re si sto r wh ich he u sed fo r cali bration 
out side the tu be ,  whe re it wa s su r
rounded by pla ste r of Pa ri s  (a featu re of 
the de sign co rrected by C raven s). Thu s a 
good deal of ene rgy wa s di ssipated , 
making any attempt to cali brate the cell 
un relia ble . 

The bead s take a bout 1 0  hou rs to load 
initially. The cell i s  run on a con stant 
cu rrent some whe re bet ween 1 o r  2 am
pe res .  Powe r  input i s  about 0 . 5  watt s, 
and the output is e stimated by C raven s 
to be 1 .7 watts. Thi s i s  a con se rvative e s
timate , which doe s not make allo wance 
fo r heat lo ss f rom the cell. 

Patte rson ha s fou r patent s that cove r 
the p roduct ion of heat f rom the elect rol 
y si s  of eithe r heavy o r  light wate r, utiliz
ing metal-coated polyme r m ic ro sphe re s  
a s  the cathode . The patent s specify that 
the C ET I  flo w sy stem o we s  it s un ique 
po we r  p roduct ion p rope rtie s to the ap
pl ication of advanced polyme r chem-

ent amount s of n ickel. Thi s gave h . a 
g radient' ma rke r fo r u se with ult racen: 
t rifuge s. Fo r example , p ��te in samp !�s 
m igh r be put in a ce sium'"salt a hd t Hen 
spun , The diffe rent p rotei u� would setT 

': �' ; " � :�>j -f;:, 

i st ry and thin-film ekct roplating meth
od s .  They do not di scuss "cold fu sion " 
but refe r in stead to "ne w hyd rogen en 
e rgy . "  Some believe thi s i s  why the 
Patent Office accepted the C ETI appl i 
cation while re jecting the Flei schmann
Pon s patent s .  

I t  seem s to me t hat C ET I  ha s chosen to 
engage no w in an ext remely agg re ssive 
ma rket ing d rive. Undoubtedly Patte rson 
i s  hone stly convinced of the success of 
h i s  expe riment , and he ha s an imp re s
sive reco rd a s  a chemi st , but not in the 
field of calo rimet ry o r  elect rochemi st ry .  
The re a re many , many question s still to 
be answe red a bout h i s  p roce ss. Pe rhap s 
hi s cell s do p roduce a non -chem ically 
induced exce ss heat when a heavy wate r 
elect rolyte i s  u sed in place of light water, 
but that too remain s to be seen . 

Celani the Skeptic 
No one appea rs to have followed up 

on Flei schmann and Pon s' p ropo sal at 
the Fou rth Inte rnational Confe rence on 
C old Fu sion at Maui la st yea r that re
sea rche rs inve stigate po sitive feed back 
effect s a ssociated with a ri se in tempe ra
tu re. Ho weve r, p rov ided that load ing s 

ium 'at the va riou s 
sit ie s, .:vh ich could 

be .co rhpa red . with 
placeme �t of a set 
ve ·n ickel -coated 
s, colo red acco rd

to the i f den s hie s. 
... ".":",,,..,n . h ��.m Qre than 

pate l1 fs' o n  the se 
sim ila r invent ions. 

n the " 9 70s,  he 
wo rk ing on hy

gen <!-Dso rpt ion fo r 
I cell s J·· He coated 
bead s with pallad-

o n  top of the 
n ickel , since pallad ium 

J�r;nell,p'�tte!rso�;'wivab so rb s  hy qrogen read
i, l�. He wcl2,'al ready re
t i red in 1 98 9  when he 

exceed a th re shold of a round .8 5 ,  
Flei schmann and Pon s believe thei r ex
pe riment s have demon st rated that a tem
pe ratu re ri se i s  a ssociated with an in
c rea se in the p roduction of exce ss heat . 

Flei schmann , Pon s, and Italian phy si
ci st G iuliano P repa rata al so p re sented a 
pape r at Mau i di scu ssing expe riment s 
conducted in the 1 920s and 1 930s by 
Alf red Coehn , which demon st rate that 
deute rium in a palladium lattice will be 
in an ionic rathe r than an atomic state . 
Thi s i s  impo rtant if one wi she s  to p ro
mote a fu sion react ion bet ween 
deute ron s (the po sitive ion of deute rium ). 
Coehn had wo rked with palladium hy
d ride s rathe r than with deute rium load
ing. He mea su red elect ronically what he 
believed to be the m ig ration of p roton s 
do wn a ve ry thin wi re. 

Seve ral Italian g roup s have taken up 
thi s sugge stion. Recent wo rk by Giuliano 
Mengoli of the Unive rsity of Padua co r
ro bo rate s a co rrelation bet ween high 
load ing ratio s and a high d iffu sion rate of 
deute ron s th rough a th in palladium wi re . 
Mengol i collect s the deute rium a s  it 
leave s the wi re . 
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Figure 2 
SC HEMATIC OF C IRCU IT FOR A CE lANI CE LL 

Francesco Celani's electrolytic cell for loading a palladium wire and achiev
ing electromigration, with a fast, high-power pulser at V2 (not shown) and 
voltage monitors at points V1- V3. The wire segment with the voltage differ
ence V3-V1 is for electrolysis and has a nickel anode. It serves as a source of 
deuterium. The segment with the voltage difference V2-V3 serves as a sink 
for deuterium in order to get electromigration of the deuterons. Celani reports 
a repeatably high excess heat from loading the thin palladium wire. 

Th is  past year, Francesco Celan i  of 
the Ital ian National Institute of Nuclear 
Physics at Frascati has conducted a se
ries of very interesting experiments us
ing an adaptation of the Coehn experi
mental configuration. He reports that he 
gets a repeatably high excess heat. H i s  
cel l  employs a th in  pal ladium wire with 
a d iameter between 1 00 and 500 mi
crons, and a length varying from 5 to 
1 00 centimeters. 

Celani reports that excess heat occurs 
w ith h igh repeatab i l ity after on ly  300 
seconds. He has a power ampl ification 
of around 1 60 percent, w ith a power 
excess of 5 watts . T h i s  sca les  up to 
someth ing in the range of 1 ki lowatt per 
square centi meter of cathode su rface 
area. Increasing the length of the wi re 
appears to increase the amount of ex
cess heat produced. There is a voltage 
drop along the wire, which he considers 
to be a critical parameter for h is  experi
ment. 

A n o t h e r  s u r p r i s i n g  res u l t  is that  
Celan i  est imates that i t  takes on ly  200 

seconds to load the wire to a .S load i ng 
ratio. He takes several measures of the 
resistance ratio along the wire in  order 
to esti mate the load i ng. He finds that 
the measured resistance fol lows the typ
ical Baranowsky curve, as extended by 
M c K u b re .  It goes to a m ax i m u m  at 
around .S and then drops to a min imum 
at an estimated load ing of 1 . 1 ,  but then 
the resistance begins to rise, ind icating 
to Celani that the wire has begun to de
load.  The whole cyc le  takes o n l y  SO 
seconds. 

Celan i  speculates that several phase 
transitions in  the pal ladium may be oc
curring. In  his view, the h igh voltage is 
what a l lows him to rapidly achieve h igh 
load ing. Use of pulsed power prevents 
overheat ing of the wi re, wh i le  not a l 
lowing excessive deloadi ng. He a lso be
I ieves that the configuration which he 
has chosen min imizes recombination of 
the deuterons to form deuterium mole
cu les. 

Peak currents as h igh as 1 20 amps are 
appl ied with an sao nanosecond pulse, 
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which is repeated at a rate of between 
1 ,000 and 20,000 hertz, depending on 
the particular  experiment. The wi re also 
functions as a typical cathode, bathed in  
an electrolyte of  l ithium deuteroxide and 
heavy water. 

The current density of the pulse a long 
t h e  w i re is between 5 0 ,000 a n d  
300,000 amps per square centimeter of 
the wi re's cross-section, and the e lec
trolysis current would then be between 
1 0, 000 a n d  1 00 ,000 m i l l i am p s  per  
square centimeter. This compares with 
the typ ica l  va lue  of 64 to 1 ,000 m i l
l iamps per square centimeter. 

A sk in  effect at the near su rface c ir
cumference of the w i re may a l so  en
hance excess heat production. 

Celan i  cold-works the wire and has 
a lso tried coating it variously with lead, 
borosi l icate, and even n icke l .  He uses a 
n ickel anode. McKubre reports that in  
every i n stance  in  w h i c h  h e  u se d  a 
n ickel anode, he d id not get excess heat 
production because n ickel  wou ld then 
be depos i ted on  the cathode.  In the 
Cel a n i  expe r i m e n t, however,  m u c h  
h i g h e r  vo l tages a re a p p l i e d ,  w h i c h  
might affect t h e  abi l ity of deuterium to 
penetrate the pa l l a d i u m  desp i te  the 
presence of the n ickel .  (McKubre a lso 
reports that he never ach ieved excess 
heat un less there was s i l icon present in 
the cel l .  The sign ificance of th is  i s  not 
real ly  c lear.) 

The n i ckel anode is grounded, and 
one segment of the pa l lad ium wire i s  
used a s  a cathode w h i l e  the other seg
ment is left floating (Figure 2). The part 
of the wire involved i n  the electrolysis is 
just a fraction of the length, being 1 /4, 
1 /1 0, and 1 /20 in d i fferent experiments. 

A ca l ib rat ion p u l s e  was i ntroduced 
every six hours us ing a l -watt i nternal 
heater. A thermocouple is located be
tween the anode and cathode and the 
heat radiated out is measured. S ince the 
cel l  is maintained at room temperature 
rather than i n  a water bath, t h i s  i s  a 
rather ineffic ient method of isoperibol ic 
calorimetry, in which transient factors 
can d i srupt the accu racy of measu re
ment sign ificantly. 

The experiments run successfu l l y  for 
two to three weeks and could go longer. 
Celan i  stops them o n l y  as a matter of 
conven ience.  He is natura l l y  excited 
about his results but he describes h imself 
as a skeptic in  contrast to CERN physicist 
Douglas Morrison whom he cal ls a be-
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liever, because Morrison i s  convi nced 
that cold fusion is impossible despite any 
evidence to the contrary. 

A Function of Flux 
Many peo p l e  over the years h ave 

specu lated that some form of d isequ i l ib
rium is needed in order to trigger the ex
periment. Typica l l y, F le isch mann and 
Pons ramp up current and also introduce 
frequent heat pulses. Akito Takahashi of 
Osaka U n iversity (and a number of ex
perimenters who have repeated h i s  ex
periment successfu l ly) alternates between 
h igh and low current densities. Celan i  i n
troduces a rapid current pu lse. Others 
apply rad iowaves. The occurrence of vig
orous bubbl ing i n  an electrolysis experi
ment may p lay a s imi lar role. 

This past year the SRI group went over 
their experimental data in order to see 
whether they cou ld  p in  down such an 
effect. They looked closely at two exper
iments done under comparable condi
tions. One (M4) was a new experiment 
done in October 1 994; the other (C1 ) 
was from data taken in December 1 99 1 . 
The correlation is between the amount 
of deuterons flowing i n  and out of the 
pal ladium, through the interface, and the 
amount of excess heat produced . Th is  
flux wou ld occur over a period of  two 
hours. Excess heat was produced in one 
of the exper i ments even though  the  
load ing ratio was relatively low. It ap
pears that in this experiment a h i gher 
variation in the loading compensated, so 
that the excess power dens i t ies were 
equivalent in  both experiments. 

For excess heat to be produced, it was 
necessary to mai nta i n  a load ing  rat io 
above a threshold of approximately .85. 
The deuteron flow i nto and out of the 
palladium functions as a kind of fluctua
tion that might be l i kened to the cathode 
breath ing. Other parameters of the ex
periment also had to be met. The current 
had to be 1 00 to 400 m i l l i a m ps per 
square centimeter. An i n itiation t ime of 
around 300 hours was necessary as wel l .  
I t  also appears in these experiments and 
experiments performed at IMRA-japan, 
that there i s  a correlation between the 
square of the load ing above the neces
sary threshold value and the production 
of excess heat. 

When these factors a re taken  to
gether-a l i near relat ionsh ip  of excess 
heat to current density, a parabol ic rela
tionsh ip of excess heat to loadi ng, a pro
portional ity constant, and then another 
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term representing the flux of deuterons 
through the i n terface assoc iated with 
desorption/adsorption-they combine in  
an .87 correlation with excess heat pro
duction . 

The obvious q uestion to be investi
gated, assuming that this correlation is 
rea l ,  is whether the fluctuation reflects 
t h e  p rod uct ion  of excess heat,  o r  
whether perhaps i t  creates condit ions 
that promote a cold fusion reaction. 

There i s  a certai n  amount of agree
ment  among groups such as SR I ,  the 
I M RA Mate r i a l  co ld fusion research 
team, Kunimatsu's IMRA-Japan lab, and 
the New Hydrogen Energy (NHE) labora
tory in Sapporo, japan, on some of the 
cond itions necessary to achieve excess 
heat, but there are also important areas 
in which they disagree. 

Controlli ng the Palladi um 
U nfortunately, McKubre's group at 

Stanford Research Institute (SRI) did not 
have any sign ificant new experimental 
results to report on materials and load
i n g .  T h i s  may be part ly because the 
group had been mandated by its spon
sor, the Electric Power Research Institute 
(EPRI ) ,  to search for a corre lat ion be
tween excess heat and some nuc lear  
ash .  Considering that the SRI  group i s  
made u p  of  top-level e lectrochemists, 
not nuclear physicists, such an excursion 
from their  area of expertise was most 
l i ke ly a waste of their efforts. The EPRI 
managers perhaps made the mistake of 
a l lowing the critics of cold fusion to set 
their agenda. 

The SRI team has also been left with a 
much reduced level of funding. Because 
the EPRI nuclear d ivision sponsoring the 
SRI cold fusion team has come under se
vere fi nancial pressure in the recent reor
ganization there, this is understandable 
but dep lorable.  Not on ly  d i d  the SR I  
team have to cut back on the ambitious 
experimental program they had planned, 
but they a lso had to spend t ime in re
placing some of the lost funding. 

On the question of the continued i rre
prod u c i b i l i ty of the experiment, Mc
Kubre d i sti ngu i shed between i rrepro
ducib i l ity of results, and the problem of 
rel i ably achieving the necessary precon
d itions for a successful experiment. He 
raised the question, "Why can't we ob
tai n  the loadings that we need in a l l  ex
periments?" In partial answer, he pro
duced an analysis of 2 1 4  experiments, 
done over 200,000 hours .  ,He found a 

great variation i n  the apparent qual ity of 
batches of pal lad ium;  nonetheless even 
certa in  batches of apparently poor qual
ity (from the vantage point of cold fu
s i o n  exper i ments)  cou l d  be made to 
produce excess heat when deuterated, 
provided that they received certai n  pre
treatments. The addition of 200 ppm of 
a luminum to the e lectrolyte, for exam
ple, favored success. 

McKubre a lso described how the ma
terial was i mproved by mechanica l ly  re
moving a skin of metal from the pal lad
i u m  cathod e .  In h i s  v iew, th i s  was a 
way of removing su rface impurities and 
damage. ( E d m u n d  Storms agrees that 
mach i n i ng the metal i s  usefu l ,  but for 
the opposite reason. In h i s  view, useful 
d is locations are added to the metaL) Af
ter mach i n i ng, he an nea l s  the pa l l ad
i u m, w h i c h  i m p roves i ts  c rysta l l i n e  
structure a n d  creates a more homoge
neous gra in .  

Cooperat ion has  been ongo ing  be
tween the S R I  group a n d  Kei j i K u n i 
matsu's  laboratory, I MRA-japan.  More 
recently McKubre has a lso been cooper
ating w ith IMRA Materia l ,  an indepen
dent group with in  the IMRA consortium, 
which produces palladium cathodes. Hi
raku Okamoto reported on studies con
ducted at IMRA Materia l  to determine 
how to improve the characteristics of  the 
pal lad ium.  

Okamoto's group had done a series 
of e lectro lysis experiments to determine 
the cond i tions necessary to achieve a 
h i g h  l oa d i n g  rat i o .  M u c h  of the i r  
methodology i s  l i ke that used at SRI  and 
a l so  at I M RA-j a p a n .  U n l i ke E d m u n d  
Storms a n d  Francesco Celani, who both 
favor oxid iz ing the metal su rface, they 
fou nd it to have a de leter ious effect, 
perhaps because the i rs was a t h i c ker 
layer. McKubre, who on occasion pre
treated the pal lad ium by anodic (rather 
than h igh temperature) oxidation, found 
it to have a deleterious effect on the at
t a i n m e n t  of l o a d i n g .  I n  t h e  case of 
Celan i 's exper iment, such a d ifference 
is certa in ly  understandable, si nce he ap
p l ies extremely high voltages so that an 
oxide l ayer on the surface of h i s  th i n  
metal wi re wou ld not act a s  a barrier to 
the load ing of deuterons, as m ight oth
erwise be the case. 

The intent of the experiments was to 
make a meta l stock that wou ld  a l l ow 
h igh load i ngs i n  order to i ncrease the 
reproducib i l ity of the experiment. They 
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tried to test bu lk  properties of the pal
ladium, as wel l  as the effects of surface 
modification. L ike McKubre, they found 
that annea l ing also improved the qual ity 
of the material, as did pol ish ing it. Per
haps surpris ingly, the purity of the pal
l ad i u m  d i d  not appear  to i n f l u e n c e  
load ing ratios. 

It is interesting that the New Hydrogen 
Energy (NHE) laboratory, at Sapporo in  
japan, obta ined somewhat d ifferent re
su lts from its study of pal ladium, accord
ing to the report given by M. Takahash i .  

The N H E  group also studied the con
d itions needed to achieve h igh load ing. 
When they compared annea l ing the pal
ladium to cold working, they found no 
sign ificant difference. Thei r best loading 
came using the single-crystal pal ladium, 
but this produced no excess heat. They 
found that the s ingle crystals did not de
load read i ly .  

Perhaps th is ind icates a relationsh ip  
between deload ing and production of 
excess heat along the l i nes of McKubre's 
flux function. In the N H E  case the high
est loadings did correlate to the purity of 
the materia l .  It may be that it is the posi
tion of the impurities which i s  crucia l ,  
for example whether they be at  the sur
face or at grain boundaries. 

There i s  an i n terest ing  compar ison 
wh ich came out of Takahash i 's  d iscus
sion between the rapid desorption which 
is found in cold-worked materia ls  and 

the slow desorption from single crystals. 
The s ingle crystals are produced by an
nea l ing, and have no grain boundaries. 
Cold working also disrupts grain bound
aries but in a different manner. 

S ince cold working stresses the mate
rial ,  it can increase cracking, as wel l  as 
increasing d is location sites . It is not at 
a l l  c lear yet what the effects are-posi
tive or negative-of the ex istence of d i s
location sites and/or impu rit ies i n  the 
meta l .  

O b v i o u s l y ,  t h e  deg ree to  w h i c h  
cracking does or does not occur i s  cru
c ia l .  The deposition of a layer of h ighly 
concentrated l i t h i u m, which Makoto 
Okamoto and his associates have found 
to be concom itant with excess heat 
production, may actua l ly  be function
ing as a marker for the qual ity of pal
l ad i u m, rather than playing some role  
in  furthering production of  excess heat. 
A lower concentration grad ient wou ld  
be i n d icative of  d iffus ion because of 
cracking. 

The MIT I Project 
This was the fi rst year of the New Hy

d rogen Energy project, sponsored by 
MITI,  the japanese Min istry of I nterna
tional Trade and Industry. This first year 
was largely devoted to setting up a labo
ratory in Sapporo, japan, and establ ish
ing a working group. Along with load ing 
studies and certain  materials testing, two 
para l le l  programs were run test ing the 
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fuel cel l anodes developed by Keiji Ku
n imatsu at IMRA-japan and in runn ing 
very low power F leischmann-Pons cel l s  
in  the  fi rst stage of what they ca l l  the 
Icarus project. 

N. Asami, who heads the N H E  labora
tory, gave an overview of this first year 
of operatio n .  In th ree cases the K u n i
matsu cel ls  produced measurable excess 
heat of 7 to 1 5  percent. The pal ladium, 
with a p u r ity  of 9 9 . 9 3  percent,  was 
loaded to .89. 

The fou ndations for an ambitious re
search program have been l a i d .  Next 
year the M ITI program wi l l  be subject to 
an overal l  review in which it is expected 
that certain  benchmarks wi l l  be met for 
defi n itively estab l i sh ing the production 
of excess heat. 

The N H E  group w i l l  study F l e isch
mann-Pons cel ls wh ich are brought to 
conditions of near boi l i ng-Icarus I I-as 
opposed to the very low energy- input 
cel ls which they have studied over the 
past period. They w i l l  a lso look at the 
McKubre cel l  design as wel l  as some of 
their own devising. 

As Asami  pointed out, however, the 
purpose of the project is not only to con
firm and demonstrate excess heat, but to 
make c lear  what the heat generat ing  
mechanism is  and  how it can  be con
tro l led.  Both of these steps are recog
n ized by the japanese as essentia l  if cold 
fusion is to be a future energy source. 
The N H E  laboratory is at the center of 
MIT I ' s  nat ional  effort, wh ich  i nc l udes 
cold fusion research efforts in  many ma
jor japanese un iversities, and also in in
dustry groups. 

Wh i le the detai led d iscussion of ma
teria l s  q uestions, or issues involved i n  
the detection o f  nuclear particles a n d  X
rays-taken u p  at the conference by 
Russ ian and Ita l  i an  researchers-may 
not be g lamorous, they are absolutely 
crucia l  at th i s  point, and to my mind  
were the best feature of  the  conference. 

Next year, the Sixth International Con
ference on Cold Fusion w i l l  be held in  
Sapporo, under the sponsorsh ip of  MIT! .  
This  t ime the p lan i s  to support atten
dance by young researchers who are in
terested in  cold fusion but who have not 
been able to attend the conferences be
cause they lack financial support. 

Fleischmann and Pons 
Although the conference was hosted 

by M a rt i n  F le i s c h m a n n  a n d  Sta n ley  
Pons, unfortunately they chose to  shroud 
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their  most recent work beh ind a veil of 
mystery. H ave they h it the jackpot, or 
are their current results d isappointing?
a question on everyone's l i ps, for which 
they provided no answer. 

They chose not to present any of their 
own data at th is  conference; however, 
Fleischmann d id  present some data from 
the NHE experiments i n  order to show 
qua l itative i n d icat ions that there was 
some excess h eat b e i n g  p rod uced . 
Mainly he wished to make the case that 
certain sma l l  heat excursions indicated a 
phase transit ion of the pal lad ium from 
exothermic to an endothermic. H is a im 
was to demonstrate how, in  th is  case, a 
posit ive feed back mec h a n i sm e x i sts 
which enhances the production of ex
cess heat. 

The data that F le i schmann showed 
could give only qual itative indications, 
since the power i nput was over 1 watt, 
and the range of fluctuation was on the 
order of mi l l iwatts. He assumes that the 
introduction of a heat pu lse every s ix  
hours-important i n  order to  ca l  ibrate 
the cel l-actua l ly plays a causal role i n  
promoting t h e  experi ment.  Ana lyz i ng 
the cool ing curve after such pulses, he 
bel ieves he sees ind ications of both an 
endothermic phase shift and excess heat 
production, a lthough this cou ld not be 
establ ished quantitatively in these exper
iments. 

The fi rst and second curves that he  
chose to compare were taken from data 
col lected at times 6 days and then 2 5  
days apart. Exp la in ing h i s  point, he said : 
"You see the relaxation of the tempera
ture-time curve in response to the cal i
bration pu lse.  Now look 25 days down, 
you see the same sort of data. But if you 
look at the i ntermediate time, then you 
see a very curious feature of the cal ibra
tion and that is that now you have a 
long tai l .  The temperature continues to 
i ncrease, so the temperature is increas
i ng in .response to the cal ibration pu lse .  
If the temperature is increasi ng, the heat 
output is i ncreasing, and that is positive 
feedback . . . .  " He expla ined that such 
positive feedback is necessary if the sys
tem is to be operated at e levated tem
peratures. 

Fleischmann's ta l k  was certa in ly a d is
appointment to those who wanted a 
peek into his laboratory, but as we have 
seen in the past, he is always worth tak
ing seriously. There has yet to be a sys
tematic exploration by any other l abora-
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Eichi Yamaguchi detected helium-4 and 
other fusion by-products in an experi
ment of his own design, while working 
for NTT. His experiment was success
fully replicated by Yasuhiro Iwamura's 
team at  Mitsubishi Heavy Industries' 
Advanced Technology Research Center. 
They were able to detect neutron bursts 
and tritium emissions occurring simulta
neously, but not helium-4. The defini
tive proof that Iwamura's team had de
tected tritium was presented at ICCF5. 

tory of how raised temperature does af
fect loading and excess heat production, 
although Edmund Storms did find an in
teresting corroboration of the experiment 
in his unfortunately short- l ived last series 
of experiments. 

Yamaguchi and Takahashi 
At the Th i rd I nternational Conference 

on Cold Fus ion,  E ich i  Yamaguchi  an
nounced that he had detected hel i um-4 
among other fu s i o n  byproducts i n  a 
u n ique experiment of h i s  own des ign .  
At the time he was working at  an NTI 
laboratory located in Japan, but he is at 
present i nvolved in sett ing up an ex
p a n ded l a b o ratory fac i l i ty o n  the  
premises of  IMRA-Europe and has  not 
yet been able to assemble the equ ip
ment necessary to conti nue work on 
th is  particu lar experiment. 

However, Yamaguc h i ' s  experiment 
was s u ccessfu l l y  rep l i cated, as  a n 
n o u nced a t  t h e  Fourth I nternat iona l  
Conference on  Cold Fusion last year at 
Maui,  by Yasuh i ro Iwamura, who heads 
a cold fusion research team at the Ad
vanced Technology Research Center of 
M itsubish i  Heavy Industries. They were 
able to detect neutron bursts and trit ium 

emissions occurring s imultaneously, but 
not hel i u m-4. The evidence for triti um 
was the presence of mass-5 molecules 
d etected u s i n g  a h i g h - reso l u t i o n  
quadrupole mass spectrometer for gas 
analysis .  

. Yamaguchi, although pleased with the 
experiment, poi nted out at M a u i  that 
Iwamura's team cou ld have detected a 
trip l y  compounded O-O-H molec u l e, 
also mass five, rather than a 0-T mole
cu le. A molecu le of deuterium and hy
drogen wou ld not i ndicate a fusion reac
tion. This year they presented defin itive 
proof that what they detected was in
deed O-T molecu les. 

The experimental design used by Iwa
mura's team is  much l i ke that of Yam
aguch i .  A pal ladium p late (25 x 25 x 2 
mm) is loaded with deuterium gas i n  a 
vacuum chamber over a period of more 
than a week to an estimated ratio of .66. 
Then a th i n  fi l m  of gold or a luminum is  
depos ited o nto both s u rfaces of the  
p late in  order to  slow the rate of  deload
ing. The samples are then heated to i n
duce rapid d iffus ion of the deuterium 
from the plate. 

In 1 99 1  and 1 992, Akito Takahashi, a 
nuclear phys ic ist at Osaka U n i versity, 
had dramatic success with a cold fusion 
electrolysis design that has s i nce been 
copied a l l  a round the world .  Us ing  a 
thin pal lad ium plate, he employed an al-

Carol White 

Yasuhiro Iwamura addresses the ICCF5. 
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Akito Takahashi of Osaka University (center) with his cold fusion electrolysis cell. The cell produced excess heat correlated 
with the production of neutrons and tritium, and has been successfully replicated several times, although with much lower ex
cess heat. He is now repeating his experiment with a much more sophisticated calorimeter and simultaneous blank experi
ments. If the level of excess heat he originally observed proves to be repeatable, this extremely precise and accurate series of 
experiments should undermine the last pretensions of the critics that positive experimental results are merely. artifacts. 

ternation of current density in what he 
termed h igh and low current modes, and 
not only produced h igh excess heat, but 
was able to correlate this with neutron 
flux and tri t ium emissions. H is experi 
ment has been successfu l l y  rep l icated 
several times, although with much lower 
excess heat. (See 2 1st Century, Summer 
1 992, p. 63.) 

Since he has a cold fusion theory in
volving multi-body fusion, he has occu
pied h imself with other experiments i n  
the i nterve n i ng per iod,  i nten d i n g  to 
demonstrate part icu lar  character ist ics 
that would substantiate his theory. Most 
recently he decided to repeat h is  original 
experiment, this time with a much more 
sophi sticated calorimeter, and s imu lta-

neous b lank experiments. The Jan .  1 7  
earthquake stopped h is  work for a pe
riod of months just as i t  had begun to 
show interesting results. 

Takahashi's setup consists of s imulta
neous and para l le l  test runs to detect 
foreground and backgro u n d  neutron 
emissions and possible X-ray emissions, 
and to compare pal ladium versus n ickel 
cathodes, us ing both heavy and l i ght 
water. One power supply for electrolysis 
is shared between the working and the 
b lank cel l ,  so that the electric cu rrent 
suppl ied wi l l  be identica l .  There is s imi
lar mass flow calorimetry for both cel ls. 

He estimates the load ing ratio in  his 
cel ls  to be around .9 for the low mode, 
in wh ich the current is .5 ampere. The 
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load ing decreases to .8 during the oper
ation of the high mode, where the cur
rent exceeds 1 ampere, in cel l s  us ing 
cold-worked p a l l ad i u m .  However, in  
cel l s  with annealed pal lad ium there was 
an i ncrease of the D/Pd load ing ratios 
up to .95 .  

After the cel l s  had run for more than 
1 8 days, a trend of excess power genera
tion in the p'al l ad ium cel l  was observed, 
as compared with the n icke l  cathode 
cel l  (both used heavy water). This trend 
continued for 260 hours. By tak ing the 
Gaussian d istribution curve for both cel ls 
over the whole period of the experiment, 
they cou ld establ ish a 99 percent confi
dence leve l .  They observed 23 to 3 .5  
watts of  excess power, wi th an error 
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band of .65 watts. The excess power ra
tio however was only 5 to 7 percent. No 
such  powe r excess was seen i n  t h e  
nickel blank. 

No X-ray emissions were observed in 
either cel l , and there were only s l ight in
d ications of neutron emiss ions  in the 
pa l lad ium cel l .  These were extremely 
weak and were not correlated with ex
cess power generat ion.  X-ray emiss ion 
may have been attenuated by the 1 mm 
thick pal lad ium cathode p late. On the 
other hand, Taka h a s h i  cons id ers the 
level of excess heat i s  sti l l  too low to de
fin itively ru le out some as yet un identi
fied systematic error. 

Takahashi's experimental program has 
been resumed now that the earthquake 
damage has been repaired. If the level of 
excess heat which he observed before 
the earthquake proves to be repeatable, 
as there is every reason to bel i eve w i l l  
happen, then this extremely precise and 
accurate series of experiments shou ld  
undermi ne the l ast pretens ions  of  the 
critics that positive experimental results 
are merely artifacts. 

In Conclusion 
It is said that the probabi l ity of a cold 

fusion event is 1 042 accord i n g  to the 
norms of genera l l y  accepted quantum 
theory. More to the point is the reverse 
assertion:  Clear evidence of excess heat 
p roduct ion  above a n d  beyo n d  a n y  
known chemistry al lows us  to turn the 
tables and assert that it i s  the present-day 
theory that is improbable! 

The problem with a l l  serious theoreti
cal efforts at the present time-ignoring 
forays i nto a lchemy, tel ek inet ics,  and 
other s imi lar rococo excursions i nto the 
New Age-is  that they attempt to spl ice 
together conventional model s  and one 
or more "strange" assumptions wh ich  
might account for the occurrence of cold 
fus ion desp ite the stri ngencies of the 
Coulomb barrier and so forth . 

One might describe these various as
sumptions, col lectively, as magic bu l lets 
or as dei ex machina. What is needed 
is a Planck or E instei n  to overturn the 
whole applecart .  When th i s  h appens, 
then a whole new world of science and 
technology w i l l  open up.  Chemistry and 
physics w i l l  have to be reconsidered as 
one scientific d iscip l i ne.  Then it w i l l  be
come possible, routinely, to accompl ish 
genuine transmutations of elements, in 
a way that wou ld have astounded and 
delighted Mendeleyev. 
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Laser Cooling 
Continued from page 55 

the vertical plane (see figure). 
Such setups al low researchers to cool 

atoms to 1 fJK. To cool the atoms further, 
other techniq ues are employed . In Au
gust 1 994, scientists at N IST announced 
that they had been able to cool cesium 
atoms to 700 nanokelvin (nK)-700 bi l
l ionths of a degree. This  i s  the lowest 
temperature yet for 3-dimensional laser 
cool ing.2 

In N ISI's techn ique of adiabatic cool
ing (without loss or gain of heat), the in
tensity of the lasers is gradual ly lowered 
to a l low the tiny cloud of atoms to ex
pand s l ightly, which also cools them. At 
these temperatures the atoms are moving 
at only 7 m i l l imeters per second. 

Borrowing the Bragg scattering tech
n ique from crysta l lography, the atoms 
trapped in the optica l  l attice can be 
probed. Scientists can infer the position 
and motion of the atoms by s h i n i ng a 
l aser i nto the atoms after the confi n i ng 
beams are switched off, and then mea
suring the amount of scattered l ight. Rol
ston reports that only about 1 percent of 
the sites in the optical lattice are fi l led, 
yieldi ng a density of 8 x 1 01 0  atoms!cm3. 
The amount of reflected l ight, about .2 
percent, i s  several orders of magnitude 
h igher than for a normal l attice, with ran
domly spaced atoms, at the same densi
ties, Rolston says. 

Atomic Clocks and Atomic Fountains 
One of the main interests of NIST in  

laser cool ing and trapping of  atoms is to 
a i d  i n  c o n st ruct i n g  more accu rate 
atomic clocks. By measuring the charac
teristic frequency of ces ium atoms driven 
by m icrowaves, one can obta in  a very 
preci se standard for t ime.  N ISI's best 
atomic  c lock is accu rate to 1 part i n  
1 014, o r  1 second i n  3 m i l l ion years. The 
l im iting factor tends to be the amount of 
t ime the atom has to interact with the 
microwave field .  For current clocks that 
is just tens of m i l l iseconds at best. If the 
t ime that the atoms spend in the field 
cou l d  be i n c reased by s lowing them 
down, then the s ignal  from the atoms 
would be much sharper. 

N IST i ntends to bu i ld  a c lock us ing 
u l tra-co l d  atoms that are cooled and 
trapped i n  an optical l attice and then 
l a u nched u pward by another p a i r  of 
beams into the microwave chamber at 

COOLING AND T RAPPING 
ATOMS WITH A 

FOU R-LASE R ARRAY 
For some experiments, NIST uses 
a four-laser configuration to cre
ate a more stable optical lattice in 
which cold atoms are trapped. 
Two laser beams cross each other 
at 90 degrees in the horizontal 
plane. Two other laser beams, 
also at 90 degrees, intersect the 
first two lasers from the opposite 
direction in the vertical plane. 

the leisurely rate of a few meters per sec
ond. The rise of the atoms of this atomic 
fou nta in ,  as i t  i s  ca l l ed ,  is s lowed by 
gravity so that the atoms stop and fal l  
through the microwaves again .  The total 
time the atom spends in the field  is in
c reased 20- to 1 00-fo ld  over conven
tional systems, with a corresponding im
provement in accuracy. 

Steven Chu and h is  group at Stanford 
University i n  Cal iforn ia, who have a lso 
done p ioneering work in l aser coo l ing, 
have used an atomic founta in  to bui ld  
extremely sensitive devices for measur
i ng variations in the Earth's gravitational 
field to aid in  geologic and seism ic re
search .  

Another area to  which N IST and  other 
researchers are tu rn ing their  attention is 
that of l aser man ipulation of atoms. It is 
possible that laser beams can be used to 
produce patterns that wou ld enable re
searchers to d i rect atoms onto surfaces. 
In the future th is  approach cou ld then 
p lace atoms in  such a way as to produce 
structures for m icroelectronics circu itry, 
for example. 

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

1 .  The Doppler effect is the change in the ob
served frequency of an acoustic or electro
magnetic wave d u e  to relative motion of 
source and observer. 

2. Also in 1 994, E N S .  the Ecole Normale 
Superieure in Paris, reached 240 nK in two di
mensions, and JILA, the Joint Institute for Lab
oratory Astrophysics, Boulder, Colorado, along 
with NIST and the University of Colorado, suc
ceeded in cooling atoms of rubidium-8? to 200 
nK, using a magnetic trap. 
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Cou rt Affi rms C reenpeace Ties to 
Earth F i rst ! Terrorists 

Scenes from the Danish documentary, "The Man in the Rainbow": Bennett Metcalfe (top right) calls David McTaggart, the for
mer head of Greenpeace International, a "Frankenstein monster"; a typical Greenpeace action; Earth First! leader Mike Roselle, 
who makes no secret of the group's terrorist activities. � ust as the Wash ington, D.C., bureau 

ch ief of Greenpeace was ins isting in a 
etter to The Washington Times that h is  

organ ization was based on "non-v io
lence," a state court in  the German city 
of Hamburg ruled Ju ly 28 that "The col
laboration of Greenpeace with the ter
rorist organization Earth F i rst !"  cannot be 
den ied . A three-j udge panel , pres ided 
over by Judge Krause, issued the ru l i ng 
in  case 3 240556-94, a l ibel suit brought 
by Greenpeace. 

The H amburg court ru l i ng is one of 
severa l  b l ows that  h ave p u n ct u red 
Greenpeace's friendly, money-raising fa
cade: 

• Executive Intelligence Review (ElR), 
the LaRouche pol i t ical  weekly,  docu
mented i n  October 1 994 how G reen
peace-which brags about its " indepen-

dence"-i s in rea l i ty j u st the d i rect
action arm of the international environ
mental ist movement, run top down by 
Prince Ph i l ip  and the House of Windsor 
and its a l l ies for the purpose of reducing 
the world's population and destabi l izing 
pol itical opponents of the European no
b i l ity. (This expose' was excerpted in the 
Wi nter 1 994 issue of 2 1  st Century.) 

• Greenpeace lost a series of lawsu its 
in Par i s .  (See 2 1  st Century, Su mmer  
1 995, p. 4.) 

• Two other recent court decisions in 
Germany went against Greenpeace: one 
that concerned Greenpeace's Earth F i rst! 
terrorist connections and a second that 
concerned the founder and former head 
of G reen peace Germany ,  M o n i ka 
Griefahn, now the Environment Minister 
in the state of Lower Saxony. Griefahn 
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was accused of us ing her influence to 
get business contracts for her husband. 

Terrori st Links 
Most startl ing is the evidence that the 

" non-v io lent"  G reen peace has  been 
working both openly and stealth i ly  with 
Earth F i rst ! ,  a group that advocates using 
terrorist tactics to achieve its env i ron
menal ist agenda. 

The U .S.  press has picked up on the 
story that a "hit l ist" appeared five years 
ago in the underground newspaper Live 
Wild or Die, w h i c h  is d istr i buted by 
members of Earth F i rst! Two of the top 
three names on this "Eco-F***er H it List" 
have been recent victims of the so-cal led 
Unabomber. 

A copyrighted article in the Aug. 3 is
sue of The Sacramento Bee states that 
the information on Earth F i rst! was docu-
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The Hamburg court decision. 

mented by Barry Clausen, a private in
vestigator i n  Seattle who had i nfi l trated 
Earth F i rst! i n  the early 1 990s. Clausen 
also provided detai led documentation of 
the connections between G reenpeace 
a n d  t h e  terro r i st E a rth F i rs t !  M a n y  
Greenpeace leaders, h e  found, are also 
leaders of Earth F i rst! and the two groups 
hold joint environmental actions. 

The Hamburg C ase 
The Ju ly 28 German court ru l i ng con

cerns a s m a l l  pub l i s h i ng company i n  
Wiesbaden,  Boett iger Verlags G mb H ,  
which is known for its publ ication of sci
entific material debunking environmen
tal ist hoaxes, inc lud ing a German- lan
guage edition of 2 1st Century 's popular 
book, The Holes in the Ozone Scare: 
The Scientific Evidence That the Sky Isn't 
Falling, by Roge l io  Maduro and Ralph 
Schauerhammer. Boettiger also publ ishes 
the newspaper of the political movement 
in Germany associated with Lyndon H .  
LaRouche a s  wel l  as LaRouche's books. 

Greenpeace brought a l i be l  s u it i n  
H a m b u rg i n  A u g u st 1 9 9 4  aga i n st a 
press release issued by Boettiger i nviting 
the press to a viewing of "The Man i n  
the Rainbow," a documentary produced 
by the Danish state television network, 
TV-2,  and  broadcast i n  Denmark on 
Nov. 1 4, 1 993 .  
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Produced by Nordisk 
F i lm with Icelandic fi lm
m a k e r  Mag n u s  G u d 
m u n dsson  as  spec i a l  
consu ltant, the fi l m  ex
poses how Greenpeace 
was transformed from a 
smal l  action group into 
a mu lti national business 
corporat ion  w i t h  a 
mu lti-m i l l ion-dol l ar an
n u a l  b u d get,  how 
Greenpeace bribed offi
c ia ls  of several govern
ments in order to pack 
the International Whal
i n g  Com m i ss i o n  w i t h  
member  n a t i o n s  t h a t  
would support the con
trovers ia l  ban on com
merc i a l  w h a l i n g, and  
how Greenpeace main
tains  c lose connections 
with the ecoterrorist or
gan ization Earth F i rst !  
The fi l m  a l so i n c l udes 
i nterviews with Green
peace's former accoun

tant, who d iscusses financial  i rregu lari
t ies and secret bank accounts i n  the 
names of ind iv idual  Greenpeace lead
ers. 

The German state broadcast network, 
Norddeutsche Rundfunk ,  had bought 
the broadcast rights to the Danish fi lm in  
Germany but then showed no intention 
of broadcasting it. After several months, 
Boettiger decided to hold a press confer-

ence April 24, 1 994, to show journa l i sts 
a video of the documentary. Because the 
state broadcast n etwork owned the 
broadcast rights i n  Germany, the place 
chosen for the press conference was the 
town of Bov, Denmark, which i s  near 
the G erman border.  Boett iger sent a 
press announcment of the coming event 
that described the fi lm.  

G reenpeace i ssued a so-ca l l ed fact 
sheet that s l andered Boettiger and the 
LaRouche organization, mentioning the 
p lanned press conference in Bov. Then, 
on Aug. 26, 1 994, Greenpeace filed a l i
bel suit against Boettiger over the press 
re lease on the documentary and  de
m a n de d  an 8 0 , 000 d e u t s c h e m a r k  
penalty ($60,000) . 

A l s o  i n  A u g u st 1 99 4 ,  E a rth  F i rs t !  
l eader  M i ke Rose l l e  reported i n  t h e  
Earth First! journal ( p .  23 )  that h e  trav
e led to Amsterdam a n d  " s poke w ith 
Steve Sawyer, chairman of the G reen
peace International  board of d i rectors, 
about t h i s  [the Dan i sh  docu mentary] 
and tried to conso le  h i m .  ' I t  was bad 
enough that they were using Earth F i rst! 
to slander Greenpeace in  Europe' I said, 
'but in Idaho they're using Greenpeace 
in an effort to d i scredit Earth F i rst ! '  After 
gett i n g  t h i n g s  c l ea red u p  wi th  the i r  
Washington D.C. office, Greenpeace is 
now trying to tel l  the courts and the Eu
ropean publ ic that they aren't the scum
bags the movie says they are and that 
they are p roud to work with us when 
they can. If they show the movie again ,  
Greenpeace wi l l  sue for l ibeL" � 

Earth . First! 
er getting things cleared up with their Washington, 

DC office, Greenpeace is now trying to tell the courts 
and the European public that they aren't the scumbags 

e movie says they are and that they are proud to 
ork with us when they can. If they show the movi 

gain, Greenpeace will sue for libel. 

-Mike Roselle in the August 1 994 
Earth First! journal 
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A Split Deci s ion BOOKS 
The court dec is ion on the case was 

spl it. F i rst, and most important, the court 
ruled that Boettiger's statement that the 
fi lm proves "the col laboration of Green
peace wi th the terror ist organ izat ion 
Earth F i rst ! "  cannot be den ied. Second, 
the court ru led that the press release 
statement that G reen peace had " d i 
verted contributions to the accounts of 
independent organ izations which were 
privately accessible to a tiny number of 
the top functionaries," was not proven 
to its satisfaction. 

Ebola Story Needs More 

G reenpeace has a history of 
squelching exposes of its 

unsavory activities by tel l ing 
lies, strongarming opponents, 

and using its multi-mil lion
dollar budget to force critics 
into costly lawsuits. But now 

the cracks in its friendly 
public image are getting too 

big to hide. 

Third, the court ru led that the Boet
tiger press release statement that the for
mer head of Greenpeace I nternational, 
David McTaggart, had "bu i l t  up the en
v i ronmental organ ization i nto a bus i 
ness based on fears for the environment 
[Umweltangstl " cou l d  not be den ied.  
T h e  c o u rt fou n d ,  however, that the  
"cr i m i na l  h i story of Mr .  G reen peace 
[McTaggart]" to which the fi lm and the 
re lease referred-h i s  a rrest and  j a i l 
i n g i n  N e w  Zea l a n d  o n  s m u gg l i n g 
charges-was outdated and cou ld  no 
longer be held aga inst h im. 

It shou ld be noted that even this split 
decis ion in the Hamburg cou rt i s  re
markable, both because Hamburg is the 
s i te of G reenpeace's headquarters i n  
Germany, where there i s  strong senti
ment supporting the group, and because 
the judic ia l  d i strict there is notoriously 
tough on the issue of journal ists and free 
speech. (For example, a journal ist there 
was recently sentenced to six months in  
j a i l or a hefty f ine for say ing that the 
c h a i rman of the former East German 
Communist Party, Gregor Gysi, was an 
informer for the Stasi, the East German 
secret pol ice.) 

-Geoffrey Steinherz and 
Marjorie Mazel Hecht 

Science 
The Hot Zone: A Terrifying True Story 
Richard Preston 
New York: Random House, 1 994 
Hardcover, 300 pages, $23.00 

Amedical ch i l ler-thril ler, written in a 
gr ipp ing  and sensationa l ist  sty l e, 

The Hot Zone is a l l  the more fascinating 
because the story is true. In  early winter 
1 989, the dead ly  hemorrhagic v i rus, 
Ebola, broke out i n  a monkey colony 
housed by Hazelton, a monkey import 
company, in Reston, Virgin ia, just out
side of Wash ington, D.C. A SWAT team 
in biohazard space suits was cal led i n  
from Fort Detrick, Maryland, to contain 
the outbreak. 

For those who don't mind the gore, 
the book is enjoyable read i ng-except 
for the  pec u l i a r  G a i a  i de o l ogy  t h at 
Richard Preston has woven into his ch i l l 
ing tale, investing nature with human at
tributes. For example, Mount E lgon i n  
Kenya, site of the infamous Kitum Cave 
from which  two humans  became i n 
fected with Ebola, i s  compared to "an 
empty cathedra l," after poachers k i l l ed 
most of the vast herds of elephants that 
once i n h abited the a rea. And Afr ican 
cedar trees are l i kened to a "choir" grow
ing around the mouth of Kitum Cave. 

Worse, Preston depicts mankind as a 
d i sease despo i l ing nature: "The emer
gence of AIDS, Ebola, and any number of 
other ra inforest agents appears to be a 
natura l  consequence of the ru in  of the 
tropical biosphere . . . .  In a sense, the 
earth i s  mounting an immune response 
against the human species. It is beginning 
to react to the human parasite, the flood
ing infection of people, the dead spots 
of concrete al l  over the planet. . . .  " 

T h i s  i s  very colorfu l l y  written, but 
hardly a scientific hypothesis. 

The Seleni um Factor 
That said, there is one fascinating sci

entific question that is posed by The Hot 
Zone: Ebola Reston and Ebola Zaire are 
so genetical ly s imi lar that scientists are 
hard put to figure out what the d ifference 
is. Yet, Ebola Zai re in Africa k i l l s  90 per-
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cent of the human beings exposed to it, 
whi le Ebola Reston, which a l l  four  mon
key caretakers at H aze l ton Research 
Products had in  the i r  bloodstream, cre
ated no symptoms in those ind ividuals 
but devastated the crab-eating ma<;:aque 
monkeys housed in  the monkey colony 
there. Why? And why did some doctors 
treating Ebola patients in Africa fai l  to 
come down with Ebola, although they 
were definitely exposed to the v i rus via 
surgical cuts or needle sticks? 

Perhaps a h int of an answer is to be 
found in the work of Dr. Wi l l  Taylor at 
the Department of Med icinal Chemistry 
at the Un iversity of Georgia in Athens. 
Taylor has fou n d  ev idence that H IV, 
Coxsackie, and possibly even Ebola a l l  
use proteins conta in ing selenium to keep 
themselves in a dormant state. In a host 
whose d iet is rich in selenium, such as 
the Reston mon key h and lers or E u ro
pean doctors working in Africa, perhaps 
the selen ium keeps the Ebola vi rus from 
repl icating long enough for the immune 
system to mount an adequate attack. 

Because the amount of sele n i u m  in  
plant foodstuffs varies tremendously, de
pending on its ava i labi l ity in the soil in 
which the plant was grown, meat is the 
best buffer to mainta in  adequate sele
n i u m  i n  t h e  h u m a n  d iet .  T h e  a rea  
around the Ebola River-which i s  where 
both H I V  and Ebola were first d i scov
ered-is known for low leve l s  of sele
n i u m .  I n  a d d i t i o n ,  t h e re may be a 
method i n  the mad ness of troop s  of 
ma<;:aques binging on crabs in the man
grove swamps, for seafoods are also an 
excel lent source of selen ium.  

-Carol Hugunin 
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A Unique History of NASA 
NASA: A History of the U.S. Civil Space 
Program 
Roger D. Launius 
Malabar, Fla.: Krieger Publishing Co., 1 994 
Hardcover, $ 1 6.50, paperback, $ 1 2.50, 
276 pages 

One advantage to bei ng the chief h is
torian of the nation's space agency 

is that you have easy access to the trea
sure trove of h i storical documents that 
reveal the behind-the-scenes d iscussions 
and decision-making that we see only as 
the final product in the accompl i shments 
of the space program. 

NASA h i stor ian Roger Lau n i us has  
compi l ed a n  i n terest i ng  se lect io n  of  
origi nal  sou rce mater ia l  to  make  t h i s  
h istory a u n ique one. The first h a l f  of 
the book is a brief overview by Laun ius 
of the h i story of interest i n  space from 
the ancients to the present day. The sec
ond half of the book consists of h i stori
cal documents that Laun ius refers to i n  
h is  text. 

Some of the readings are accessible to 
the interested reader i n  previously pub
l ished books-for example,  the Act of 
Congress creating NASA-but it is handy 
to have a number of these documents i n  
o n e  p lace. Other docu ments are less 
wel l  known but most interesting. 

One such is a document written by 
Vice President Lyndon Johnson on May 
1 3, 1 963  at the requ est of Pres ident 
Kennedy, to respond to congress ional  
cr i t ic ism of the Apo l l o  progra m .  The 
document states :  " It can not be q ues
tioned that b i l l ions of dol l ars d i rected 
into research and development in an or
derly and thoughtful manner wi l l  have a 
s ig n i ficant  effect u po n  o u r  n a t i o n a l  
economy. No formula has been found 
which attributes specific dollar values to 
each of the areas of anticipated develp
ments, however, the 'multipl ier' of space 
research and development wi l l  augment 
our economic  strength,  o u r  peacefu l 
posture, and our standard of l iv ing." 

The same document goes on to l ist a 
number of f ie lds that wi l l  obta i n  sub
stantial benefit from the space program; 
it is an i mpress ive l i st  that  i n c l udes  
h igher standards of  production qual ity 
in i ndustry, accelerated use of l iq u id 
oxygen i n  steelmaking, development of 

h igh temperature gas-cooled and l iqu id
meta l -coo led n u c l ear  reactors, a n d  
many more. 

The l ist i s  a lso useful for today's de
bates concerning the amount of funding 
appropriate for the space program. This 
and many other documents included in  
the book give an insight into the history 
that informs pol icy d iscuss ions  i n  the 
present and the future. 

-Marsha Freeman 
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BOOKS ON SPACE 
Prospects for Interstellar Travel,  By 
J. H .  Mauldin, 1 992, 390p, Hard Cover 
$50, Soft Cover $27 

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 III ,  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 I I , 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 $ 1 5 .  

ORDERING INFORMA TION 
All orders must be prepaid by check or 
money order. Please send orders to the 
address indicated below. For postage and 
handling add $5.00 for the first book and 
$1 .00 for each additional book ordered. 

Ask for free brochures listing other titles. 
Order from Univelt, Inc., P.O. Box 

281 30, San Diego, CA 921 98. 
Tel. (61 9) 746-4005; Fax. 746-31 39 
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