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EDITORIAL 

Global Warming, Globaloney, 
And Global Development 
Over the next few months, representa­

tives of 1 50 nations wil l  be meeting 
in Bonn, Germany, to work out the final 
word ing of regulations intended to dein­
dustrialize and depopulate the world-in 
the name of protecti ng the p lanet from 
i nd u str ia l  carbon d i ox ide e m iss ion s,  
which supposed ly cause global  warm­
ing. The final, binding cl imate treaty reg­
u lations will be determined in December 
1 997 in Kyoto, Japan. 

There is  no scient if ic  bas is  for the 
global warming scare, as  we have docu­
mented. Cli mate change is driven by the 
long-term astronomical cycles that are 
determ i ned by the period ic ities in the 
eccentricity, ti lt, and precession of the 
Earth's orbit. Such cycles are measu red 
i n  tens  or h u n d reds of t h o u s a n d s  of 
years. I n  this perspective, which corre­
sponds to reality, the daily or yearly, or 
decade-long fluctuations in temperature 
are not of importance. The real ity is that 
the planet is leaving the warmer i nter­
glacial period and entering, or may have 
already entered, a New Ice Age.' 

G iven this reality, proposa ls for cur­
ta i l ing carbon d ioxide emissions have 
no bearing on cl i mate; the intended ef­
fect of the so-called remediation is social 
a n d  eco nom ic,  as the proponents of 
such globaloney admit. Yet, even those 
who attack the treaty for its bogus sci­
ence fal l  into the globaloney trap. 

The position of the AFL-CiO i l lustrates 
this point. The un ion issued a statement 
Feb. 20 noting, correctly, that "carbon 
taxes or equ iva lent  carbon e m i s s i o n  
trad ing programs, w i l l  raise sign ificantly 
e lectric ity and other energy p rices to 
consumers." But  the statement beg i ns 
from the position that deve lop ing na­
tions must not be exempt from the emis­
s ion red uction req u i rements. In other 
words, the u n n ecessary pain m ust be 
shared "fai rly." 

Enter the land-Bridge 
The gl obal warm ing scare scenario 

m ust be opposed, not with rhetoric or 

proposals to m itigate the al leged worst 
effects, but with a bold counter-proposal 
for global development. The key to this, 
as we move into the 21 st century, is the 
Eurasian Land-Bridge, a Great Project to 
l i ft the 4 . 5  b i l l io n  people who l ive on 
the Eurasian landmass out of poverty­
and i n  the process, to bring l i fe to the 
dying industrial economies of the West. 

The Land-Br idge-a continent-wide 
rai l  l i n k  that spans Eurasia, from the port 
of L ianyungang on China's east coast, to 
the port of Rotterdam i n  Western Eu­
rope-has already captured the imagina­
tion of the Chi nese and other Eurasian 
governments, who see it as the only al­
ternative to poverty and endless confl ict 
in the region. As we have reported,2 the 
n ew i n d ustr i a l  c o r r i d o rs e n v i s i o n ed 
along the Old Silk Road wil l  be the cities 
a n d  i n d ustr i a l  c e n te rs of tomorrow, 
b r i n g i n g  t h i s  t h ree-q u a rters of the 
world's popu lation out of the so-cal led 
Third World and i nto the 2 1  st centu ry. 
For the U n ited States, this could be a bo­
nanza of technology d evelopment and 
trade, that wou l d  raise our post- indus­
trial economy out of the dumps. 

T h e re is a r i c h  h i story beh i n d  the 
Eurasian Land-Bridge idea. In  the 1 860s, 
the American System economists associ­
ated with P res ident L i nco ln ,  p lanned 
continent-span ning rail roads, in al l iance 
with Germany, Russia, and Ch i na, for 
the p u rpose of deve l o p i n g  the l a n d ­
locked, resou rce-rich interior o f  Eurasia. 
Later, j u st after Wor ld  War I, Dr. Sun  
Vat-sen, the first President of the Repub­
l ic  of China, circulated The International 
Development of China, in which he laid 
out a bold program for rai l  transport, wa­
terways, and i n d u str ia l  developme nt, 
that wou ld have integrated an industrial­
ized China i nto a commun ity of sover­
eign nations throughout Eurasia. 

Dr. Sun  was l i nked in his ideas to the 
American System, through his study of 
F riedrich L ist's National System of Po­
litical Economy, which he trans l ated 
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i nto Chi nese.3 L ist had worked c losely 
with h i s  A m e r i c a n  co-th i n kers ,  t h e  
H a m i l to n i a n  fa ct i o n ,  M a t h ew a n d  
Henry Carey, and others who were as­
soci ated with Li ncoln's program for in­
dustrial ization.  

In  turn, this faction was based on the 
1 7th century work of scientist-phi loso­
pher Gottfried Wi lhelm Leibniz. Leibniz 
saw the importance of i nc luding China 
as an active member of the community 
of nations, based on the congru­
ence between Chi na's Confucian 
p h i losophy a n d  Ch rist i a n i ty .  I n  
the preface to h is  1 697 work, No­
vissima Sin ica, Lei b n i z  wrote:  
"Through a u n iq u e  combination 
of destiny, it has occurred that the 
h ighest cu ltu ra l  goods of the hu­
man species are today located on 
the two extreme poles of our con­
tinent, that is, Europe and China. 
. . .  And, furthermore, the h igh­
est P rov i d e n c e  has c a u se d ,  
through a fortunate turn, that, i n  
stretch ing  out t h e  arms t o  each 
other, the most h igh ly  educated 
and at the same time most d istant 
people  eventu a l l y  b r i n g  every­
th i n g ,  w h i c h  l i es  in between 
them, to a way of l i fe w h i c h  is  
more i n  correspondence to rea­
son." 

Most recently, i n  th is tradition, 
economist Lyndon LaRouche pro­
posed in 1 989, in view of the i m­
m inent col lapse of the economies 
of the Soviet bloc, an industrial de­
velopment project for what he called the 
" Productive Triangle," bounded by Vi­
enna, Berl in,  and Paris. H is  idea was to 
make this region, with its density of in­
dustrial, scientific, and technological re­
sou rces, i nto an " e n g i n e" for t h e  
industrial development o f  the col l apsed 
East, corridors of infrastructure, energy, 
and transportat ion- deve l o p m e n t  
arms-that would stretch out in a l l  d irec­
tions, to mobilize the economic potential 
of this densely popul ated area. Later, 
LaRouche expa nded the Tr iangle pro­
posal to i nclude an integrated develop­
ment p rogram fo r E u ra s i a, with  
"deve lopment  arms"  reac h i n g  to the 
Americas and Africa. The idea then took 
on a l ife of its own. 

The Geopolitical Enemy 
The Land-Br i d ge p roponents today 

face the same enemy that stopped the al­
l i ance of the L e i b n i z i a n s  and Confu-
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cians, stopped the Berlin-Baghdad rai l ­
road, and stopped Dr .  Sun's "Grand De­
s i g n " :  the E u ropean o l igarchy, which 
preferred to embroil the Eurasian nations 
in wars, thereby preventing any chal­
lenge to their control of the world econ­
omy. For the colonial ists, the idea of an 
i ntegrated industrial economy in Eurasia 
has been a n ightmare for centuries. Dr. 
S u n  very accurate ly  characterized the 
geopol itical strategy of the British Empire 

at the time of World War I .  
"The key p o l i cy of E n g l a n d , "  S u n  

wrote, "is to attack the strongest country 
with the help of the weaker cou ntries, 
and join the weakened enemy in check­
ing the growth of a th i rd cou ntry. This 
B ritish foreign pol icy has remained es­
senti a l ly  unchanged for two centuries. 
When England befriends another cou n­
try, the pu rpose is not to mai ntain a cor­
d i a l  f r i e n d s h i p  fo r t h e  s a ke of 
friendship, but to uti l ized that cou ntry 
as a tool to fight a third country. When 
an enemy has been shorn of his power, 
he turns  i nto a fr iend,  and the fri e n d  
who has become strong, into a n  enemy. 
England always remains in a command­
i ng position;  she makes other countries 
fight her wars and she herself reaps the 
fru its of victory. She has been doing so 
for hu ndreds of years . . . .  " 

That Empire geopol itics succeeded in 

sabotaging  previous plans for Eurasian 
development, espec i a l l y  si nce Wo rld 
War I, has meant nothi ng but m isery­
d isease, poverty, starvat ion,  war, and 
terro r i s m -fo r th ree-q u a rters of the 
world's pop u l at ion .  Today, the people 
and nations who would  gain most from 
the Land- B ri d ge p roject a re u nder  at­
tack. Tribal and ethn ic  confl icts, border 
d i s p u tes,  e n v i ro n m e n ta l i st agitat i o n  
against development projects, the stran­

g l ing economic reforms of the In­
ternatio n a l  Monetary F u n d ,  are 
j u st some of the operations u n ­
leashed to try to prevent the Land­
Bridge from becoming a real ity. 

Yet, just as the Berl i n  Wal l  tum­
b l ed down in 1 989, when many 
had thought  it  to be i m poss i b le, 
so it is possible to begin to i nstitu­
t i o n a l i z e  t h e  E u ra s i a n  L a n d ­
B r i d g e .  I n d e e d ,  l e d  by C h i n a ,  
whose deve lopment conference 
o n  the Land-Bridge we reported 
o n  i n  W i nter 1 9 9 7 - 1 9 9 8  issue,  
several nations of  the region have 
a l ready signed or expressed inter­
est i n  a g reeme nts to c o m p l ete 
sections of the project, and many 
m o re s u p po rt the deve l o p m e n t  
p r i n c i p l e  b e h i n d  i t .  E a r l y  th i s  
year, severa l developing nations 
met i n  Istanbul and agreed to cre­
ate a new economic and pol itical 
u n ion  to promote d evelopment, 
known as the Developing 8 or 0-
8, for exam ple. 

I n  the c o m i n g  p e r i o d  of u n ­
precede nted econo m i c and f inanc ia l  
c r i ses,  as o ld  a l l ia n c es fo u n d e r  a n d  
crumble, there is a wonderfu l ,  exciting 
a ltern ative to devolut ion and destruc­
t ion : Embark o n  the G reat Projects of 
the 2 1  st centu ry-the E u ras ian Land­
Bridge and the colon ization of  Mars. 

Notes--------------
1 .  See, for example, Hugh Ellsaesser, "Setting the 

1 0,000-Year Cl imate Record Straight," 21st 
Century, Winter 1 991 , p. 52; Laurence Hecht, 
"The Coming or Present Ice Age." 21st Century, 
Winter 1 993-1 994, p. 22; Robert Stevenson, 
"An Oceanographer Looks at the Non-Science 
of Global Warming," 21st Century, Winter 1 996-
1 997, p. 5 1 ;  and this issue's feature by Zbig­
niew Jaworowski, p. 42. 

2. See Jonathan Tennenbaum, "China Says 'Yes!' 
to Progress" and "High-Tech Development Cor­
ridors: Locomotive for Eurasian Development." 
21st Century, Winter 1 996-1 997, pp. 7-15. 

3. List's Outlines of American Political Economy, 
written in 1 827. was republished in English in 
1 996 by Bottiger Veriags-GmbH, Wiesbaden, 
Germany (349 pp., paperback $1 9.20). 
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Letters 

Ionizing Radiation 
When Life Began 

To the Editor: 
Dr. T.o. Luckey more than many oth­

ers contributed to the recent acceptance 
of rad iation hormesis as scientific fact, 
and he ought to be congratulated for the 
excel lent  paper in 2 1 st Century ( Fa l l  
1 996, p .  1 2) .  

A minor problem i n  t h i s  paper needs 
el ucidation. When l ife began some 3 . 5  
b i l l ion years ago, t h e  average level of 
ionizing rad iation was probably not 1 0  
times the current level, but only about 3 
times higher. The radiation background 
is  com posed of cosmic and terrestr ia l  
components. Cosmic radiation and radi­
ation from cosmogenic radionucl ides are 
rather stable, but terrestrial radiation is 
slowly decreasing, due to decay of nat­
ural radionucl ides. 

This can be seen in the table below, in 
which, as an example, are given present 
average natural doses to man, which in­
clude both external and internal i rradia­
t i o n .  The s o u rce fo r the tab l es is 
U NSCEAR ( U nited Nat ions Sci ent if ic 
Com m i s s i o n  o n  the Effects of Atmo­
spheric Radiation), 1 982 and 1 993.  

From the table i t  appears that, for ex­
ample, U-238 accounted for less than 30 
percent of the 2 .89-fold higher than now 
radiation 3 .5 b i l l ion years ago. For radia-

Source of 

10 
� Rocks solidified 

8 

First living organisms 

Total I 
U-235 
J 

( Blue green algae 

2 
�" /K-40 
- " --- --.... -....::::--

'-.. Th-232 

{ Eukaryotes { Metazoans 

, Mammals 

0L--L ______ -L ______ � ______ � ______ � ________ L__ 
5 4 3 2 o 

Billions of years before present 

EARTH RADIOGENIC H EAT VS. TIME 

Source: Adapted from Vinogradov (1960) 

tion to be 1 0-fold h igher than it is now, 
as assumed by Dr. Luckey, U-238 would  
contribute on ly  8.3 percent. Recent esti­
mates of rad iogen ic  heat show that 1 
square meter of the surface of the primi­
tive Earth received from decaying nat­
u ral  rad ionuc l ides 1 1 7  ki loj o u l es per 
year, which is about 3 .5 times more than 
the corresponding val ue of 3 3 .4 k i lo­
jou les per year for the present-day Earth 
( I .G .  Draganic et a I . ,  Radiation and Ra­
dioactivity on Earth and Beyond, CRC 
Press, Boca Raton, 1 993).  

Today, as b i l l ions of years ago, there 

% of present 
Present dose dose, 3.5 billion 

were p l aces in the land  and sea with 
m uc h  h i g h e r  than average rad i at i o n .  
O n e  t y p e  of such p l aces i n  t h e  past 
were the env i ronments of the n atu ral 
n u c l ear  reacto rs, l i ke those fo u nd i n  
1 9 72 i n  O k l o  (Gabon, Africa). About 2 
b i l l ion years ago, at least six nuclear re­
actors were i n  operation at this site for 
about a m i l l i o n  years .  The rad i at ion 
dose rate at such reactors was calcu­
lated to be more than 47 grays per hou r 
(Draganic et a I . ,  1 993).  It was estimated 
that about 1 00 m i l l ion natural reactor 
sites of the Oklo type have been active 
in the past h i story of our planet .  They 
m ight perhaps have contributed to the 
dawn of l ife. 

radiation Half-life Microsieverts % years ago 
Prof. Zbign iew Jaworowski 

Central Laboratory for Radiological 
Protection, Warsaw, Poland Cosmic radiation 

and cosmogenic 
radionuclides 

K-40 1 .3 x 1 09 years 

Rb-87 47 x 1 09 years 

Th-232 series 1 4  x 1 09 years 

U-238 series 4.5 x 109 years 

U-235 series 0.7 x 1 09 years 

Total 

4 Spring 1 997 

31 6 1 5.5 

300 14.7 

6 0.3 

326 1 5.9 

1 ,044 51 .0 

53 2.6 

2,045 1 00 

21 st CENTURY 

1 5.5 

89.1 

-0.3 

1 8.2 

82.9 

83.2 

289 

Author Luckey Replies 

The comment of D r .  Jaworowski i s  
correct for five rad ionuc l ides. H i s  data 
agree with my calculations fol lowing the 
o r i g i n a l  su ggestion  of Vi nogradov i n  
1 960. (See figure above.) However, there 
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are 1 0  to 1 5  more radionucl ides which 
may have contributed to background ra­
diation when l ife began about 4 b i l l ion 
years ago. Hopefu l ly, these wi l l  be eval­
u ated before the 21 st centu ry. 

The comment d id  note the probable 
increased concentration of U-235 in  the 
crust of the early Earth. This would  ac­
count for much of the increase toward a 
1 0-fold increased background radi ation 
4 b i l l ion years ago. 

T.o. Luckey 

Greetings from Gottingen 
On Gauss-Weber Article 

To the Editor: 
With th i s  letter I wish to convey my 

best wishes to the author of the artic le  
on the " 1 845 Gauss-Weber correspon­
dence in the Fal l  1 996 issue of 2 7  st Cen­
tury. Mr. Laurence Hecht has written a 
very i n struct i ve a n d  for me a l most 
unimaginably precisely assembled report 
about the former d i rector of our institute. 
Perhaps he might be interested in the ar­
t ic le about the Weber l aw by Prof. A.  
Pinski in  Moscow, which to my knowl­
edge has not been publ ished. I would be 
very i nterested to know what Mr. Hecht 
thinks about this exposition . . . .  Yester­
day I received a copy of the book by An­
dre Koch Torres Assis (Kluwer Academic 
Publishers, 1 994) on Weber's electrody­
namics. 

I am extremely happy about the inter­
est in our great forefathers. 

With friendly greetings, especia l ly  to 
Mr. Hecht! 

Prof. Dr. Gustav Beuermann 
F irst Physical Institute 
Gottingen U n iversity 

Ambartsumian and 
Tectonics 

To the Editor: 
In your memorial to astronomer Victor 

Ambartsumian, Davi d  Cherry reported 
(Fa l l  1 9 96, p. 5 1 )  that Ambartsumian  
was critical of  the "Cambridge School," 
led by Sir James Jeans, Sir Arthur Edding­
ton, and others, because they mai ntain 
(as I understand it) Earth maintains ther­
mal eq u i l i br i u m, and Earth is ru n n i ng 
down. 

I am greatly i nterested i n  the com­
ment, because, i n  geology, plate tecton-
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ics proponents hold that seafloor subsi­
dence takes place owing to l ithospheric 
(thermal) cool ing. I do not real ly  bel ieve 
l ithospheric cool ing is the correct expla­
nation. For one thing, the seafloor often 
is upl ifted, and cool ing does not explain 
th is, or other, tecto n i c  verti cal  move­
ments. The originator of the l ithospheric 
cool ing explanation is from England, so 
he probably is part of the Cambridge 
School, as are most English geologists. 

Can you provide me with additional 
i nformation on how the same critic ism 
might be appl ied to geology (plate tec­
tonics)? 

Richard D. Terry, Ph.D. 
San Clemente, Calif. 

The Author Replies 
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The school of astrophysical thought 
emanat ing from Cambridge U n iversity 
ma i nta ins  that the universe is ru n n i ng 
down to thermal equ i l ibrium. It does not 
assert that the Earth mai nta ins  thermal 
equ i l i brium or that the Earth is ru nn ing 
down. And Ambartsumian, for his part, 
d i d  not  d i scuss  t h e  evo l u t i o n  of t h e  
Earth, a s  far a s  I know. 

_ _  - SATISFACTION GUARANTEED __ _ 

I was recently surpri sed to d i scover 
that, for decades, there has been a mi­
nority of geologists-scattered over three 
continents-who marshal  evidence i n  
favor of the idea that the Earth i s  expand­
i ng. If it were expanding u nevenly, might 
th is  not cause tecton i c  vert ical  move­
ments? 

There are a dozen papers on the ex­
pansion thesis in Frontiers of Fundamen­
tal Physics, ed ited by Michele Barone 
and Franco Sel leri  (New York: Plenum 
Press, 1 994). If read critically, they might 
be of some help. 

A First-hand Report 
On Antarctica 

To the Editor: 
In November and December 1 996, I 

trave l l ed to C h i lean and Argent i n i a n  
Patagon i a  a n d  Tierra d e l  Fu ego . I ex­
p lored the forest around Ushuaia  (the 
southernmost city in the world), the en­
v i ro nment  i n  Parq u e  N a c i o n a l  Los  
G laciares, and those near Punta Arenas, 
at the southern tip of Chi le. 

I was in terested in i nvestigat i n g  the 
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Courtesy of J. Gordon Edwards 

Mt. FitzRoy in Glacier National Park, Patagonia, Argentina. 

al legations that have been publ ished by 
pseudo-envi ron mental ists, specifical ly  
their c la im that because of a " hole" i n  
the An tarct ic  ozone l ayer, there h a s  
b e e n  s u c h  a g r e a t  i n crease i n  t h e  
amou n t  o f  u ltraviolet (UV) I ight reach­
ing the Earth in Patagon ia that: ( 1 )  skin 
can cer has  rece n t l y  become a more 
common a i l me n t  t h ere,  espec i ally 
among su n-bathers; (2) great n umbers 
of sheep have been blinded; and (3) en­
tire forests are being killed. 

Almost everyone I saw down there 
was wear ing woolen cloth ing  beneath 
t h e i r  parkas,  a n d  n o b o d y  was s u n ­
bathi ng. An ear l ier Reuter wire service 
story reported an Argentine government 
advi sory aga i n st su n bath i n g  between 
1 0:00 A.M.  and 4:00 P.M. ,  but Wi l l y 
Rudloff's 1 992 article in World Climates 
stated that the October average dur ing 
the sun-tanning period of the day is ap­
proximately 46 degrees, and that with 
average winds of 15 mph, the norma l 
wind-chil l  factor is 26 degrees Fahren­
heit. 

When I spoke with residents and doc-

tors, I found no confirmation that UV has 
caused skin cancer of the curable type or 
the potential ly deadly melanoma. 

When I questioned "natives" regard­
i n g  AI Gore's  fr i g h te n i n g  stateme n t  
about the widespread bl inding of sheep 
by UV down there ( i n  h i s  Earth in the 
Balance book), they did not know about 
any such cases. We saw h u ndreds of 
healthy, active sheep along the roads, 
and a l l  of them ran much faster than  
they cou l d  have i f  they were suffering 
from the al leged impaired vision. 

North of Puerto Natales, in Chi le, we 
saw many dead trees along the road, but 
they were the remains of very old trees, 
a n d  were most not icea b l e  i n  areas 
where water was at or near the surface 
of the soi l .  These trees are notoriously 
sensitive to excess water around their 
roots. Many hi llside trees that were sti l l  
alive were heavi ly  invested with para­
sitic plants, especial ly Usnia l ichens and 
Myzodendron fol iage, both of which are 
known causes of tree deaths. Very few of 
the younger trees bore any of those para­
sitic growths. 
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F urther south, much closer to the fa­
mous "hole i n  the ozone layer," it was 
rare to see recently ki l led trees. From the· 
mou nta i n s  a n d  ri dges near Ushuaia  I 
photographed great expanses of healthy 
forests below me. I also walked through 
the forests for many hours without find­
ing any trees that had recently d ied. My 
conc lus ion is  that the pseudo-environ­
menta l i sts misspoke about the al leged 
effects of ultraviolet l ight on the southern 
forests. 

Incidently, there are only five species 
of trees in those southern forests, and 
three of them are k i nds of beech .  The 
Evergreen Beech or Cihue (Nothofagus 
betuloides) are the largest. The Lenga, or 
High Beech (Nothofagus pumilio) inhabit 
va l ley  floors and relatively warm sea 
coasts . The Antarct ic  Beech or N i re 
(Nothofagus antarcticus) are widespread 
deciduous trees that thrive in the valleys, 
but also form short dense thickets high on 
the mountainsides. The Cinnamon Tree 
or Canelo (Orimus winter) was named for 
John Wi nter, Drake's capta i n  in 1 578. 
When they entered the Straits of Magel­
lan, Wi nter urged the sailors to chew the 
bark or make it into tea, which helped 
prevent scurvy. The Pickwood, or Lena 
dura (May tenus magellanica) are fragile, 
not over 1 0  feet tall, and were primarily 
used for firewood by the native Indians. 

Dr. J. Gordon Edwards 
Professor Emeritus 

B iology Department 
San Jose State U n iversity 

San Jose, Calif. 

Guaranteeing a Future 
By Colonizing Space 

To the Editor: 
Lyndon H. LaRouche, Jr . ,  a scientist 

and economist, and I, a retired machin­
ist, sure come from very different direc­
tions, but end up with pretty much the 
same conclusions. One is that Malthu­
s ian ism is  one of the most dangerous 
ideas . . . .  

Only  harness ing fusion and coloniz­
i ng space wi l l  guarantee a future for hu­
man ity a n d  w i ll make a n y  war look 
ridiculous. Why would anybody want to 
fight, if there is enough of everyth ing for 
everybody? Also, coloniz ing space is  a 
big enough u ndertaking for everybody to 
pitch in. 

Continued on page 9 
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VIEWPOINT 
The Truth About Pesticides, or 

How to Survive the Perils of Living 

The science of toxicology was de­
s c r i b e d  s u cc i n c t l y  in 1 5 6 4  b y  

Paracelsus, who said: "Al l thi n gs are 
poisonous, yet nothi ng is poisonous. 
The dose a lone  determi nes the poi­
son."  Fai l u re to grasp this elementary 
principle leads to publ ic fear of pesti­
cide residues. 

The c u rrent  fea r  of pest i c i d e  
residues i n  foods started i n  November 
1 959, and I was present at its creation . 
The leading publicist was Arthur Flem­
ming, then Secretary of Health, Educa­
t i o n ,  a n d  W e l fa re,  w h o  had v i ce­
presidential ambitions, but  who settled 
fo r the pres idency of U n iversity of 
Oregon. Mr. Flemming went on the ra­
dio to warn the publ ic that if they ate 
cranberries at Thanksgiving, they were 
risking cancer. The "risk," he warned, 
was cancer of the thyroid, al leged ly  
caused by the u s e  of  the chemical  
aminotriazole on the cranberries. 

The origin of Mr.  F l emmi ng's fears 
was this: I n  1 959,  scientists at Ameri­
can Cyanamid, led by Dr. Boyd Shaf­
fer, fou nd that a weed k i l ler, ami no­
triazole, was a goitrogen-a substance 
that inhibits the entrance of iodine i nto 
the thyroid, thus causing its en l arge­
ment. If thyroid enl argement is acute 
and prolonged, it can lead to thyroid 
cancer in rats. (Goitrogens are present 
i n  many common foods,  espec i a l l y  
cabbage, soybeans, and turn i ps, but 
not in suffic ient quantit ies to cause 
thyroid enlargement in human beings.) 

When aminotriazole was fed at high 
levels to rats, the rats developed thyroid 
cancer. The scientists publ ished these 
findi ngs, and notified the u.s. govern­
ment. Ami notriazo l e  was u sed as a 
weed ki l ler on several food crops and 
u nder strict regu lations, including that 
its use shou ld be stopped wel l  before 
harvest, so that the residues would dis­
appear. One of the crops was cranber­
ries. A few growers disobeyed the rules, 
and traces of aminotriazole were de­
tected in a few batches of cranberries. 

Despite the fact that the experimen­
tal rats had received aminotriazole for 
many months, w h i l e  h u ma n  bei ngs 

VIEWPOI NT 

by Thomas H. Jukes, Ph.D. 

wou l d  be eating cranberries o n l y  at 
Thanksgiving time, Mr. Flemming saw 
h is  chance. He went on the rad i o  i n  
N ovember 1 959,  warn ing t h e  publ ic 
not to eat Thanksgiving cran berries. 
There was a general panic. The cran­
berry growers d umped their product 
i nto trash pits. Refrigerated storehouses 
of cranberries were thrown open, and 
the fru it was thrown out. 

There were no reported incidents of 
anyone being harmed by eating cran­
berries. The amounts of aminotriazole 
were very small ,  equivalent in effect to 
no more than that natu ral l y  found i n  
cole s law, a n d  were present i n  on ly  
0 .34  percent of the crop. Nevertheless, 
the idea started that pesticide residues 
could cause cancer, and this idea has 
persisted ever si nce. 

Capitalizing on Cranberries 
An author of nature stories saw her 

opportu nity to capitalize on the cran­
berry scare. Rachel Carson publ ished 
an article cal led "Silent Spring" in The 
New Yorker magazine i n  1 962.  This  
s u bseq u e n t l y  became her  famo u s  
boo k . Carson's target was D DT, the 
su bstance that has saved more l ives 
and prevented more diseases than any 
chemical i n  h istory, except perhaps 
the antibiotics. 

H e re is how Rache l  Carson de­
scribed the effects of DDT: 

"A strange bl ight crept over the area 
and everyth ing began to change. Some 
evi l spe l l  had sett led on the commu­
n ity : mysterious malad ies swept the 
f locks  of c h i c k e n s; the catt l e  a n d  
sheep sickened and d ied. Everywhere 

was a shadow of death. The farmers 
spoke of m u c h  i l l n ess amo n g  the i r  
fami l ies. I n  the  town the  doctors had 
become more and more puzzled by 
n ew k i n d s  of s i c k ness  appe a r i n g  
among their patients. There had been 
several  s u d d e n  a n d  u n ex p l a i n e d  
d e a t h s ,  n ot o n l y  a m o n g  a d u lts b u t  
even among chi ldren, who wou l d  be 
stricken suddenly  w h i l e  at play and 
die with in a few hours. 

"There was a strange sti l l ness. The 
few birds seen anywhere were mori­
b u n d ;  they trembled v i o l e n t l y  a n d  
could not fly. I t  was a spring without 
voices. On the mornings that had once 
th robbed with  the d awn chorus  of 
robi ns,  catb irds, d oves, jays, wrens 
and scores of other b i rd voices there 
was now no sound,  on ly  si lence lay 
over the fields and woods and marsh. 

"In the gutters u nder the eaves and 
between the sh i ng les of the roofs, a 
white granu lar powder sti l l  showed a 
few patches; some weeks before it had 
fal len l i ke snow upon the roofs and the 
lawns, the fields and streams." 

The wh ite powder was, of cou rse, 
DDT. 

DDT -A Great Life-Saver 
But  Carson's  eloquent words were 

l ies. The fact is that for human beings, 
D DT, rather than k i l l i n g c h i l d ren at 
play, was a major contributor to the 
popu l ation explosion by prevent ing 
malaria i n  infants. 

Silent Spring says (page 1 1 8) that 
the American robi n  "seems to be on 
the verge of extinction."  I n  1 963, one 
year after Silent Spring, Roger Tory Pe­
terson said that the American robi n  is 
probably North America's number one 
bird .  " Found from coast to coast it in­
habits cities and forests a l i ke and is  
one of  the most abundant birds in the 
vast 3 , 0 0 0 -m i l e  b e l t  of c o n ifers 
stretching across Canada to Alaska." 

The counts of most w i l d  b i rds i n­
creased during the usage of DDT, and 

Dr. Jukes is a professor at the Space 
Sciences Laboratory, the University of 
California, Berkeley. 
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one species, the red-winged blackbird, 
underwent a population explosion, per­
haps because of the effects of D DT on 
avian malaria. Honeybees are resistant 
to DDT, but are rapidly ki l led by substi­
tute i nsecticides such as parath ion and 
carbaryl .  Many fish are so tolerant of 
D DT that they deve lop enormo u s l y  
high tissue levels with n o  apparent i l l  
effect, as i n  t h e  c a s e  of T r i a n a ,  A l ­
abama, where DDT from a c hemical 
production plant got i nto the river. 

Furthermore, laying hens are resistant 
to D DT, and the h atchab i l ity of their 
eggs i s  u n affected when the hens re­
ceive 1 00 ppm (parts per mi l l ion) D DT 
in their d iet. Cattle and sheep are pro­
tected by D DT against d isease-bearing 
l ice, ticks, fleas, and blowfl ies. There is 
no record of  p i g s  be i n g  h armed by 
DDT. 

"For the first time in the history of the 
wor ld,"  says Silent Spring (page 1 5 ) ,  
"every human being is now su bjected 
to contact with dangerous chemicals, 
from the moment of conception u nt i l  
death." 

Th i s  is not tru e .  Every chemical i s  
dangerous if t h e  concentration is  too 
h i g h .  Moreover, 9 9 . 9  percent of the 
chemicals humans i ngest are natural .  
For example, 99.9 percent of the pesti­
cides humans eat are natural pesticides 
produced by plants to k i l l  off predators. 
About h a l f  of a l l  n atura l  chemi c a l s  
tested a t  h i g h  dose, i nc lud ing natural 
pesticides, cause cancer in rodents. Risk 
assessme n t  meth ods  b u i l d  in h u ge 
safety factors for synthetic chemicals, 
whi le  natural chemica l s  are ignored .  
C u rrent pol icy d i verts enormo us re­
sources from important to u n important 
risks. Yet, in spite of these l ies, Rachel 
Carson is revered . It is a strange phe­
nomenon that Silent Spring is accepted 
as gospel ,  without a crit ical read i ng .  
Apparently, many people are hypno­
tized by Rachel Carson's prose. 

What Carson Deliberately Ignored 
Ra is ing the level of health through 

the use of D DT has resulted i n  better 
agricu ltural and industrial production.  
Much land has been rec l a imed, n ew 
factories have been bu i I t, and more 
goods produced. There has been a sig­
n ificant decrease in workers' absences 
in cou ntries where malaria h as been 
control led, and th is has enabled higher 

earnings, with an increase in economic 
well-being for both individuals and the 
community. 

In some countries, Madagascar, for 
example, the population has doubled 
since 1 947, although it had been practi­
cal ly stationary for years previously. A 
DDT malaria campaign was in itiated in 
Mad agascar i n  1 949,  and is  l arge l y  
credited with the population i ncrease. 
This is no isolated phenomenon and the 
fu l l  social sign ificance of this trend wi l l  
be much greater than is at present antic­
ipated. 

I n  1 959,  Dr. S .W. Simmo ns of the 
U .S .  Publ ic Health Service made the 
fol lowing statement about DDT: 

"The total value of DDT to mankind 
i s  i n estimable,  and is comprised of 
health, economic, and social  benefits. 
Health benefits are both direct and indi­
rect and fal l  i nto three principal  cate­
gories: (1 ) direct control of vector-borne 
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diseases such as malaria, typhus, etc., 
and of i nsect pests, by the use of DDT 
for destroying the i nsects concerned; (2) 
use of DDT in agriculture for crop pest 
control ,  resu lti ng in an i ncreased food 
supply, often where mal nutrition is the 

. principal health problem; and (3) an in­
crease in resistance to non-vector-borne 
diseases through better health as a re­
sult of freedom from malaria and other 
vector-borne diseases and malnutrition. 
As S i r  M a l c o l m  Watso n h as stated, 
when malaria was c l eared out of the 
M a l ay States, dysentery wards were 
closed. If data were avai lable, it is pre­
dicted that they would show a decrease 
in tubercu losis and some other diseases 
in areas where malaria and mal n utri­
t ion,  part i c u l ar ly,  have been l a rge ly  
conquered by the use of  DDT." 

It was estimated in 1 953 that no less 
than 5 mil l ion l ives had been saved and 
no less than 1 00 mi l l ion i l l nesses pre-
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vented through the use of DDT for con­
trol l ing malaria, typhus, dysentery, and 
other arthropod-borne d iseases, si nce 
DDT became available in about 1 942. 
These figures have now i ncreased. In  a 
complete treatise on the value of DDT 
to the public health, it would be neces­
sary to cons id er the e nt i re gro u p  of 
chlori nated hydrocarbon insectic i des 
in  order to give fu l l  credit to this parent 
compound. 

Th is  informat ion was ava i l a b l e  to 
Rachel Carson, but she ignored it. 

Some recent writers h ave c la imed 
that there is  a widespread decl i ne i n  
ferti l ity in human males, and that small 
traces of DDT were to blame. This is 
difficult to bel ieve in  view of the record 
at the DDT manufacturing plant in Tor­
rance, Cal ifornia, when it was i n  oper­
ation. Married male workers averaged 
4 children per family. The largest fami­
l ies had as many as 1 3  c h i l dren and 
the ma l e  su perv isor had 8 c h i l dre n .  
The workers had high levels of DDT i n  
their blood serum and body fat. These 
results come from a sample of 63 hu­
man males with a median of 1 5  years 
of exposure to DDT. 

An experiment on exposi ng human 
beings to h igh levels of  D DT was car­
ried out i n advertent ly  i n  Tr i ana,  A l ­
abama. The r iverbed conta ined large 
amounts of DDT remain ing from a for­
mer DDT manufacturing plant. The fish 
in the river became very high in D DT, 
up to 62 7,000 parts per b i l l ion .  Many 
of the people of Triana ate the fish, and 
the o n l y  effect d etected was an i n ­
crease in  a blood enzyme, gamma glu­
tamyl transpeptidase. The U .S.  Publ ic 
Health S erv i ce stated "the effect is  
sma l l  and probably has n o  effect o n  
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well-bei ng." 
Combatting Tropical Diseases 

Pesticides have rescued people from 
terr i b l e  d i seases i n  the tropics .  One 
such d isease is onchocerciasis, or river 
b l i ndness, caused by a parasite that is 
transmitted by the b ites of blackflies, 
the larvae of which l ive in swiftly run­
n i ng streams i n  Afr ica and tro p ica l  
America. The parasite migrates to  the 
eyes and causes bl indness. In  some vil­
lages, the adult humans are b l ind and 
are led around by chi ldren who them­
selves wi l l  later become bl ind.  An inci­
d e n t  occ urred i n  w h i c h  a d o n key 
carrying a load of DDT slipped and fel l  
while crossing a stream. As a result, the 
b l ac kf ly  l arvae were k i l l e d ,  even 
though D DT is only sl ightly soluble in  
water, and r iver b l ind ness stopped i n  
v i l lages downstream. 

Another insectic ide, Abate, is now 
used. Abate is of great value in  control­
l ing another parasite, the gui nea worm, 
which is transmitted to humans when 
they dr ink  contam i nated water from 
ponds and cisterns. It is found in I nd ia, 
Pakistan, and 1 7  African countries, and 
cripples 1 0  mi l l ion people each year. It 
is a horr ib le  parasite that grows to a 
l e n gth of severa l feet i n  the h uman 
body. Sometimes the victims try to pull  
out the worm by winding it on a twig, 
but the worm usual ly breaks. 

Natural Pesticides 
Pla nts make tox ic su bstances that 

protect them against i nsects and ani­
mals.  These toxins have been stud ied 
by Dr. Bruce Ames at the University of 
Cal ifornia, Berkeley. He concludes that 
more than 99 percent of the toxins i n  
crops that are used for human food are 

Continued on page 63 

letters 
Continued from page 6 

I admit, for me space is much more 
i nteresti n g  than fu s ion;  s i nce I was a 
ch i ld ,  long before Sputn i k, or before I 
knew anything about fusion, I dreamed 
of going to Mars. But harnessing fusion is 
even more urgent. If we had the energy 
fu s i o n  co u l d  g i ve us ,  everyt h i ng e l se 
would  be so much easier. 

I c a n not  u n d ersta n d  why so l i tt l e  
money is given to research o n  fusion. Of 
course, that so few people see the im­
portance of space is  hard to u nderstand 
too. J ust for rek ind l i ng a pioneer spirit, 
colonizing space would be worthwh i le. 
It hurts to see our youth so hopeless in  a 
time when they have so much reason to 
be enthusiastic. 

Your wi nter 1 996-1 997 issue was one 
of the most interesti ng yet. Keep up the 
good work, but do not fight al l  the envi­
ronmenta l ists. Most of them are in ter­
ested in the future and mean wel l ;  they 
are only misled in some ways by the ex­
tremists. 

Hans Petri 
Wood Dale, I I I .  

Correction 
The obituary for Victor Ambartsumian 

(Fal l ,  1 996, p. 5 1 )  stated that he was ac­
corded a state funera l .  Although a state 
funeral was i n it ial ly planned, the funeral 
was private. Ambartsumian was buried 
at Byurakan,  n ear the observatory he 
had fou nded . 
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NEWS BRIEFS 

Charles HughesJEIRNS 

Helga Zepp La Rouche speaking at a 
Schiller Institute forum on the Land­
Bridge at Riverside Charch in New York 
City. The banner reads, "We warmly 
welcome 'The Silk Road Lady. '" 

'SILK ROAD LADY,' HElGA LAROUCHE, TAKES LAN D-BRIDGE TO NEW YORK 
Helga Zepp LaRouche, the fou nder of the Sch i l ler Institute, held seminars in New 

York City on Feb. 2 7-28 to discuss the 290-page report she co-authored, titled "The 
Eurasian Land-Bridge: The 'New S i lk  Road'-Locomotive for Worldwide Economic 
Development." The Land-Bridge is a plan for rapidly industrial izing the world, based 
on Great Projects of transportation, commu nications, energy, and water infrastruc­
ture, to be situated along rail l i nes that l i nk  Eurasia from East to West, and tying in al l  
the nations in  between. LaRouche's Feb. 28 briefing to representatives from 26 na­
tions and many members of the international press, was reported on in both main­
land China and Taiwan through television and radio, and i n  major Chinese-language 
press outlets in the Un ited States. The report is publ ished in Engl ish and German by 
Executive Intelligence Review. See p. 1 2  for detai ls. 

I HARA AFFIRMS JAPAN'S COMMITMENT TO PLUTONIUM FUEL CYClE 
Japan is firmly committed to the util ization of nuclear energy based on the pluto­

nium fuel cycle, Dr. Yoshinori Ihara, vice chairman of the Atomic Energy Commis­
sion of japan, told the Washington, D.C., chapter of the American Nuclear Society 
March 20. This commitment is being maintai ned, he stated, despite the spate of me­
dia scare stories about a recent incident at the Tokaimura nuclear fuel processing fa­
c i l ity. japan is developing nuclear energy not j ust for itself, but for the world, Ihara 
said :  "Our essential concerns are to be how can we establ ish and transfer a wealthy 
and advanced society to the next generations" and "what can nuclear energy con­
tribute to these efforts." He stressed that as one of the advanced countries in the field 
of the peaceful uses of nuclear energy, "we consider it important to respond appro­
priately to the growing world's energy demands." 

PREMATURE OBITUARY FOR ITER CRAFTED BY SCIENCE MAGAZINE 
New calcu lations of plasma behavior by Wi l l iam Dorland and Michael Kotschen­

reuther ( Institute for Fusion Studies, U n iversity of Texas at Austin) were reported in 
Science magazine Dec. 6, 1 996. Accord ing to author james Glanz, their  work shows 
that ITER, the International Tokamak Experimental Reactor, "wi l l  fizzle." Although 
their recent theor iz ing on how turbu lence relates to heat loss has been at issue 
among fusion scientists for months, Science issued a press release based on Glanz's 
article, crowing that ITER wi l l  not work, and the national media then picked up the 
story. 

Dorland and Kotschenreuther attempted to derive the heat loss from turbulence di­
rectly from physics principles, whi le other models are, in part, based on actual data. 
Us ing certa in  assumptions regard ing ITER's operating cond itions, they say ITER's 
plasma will  be too large and turbulent to become hot enough for sustained fusion. 
Their tokamak performance model is one of several and is not known to be superior 
to the others. The purpose of bui ld ing ITER is to go beyond the parameters of past 
tokamak experiments, probably leading to the scrapping of most or al l  of the models. 

2,000 ECONOMISTS BUY AND SELL GLOBALONEY ON GLOBAL WARMING 
With much fanfare, 2, 000 economists issued a statement Feb. 1 3 , urg ing the 

U n ited States to take measures to slow c l imate change, by means such as carbon 
taxes and "trading of marketable emissions permits."  This wou ld not harm U.S. l ivi ng 
standards, the economists cla imed. Their policy is based on the I ntergovernmental 
Panel on Cl imate Change'S del iberately false report that "the balance of evidence 
suggests a discern ible human i nfluence on global c l imate."  The economi sts' effort 
was led by Nobel Prize winner Ken neth j .  Arrow; for more o n  Arrow, et a i . ,  see 
"Kenneth Arrow Runs Out of Ideas, But Not Words," by Lyndon H. LaRouche, 2 1st 
Century, Fall 1 995, p. 34. 
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FEMA HAS A LARGE SUPPLY OF SURPLUS GEIGER COUNTERS TO GIVE AWAY 
Steve jones,  a Utah house pai nter with an electronics hobby, has alerted 2 1 st 

Century that FEMA, the Federal Emergency Management Agency, has a large sup­
ply of Geiger counters that it plans to junk this summer. Geiger counters detect ion­
izing radiation. jones obtai ned 4,000 of them for use in the Utah schools, and has 
been working with the Health Physics Society in Salt Lake City to obta in 1 5,000 
more for del ivery to the National Science Teachers Association Convention in New 
Orleans April 3-6. The instruments were origi nal ly  for use in the event of nuclear 
war, but can be adapted to other uses. To request one or more cou nters, write to 
the Federal Emergency Management Agency, 500 C Street, S.W., Washi ngton, D.C. 
20472. 

FIRST 8-METER MIRROR IS  CAST FOR LARGE BINOCULAR TELESCOPE 
The largest monolith mirror in the world, the first of two 8.4-meter mirrors for the 

Mt. G raham telescope, was cast i n  january at the U n iversity of Arizona's Steward 
Observatory Mirror Laboratory. After load ing  20 tons of borosilicate glass blocks 
i nto the mold, the temperature was ramped up to 2,200°F and the rotating mold 
was set in motion jan. 1 8  and 1 9 . The mirror has now cooled to less than 800°F; 
the furnace can be opened in early Apri l .  Buddy Powel l ,  Associate Director of the 
Steward Observatory, told 2 1 st Century the ru le  of thumb is to expect success i n  
two out of every three casti ngs. Construction o f  the housing on Mt. Graham wi l l  re­
sume in early Apri l .  

Ohio State U n iversity and a consortium of German institutes (the Astrophysikal­
isches I n stitut in Potsdam and th ree Max Planck institutes) have reached f inal  
agreement to become partners i n  the telescope, it was an nou nced Feb.  24. The 
homepage for the Large B i nocu lar  Tel escope i nc l udes u pdates o n  the project 
(http://medusa.as.arizona.edu/lbtwww/lbt.html). 

GREENPEACE BOOK CREDITS 21ST CENTURY, LAROUCHE AGAINST GREENS 
Green Backlash by A. Rowell, publ ished by Routledge (London) and funded by 

Greenpeace, attacks both 2 1 st Century and economist Lyndon H. LaRouche, jr., for 
making life d ifficult for the greens. Rowell accuses LaRouche of "vehemently pro­
moting nuclear power and advanced technology" and havi ng a worldwide i ntel l i ­
gence operation that exchanges i nformation with many governments, making i t  a 
special danger to Greenpeace. Rowel l  identifies 2 1  st Century and its associate editor 
Roger Maduro as the key force that stopped adoption of the 1 994 biodiversity treaty. 
The book consists ch iefly of diatribes against the enemies of environmentalism, in­
cluding Dixy Lee Ray, H ugh El lsaesser, Magnus Gudmundsson, and Barry Clausen, 
all contributors to 21 st Century. 

SPACE COMMUNITY LOSES ONE OF ITS BEST HISTORIANS: MITCHELL SHARPE 
Mitch Sharpe, a talented writer, historian, and friend of 2 1  st Century, passed away 

jan. 6, at age 72. After a career in the Army, Sharpe fol lowed the rocket team cen­
tered on Wernher von B raun to the NASA Marshal l  Space F l ight Center in 1 960, 
where he worked in the publ ic affairs and history offices. In 1 976, he co-authored 
with F rederick Ordway The Rocket Team, the defi n itive work on the von B raun 
group. Throughout his more than 30-year career at Marshal l ,  he wrote books and ar­
ticles and even ghost-wrote some pieces. Through his work in the history office of 
the u .s. Space and Rocket Center in Huntsvi l le, and after retirement, he was a tire­
less adviser to many new writers in space history, and was one of the ed itors of How 
We Got to the Moon, publ ished by 2 1 st Century. Sharpe leaves a legacy of younger 
space history researchers and writers who greatly benefitted from his encouragement 
and advice. 

Steve Jones 

Eighth-graders exploring the uses of a 
Geiger counter, thanks to the efforts of 
Steve Jones. Here students are measur­
ing an air sample from the school base­
ment to check on radon. 

Mitchell Sharpe ( 1 924- 1 996) 
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H IG H -TECH D EVELOPM E NT CORRI DORS 

Motor for Eu rasian Development 
by Jonathan Ten nen baum 

The transport system of the future: the Transrapid maglev train. 

The Eurasian Land-Bridge, a 7 0, 000-
mile-long transcontinental railroad line 
linking China's east coast to the ports of 
Western Europe, and lined with new 
cities and industrial centers, is the devel­
opment policy adopted by China and 
now gaining support among the nations 
of Eurasia. 

This ambitious mega-development 
project is conceived not only as the way 
to lift the population of the Eurasian land 
mass out of poverty and into the 2 1 st 
century, but as the answer to the auster-

Notes-------------­
• The 290-page Engl ish-language report, The 

Eurasian Land-Bridge: The 'New Silk Road'­
Locomotive for Eurasian Economic Develop­
ment, is available from Executive Intelligence 
Review at $200. Write EIR News Service, P.O. 
Box 1 7390, Washington, D.C. 20041-0390. 

EDITOR'S NOTE 

ity demands of the International Mone­
tary Fund and other supranational bod­
ies, and the solution to the long-time 
colonial ploy of stirring up ethnic and 
tribal warfare in the area. (See Editorial, 
p, 2.) 

Specific projects as part of the L and­
Bridge plan are now being discussed by 
Iran, India, Turkey, Georgia, Armenia, 
Kazakhstan, Uzbekistan, and the Foreign 
Ministry of Russia, among others. 

This article is part 2 of a n  excerpt 
from the book-length report on the 
Eurasian Land-Bridge, published by Ex­
ecutive Intel l igence Review in German 
and English. * Part 1 appeared in the 
Winter 1 996- 1 997 issue of 2 1 st Century 
and covered the historical background 
and conceptual basis for the industrial 
development corridors and new cities 
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along the Land-Bridge. Part 2 deals with 
the crucial technologies for these indus­
trial corridors. 

The criteria for choosing the technolo­
gies, as discussed in Part 1 ,  include 
bringing the average per capita and per 
square kilometer parameters of infra­
structure performance in the· interior 
Eurasian regions up to-and later, be­
yond-those of Japan prior to the pre­
sent economic crisis. In addition, the 
technologies must provide the highest 
density of performance per unit of land 
area, per employed worker, and per unit 
of other resources consumed by the in­
frastructural system. 

Jonathan Tennenbaum heads the Fu­
sion Energy Foundation in Europe and 
has worked closely with the Schiller In­
stitute on the Land-Bridge project. 
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RAIL AND MAGLEV TRANSPORT 
. Obviously, any efficient modern trans­
port system for Eurasia, must combine al l  
major modes of transport: water, h igh­
way, railway, and air, with an emphasis 
on contai ner ized freight.  There exist, 
however, strong reasons that ra i l road 
transport (grad u a l l y  suppl emented by 
magnetic levitation systems) must play 
the central ro le  i n  development of the 
Eurasian i nfrastructu re corridors. These 
reasons are con nected with the fol low­
ing observations :  

( 1 )  For freight transport between fixed 
poi nts, rai l  transport on the average re­
quires much less energy and less labor, 
per ton-kilometer and value-ton-ki lome­
ter transported, than transport by truck, 
while providing equal or h igher speeds. 

(2) The land area used by a rai l road 
line is  much smal ler than that occupied 
by h ighways with a comparable trans­
port capacity. 

Key: 
-- -- The first continental bridge 

--- The second continental bridge 
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(3) Although transport by ship is even 
more efficient (from the standpoint of en­
ergy and labor) than either rai l  or h igh­
way, the construction of waterways for 
transport in the vast h interlands of Eura­
sia, is very much restricted by geograph­
ical and other constraints. Furthermore, 
with present-day technologies, shipping 
times are often too long for passengers 
and certain h igh-value goods. 

(4)  Ra i l road transport is genera l l y  
m u c h  l e ss affected b y  c l i mate a n d  
weather, than transport by road o r  ship. 
This is crucial for many areas in  the hin­
terlands of Eurasia which have extremes 
of cl imate. 

(5) Modern improvements of rai l  tech­
nology have greatly increased the speeds 
which can be used in rai l  transport, to 
more than 300 km per hour for passen­
gers (French TGV) and to 1 50 km per 
hour or more for new high-speed freight 
l i nes .  At the same t ime, advances i n  

_ "'�:I« Kiroy) ---.... " 

computer control and signa l l i ng technol­
ogy can multiply the daily transport ca­
pacit ies of any g iven l i ne,  by several 
times in  the future. 

(6) The advantages of ra i l road trans­
port are part icu l a r ly s ign i ficant in the 
case of a corridor geometry of develop­
ment; that is, where the population and 
economic activity are h i g h l y  concen­
trated along, or not far from, major axes 
of transport. Any poi nt with in  a typical 
1 00-km-wide development corridor can 
easi ly be reached, either d i rectly by rai l­
road s ide l i nes, or by the combination of 
long-hau l  rai l  and short-hau l  trucki ng, 
particu larly when realized in the form of 
conta i ner freight ass isted by computer­
ized intermodal transfer systems. 
Breakthroughs in Intermodal Transport 

The mai n  techn ical bottleneck stand­
ing in the way of real izing u ltra-efficient, 
contai nerized high-speed transport sys­
tems that comb i n e ra i l road, h ighway, 

' ... ( Ryazan ) 
, 

--'.... �*WfR: R:!il:Jt!i��mJt!i1l (Krasnoyarsk) !il:( Snmara ) ',(Omsk) 
.... -... -... ",---..... --.. :Jii!!iie�� 

(Novo Sibirsk) 3!Jl'1t!":'i!i'. 

1i1lJl[ ( New o.lhi )· 

Sketch Map of Euro - Asian Continental Bridges )  

THE MAIN CONNECTIONS OF THE EURASIAN CONTINENTAL BRIDGE 
The Land Bridge or Continental Bridge refers to the 1 O,OOO-km-long transcontinental railroad line, which runs from China 's East­
ern harbor city of L ianyungang, to the Europort at Rotterdam. Part 1 of this special report reviewed China 's diplomatic initiative 
to make the Land Bridge an axis of economic development for the entire Eurasian land mass. 
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Figure 1 
SEGMENT OF A DEVELOPMENT CORRIDOR 

A schematic view of a typical development corridor. 

Autobahn: 1 , 1 72 m2 per person (37.5 m wide 
by 300 km long, for 2 x 2,400 vehicles per hour 
in both directions, with 2 occupants on average) 

Munich " Airport: 1 ,020 m2 per 
person (1 3.87 km2, 34 flights/hour with 
200 passengers on average from 2 

runways for arrival and departure) 

ICE Conventional High-speed 

Train: 469 m2 per person (1 2.2 

m wide by 300 km long for 2x6 

trains with 650 passengers on 
average in both directions) 

Transrapid: 355 m2 
per person (1 1 .8 m 
wide by 300 km long 
for 2x6 trains with 830 
passengers on aver-
age in both directions) 

Figure 2 
SURFACE AREA USED BY VARIOUS TRANSPORT MODES 

and water transport, arises at the points 
of transfer of freight from one transport 
mode to the other. At present, the overal l  
effi c ie n c y  o f  m u l t imode (comb i n ed)  
transport i s  sti l l  much constrai ned by d if­
ficu lties of logist ical coord i n ati on, to­
gether with  l ac k  of deve l o pment of 
rapid, automated techn iques for loading, 
un loading, and warehousing the various 

types and sizes of containers-leading to 
cost l y  losses of t ime.  G i ven the pro­
jected, dramatic increase in global de­
mand for mult imode transport i n  the 
coming period, considerable efforts have 
been i nvested in recent years, to over­
come the ment io n ed bott l e necks .  
Already, a number of  alternative engi­
n eer i n g  d e s i g n s  for fu l l y  au tomated 
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freight transfer stat ions ("combi-termi­
nals") exist on the drawing boards and in  
computer s imulations, and fu l l -fledged 
pi lot-project faci l ities are u nder develop­
ment. In France, a first-generation rapid 
transfer system is already in operation, 
the so-ca l l e d  C ommutor fac i l i ty i n  
Trappes, near Paris. 

Typical of the state-of-the-art for exist­
i ng, conventional systems is the use of 
portal-cranes which run along 700-me­
ter- Iong tracks, para l le l  with the tra in  
trac ks .  To u n l oad a typical conta i ner 
train  (600 m long, and carrying 40 con­
tai ners), such a crane requ ires at least 70 
minutes. With the first new generation of 
au tomated,  r a p i d -transfer systems, it 
would take 1 5  minutes or less. 

An example of such a system is the 
Kru p p  Fast  F r e i g h t  Tran sfer Fac i l ity 
(KSU), developed by the famous German 
company Kru p p .  The KSU consists of 
four  basi c  e lements: ( 1 )  Separate, auto­
matic load ing and u n loading machines 
for the rai l  cars and for the trucks; (2) A 
mod u l ar storage system, located be­
tween the rai l  yard and the road termi­
n a l ,  for sort i ng-out a n d  temporary 
storage of containers; (3) An intermed i­
ate tra n sporter system, w h i c h  moves 
contai ners between the load i ng and un­
load ing points and the storage area; (4) A 
h ierarchical ly organ ized computeT-con-
trol system. 

. 

In the Krupp system, the tra ins  move 
contin uously, at wal ki n g  pace, through 
the loading/u nload ing area. The contain­
ers and their desti nations are identified 
e lectro n i c a l l y .  Moving synchronously 
with the train, the mobi le unloading ma­
chine grasps each container individual ly, 
and places it on the intermed iate trans­
porter system. Depend ing on orders from 
the central processor, the i ntermedi ate 
transporter either brings the conta iners 
directly to the truck loading positions, or 
places them in the storage system. 

The KSU system is already in the com­
ponent-testing stage. 

Another promising concept has been 
developed by the Thyssen company.  
T h e  Thyssen system i s  based o n  an 
overhead monorail transporter for heavy 
loads, which is manufactured by that 
company and already used for transport 
of materials on construction sites. In the 
Thyssen concept, the conta i n ers are 
grasped and l ifted from above by auto­
matic carr ier veh i c les suspended from 
monora i l s  ru n n i ng d irectl y  above the 
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tra i n  tracks.  The monora i l  system can ·transport the contai ners either to a stor­
age area, or d irectly to the truck load i ng 
area, where the contai ners are lowered 
from above onto waiting trucks (or vice­
versa from truck to rai l  car). The use of 
monora i l  transport gives the system a 
considerable degree of flex ib i l ity, per­
mitting the truck-loading area, the stor­
age areas and the rai l road termina l  to 
be separated from each other at a n y  
convenient d i stance. 

Later versions of these sorts of systems 
wi l l  doubtless make use of magnetic lev­
itat ion tec h n o l og i es (see b e l ow) for 
highly flexible, virtual ly frictionless han­
d l ing of containers. 

Automatic transfer systems, of the sort 
described here, wi l l  be absol utely neces­
sary to h a n d l e  the enormo u s  fre i g h t  
flows on t h e  mai n  l ines o f  t h e  Eurasian 
infrastructure corridors. Conversely, the 
high dens ity of traffic in the E u ras ian 
corridors prov ides the most favorab l e  
cond it ions for economic u s e  of s u c h  
·highly capital-intensive systems. 

The Maglev Revolution 
Although the present Eurasian land­

bridges are based 6n c lassical rai lroad 
· technology, the revol ut ionary technol­
ogy of magneti c a l l y  l ev i tated gro u n d  ·transport is desti ned t o  play a decisive 
tole in the future d evelopment of the 
Eurasian infrastructure corridors. 

In fact, the maglev revol ution has al­
ready begun, with the creation of first 
fu l ly operat iona l  magnetic lev i tat ion 
transport system, t h e  G e rm a n  Tra n ­
srap i d .  T h e  Tra nsra p i d ,  w h i c h  is  d e ­
s i g n ed for passen ger tra n s p ort a t  
maximum speeds of 450 to 500 k m  per 
hour, wi l l  begi n  commercial  operation 
between Hamburg and Berl i n  in 2005 . 
Interest is bui lding up on many sides, to 
extend the Hamburg-Ber l in  l i ne i n  vari­
ous d irections, into a European network. 
Japan is only slightly beh ind Germany in 
developing a somewhat different type of 
system for h igh-speed passenger trans­
port, and numerous other countries, in­
cluding China, are actively working on 
maglev technology. 

The key feature of magnetic levitation 
systems is that they e l imi nate the me­
chanical contact between veh ic le  and 
track, replacing the classical relationship 
between wheel and track/roadway by a 
magnetic (or e l ectromagnetic) interac­
tion, operati ng at a d i stance.  Thereby, 
the major source of vi bration, friction, 
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a n d  wear o n  the veh i c l e  a n d  track,  
wh ich  affects a l l  trad it ional  modes of 
ra i l road and road transport, i s  e l imi ­
nated . At  the  same time, magneti cal l y  
levitated transport systems permit revo­
l u tionary new methods of l ocomotion 
and control of moving vehicles. U n l ike 
the frictional traction used by wheel and 
track systems, the magnetic/electromag­
netic interactions in maglev systems can 
be regulated at wi l l  by electric cu rrents 
suppl ied to l i near motors and position­
i ng devices wh ich control the enti re 
movement of the mag n et i c a l l y  sus­
pended veh ic le .  These character istics 
h ave a n u mber of d e c i s i ve c o n se­
quences for the future of ground trans­
port, i nclud ing the fol lowing : 

F irst, magnetical ly levitated trains are 
capable of rout ine operation at much 
h i gher speeds than are tec h n i cal l y  or 
economical ly  feasible for classical wheel 
and rai l or road transport systems. Ger­
many's commercial maglev system, the 
Tra nsra p i d ,  can o perate ro u t i n e l y  at 
speeds  of 4 5 0  to 5 0 0  km per hour ,  
thereby compari ng favorab l y, even i n  
poi nt-to-point transport times, with pas­
senger air l ine transport for d istances up 
to 1 ,500 km (this includes the advantage 
of be ing able to run d i rect ly  between 
city centers, without need for a irport 
transfer). There is no essential obstacle  
to much h igher max imum speeds, ex­
cept the i ncrease in aerodynamic resis­
tance, and concern for the comfort of 
passengers when moving over curves 
and incl ines. In the future, magnetical ly 
levitated vehicles, operating i n  u nder-

gro u n d ,  evacu ated t u n n els  cou l d  tra­
verse l o n g  d i sta n ces at  supersonic 
speeds. Transcontinental systems of the 
latter type are already being studied. 

Second, magnetic levitation trains are 
capable of much h igher rates of accel­
eration and deceleration, than are feasi­
ble in c lassical wheel and rai l  systems. 
For example:  In routine operation, Tran­
srapid takes on ly  1 min ute and a track 
length of only 3 km to reach a speed of 
300 km per hour.  In comparison, con­
ventional h igh-speed trains such as the 
French TGV and German ICE, req u ire 
several minutes and 30 km of track to 
reach the same speed . This h igh accel­
erat i o n  capac ity mea n s  that  maglev 
tra i n s c a n  m a k e  r e l at i v e l y  freq u e n t  
stops, without losing the advantages of 
h igh  speed . This  makes them particu­
larly suited for operation i n  dense corri­
d ors,  where major c i t i es may o c c u r  
every 1 00 k m  o r  less. 

Th ird, magnetic levitation trai ns can 
operate with much steeper i nc l i nes and 
tighter curves for any given speed, than 
conventional trai ns. This gives magnetic 
levitation systems an intrinsic advantage 
in h i l ly or mountainous terrain .  

Fourth, magnetic levitat ion technol­
ogy is  idea l l y  su ited to the creatio n  of  
fu l l y  a u tomated,  c o n veyor- b e l t- l i ke 
tra nsport systems with extremely h igh 
performance-densities. I n  th is  case, the 
speeds wou l d  be moderate (probably  
less  than 2 0 0  km per h o u r ) ,  but  t h e  
amount o f  freight that cou l d  b e  carried 
by a s ing le  l i n e, wou l d  be an order of 
magn itude or more larger than present 

MVP 

Figure 3 
DESIGN OF THE TRANSRAPID MAGLEV TRAIN 
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rai l raads. I n  a hypathet ical  system af 
th is type, the i nd ividual vehicles, which 
m ight take the farm af pal lets carrying 
cantainerized freight, wauld travel alang 
the track with min imal spacing between 
them; the entire flaw af vehicles wauld 
be cantral led through the track, which 
canta ins  the essential  pawer and laca­
matian systems. At nadal pai nts af the 
transpart netwark, these vehicles wau ld 
be sarted aut according to. their destina­
t ian,  by camputer-cantra l l ed e l ectra­
magnetic switches. 

Althaugh a m ag netic l evitatian sys­
tem af this sort has nat yet been bui lt, 
the bas i c  tec h n a l ag i es req u ired- i n ­
c l u d i n g  t h e  autamatic management af 
streams af veh icles transparted by a l i n­
ear matar-have already been deman­
strated. An example is the technalagy 
far the prajected tu n n e l  thraugh the 
Alps in Austria, where cars and trucks 
wauld be carried by an autamatic can­
veyar system an special platfarms pro­
pelled by a l i near matar. 

Maglev for the land Bridge 
The cam man abjectian to. a braad use 

af magnetic levitatian systems an a can­
t i nent-w ide scale,  is that they are a l ­
l eged ly  tao. expens ive .  I t  i s  t rue that 
maglev systems (at least af the type af 
the German Transrapid) are mare capital 
intensive than traditianal rai l roads. That 
increased capital cast, hawever, can be 
m are t h a n  campen sated fa r by t h e  
h igher perfarmance-density a f  maglev 
systems, provided that the capabi l ities af 
these systems are explaited by i ntensive 
use.  B u t  that is exact ly the s ituat ian 
which is created by the cancentratian af 
papu lat ian a n d  eca n a m i c  acti v ity i n  
dense infrastructure carridars. In  fact, the 
emergence af the Eurasian infrastructure 
carr idars provides the mast favarab l e  
cantext far t h e  large-scale i ntroductian 
af magnetic levitatian systems. 

Taking i nto. accaunt the present state 
af maglev develapment, as wel l  as the 
patentials summarized i n  the faur pai nts 
abave, the evalutian af these systems in  
the Eurasian carridars might be canserv­
atively projected as fal laws: 

Ove� the next five to. ten years, h igh­
speed maglev l ines far mainly passenger 
transpart shauld be bu i l t  up i n  the re­
gians af mast develaped partians af the 
E u ras ian  carr id ars . Th is  i n c l udes the 
main carridars af  the Productive Trian­
gle in Europe (Vienna-Paris-Ber l in), and 
same key carridars in the Pacific regian, 

parti c u l ar l y  in japan,  Karea, eastern 
China (far example, Beij i ng-Shanghai­
Hangkang) and passibly Indanesia. The 
majar eca n a m i c  be l ts af the U n i ted 
States, af  caurse, wi I I  be anather key 
area far in itial maglev develapment. I n  
these areas, high-speed maglev systems 
wi I I  be . able to. take aver an i ncreasi ng 
partian af shart- and med ium-range pas­
senger a i r  traff ic,  w h i c h  h as a l ready 
reached a saturatian level i n  a nu mber 
af cases, and is intrinsically mare costly. 

At the same t i me, the canstruct ian 
and madernizatian ( including mu ltiple­
track ing)  af rai l road l i nes s h a u l d  be 
campleted throughaut the Eurasian cor­
ridars, accord ing to. Western European 
standards. 

As the density af papulatian and eco­
namic activity in the trans-Eurasian cor­
r i d ars i n creases,  the m a g l ev l i n e s  
shau ld b e  progressively extended, unti l  
they fi nal ly meet up to. farm a Eurasian 
maglev netwark suitable for high-speed 
passenger transpart as wel l  as transpart 
af h igh-value freight ( including past) af 
the sart narmal l y  sent by a i r .  An i n ­
creasing partian af passenger traffic wi l l  
be tran sferred to. these maglev l i nes,  
whi le the use af canventianal rai l raads 
becames mare and mare exc l us ive ly  
cancentrated an canta i nerized freight 
tra n s part. At the same t i m e ,  m a g l ev 
canveyar-belt  systems shau Id be i n­
stal led i n  the regians af  heaviest freight 
transpart flaws (2005-201 5).  

In the final phase (201 5 -2030),  ma­
glev canveyar belt systems are extended 
to. the entire corridar netwark, as well as 
in many branches. By this t ime, a par­
t ian af the transcanti nental a i r  traffic 
may be taken aver by maglev trains run­
n i ng in  evacuated tun nels at supersanic 
speeds. Canventianal rai l  wi l l  probably 
sti l l  be used far lawer-value gaads and 
far same passenger and freight traffic to. 
areas sti l l  nat cavered by the growing ar­
ray af i nfrastructure carridars. 

The tatal i nvestment cast to. b u i l d  a 
maglev system af the Transrapid type 
with i n  the main Euras ian develapment 
carr idars (tata l  length 60,000 km to. 
1 00,000 km), wi l l  be an the arder af $ 1  
tri l l  ian. At first glance, that might appear 
a very large figure, but it carrespands to. 
a tatal expenditure anly abaut $220 per 
c a p ita af t h e  E u ras i a n  papu l a t i a n ,  
spread a u t  aver a peri ad a f  1 0  t o.  1 5  
years. That wauld mean spending abaut 
1 percent af the G N P  af the E u ras ian 
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natians each year, during 1 0  years, far 
the canstructia n  af a transcanti nental 
maglev n etwa rk.  Far such a (ma i n ly)  
passenger netwark, it is nat necessary to. 
decide a n  a s i ng le  maglev technalagy; 
an the cantrary, d i fferent systems cauld 
be used a n  the variaus majar l i nes, in  
s u c h  a way t h a t  the i n vestment in  a 
Eurasian maglev netwark wauld greatly 
st i m u l ate the d eve lapment af maglev 
and related technalagies. 

The same kind af electronica l ly  can­
tra i led magnetic l evitatian system ,  as 
used i n  the Tran srap id,  has i m parta nt 
appl icatians in ather damains af tech­
nalagy, tao.. Far example, magnetic levi­
tat ian systems are being develaped as 
prec is ia n  p l atfarms to. hald the wark­
pieces in machine taals. Anather use is 
in electronically controlled magnetic 
bearings, which are finding increasingly 
wide use in turbi nes and ather ratating 
machinery. 

WATER TRANSPORT 
At present, a very large propartian af 

i n ternatia n a l  trade is carried by s h i p .  
W i t h  t h e  develapment a f  t h e  Eurasian 
land-bridges, hawever, transpart by rai l­
raad wil l  became a stro.ng competitar to. 
the sea rautes between Eurape, sauthern 
Asia, and eastern Asia. Already, transit 
t i mes far ra i l  between Ratterdam and 
Vladivastak are less than half that far the 
sea raute; with angaing impravements in 
the lagistical arganizatian af transcanti­
nental rai l ,  this t ime advantage wi l l  in­
crease much mare. With the progress af 
magnet ic  l ev i tat i o n  systems, gra u n d  
transpart wi l l  gai n  an even larger advan­
tage in speed, campet ing even with air 
freight far certai n  h igh-value gaads. The 
ecanamic develapment af Eurasia's hin­
terlands, which are mastly access ib le  
anly aver land, is  anather factar which 
wil l  tend to. strengthen the relative weight 
af rai l transpart i n  i nternat ianal  trade. 
The camplet ian af l a n d  can nect ians 
from the Eurasian mainland to. japan, and 
even aver the Bering Strait from Asia to. 
N arth America, wau l d  apen up enar­
maus pass ib i l ities to. al l-rail transpart be­
tween japan, Eurape, and America. 

Daes a l l  th is mean that transpart by 
sea is baund to. become marginalized in 
the future? By no. means! 

F i rst, i t  shau l d  be nated that water 
transpart remains  by far the mast effi­
cient means af transpart far bu lk  gaods 
and ather gaads, far which time-af-de-
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l ivery is not a cr it ical  factor. H and i n  
hand with the l arge-scale development 
and industria l i zation of formerly back­
ward areas of Asia, Africa, and South 
America, the worldwide traffic in ores 
and other raw materials, semi-fi n i shed 
products, fu e l s, fert i J' izers, and other 
chemicals,  cereals, heavy mac h i nery, 
and so forth, w i l l  expand many times, 
compared with present levels. I n  fact, it 
is exactly  the development of rai l  trans­
port in the  i n ter ior of Euras ia ,  w h i c h  
wi l l  lead to t h e  fastest growth i n  t h e  de­
mand for water transport ! The expan­
sion of harbor faci l ities and, above a l l ,  
major improvements i n  inland water­
ways, inc luding large-scale construction 
of new inland shipping canals, is one of 
the most urgent tasks in Euras ian and 
world development. The great naviga­
ble rivers and canals of Eurasia wi l l  re­
tai n  and expand the ir  h i stor ica l  role ,  
together with  the new land-bridges, as 
the primary infrastructure development 
corridors for Eurasia.  

Second,  tec h n o l o g i c a l  advan ces­
i n c l u d i n g  some w h i c h  can be termed 
revolutionary-open entirely new possi­
b i l ities for water-borne transport, trans­
fo rm i n g  once aga i n  t h e  re lat ion s h i p  
between land, water, and air.  We shal l 
l im i t  o u rse lves  h e re to a few b r i e f  
examples. 

High-speed Catamarans 
Pote n t i a l l y  revo l u t i o n ary break­

throughs  h ave been made,  in  recent 
years, in  the development of large high­
speed, gas turbine-powered catamarans 
w h i c h  can tra n s port passengers a n d  
cargo routi nely at twice the speed o f  the 
most modern ,  c o n v e nt i o n a l l y  b u i l t  
ferry-boats. 

T h e  H S S - 1 500,  b u i l t by t h e  Ste n a  
Company o f  Sweden, carries 1 00 cars 
and 50 large trucks, together with up to 
1 ,500 passengers, at speeds of up to 40 
knots-about 74 km per hour (Figure 5) !  
I n stead of conventional propel lers, the 
HSS- 1 5 00 uses fou r  h i gh-speed water 
jets, whose outlets can be swivelled over 
a wide angle. The water jets are powered 
by four compact gas turbines, somewhat 
simi lar to the turbines of jumbo aircraft, 
which provide a total of u p  to 1 00,000 
horsepower (73 megawatts). 

The entire power and propulsion sys­
tem is n early vi brat ion less .  The com­
m a n d  br i d ge,  man ned o n l y  by the  
capta in ,  navigator, and chief engi neer, 
and fi l led with the most advanced instru­
mentation ever used in civi l ian ships, re­
sembles the cockpit of an a ir l i ner. The 
s h i p  is prov ided with advan ced fire­
protection and evacuation systems. The 
design of the sh ip is based on the dou­
ble-hu l l  catamaran principle, emphasiz-

Figure 4 
HIGH-SPEED CATAMARAN 

ing l ight-weight aluminum construction. 
The enormous width of 40 meters, and 
the d istr ibution of weight over the two 
catamaran hu l ls, make the ship extraor­
d i nar i l y  stab l e  a n d  safe .  H i g h -speed 
catamarans of this type are go i n g  i nto 
service soon i n  the waters of northern 
Europe, and wi l l  probably find wide ap­
pl ication in other areas of the world.  

MHD Propulsion Systems 
A fu rther revo l ut ion,  a lready on the 

h o r i z o n ,  is mag n eto h ydrod y n am i c  
( M H D) pro p u l s i o n  systems for h ig h ­
speed sh ips. This system has no mechan­
i c a l  mov i n g  parts at a l l ;  i n stead of a 
propel ler or turbine pump, it uses elec­
tromagnetic forces to d i rectly accelerate 
water i nto a jet, exploiting the fact that 
seawater is an electrical conductor. The 
M H D  propu ls ion system employs a set 
of e l ectrodes to send e lectr ic  c u rrent 
through water which is  passing through 
a cyli ndrical chamber; this current i nterc 
acts with a powerfu l magnetic field cre­
ated by a set of magnets surrounding the 
chamber, thereby exerti ng a force which 
propels the water down the tube. 

Although M H D  sh ip  propu ls ion was 
patented, as a concept, by the American 
W.A. R ice in 1 961 , its use first became 
feasible with the development of h igh-in­
tensity superconducting magnets. Origi­
na l ly, mi l itary appl ications provided a 

The new high-speed catamaran of the Stena Line. 

Source: Stena Line 
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Figure 5 
SCHEMATIC OF AN MHD SHIP 

Cross section 

Yamata 1, the japanese MHO ship, is 30 meters long, weighs 280 tons, and requires a crew of 1 0. The prototype is de­
signed for a speed of 8 knots. Later, MHO-driven vessels will travel at 200 km/hr. 

strong impetus to development of MHO 
propulsion, because i t  offered a possibil­
ity of red ucing the noise generated by 
submarines in motion.  In 1 9 85,  how­
ever, the Ship and Ocean Foundation in 
Japan set up a project to develop MHO 
systems fo r commer c i a l  s h i p p i n g .  A 
small experimental vehicle, the Yamoto-
1 ,  has al ready operated successfu lIy (Fig­
u re 5 ) .  I n  pr inc i p l e, M H O  provides a 
means for overcoming the strict l imita­
tions imposed by turbulence and cavita­
tion in al l  marine propulsion systems that 
are based on the mechanical action of 
propel lers or turbines. Large, MH O-pro­
pelled ships may one day be able to op­
erate at speeds of 5 0 - 1 0 0  k n ots-o r 
95-1 90 km per hour! 

Russian Ekranoplane 
Still another potential  revol ution i n  

the  s p e e d  of s e a  tra n sport has  b e e n  
opened up by Russia's development of 
the ekranopl ane (F igu re 6) .  A military 
prototype version of this remarkable ve­
h icle became famous among Western 
observers of Soviet military technology, 
as the "Casp ian  Sea monster ."  I n  the 
1 980s, Western military satell ites pho­
tographed what appeared to be a gigan­
t i c  a i rp l a n e ,  operat i n g  at very low 
altitudes over the Caspian Sea. In reality, 
the ekra n o p l a n e  is a wi n ged veh i c l e  

Figure 6 
RUSSIA'S EKRANOPLANE DESIGN 

This Russian design of an amphibious very-low-altitude air vehicle is its cargo 
version, Wig GAA V-30e, using the ground-effect principle of the ekra­
naplane. 

Source: Amphicon Ltd. 

which exploits the "ground effect"-the 
aerodynamic i nteraction which occurs 
when fl y i ng very c l ose to a water or 
grou nd su rface-to i ncrease its l ift. I n  

th i s  way, ekranoplanes h ave a much 
lower fuel consumption to carry heavy 
cargo, than ord i nary transport a ircraft. 
W h i l e  its speeds are somewhat lower 
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Schiller Institute 

The author (third from left) visiting the Chinese research center that is testing technologies for the high-temperature reactor now 
under construction. 

than ord i nary a i r  transport-typica l l y  
300 km per hour-the ekranoplane i s  
sti l i  much faster than sh ips. When devel­
oped for commerc ia l  use, it cou l d  be­
come an important means of transport, 
both on the ocea n s  a n d  seas, a n d  i n  
some sparsely i nhabited, remote land re­
gions. At present, this technology is also 
being developed in Germany. 

Nuclear Shipping 
Besides the i ncrease i n  speed and effi­

ciency of propu lsion, another important 
factor in the future of sea transport wi l l  
be  the  use of  nuclear energy. Although 
sma l l  nuc lear reactors have been em­
ployed as power sources in hundreds of 
nuclear submarines, aircraft carriers, and 
other mi l itary sh ips-as wel l  as the fa­
mous nuclear ice-breakers developed in 
the Sov iet U n ion-u nti l  n ow only the 
fi rst steps have been made to open up 
the era of  nuclear-powered commercial 
shipping.  The techn ical and economic 
feas i b i l i ty of n u c l ear-powered fre i ght 
vessel s  was fu l l y  demonstrated, in sev­
eral years of successful commercial op­
eration, by the German-bu i lt Otto Hahn, 
as well as experience with the American 
Savannah. The crucial advantage, which 
bec'omes economical ly qu ite sign ificant 
for larger ships, is the extremely low fuel 
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consumption, permitting a nuclear-pow­
ered ship to operate for a year or more 
without refueling. The Otto Hahn sailed 
600,000 n a u t i c a l  m i les or about 2 0  
times aro u n d  the Earth,  consumi n g  a 
mere 55 ki lograms' of enriched uranium 
fuel !  O n l y  the ma n i pu lated ,  i rrat ional  
opposition to nuc lear energy, and the 
post- 1 970s depression in the shipbu i ld­
i ng sector, has  so far p revented the 
l a rge-s c a l e  i n tro d u c t i o n  of n u c l ea r  
power i n  commercial shipping. 

THE ENERGY-INTENSIVE ECONOMY 
Contrary to the delusional fantasy of a 

"post- industrial information society," the 
world economy of the future wi l l  be far 
more energy-intensive than at any earl ier 
period. (See Figure 7.) In order merely to 
s u rv ive, cou ntries such as C h i na wi l l  
h ave to rap i d l y  raise the level  of per 
capita energy consumption by an order 
of magnitude, and then beyond that, i n  
the early decades of next century. A s  the 
d em a n d  fo r h i g h - q u a l ity meta l s  a n d  
other  new a n d  old materia l s  i ncreases 
sharply,  the economic explo itation of 
mineral  resources in S iberia and other 
areas of Eurasia, wi l l  require the use of 
extremely energy intensive technologies, 
such as plasma processing. At the same 
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Figure 7 
G ROWTH OF ENERGY 

FLUX DENSITY 
The energy flux density of power­
generating technologies has 
grown historica lly in successive 
jumps of one to two orders of 
magnitude. 

time, providing water for the large-scale 
development of desert reg ions  of the 
Near and Middle East, Central Asia, and 
Chi na, wi l l  requ i re enormous amounts 
of energy for pump i n g, reprocess i n g, 
and desal ination of water. Furthermore, 
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once the process of true scientific and 
technological revolutions is  resumed on 
a wor ld  scale,  n ew types of phys ical  
processes wi l l  be d iscovered, including 
on the subnuclear scale, whose techno­
logical  mastery w i l l  i nc rease the per 
capita energy consumption by further or­
ders of magnitude. 

For the immediate future, the key to 
effic ient development of the Euras ian 
infrastructure corridors is ,  above a l l ,  to 
provide large amounts of cheap elec­
tricity. E lectr ic ity represents today the 
h ighest technological quality of energy 
which we can prod uce and d i str i bute 
on a large scale .  (Some time in the fu­
ture, we expect, more concentrated, co­
herent forms of energy w i l l  emerge to 
play the lead ing role, i n  pl ace of pre­
sent-day electricity. Perhaps the trans­
mission of h igh-density electric current 
in superconductors constitutes an inter­
mediate step.) 

In  addition to electricity, of course, we 
req u i re l arge amo u n ts of i n d u str i a l  
process heat, heat for bui ld i ngs, and fu­
els for i nternal combustion engines and 
other appl ications. 

Nuclear Technologies 
Although Euras i a  has enormous re­

serves of fossi l fuels, the decisive role i n  
the energy economy must b e  played by 
the techno logy which h as the highest 
energy-flux-density, namely nuclear fis­
sion, and later, nuclear fusion.  Nuclear 
fission fuel is more than 50,000 t imes 
more concentrated than fossi l  fuels, i n  
energy output per u n it  mass, a n d  the 
power density of nuclear reactors is an 
order of magn itude h igher, than in the 
combustion chamber of a typical fossi l  
fuel plant. These and other properties of 
n u c l ear f i ss ion  mean a q u a l itat ive ly  
higher "performance density" of  nuclear 
energy, as a system, compared to a l l  
avai lable "alternatives." 

T h i s  does not  mean that chemica l  
combustion processes wi l l  be  el iminated 
from energy prod uction, but on ly  that 
the potentials of nuclear energy wi l l  de­
termi ne the ro le to be pl ayed by other 
tech nologies .  This i ncludes such thi ngs 
as the future appl ication of nuclear reac­
tors for the extraction and processing of 
hydrocarbon raw mater ia ls  i nto h i gh­
grade fuels and chemical products. 

Seen from any rational standpoint, the 
end less debate about "whether or not 
nuclear energy is safe," is total ly absurd. 
L ike every other physical process, nu-

clear energy in  itself is  neither safe nor 
unsafe; �veryth ing depends upon how it 
is used. So, the on ly  rational i ssue for 
Eurasian development, is to determi ne 
which nuclear technologies are the most 
suitable for the problems which must be 
solved. That incl udes, naturally, the pro­
vision of safety features which makes a 
serious accident, having consequences 
outside the reactor bu i ld ing itself, virtu­
al ly impossible. 

I n  fact, the use of nuclear energy is 
certai n  to expand extremely rapi d ly i n  
Asia duri ng the coming decades. Japan 
and South Korea, of course, a l ready 
have l arge nuc lear en ergy programs. 
The case of North Korea is  wel l  known. 
Ch ina is carefu l l y  bu i ld ing  up its base 
fo r b u i l d i n g a n d  operat i n g  n u c l e ar 
plants, with construction of four large 
u n its to beg i n  in the near future. Re­
cently, V ietnam announced that i t  i s  
making plans for a first nuclear power 
station, to be bui lt  in the midd le coastal 
reg ion of the cou ntry. I ndonesia a l so 
appears to have decided to go nuclear 
i n  the comi ng yea rs. I n  western Asia, 
Iran is  completi ng the nuc lear p lants, 
begun by Siemens, on the Persian Gu lf, 
and has also ordered two nuclear plants 
to be bui lt  by Russia in the north of the 
country. Turkey has called for construc­
tion bids on its. fi rst nuclear plant, and 
plans to bui ld at least eight plants in  the 
future. I n d i a  w i l l  a lmost certa i n l y  be 
forced, by its own growth rate, to accel­
erate its nuclear power program, which 
incl udes the ful l  capabi l ity to manufac­
ture its own plants. 

LWR and High Temperature Reactors 
Of the forms of nuclear fission reac­

tors presently available, there are essen­
t i a l l y  two w h i c h  are i mmed i a te l y  
suitable for use i n  the Eurasian develop­
ment corridors. 

One is the l a rge u n i t- s ize  ( 1 , 000 
megawatts and more) l ight water reactor 
(LWR) technology used i n  many ind us­
tr i a l  nat ions .  I n  France, for examp le,  
whose nuclear program has been partic­
u larly strong and successfu l ,  more than 
80 percent of the national electricity con­
sumption is now provided by such reac­
tors. These reactors exploit economies of 
scale to generate large quantities of elec­
tricity at low cost, but are not su ited for 
other appl ications, such as production of 
i ndustrial process heat. Another l imita­
tion is  the lack of flex ib i l ity i nherent i n  
the very large un it size. 
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The other major option is  the hel ium­
cooled h igh-temperature reactor (HTR), 
developed by R. Schu lten and his col­
laborators in  Germany, as wel l  as, i n  a 
sl ightly d ifferent form, i n  Japan and the 
U n ited States. HTRs operate at a much 
h igher temperature than the LWR reac­
tors-up to 9500 Celsius-which means 
a higher efficiency in electricity produc­
t ion,  as we l l  as the abi  I ity to provide 
process heat for a vari ety of i ndustrial 
processes, and low-temperature heat for 
the heat i ng of b u i l d i ngs, desa l i nation, 
and other appl ications. If desired, elec­
tr i c ity pro d u c t i o n ,  h i gh-temperature 
process heat, and low-temperature heat 
applications can be combined in a s in­
gle, multipurpose un it. 

With the projected development of a 
hel ium turbine, operating directly in the 
primary coolant loop of an HTR reactor, 
the effic ie ncy of electric ity generation 
wi l l  be raised even further, el imi nating 
the cost l y  steam ge nerators in LWR 
power plants. Such turbines wi l l  be  ex­
tremely compact, having a much h igher 
power d e ns ity than trad i t iona l  steam 
turbines. 

The HTR techno logy i s  parti c u l arly 
wel l su ited to the construction of stan­
dardized modular reactors with powers 
rang i ng from 50 to 2 5 0  MW therma l 
output, which can be mass-produced at 
low cost and combined to reach any de­
signed total output. The cost reduction 
through manufacture in series, is  suffi­
cient to make mod u l ar HTRs competi­
tive with the large L WR reactors, even 
for electricity prod uction alone. On the 
other hand, the HTRs are equally suited 
for the production of heat, which is an 
even larger market in  quantitative terms. 

An additional, particular advantage of 
H T R  mod u l es l i e s i n  th e i r  inh erent 
safety properties; they can be designed 
in  such a way, that the possib i l ity of se­
rious acc ident-a " ru naway" reaction, 
"mel t-dow n , "  or maj or  re l ease of ra­
d i oactiv ity-is ru led  out  by phys ica l  
mechan isms alone, without  any com­
plex safety systems and independent of 
human i n tervention .  I n  part icu lar, the 
e n c a p s u l i zat i o n  of the  n u c l ear fu e l  
with i n  mult ip le layers o f  special h igh­
temperatu re ceramics  ( S i amant) pre­
vents the release of radioactive fission 
products even u nder the most extreme 
conditions (Figure 8) .  This results in an 
i nexpe n s i ve, rob u st system, which  i s  
simple t o  operate a n d  safe enough t o  be 
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Figure 8 
(a) HTR FUEL ELEMENTS 

Fuel elements for the German­
designed high-temperature reactor 
are shown with a cross-section im­
age of a pellet, produced by a scan­
ning electron microscope. The fuel 
core of 0.4 mm diameter is sur­
rounded by a protective coating. 

(b) SCHEMATIC OF A 
GAS-TURBINE MODULAR 

HELIUM REACTOR 
This General Atomics design for a 
modular high-temperature reactor is 
the design under way in a collabora­
tive program with Russia. The reac­
tor is on the right, and the gas tur­
bine on the left. By eliminating the 
extensive equipment required for the 
steam cycle, the gas turbine system 
reduces the capital and operating 
costs of the plant and increases plant 
efficiency. 

instal led without danger i n  areas of h igh 
population density. 

HTR reactors a l so have the advan­
tage of being  ideal ly  su ited to convert 
thorium-a plentifu l resource in I n d i a  
and some other cou ntries-into fission­
able fuel .  

The HTR technology for modu lar use 
was developed a n d  prove n i n  t h e  
u n i q u e l y  suc cessfu l A V R  reactor a t  
jO l ich, Germany (Figure 9 ) .  It i s  typical of 
the recent, self-destructive policy in the 
West, that the " l ive" HTR programs are 
in Asia at present, whi le  Germany and 
the U nited States have al l  but  d ismantled 
their HTR efforts. China has the world's 
only project for an HTR of the j O l ich de­
s ign,  w h i l e  japan is b u i l d i ng an HTR 
with a different form of  fuel element. 

The HTR technology appears predes­
tined by its advantageous properties, to 
be the main "work horse" in the devel­
opment of the Euras ian i n frastru cture 
corr idor reg ions .  The HTR i s  i d ea l l y  
suited to supply power to cities and large 
towns, integrated agro-i nd u str ia l  com­
plexes (so-ca l led nup lexes) and in situ 
extraction and processing of certai n  raw 
materials.  The components of smal ler­
sized HTR pl ants cou l d  be transported 
by rai l  and assembled at su itable s ites 
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(b) 

Figure 9 
JOI NT EUROPEAN TORUS 

The Joint European Torus UET), a thermonuclear fusion experiment in Eng­
land. This European fusion project has produced several megawatts of power. 

Source: JET 
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along the Eurasian rai l  l i nes. A l l  neces­
sary services, inc lud ing  supply of fuel ,  
transport of spent fuel, spare parts del  iv­
ery, i nspect ion and so forth, cou ld be 
provided via the rai l  system in a highly 
effic ient,  centra l i zed ma n ner.  As the 
power consumption grows, more mod­
u les are simply added. 

The use of such systems is particularly 
attractive for u nderdeveloped areas of 
Eurasia, where abundant energy is a pre­
cond ition for overcoming the d isadvan­
tages of d i ffi c u l t  c l i mate a n d  other 
natural conditions. With plentiful energy, 
we can popu late the coldest regions of 
northern Siberia, or-through large-scale 
desalination, pumping, and recycl ing of 
water-the driest desert regions of Cen­
tral Asia and the Middle East. 

Other Fission Reactor Types 
Besides the L WR and HTR technolo­

gies, several other fi ssion reactor types 
deserve ment ion.  C h i n a, for example, 
has developed a special ized reactor type 
for low-temperature heat prod uction, 
which is cooled by the natural heat con­
vection motion of coolant water and has 
a very high intrinsic safety and simplicity 
of operation.  Th is type of reactor is wel l  
suited to space heating in  cities, and a s  a 
heat source for desa l i nation.  Combi ned 
with a heat pump, the same reactor can 
provide air-condition i ng for large bui ld­
ing complexes i n  summer. Sweden and 
Russia also have developed heating re­
actor designs, to heat towns in remote 
northern areas. 

A very different d irection of develop­
ment is  the fast breeder reactor. Besides 
prod ucing thermal energy, th is reactor 
can convert the abundant, but non-fis­
sionable uranium isotope U-238 into fis­
s ionable p l uton i um for fue l i ng further 
reactors. By this procedure, the energy 
extractable  from any give n  amount of 
raw uranium ore can by increased many 
times over. Fast breeders have far higher 
power densities, in their cores, than e i­
ther HTR o r  L W R  reactors . U nfort u ­
nately, techn ical  character istics o f  the 
existing systems, and certain  problems of 
safety, have so far made it impossible to 
exploit the economic advantages which 
might otherwise be derived from such 
higher density. 

Controlled Nuclear Fusion 
I n  the future, however, the l ead i n g  

r o l e  o f  n u c l ear f iss ion (at l east i n  the 
forms known at present) wil l  doubtless 
be superseded by control led nuclear fu-
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Figure 1 0  
THE NATIONAL IGNITION FACILITY 

A diagram of the gigantic laser fusion experimental installation, the National 
Ignition Facility, being planned at Lawrence Livermore National Laboratory in 
California. The installation will generate-with 7 92 parallel linear laser ampli­
fiers-a single, short, but extremely powerful, pulse of about 500 tera watts, 
which can be used in various experiments for ignition of fusion fuel. The micro­
explosions produced in this way are expected to release up to 45 megajoules 
per shot. 

Source: LLNL 

sion. The first generation of experimental 
fusion reactors use a mixture of the hy­
drogen isotopes deuterium (D) and tri­
t i u m  (T) as "fue l . "  To obta i n  a n  
economically useful rate of reactions be­
tween D and T nuclei,  the fuel mixture 
must be raised to the equivalent of tem­
peratures of more than 1 00 mi l l ion de­
grees, creating a special form of matter 
known as a hot plasma. 

The first successfu l large-scale release 
of energy from fusion reactions created 
by man occurred when the first hydro­
gen bomb was tested by t h e  U n ited 
States .  In that case, a n u c lear f i ss ion 
bomb was used as  a trigger. The crucial 
prob lem for c i v i l ian ,  commercia l  ex­
ploitation of fusion react ions, is  how to 
a c h i eve such react ions  on a sma l l er 
scale and i n  a control led manner. For 
this purpose, two basic fam i l ies of exper­
imental fusion reactors have been devel­
oped. The first, "magnetic confinement 
fu s i o n , "  emp loys powerfu l magnetic 
f ie lds to hold the fu sion pl asma i n  the 

m i d d l e  of a s u i ta b l e  conta i n er . T h e  
plasma i s  in it ial ly created b y  an electric 
d i sc h arge, a n d  t h e n  h e ated by mi­
crowaves and particle beams. 

The large European experimental fu­
sion reactor, the Jo int  Europea n Torus 
(JET), is based on this principle (F igure 
1 0) .  Although it was not designed as a 
net generator of power, it has produced 
several megawatts of power from fusion 
reactions in  experiments in  1 995.  Similar 
results have been produced in the TFTR 
reactor in the United States. 

The second fami ly  of fus ion reactors 
employs a d i fferent pr inc ip le, i nert ia l  
confinement fusion. I n  th is  case, the fuel 
is in itial ly contained in a t iny pel let ap­
proximately the s ize of a gra in  of sand. 
By means of a sudden, powerfu l pulse of 
c o h erent  l i g h t  rad i a t i o n  or part i c l e  
beams, the fuel i s  compressed to enor­
mous densities and heated to the ignition 
temperature. The result is a min iature H­
bomb explosion, whose energy release 
can be contained with in  a specia l ly de-
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Figure 1 1  
A NUPLEX DESALI NATION PLANT 

This nuplex plan from the 1 960s, located on a coast, was designed to provide 
the nuclear-powered water desalination to make large-scale irrigation possible. 

signed explosion chamber. Such fusion 
microexplosions have been produced in 
a number of laboratories, particularly the 
Lawrence Livermore National Laboratory 
i n  the U n i ted States, u s i n g  powerfu l 
lasers. To achieve this form of fusion for 
commercial purposes, however, it is nec­
essary to greatly increase the fusion out­
put, compared to the power needed to 
generate the laser pulse. 

A workable method for doing this was 
demonstrated in u nderground tests, car­
ried out by the Livermore Laboratory in  
the mid-1 980s, which used a smal l  nu­
clear fission device to generate the pu lse 
of rad iation, i nstead of a laser. A new 
laser faci l ity is now planned, and should 
demonstrate the performance parameters 
needed for a commerc i a l  laser fu s ion  
power plant (Figure 1 1 ) . 

When control led n uclear fusion reac­
tors wi l l  become com merc i a l l y  ava i l ­
able, i s  most ly a question  o f  p o l  i t ical  
wil l .  We would almost certa in ly already 
have power-generating, commercial pro­
totypes operati ng today, if the develop­
ment of science and technology had not 
been sabotaged by anti-progress, "post­
industrial" pol icies introduced from the 
mid-1 960s on. With a renewed i nterna­
tional comm itment to progress in the 
context of fu l l -scale development of the 
Eurasian infrastructure corridors, the first 

commercial fusion reactors wi l l  surely be 
in operation by 201 5-2020 at the latest, 
and possibly before. 

Th is  does not mean, of cou rse, that 
n u clear fiss ion reactors w i l l  go out of 
use. Most l i kely, the world economy in 
the first half of the next century wi l l  be 
based on a combi nation of fission and 
fusion, maki ng the best use of both. For 
example, it is l i kely that fission reactors 
w i l l  cont i n u e  to be used as i n d u str ial  
heat sources at temperatures up to about 
1 ,000° Celsius, while fusion reactors wi l l  
be used for much h igher-density, more 
coherent forms of power output. 

The Fusion Revolution 
Twenty to th i rty years is not a long 

time for planning long-term infrastructure 
investments. As a result, energy policy for 
the Eurasian corridor development must 
al ready take account of the com i ng fu­
sion revolution. 

An important probable feature of the 
com i ng era of fusion energy, will be the 
increasi ngly large-scale prod uction and 
use of hydrogen, both as a fuel for a i r­
craft, space vehicles, and (possibly) ships 
and cars, and as an industrial fuel . Con­
trary to some myths spread nowadays, 
production of hydrogen using solar en­
ergy would be far too expensive for most 
uses. What is required for real ly efficient 
hyd rogen prod uction is, fi rst of a l l ,  a 

h ig h l y  concentrated sou rce of energy, 
which pri mari ly means n uclear energy 
and especially certain types of fusion re­
actors which might be developed i n  the 
future for that pu rpose. 

T h e  d e v e l o p m e n t  of a E u ra s i a n  
pipel ine network for natural gas and o i l  
today,  s h o u l d  be s e e n  a s  l a y i n g  t h e  
groundwork for a future transport net­
work for hydrogen, synthetic l iquid fuels, 
and other chem i ca l  prod ucts. In fact, 
there should be a policy of shifting away 
from combustion of oi l ,  gas, and coal as 
s imple fuels,  toward their d ramatica l ly  
increased usage as raw materi al  feed­
stocks for the prod uction of hyd rogen 
and other h igh-value chemical products. 
N u c lear energy w i l l  play an i m portant 
role in  that process. 

Nuclear Excavation 
Than ks to the general atmosphere of 

hysteria su rrounding the topic of nuclear 
energy, and nuclear weapons in  particu­
lar, nowadays, very few people real ize 
that there are extremely important civi l­
ian appl ications of nuclear explosions. 
One of the most obvious appl ications is 
fo r sc ient i f ic  research,  where u n der­
gro u n d  n u c lear  exp los ions  prov i d e  a 
u n ique poss ib i  I ity to study phenomena 
at the extreme ranges of pressu re, tem­
perature, and energy density. For exam­
p l e, the  so-ca l l ed H a l i te Centu r i o n  
progra m ,  c a r r i e d  o u t  by t h e  U .S .  
Lawrence Livermore National Laboratory 
in the m id-1 980s, used underground nu­
clear explosions as a sou rce of i ntense 
radiation, in order to investigate the opti­
m u m  condit ions for rea l i z i ng " i n ertial  
confinement" nuclear fusion as a civi l ian 
power sou rce in the future. 

The other obvious potential use of nu­
clear explosions is  for large-scale exca­
vat i o n  work,  s u c h  as t h e  d i g g i n g  o f  
canals, reservoirs, tunnels, for the recov­
ery of o i l  and natural gas, and so forth. 
Such appl ications were extens ively i n­
vestigated by the U n ited States ("Project 
Plowshare") and the Soviet U nion i n  the 
1 9 60s a n d  1 9 7 0s,  a n d  a l so by other 
countries. It  was demonstrated that, un­
der appropriate natural conditions, and, 
g iven carefu l p lan n i ng and execution, 
nuclear explosives could be safely used 
for a variety of earth-moving and mining 
appl ications. 

Real- l ife tests, as wel l  as extens ive 
s i m u l ations and other stud ies, showed 
that u ndesirable side-effects from under­
ground nuclear charges, including possi-
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ble release of radioactive materials  into 
the human environment, could be re­
duced to an acceptable min imum. It was 
demonstrated, that, in many cases, the 
use of nuclear explosives could provide 
an enormous saving in cost and ti me, 
compared to conventional methods. I n  
the future, improvements i n  nuclear de­
vice uses, inc lud i ng poss ib le  develop­
ment of l ow-rad iat ion fu s ion charges 
with non-nuclear triggers, would further 
increase the advantages of nuclear exca­
vation techniques. 

A concrete example of the saving in­
volved is  the long-d iscussed Kra Canal 
project in Thailand, which would drasti­
cally shorten the sea route between the 
South Ch ina Sea and the Ind ian Ocean, 
wh i l e  a l l eviating the bottleneck at the 
Straits of Malacca. The plan is to bui ld a 
sea-level canal approxi mate ly  1 20 km 
long across the narrow section of the 
peni nsula of Thai land, just north of the 
border with Malaysia. I n  the most attrac­
t ive vers ion  of the proj ect, the cana l  
would have two lanes, one  i n  each d i ­
rection, capable o f  carrying ships u p  to 
500,000 cwt. I n  addition to the canal it­
self, a major harbor ("Asi aport") and 
transshi pment fac i l ity could be bu i l t  up 
at Songkhla, as wel l  as industrial devel­
opment zones along the canal  route. A 
feas i b i l i ty study,  carr ied out  by two 
American engineering companies in co­
operation with the Lawrence Livermore 
N a t i o n a l  Labo rato ry i n  the 1 9 7 0s, 
demonstrated that the use of nuclear ex­
plosions for part of the excavation work 
wou l d  red uce the overa l l  cost of the 
canal by at  least 40 percent, whi le cut­
ting the construction time nearly in half, 
to between s i x  a n d  seven years.  A l ­
though the decision to b u i l d  the canal 
has been delayed for pol itical and finan­
cial reasons, the recent growth of trade 
i n  Asia makes its construction a more 
and more attractive proposition. 

DEVELOPMENT OF 
WATER RESOURCES 

Water plays a crucial role in Eurasian 
development, no less decisive than en­
ergy or transport. Water supply and dis­
t r i b u t i o n  syste ms,  s a n itat i o n  a n d  
wastewater treatment, i rr igat ion a n d  
d ra inage systems for agr iculture, river 
and flood control ,  and so on, belong to 
the category of essential infrastructu re, 
which  a re the abso l u te basis  for a n y  
healthy economy. 

Most of E u rasia sti l l  lacks even the 
m i n i m u m  level of per capita and per 
hectare water infrastructure, necessary to 
sustain a modern economy. Particu larly 
in  large parts of Asia, existing conditions 
requ ire a much larger per capita and per 
hectare investment, than in central Eu­
rope, for example. On the one hand, th is 
app l ies to vast areas of low rainfal l ,  in­
c l u d i ng parts of the Near and M id d l e  
East, the huge arid regions o f  Kazakhstan 
and Central Asia, the deserts and other 
d ry areas of northern Chi na, as wel l  as 
some parts of I nd ia. On the other hand, 
we h ave major problems of river and 
flood contro l  i n  the  monsoon reg ions 
such as  Ind ia, Bangladesh, Thailand, and 
so forth, and the age-old legendary prob­
l e m s  of the H u a n g  H e  (Ye l l ow) a n d  
Chang J iang (Yang Tze) rivers o f  China. 
Added to this is  the chal lenge of over­
coming ecological d isasters connected 
with large-scale pol lution and with the 
drying-up of rivers and lakes such as the 
Aral Sea. 

All these problems are in principle 
solvable. The question is only one of ad­
equate investment, and of bu i ld i ng u p  
an economic and technological base ca­
pable of sustain ing the required levels of 
investment. The g iant water d ivers ion 
projects, dam projects, and flood control 
projects in China today are a very good 
example of what can be done, especial ly 
when modern, capita l - i ntensive con­
struction techniques are employed. 

The use of nuclear energy for large­
scale pumping of water, and for desal i ­
nation, and the use of nuclear explosives 
to speed up and cheapen large-scale ex­
cavation for canals and other projects 
(see below), are examples of the impact 
of advanced techno logy on the econ­
omy of water supply. 

It has become popular to dismiss large 
water projects as "threats to the environ­
ment"-as if it were a good thi ng to pro­
tect d eserts from b e i n g  tu rned i n to 
gardens, or to defend natural d isasters as 
"good" because they were made by na­
ture, instead of man! In fact, in nearly a l l  
of  the cases of  d i sastrous negative ef­
fects, connected with water i nfrastruc­
t u re projects, the cause was n ot the  
project itself, but  wrong or  i nadeq uate 
economic policies. A typical case is the 
destruction of the Aral Sea. 

In fact, it is entirely possible: 
( 1 ) To move l a rge flows o f  water, 

equivalent to major rivers, by man-made 
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canals, aqueducts, tunnels,  and so on, 
over distances of hundreds or thousands 
of k i lometers. So, China is  moving water 
from the wet south to the relatively dry 
north of the country. 

(2) To pump large amou nts of water 
over natural barriers, such as differences 
of elevation, or even mountain ranges. 

(3)  To control the waters of m ighty 
rivers, whose flood ing has cost m i l l ions 
of l ives i n  the past. 

(4) To desal inate, recycle, and remove 
arb itrary i m p u r i t i es from wate r on a 
large scale, even to the point of creating 
"artificial  rivers" by desal i nation of sea­
water or sal ine underground water. 

The l ast example is of particular im­
portance, s ince many people are accus­
tomed to c o n s i d e r i n g  freshwater 
resources as someth i ng intrinsical ly l im­
i te d ,  to s o m e  s u p posed l y  abso l ute 
amounts. 

Potential of Large-scale Desalination 
The production of fresh, drinkable wa­

ter from seawater in large quantities by 
desalination, is a well-establ ished i ndus­
trial process today. At present, desalina­
tion p l ants around the worl d prod uce 
about 1 5  m i l l ion cubic meters of fresh 
water per day (5 . 7  b i l l ion cubic  meters 
per year)-which corresponds, for exam­
ple, to twice the total water consumption 
of the Jordan Val ley nations, i nc l u d i ng 
Israel, Jordan, and the West Bank .  The 
total power consumption of the world's 
desal ination plants ( inclu d i ng older, less 
efficient ones) is between 5 and 7 giga­
watts (GW). Desal i nation capacities are 
projected to grow dramatical ly in the fu­
ture. 

S i n c e  the  a m o u n t  of wate r i n  the 
worl d ' s  ocean s  i s  pract ica l l y  i nfi n ite, 
from the standpoint of man's foreseeable 
requ i rements, the only l i mitation to the 
potential supply of fresh water by th is 
method, is the i nvestment cost for trans­
port of water, for desal ination fac i l ities, 
and the cost to supply the requ i red en­
ergy i nputs, which are on the order of 
approximately 7 k i lowatt-hours per cu­
bic meter of desal i nated water. 

At present, there are two main types of 
processes used for l arge-scale desal i na­
tion. One, which uses heat as the mai n 
energy input, is based on multiple-stage 
evaporation, with recovery of some of 
the heat during condensation of the wa­
ter. The other m a i n  type of process i s  
based o n  reverse osmosis (RO), and in­
volves pumping water through special  
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membranes; here, e nergy is supp l ied 
mai n ly i ti  the form of electricity for the 
pumps. TakiNg RCihis an example, RO 
desal ination J:llarits' can be bu i lt up from 
sta n d a rd m od u l es,  each prod u c i n g  
24,000'cubic meters of water per day. In 
continuous operation, each such mod­
ule recj\.J i res approxi mately 7.2 MW of 
electric power. 

By bu i l d i ng up such fac i l i t i es on a 
very large scale, it wou l d  be poss i b l e  
even today t o  l itera l ly create "artific ia l  
rivers" by desa l ination of  sea water. To 
take an extreme" hypothetical example:  
1 0,000 RO modu les of the type just de­
scribed, would produce very roughly the 
equ iva lent  of the water f low of Ger­
many's Rhine River! The electricity i nput 
required would be about 72 GW, which 
is of course very large, but not beyond 
the range of what wou ld be conceivable, 
even today, for a modern industrial na­
tion. (The present "e lectriCity generation 
capacity of-Germany is 1 23 GW.) · 

More significant than such a thought 
experiment is the 'order of magnitude of 
cost for desa l i nated water. Taking i nto 
account the i nvestment and operat ing 
requirements, and the l ifetime of  modern 
desa l i nation p lants and e lectric power 
plants (for example nuc lear p lants), the 
production cost in a large-scale, nuclear­
powered desal ination plant w i l l  be less 
than 65 cents per cubic meter of desal i ­
nated sea Water. (This assumes zero rate 
of i nterest; for present ·market rates, the 
price would approxi mately  double.) 

To get a sense of what this means: A 
typ ica l  household  at E u ropean l i v i n g  
standards has a water consu m ption of 
about 50 cubic meters per person per 
year. If th is were all provided by desa l i­
nation, that wou l d  mean a per-person 
cost of about $33 to $66 per year, hardly 
a major burden in the developed coun­
tries. In fact, many areas of Germany 
now pay more for their  water. 

Taking a more extreme case, suppose 
the entire water consumption for agricul­
ture had to be suppl ied using desa l i na­
tion. It is  estimated, that approx imately  
1 ,200 cubic meters of  water are needed 
in modern agr iculture, to prod uce the 
food to feed one adu l t  person for one 
year. The cost to supply that water by 
desa l ination would be $ 800 to $ 1 ,600, 
which is a s i g n if icant cost, but st i l i  a 
small fraction of the average per capita 
i ncome in advanced sector nations. 

All th is' means, s imply,. is  that it is  en-
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tirely feasible, at modern i ndustrial stan­
dards of economic productivity, for a na­
tion to supply v i rtual l y  its enti re water 
requ i r-ements-i ncl ud i ng agricu Itu re !­
by desal i nation of seawater. In practice, 
of course, there are nearly always nat­
ural sou rces of water, and desa l ination is 
used as a supplement, particu lar ly for 
h igh-grade uses such as drinking water. 

With future advances i n  desa l ination 
and e nergy technology, the costs w i l l  
natural ly b e  reduced. 

Of course, for the more underdevel­
oped areas, such as much of the Near 
and Middle East, the cited costs would 
appear proh ibitively h igh .  The problem 
he re, however, is not that the desal i ­
nated water is  i ntri ns ica l ly  too expen­
s i ve,  b u t  that the l evel  of i n d ustr i a l  
productivity of these nations and areas is 
too low. The general answer to the prob­
lem is rapid economic development on 
the basis of long-term, low-interest cred­
its"; and the use of i nfrastructure develop­
ment corridors to dramatica l ly increase 
the productivity of the economy. 

It  s h o u l d  be noted , that C h i n a  has 
developed a special heat-producing nu­
clear reactor, with high safety character­
istics, for use i n  desal ination as wel l  as 
urban heating. One of the projects now 
under  consideration, is to bu i l d a nu­
clear-powered desa l ination plant to sup­
p l y  fresh water to the northern coastal 
city of Dal ian. 

TELECOMMUNICATIONS 
TECHNOLOGY 

, .  

G iven the great emphasis p laced o n  
the information revolution in  the indus­
trial nations nowadays, communication­
rel ated tec h n o l ogy has advan ced 
relatively rap idly.  Thanks espec ia l ly  to 
laser, optronic, optical fiber, and satel l ite 
technologies, the goal of providing tele­
p h o n e  serv i ce to every household i n  
Eurasia with i n  the next 2 5  years i s  en­
tirely real istic. Whi le today i n  Sweden 
there are 68 telephones per 1 00 i nhabi­
tants, and in Germany 44 telephones per 
1 00 i n habitants, in China the figure is 
o n l y  1 per 1 00 .  N atura l l y, prov i s i o n  
must b e  m a d e  for t h e  fact that a n  i n­
creasing proportion of households w i l l  
requ i re not o n l y  voice commun ication, 
but also the capabi l ity for data l in ks of 
various sorts. 

The T rans-Asia-European fiber-optical 
cable . . .  poi nts in the right d i rection.  
I n sta l l i ng h i gh-capac ity o pt i c a l  f iber 

tru n k  l i nes and other commun i cations 
network equi pment (for exam ple, wi re­
less [cel l u l ar] d igital  telephones) along 
the Eurasian i nfrastructure corridors, pro­
v ides the most effi c i ent  means of ex­
p a n d i n g  co m m u n i c a t i o n  serv i ces 
throughout the vast area of the super­
conti nent. Because of the high density, 
users with i n  the 1 00-km-wide band of 
the corridors are accessible, and provide 
a high rate of return on investment; the 
rem a i n i n g  a reas are m ost effi c i e nt l y  
reached through the growing network of 
i nfrastructure capi l l aries extending out­
ward from the mai n corridors. 

The fiber-optical communications net­
work, running paral lel  to l ines of rai l  and 
maglev transport, wi l l  also handle the in­
creasi ng data-flows connected with the 
logistics of i ntermodal freight ( including 
postal) transport throughout Eurasia. 

By means of such a coherent, coordi ­
nated approach,  oriented t o  t h e  e nti re 
E u ras ian  l andmass and employing the 
m ost advanced tec h n o l og i es, the per 
capita and per square kilometer costs of 
supplyi ng postal and telecommunication 
services, cou ld be d rastical ly  reduced, 
compared to the present. 

Besides providing un iversal telephone 
services, h i gh-capac ity com puter data 
l i n ks for relevant institutions, firms, and 
households throughout Eurasia, and so 
forth, perhaps the most important prior­
ity for telecom m u n ications technology 
for the development of Eurasia, w i l l  be 
the establ i shment of a universal library 
system e ncom pass i n g  a l i  the wor ld 's  
books and periodical pub l ications, past 
and present. Such a system would oper­
ate l i ke a computer data bank, which 
wou l d  download the content of any de­
s i red book or periodical  as a graphics 
fi l e  (that i s, i n  facs i m i l e  form) to any 
user  o n  request. Adva nces i n  technol­
ogy are making it feasible to carry out  a 
d ig ital scann i ng of the entirety of exist­
i n g  stocks of books in the world's l i­
braries, i n  a l l  languages, for storage in a 
u n iversal l i brary. The i m p l ications for 
genera l  educat ion ,  a n d  fo r a re n a i s ­
s a n c e  o f  c u l ture, wou l d  b e  i m mense. 
Perhaps the establ ishment of such a uni­
versal l ibrary system, avai lable to every 
c i t izen,  wou l d  part l y  compensate for 
the enormous damage, that Hol lywood, 
the corrupt m ass m ed ia,  and the epi­
d e m i c  of m i n d-destroy i n g  "computer 
g a m e s "  h a v e  d o n e  to t h e  m i n d s  of 
young people all over the planet. 

21 st CENTURY Spring 1 997 25 



NUCLEAR REPORT 

I NTE RVI EW WITH DAVI D N IC H O L LS 

South Africa Plans Advanced 
H igh-temperatu re N uclear  Reactor 

Da vid Nicholls is a member of the 
Technology Croup of Eskom, the na­
tional utility of South Africa, where he 
is a project manager for Eskom's current 
investiga tions into h igh-temperature 
gas-cooled reactor technology . 

. Eskom, the fifth largest electric utility 
in the world, generates more than 95 
percent of South Africa's electricity and 
more than half the total electricity con­
s umed on the A frican continent. Its 
goa l  is to electrify another 450, 000 
homes a year; currently only 40 per­
cent of the nation 's housing receives 
electricity. Eskom is a profitable com­
pany and boasts one of the lowest costs 
of electricity in the world. 

Nicholls was interviewed by Benoit 
Chalifoux, of the French-language Fu­
sion magazine. 

Question: Can you tell us about the 
modular high-temperature gas-cooled 
reactor project at Eskom? 

Eskom is u n d e rta k i ng a n u mber of 
techn ical-economic evaluations of new 
generating options to meet the possible 
need for new generating capacity in the 
first of the next centu ry. Among these 
investigations is one for a high-tempera­
ture gas-cooled reactor, based on ear­
l ier German developments. 

This study is ai med at a closed-cycle 
gas turbine system us ing hel ium as the 
work ing fl u i d .  The system, cal led the 
Pebble Bed Modu lar Reactor, or PBMR, 
appears to hold the potential for inher­
ent safety coupled with excel lent econ­
omy. This is based on the work done for 
the I nteratom Mod u l  and the I I R B- 1 00 
designs in the 1 980s. 
, .  The major change from these designs 
is the use of a closed-cycle gas turb ine 
system in place of the steam cycle. This 

ESKOM'S PEBBLE BED MODULAR N UCLEAR REACTOR DESIGN 
This inherently safe, modular, high-temperature reactor uses helium as  the 
working fluid, 60-mm fuel pellets, and a closed-cycle gas turbine system in 
place of the conventional steam cycle. The closed cyle permits higher inlet 
and outlet temperatures, with reactor core powers at 200 to 250 MW. The 
overall efficiency is 45 to 50 percent, yielding an electrical power output of 
about 7 7 0 MW. 

has led to higher core in let (604° C) and 
outlet temperatures (900° C), with simi­
l a r  core powers.  With the t h e r m a l  
power o f  the core l im ited to 200 to 250 
MW, th is  leads to a post-accident core 
temperature be low the  po i n t  of fue l  
d a mage,  avo i d i n g  t h e  need for a n y  
safety systems. 

The overa l l  cycle  efficiency is 45 to 
50 percent, giving an electrical power 
output of about 1 1 0  MW, on the cur­
rent calcu lations. The turbine mach in­
ery i s  c o n fi g u red as two t u r b o  
compressors and a power t u r b i n e  for 

each 1 1  O-MW mod u le.  There is active 
stator position control on each of these 
mac h i nes, a l lowing a very wide range 
of operating cond itions. Specific targets 
i n c l u d e  a ra m p  rate of 1 0  percent of 
fu l l  power per m i nute, and fu l l  load re­
j e c t i o n  w i t h  reacto r scram [ s u d d e n  
shutdown] . 

The p l ant is i n tended to operate at 
fu l l  eff i c i e n c y  down to 2 0  p e rce n t  
power, a n d  t o  b e  a b l e  t o  susta in  a n y  
power level (zero to 1 0 0  percent) on a 
continuous basis. In order to respond to 
changes in  grid capacity, a construction 
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period of 24 months is intended. (Unit  1 
is expected to take 36 months). To be 
com petitive with Eskom's coal -based 
options, a capital cost of u nder $ 1 ,000 
per kW is the target. 

T h e  study c u rrent ly  u nd e r  way i n ­
volves a number of local and overseas 
companies and i nstitutions and, whi le it 
is not yet complete, the ear ly  i n d i ca­
t ions a re t h at t h e  ta rgets ment ioned 
above are ach ievable. 

Question: Why are you interested in a 
1 00-MW reactor? Why not a 300-MW 
unit like the General Atomics project? 

At present, the aim is to achieve the 
max imum power from the outl i n e  de­
s ign without a d d i n g  com p l exity.  T h e  
present ind ications are that t h i s  combi­
nation wil l  lead to a better cost-versus­
r i s k  t h a n  w i l l  l a rg e r  u n i t s .  Power 
stations wou ld consist of  m u ltiple mod­
ules, with further modules being added 
in response to load growth. 

The German-designed fuel u sed by 
the pebble bed mod u lar  reactor con­
sists of coated particle kernels  embed­
ded i n  6 0 - m m  g r a p h i t e  s p h e re s ,  
compared with t h e  prismatic block fuel 
used by the Genera l  Atom ics MHTG R  
[modular h igh-tem perature gas-cooled 
reactor] d e s i g n .  T h e  u se of t h e  fue l  
b a l l s  i s  thought to  h ave a n u m be r  of  
advantages over the b lock type. These 
include a lower fuel operating temper­
atu re and the poss i b i l i ty of o n - l oa d  
fuel ingldefuel i ng. 

One of the l imitations is that the core 
geometry l i m its power output of th is  
"pebble bed" configuration, if i nherent 
safety is to be achieved, un less complex 
(and u n tested) layouts are used.  T h i s  
l i m itation on u n i t  s i z e  i s  seen t o  have 
advantages, however. I t  leads to shorter 
constru ct ion per iods  a n d  to a lower 
"entry" cost for the program.  It  a lso al­
lows for a greater use of mass produc­
tion techniques. 

Question: Are you planning to use 
these high temperature reactors only 
for electricity or also for heat? 

The current investigations are based 
on electric power generation only. It is 
accepted that  t h e re is pote n t i a l  fo r 
process heat appl ications, but that is not 
included in the commercial  evaluation 
being done, as this is very site-specific. 

The one appl ication which has been 
considered, Qriefly, is desal ination. This 
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cou ld use the normal waste heat from 
the pre-cooler, which cou ld be up to 
1 00°C, without i mpact ing the overa l l  
electrical efficiency. 

Question: What are the prospects for 
growth in energy consumption for the 
next 1 0  years-in the residential sector 
and in the industrial sector? 

In the last 1 0  years ( 1 986-1 996), the 
peak power demand on the Eskom sys­
tem h a s  g o n e  from 1 8, 2 7 8  MW to 
2 7,967 MW, more than 50 percent. The 
forecasts for the next 1 0 years vary con­
siderably. The country has a very large 
electrification program (450,000 house­
holds per year) in the previously disad­
va ntaged co m m u n ity,  a n d  is a l so 
encourag ing  energy- i ntens ive i nd u s­
tries. These industries include an 850-
MW "green f ie ld"  a l u m i n u m  sme lter 
that was comm issioned in  1 996. These 
are, in large part, econom ica l ly viable 
due to Eskom's very low electric ity cost, 
which averages approximately 2 cents 
( U .S.) per ki lowatt/hour. 

The future is not certain but there is a 
s ign ificant potential for growth i n  the 
electricity sector. 

Question: Many experts believe South 
Africa has a lot of cheap, high quality 
coal, and has the means to import oil. 
Why then would you go nuclear? 

Eskom is a predominantly coal-based 
uti I ity with over 90 percent of its ca­
pac i ty i n  t h i s  fo rm . T h e  low cost of 
these u nits is, in part, due to their being 
pit-head plants of large s ize (typically 6 
u nits of 650 MW). These coal fields are 
a l l  i n  the northeast of South Afr ica ,  
where water suppl ies for cool i n g  are 
l i m ited . The cost of oil fuel makes oi l ­
based generation exorb itantly expen­
s i ve ,  a n d  t h e re is very l i m i ted 
hydroelectric potential capacity in  the 
cou ntry (600 MW total, installed). 

It was for these reasons that Koeberg, 
Eskom's cu rrent nuclear station, which 

ESKOM INSTALLED CAPACITY 
(GROSS, 1 996) 

Coal 34,1 25 MW 

Gas Turbine 342 MW 

Hydro 600 MW 

Pumped Storage l ,400 MW 

Nuclear l ,930 MW 

ESKOM PEAK DEMANDS 
( 1 986-1 996) 

1 986 1 8,278 MW 

1 987 20,001 MW 

1 988 20,587 MW 

1 989 21 ,871 MW 

1 990 21 ,863 MW 

1 991 22,342 MW 

1 992 22,460 MW 

1 993 23,169 MW 

1 994 24,789 MW 

1 995 25,133 MW 

1 996 27,967 MW 

The total electrical power deliv­
ered is 3 6,543 M W, of which 
4,53 1 M W  is in reserve storage 
because of lower-than-expected 
growth rate during the 1 980s. 
There is a six-unit 4,OOO-MW 
coal-fired station under construc­
tion, with one unit commissioned 
in 1 996 and further units coming 
on stream a t  yearly intervals. 
Work is ongoing on returning the 
units in reserve storage to power 
operation as the load increases 
over the next few years. 

cons ists of two 9 2 2 -MW F ramatome­
b u i l t  u n its, is based near Cape Town, 
1 ,000 m i les from the next power sta­
t ion.  There is, therefore, the scope for 
smal l ,  flex i b le, stations to support the 
end of the grid system. If the target costs 
are met for the PBMR design, it could 
be considered for inclusion in  a future 
construction program .  

Question: Does Eskom have targets i n  
terms of the percentage of nuclear-gen­
erated electricity it would l ike to 
achieve? 

No. We don't have any specific pol­
icy. Our decis ions w i l l  be pr incipal ly  
made on a commercial basis only. 

Question: What are the prospects for 
exporting MHTGRs? 

The studies Eskom is currently under­
t a k i n g  a re based o n  t h e  g e ne rat i n g  
needs o f  the company itself. Whi le i t  is 
accepted that there cou ld be a potential 
for export at some poi nt, the possibi l ity 
is not cu rrently being i n c l uded i n  the 
stud ies. 
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A
strophysics is in turmo i l .  Research budgets are being 
cut back worldwide, NASA is only a shadow of its for­
mer self, and the golden age of Voyager planetary fly­

bys is  past. Yet, those great astronomical projects that have 
remained-such as the H ubble Space Telescope and the or­
b i t i n g  X - ray te l escope ROSAT -have recent ly  p rodu ced 
enough contrad ictions to standard physi cs, that entire do­
m a i n s of su pposed l y  sec u re l y  he ld  sc ience have d i s i nte­
grated . 

Some examples: 
• Most of the stars in globular clusters seem to be at least 5 

b i l l ion years older than the Big Bang. 
• The observation of "naked" quasars has shaken the inter­

pretation of quasars as merely the nuclei of distant galaxies. 
• The cold-dark-matter model for the origi n of galaxies has 

been shipwrecked on the rocks of a surprisingly high degree of 
order, of even extremely old galaxy clusters. 

• There are new i nd ications of a q uantization of the red 
sh ift. 
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• It is sti l l  true that spiral galaxies are rotating much faster 
than is al lowed by the law of gravitation. 

Yet, aside from these extragalactic subtleties, even right here, 
at our very doorstep, there is enough to be disturbed about. 

Whenever you pick up a physics book today to learn about 
lawfu l motion with i n  the solar system, it is beaten i nto you 
that, although Johannes Kepler d iscovered the laws of plane­
tary motion, th is did not result in  progress until Isaac Newton 
put these laws into a formula.  Indeed, Kepler's laws are sup­
posed to be the same as Newton's laws of gravitation, in  the 
case of two bodies, such as the Sun and Mars, but only New­
ton's formulation is supposed to permit the exact calcu lation of 
motion of an arbitrary number of bodies, u nder mutual attrac­
tion, in space. 

Furthermore, we are taught that Kepler's laws of motion are 
supposed ly embedded in mystical, world-harmonic specula­
tions, whi le  Newton's hypotheses non fingo (I make no hy­
potheses) marked the definitive break with the med ieval way 
of th inking. 



NASA 

Kepler's central hypothesis of a principle of harmony that underlies the solar system, contrasts starkly with the entropic notions 
of modern physical theories. Here, a composite of four of Saturn's moons. 

However, Newton h i mself was much more skeptical than 
this, because even then a general solution to the three-body 
problem had already turned out to be impossible. Thus, New­
ton bel ieved that he could bri ng the present ordering of the so­
lar system into coherence with the long-term consequences of 
h is gravitational laws, only through occasional d ivine interven­
tion, to counteract a general decay. S ince N ewton's time, we 
have developed computers good enough to calcu late, step by 
step, the m utual attraction of the Sun,  the planets and their 
moons, and, presumably, the future of the solar system, based 
on the laws of gravitation . Yet, here also, certain princi pled 
l imits have been known for qu ite some time. 

Is  it not true that the q uantities i n put i nto the computers, 
such as the mass and the position of the planets, are known 
only to a certain degree of approximation? And even indepen-

dent of that, the computer itself, with each step of calcu lation, 
produces an additional u ncertainty, because of an inevitable 
rou nd ing off. That is  why computer s imu lations of the solar 
system, inc lud ing  the p lanets' m utual d i stu rbances of each 
other's orbits, reach their predictive l im its after only a few hun­
d red thousand years. I n d eed,  even the s i m p l e  q u est ion ,  
whether the solar system wi l l  be  stable i n  the long term, can­
not be u nambiguously answered usi ng the laws of gravitation, 
supported by the most modern computer techniques, and hun­
dreds of years of mathematical efforts. 

With s ignificant mathematical fanfare, it has been shown 
that parameters such as the mean d istance of a planet from the 
Sun, or the eccentricity of a planet's orbit, in  first approxima­
tion, osci l late period ically around a mean value; however, af­
ter looking at cl oser approxi mations, t ime and aga in ,  ugly 
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"divergences" make their appearance. Whether, for example, 
in the distant future, one of the planets m ight not "escape" 
from the solar system, is not possible to predict, or contradict, 
from such computer simulations. 

Thus, the s imulation of the solar system became the play- , 
ground for the "chaos" theorists, who, although they could 
not shed any l ight here, d i d  br ing to the publ ic their  pretty 
mathemat ics ,  a n d  t h e i r  appea l i n g  c o m puter  g ra p h ics ,  
thereby promoting the market for h igh-resolution color com­
puter screens. 

Let us leave the calcu lator alone for a wh i le, and without 
prejudice, let us look at the characteristics of the ordering of 
the solar system, along with the history of their d iscovery. 

Quantized Orbits 
According to the Newtonian doctrine, al l  the orbits which a 

planet might take around the Sun, or a moon around a planet, 
have equal rights. Even a qu ick glance at the paths of the plan­
ets and moons known today, shows that the truth starkly con­
tradicts this idea: The solar system is ordered to a h igh degree. 
The fact that the orbital p lanes of the larger planets coincide 
very closely, and that the planets all move in  the same direc­
tion around the Sun, is ascribed to the special relations that ex­
isted w h i l e  the so lar  system was being formed . The same 
reason is given for the eccentricities of the planetary orbital el-

30 

TABLE 1 
THE TITIUS-BODE RULE 

Planet n 2n d (from the rule) d (observed) 

Mercury 0 0.4 + 0 = 0.4 0.39 

Venus 0 0.4 + 0.3 = 0.7 0.72 
Earth 1 2 0.4 + 0.6 = 1 .0 1 .00 

Mars 2 4 0.4 + 1 .2 = 1 .6 1 .52 

Ceres 3 8 0.4 + 2.4 = 2.8 2.77 

Jupiter 4 1 6  0.4 + 4.8 = 5.2 5.20 

Saturn 5 32 0.4 + 9.6 = 1 0.0 9.55 

Uranus 6 64 0.4 + 1 9.2 = 1 9.6 1 9.22 

Neptune 7 1 28 0.4 + 38.4 = 38.8 30. 1 1  

Pluto 7 1 28 0.4 + 38.4 = 38.8 39.44 

A Wittenberg theology professor, Johann Daniel Titius, 
first conceived of the following rule that appears to or­
der the spacing of the planets: 

d = 0.4 + 0.3 x 2 n, 
where d is the distance of the planet from the Sun, 
given in multiples of the Sun-Earth distance (that is, as­
tronomical units or AU), and n is the next whole num­
ber. 

The agreement with the true distance of the planets 
from the Sun is striking. Only Neptune breaks the pat­
tern. The similarity to the quantization of electron or­
bits in the hydrogen atom, cannot be ignored. There 
has been no scarcity of attempts to explain the Titius­
Bode rule, or the divergences from it, through mecha­
nisms of gravitation or electromagnetism. Yet, these 
explanations are both very complicated and little con­
vincing. 
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l ipses, which, in  contrast to the orbits of the comets and aster­
oids, are nearly a l l  very sl ight. Yet, the mean distances of the 
planets from the Sun-or what amounts to the same thing ac­
cording to the laws of Kepler, their  periods-should be entirely 
arbitrary, and hence the ordering of the orbits is supposed to 
be a mere accident. Somehow, however, the planets do not 
seem to have'understood this. 

I n  his early work, Mysterium Cosmographicum, Kepler de­
veloped h is geometric model of nested Platonic solids, which 
not only gaVe Earth's approximate d istance from the Sun, but 
also, the distance of the six then-known planets. Kepler under­
stood this as a first approximation of the geometry of the solar 
system, with the exact eccentricities and the d istances deter­
mined by the harmonic lawfulness of the motions of the plan­
ets at peri he l ion a n d  a p h e l i o n ,  the i r  c losest and farthest 
distances from the Sun, respectively. 

Further along, we wi l l  return to the Keplerian harmonies in 
the l ight of the plethora of astronomical data avai lable today. 
For now, we must keep in mind Kepler's central hypothesis, 
that there is a principle of harmony that underlies the solar sys­
tem, in stark contrast to the entropic notions of modern physi­
cal theories. 

It was in no way a dogma for Kepler, that there were only 
six planets, in  cbntrast to the case, about 200 years later, of 
the phi losopher Hegel, who toward the end of the 1 8th cen­
tury d rew up a treatise presenting the a priori argument, that 
there can only be exactly six planets-hence no one should 
bother gett ing  it i nto his head to point a telescope at the 
heavens to look for a new planet. Kepler, on the other hand, 
i n  the i ntroduction to h i s  Mysterium Cosmographicum, of­
fered his suspicion that between Mars and j upiter, there might 
wel l  be another planet. He did not base this surmise merely 
on the great d istance between the orbits of Mars and jupiter. 
In the Harmonices Mundi, after exam ining the harmonic pro­
portions of the movement of the planets, he comes to the fol­
lowing conclusion: 

These therefore are the harmonies which are shared by 
each pair  of planets. I n  their main relationships (that is, in 
the relationsh ip between the motions at the convergent 
and divergent extremes [peri hel ion and aphelion, 
respectively]), there is no pair  of planets that would not 
come so close to a harmony, that the ear, were strings 
tuned in a corresponding manner, could not easily 
distinguish the imperfection, except for that d ifference 
between jupiter and Mars. 

These considerations of Kepler were given an added i mpe­
tus by Johann Danie l  T it ius's devis ing a geom etric array, 
which fairly closely gave the average distance from the Sun of 
al l  the six known planets. Titius, a theology professor from 
Wittenberg, in a flagrant abuse of h i s  assigned task as trans­
l ator, s imply i nserted the fol lowi n g  passage describing h i s  
d iscovery into t h e  m i d d l e  o f  t h e  text o f  h is 1 766 translation 
into German of the Contemplation de la Nature by Charles 
Bonnet: 

Let us consider for a moment, the relative spacing of 
the planets, and take note that virtual ly all of them are 
distant from each other in  a proportion which increases 



with their, physical size. Take the distance between the 
Sun and Saturn as 1 00 un its; then the d istance between 
the Sun and Mercury, is 4 such units; Venus, 4 + 3 = 7 
units; Earth, 4 + 6 = 1 0; Mars, 4 + 1 2  = 1 6. But note that 
the distance between Mars and Jupiter wou ld  appear to 
diverge from this very precise progression. Moving 
outwards from Mars, there is a place at 4 + 24 = 28 such 
units, at which today there is no major planet or moon to 
be seen. And the Architect i s  supposed to have left this 
place empty? N ever, nevermore! Let us make the 
confident assumption, that th is place, without doubt, 
belongs to the companions of Mars, ti l l  now 
undiscovered, and let us add that J upiter may perhaps 
have a few accompanying it as wel l ,  which have not yet 
been seen with a telescope. Beyond this unknown orbit 
arises Jupiter's locus at 4 + 48 = 52;  and Saturn's, at 4 + 
96 = 1 00 such un its. What a wonderful relationsh ip!  

It was not unti l  the second printing of his Bonnet translation, 
that Titius resolved to lay claim to this observation as his own. 
However, in the world of 'professional astronomy, Titius's dis­
covery was first made publ ic u nder the name of Johann Elert 
Bode, the director of the Berl in  Observatory, in his 1 772 book, 
Anleitung zur Kenntnis des gestirnten Himmels [ I ntroduction 
to the science of the starry heavens], because Bode could not 
bring h imself to credit, as the source of h i s  own wisdom, a 
mere translator from Wittenberg. 

To posterity, this geometric progression of the distances of 
the planets from the Sun,  has been passed on as the "Titius­
Bode rule" (Table 1 ) . Its relevance was bri l l iantly confirmed by 
the 1 781  discovery. of the planet U ranus, whose distance from 
the Sun, in the above units, was fou nd to be almost exactly 4 -t 
1 92 = 1 96. Sti l l  and al l ,  something was m issing. 

The Gap between Mars and Jupiter 
In the fal l  of 1 800, in L i l ienthal near B remen, a "conspir­

acy" was hatched involving six astronomers. Those present 

The observatory of j.H. SchrOter . 
in L ilienthal near Bremen. This 
was the site of the astronomy 
"conspira cy" in 7 800, Which 
founded the United Astronomi­
cal Society with the goal of dis­
covering a possible planet 
between Mars and Jupiter. The 
reflecting telescope in the mid­
dle has an aperture of 50 cm 
and a focal length of 9 meters. 

included the "comet astronomer" Heinrich Wi lhe lm Ol bers.; 
the d i rector of the Seeberg (Gotha) Observatory, Franz Xa\;'er 
von Zach; the owner of the private observatory in L i l ienthal ,  
Johann Hieronymus Schroter; Schroter's student Karl Ludwig 
Hard i ng; and, fi nal ly, the astronomers G i ld meister and F .A. 
Ende. They decided to found the U n ited Astronom ical Soci­
ety,  w h i c h  set i tse l f  the g o a l ,  in the m i d d l e  of  t h e  
Napoleonic wars, to bring together a n  international host of 
astronomers, through a joint "great project" of astronom ical 
researc h :  the d iscovery of a poss ib le  p lanet between Mars 
and Jupiter. To this end, each of the members of the society 
should dedicate h i mself to the goal ,  "that the heavens visible 
in  middle Europe, shou l d  be d iv ided into regions accord ing 
to t h e  zod i ac,  a n d  each m e m b e r  s ho u l d systemat ica l l y  
search a region, and make precise notes . . .  keeping u p  a 
l ively exchange of letters with each other; and that in the ir  
work, they should always keep in  m i nd, the goal o( the re­
search of the group as a whole," in order so to feel and act as 
"a part of the whole." 

The zodiac, the projection of the Sun's path onto the heav­
ens as seen from Earth, is divided into 24 zones of 1 5  degrees, 
and each of these zones shou ld be adopted by an astronomer 
of this international search commando. The astronomers cho­
sen for this task also incl uded G i useppe Piazzi, professor of 
mathematics and d i rector of the observatory at the Norman 
castle in  Palermo, Sici ly, with whom Bode was in contact. Yet, 
while the letter to Piazzi was sti l l  on its way from Berlin, Piazzi 
had already acted . Piazzi possessed at the time one of the best 
instruments for measuring the positions of stars, part of which 
he had built h i mself, the so-cal led universal instrument. .With 
its he lp, he compi led a star cata logue which gave u ncom­
monly precise positions for 8,000 stars. 

On New Year's Eve, 1 800, Piazzi observed a faint star in  
Taurus, whose position, relative to the stars already in his cata­
logue, had changed o n l y  two d ays later !  Was th is  a new 
comet? N ight after night during January 1 801 , Piazzi measured 
the position of the wandering star. Then his observations wer� 

21st CENTURY Spring 1 997 31 



Triton 

- 1 5  - 1 0  - 5  

Naiad! 
Thalassa! 
Despina 

o 
Figure

'
l 

5 

THE MOONS OF NEPTUNE 
Distances in  diameters of  the planet 

Barred spiral (c = 1 ,700) 
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HIE MOONS OF 'URANUS 
Distances in diameters of the planet 

Barred spiral ,(c = 1 .328) 
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The planetary diameter or "bar, II from which the spiral begins, is extended outward to intersect the spiral's turns, The inter­
sections define the distances of the moons to very close approximations, 
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interrupted by bad weather, and when the weather cleared, 
the star was no longer to be found. Besides, the Sun had now 
come so much closer to that part of the heavens, that contin­
ued observation became imposs ib le for another six months. 
His last sighting was on Feb. 1 1 .  

Piazzi wrote in  a letter to Bode in Berl in, that he thought he 
m ight have seen the missing planet between Mars and Jupiter. 
P iazzi 's  "star" was named after the godd ess-protectress of 
Sicily, Ceres. In June 1 801 , Zach and albers also found what 
Piazzi had seen. albers was at the time the leading expert in 
the calculation of parabol ic comet paths. Yet, in spite of al l  h is  
efforts, albers was not successfu l ,  using Piazzi's data and the 
method avai lable to h i m, in deciphering the orbit of Ceres. 
There was only one man capable of doing that: the 24-year­
old Carl Friedrich Gauss. 

In the summer of 1 80 1 , Gauss's Oisquisitiones Arithmeticae 
had appeared. At this point i n  h is  l ife, Gauss was turn ing to 
new fields of endeavor such as astronomy. F irst he concerned 
himself with the unsolved problem of the motion of the Moon. 
B ut an event occu rred of s u c h  p itch and moment, that i t  
changed the course of  his l ife, when "Piazzi's observations be­
came known to the publ ic, and I was pul led in a completely 
different d i rection," as Gauss later wrote in a letter to the as­
tronomer H .C. Schu macher. I n  October 1 80 1 , he received 
from a friend the September issue of the magazine publ ished 
by von Zach, Monthly Correspondence for Promoting the 
Knowledge of the Earth and the Heavens, which contained 
Piazzi's observations. Gauss's mathematical d iary, in  which he 
had entered every one of h i s  mathematica l tr iumphs si nce 
March 1 796, suddenly breaks off. 

For the next four years, Gauss was i n  the grip of an astro­
nomical discovery program. In a few weeks, he developed a 
new mathematical theory which  enabled h i m, proceed ing 
from only  three complete observations, to determine the form, 
the size, and the spatial orientation of a Keplerian orbit. To be 
precise, it was a question of determ in ing a con ic section in 
space, knowing initia l ly  only one of its focal points, namely, 
the position of the Sun.  Then the desired conic section must 
cut th ree known l i nes in space, which are themselves to be 
found on the path of another conic section, namely, the Earth's 
orbit. Final ly, the path defined by the three points of intersec­
tion, must be coherent with Kepler's laws. 

After finishing this task, Gauss i mmediately solved the prob­
lem of the determination of a conic section, given only four 
i n com p l ete observat ions.  He appl ied the m ethod h e  had 
devel oped-but not  p u b l i s h ed-m a n y  years before, the 
method of least squares. I t  was sti l l  late autumn of 1 801 , when 
Gauss sent news to Zach tel l i ng h i m  where Ceres wou ld be 
found on certain  n ights. And, in fact, a l ittle later, Ceres was 
found, once again on a New Year's Eve, precisely in the posi­
tion calcu lated by Gauss. The next n ight, Wi lhelm al bers in 
Bremen also sighted it. Von Zach wrote to al bers: 

With joy you w i l l  have noticed, how precisely Dr. 
Gauss's el l i pse coinc ides with the observations of 
Ceres. Please an nou nce this to the worthy scholars, 
along with a profession of my qu ite extraord inari ly high 
regard. Without h is toi lsome research on the e l l iptical 
elements of this planet, we should probably not have 
recovered it. 
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Now it was clear: Ceres was the sought-for planet between 
Mars and jupiter, whose mean d istance from the Sun al most 
exactly corresponded to the expectations of the Titi us-Bode 
rule. This event, Gauss reported later, made him into an as­
tronomer. Thenceforth he mai ntai ned a close friendship with 
albers in Bremen. Over the course of 1 803, with Zach at the 
observatory in Gotha, he received a thorough ground i ng in  
practical astronomy. At the ti me, new astero ids were being 
d iscovered at a great rate, and Gauss functioned as a "calcu­
lation center," for determ i n i n g  the path of each new one. 
Carefu l coord ination by albers ensured that al l  the observa­
tional data found their  way to Gauss. Using his revolutionary 
method, Gauss would then find the future positions of the as­
teroids. 

On March 28, 1 802, albers d iscovered the asteroid Pal las, 
which was shown to have a s imi lar distance from the Sun as 
Ceres. albers expressed the suspicion that Ceres and Pal las 
might be fragments of a large planet, which he called Phaeton. 
On Sept. 1 ,  1 804, there fol lowed the discovery of juno by Karl 
Ludwig Harding in L i l ienthal, and on March 29, 1 807, finally, 
the discovery of Vesta, aga in  by albers. The asteroid discover­
ies then ceased, at least for some decades. 

In july 1 807, Gauss went to Gottingen as professor of astron­
omy, and at the same time he became d i rector of the Gottin­
gen observatory. There he drafted, and published in  1 809, his 
"Theory of the Movement of Heavenly Bodies, which Orbit the 
Sun i n  Conic Sections," which fol lowed from his somewhat 
earlier "Theory on the Motion of the Heavenly Bod ies, accord­
ing to Kepler's Laws." Unfortunately, i n  1 8 1 3, Schroter's pri­
vate observatory in L i l ienthal , · the lau nch i ng pad for the 
asteroid "conspiracy," was completely destroyed by the invad­
ing French troops. 

Systems of Planets and Moons as 'Barred Spirals' 
Gauss fi rst cal led the Titius-Bode rule a "play of the imagi­

nation," but then saw it confirmed by the d iscovery of the as­
tero ids .  Yet, someth i n g  gnawed away at h i m  as m u ch as 
before, namely, the empty space between Mercury (n = - 00) 
and Venus (n = 0), i n  that, accord ing to Titi us-Bode, an un­
end ing mu ltitude of additional planets with negative "quan­
tum numbers" n might go around the Sun. Yet, these orbits are 
not occupied, at least according to knowledge then and now. 

Another uncomfortable aspect of the Titi us-Bode rule results 
from the natural attempts today to apply it to the moon sys­
tems of the planets. In fact, the d i stances of the moons from 
thei r  planets do poi nt to unmistakable traces of a geometric 
progression. just in the manner of Titius-Bode, one cou ld put 
forward the ru le for their distances in the fol lowing form : 

d = a + (b x en) (n = 0, 1 ,  2, 3, . . .  ) . 
However, here, i n  contrast to the d istances of the planets, 

one must abandon the whole n u mber 2 as the basis for the 
geometric progression en. In every system of moons, a, b, and 
e are independent parameters. Because no choice of a, b, and 
e wil l  give us their  d i stances in q u ite so satisfying a way as 
Titius-Bode does for the planets, there have been attempts in  
recent ti mes to apply broader, more generalized versions of 
the Titius-Bode rule, such as the so-cal led B lagg-Richardson 
formulation. Without getting into the detai ls  here, suffice it to 
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say that with this form u lation, one can adm itted ly  get good 
agreement with the actu al  orbits of the moons. To do that, 
however, the number of free parameters, which can be added 
after the fact, u nti l  "it fits," is even greater than the number of 
epicycles in the Ptolemaic theory of the planets. 

Here, we wish to take another path. The most evident de­
parture of the moons' distances from a geometric progression 
consists in the fact that, with smal l  d i stances of the moons 
from the planet, they are also more and more squeezed to­
gether in logarithmic sca le. I n  other words, whi le in a strict 
geometric progression, the distance from the center shou ld al­
ways grow by the same factor, this only holds for the moons 
that are at greater distances from their planets. With the i n ner 
moons, this factor decreases constantly, and approaches the 
value 1 ,  so that two moons next to each other shou ld have 
practically the same distance from their planet. 

Such a re l at ions h i p, however, has been fam i l iar  i n  the 
world of astronomical forms for some ti me-namely, in  spi­
ral ga laxies. Many spiral galaxies have the form of a perfect 
logarithmic spira l .  If one puts a straight l i ne through the nu­
cl eus, and considers the i ntersections of the spiral and the 
stra ight l i ne, the sequence of d i stances from the center w i l l  
form a geometric progress ion .  The ang le  a t  which such a 
straight l i ne cuts the spiral, the so-cal led opening angle, is al­
ways the same. 

However, there is a rel ated type of sp i ral galaxy, the so­
called barred spiral, which occurs not infrequently. A straight 
bar runs through the nucleus of such a galaxy, and the spiral  
arms begin at the ends of the bar and, i ndeed, always at a right 
angle (an opening angle of 90°) . Near the bar, the spiral arms 
are nearly circular in form; they eventual ly change their shape 
as they go out, to approach asymptotically the form of a loga­
rithmic spira l .  At the s implest, the resu lting rule of distance can 
be expressed as a hyperbo l i c  cos i n e  (abbreviated cosh), a 
close relative of the exponential function :  

d = a x cosh (e x n) (n = 0, 1 ,  2,  3, . . .  ) .  

For every system of moons, there are then only two parame­
ters, a and e, that remain arbitrary. The length of the bar of a 
barred spiral galaxy, corresponds to a, while e defines an as­
ymptotic rate of growth outward . It turns out that the orbits of 
the moons of a planet can be precisely mapped onto a barred 
spiral, when the length of the bar corresponds to the diameter 
of the planet to which they belong. 

Figures 1 to 4 show a stri king agreement with the true lu nar 
paths, even though there is  on ly  one i ndependent variable 
avai lab le .  In these graph ics, we are con s ider ing  al l  those 
moons which are at a distance of less than 1 5  planetary diam­
eters, with the exception of Hyperion, the i rregu lar moon of 
Satu rn. F igures 5 and 6 show the barred spiral system of the 
planets, in  which now-in contrast to the Titi us-Bode ru le­
the planets Neptune and Pluto also fit. Here the bar length is, 
to be sure, about 50 times the d iameter of the Sun.  (In compar­
ison with barred spiral  galaxies, it must natu ral ly be kept i n  
mind that these galaxies possess two spiral arms.) 

Harmonies and Resonances 
Let us remember Kepler's words in the Harmoniees Mundi: 

adm ittedly, when we ponder the planetary distances, that " is  
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A barred spiral galaxy, NGe 7 300. A straight bar runs through the nucleus, and the spiral arms begin at the ends of the bar. 
The spacings of the moons of planets follow a barred spiral geometry, not the Titius-Bode Law. 

the fi rst sh i mmering of a harmony," and "an a l l u rement, to 
continue our search." But the deeper causes of the arch itectu re 
of the solar system, are to be found primari ly i n  the periods of 
rotation and their harmonies:  

I ndeed, when we th ink  about these thi ngs more 
closely, it seems very u n l i kely, that the a l l -wise Creator 
shou ld have been merely concerned with having harmo­
nious relations respecting the paths of the planets. For if 
the proportions of their  paths are in harmony, then a l l  
the particulars which the planets have of  themselves, 
ought to necessari ly derive from these paths, and there 
should be no more poss ib i l ity, that harmon ies miglit be 
created in other positions. But what about the harmonies 
between the paths? Who wi l l  perceive these harmonies? 
Two thi ngs there are in  nature, which al low us to 
perceive the harmonies of nature, l ight and sou nd . The 
former is perceived through the eyes, or through the hid­
den .sense organs correspond ing to the eyes, the latter 

through the ear. When our m i nds perceive the latter 
species, we d isti nguish the melod ic and the unmelodic, 
be it purely instinctively (with which we have dealt at 
sufficient length in Book IV), or through astronomical or 
harmon ic consideration. However, there are no tones in 
the heavens, nor are the motions there so violent, that 
through friction of the heavenly air, a buzzing or a 
piping shou ld ensue. That leaves l ight. If l ight should 
teach us about the paths of the planets, then it shou ld 
teach either through the eyes or a s imi lar sense organ, 
that has a very specific location . . . .  Because I 
comprehended al l  of this u nder one poi nt of view, I 
rightly reached the conc lusion, that one would have to 
abandon the perceived paths of the planets i n  space, 
and turn our eyes to their constructed dai ly arcs, and 
indeed, to the constructed magnitudes taken together, 
seen from one specific, superb place i n  the world, that 
is, from the body of the Sun,  which is the wel lspri ng of 
the motion of al l  the planets. 
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Thus, Kepler turns to the angular velocity of the planets, and 
certa in ly not from the standpoint of the empty middle of the 
e l l ipse, but rather from its focal poi nt, which he marks as the 
position of the Sun. Now, the angu lar velocities vary with the 
distances of the planets from the Sun, so that the rad ius vector 
of the planet always covers an equal area within the e l l i pse 
per unit of time. Kepler himself had establ ished this in the As­
tronomia Nova. 

Consequently, he took up the question of the extreme values 
of these angu lar velocities : first at the closest approach to the 
Sun, the perihel ion, and then at the farthest poi nt, the aphe­
l ion. Final ly, for each pair of neighboring planets, he took the 
relationsh ip between the motion of one at aphel ion, with the 
motion at perihelion of the other. 

Aston ish i ng musical  harmonies emerged from this, with 
the exception of the Mars-Jup iter proportions. However, as 
shown in Tab le 2,  that gap in Kepler's system is most dra­
matica l l y  f i l led by the astero id Ceres, long after Kepl er's 
death . The convergent Ceres-J up i ter pro-
portion-that is, the relationsh ip of the mo-
tion at aphel ion of Ceres, to the motion at 

nature of the planets, he concl\1ded that there was a close co­
herence between thei r  orbits and thei r  sizes. I n  the Harmon­
ices Mundi he says: 

Now it is a very probable supposition (supported by 
geometric proof, and the theory of the causes of 
planetary motion presented in the work on Mars), that the 
volumes of the planetary bodies are related to their 
periods, so that the sphere of Saturn is about th irty times 
as big, J upiter twelve times, Mars somewhat less than 
twice, as the sphere of the Earth, and Earth one-and-a­
half times as large as Venus, and four  times as large as 
Mercury. 

Obviously, Kepler has in mind  here precisely the relation­
s h i p  of their  periods (Merc u ry, 0 . 2 4  years; Venus, 0 . 6 2  
years; Earth, 1 year; Mars 1 .9 years; J u p iter 1 2  years;, and 
Saturn 29 years). I f  we plot a d iagram of the periods of the 

Table 2 
APHELION-PERI HELION HARMONIES per ihe l ion  of J u p iter-is prec ise ly an oc­

tave. The error i s  less than 1 /1 oth of 1 per­
cent. Their  d ivergent proport ion-that is, 
the m oti o n  at peri h e l i o n  of Ceres to the 
motion at aphelion of Jupiter-is, with l i ke 
precision, an octave i ncreased by the pro­
portion 5 : 3 .  The relationsh i p  between the 
moti ons at peri hel ion of Ceres and Ma rs, 
corresponds to a major third,  whi le  that at 
aphel ion, corresponds to a m i nor th ird .  The 
precis ion with which these val ues are ap­
proached, l ies in  the range of 1 /1 00th of a 

Proportions of angular velocities (A = aphelion, P = perihelion) 

percent. 

The Orbit Determines the Mass 
The orbits of the moons and the planets 

thus seem to obey certain  quantization rules, 
and manifest harmon ic proportions in rela­
tion to each other. Sti l l ,  that is  not enough. 
The sizes of the moons and planets are by no 
means arbitrari ly distributed, but have instead 
a clear and active u nderlying ordering princi­
ple. At fi rst glance, it strikes us that the orbits 
of the p lan ets c lose to the Su n-Mercury, 
Venus, Earth, and Mars, a l l  with relatively 
smal l  d i am eters of about 5 ,000 to 1 3 ,000 
km-have o n l y  a few or  no moons, and a 
high specific gravity, between 3 .9 and 5 .5 .  

I n  contrast, t h e  outer p lanets-J u p iter, 
Saturn, U ranus, and Neptune-have d iame­
ters of about 50,000 to 1 40,000 km, numer­
o u s  m o o n s ,  m o re or less  com p l ex r i n g  
systems, and,  f ina l ly, spec if ic gravit ies of 
about 1 . 7 .  They consist for the most part of 
gas. Moreover, the chemical composition of 
the atmospheres of the Earth-l ike planets, on 
the one hand,  and the gaseous g ia nts, on 
the other, is clearly d ifferent. Even from the 

Proportion 

P (Venus) 

A (Earth) 

A (Mars) 

: A (Mercury) 

: A (Venus) 

: P (Earth) 

A (Ceres) : A (Mars) 

P (Ceres) : P (Mars) 

A (Jupiter) : P (Ceres) 

P (Saturn) : P (Jupiter) 

A (Neptune) : A (Uranus) 

A (Neptune) : A (Pluto) 

Interval Corresponds to 

Two octaves 4.000 

Minor sixth 1 .587 

Fifth 1 .498 

Octave & major third 2.520 

Octave & minor third 2.378 

Octave 2.000 

Octave & major third 2.520 

Octave & half tone 2.1 1 9  

Whole tone 1 . 1 22 

scarce data avai lab le  to Kepler about the Phobos, a moon of Mars, taken by the Mariner 9 probe. 
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planets agai nst their  d i ameters, then 
the fi rst thing that str ikes us  i s  what 
Kepler suspected, the increase of the 
size of the p lanets with the i ncrease 
of their  periods (Figure 7). 

However, at j u piter a max imum di-

Period of the 
sunspot cycle 

ameter is reached, and the planets far­
ther out become i n creas ing ly  sma l l .  
Because of the small nu mber of plan-

1 00,000 I--+-----+--�___;d,_::_::_-----"n----_+----___t 

ets, it i s  d i ffi c u l t  to d raw swee p i n g  
conclus ions here. But are there not a 
great number of moons, which, thanks 
to Voyager, m i ght be able to give us  
some answers i n  this  regard ? Tak ing 
separately and in turn the 1 6  moons of 
Jupiter, then the 1 8  Saturn moons, the 
1 5  of U ra n u s ,  a n d ,  f i n a l l y , t h e  8 
moons of N eptune, each ti me we get 
the s a m e  o rd e r i n g  that we a l ready 
know from the planets : With increas­
ing distance from the planets, the peri­
ods of the moons a lso i ncrease, and 
the d i ameters of the moons i ncrease 
and reach a max i m u m ;  and with fur­
ther d i stance from the p lanet, the di-
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ameters of the moons aga i n  beg i n  to 
decrease. 

Now, one m i ght assu me, that th is  
dependency of  the s ize of  the moons 
on the periods has as its cause, the par­
ticular condit ions that held whi le  the 
solar system was being formed.  Here 
the astrophysicists consider certai n  hy-
drodynamic regularities, which deter-
m i n e  the  b e h a v i o r  of a gas c l o u d  

0.1 

collapsing under its own gravity. W h i l e  the cloud of gas is 
condensing i nto the Sun and the planets, there might be acci­
dental increases in density, caused by gravity, in parts of these 
gas envelopes of the planets, which would  gradual ly develop 
into moons. But cou ld  one i magine, with such a compl icated 
process, that each time the end resu lt wou ld be the relation­
ship of period to diameter described above? 

But carefu l :  The masses of the gi ant p lanets are q u ite d is­
tinct. jupiter for example, has a mass some 20 times greater 
than Neptune and Uranus.  Accord i ng to the l aw of gravity, 
therefore, the characteristic t ime scale in the jupiter system 
should be much smal ler than for Neptu ne and U ranus. Figure 
8 proves the contrary. Al l the moons in the solar system fit into 
one and the same period-d iameter diagram, and thereby show 
that they don't give a hoot about the masses of their planets. 

If the particles of planetary rings be considered, which are 
not taken into account here-and they would  be found sev­
era l  ord ers of m a g n i t u d e  d eeper  w i t h i n  the  hype rbo l i c  
band-then a l l  the planetary "sate l l ites," taken together, fal l  
i nto four categories or "registers", c l early d isti ngu ished one 
from another. F i rst, with periods of u p  to five hours, there be­
gins the zone of the planetary rings. When the period reaches 
seven hours up to about one day, in part overlapping with the 
r ing zone, there are n u m ero u s  s m a l l  moons to be fou n d ,  
whose paths around their planets are virtual ly perfect c ircles, 
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prec isely i n  the equatorial  p lane.  Moreover, the rotation of 
each of these in ner, sma l l  moons, is said to be synchronous, 
that is, its orbital period around its p lanet, and its rotation 
u pon its axis, are exact ly equ a l .  The latter characteristic is 
also true for the l arge, regularly formed moons, which have 
periods from one day to one month . 

The highest point of the hyperbola is located at around 20 
days; i n  other words, the n earer a moon's period is to the 
range of 1 5  to 25 days, the larger i n  size m ust that moon be. 
Dwarf moons of d iameter 1 00 km or less, are not tolerated 
here. F inal ly, very far away-with periods of some hundreds 
of days-there are sundry smal ler, i rregu larly formed moons, 
in eccentric orbits, whose orbital axes point a l l  over the heav­
ens. One assumes that these outer moons, and perhaps one 
or two of the smaller, inner moons, represent captu red aster­
oids. 

Adm ittedly, there are a cou ple of exceptions, and these are 
especial ly interesting: F i rst, a l l  the moons that significantly de­
part from the mean period-diameter scheme, are bound by res­
on ances to another moon (denoted by a dotted l i ne i n  the 
figures). Thus the periods of 10 and Europa are related precisely 
as 1 :2, Phobos and Deimos 1 :4, and Titan and Hyperion, 3 :4. 

It wou ld  be usefu l to take a closer look at these pecul iari­
ties. Jupiter's moon 10, which, relative to its period, has much 
too great a d iameter, is a sulphur-spitti ng monster, whose vol-
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The only moons that are not on the diagram are 
the three small moons of Satum, Talaso and Ca· 
Iypso (both co-orbital with Tethys), and Helene 
(co-orbital with Dione): When there Is more than 
on� occupant of the same orbit, only the largest 

. representative has been considered. 



can ic activity is great�r than that of a l l  the other plan-
Figure 9 

PLANETARY RESONANCES 
ets and moons of the solar system. This is commonly 
explained by the strong t ides result ing from j u p iter's 
powerfu l gravitational field .  And Hyperion is the only 
known moon o f  the solar syste m ,  w h i c h  tru n d l e s  
around its planet i n  a chaotic manner, that is, conti nu­
ously alters its period of rotation, and also the d i rection 
of its axis, and on top of that, seems to be shaped l i ke 
a pean ut. It is genera l ly  assumed that Saturn's moon 
Hyperion represents the remains of a destroyed moon. 
We shou ldn't wonder, therefore, that a moon such as 
that, does not qu ite f it  i nto the schema. 

1 .  The system of the inner planets 

SMerCury -2:1- 0Mercury -3:2- RMercury -2:1 - SVenus -5:1. - S Venus, Earth 

8:5 --------
Rvenus -3:2- 0E�OMars 

2. The Jupiter-Saturn system 

a Jup�er-5:3- S Jupiter, Saturn -13:8 -OSatum 

Then there i s  Dei mos, the s m a l l moon of M a rs,  
which for its size, has an orbit of much too great a di­
ameter. Phobos and Deimos, because of their  u ncom­
mon l y  dark  s u rfaces, wou l d  seem to be u n u s u a l l y  
prom ising candidates for the category o f  captu red as­
teroids. 

3. The system of the outer planets 

0Uranus -2:1- 0Neptune -3:2- ·0pluto 2:1 -SNeptune, Pluto 

Al l i n  a l l, we m ight say, that a moon of a certai n  size 
can o n l y  go a ro u n d  its p l a n et i n  such  a path, that 
would give it a period in one of two ranges. If you wi l l, 
there are for each moon, depend i ng on its size, two or-

The relationships shown here are between synodic periods (5), 
orbital periods (0), and axial rotation periods (R). The synodic 
period is with respect to the Sun unless otherwise indicated. 

All relationships are formed from members of the Fibonacci 
series: 

bital sectors, comparable to two possible d i rections of 1, 1, 2, 3, 5, 8, 1 3, 2 1, . . .  

spin for an electron .  
Let u s  look, for example, a t  Saturn's moon Phoebe. It 

has a radius of somewhat more than 1 00 km, and a pe­
riod of 550 days. According to our period-d iameter d i­
agram, relative to its size, it could a lso exist as an inner 

The sum of each adjacent pair defines the succeeding mem­
ber. The ratios of neighboring members draw closer and closer 
to the Golden Section ratio, as the series proceeds. 

moon, with a period of from a few hours to maximally one or 
two days. Now Phoebe h as an axia l  rotation, which is not 
synchronous with its orbit aro u n d  Satu rn,  and this  period 
fits-at 9.4 days-in fact i n  the middle of this range. In  other 
words, based on its rotat i o n ,  Phoebe is sti I I  at the same 
height, but th is time exactly with i n  the left l imb of the hyper­
bola, just above Neptune's moon Galatea (Gal). 

Now another i nterest ing  q uestio n  arises in this con nec­
tion.  For the moons of the solar system, there is  one, and 
only one, character ist ic  t ime sca le  of about 20 days. Any 
moon that has a period in the neighborhood of th is val ue, 
will be among the larger o nes, q u ite i ndependently of which 
p lanet it orbits .  S i nce captured moons are a lso configured 
i nto this ordering, this shou ld mean that here we are deal ing 
with an ordering principle, that not only corresponds to the 
conditions that held d u ring  the formatio n  of the solar  sys­
tem, some b i l l ions of years ago, but whose efficacy is sti l l  
present today. 

For the orbits of the planets around the Sun, there is another 
characteristic time scale, this one about 1 0  years. But our Sun 
also has two striking periodic values: It turns u pon its own axis 
in about 25 days, and the sunspot cycle repeats itself every 1 1  
years! Might this, in a surprising way, confirm Kepler's physi­
cal conjectu re in the Astronomia Nova, accord ing to which 
the rotation of the Sun, in concert with its magnetic character­
istics, determines the course of the planets? 

Resonances and the Fibonacci Series 
A striking pecul iarity in the motions of known solar system 

bod ies-whether p lanets, moons, asteroids, or ri ngs-is the 
surprising abundance of resonances. This is shown, for exam­
ple, in the 1 : 1 resonance between orbital period and rotation 

t ime of the great majority of the 61 known so lar  system 
moons. From their corresponding planets, one would always 
see the same side of the sate l l ite, j ust in the way we always see 
the same side of the Moon . 

Then there is a series of pairs of neighboring moons, whose 
orbital  periods fo rm a rat io  of exact l y  2 : 1 -for exam p l e, 
Ganymede-Europa, Eu ropa-Io, Dione-Encelad us, Enceladus­
j a n us,  Tethys-M i m as, Prote u s- Larissa.  Other ne ighbor ing 
moons have orbital period ratios of  3 :2, 4 :3, 5 :3 ,  or even 4 : 1 , 
such as the two moons of Mars, Dei mos and Phobos . The 
number of resonances is so great, that no one seriously claims 
it as a simple game of chance anymore. It is thought to be un­
derstandable in some degree with the help of gravitational ef­
fects. But in the individual case, it is as hard as ever to explain 
why the jupiter resonances in the asteroid belt induce signifi­
cant gaps, while some resonances of the moon Mimas in the 
rings of Saturn lead to ampl ifications. 

Not less i nteresting are the resonances of the planets. Con­
sider Mercury. It possesses a property that is closely related to 
the synchronous rotation of moons that are near their planets. 
The period of its orbit aro u n d  the S u n  is 8 7,969 days; the 
time of one axial rotation, on ly  5 8,646 days. As in the case 
of synchronous moons, we are concerned here a lso with a 
perfect tu n i ng between orbital and rotat ional  periods, only 
this  time not of 1 : 1 , but a resonance of 3 :2 .  When Mercury 
has turned three times on its own axis, it has orbited the Sun 
exactly twice. 

To understand the m utual tu n i ngs of the forms of motion 
of Mercury, Ven us, Earth and Mars, an additional periodicity 
is of cou rse necessary, the synodic  period, along with time of 
rotation and orbital period. The synodic period is the appar­
ent rotational or orbital t ime from the relative standpoint of 
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The Discovery of Neptune 

E xact ly  1 5 0, years ago, o n  Sept .  2 3 ,  1 846,  j o h a n n  
Gottfried Galle and a student, Heinrich Ludwig d '  Arrest, 

working at the Fraunhofer refractor of the Berl in Observa'­
tory, d iscovered a major new planet, Neptune, It was the 
5 5th b i rthday of the observatory d i rector, Johann Franz 
Encke. I n  the morning, a letter had been received from the 
French astronomer Jean-Joseph Leverrier, asking if "the in­
defatigable observer" Galle would devote "a few moments 
to a search of a region of the heavens . . . where there is a 
possibil ity of discovering a planet. It is the theory of Uranus 
that has led me to th is conclusion." 

Leverrier supposed that the influence of a transuranian 
planet lay behind the long-observed deviations in Uranus's 
orbit. Wh ile the Paris Academy did not think much of such 
speculations, Galle and D' Arrest took it upon themselves to 
scour the indicated part of the sky for an uncatalogued ob­
ject. In this search, they obtained decisive help from the 
Berl in  Academy Star Charts, a mapping of the heavens di­
rected by the Berl in' Observatory and executed witli inter­
national col laboration.  It was sign ificantly superior to a l l  
previous maps, ' in  that it included stars down to a fa inter 

, l imiting magnitude. 

another rotating or orbiting system. The length of a day on 
the su rface of a planet is an example. 

I n  the case of s lowly rotating p lanets, it j ust so happens 
that the length of the day is sometimes very marked ly differ­
ent from its t ime of rotat ion.  When, for example, Mercury 
completes a fu l l  360° rotation on it own axis in  58,646 days, 
it has, in the same time, traversed two-th i rd s  of its cou rse 
around the Sun, hence an angle of 240°. From the standpoint 
of an inhabitant of Mercury, the Sun has then advanced in 
Mercury's sky only 360° - 240° = 1 20°. One "Mercury day" 
has thus not elapsed, but only one-third of a day. The syn­
odic  rotation (S) or  short day of Merc u ry is  thus  3 ti mes 
greater than its time of rotation (R) and that is just double the 
time of its orbit around the Sun (a), hence: 

SMercury : 0Mercury = 2 :1 
and 

0MerCury : RMercury = 3 :2 .  

Now to Venus. Here the resonances are somewhat subtler, 
but a l l  the more impressive. F i rst, the orbit of Venus around 
the S u n  req u i res 224.701  days. But what is the re lation of 
this  to Venus 's  rotation around i ts ax is?  I n deed, Mercury 
turns very slowly (58.65 days), in comparison to a l l  the plan­
ets, moons, and asteroids of the solar system. But Venus al­
lows itself al l  of 243 . 1 6 days to complete a si ngle turn on its 
axis. When a planet turns so slowly, one m ight th ink that in  
such a case, there m ight be very l i ttle wind  there. Com­
pletely wrong: the dense atmosphere of Venus has a velocity 
50 t imes greater than the su rface. But that's not al l :  Venus 
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The Role of Alexander von Humboldt 
The outstand i ng position of Berl i n  in the astronomy of 

the mid-1 9th century was above a l l  the work of Alexan­
der von H um bo ldt. I n  the spring of 1 827,  he returned to 
Berl in, the city of h i s  b i rth, after a stay of nearly 20 years 
in Paris. 

According to his program :  " Berl in,  in time, should have 
the lead ing observatory, the lead ing institute of chemistry, 
the leading botan ical garden, the lead ing school for tran­
scendental mathematics. That is the object of my labors 
and the un ifying thread 'of my exertions." 

Provoked by the d i scovery of N eptune, Humboldt, in  
letters to the Konigsberg mathematician Carl Gustav jacob 
jacobi, p�sed the "question, what necessary preconditions 
had to have been achieved in  the real m  of the mind, such 
that in  1 846 it was poss ib le to determ ine the position of 
the transuranian planet?" He was i nterested in  the "gentle 
influence of the germination of that train of thought, with­
out which the laws of motion of the heaven ly  bodies­
whether in the hypothesis of epicycles or in that of the 
mutual attraction of masses-cou l d  not have been esfab­
l ished ." 

has a false rotation .  It turns in  the opposite d i rection of a l l  
the other planets. O n  top of that, Venus's rotation time is ex­
actly tuned with an orbit arou nd the Sun,  but for a change, 
not its own, but the period of its neighboring planet. For, in­
deed, the E a rth year (3 6 5 . 2 5 6  days)  a n d  the  rotat i o n  of 
Venus, form a 3 :2 resonance. 

When we look at the orbita l  per iods of the E a rth a n d  
Venus, and then compare them to the synod ic periods o f  the 
two-that is, the t ime between two moments of closest ap­
proach between Venus and Earth-then the fol lowi ng rela­
tionships obta in, to a h igh degree of approximation : 

SVenus,Earth : 0Earth = 8:5 
and 

0Earth : 0Venus = 1 3 :8 .  

If we investigate neighboring planets jupiter a n d  Saturn in  
the same way, the result  is :  

Sjupiter,Saturn : 0Saturn = 3 :2 
and 

0jupiter : Sjupiter,Saturn = 5 : 3 .  

Some additional resonances between the periods a n d  the ro­
tational times of the planets are identified in Figure 9.  

Taken together, these resonance proportions have one char­
acteristic that im med iately strikes the eye of anyone who is 
intimately acquainted with Renaissance painting, the construc­
tion of the Platonic solids, or with the typical geometry of nu-



merous plant and animal  forms. And yes, it is a question of 
proportions derived from the F ibonacci series, in which the 
sum of two neighboring elements always yields the element 
that fol lows: 
1 1 , 1 , 2, 3, 5, 8, 1 3, 2 1 , . . .  
I 
The proportion of each successive pair of neighboring ele­

ments of the F i bonacci series approaches ever nearer to the 
Golden Section. 

Gulliver's Travels and the Two Moons of Mars 
When jonathan Swift's fictional character reached the land 

of Laputa, he made the acquaintance of a special people. They 
were all astronomers, and they behaved in a somewhat strange 
manner. I nstead of convers ing about the weather, their fi rst 
question in every conversation concerned the state of the Sun. 
Whether a l l  was wel l  with the Sun, or whether it might well  be 
about to explode. The denizens of Laputa had had their ears so 
tuned, that they could hear the planetary m usic of the spheres, 
which they would sometimes accompany on their musical in­
struments. I n  any case, Gul l iver found that they were very able 
astronomers. Be that as it may, they were said to have discov­
ered, in fact, 

two lesser stars, or 'satel l ites,' which revolve about Mars, 
whereof the innermost is distant from the center of the 
primary planet exactly three of his diameters, and the 
outermost five; the former revolves in the space of ten 
hours, and the latter in twenty-one and an half; so that 
the squares of their periodical times are very near in the 
same proportion with the cubes of their d istance from the 
center of Mars. . . . 

Swift wrote this story in 1 726,  obviously under the infl u­
ence of Kepler's work. Some 1 50 years l ater, the U .S .  as­
tronomer Asaph Hal l  in  Washington d iscovered that Mars has 
two moons, later named Phobos and Deimos, and these did 
not have-as in  the case of Earth's Moon, or  as one cou l d  
conceive for t h e  l arge moons o f  jupiter-periods o f  several 
weeks, but rather a mere 8 hours for Phobos and 30 hours for 
Deimos. 

A coincidence? After Hal l's d iscovery, this was bitterly con­
tested. In any case, Swift's description of the moons of Mars 
was in a l l  probabil ity rooted in Kepler. And for him, the exis­
tence of moons cou l d  not s imply be attributed to the play of 
chance, but rather m ust arise, in one way or another, from the 
harmonic composition of the solar system. 

After obtaining Gal i leo's Starry Messenger, Kepler wrote in  
1 6 1 0  in his Conversation with the Sidereal Messenger: 

I shou ld rather wish that I now had a telescope at 
hand, with which I might anticipate you in d iscovering 
two moons of Mars (as the relationsh ip seems to me to 
require) and six or eight moons of Saturn, with one 
each perhaps for Venus and Mercury. 

For this search, so far as Mars is concerned, the most 
propitious time w i l l  be next October, which w i l l  show 
Mars in opposition to the Sun and (except for the year 
1 608) nearest to the Earth. . . . 

Kepler supposed that the size of the planets, as wel l  as the 
number of their moons, increased in a lawful way in relation 
to their distance from the Sun, perhaps in the manner of a geo­
metric series (Earth 1 ,  Mars 2, jupiter 4, Saturn 8). Naturally, 
the moons had to be relatively smal l compared with jupiter's 
moons, or they wou ld long ago have been detected . 

Now Kepler had already suspected, as shown above in the 
case of the planets, that there m ust be a relationship between 
the size and the period of any moon. The periods of the moons 
of Mars should accord ingly be smal l .  

A s  Immanuel Kant c i rcu lated h i s  General Natural History 
and Theory of the Heavens i n  1 75 5 ,  as a contribution to a 
breakthrough for the Newtonian worldview on the Continent, 
he summar i ly  c l ea red u p  a l l  of these spec u l at ions on the 
moons of Mars. Kant declared unequivocal ly, harmonies or no 
harmonies, Mars cou ld in no wise have a moon, according to 
the law of gravitation: 

Therefore, only the planets of larger mass and greater 
distance are endowed with companions. jupiter and 
Saturn, the two largest and also most distant of the 
planets, have the largest number of moons. The Earth, 
which is much smaller than they, is only a fraction 
thereof; and Mars, which, because of its distance is due 
some share in th is privi lege, goes wanting, because its 
mass is so smal l .  

Here again, Kant has ru n right off the rai ls .  
Obviously the solar system is no col lection of self-evident 

point masses, that respond to the bl ind play of pairwise inter­
actions in an absolute space of Kant's coinage. I n  opposition to 
that conception, the hypothesis of the existence of harmonic 
compositional principles has been shown, again and again, to 
be the most fru itfu l .  For the c lues to such ordering principles 
that have been presented here, Kepler's observation is natu­
rally val id :  

With this  example, however, I would l i ke to summon 
all of you experts in  mathematics and experienced 
friends of the h ighest phi losophy, that you get down to 
the read ing of th is book. Now then! Be bold !  Overturn 
but a single one of the harmonies that I have 
everywhere establ ished, replace it with a different one, 
and test whether you come as close to the conclusions 
of astronomical research cited in  Chapter 4. Search for 
grounds on which you cou l d  construct a system that 
better corresponds to the motions of the heavens and 
cou ld partly or completely demolish the ordering I 
have erected . Whatever serves the eternal glory of the 
Creator, our Lord, for that you may use this, my book. 
To this hour, I have assumed for my own self the 
l iberty to change things here and there, when I had to 
recognize that the day before, I had wrongly 
considered, as a result of indolence or excessive zea l .  

Lothar Komp is on the editorial staff o f  the German-language 
magazine Fusion. His article appeared in Fusion 's April-May­
June 1 996 issue, and was translated by Rick Sanders and 
David Cherry. 
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ANOTHER G 

EDITOR'S NOTE 
When climate science was not driven by ideology, it was 

generally assumed that long-term astronomical cycles-those 
measured in tens or hundreds of thousands of years-were the 
way in which climate had to be situated. The long 1 00,000-
year cycles of Ice Ages are determined by the periodicities in 
the eccentricity, tilt and precession of the Earth's orbit; in be­
tween Ice Ages, there are roughly 1 O,OOO-year periods known 
as interglacials, when relatively milder climates prevail. Right 
now, the Earth is at the tail end of an interglacial and probably 
already entering a period of glacial advance. 

The Ice Ages of the past and the coming Ice Age have a 
timetable of their own, quite independent of man's industrial 
output of carbon dioxide. No scientist who knew these astro­
nomical cycles could possibly be trapped into worrying about 
the ups and downs of local or global temperatures in time 
spans of years or even decades, or seriously be concerned 
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with short-term computer modelling and associated scare sto­
ries about global warming. 

The times have changed, and so has environmental ideol­
ogy-but the long-range climate cycles have not changed. 
This means, that based on the last several million years of his­
tory, the world is inexorably moving into another Ice Age, no 
matter how m uch propaganda is generated about global 
warming. The global warming hypothesis and the many re­
search artifacts it has generated can be dissected and dis­
proved one by one; but the fact remains tha t  the overall 
question of climate must be situated it? a long view of history, 
not the short term. 

This article examines one of the main pillars of the global 
warming thesis: the assertion that ice core data-analyses of 
gas bubbles trapped in glacial ice-prove that atmospheric 
carbon dioxide, CO2, has increased since the pre-industrial era 
as a result of fossil-fuel burning and other human activities. 



F
rom its very beginning, the hypothesis on anthropogenic 
greenhouse warming was tai nted with a biased selection 
of data, ad hoc assumptions that were not verified experi­

mentally, and one-sided interpretations. Such symptoms of af­
fliction, which Irving Langmuir cal led "pathological science,"l 
are evident in the publ ications of G .S. Callendar, who tru ly can 
be regarded as the father of the modern "man-made cl i matic 
warming" hypothesis. In 1 938, Callendar revived Svante Arrhe­
n i us's idea of man-made c l i matic warm i ng, now 1 00 years 
01d.2 Cal lendar claimed that because of fossi l  fuel burni ng, the 
average atmospheric concentration of CO2 had increased from 
the 1 9th century value of 2 74 parts per mi l l ion volume (ppmv) 
to 325 ppmv i n  1 935,  that is, by 1 8 .6  percent; and that be­
tween 1 880 and 1 935, this caused an increase in the global 
surface temperature of 0.33°c.3.5 However, the measured 1 9th 
century CO2 concentrations in the atmosphere ranged from 
about 250 to 550 ' ppmv (Figure 1 ), and the average concentra­
tion estimated from these values was 335  ppmv.6 

A nonsignificant decreasing trend of values in F igure 1 ,  be­
tween 1 860 and 1 900, when CO2 em issions from fossi l  fuel 
burning increased from 9 1 .5 to 485.6 m i l l ion tons of carbon 
was simi lar to a decrease in global su rface air temperature in 
this period.?  Th is may reflect lower CO2 degassing from colder 
oceans, the resu lt of natural c l imatic fluctuation.8 

To reach the low 1 9th century CO2 concentration, the cor­
nerstone of h is  hypothesis, Cal lendar used a biased selection 
method . From a set of 26 1 9th century averages, Callendar re­
jected 1 6  that were higher than his assumed low global aver­
age, a n d  2 that were l ower.  C a l l e n d a r' s  paper of 1 9 3 8 ,  
presented at a meeting o f  the Royal Meteorological Society, 
was criticized by its members, who asked a dozen fundamen­
tal questions (for example, the val idity of the estimate of CO2 
average concentrations, the basics of the carbon cycle, and the 
balance between radiation and atmospheric temperatu re distri­
bution), which,  after half a centu ry, have rema i ned u na n­
swered and are sti l l  the s u bj ect of ardent d i scuss ions (for 
example, see Reference 9). 

Because of u ncertai nties i n  1 9th century air measu rements, 
stu d ies  of gree n h o u s e  gases i n  g l a c i e r  ice are often re­
garded-incorrectly-as the most rel iable estimates of CO2, 
CH4 (methane), and N20 (n itrous oxide) concentrations i n  
the pre-industrial atmosphere. The results o f  ice core analyses 
are supposed to be "the on ly  poss ib le va l idation of models 
that were set u p  to describe future c l i matic changes caused 
by anthropogenic emissions. " lO  On the basis of these analy­
ses, the I ntergovern mental Panel  on CI imate Cha nge 1 1  de­
clar�d that the pre- i n d ustri a l  concentrat ion of CO2 in the 
atmosphere was 26 percent lower than the cu rrent level. The 
I PCC aiso declared that the pre- industrial concentration of 
N20 was 1 9  percent lower, and that CH4 was 2 1 5 percent 
lower than current levels. However, no study has yet demon­
strated that the content of greenhouse trace gases in old ice, 

Zbigniew jaworowski, MD., PhD., and D.5c., a multidisci­
plinary scientist, is a professor at the Central Laboratory for Ra­
diological Protection, Warsaw, Poland. He has served as the 
chairman of the United Nations Scientific Committee on the 
Effects of Atomic Radiation, and has studied glacier ice sam­
ples from around the world, analyzing traces of heavy metals 
and radionuclides. 
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Figure 1 
AVERAGE ATMOSPHERIC CO2 CONCENTRATIONS 

MEASURED IN THE 1 9TH AND 20TH CENTURIES 
The values that C.5. Callendar chose to use are shown 
encircled. He rejected both higher and lower values, to 
arrive at a figure that backed up his hypothesis. 

Source: Adapted from S. Fonselius, et al.. 1956. Tel/us, Vol. 8, p. 176 

or even in the interstitial air from recent snow, represents the 
atmospheric composition. 

Ice Core Data Unreliable 
The ice core data from various polar sites are not consistent 

with each another, and there is a d iscrepancy between these 
data and geological c l imatic evidence.1 2 One such example is 
the d iscrepancy between the classic Antarctic Byrd and Vostok 
ice cores, where an important decrease in the CO2 content in 
the air  bubbles occu rred at the same depth of about 500 me­
ters, but at which the ice age d iffered by about 1 6,000 years. 
In an approximately 1 4,OOO-year-old part of the Byrd core, a 
drop in the CO2 concentration of 50 ppmv was observed, but 
in s im i larly old ice from the Vostok core, an i ncrease of 60 
ppmv was fou nd.  In about -6,OOO-year-o ld ice from Camp 
Century, Greenland, the CO2 concentration in air  bubbles was 
420 ppmv, but it was 270 ppmv in s imi larly old ice from Byrd, 
Antarctica. 

H.  Oeschger, et al. made an ad hoc attempt to explain some 
of these discrepancies as (1 ) "a process which has not yet been 
identified," (2) wrong model l ing, and (3) "not overlapping tif"De 
intervals," but these explai ned noth ing . 1 3  The fai lure to resolve 
the notorious problem of why about 30 percent of man-made 
CO2 is missing in the global carbon cycle, based on CO2 i.ce' 
core measurements, suggests a systematic b ias in ice core 
data. 1 4 It is not possible to explain the ice core CO2 reco'rd in  
terms of a system with time-invariant processes perturbed .by a 
combination of fossi l  fuel carbon release, C02-enhan�ed b i- : 
otic groW1h, and deforestation . 1 5  " 

Dating of such important cl i matic events as the terminatipn 
of the Younger Dryas period based on dendrochronology (ex­
ami nation of tree ring growth) and lake sed iments, differs from 
recent ice core d ata from G ree n l a n d  by u p  to about 900 ' 
years. 1 6 The short-term peaks of S 1 80 in the ice sheets have 
been ascri bed to a n n u a l  s u m mer/wi nter layering of sno\y 
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Figure 2 
PROCESSES OCCURRING I N  

POLAR ICE SHEETS 

Snowflake covered 
with supercooled 
liquid water 

Ice crust forming 

Absorption of solar radiation at low tem­
perature partly volatilizes and melts the 
snowflakes. Snow is metamorphosed to fim. 
The thermal gradient and gravitational com­
pression of snow cause upward movement 
of gas. Some air escapes from fim back to 
the atmosphere, and H20 vapor condenses 
near the wind-cooled surface, starting forma­
tion of the ice crusts. Depth hoar forms as a 
result of loss of material by sublimation. 
Meltwater seeps down and collects over im­
permeable layers. The fim density gradually 

l;::j�����J!�rtl!��ill±�������� { Glaze and sublimation crust� 

I: . . I Snow wind crust 

. increases with depth, and at 0.83 glcm3, fim 
changes into solid ice in which all pores are 
occluded, forming the primary air bubbles. 
Between a depth of 900 to 7,200 m, air bub­
bles disappear. Liquid water is contained in 
quasi-infinite network of capillary veins and 
films between the ice crystals. After. relax­
ation of the . load pressure, secondary gas 
cavities are formed in the cracked ice cores 
contaminated with the drilling fluid. 

Artifacts in 
decompressed core of 

bubble-free ice 
Micro- and macro-cracks 

Secondary cavities 
Contaminants 

o 

formed at higher and lower air temperatures. These peaks have 
been used for dating the glacier ice, assuming that the sample 
i ncrements of ice cores represent the original  mean isotopic 
composition of precipitation, and that the increments are in a 
steady-state closed system.1 7, 1 8  

Experimental evidence, however, suggests that this assump­
tion is not val id, because of dramatic metamorphosis of snow 
and ice in the ice sheets as a result of changing temperature 
and pressure. At very cold Antarctic sites, the temperatu re gra­
d ients were found to reach SOO°C/m, because of subsurface 
absorption of Sun radiation . 1 9  Radiational subsurface melting 
is common in Antarctica at locations with summer tempera-
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Firn-ice transition 

Greenhouse gas clathrates 
begin to form at 80 to 1 60 m 

Ice with bubbles 

Liquid brine network 

Air bubbles disappear below 
900 to 1 ,200 m 

Bubble-free ice 

- All gases are in clathrates or 
diffused in liquids and ice 
crystals 

tu res below - 20°C, lead ing to formation of ponds of l iqu id 
water, at a depth of about 1 m below the surface . 1 2 Other 
mechanisms are responsible for the existence of l iquid water 
deep in the cold Antarctic ice, which leads to the presence of 
vast sub-sheet lakes of l iquid water, coveri ng an area of about 
8,000 square ki lometers in in land eastern Antarctica and near 
Vostok Stati o n ,  at n e a r  b a s a l  te m pe ratu res of -4 to 
- 26.2°C.1 2 The sub-surface recrystal l  ization, subl imation, and 
formation of l iquid water and vapor d i stu rb the original iso­
topic composition of snow and ice (Figure 2) .  

Important isotopic changes were fou n d  experimental ly  in 
firn (partial ly compacted granular snow that forms the glacier 



su rface) exposed to even 1 0  times lower thermal gradients.19 
Such changes, which may occur several t imes i n  a year, re­
flecting sunny and overcast periods, wou l d  lead to false age 
estimates of ice. It is not possible to synchronize the events i n  
the Northern a n d  Southern Hemispheres, such as, for example, 
CO2 concentrations in Antarctic and Green land ice. This is, in 
part the result of ascribing short-term stable isotope peaks of 
hydrogen and oxygen to annual summer/winter layering of ice 
and using them for datingY 

New l ight was shed on the val id ity of the dati ng of recent 
ice strata when six U .s. Lightni ng fighter planes and two B 1 7  
Flyi ng Fortresses from World War I I  were fou n d  bu ried i n  
1 942 ice, about 200 k m  south from a classic Green land site at 
Dye 3, where they had made an e mergency l a n d i ng.  The 
planes were found 47 years later at a depth of 78 m, and not at 
the 1 2-m depth that had been estimated by glaciologists using 
oxygen isotope dating.2o 

In the air  from firn and ice at Summit, G reenland, deposited 
during the past -200 years, the CO2 concentration ranged 
from 243 .3 ppmv to 641 .4 ppmv.21 Such a wide range reflects 
artifacts caused by sampl i ng, or n atural processes i n  the ice 
sheet, r.ather than the variations of CO2 concentration i n  the 
atmosphere. S i m i lar or  greater range was observed in other 
studies of greenhouse gases in polar ice. (See reviews in Refer­
ences 1 2  and 22.)  

Fudging the CO2 Data 
Unti l 1 985, the publ ished CO2 readings from air  bubbles in 

pre-industrial ice ranged from 1 60 to about 700 ppmv, and oc­
casionally even up to 2,450 ppmv. After 1 985, high read ings 
disappeared from the publ ications! To fit such a wide range of 
results to the anthropogenic c l imatic warm ing theory, which 
was based o n  low pre- industri al  CO2 levels, three methods 
were used : ( 1 ) rej ectio n  of h i g h  rea d i n gs from sets of pre­
industrial samples, based on the credo: "The lowest CO2 val­
ues best represent the CO2 concentrations in the orig ina l ly  
trapped ice";23 (2)  rejection of  low readings from sets of  20th 
century samples; and (3) i nterpretat ion of the high read ings 
from pre-industrial samples as representing the contemporary 
atmosphere rather than the pre-industrial one. 

Publ ications on greenhouse gases in ice often exhibit s imi lar 
symptoms to those of G.5. Cal lendar, cited above. But the most 
important deficiency of these stud ies is the ice matrix itself, 
which does not fu lfi l l  the absolutely essential closed-system 
criterion. This is because l iquid water is present in ice even at 
very low temperatures, and because many chemical and phys­
ical processes occur, in situ, in ice sheets and in recovered ice 
cores. These factors, d iscussed in References 8, 1 2, 22,  and 
24-28, change the original composition of air entrapped in ice, 
making the ice core results unrepresentative of the orig inal  
chemical composition of the ancient atmosphere. 

Here are some typical examples of how the estimates of pre­
industrial atmospheric levels of greenhouse gases were deter­
mined. These results were then taken as a basis for estimation 
of the man-made cl imatic warming. 1 1  

• Neftel, et a l .  reported i n  1 982 rather high median CO2 
concentrations in the preindustrial ice core from Byrd, Antarc­
tica, of about 330 and 4 1 5 ppmv, with maximum value reach­
ing 500 ppmv.23 However, in 1 988, in the second publ ication 
on the same core, Neftel et a l .  d id not show these h igh read-
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Figure 3 
HOW SELECTION OF ICE CORE DATA 

SKEWS RESULTS TO MATCH 
THE GLOBAL WARMING THEORY 

In presenting measurements of CO2 concentrations in the 
pre-industrial ice core from Byrd Antarctica, Neftel, et al., 
in 1 982 showed maximum values up to 500 ppmv (dots 
and bars). In 1 988, the same authors published measure­
ments for the same section of the Byrd ice core (gray ar­
eas), but left off the high readings published previously, 
reporting a highest concentration of 290 ppmv, in agree­
ment with the global warming theory. 

i ngs; the h ighest concentration reported was 290 ppmv, i n  
agreement with the global warm ing theory29 (Figure 3).  

• Pearman, et a l .  "on examination of the data," rejected 43 
percent of the CO2 readi ngs from Law Dome, Antarctica core, 
39 percent of the CH4 read i ngs, and 43 percent of the N20 
readings, because they were h igher. or lower than the assumed 
"correct" values.3o Thus, they concluded a value of 281 ppmv 
CO2 for the pre-i ndustrial atmosphere, and increases from the 
year 1 600 of 90 percent and 8 percent of CH4 and N20, re­
spectively. 

• Leuenberger and S iegentha l er c l ai med that their  data 
from a Greenland ice core demonstrate that the present level 
of N20 in the atmosphere, 3 1 0  ppbv, is an effect of a recent 
1 9  percent i ncrease caused by industrial  activity.31 To reach 
this conclusion, they rejected 27 percent of the samples with 
N20 readings deemed to be "too h igh" for pre-industrial ice. 
After th is "correction," the average pre-industria l  atmospheric 
concentrat ion of N 2 0  was dec lared to be 260 ppmv, a l ­
though t h e i r  v a l u e  for ice from t h e  year 1 82 2  w a s  2 9 6 . 1  
ppmv. Their results from a shal low Dye 3 ,  G reen land core 
show a random N20 d istribution.  Nevertheless, the authors 
formed an i ncreasing temporal trend by rejecting the " i ncor­
rect" h igh readings. 

• Etheridge, et al. claimed that their ice core results show a 
pre-industrial N20 concentration of 285 ppbv.32 This value 
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was calculated after rejection of 44 percent of their measure­
ments! From the remain ing analyses, the h igh read ings from 
1 6th and 1 7th centu ry ice (328 .3  and 329 .8  ppbv), which 
were h igher than in the 2 0th centu ry samples (285 . 7  and 
322.9 ppmv), were again el iminated without explanation. 

• Zardini ,  et al. rejected a low N20 read ing of 240 ppbv in 
the youngest part of an Antarctic core from the year 1 9 1 9.33 
From the several-thousand-year-old part of the core, they did 
not reject an even lower value of 2 1 7 ppbv, but they e l imi­
nated the h igh values of  3 1 0, 354, 35 9, and 362 ppbv. After 
these " improvements," Zard in i, et al .  concluded that the pre­
industrial N20 level in the atmosphere was 2 70 ppbv, and that 
in the present atmosphere N20 increased "due to fossi l  fuel 
burning." 

Some False Assumptions 
For c l imatic i nterpretation of the ice core data the fol lowing 

assumptions are used: 
( 1 ) The entrapment of air in the ice is essential ly a mechani­

cal  process, which occurs with no fractionation of the gas 
components;34 the original composition of trapped air is be­
l ieved to be permanently preserved in the polar ice sheets and 
in the collected ice cores. Th is means that the ice, with its in­
cluded air bubbles, should remain a closed system during tens 
or hundreds of thousands of years in the ice sheets, and that 
this system is not disturbed during the core dri l l ing or its trans­
portation to the laboratory and its storage. 

(2) No l iquid phase occurs in firn and ice at average annual 
air temperatures of - 24°C or less.35 

(3) The gas inclusions are 80 to 2,800 years younger than the 
age of the ice in which they are entrapped . (See, for example, 
Reference 36.) This assumption is needed to accommodate the 
data from the shal low ice cores, which show that air entrapped 
in 1 9th century ice, or earlier, exhibits levels of CO2, CH4, and 
N20 simi lar to present atmospheric concentrations. 

It has been poi nted out that these assumptions are incorrect, 
and thus that the conclusions on low pre-industrial levels of at­
mospheric greenhouse 'gases are wrong. (See, for example, 
References 1 2, 22, 24-28.) However, this criticism was largely 
ignored by greenhouse gases glaciologists, who offered no 
convi ncing arguments to refute this criticism in the one and 
only paper that it provokedY 

In addit ion to this  b iased selection of experi mental evi­
dence, there are many techn ical aspects to the science of 
glacial ice analysis that are ignored by the global warm ing en­
thusiasts in their desi re to bolster their arguments with glacial 
data. Presented here are some of the scientific poi nts e l imi­
nated by the global warming advocates. 

Chemical Fractionation 
A striking feature of the ice core arguments that there is a re­

cent man-made increase of atmospheric CO2, CH4, and N20, 
is that all the ice core data are from ice deposited not in the 
last few decades, but in the 1 9th century or earlier. No infor­
mation is presented on the recent concentrations of green­
house gases in fi rn and ice deposited in the 20th century. 
Instead, the concentrations of greenhouse gases found in the 
pre-industrial ice are compared with the concentration of 
these gases in the contemporary free atmosphere . 1 2 

To justify such comparisons, an assumption is required that 
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the entrapment of a i r  in ice does not i nvolve any chemical 
fractionation of gases. However, there are more than 20 chem­
ical and physical processes that change the original chemical 
and isotopic composition of ice and of gas incl usions recov­
ered from the ice cores. 1 2 Even the composition of air  from 
near-surface snow in Antarctica is d ifferent from that of the at­
mosphere; the su rface snow air was fou nd to be depleted in 
CO2 by 20 to 50 percent. (See references i n  Reference 1 2 .) 

"No study has yet demonstrated that the 
content of greenhouse trace gases in old i ce, 

or even in the interstitial air from recent 
snow, represents the atmospheric 

composition." 

Chemical and isotopic fractionation of gases occurs at the 
occl usion of air in snowflakes, in i nterstitial air in near-su rface 
snow (effects of i nsolation), deep i n  the firn and ice, and i n  the 
ice cores. In the upper snow and firn strata, fractionation oc­
curs on a time scale of days and of a few years; but deep in the 
ice, it occurs on a scale of up to hundreds of thousands of 
years. Fractionation is caused by the d ifferences in solubi l ity in 
cold water of air components, chemical reactions, formation 
of gas clathrates and gravitational thermal effects. 1 2 (Clathrates 
are compounds formed by the inclusion of one type of mole­
cule in the cavities of the crystal lattice of another.) In firn, 
fractionation is rel ated to subsu rface melt ing of ice crysta ls, 
evaporation of water, transport of vapor i n  firn pores along the 
thermal gradient, l iquefaction of vapor, formation of ice layers 
and depth hoar (Figure 2).  

Most of these processes are related to l iq u id water, which 
is present in the cold snow and ice down to the temperature 
of - 73 °C,38 to pressure and temperatu re changes, and to 
metamorphosis of snow crystals . 1 2 The fractionation of gases 
as a resu lt of their various sol u b i l it ies in water (CH4 is 2 . 8  
times more soluble than N2 i n  water at O°C; N20, 55 times; 
and CO2, 73 times), starts from the formation of snowflakes, 
wh ich  are covered with a fi l m  of s u percooled l i q u i d . 2 2  
Gases d i ssol ved fi rst i n  l i q u i d  water are then equ i l ibrated 
with a i r  trapped i n  the firn pores and i n  the a ir  bubbles of 
the sol id ice. 

Carbonates and other i mpu rities present i n  the ice sheet­
such as the reactive species H N 03 ( n itric acid) ,  H C I  (hy­
d roch lor ic  ac id) ,  H 202 (hyd rogen perox ide),  S02 (su lfu r 
dioxide), and 03 (ozone), as wel l  as catalysts such as copper, 
iron, manganese, or particu late matter-are dissolved or sus­
pended in the l iqu ids present at the surface of snow and ice 
grains, and can react with, themselves (for example, producing 
or consuming CO2), or with the greenhouse gases. Oxidation 
or reduction processes occur not only in the upper firn part of 
the ice sheet, where solar radiation penetrates, but also in the 
deep, dark parts. This is indicated by sharp decreases in H202 
concentration profi les observed deep i n  the ice sheet, and also 
by the systematic decrease of its concentration with depth (for 
references, see Reference 22).  

Another important process is differential formation and d is­
sociation of pure and mi xed c l ath rates (hyd rates) of green-



house gases and of major components of a i r .  D issoc iation 
pressures are much lower for greenhouse gases than for oxy-

, gen and nitrogen. At - 20°C, these pressures are only 4, 5, and 
1 3 .5  bars, for N20, CO2, and CH4, respectively;  but these 
pressures are 1 20 bars for N2, and 1 60 for 02. At -20°C i n  the 
ice sheet, CO2 gas begins to change i nto the CO2 clathrate (a 
white sol id d iscovered in 1 882 by Zygmu nt F. Wroblewski, a 
physicist who fi rst l iquefied a i r,39,40), and to d isappear from 
the gas in the air bubbles, at a depth of about 70 m, where the 
load pressure i ncreases to 5 bars. 

On the other hand, 02 and N2 change into clathrate crystals 
at much greater depth of about 900 to 1 ,200 m, where a l l  
gases fi nal ly enter the clathrate form, o r  diffuse into l iquids and 
ice crystals. Therefore, at this depth, a l l  air bubbles d isappear 
completely  from the ice. Now, what happens when ice cores 
are decompressed and recovered at the su rface of the ice 
sheet: In  the bubble-free ice, new artificial ly created gas cavi­
ties are formed from the cl athrate crysta ls d i ssociating at the 
l ower press u re ( F i g u re 2 ) .  Th is  d ramat ic  phenomenon is 
played down, (for example, see Reference 4 1 ), or ignored, in 
publ ications on greenhouse gases. 

It was found experimenta l ly  that the partial pressure of the 
gas is not a determini ng factor for the d issociation pressure of 
clathrates, which become enriched in components that form 
clathrates read i ly. I n  contrast, the free-gas phase becomes en­
riched with components that do not eas i ly  form clathratesY 
The occurrence of c lathrates causes depletion of greenhouse 
gases in two stages: ( 1 )  du ring c lathrate formation i n  the ice 
sheet, when green house gases enter the c l ath rate form and 
leave the air bubbles earlier than N2 and 02; and (2) in the ice 
cores after relaxation of the load pressure, when N2 and 02 
clathrates d issociate long before the greenhouse gases, form ing 
secondary gas cavities in the ice. 

This latter phenomenon is associated with micro-explosive 
changes in the core structure43 (F igure 2), and formation of 
micro- and macro-cracks, which, together with the stress frac­
turing of ice, leads to molecular and isotopic fractionation of 
gases.44 

As mentioned above, i n  some gas i ncl usions from pre-indus­
trial ice, concentrations of greenhouse gases were found simi­
lar to, or much h igher than, those of the present atmosphere. 
In some gas inclusions, changes in CO2 concentrations of up 
to 50 ppmv have been measured over distances of only 2.5 cm 
in the cores.45 Such inhomogeneous distribution of CO2 con­
centrations obviously does not reflect the changes in the com­
position of the atmosphere, but is the resu l t  of the random 
character" of fractionation processes. 

However, as discussed in References 1 2  and 22, the preva­
lent effect of fractionation of gases in the ice sheets, and in the 
recovered ice cores, is the preferential depletion of greenhouse 
gases in the air bubbles, and in the secondary gas cavities. For 
this reason, most gas samples recovered from polar ice cores 
had concentrations of trace gases that were much lower than 
those of the present atmosphere, even in ice dating from peri­
ods when the global su rface temperature was higher than the 
present by 0.5 to 1 .3°C-for example, during the Eem ian inter­
glacial  period, 1 2 5,000 to 1 30,000 years ago; i n  the m id­
Holocene, 5,000 to 6,000 years ago; or d uring the Medieval 
warm period, 1 ,200 years ago.1 1  

The CO2 concentrations in air  bubbles in ice from the years 
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PROCESSES CAUSING CONTAMI NATION OF 
ANTARCTIC ICE CORE SAMPLES 

Shown here are the many processes that influence the 
chemical and isotopic composition of air inclusions in 
ice sheets and in the ice cores, based on the data from 
the Vostok and Byrd stations, Antarctica . The vertical 
arrow 0 (at bottom) indicates the total disappearance of 
air bubbles in the Vostok core. The vertical arrows C (at 
middle, left and right) indicate the sites of highest conta­
mination of the inner parts of the Vostok core with lead, 
zinc, aluminum, and sodium from drilling fluid. 

Source: Adapted from Jaworowski et aI., 1 992 

1 000 to 1 800, remained remarkable stable: 270 to 290 ppmv, 
even though during the Little Ice Age of the 1 6th to 1 9th cen­
tury, the global temperature decreased about 1 °C. Such a long­
term d rop in g l obal  tem peratu re shou l d  be reflected as a 
decrease in the CO2 content in the atmosphere, because of 
higher CO2 solubi l ity in the colder oceanic water, and reduced 
oxidation processes on land and sea (see d iscussion below). 

The lack of th is effect in the air bubbles in ice seemed "sur­
prising" for the authors of the I ntergovernmental Panel on Cli-
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Figure 5 
ICE SHEET STRUCTURE BARS 

AIR PENETRATION I NTO FIRN 
The ice crust evidence indicates that high density ice 
strata form a multilayer structure that separates the fim 
into horizonta l pockets, a structure that prevents air 
penetration into the fim. Thus assumptions that air and 
ice ages are different, used to bolster the global warm­
ing theory, are not correct. Shown here is fim stratigra­
phy in a pit at Mizuho Plateau (East Antarctica), where 
the mean annual temperature is - 5 7 °C. The solid lines 
indicate the ice crusts. 

Source: Adapted from Watanabe 1 977 
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mate Change report i n  1 990, who deduced from it that the 
sensitivity of atmospheric CO2 to such c l imatic fluctuations is 
smal l .  However, the CO2 atmospheric content is very sensitive 
even to short-term and much smaller changes of global tem­
perature, as wi l l  be shown below. It is much more plausible 
that the long-term changes of concentration of greenhouse 
gases in the gas incl usions from ice sheets represent the cumu­
lative effect of the interplay of many processes occurring in the 
ice sheet and in  the ice cores, rather than composition of the 
ancient atmosphere (Figure 4). 

The Age of Air in Bubbles 
An ad hoc, speculative assumption that the air in bubbles in 

ice is 90 to 200 years younger than the ice in which the bub­
bles are entrapped, was posed at a time when the concentra­
tions of greenhouse gases in air  bubbles from ice deposited in 
the 1 8th and 1 9th century were found to be similar to those of 
the present atmosphere.46, 47 

No experimental evidence was offered in support of this as­
sumption. I nstead, Craig et a l .  offered the circular-logic argu­
ment that this specu lation must be correct, because the ice 
core data for a greenhouse gas with the ages corrected in  this 
way "lead rather precisely into the recent atmospheric mea­
surements" !47 Later, the assumption for the d ifference between 
the age of the air and the age of the ice was theoretical ly, but 
not experimental ly, elaborated, with estimations of this differ­
ence for various polar sites rang ing between 90 and 2 , 800 
years.36 These estimations were s imply based on the age of the 
firn/ice transition. It was supposed that in the Greenland and 
Antarctic sites, where the mean annual temperature is -24°C 
or less, the whole column of firn was devoid of ice layers that 
were impermeable to atmospheric air. Further, it was bel ieved 
that this air can freely penetrate into the ice sheet, down to the 
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Figure 6 
CORRECTING THE CO2 ICE DATA TO FIT THE THEORY: AN EXAMPLE FROM SIPLE, ANTARCTICA 

The figures here show measurements of CO2 in pre-industrial ice (open squares) and CO2 as measured in the atmosphere 
at Mauna Loa, Hawaii (solid line). The original data are shown in (a). The same data appear in (b) after an arbitrary "cor­
rection " of 83 years in the age of the air, to make the data accord with the global warming theory. Using the real age of 
the air, could indicate that the CO2 concentrations in the latter 7 9th century were the same as those in the 7 970s. The 
"corrected" data were published by Neftel et al. 7 985; Friedli, et al. 7 986; and !PCe 7 990. 
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firn/ice transition at about 40 to 1 20 m depth, where final oc­
clusion of the firn pores occurs. 

� .  However, as discussed in Reference 1 2, the formation of ice 
crusts has been recorded at many sites with mean annual sur­
face air  temperature reach ing  - 5 7°e.  N u merous Japanese, 
Ru ssian, and N orwegian stratigraphic studies have demon­
strated tlnat such high density ice strata (layers) are ubiqu itous 
iii the Antarctic ice sheet, where they form a multi layer struc­
ture, (1 t6 1 5  strata per meter depth), separating firn into hori­
zontal pockets (Figure 5). This structure acts as a barrier to the 
free penetration of air into fi rn. The chemical and stable iso­
tope fractionation of CO2, CH4, N2, and 02 occurring in the 
air- trapped in the porous Green land firn, indicates that this air 
i n  firn is isolated from the atmosphere.47 On this basis, Craig et 
al .  revoked their earlier estimate of a difference between age of 
air and ice.48 

. Thirteen years after the age assumption was postu lated, and 
it was accepted on this basis that the level of greenhouse gases 
was lower in the pre-industrial atmosphere than now, an at­
tempt was made to prove its val idity in an experiment carried 
out in a borehole at Summit, Greenland.2' At this site, the au­
thors estimated the air/ice age d ifference as 2 1 0  years. As was 
ind icated i n  Reference 22,  the interpretation of the results in 
this experiment ignored Darcy's law on flow i n  porous media. 
CO2 concentration measu red in air from about 2 1 4-year-old 
firn ranged from 242.3 to 435.7 ppmv; and from 50-year-old 
fim, it ranged from 347 to 641 .4 ppmv. Such concentrations 
do not represent the composition of atmospheric air, but rather 
the fractionation processes in the ice sheets, and experimental 
artifacts. 

. -The consequence of the assumption that the air i n  bubbles is 
younger than the ice i n  which the bubbles are found, is evident 
in Figure 6(b), which is widely accepted as a "proof" that the 
level of CO2 in the atmosphere has been increased by man's 
activities." The same erroneous procedure was also used for 
other greenhouse gases. In the case of CO2, the data from the 
1 9th century ice col lected at Si ple, Antarctica, were made to 
overlay exactly the present atmospheric CO2 concentrations 
measured at an active and CO2-emitting volcano, Mauna Loa, 
Hawaii-by assuming, arbitrarily, that the occluded air is 83 
years younger than the ice. 

Without this "correction," and using the real age of ice, the 
Siple and Mauna Lpa curves do not correspond, and cou ld i n­
dicate that CO2 at�ospheric concentration was the same in 
the latter part of the 19th century as i n  the 1 9 70s. One can 
also note that the CO2 concentration in the air bubbles de­
creases with the depth of the ice for the entire period between 
the. years 1 89 1  and 1 661 , not because of any changes in the 
atmosphere, but along the increasi ng pressure gradient, which 
is probably the resu lt of clathrate formation, and the fact that 
the solubi l ity of CO2 i ncreases with depthY 

Cracked and Contaminated Ice Cores 
Another area ignored by the global  warm i n g  advocates 

concerns the condition of the ice core samples, as a resu lt of 
the sampling procedure. Dri l l ing the ice cores is a brutal pro­
cedure, subjecting the ice to mechanical and thermal stress, 
drastic decompression, and pol l ution. These factors cause mi­
cro- and macro-cracking of the ice, ope n i ng the original air 
bubbles and }orm ing artificial ly crea�ed secondary air cavities 

Figure 7 
CRACKING I N  ICE CORE SAMPLES AS A RESULT 

OF DRILLING AND TRANSPORTATION UPWARDS 
A photograph in transmitted light of the inner part of an 
ice core from the Mizuho Plateau (East Antarctica), at a 
depth of 356 m. Note a dense structure of "healed" 
macro-cracks, which do not disturb the mechanical in­
tegrity of the core. Before "hea ling, " the cracks were 
open to migration of gases and pollutants, which affect 
the measurements of greenhouse gases. 

in the bubble-free, deep ice, and causing i nternal contamina­
tion of cores. 

A dense network of horizontal fractures is created in the ice 
cores by a sheeting phenomenon that occurs as the resu lt of 
elastic relaxation of load pressure of more than about 8 bars; 
that is, in cores at a depth below 1 1 0  meters. The cracking 
occurs during the dri l l i ng and u pward transportation of the 
core in the borehole,  which is  fi l l ed with a wal l -retai n i ng 
dri l l ing fl u id .  The small cracks are soon healed by regelation, 
and their remnants are vis ib le as horizontal stratification of 
the cores. The effects of t h i s  s h eeti ng phenomenon,  we l l  
known to geologists and glaciologists, are demonstrated i n  
F igure 7 .  The same horizontal cracking i s  visible i n  a simi lar 
photograph of Vostok core.49 

Dri l l ing fl u id (diesel oi l ,  jet fuel, and so on, with aggressive 
organic substances added for density regulation and antifreeze 
pu rposes) enters the cracks and penetrates i nto the centra l 
parts of the cores, and i nto the air bubbles and secondary gas 
cavities formed by dissociating clathrates. In the classic papers 
on green house gases in polar ice, the reader is not i nformed 
about the method of dri l l ing, or about the use of a dri l l i ng flu id 
(for example, see Reference 50).  The gases released by decom­
position of clathrates can escape into the dri l l ing flu id before 
the cracks are healed at the su rface of the ice sheet. As sug­
gested by Craig et aI., the molecular and isotopic fractionation 
of gases may occur during this process.48 
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N umerous stud i es on rad ia l  d i stribution of meta ls  in the 
cores (for example, Reference 5 1 ) reveal an excessive contam­
i nation of the ir  i nterna l  parts by the meta ls  present i n  the 
dri l l i ng flu id.  I n  these parts of cores from the deep Antarctic, 
ice concentrations of zinc and lead were h igher by a factor of 
tens or hundreds of thousands, than in the contemporary snow 
at the surface of the ice sheet (Figure 8). This demonstrates that 
the ice cores are not a closed system; the heavy metals from 
the d r i l l i ng fl u i d  penetrate i nto the cores v ia  m i cro- and 
macro-cracks during the d ri l l ing -and the transportation of the 
cores to the surface. 

During this  d ri l l i n g  process, the ice cores become porous 
and open to both inflow and outflow of gases and l iqu ids. 
The sheeting phenomenon, and about 20 physical and chem­
ical processes that occ u r  i n  the ice sheets and in the ice 
cores, make the ice and its gas inclusions an i mproper mater­
ial for reconstruction of the levels of greenhouse gases in the 
ancient atmosphere.' 2 

It is astonishing how credulously the scientific community 
and the publ ic have accepted the c learly flawed interpreta­
tions of glacier studies as evidence of anthropogenic increase 
of greenhouse gases in the atmosphere. Future historians can 
use this case as a warn ing about how politics can negatively 
i nfluence science. 

Using Carbon Isotope Evidence for CO2 
Analysis of glacier ice is not the only way to estimate the an­

thropogenic contribution to the current CO2 content in the at­
mosphere. Carbon present i n  CO2 is composed of two stable 
isotopes, carbon-1 2  and carbon-1 3 .  Their ratio is common ly 
expressed as the a13c (delta carbon-1 3) value. This value dif­
fers in various components of the environment. For average 
crustal carbon, it is - 7  per mi l l ;52 for atmospheric CO2 in iso­
topic equ i l i brium with marine. HC03 _ and CaC03 (calcium 
carbonate), it has been estimated to be about -7 per mi l l ;53 
m eas u red i n  atmospheric CO2 i n  1 95 6, it was - 7 . 00 per 
mi l l ;54 and in 1 988, - 7.807 per mi l l ;55 and for fossil fuel and 
biogenic carbon it is -26 per mi l l .56 Such great differences in 
the isotopic signature of fossi l  fuel and biogenic carbon make 
possible the estimation of the current and past contributions 
from this source to the atmosphere, because mixing even rela­
tively small amounts of CO2 with so Iow a a13c value should 
change the average natural a13c of atmospheric CO2, 

Th is estimation can be made by carbon isotope mass bal­
ance calculations. For example, between 1 956 and 1 988, the 
CO2 concentration in the atmosphere changed from 3 1 5 . 6 
ppmv to 351 .2 ppmv/ that is, by 1 0. 1 4  percent. If this change 
were caused solely by anthropogenic em issions of CO2 with 
a1 3c of - 26 per mi l l , then in 1 988, the average atmospheric 
a13c should be 

( - 7  per mi l l · 0.8989) + (-26 per mi l l · 0.1 01 4) = 
- 8.927 per mi l l  

and not  - 7 .807 per  m i l l , as measured by Kee l i ng et  a l .  at  
Mauna Loa, Hawai i .55 With a 2 1  percent i ncrease i n  atmo­
spheric CO2 caused by human activities, as claimed by the 
I PCC on the basis  of g lacier studies," and with a preindus­
trial a13c value of -7 per m i l l ,  the current a1 3C of airborne 
CO2 shou l d  decrease to about - 1 1 per m i l l .  Such a low 
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Figure 8 
CONTAMINATION OF ICE CORE SAMPLES 

BY DRILLING FLUIDS 
A radial distribution of lead pollution in the Vostok 
core, at a depth of 1 ,850 m, shows values of lead per 
gram of ice that are factors of tens to hundreds of thou­
sands higher than lead concentrations measured in 
nearby recent surface snow in Antarctica, which range 
from 2.3 to 7.4 picograms of lead per gram of ice. 

Source: Adapted from Soutron, et at. 1 990. 

value was never determ ined 
Such data confl ict with the whole structure of the green­

house warming hypothesis and, in particular, these data con­
fl ict with the unreal istical ly  long atmospheric l ifetime of CO2 
of up to 200 years assumed by the !PCe." This  assumption 
al lows the accumulation of a rather smal l  annual  fossi l -fuel 
and land-use i ncrement of about 6 gigatons of carbon (GtC) 
per year, to about the 1 50 GtC assumed atmospheric i ncrease 
between 1 869 and 1 990. The a13c value measured in 1 988, 
which is much h igher than the result of isotopic mass balance 
calculation, suggests that in 1 988,  anthropogen i c  sou rces 
contributed only a smal l fraction to the total of atmospheric 
CO2, This fraction can be quantified in the fol lowing way:57 

I n  1 99 1 , the author, together with Tom V. Segalstad from 
Oslo University, calcu lated the isotopic composition of the De­
cember 1 988 atmospheric total CO2 pool of 748 GtC reported 

I by the !PCC i n  1 990, in which Keeling et al .  ( 1 989) measured a 



S1 3C of -7 .807 per m i l l .  We made these calcula-
tions for three components of the CO2 poo l :  ( 1 ) the 
fraction of natural CO2 with S1 3C of - 7  per mi l l  re­
main ing  from the pre-ind ustrial atmosphere (pre-
1 750); (2) the fraction of natural CO2 with S1 3C of 
-7 per mi l l  remaining from the period 1 750-1 988; 
and (3) the cumulative CO2 fraction remaining from 
each annual emission of fossi l-fuel CO2 from 1 860 
to 1 988, with a S 13C of -26 per mi l l .  

For  vari ous  atmospheric l ifeti mes of CO2, we 
calculated the mass N of each component remain­
i ng i n  1 988 from particular years, using the equa­
tion 

N =  Noe-'l-..t 
where No is the annual injection of CO2 ( in GtC) at 
a time t ( in years) before the end of December 1 988 
from natural sou rces or fossil fuel burning, and ')... is 
the removal constant (reciprocal l ifetime) for various 
atmospheric CO2 l ifeti mes ,between 2 a n d  2 00 
years. The isoto p i c  mass ba l a n c e  c a l c u l at ions  
demonstrated that the l ifetime fitting the 1 988 crite­
ria of S13C of - 7.807 per mi l l ,  and of the mass of 
atmospheric CO2 of 748 GtC, is only 5 years. Nei­
ther longer nor shorter l ifetimes give real istic iso­
topic mass balance results. 

The atmospheric CO2 l ifet ime of about 5 years 
agrees with numerous estimates based on measure­
ments of atmospher ic  c a rbo n - 1 4 fro m n atura l  
sources and nuclear tests.58,59 Sign ificant amounts 
of carbo n- 1 4 from nuclear tests penetrated deep 
into the ocean, in a relatively short time; 1 0  years 
after the most i ntensive test in 1 962, carbon- 1 4  was 
found at a depth of 5,000 m in the North Atlantic.60 
A similar CO2 atmospheric l ifetime was also esti­
mated by Starr from the seasonal atmospheric CO2 
variations.61 The i mpl ication of the 5-year l ifetime, 
is that about 1 8  percent-that is, 1 35 GtC, of the at­
mospheric CO2 pool-is exchanged each year. An 
anthropogen ic contribution of about 6 GtC per year 
pales in comparison with this vast natural fl ux. 
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Figure 9 
ANNUAL CHANGES I N  ATMOSPHERIC CO2 FOLLOW 

TEMPERATURE CHANGES, NOT MAN-MADE EMISSIONS 
The increases in man-made emissions of CO2 (dotted line) are not 
coupled to the fluctuations in the atmospheric CO2 (thin solid line). 
Instead, zig-zags of changes in atmospheric CO2, seem to closely 
follow changes in temperature (heavy solid line). The largest de­
creases in CO2 occur after volcanic eruptions reach the stratosphere. 
Volcanic eruptions are noted at top. 

The source of temporal trends in anthropogenic CO2 emissions 
from fossil fuel burning and cement production is taken from Boden, 
et al., 7 990; Andres, et al., 7 993. The data for atmospheric CO2 
mass increases are calculated from CO2 air concentrations mea­
sured at Mauna Loa, Hawaii, and are taken from Boden, et al., 7 990; 
Keeling, et al., 7 995. The global surface air temperature is taken 
from Boden, et al., 7 990; Keeling, et al., 7 995. 

CO2 Increases Not the Result of Human Activity 
The results of our calculations also indicate that the mass of 

CO2 from all past fossil-fuel emissions remaining in the Decem­
ber 1 988 atmosphere was about 30 GtC-that is, about 4 per­
cent (and not 21 percent) of the 1 988 atmospheric CO2 pool, 
corresponding to an atmospheric CO2 concentration of about 
1 4  ppmv. The content of non-fossi l-fuel and non-biogenic CO2 
with S13C of - 7  per m i l l  in the December 1 988 atmosphere 
was about 7 1 8  Gte. This corresponds to a pre-industrial atmos­
pheric CO2 concentration of about 3 3 9  ppmv. The fossi l-fuel 
component would  be less if emissions from terrestrial  b iota 
(with similar 01 3C to that of fossil fuel) were i ncluded in the cal­
culation. The estimate by Guthrie and Smith62 of 35 GtC re­
main ing from 1 860 to 1 990 in fossi l-fuel CO2 emissions, based 
on (non-isotope) mass balance calculations and a 5 . 1  year at­
mospheric l ifetime of CO2, is close to our result. 

Atmospheric CO2 concentration i ncreased from 3 1 5.6 ppmv 
in 1 958, to 359 ppmv in 1 994.7,63 As these concentrations 
correspond to an atmospheric CO2 mass of 669 GtC and 761 
GtC, respectively, the cumulative i ncrease during 3 7  years was 
92 GtC; that is, about 1 4  percent of the 1 95 8  atmospheric . 
mass of CO2, The average annual i ncrease in this period was 
then about 2.5 Gte. 

Each year about 1 2  percent (that is, 92 GtC) of the total at­
mospheric mass of CO2 exchanges with the ocean, and about 
1 3  percent ( 1 02 GtC) with the land b iota ( l PCC 1 990). It is 
poss ib le  that the observed CO2 i nc rease is the resu l t  of a 
smal l change in this annual natural CO2 flux, caused by in­
creased degassing from the warmer ocean, and i ncreased ox­
idation processes at l a n d  and sea, res u l t i n g  from natural 
cl imatic fl uctuation. This possibi l ity was not d iscussed i n  the 
I PCC's 1 990 document. The current atmospheric CO2 pool is dominated by the nat­

ural CO2 with 013C of - 7  per mi l l  degassed from the ocean.  
The 4 percent anthropogenic contribution to this pool is prob­
ably smal ler  than the variations of CO2 f lux from natural 
sources caused by cl imatic i nstabil ities. 

The I PCC estimated that the temperature of the surface wa­
ters i ncreased between 1 91 0  and 1 988 by about 0.6°e. A sim­
i lar increase was observed in the surface air temperature in th is 
period. I ncreasing the average temperature of the su rface of 
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the oceanic waters (1 5°C) by 0.6°C, would decrease the solu­
b i l ity of CO2 in these waters (0. 1 9 70 g CO2 per 1 00 g) by 
about 2 percent. The CO2 flux from the ocean to the atmo­
sphere shou ld  be i ncreased by the same factor; that is, by 
about 1 .9 GtC/year. This is simi lar to the observed average in­
crease of atmospheric CO2 in the years 1 958 to 1 968, of 0.73 
ppmv/year/ which corresponds to 1 .6 GtC/year. The mea­
su red annual  atmospheric CO2 increases were h igher in the 
next two decades (2.5 GtC/year and 3 .4 GtC/year),? which in­
d icates that changes in CO2 solubi l ity in oceanic water were 
responsible only for a part of observed CO2 increases. I nor­
ganic processes on land and changes in marine and terrestrial 
biota could also contribute to these increases. 

The atmospheric air  and sea su rface temperatu res did not 
increase smooth ly during this period, but were rather irregu­
lar, z i g-zagg i n g  from year to year ( F i g u re 9 ) .  The a n n u al  
changes in atmospheric CO2 mass closely fol lowed the tem­
perature changes. This was probably the result of rapid equ i l i­
bration between CO2 concentration in the atmosphere, and 
the d issolved i norganic carbon in the sea in about th ree quar­
ters of a year. 64 

The greatest cool ing and largest decreases in the rate of at­
mospheric CO2 i ncrease occu rred after vo lcanic eruptions 
wh ich reached the stratosphere, characterized by high dust 
vei l  index: Gunung Agung in 1 963, Fuego in 1 974, EI Chichon 
in 1 982, Nevado del Ruiz in 1 985, and Pinatubo in 1 991 . 

On the other hand, the smooth ly  and stead i ly  growing an­
nual increases in anthropogenic emissions of CO2 from fossi l­
fu e l  b u r n i n g  and cement prod u c t i o n ,  d o  not match the 
atmospheric CO2 fluctuations. Since 1 988, these sharply grow­
ing anthropogenic emissions have not been associated with de­
c reas ing  values of 8 1 3 C  of atmospheric CO2;63 for 7 years 
between 1 988 and 1 994, this latter value remained remarkably 
stab le .  If the observed cha nges in CO2 concentration were 
man-made, a decrease in 81 3C should be observed. 

Duri ng the famous "energy crisis" in 1 974-1 975, there was 
practical ly no decrease in anthropogenic CO2 emissions, but 
there was a dramatic drop in annual mass increase of atmo­
spheri c CO2 associated with atmospheric coo l ing; in 1 983, 
the decreasing anth ropogenic CO2 emission rate was associ­
ated with a peak in the rate of atmospheric CO2 mass i n­
crease, preceded by a cooler  a i r  temperature i n  1 9 82;  i n  
1 992, the h ighest rate of anthropogenic CO2 emission was 
associated with one of the deepest drops in atmospheric CO2 
mass i ncrease, and air  cool ing .  

The data in Figure 9 suggest that CO2 atmospheric mass in­
creases were not related to man-made em issions of this gas, 
but rather that these increases depended on volcanic eruptions 
and other causes of natural c l i matic fluctuations. 
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The Battle Over 
The Laws of 

Electrodynamics 

by Dr. Rem i Saumont 

A French physicist reviews the 
. experimef7ts designed to 

prove the existence of the 
Ampere longitudinal force 

I
n the 1 70 years that have passed since Oersted d iscovered 
electromagnetism, Ampere's Law, at least in the first 70 
years, was universal ly recogn ized . This law has to do with 

the force effects of the parts of an electrical cu rrent in a con­
ductor upon each other, and with the existence of longitudinal 
forces of repulsion between the "current elements." 

In  the 20th century, countless experiments were conducted 
in order to prove the existence of longitudinal Ampere forces. 
They were the subject of i ntense discussion and controversy. 
Most of these attempts applied strong currents of over 1 00 am­
peres (A), and even up to 1 00,000 A. In order to prevent heat 
effects, in my own experiments on the Ampere force, I have 
used only weak currents of up to 1 6  A and measured the result­
ing force effects by means of a mechanical-optical coupl ing. 

Ampere's Hairpin Experiment 
At the beginning of the 1 9th century, Ampere had come to 

the view that a l l  the theoretical and experimental resu lts as­
sembled by him and other scientists u nderscored the existence 
of longitudinal forces. He was thus of the opin ion that this state 
of affairs had been sufficiently explained. Yet, duri ng a visit to 
his colleague De la Rive, he consented to conduct one last ex­
periment in order to confirm the assu mption of longitudinal 
forces. What is known as the "Ampere Hairpin Experiment" 
was in fact in itiated by De la Rive, as Peter Graneau shows i n  
his book Ampere-Neumann Electrodynamics o f  Metals.l 

Figure 1 
The figure is Ampere's ha irpin experiment. Above: Andre­
Marie Ampere (7775- 7 836). 

A copper wire in the form of a bent hairpin was floated in a 
d ish fi l led with mercury (Figure 1 ) . The d ish was separated into 
two halves by an insulating d ivider. A source of current, with a 
switch, was placed between two conductors d ipping into the 
mercury. The hairp in  floated freely  on the mercury. Its top, 
con n ecti ng the two para l l e l  pro ngs, spa n n ed the d iv ider .  
When the cu rrent was applied, Ampere observed that the float­
ing  wire moved away from the fixed conductors. This ,  he 
thought, proved that i n  any i nteraction between cu rrent in 
mercury and cu rrent i n  copper, a longitud inal  force was ac­
tive.2 

Accord ing to Ampere's own law, the electrical circuit would 
have to exert a smal l  force of repulsion on the hairp in .  But the 
prongs of the hairp in were long enough to ensure that the 
transverse force of repul sion on the bent part of the hairp in  
was negl igible. _ 

Long before Lorentz put forth a new theory of electrodynam­
ics in 1 890, scientists bel ieved that th is experiment by Ampere 
and De la Rive represented the main proof of the existence of 
a longitudinal force. Maxwel l  mentioned that th is experiment 
was sometimes cited to prove that Ampere's formula was more 
correct than that of von Grassmann .  He explained :  "We find it 
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hard to believe that Ampere actual ly d iscovered the force law 
with the help of the experiments that he describes." 

With regard to research of this kind, this verdict sti l l  holds, 
because the strength of the current was not known. Unfortu­
nately, these and other experiments can only be considered to 
provide ,qual itative evidence. 

Toward the end of the ·1 9th century, a new form of electrical 
current was d iscovered-the electron flow in a vacuum. This 
discovery raised a problem which prompted Lorentz to present 
h is  new theory of electrodynamics. For most physicists, this 
new theory rendered untenable the hypothesis of longitudinal 
forces, because, given an electron beam i n  a vacuum, longitu­
dinal forces would i nterrupt the flow of electrons; thus Lorentz 
saw no reason not to formulate a law that excluded longitudi­
nal forces. 

This was the start of a long controversy. Some physicists de­
clared that there exists a fundamental difference between an 
electron beam in a vacuum tube and an electrical cu rrent in a 
meta l l ic  conductor. The e lectron, which moves through the 
metal, is exposed to far more complex forces than a free elec­
tron in the vacuum of a cathode ray tube. 

The most i nteresting among the numerous experiments con­
ducted in this field at the beginning of the 20th century was 
Carl Hering's in 1 922,3 which was later described and com­
mented upon by L.A. Robertson .4 

A rectangular  e lectrical  cond uctor ABCDEFG was con­
structed (Figure 2), i n  which the element DE could be rotated 
horizontal ly. It rotated around point E, and its bent-under end­
point was submerged in an oval vat M, fi l led with mercury and 
electrical ly connected to C. When a strong cu rrent was ap-
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Figure 2 
HERING'S EXPERIMENT 

A 

G 

pl ied between A and G, it was observed that segment DE 
swung inward of its own impetus from its in itial position in the 
circu it, instead of being pushed outward, as would have to be 
the case according to the classical laws of electrodynamics. 

This experiment was the first example of modern research 
using contacts of meta l l ic  mercury. Many further efforts en­
sued to study longitudinal  forces. I n  all  these research efforts, 
heat effects were necessari ly an i mportant subject of d iscus­
sion, perhaps even the most important. 

The first research work of th is kind involved qual itative ex­
periments with strong mechanical effects (on account of the 
h igh cu rrent). A second d i rect ion of research cons isted of 



quantitative experiments with weak cu rrents, in which mea­
surements by means of various equipment-for example, bal­
ances or dynamometers--were undertaken. 

I. OBSERVATION OF STRONG MECHANICAL 
EFFECTS OF LONGITUDI NAL FORCES 

USING STRONG CURRENT (1 00 TO 1 00,000 A). 
QUALITATIVE EXPERIMENTS 

(A) Break or deformation of electrical conductors 

1 .  Experiments by Nasi/owski and Graneau: Nasilowski's 
experiments on the blow-out of copper fuses were carried out 
in Warsaw in  the 1 950s.5 

Nasi lowski i nvestigated the breakage of a 0.5-mm copper 
wire, when an electrical impu lse was sent through it for 50 
mil l iseconds. A current of  2,000 A sufficed to break the wire, 
and the break-point occurred c lose to the electrical source. 
The number of breaking-poi nts i ncreased with the strength of 
the current, and the poi nts were widely spaced from one an­
other. Moreover, the ends of the broken wire pieces were bent 
at right angles, whi le, on the other hand, there was no visible 
sign of melting. 

Graneau carried out simi lar experiments with a 1 .5-m-long, 
1 . 5-mm-thick wire. M i croscopic examination of the c lean 
right-angle breaks he observed led to the conclusion that the 
breaks resulted from longitudinal forces, and were not the kind 
of effects that wo u l d  come from mel t ing  or  from Lore ntz 
forces. Graneau discusses these questions on pages 1 1 2-1 1 5  of 
his book.1 
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2. Rai/gun experiments: Ampere forces are assumed to play 
an important role as well in strong pu lsed currents, such as 
those used i n  nuclear fusion experiments or rai lgun accelera­
tors, where currents up to 1 00,000 A are applied. 

In a rai lgun accelerator, two paral le l  meta l l i c  conductors 
carry electrical current back and fprth across an additional 
conductor (the armatu re), which spans the electrified rails and 
rides on top of them. This conductor is the projectile which is 
accelerated by means of electrodynamic forces. 

Graneau investigated this kind of apparatus at the Massachu­
setts Institute of Technology and i n  England.1  ,6 1n his view, ac­
cording to the classical Lorentz concept, the recoil or repulsion 
caused by the acceleration of the projectile would be absorbed 
by the electromagnetic fie ld  aris ing from the flow of cur.rent, 
and would exert no effect on the rails. Therefore, he thinks that 
the repu lsion actual ly observed to be acting upon the rails, rep­
resents a proof of the specific Ampere longitudinal force. 

(B) Movements or displacements using 
mercury contacts or electric arcs 

In many i nvestigations of longitud i nal Ampere forces, c ir­
cu its with fl u id  metals (mercury) are. uti l ized, in which rela­
tive movements of conductors are possible. As in the hairpin 
experiment, longitud inal forces i nduce tension along the con­
ductor and produce relative motion between the sol i d  and 
l iq u id parts of the c i rc u it. As in the ha i rp in  experim ent, i n  
G raneau's j udgment, Ampere overlooked t h e  effect o f  com­
p lex magnetoh yd rody n a m i c  phenomena i n d u ced in fl u id 
metals by means of the strong electrical current. 

Peter G raneau repeated Ampere's hairpin experiment, but 
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Courtesy of Le Quotidien du Medecin 
Remi Saumont in his INSERM biophysics laboratory. 

made the pin immabile.7 When he applied a strang current to. 
the system, he abserved at bath ends af the fixed hairpin a sart 
af "backwash," and smal l  particles af copper which had been 
placed in the mercury near the ends af the hairpin were sub­
ject to. repu lsian. 

In the ' same paper, 'Graneau reparted an anather interesting 
experiment. A piece af capper wire in the shape af a oigar was 
immersed in a lang tank filled with. mercury. It was raunded at 
ane end, while the ather end was painted. When an electrical 
cu rrent was sent through the cantainer, the wire maved far­
ward with the rounded end in front. 

The experiment shawed that the farce af repulsian acting an 
the painted end af the "cigar" was stranger than that affecting 
the rou nded end.  Moreaver, the d i rectian af the mavement 
was i ndependent af the directian af the current. This was the 
first experiment to. demanstrate that in a canducting wire, the 
Ampere farce af repu lsian i ncreased as the d iameter af the 
wire dimin ished. 

A further experiment, a simpler versian af Ampere's original 
attem pt, was carried aut in Athens by Pappas, who. did nat 
knaw abaut Ampere's experiment at that time.8 

A 1t-shaped frame af 2-mm thick aluminum wire, 2 m lang 
and 1 .5 m wide, was hung by fine threads 2 m from the cei l­
i ng, so. that it cauld mave al mast freely in the harizantal plane. 
The twa ends af the 1t-shaped wire tauched the surface af twa 
basins fi l led with mercury. 
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Figure 3 
PAPPAS'S EXPERIMENT, FIRST,VERSION 

Figure 4 
PAPPAS'S EXPERIMENT, SECOND VERSION 

. 1 · . 
i I  

When a car battery was attached to. the twa basins with twa 
rigid wires, the 1t-shaped frame maved forward (as i n  Ampere's ' 
hairpin experiment), and the free ends af the wire j umped aut' 
af the mercury. The whale mavable frame maved q u ick ly  
abaut 2 cm (Figure 3) .  . . '  . 

I n  a secand experiment, the twa rigid haak-up wi res were 
cannected clase to. ane anather and perpend icular to. the di­
rectian af the side-pieces af the 1t-shaped frame. In  this case, 
the mavement seemed less rapid than i n  the first experiment 
(Figure 4). 

Althaugh several parameters and experimental conditians 
were u n knawn (cu rrent densify, precise d u ratian af cu rrent 
thraughput, amaunt af acceleratian, thermal and ather effects 
duri ng the cantact with the mercu ry, and so. farth),  Pappas 
stated in his calcu latians that far less energy flawed fram his 
saurce af cu rrent than the Larentz theary wauld  require. The 
Larentz farce is thus excluded as the accelerating force af the 
pendulum. 

At the Massachusetts Institute af Technalogy; Graneau re­
peated a s imi lar experiment in improved farm. 1  He replaced 
the aluminum-mercury cantacts with 1 mm-wide electric arc 
ju nctians between the end af a hanging capper pendulum and 
a parallel system af capper tracks, which were pawered by a 
30 to. 80 kilavolt candenser. In this' way, the attenuating asci l ­
latar current was recarded by a cathade-ray tube cannected to. 
a serial cai l .  The majar parameters were knawn, including the 



extreme values of intensity (28,000 to 68,000 A), the energy 
del ivered by the condenser, the weight, the periods of osci l la­
tion, and the displacement of the pendu lum.  , In this interesting experiment, there sti l l  cou ld have been ar­
tifacts caused by melted copper, as wel l  as heat and pressure 
effects produced by the electrical arc. 

I I .  MEASUREMENT OF ·LONGITUDI NAL FORCES 
IN WEAK CU RRENTS. QUANTITATIVE EXPERIMENTS 

(A) Experiment by T.E. Phipps and T.E. Phipps, Jr. 

In  this experiment, proposed by J .P .  Wesley,9 Ampere longi­
tudinal forces are to be ascertained by measuring pressure d if­
ferential in  a wedge-shaped container (a variable-transverse 
mercury cel l )  induced by a weak, low-frequency alternating 
current (2 Hz, low amperage). The internal potential (pressure) 
was found by measuring the maximum changes in a perpen­
dicular mercury column, installed at locations of variable cur­
rent density . l O,l l Two perpend i c u l a r  tubes were p laced at 
these loci  of var iable cu rrent density, and the i r  state was 
recorded with the he lp  of an optical ampl ifier, with which 
mercury osci l lations at the m icron level can be observed. On 
the basis of a resonance test, the authors were of the opin ion 
that their experiment confirms Ampere's hypothesis. 

(8) Measurements with a balance by Saumont 
This kind of measurement was carried out in my laboratory 

in Paris in such a way that changes in weight in a conductor 
carrying an electrical cu rrent coul d  be read off as quickly as 
possible on a balance. The conductor was connected to the 
balance through small troughs (flasks) fi l led with mercury. As 
current flowed through the system, longitu d i n a l ,  repu l sive 
forces were active at every movable contact between the mer­
cury and the fixed meta l .  Depending upon the orientation of 
the wire ends immersed in the mercury, an apparent decrease 
or increase in weight was observed . 

Figure 5 shows the measuring device, a l ready described in  
earlier articles. 1 2,1 3 In my experiments, two beakers of mercury 

Figure 5 
THE SCALE 

were placed on either side near the scale on the base of a me­
chanical-optical balance, Sartorius Type 2842-5-0007. The cir­
cuit consisted of O.7-mm-th ick copper wire. The 1 3-cm-long 
horizontal portion of this wire was rigid ly  enclosed in  foam 
material and connected to the balance scale. Both ends of the 
wire were bent down 3 cm and i mmersed 1 0-mm deep into 
the mercury, wh ich formed an interface with them (Figure 6). 

By this means an electrical current cou l d  flow through the 
wire, occasioning a vertical movement, which was observed. If 
the balance scale moved, the buoyancy of the wire ends im­
mersed in the mercury natural ly  changed, and produced a re­
verse force. 

The sensitivity of the balance was 0 . 1  mg. A deviation of the 
balance scale by 0.1  mm corresponded to a change in weight 
of 1 0  mg. One such vertical displacement, either u pward or 
downward, thus amounted to a reverse force of 0.5231 mg for 
each interface (0.35 x 0.35 x 3 . 1 4 x 0.1  x 1 3 .6), or 1 .0462 for 
both beakers. 

A 1 2-volt storage battery del ivered cu rrent to the c i rcuit  
through a copper wire, with the positive pole of the battery 
connected to the mercury in the first beaker; the path back to 
the negative battery pole ran through a wire leading to the sec­
ond beaker, and then through a series-connected ammeter, a 
variable resistance, and a switch.  

The entire apparatus for supply ing cu rrent was mou nted 
about 40 cm in front of the balance, and in such a way that the 
e l ements of the c i rc u it i n  the horizontal  p l a n e  wou l d  go 
through the central part of the wire. The circu it formed a right­
angled horizontal loop, with a long side of 60 cm (Figure 5 ) .  

Al l the experiments were conducted with the old mechani­
cal-optical Sartorius 2842-5 balance. A modern e lectronic 
balance would not have been suitable for th is  k ind of investi­
gation, because its scale is a lways con nected to a magnetic 
core. This core extends deep into a coi l ,  and a cu rrent flows 

(a) Decrease 
of weight 

�" '. ' .. ' . . . � .. 

JU[ I 

(a) 1 

(a)2 

(b) Increase of weight 

.� fj{ I ' ." 

2 1 st CENTURY 

(b) 

Figure 6 
WEIGH I NG OF THE WIRE 
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Figure 7 
I NTERFERING HEAT EFFECTS 

A current of 12 A is passed through a copper wire 13 cm long of diameter 0.7 mm. In (a), a flow of short duration gives 
the correct measurement. In (b), a longer flow produces a heat effect. 

through the coi l ,  in order to achieve a balance. Thus it wou ld 
be i mposs ible to make accu rate measurements if a cu rrent 
were also flowing through the scale. Moreover, the delayed re­
sponse of an electronic balance is too long (about 2 seconds). 
In order to exclude heat effects, a measurement interval of 0.5 
seconds should not be exceeded, if "high" intensities (1 0 to 1 6  
A) are used (Figure 7). 

In order to d i m i n ish the delayed reaction, I observed the 
moving scale of the Sartorius balance (with subdivisions of 1 0  
mg = 1 cm) by means of an exterior lens. N o  correction was 
performed to achieve the equ i l ibri um (mg and 1 /1 0 mg). The 
precision of measurement thus decreased (from 1 /1 0 mg to 0.5 
mg), but the rapid ity of observation increased considerably. 
The reaction time corresponded to the balance's delayed reac­
tiC'>n of 0.5 seconds. 

In the first series of experiments (wire ends downward, Fig­
ure 6), when the current passed through, an apparent loss ·of 
weight in the moving parts of the system was recorded. This 
loss of weight increased as the square of the strength of the cur­
rent (d irect or alternating cu rrent). (See Table 1 and Figure 8.) 

At a current of 1 4.6 A, the apparent weight loss was 1 0  mg. 
The deviation of the balance scale was 0.1  mm and the reverse 
force about 1 mg. Consequently, every measurement required 
a correction; in this case, an addition of 1 0  percent of the mea-
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Table 1 
TWO VESSElS OF MERCURY ON THE SCALES 

See Figure 6, (a) 1 and (a)2. 

Current in Weight decrease Corrected 
amperes (mg) value (+10%) mg 

'
5 1 . 1 
6 1 .5 1 .6 
8 2.9 3.2 

1 0  4.5 5 
1 2 6.4 7 
1 4  9 9.9 
1 5  1 0.5 1 1 .5 
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sured change in weight, which is 9 percent of the actual nu­
merical value (see Table 1 ) . 

N umerous possibil ities that a decrease in weight was caused 
by external interference had to be i nvestigated ; for example, 
the effect of external magnetic fields, expansion effects of the 
current loop, the i nfluence of a repulsive Lenz force, electro­
static phenomena, deformation of the wire, and action on the 
mechanism of the balanc'e by the field produced by the cur­
rent. These possible sou rces of interference, d iscussed in my 
papers, ' 2,1 3 are easily el imi nated. 

- 1 5  
Figure 8 

WEIGHT DECREASE ACCORDING 
TO CURRENT STRENGTH 

Weight decrease of the wire according to the strength 
of the current, in the experimental configuration in (a) 7 
and (a)2 of Figure 6. No correction has been made for 
buoyancy. 



Through the use of a coated wire, I proved that the results 
were not dependent on the bare part of the i m mersed wire .  
When only  the cross-sectional surface of  the wire was brought 
into play in this way, it appears that neither a change in the 
copper amalgam nor a change in the su rface tension was re­
sponsible for these observations. 

However, certai n  conceivable, possibly weighty causes of 
error must be discussed carefu l ly; for example, stretch ing of 
the wire by heating, thermal l ift effects on the gas molecules 
adhering to the wire's surface, or ionic conductive effects be­
tween apparatus and atmosphere, may have i nterfered with 
the observations. Al l these phenomena could lead to an appar­
ent loss of weight. 

In order to examine these possibi l ities, the end of the coated 
wire in the mercury contai ner was bent u pward, Figure 6(b), so 
that its tip (and only the cross-sectional surface was uncoated) 
lay beneath the current-carrying wires. In this case, a weight 
increase was observed, which in absolute terms, however, was 
sl ighter than the decrease (about 50 percent of the decrease). 

Th is experi ment showed that there exists a repulsive force 
between the sol id and the l iquid parts of the meta l l ic conduc­
tor, and this force is proportional to the square of the strength 
of the cu rrent. Thus  there was a "cou nterfeit" effect of de­
crease, which, in the first experiment, had a share in the result­
ing effect of repu lsion; in the second series of tests, however, it 
was removed. 

I n  order to verify that the apparent weight ga in  actua l ly  
arose from forces of  repu lsion at  the locus of  contact between 
the mercury and copper, sti l l  another experiment was con­
ducted. A vessel fi l led with mercury was placed on the bal­
ance scale, and two wires of O.7-mm thickness were immersed 
in the vessel ,  as shown in F igure 9 .  When a current was sent 
through the mercury, a weight increase occurred, whose ab­
solute value changed as the squ are of the cu rrent's strength 
(Table 2). 

Numerous problems arose from all these experiments. 
First, at a given strength of cu rrent, what was the actu al  

value of the repulsive force on the contacts? The weight de­
crease, from u s i n g  a horizontal w i re of 2-cm length as i n  
Figure 1 0, was less than the values given i n  Table 1 and Figure 
8, which were obtai ned with a 1 3 -cm-long wire.  Their ab­
sol ute value, however, was nearly the same as the absolute 
value of the weight increase in Table 2 from the experiment i n  
Figure 9.  Thus this latter resu lt ought to b e  the correct one. 

Yet a question remains: What was the role and sign ificance 
of the repu lsive force acting in the mercury? 

Graneau has demonstrated that a flow is produced in mer­
cury by means of a strong electrical current (several hundred 
A) applied to the copper-mercury interface'? Such a phenome­
non should have occurred in my experi ments as wel l ,  though 
not very sign ificantly, given the weakness of the cu rrent and 
the i nert character of mercu ry. In fact, there was no sign ificant 
difference in the results of experiments (a)l and (a)2 in Figure 
6. Nor was there any sign ificant d ifference in the experiment 
in Figure 9, when the tip of the wire lay close to the bottom of 
the beaker. A repu l s ive force acting on part of the mercury 
produced a downward flow, which h it the bottom of the ves­
sel, and at the top of the connection produced a vortical flow, 
without any empty volume resulting. 

Second, what precisely were the other forces being exerted ? 

Figure 9 
ONE VESSEL OF MERCURY ON THE SCALES 

A weight increase is observed, as shown in Table 2. 

Table 2 
ONE VESSEL OF MERCURY ON THE SCALES (Figure 9) 

Current in Weight increase Corrected amperes 
(mg) value (+10%) mg 

8 1 .3 1 .4 
10  2.4 2.6 
12 3.3 3.7 
14 5.6 6.2 

Figure 1 0  
WEIGHT DECREASE WITH A SHORT, 

HORIZONTAL WIRE 
The absolute values of the weight decrease nearly cor­
respond to the absolute values of the increase in 
weight in Figure 9. 

(7) Slow heat phenomena: Heat phenomena were easily ob­
servable during the weight-decrease experiment with the long 
wire, when "high" cu rrent (more than 1 0  A) was applied for a 
long time (more than 0.5 seconds). There were two d ifferent in-
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dicator movements on the balance, a fast one fol-
lowed by a slow one (Figure 7). The steepness of the 
fast movement shows the delayed reaction time of 
the balance and correlated with a m uch faster varia­
tion, the repu lsive force produced by an electrical 
current going through the copper-mercury connec­
tion. The secondary slow movement corresponds to 
the secondary thermal phenomena, which require 
more time to emerge and develop. 

The indication of repulsive force was thus easi ly  
d isti ngu ished from the false thermal indication. At 
the end of the short t ime measurement ava i lab le  Figure 1 1  

ENDS OF WIRES BENT OUTWARDS due to the rapid ity of the del ayed reaction (0.5 
seconds), the switc h i ng-off of the cu rrent had to 
effect a q u ick return to the previous zero l i ne. If  
an exact descent d i d  not occu r  with i n  0.5 sec-

The ends of the wires are bent outwards, to investigate the interfer­
ing "fast" lift forces. 

onds,  a measu rement error was cons idered to 
have taken place. 

(2) Fast "counterfeit" forces: In the tests with the long wire, 
d id fast "cou nterfeit" phenomena exist? If so, what was the 
precise importance of these particu lar forces? 

In the experiments described above with the two beakers 
(Figure 6), why was the absolute value of the weight increase 
in the case of the upwards-bent wire lower than it was in the 
Cllse of the horizontal straight wire? The d ifference may some 
day be explained in terms of l ift forces appearing in the seg­
ments of current at the level of the angu lar parts of the circuit. 
In this case, an effect would  depend u pon the form and the 
length of the wire above and near the surface of the mercury. 
Calcu lating such forces is extremely difficult (Graneau,l Wes­
ley,9 Cleveland,1 4 Mourier1 5). 

An e'xperiment was carried out in order to directly measure 
the interfering "fast" l ift forces, which were active, for exam­
ple, in the first two beaker experiments. 

For this purpose, the ends of the coated wire were bent out­
ward in the mercury (Figure 1 1 ), so that the small  horizontal 
segment was S-mm long, and perpend icular to the bare metal 
cross-section. This method was also used by Moyssides and 
Pappas16  in their experiment with the horizontal wire 1t-frame, 
in order to test the Biot-Savart-Lorentz forces. 

Longitud ina l  forces, which were active at the ends of the 
wire perpendicular to the cross-section of the wire, neutralized 
each other, so that the weight loss ought to correspond to the 
"fast, counterfeit" l ift force. Table 3 shows the values for this 
resulting force; it accqunted for about a fourth of the overal l  
weight loss in  the first t-ase. The major evidence of  interest in 
th is table is the demonstration of the existence of the longitudi­
nal force. In fact, the difference between the corrected values 

. Current in 
(mg) 

60 

8 
1 0  
1 2  
1 4  
1 5  

Table 3 
I NTERFERING 'FAST' LIFT FORCES 

Weight decrease 
. value (+10%) mg 

0.5 
1 
1 .6 
2.1 
2.5 

Spring 1 997 

Corrected amperes 

0.55 
1 . 1  
1 .75 
2.3 
2.75 

2 1 st CENTURY 

in  Tab le  1 and Tab le 3 g ives the va l u e  of th is longitu d ina l  
force for the 1 3-cm by O.7-mm wire. 

Conclusion 
I have made numerous attempts to examine the longitudinal 

force. These investigations raise some d i fficult experimental 
and theoretical problems. Theoretica l ly  speaking, two inter­
connected questions are addressed : Is the concept of the Am­
pere force compatible with the B i ot-Savart-Laplace law of 
transverse force? What is the compatibi l ity of the Ampere force 
with the paradigm of special relativity theory? More emphati­
cally than Rambaut and Vigier1 8 as wel l  as Rambaut1 9 in h is 
earlier work, Costa de Beauregard20 takes a stand for compati­
b i l ity in both cases. I personal ly  th i n k  that in physics, as i n  
other matters, i t  i s  dangerous to claim more than the physical 
facts al low. Therefore, I hold that a rejection of the special rel ­
ativity theory o n  the basis of the experimental verification of 
the Ampere force is unjustified. 

Remi Saumont is a research director emeritus at INSERM, 
France's main medical research institute, in Paris. The former 
leader of its biophysics laboratory, he is now working on phys­
ical and mathematical questions. One of his main research in­
terests is dimensional analysis and the theory of measurement. 
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EXPERIMENT 

Demonstrating Gauss and Weber's 
M�gnetometer 
by Jonathan Ten nen baum 

EDITOR'S NOTE 
The new principles of experimental 

design developed by Carl Gauss and 
Wilhelm Weber, were the focus of a re­
cent presentation on the history of elec­
tricity and magnetism by the author, at 
the year-end conference of the Schiller 
Institute in Germany. Weber's determi­
nation of the electromagnetic constant, 
c, in 1 854, and the first formulation of 
the classical electron radius by him in 
1870, were among the important results 
of these new principles. Tennenbaum's 
discussion included the material pre­
sented in liThe Significance of the 1 845 
Gauss-Weber Correspondence, II by Lau­
rence Hecht, which appeared in the Fall 
1996 issue of 2 1 st Century. 

Thi$ report describes the building and 
operation of a magnetometer, used by 
Tennenbaum in his presentation. 

The new pr incip les of exper imenta l 
design, developed by Carl Gauss and 

Wilhelm Weber, were crucial to the the­
metical breakth roughs made by Weber 
beg i n n i n g  in 1 84 5 .  To i l l u strate th i s  
poi nt, we conducted a series of  physical 
demonstrations, including a rud imentary 
version of Gauss's bifi lar magnetometer, 
which makes it poss i b l e  to determ i n e  
angu lar deflect ion very precisely.  The 
magneto m eter, i m p ro v i sed in a few 
hours' work using commonplace materi­
als, was sensitive enough to clearly reg­
ister the motio n  of a smal l permanent 
magnet, held in  my hand at the opposite 
side of the room. 

The rud imentary magnetometer con­
sists of a horizonta l l y  s u s pended bar 
magnet, about 1 0  cm long, taped to a 
plexiglass ho l der, wh ich  a l so ho lds  a 
smal l  mirror (the size of a dentist's mi r­
ror), located as closely as possible to the 
vertical plane contain i ng the axis of the 
magnet. The asse m b l y-w ith magnet, 
holder, and m i rror-is suspended hori-

EXPERIMENT 

Christopher Lewis 

Tennenbaum demonstrates the action of the magnet. (Inset) A close-up view of the 
magnetometer. 

zonta l ly  on two very thin, paral lel cop­
per  w i res,  0 . 5 - to 0 . 8-cm apart a n d  
nearly 2 meters long. 

This is the famous "bifilar suspension" 
i ntroduced by Gauss. Among many ad­
vantages, it has extremely low friction; 
for an angular d isplacement of the sys­
tem,  the i nternal restoring force is de-

rived practical ly from gravity alone, and 
is determined by the spacing of the wires 
and the mass of the suspended body. 

To s h i e l d  aga i n st a i r  c u rrents, the 
magnet assem b l y  and suspension are 
c o m p l ete ly  e n c l osed in a wood a n d  
p lastic housing.  T h e  lower part, where 
the suspended magnet was located, is a 
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SCHEMATIC OF A RUDIMENTARY BIFllAR MAGNETOMETER 
Gauss's bifilar (two-wire) magnetometer was designed to precisely determine the angular deflection of a compass needle 

, caused by a permanent magnet. This apparatus was built by Tennenbaum and Christopher Lewis. 

rectangu lar enclosure of the type used 
to keep cakes and pastry, consisting of a 
f lat base a n d  a cover m a d e  of c l ear 
p l asfi c .  A 5-cm d i a m eter h o l e  was 
dr i l l.ed I n  the m idd le  of the top of the 
cover.  The u p per  part c o n s i sts of  a 
tower bui lt  of wood and Plexiglas, hav­
i ng a square cross-section and a height 

. of-about 1 60 cm . 
The axis of the tower is al igned with 

the' hole in the lower enclosure, so that 
the twin wires suspend ing the magnet, 
run free l y  from the l ower enc losure,  
along the aXIs of  the tower, to a Plexiglas 
p late that fo rms the top of the tower. 
There the wires ru n through two smal l  
holes, dri l led in the plate, and are fixed 
on the top s ide in such a way that the 
lengths of the wires can be sl ightly ad­
j u sted . It i s  conven ient not to glue the 
top to the rest of the tower, but to allow 
it to be. rotated, in  order to al ign the sys­
tem of magnet and suspending wires in  
any desired d i rection. 

For the demonstration in  question, the 
apparatus was placed on a table, and the 
pl ate hold i ng the wi res was rotated in  
such a way, that the axis of  the magnet 
coincided with the magnetic merid ian 
(the local magnetic north-south orienta­
tion). To d isplay the angu lar motion of 
the slJ.s'pended magnet, the beam of a 
s m a l l  l aser, mou nted on an adj acent 
table,. was d i rected onto the m i rror at­
tached to the suspended magnet, in such 

a way that the reflected beam was pro­
jected onto a wal l or screen .  If the d is­
tance from the apparatus to the screen is 
1 0  meters or more, then very sl ight mo­
tions of the magnet are clearly revealed 
by the spot on the screen. 

This use of a laser beam-which has 
the advantage of al lowing an entire au­
dience to fol low the process-replaces 
Gauss and Weber's original procedure, 
which was to observe the reflected im­
age on a fixed scale with the help of a 
telescope. 

Without substantial dampi ng, it takes 
a considerable time for the osc i l lations 
of the suspended magnet to qu iet down. 
Then it will be seen, that the instrument 
clearly responds to the movement of a 
hand-held permanent magnet, held sev­
eral meters or more away, especia l ly if 
we rotate the axis of the magnet back 
and forth through 1 80 degrees. At even 
much greater distance, we can use a res­
onance effect to set the magnetometer 
into visible osc i l lations, namely, by ro­
tating the hand-held magnet in proper 
phase with the osci l lation of the magne­
tometer. With some practice, one can 
use the same effect, but out of phase, to 
bring the osci l lating magnetometer back 
to rest. 

We can also deflect the magnetome­
ter with an electromagnet, consisting of 
a co i l  attached to a flas h l ight battery. 
Or, using a coi l  with a large number of 
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windi ngs, and placed in a vertical plane 
c lose to the magnetometer magnet, the 
electromagnetic effect of very weak cur­
re nts can be see n .  Here we have the 
bare principle of a mi rror galvanometer, 
fi rst successfu l ly  developed by Weber. 

The final step to Weber's electrody­
namometer, cons ists of repl aci n g  the  
suspended permanent magnet by  a sus­
pended co i l ,  into which cu rrent is fed 
via the suspend ing pa ir  of wires .  ' (We 
s ha l l  repo rt on the constru ct ion of a 
demonstration electrodynamometer in a 
futu re issue.) 

Upsetting Arbitrary Fictio,ns 
T h e  sens i t i v i ty of the  r u d i me ntary 

magnetometer made a big impression on 
the audience. I ndeed, witnessing an ac­
tual  demonstrat ion of th is  sort m ight 
help to provoke a reflection on the ques­
tion of whether N ewto n's concept of 
poi nt-to-point forces, and the Maxwel l­
Faraday idea of "force fields" m ight not 
be arbitrary fictions. And further, to re­
flect on whether it wou l d  not be much 
better to adopt the hypothesis that the 
phenomena at any two points of the uni­
verse are intrinsica l ly  coupled, because 
everything happening in the un iverse is 
automatica l ly happen ing  at each a n d  
every local ity, whether there i s  a n  imme­
diate, visible effect or not. 

In other words:  each· local event is in­
trinsical ly an action on the universe as a 
whole. 

EXPERIMENT 



Viewpoint 
Continued from page 9 
of natural origin .  Half of these pesticides 
tested at near-toxic levels produce can­
cer in rodents. Red ucing human expo­
sure to the 0 . 1  percent that are synthetic 
will not reduce cancer rates. 

On the contrary, the use of synthetic 
pesticides i ncreases the supply and low­
ers the price of fruits and vegetables, and 
these prevent cancer. Hu mans also in­
gest carc i nogens that are prod uced by 

cooki ng or roasting food .  H u ndreds of 
chemicals have been reported in roasted 
coffee. Professor Takash i  Sug i m u ra i n  
Tokyo h a s  shown that the coo k i n g  of 
meat produces compounds that produce 
cancer in rodents, and he has synthe­
sized some of these compounds. 

Sugimura recommends, among other 
th i ngs,  that peo p l e  a v o i d  eat i n g  too 
m uch of b u rnt parts of food,  s u c h  as 
burnt parts of charcoal-gri l led meat and 
fish.  "Zero exposure to rodent carc i no­
gens cannot be achieved," he says. (The 

Did You Miss . . .  � " � "The Ugly Truth About Rachel Carson" by J. � 
q Gordon Edwards, Summer 1992 ! l ' r "Malaria: The Killer That Could Have Been ,J i Conquered," by J. Gordon Edwards, Sum- � I mer 1993 
� "The Long and Short of It," review of Our � � Stolen Future, by J. Gordon Edwards, Fall � 

. 1996 ! 
I Back issues of 21st Century are available at $5 each, postpaid. � i Send check or money order (U.S. currency only) to: i 

21st Century 
P.O. Box 16285 ' Washington, D.C. 20041 
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F DA made a s i m i lar  statement i n  the 
Federal Register.) 

B ruce Ames estimates that a typical  
American eats about 1 .5 grams per day 
of n atura l  pestic ides, which is  1 0,000 
times more than the average daily con­
s u m pt i o n  of synthet ic  pest i c i d e  
res i d u es .  O f  t h e  n a t u r a l  pest i c i d e s  
tested i n  at least o n e  species o f  animal,  
2 7  of 52 are carcinogens. For these 27, 
he l ists 3 7  foods as contai n i ng a s ingle 
carci  nogen at concentrat ions  greater 
than 1 0  parts per mi l l  ion. 

Fortunately, as Ames poi nts out, hu­
man bei ngs are protected agai nst low 
doses of toxi ns by many general  de­
fenses, inc luding vitamins and antioxi­
d an ts i n  the same foods, and we can 
augment these by taking supplements of 
vitamin E, vitamin C, and beta carotene. 

Where are the Residues? 
I n  1 988, the FDA exami ned 1 8, 000 

crop samples. There were no detectable 
pesti c i d e  res idues  in 60 percent and 
fewer than 1 percent were over tolerance. 
Even in that small fraction, the health risk 
was negl i g i b l e  because the tolerance 
level for regu lation is set far higher than 
the tolerance level for health risk. 

The lesson from these fi ndi ngs is that 
the p u b l i c  has  been taught  to worry 
about pesticide residues that aren't even 
present in foods. This brings us back to 
the cranberry incident of 1 959, in which 
only 0.34 percent of the crop contained 
d etectab le  (but  harm less) res id ues of 
aminotriazole. 

Remember the 1 5 64 d ictu m  of Para­
celsus, on which toxicology is fou nded . 
"Al l things are poisonous, yet noth ing is 
poisonous. The dose alone determi nes 
the poison."  The future rests in science. 
We cannot go back to the good old days 
that never existed. 
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BIOLOGY & MEDICINE 

A New Approach to Cancer 
Treatment Using Essential Fatty Acids 
by Col i n  Lowry 

Photo by R.D. Goldman, in Cell and Molecular Biology, 7th edition, by E.D.P. DeRobertis and E.M.F. DeRobertis (Philadelphia: Saunders College/Holt, Rinehart, and Winston, 1 980), p. 170. 

Scanning electron micrographs of cultured hamster cells. Left: Normal cells spread out and grow in a monolayer. Right: The 
same cell type, transformed to a malignant state, grows in several layers, and its membrane structure is altered. 

A l i ttl e  known approach for treat ing 
cancer us ing essent ia l  fatty acids 

( E FAs), i s  be ing p u rsued by scient ists 
with some success and much prom ise. 
The use of E FAs has the advantage of 
k i l l i ng the cancer cells without produc­
ing any harmful side effects. 

Most of the current cancer treatments 
such as standard chemotherapy, radia­
tion, and surgery all produce side effects 
that weaken patients and do not selec­
tively k i l l  cancer cel ls. For many cancers 
these approaches are not an effective 
treatment.  The fa i l u re of the standard 
procedu res, especia l ly  in treating bra in  
cancers, has pushed scientists to look for 
new ways to k i l l  c a n c e r  ce l l s  with  
greater selectivity. 

Although there are only a few cl in ical 
studies using essential fatty acids, the re­
sults are promising, especial ly as it offers 
the potential to be the most successful 
treatment for brain cancers. 

The body requ i res essential fatty acids 
(EFAs) in the d iet to use in the creation 

of other necessary molec u l es through 
metabolic pathways. Deficiencies i n  es­
sential fatty acids as a result of the dis­
ruption of the body's normal metabol ic 
pathways are found i n  many d iseases, 
such as d iabetes, eczema, hypertension, 
hypercholesterolemia, and inflammatory 
diseases. 

What Are Essential Fatty Acids? 
Essential  fatty acids are polyunsatu­

rated, meaning that they contain two or 
more double bonds in the carbon chain 
of the molecule (see figure, p. 66) . 

EFAs are important components of cell 
m e m b ra nes, i nfl u e n c i n g  the var ious  
properties of  the membrane by determi n­
i ng its f luid ity. General ly, the more un­
satu rated fatty ac ids  present  i n  the 
membrane, the more fluid the membrane 
is. When the membrane is very flu id and 
contains  large amou nts of u nsatu rated 
EFAs, the aff in ity for b i n d i n g  of hor­
mones and peptides (external l igands) is 
i ncreased; with lower amou nts of fatty 
a c i d s ,  the membra n e  fl u i d ity is de-
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creased, along with the binding affin ity. 
E FAs are also the precu rsors of very 

active molecules that trigger or regulate 
many cel l u l ar processes. These are tfJe 
prostagland ins  and leukotrienes, which 
often have opposite effects regu lating bi­
o l og i c a l  respo nses .  For exa m p l e, the 
prostaglandin 1 series is anti-i nflamma­
tory, stops p latelet aggregation in the 
b lood, and i n h ibits cholesterol synthe­
sis. The prostagland in 2 series is i nflam­
matory,  a n d  e n h a n ces p l ate l et 
aggregation.  

Another role of EFAs is the regu lation 
of chol esterol transport across mem­
branes. Chol esterol can be exchanged 
between cel l mem branes or  absorbed 
from the b l ood. The chol esterol esters 
that contain EFAs are more soluble and 
m ore eas i l y  transported across mem­
branes than cholesterol esters that con­
ta i n  satu rated fats . D ec reases in the  
amount of  unsatu rated EFAs in the mem­
brane a n d  with i n  the ce l l can cause 
problems in cholesterol transport, often 
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leading to h igh levels of cholesterol i n  
the b lood . The EFAs also i nf luence the 
synthesis of cholesterol, as prostaglandin 
1 inhibits synthesis, and the presence of 
£FAs i n  the membrane also reduces the 
need for new cholesterol production. 

Two Classes of EFAs 
There are two classes of polyu nsatu­

rated essential fatty acids, which are de­
fined by the position of the fi rst double 
bond in  the carbon chain start ing from 
the methyl end of the molecule. The fi rst 
class is derived from l i noleic acid (LA), 
and is cal led the n-6 class, referri ng to 
the pos i t ion  of the double  bond . The 
second class is cal led the n-3 class, and 
is  produced from alpha- l i no len ic  acid 
(ALA). The two c lasses use the same en­
zymes in the metabo l i c  pathway that 
convert the i n it ia l  essential fatty acids 
LA and ALA i nto the derived fatty acids 
down the pathway. The der ived fatty 
acids are formed through a series of de­
saturations, i nvolving the addition of a 
double bond i n  the carbon chain, and 
elongations, which add carbons, making 
the chain longer (see figure). 

Both the desaturase and elongase en­
zymes have a preference for working on 
the n-3 class, mean ing  that excess n-3 
fatty acids wi l l  s low down the metabo­
l ism of the n-6 class. The first enzyme i n  
t h e  metabo l i c  pathway i s  the del ta-6-
desaturase, which adds a double bond 
to the carbon chain, and is the rate-l im­
iting step in the formation of the derived 
fatty ac ids .  Th is  enzyme is often d i s­
abled in d iseases such as d iabetes, and 
is deficient functionally in  cancer cel ls. 

Many of the n-6 and n-3 unsatu rated 
fatty acids contain the same num ber of 
double bonds, but d iffer widely in thei r  
propert ies  and funct ions .  T h  is  means 
that the precise location of  the double 
bonds i n  the molecule are important to 
its function. The n-6 class of fatty acids 
seems to be of more i mportance i n  the 
body, because a deficiency of the n-6 
class cannot be compensated for by the 
n-3 c lass. However, an n-3 defic ie ncy 
can be corrected by the add ition of the 
n-6 class alone. 

Cancer Cells and EFAs 
EFAs can also be oxid ized as an en­

ergy source in the c e l l ,  j u s t  l i ke a n y  
other l ip id .  The d i fference between the 
oxidation of l i p ids in normal cel l s  and 
cancer ce l l s  i s  i m porta n t  to how the 
EFAs can ki l l  cancer cells. 

Cancer ce l l  mem b ranes conta i n  a l -
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most n o  polyu nsaturated essential fatty 
acids, and instead have a very high per­
centage of cholesterol .  This pointed to 
an altered fatty acid metabolism in can­
cer. Research scientists grouped around 
U . N .  D as, M . E .  Beg i n, and D . F .  Hor­
robin, working at Efamol Research Insti­
tute, i n  Canada, began to test the n-6 
and n-3 polyunsatu rated fatty acids as 
ant i-cancer drugs in vitro in the m i d -
1 980s. 

They first tested the abil ity of different 
E FAs to k i l l  cancer cel l s  grown in cel l  
c u l tu re .  They fo u n d  that gamma­
l i nolenic ac id  (G LA), arach idonic acid 
(AA), and eicosapentaenoic acid (EPA) 
al l  could ki l l  cancer cel ls in a concentra­
t ion dependent man ner, a lthough the 
potency differed between them. L inoleic 
( LA)  a n d  a l p ha- l i n o l e n i c  (ALA) had 
weaker effects, wh i le  docosahexanoic 
(DHA) had no effect on the cancer cel ls .  
Tests of G LA, AA, and E PA on normal 
c e l l s  s howed that  AA and E PA were 
tox ic at h igher concentrations.  Experi­
ments were done using mixed cel l cul­
tu res of tumors and normal cel ls which 
were treated with a given fatty acid for 
1 0  days. Whi le  E PA and AA cou ld k i l l  
cancer cel ls, they were also k i l l i ng nor­
mal cel ls  at concentrations needed to 
produce a lethal reaction in the tumor 
cells. 

However, G LA was very efficient at 
ki l l ing the tumor cel ls and did not harm 
the normal cel l s  in any toxic way; the 
only effect on the normal cel ls  was that 
thei r  growth rates were s lowed . These 
experiments showed that the most selec­
tive and efficient fatty acid for treating 
tumors was GLA. 

These resu lts b r i n g  up many q u es­
tions; namely, what is the mode of ac­
tion that G LA and the EFAs exert to k i l l  
cancer cel ls?  How can GLA be cytotoxic 
to tumor cel ls whi le being harmless to 
normal cel ls?  

The Role of lipid Peroxidation 
Further experi ments were done with 

the hope of answering these important 
questions. Were the EFAs acting on the 
cancer cells through the l ip id peroxida­
t ion  pathway? The l i p id  perox idat ion 
pathway breaks down l ipids in an oxida­
tive process i nto smal ler molecules. Be­
g i n  and Horro b i n  tested E FAs of both 
cl asses for thei r abi l ity to i nduce rapid 
l ipid peroxidation in  tumor cel ls in  vitro. 
They fou n d  that GLA, AA and E PA a l l  
caused l i p i d  peroxidation, a n d  the abi l-

i ty to k i l l  the tu m o r  c e l l s  corre l ated 
n i cely with th is  activity. Al so, LA and 
ALA were fo u n d  to n o t  i n d u ce very 
much l i pid peroxidation, and DHA did 
not i nduce any, which explained why it 
had no tox i c  effect on the c e l l s .  The 
EFAs produced no induced l ip id peroxi­
dation in  the normal cel ls .  

Was there also a d ifference i n  the rate 
of uptake of the EFAs by the normal and 
cancer cel ls that could help expla in the 
increased l ip id peroxidation seen in the 
cancer cel ls? Using radioactively labeled 
fatty acid s, they fou n d  that the cancer 
cel l s  had a m u c h  s l ower u ptake rate, 
about 2 to 3 ti mes slower than the nor­
mal cel ls .  This meant that the l ip id per­
o x i d a t i o n  i n  t h e  c a n c e r  c e l l s  was 
actual ly the result of i nternal metabol ic 
d i fferences. 

The next step was to do experiments 
designed to look at certain steps and re­
lated processes i nvolved in l ipid peroxi­
d at i o n .  L i p i d s  can  be o x i d ized in an 
enzyme-contro l led pathway lead i ng to 
t h e  format i o n  of p rosta g l a n d i n s ,  
leu kotr ie nes,  a n d  o t h e r  active mole­
cu les, or i n  a non-enzymatic pathway 
w h i c h  c reates h y d roperox i d e  b reak­
down p rodu cts that are often tox i c  to 
cel ls .  The formation of free radicals and 
other charged ions such as su perox ide 
an ion (02) are a lso known to activate 
l ipid peroxidation, and can also do dam­
age to DNA and proteins d i rectly. 

Experiments by Das, Begin,  and Hor­
robin i nvestigated the role of free rad ical 
formation as a possib le  mechan ism by 
which the EFAs were ki l l i ng cancer cel ls .  
They added G LA, AA, E PA, and LA to 
cu ltures of tumor cel ls, and then added 
su bstances known to block or enhance 
the format i o n  of free rad i c a l s .  When 
anti-ox idants such as vita m i n  E,  or the 
enzyme su peroxide d i smutase, which 
s c ave n ges s u p e ro x i d e  a n i o n ,  were 
added to the cultures, the cel l-ki l l ing ac­
tivity of the fatty acids was reduced or 
e l iminated depend i ng on the concentra­
tion. However, when substances known 
to en hance free radical formation, such 
as i ro n  and copper sa lts, were added, 
the rate of tumor cel l  death i ncreased . 
The a d d it i o n  of the metal sa lts cou l d  
also lower the concentration o f  G LA re­
qu i red to k i l l  tumor cel ls  i n  culture, from 
the opti mal dose of 20 micrograms per 
mi l l i l iter to only 1 0  mglml .  

Clearly the formation of  free radicals is  
important to G LA and other EFAs' abil ity 
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(AA, 20:4) prostaglandins 
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.; � -+ 0-4-0 
3 series ' 

prostaglandins 
Oocosahexaenoic 
,acid (OHA, 22:6) 

METABOLIC PATHWAY OF ESSENTIAL FATIY ACIDS 
The numerical notation of a fatty acid gives the length and number of double 
bonds present in the molecule. For example, GLA is 1 {3:3. It has 1 8  carbons in 
the molecule with 3 double bonds between carbons in the chain. Both desat­
urases and elongase are used in the n-6 and n-3 paths. 

to k i l l  cancer cells, but what other activi­
ties associ ated with l ip id  perox idation 
are involved? 

The non-enzymatic l ipid peroxidation 
pathway produces hydroperoxide prod­
u cts, that c a n  be broken down i n to 
qu ite toxic compounds such as aldehy­
des, a l kenals and even s inglet oxygen, 
which is very reactive. To find out if the 
h y d roperox i d e  brea kdown prod u cts 
were i m portant in the death of tumor 
cel ls, the tumor cel l cu ltures were sup­
plemented with the enzyme gl utathione 
pe rox i d ase,  w h i c h  c a n  remove h y ­
d roperox i d e  prod u cts .  T h e  c u l tu res  
were then treated with GLA, but the tu­
mor ce l l  d eath was great l y  red uced . 
This  showed that the end prod ucts of 
the non-enzymatic l i p id  perox idation 
pathway were definitely contributing to 
the death of the tumor cells.  

F ro m  the above e x pe r i m e nts a n d  
other facts about cancer cel l  metabo­
l i sm an ' i nterest ing pictu re develops of 
how G LA can be so selective ' in k i l l ing 

cancer cel ls .  Cancer cel l s  are deficient 
in the key enzyme in fatty acid metabo­
l i sm, delta-6-desatu rase. T h i s  means  
that they cannot make the derived fatty 
acids that occur below LA and ALA i n  
the pathway. Cancer cel l s  a lso absorb 
fatty acids such as GLA and AA at rates 
2 to 3 ti mes slower than normal cel l s .  
S ince the EFA metabol ic pathway i s  al­
tered, it is very poss ible that the i ntro­
d uction of G LA and other E FAs cou ld 
cause problems. 

Explaining Selective Killing 
Cancer cel ls seem to lack the mecha­

n isms normal cel ls have to inh ibit rapid 
l i p id perox i dation, as normal ce l l s  do 
not react to EFAs by increasing l ipid per­
oxidation. It is as if the cancer cel l  has to 
avo i d  u s i n g  E FAs s i nce its metabo l ic 
pathway is altered, and must use other 
l i pids as replacements. Its membranes 
use very h i g h  amou nts of cho lestero l 
and o le ic  and stea r ic acid i n stead of 
EFAs. Tumor ce l l s are deficient in the 
enzyme gl utath ione perox idase, which 
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makes them much more sensitive to hy­
d roperoxide breakdown prod ucts that 
result  from l ip id peroxidation, as com­
pared with normal cells which have ade­
quate amounts of the enzyme. 

The h ig h  l evel  of superoxide a n i o n  
and free radical production in  tumors i n  
response to G LA also points to very d if­
ferent metabol isms i n  cancer and nor­
mal ce l l s .  In the normal ce l l ,  E FAs do 
i nduce a m i nor amount of free rad ical 
a n d  s u perox i d e  a n i o n  prod u c t i o n . 
However, the cel l has mechan isms  to 
deal with both of these potential  prob­
l e m s .  T h e  c a n c e r  c e l l ,  on the other 
hand, has a reduced capacity to e l im i­
nate free rad icals, and is also deficient 
in superoxide d ismutase enzyme, wh ich 
is respons ib le  for convert ing su perox­
ides to harmless molecules. The cancer 
cell produces large amounts of free rad­
icals without having the normal protec­
tive countermeasu res at its d i sposa l i n  
response t o  E F A s .  T h e  E FAs cause the 
accu'fnu lation of free rad icals, superox­
i des, and toxic hydroperoxide break­
d o w n  p ro d u cts that d a m age D N A, 
cross l ink  protei n  complexes, and cause 
the death of the cel l .  

Althou'g h  the ' overa l l  p ictu re o f  the 
mechanism of how G LA and EFAs cause 
tumor cel l death is good, there are sti l l  
m a n y  u n a nswered q uest ions  a s  to the 
actual' d i fferences i n  l i p i d  peroxidation 
and its relation to free rad icals that are 
the subject of current research.  

Animal Studies 
The i m p ressive resu lts G LA gave i n  

k i l l i ng  cancer ce l l s  i n  v itro prompted 
scientists to study it in an imal  models .  
The main problem i n  treating an animal 
or a person with G LA is the fact that the 
h igh concentration of the fatty acid re­
qu i red to k i l l  tumors is d ifficu lt to attai n  
b y  giving the drug orally, which d istrib­
utes t h e  d ru g  t h ro u g h o u t  t h e  w h o l e  
body. However, i nteresting results feed­
ing animals G LA and other EFAs at lev­
els below those achieved in cell cu lture 
have shown other effects not demon­
strable i n  vitro. 

GLA seems to be able to influence the 
type of adherence prote i n  that is ex­
pressed on the surface of the tumor cel l .  
Tumor cel l  samples were assayed for the 
presence of a particular surface protein,  
cadherin, which is responsible for adher­
i n g  the cel l to other ce l l  mem bra nes .  
This adherence of  the cel l  i s  important in 
growth contro l ,  as it  restra i ns the' cel l  
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from metastasi z i n g  by re leasi n g  i tse lf  
from contact with other cel ls  and travel­
l i ng through the b loodstream to a new 
site, where it wi l l  grow rapidly. Most tu­
mor cel ls  have el iminated the expression 
of cadherin protein on their cel l su rfaces 
so that they are not constrai ned in their 
gr.owth . The absorpt ion by the tumor  
c�l ls i n  m i ce treated with G LA at  low 
levels caused the  re-expression of cad­
her i n prote i n  on t h e  s u rfa c e .  T h i s  
stopped t h e  t u m o r  from m etastat ic 
growth, and caused it to grow slowly l ike 
a benign tumor. 

The research group around U . N .  Das 
wanted to see if G LA cou l d  p reve n t  
damage t o  D NA, a n d  thereby have a n  
anti-mutagen ic property. They exposed 
mice to c h e m i c a l s  or X-rays that can 
damage D NA, and fed o n e  group of 
mice large quantities of GLA before ex­
posure .  They fou n d  that the G LA fed 
mice had a much lower amount of dam­
age to their cel l u lar DNA as compared 
to the control m ice. Whi le  the mecha­
nism by which G LA can act as an anti­
mutagen is u nknown, it is l i kely that it is 
e n h a n c i n g  t h e  D N A  d a m a ge repa i r  
mechanisms. 

Treating Human Cancer 
The standard. treatments for g l ioblas­

toma, astrocytoma and other bra i n  tu­
mors h ave many harmful side effects and 
do not extend the I ife of the patient be­
yond about 1 year. The promising results 
GLA showed in k i l l ing tumors prompted 
U . N .  Das and his group, worki ng at the 
N izam's Institute of Medical Sciences in 
Hyderabad, I ndia, to use G LA as a treat­
ment for hu man brain tumors. To assure 
the G LA concentration wou l d  be ade­
quate to have a toxic effect on the tumor, 
they del ivered the GLA directly to the tu­
mor site using a catheter inserted i nto the 
brain.  The G LA was given at 1 m i l l igram 
per day, from a reservoir attached to the 
catheter, which was inserted u nder the 
scalp. This technique avoids the danger 
of i nfection by al lowing the i ncision to 
be sealed after the i n it ia l  su rgery per­
formed to physical ly remove as much of 
the tumor as possible'. 

The procedure continues 1 0  days, af­
ter which a computerized tomography 
(CT) scan of the brain is made and com­
pared to a scan made before the admin­
istration of GLA. In a l l  the patients in the 
study, a significant change in the tumor 
was seen in the scan after treatment. The 
overal l  mass shrinks, and areas of necro-
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sis (dying cel l s) are seen. Also, there are 
no toxic effects to the patient or the sur­
rou nding brain tissue from the G LA. 

Two c l i n ical studies using fi rst 6 pa­
tients, and then 1 5, have produced ex­
c e l l e n t  res u l t s .  T h e  f i rst s tudy  of 6 
patients resulted in 5 patients al ive and 
with no recurrence of the tumor after 2 
years and 4 months. Only one patient 
d ied after treatment, but the tumor size 
and location in vital bra in  areas wou ld 
have made it very d ifficult for a success­
fu l recovery. 

I n  the next study with 1 5  patients, 1 2  
were al ive with no new symptoms, and 
no recu rrence of the tumor. These re­
su l ts, a lthough from sma l l  tria ls, have 
shown that G LA can treat brain tumors 
at success rates that no other treatment 
can matc h .  The other most promis ing  
treatments,  s u c h  as i m m u n e  th erapy 
and c isplatin chemotherapy, o n ly pro­
d u ced about  a 3 0  to 40 percent re­
sponse rate in patie nts, w h i l e  having 
s i g n i f icant  detr i menta l  s ide effects .  
A l so,  a l l  of the other sta n d ard treat­
m ents for bra i n  tumors a l l  suffer from 
the fact that recurrence of the tumor is 
usual ly  j ust a matter of time, with recur­
rence usual ly  occurring with i n  a year. 
The G LA treatment of brain tumors has 
su rpassed a l l  the standard treatments i n  
its abi l ity t o  k i l l  a tumor, and e l imi nate 
recurrence. 

D r .  Das's  gro u p  has a l so  u sed the  
G LA contained i n  evening primrose o i l  
to treat Hodgkin's lymphoma. Us ing as 
h igh a dose as cou ld be tolerated by the 
d igestive system of the patients, the GLA 
prod uced rem i ss ion of the d i sease i n  
about 6 5  percent of the patients. Most of 
the patients in the tria l  were d iagnosed 
as stage IV, which is an advanced stage 
of the disease, making the results qu ite 
remarkable. 

GtA in the U.S. 
In  the United States, there has not yet 

been any use of pure G LA in the treat­
ment of cancer c l i n ical ly and the proce­
d u re d eve loped by the Das gro u p  i n  
Ind ia  has not yet been approved here. 
However, there are doctors who are us­
ing natural substances that contain h igh 
amou nts of G LA, such as even ing prim­
rose oil and borage oil, to treat cancer. 
These natural sou rces of GLA have long 
been approved by the Food and D ru g  
Admin istration for treating various con­
d it ions, and this makes them avai lable 
for treating cancer as wel l .  At present, 

these G LA-r ich  sou rces a re a d m i n is­
tered ora l ly ,  which has the d rawback 
that it is very d ifficult  to obta in  a large 
enough dose to produce the concentra­
tions of G LA at the tumor site that wi l l  
k i l l  it. 

�Ia in Th ibau lt, M . D ., working at the 
mediical center of the U n iversity of Vir­
gina in C harlottesvi l le, has been study­
ing the effect of G LA and fatty acids on 
cancer cel l s  i n  vitro, and is now using 
natural sources of G LA to treat patients 
with bra i n  tu mors. The treatments help 
stab i l i z e  t u m o rs ,  a n d  rest r i ct t h e i r  
growth, b u t  with o n l y  oral adm in i stra­
tion ava i lable, atta in ing concentrations 
needed to k i l l  tumors is very un l ikely. It 
is h10ped that Thibault's work, and that 
of (i)thers,  w i l l  c a u se G LA to be ap­
pro�ed by the  Food and Drug Admi nis­
trati o n  i n  the U n ited States for use i n  
procedu res l i ke that pio neered b y  the 
Das group to treat h uman brain tumors. 
This  method could eas i ly be appl ied to 
treat ing tumors of other ti ssues, by i n­
serting catheters d i rectly i nto the blood 
vessels  feed ing  tumors, and del iveri ng 
the G LA to the s ite at conce ntrat ions 
toxi'c to the tumor. ' 
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SPACE 
I NTERVI EW WITH 
STEVE N D .  H OWE 

We Need Nuclear 
Propulsion to Get to Mars 

Dr. Steven D. Howe is Program De­
velopment Coordinator in the Applied 
Theoretical and Computational Physics 
Division of the L os A lamos National 
Laboratory in New Mexico. During his 
7 5  yea rs at L os A lamos, Howe has 
worked on nuclear propulsion, the Na­
tional Aerospace Plane, space radiation 
modelling, antimatter physics, and Mars 
mission requirements. 

These are excerpts from an interview 
conducted by Marsha Freeman on Jan. 
23. 

Question: One of the current proposals 
for manned missions to Mars is the 
"Mars Direct" plan of Robert Zubrin. 
He makes the assertion that the radia­
tion environment in space is no problem 
for the "Mars Direct" 900-day mission. 
But the Task Group on the Biological Ef­
fects of Space Radiation of the Space 
Studies Board, released a report last De­
cember, in which they say that more 
than a decade of research is needed to 
answer even the narrowest set of key 
questions about the effects of radiation 
in space, and that research "must be 
completed prior to undertaking the de­
tailed design of a veh icle carrying a 
crew into space for periods of extended 
exposure." 

I wou l d  make o n e  caveat to that 
study. What they are saying is that the 
effects on the body of very h ighly ion­
ized nuclei, l ike an iron nucleus, at very 
energetic speeds, is u n known. The u n ­
certainties they are talking about are the 
very heavy-e lement  com pos i t i o n  i n  
galactic cosm ic rays. The proton con­
stituent, which is 95 percent of galactic 
rays, but only about half of the dose a 
human might get, is well known and un­
derstood . I f  you can shield your  ship to 
remove the heavy nuclei ,  then the u n-

certai nty they are worried about should 
not exist. 

In order to put that kind of shiel d i ng 
on a sh ip, however, the ship wou ld be 
so heavy, a chemical propulsion system 
can't even begin to handle it as far as a 
Mars m ission . But a n uclear system can 
easily handle that [additional] mass. 

Question: So a nuclear propulsion sys­
tem has the advantage of allowing an in­
crease in the amount of payload you can 
carry, which allows you to increase the 
amount of shielding that you have? 

Exactly. 

"We can't do this on the 
cheap, or these guys aren't 
going to be coming home." 

Question: Zubrin says that nuclear 
propulsion would only be advantageous 
if it could get people to Mars more 
quickly, but that this could not be done 
with the kind of nuclear thermal systems 
that have al ready been tested, such as 
the 1 960s NASA program, or technolo­
gies that have been considered recently. 
But you are saying that even with nearer­
term [solid core] nuclear propulsion, 
you have greater payload capability. 

I can take a shielded habitat, and I can 
go faster. I get both effects, both compo­
nents. 

Question: Another assertion that Zubrin 
makes is that while nuclear thermal sys­
tems would nearly double the amount of 
payload you could take, it does not re­
duce the flight time. 

I don't know where he gets that. Our 
stud ies, which we began back i n  1 985 

Continued on page 79 
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Making Su re We Never Get to Mars 
by Marsha Freeman 

The Case for Mars: The Plan to Settle the 
Red Planet and Why We Must 
Robert Zubrin with Richard Wagner 
New York: The Free Press, 1 996 
Cloth, 328 pages, $25.00 

"Mars D i rect, " t h e  proposa l  t h at 
aerospace engi neer Robert Zubrin 

has circu lated in the space commun ity 
since 1 990, was suddenly thrust into the 
l imel ight at the end of last year, after sci­
entists annou nced they had evidence of 
early l ife on Mars. 

As presented in great deta i l  in t h i s  
book version o f  Zubrin's proposal ,  the 
idea is to bypass the Space Shuttle, the 
space station, l u nar development, and 
new propulsion technology, and go d i­
rectly from the surface of the Earth to the 
su rface of M ars us ing chemica l  roc k­
ets--the same way we went to the Moon 
during the 1 960s Apollo program . 

Bob Zubrin says that he has prop·osed 
Mars Direct because he has lost patience 
wait ing for the space agency to send 
people to Mars, and he does not bel  ieve 
that the Un ited States, through its elected 
representatives, wi l l  ever embark on an 
effort that wi l l  take more than 1 0  years, 
or cost more than $20 bi l l ion. Zubrin re­
ports in his book that, shou ld the govern­
ment not fu n d  h i s  now a l l eged l y  
affordab l e  Mars ventu re, conservative 
revolutionary Newt G ingrich has assured 
him that the private sector can do it. 

Mars Without Direction 
Since the beginning of the space · age, 

Mars has been a long-range goal for hu­
man exploration, because it is most l ike 
the Earth. B ut Mars, which is 35 m i l l ion 
miles from Earth at closest approach, is 
not the fi rst target of opport u n ity for 
space colonization. The Moon, which is 
only a quarter of a m i l l ion m i les and 
three days away from Earth, wi l l  lay the 
basis for more d ifficult ventures. Zubrin, 
however, has bypassed l u nar develop­
ment, and many other necessary steps 
for exploring and sett l ing Mars, for the 
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sake of expediency, and pol itical oppor­
tunism. 

To cut costs down to $20 bi l l ion, and 
to save time so that the fi rst man ned 
fl ight can be done in  a decade, Zubrin 
h a s  e l i m i n ated the u se of advanced 
propulsion, such as  nuclear energy, and 
of a space station to al low for the assem­
b l y ,  fue l i n g,  a n d  c h eck-out  of l a rge 
spacec raft.  E a c h  Mars D i rect fl i ght ,  
therefore, rel ies on the use of only one 
large chemical rocket. 

Given the l im ited capabi l ities of such 
a Saturn V-class rocket, this means that a 
Zubrin mission to Mars wi l l  take about 
six months to get there, six months to get 
back, and require a stay on the Mars sur­
face of 550 days. Mars Di rect proposes 
to do this using technology to keep the 
astronauts al ive and we l l  that has not 
been tested in the environment of space 
even 1 day of the 91 O-day total mission. 

In the Zubrin plan,  gett ing the crew 
and suppl ies directly to Mars on a chem­
ical rocket, leaves no room to take along 
the return fuel : The crew leaves the Earth 
without the fue l  to come back. Before 
they embark on their jou rney, an auto­
mated robotic factory is to have landed 
on Mars and prod uced the return fuel 
from the Martian atmosphere (out of thin 
air, one might say). 

For safety'S sake, the crew does not 
leave for Mars un less a l ight on the ro­
botic fuel factory ind icates that it is fu l l .  
So, the crew has to trust its return-flight 
fuel to a l ittle green l ight, which may be 
l it when they leave Earth but somehow 
get h i t  by a problem (or a meteorite) 
w h i l e they a re on the i r  l B O-day tr ip  
there. And if the l ight i s  off, the crew has 
to wait another 26 months, wh i le an­
other robotic factory is  sent to Mars 
make the return fuel. 

As Dr. Steven Howe, from Los Alamos 
National  Laboratory, has poi nted out, 
this could delay the manned mission in­
defi n itely  if a basic design flaw exists, 
because there is no crew you can send 

to Mars to fix the automated chemical  
fuel plant. A l l  you can do is try sending 
another one, every two years. 

'Comic Book Physics' 
The tech n ical capab i l ities Zubrin re­

l i es u po n ,  h e  c l a i m s ,  c a n  be eas i l y, 
q u ickly, and cheaply developed for Mars 
Direct. Dr. Howe has described Zubrin's 
appro ac h ,  h owever, as "com i c  book 
physics," where drawing it  makes it  so. 

F o r  exa m p l e ,  Z u b r i n  a d m its i n  h i s  
book-although he does not discuss it i n  
h i s  popular  articles o r  publ ic presenta­
tions-that only a nuclear fission reactor 
can provide the energy required to pro­
d u ce the c h e m ica l  fu e l  for the astro­
nauts' retu rn trip. 

So on the fi rst Mars D i rect l a u n c h ,  
only 1 0  years after t h e  program i s  in iti­
ated, he p lans  to have a 1 00-ki l owatt 
e l ectric n u c l ear power plant on Mars, 
p lugged in to the chemical  factory, to 
produce the return fuel for the first crew. 
However, in rea l ity, the U n ited States 
has no space n uclear power program, 
thanks to the cooperative effort of the 
anti-nuclear environmental ists and Newt 
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Gingrich's conservative revolutionaries, 
working together i n  the "Green Scissors" 
in itiative, to k i l l  government funding for 
advanced nuclear programs. 

Yet, with a wave of his hand, Zubrin 
purports to resurrect the 1 960s space nu­
clear technology, for a nickel on the dol­
lar of what it cost 30 years ago. He does 
not explain how this currently nonexis­
tent tech n ology wou l d  reappear, how 
the original design wou l d  be scaled up 
an order of magnitude in power level, 
how it wou l d  be tested, both on Earth, 
and u nder Martian conditions, in faci l i­
ties that don't exist, and i n  on ly  a few 
years. 

'Dragons and Sirens' 
Z u b r i n  a l so uses h a ndwav i ng i n  a 

"make it go away" fash ion,  to r id the 
reader of any concerns about the imagi­
nary "dragons 'and sirens" he says have 
stood in the way of s'end ing peopl e  to 
Mars. 

W h at a re s o me of t hese a l l eged l y  
i m agi n a ry bogeyme n ?  T h ey i n c l u d e  
adaptation to zero or  variable gravity, 
and psychological stress frpm long-term 
confi nement i n  close quarters, but one 
of the most important is ' space radiation. 
Zubrin c la ims that research conducted 
in the 1 950s on patients receiving rad ia­
tion treatment in Britain showed only a 
small increase in cancer incidence years 
after treatment. Extrapolati ng from that 
medical data, Zubrin claims that the i n­
creased risk of cancer on his Mars Direct 
plan is 1 percent. 

H owever, astro n a u ts i n vo l ved i n  
space activities wi l l  face radiation from 
the Sun and galactic cosmic rays-such 
as energetic protons and heavy ions­
which people do not typical ly encounter 
on Earth . And fol lowing Zubrin's slow­
boat chemical propu ls ion scheme, they 
wi l l  be exposed to the extraterrestrial ra­
diation sources for two and a half years. 

Very d i fferent concl usions were put 
forward by a gro u p  of scientists, con­
vened by the National Research Council  
u n der  the N at i o n a l  Academy of Sc i ­
ences, w h i c h  rel eased a report a t  the 
end of 1 996. The Task Group on the Bi­
ological Effects of Space Radiation states 
in its report, "Radiation Hazards to Crew 
of Interplanetary Missions," that the level 
of uncertainty regard ing the biological 
effect of both the transient radiation from 
solar events and that from conti nuous 
high-energy galactic cosmic rays, makes 
it i m poss i b l e  to know h ow to des ign 

spacecraft to  adequately sh ie ld  astro­
nauts from deleterious effects. The study 
points out that possible damage i ncludes 
central n'ervous system changes, cataract 
formation, ' heritable effects, and early ef­
fects o n  body orga ns and function, i n  
addition to cancer. 

B ut, they suggest, s i nce there is n o  
base o f  knowledge on what the risks are, 
there is no way to know how much of 
what k ind of sh ie ld ing is needed . The 
Task Group reports that it is not possible 
to estimate even the cancer risk from ex­
posure to certain kinds of radiation, such 
as h i gh-energy, h ig h  ato m i c- n u m be r  
(heavy) particles, because " n o  h u man 
data are avai lable." They propose a 1 0-
year, ground-based research program to 
s imu late space rad iation, exposing ani­
mals and tissue-equ ivalent materials to 
h igh-energy particle accelerator rad ia-
tion.  

Even using fi rst-gen eration  n u c l ea r  
propu lsion systems, increased shielding 
from radiation is possi ble, because nu­
clear systems cou ld double the amount 
of payload. Alternatively, the i ncreased 
nuclear capabi l ity cou ld be used to re­
duce the transit time, which would also 
reduce the risk to the crew. But because 
Zubrin decided that he cannot wait for 
nuclear propu lsion systems to be devel­
oped and tested, he dismisses radiation 
as a serious problem with the wave of 
h i s  hand,  in order to make h i s  flawed 
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scheme palatable. 
Zubrin's Big Lie About the Moon 

By proposing that mankind not return 
to the Moon fi rst, but head d i rectly for 
M a rs ,  Z u b r i n  k n ows h e' i s  argu i n g  
agai n st 4 0  years of rat iona l  planning.  
Therefore, he goes out of his way,to as­
sure the reader that the wondrous things 
he is proposing be done on Mars, could 
not be done on the Moon.  

Many years before the recent d iscov­
ery of the poss ib i l ity that there is ice at 
the south pole of the Moon, space vi­
s ionary Krafft Ehr icke-wQose crucia l  
work is ignored i n  Zubrin's book-spent 
1 5  years elaborating how all the thi ngs 
that Zubrin claims can be done only on 
Mars, can i ndeed be done on the Moo n .  
Zubrin is fami l iar with this work o f  Krafft 
Ehricke, because he was a reader and 
contri butor to  Fusion magaz i ne, when 
Ehricke wrote his series of articles for it. 

The key issue, Ehricke pointed out, is 
energy density. Advanced nuclear fission 
and, emphatica l ly, nuclear fusion tech­
nologies, wi l l  provide new methods of 
mater ia ls  processi ng, from those c u r­
re n t l y  u se d  o n  E a rt h .  T h e  c h e m i c a l  
means of i ndustrial processing used o n  
Earth w i l l  be rep laced with h i gh -pow­
ered d i rected e n e rgy syste m s  on the 
Moon, and then Mars. 

There is no reason, for example, to as­
Sl1me that terrestrial  chemical  refi n i ng 
processes that rely on carbon and hydro-
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gen, wou l d  be used on the Moo n .  But  
Zubrin makes such an assumption only 
so he can "prove" that refin i ng of metals 
and other materi a ls  cou l d  be done o n  
Mars, where there is  carbon i n  t h e  at­
mosphere and water ice, but not on the 
barren Moon. 

As Ehricke explai ned, n uclear energy 
wil l  provide plentiful electrical power for 
materials process ing us ing electro lys is, 
rep l ac i n g t h e  c h e m i ca l  a n d  t h e r m a l  
methods used on Earth.  Ehricke devel­
oped techn iques such as u ndergrou nd 
atomic ovens for gas extraction and raw 
materials refi n ing, in order to make con­
crete his plans to bu i ld cities for tens of 
thousands of citizens on the Moon, start­
ing with Selenopol is. 

Over the past two decades, scientists 
and engi neers i n  i n dustry, government 
research l aboratories, and u n ivers i t ies 
have contributed additional ideas for us­
i ng m i crowaves, p l a s m as, a n d  other  
h ighly energy-dense tools, to i ndustria l ly  
develop the Moon. The announcement 
at the end of 1 996 from scientists study­
ing the radar data from the Clementine 
spacecraft, that they bel ieve there i s  a 
sign ificant q u antity of water ice at the 
south l unar pole, 'only makes l u n a r  i n ­
dustrialization that much easier. 

Science Driver vs. 'Mars Direct' 
Krafft Ehricke, and economist Lyndon 

LaRouche (with whom Z u b r i n  is a l so 
very fam i l iar), have expla ined i n  detai l  
how the chal lenge to science and tech­
nology of accompl ish ing ever more d iffi­
c u l t  g o a l s  i n  space,  w i l l  c reate 
completely  new technologies and i ndus­
tries, and function as a "science d river" 
for the entire economy.* 

On page 3 of h i s  book, Zubr in  l i es, 
through a fal lacy of composition, that h is 
Mars Direct scheme wil l  lead to the same 
result as the spending of $ 70 b i l l ion ( in  
today's dollar equ ivalent) on the  Apol lo 
lunar program, which "contributed to the 
high rates of economic growth of Amer­
ica d u ri ng the 1 960s ."  U n l i ke Apol l o, 
however, Zubr in's  p lan does n ot push 
forward the frontiers of science and tech­
nology, but instead is explicitly based on 
using the same technology as Apollo, de­
veloped 30 years ago! 

Often when the media cover Zubrin's 
ideas, reporters simply assert that Dr. so­
and-so h i gh u p  at N ASA s u pports h i s  
Mars D i rect p rogram,  w i t h o ut a n y  
quotes from so-and-so.  S u c h  s u p port 
may be s imp ly  more hand-wavi n g  on 
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Zubrin's part. For example, on page 68 
of h is  book, Zubrin includes lunar scien­
tist Dr. Michael Duke as a su pporter of 
h i s  ideas. Yet, in an interview with this 
writer on Jan. 1 6, 1 997, Dr.  Duke stated 
that i n  h is  view, mankind should not go 
to Mars first, but back to the Moon. One 
wonders how many "supporters" Zubri n 
l ists for h is proposal would be surprised 
to fi nd themsevles in that category. 

Exploring and settl ing space should be 
the most upl ifting and exciting endeavor 
of mankind for the 21 st century. But Bob 
Z u b r i n  adm its that u n der  h i s  fl awed 
scheme, it wi l l  be a dangerous jou rney 
for the few. In add ition to the fact that 
a d d i n g  m o re peo p l e  costs too m u c h  
m o ney, h e  says, l i m i t i n g t h e  c rew to 
on ly  fou r  people is  preferable because 
"we are, one way or another sending a 
group of humans into harm's way. Thus, 
from a moral point of v iew, the fewer 
people we have on board the in itial mis­
sions, the better." 

This is  no way to open the space fron­
tier. 

Notes------------­
See Lyndon H. LaRouche, Jr., "Why We Must 
Colonize Mars: 21st Century, Winter 1 996-
1 997, p. 1 6. 
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The H idden Face of G reenpeace 
by Emmanuel  G ren ier 

La face cachee de Greenpeace 
Olivier Vermont 
Paris: Albin Michel, 1 997 
Paperback, 360 pages, 1 30 francs ($26) 

This  extraord i nary book, The Hidden 
Face of Greenpeace, is the story of 

an i nfi I t rat i o n .  01 i v ier  Vermont,  the 
pseudonym of a French journal ist, spent 
1 0  months ins ide G reenpeace-France. 
He presented himself as an unemployed 
photographer, wi l l ing to serve the green 
movement as a volunteer. He rapidly be­
came trusted as an assistant to the officer 
responsible for commando actions and 
for volu nteers. In effect, he served as an 
unpaid secretary, which gave him access 
to a good deal of confidential informa­
tion. On many points, his story, and the 
documents he presents, entirely v ind i ­
cate the studies publ ished by 2 1st Cen­
tury on Greenpeace.' 

An Intell igence Service 
I n  letters d i sc,Overed by Vermont, a 

nuclear power plant operator says he has 
created a "secret group" with three other 
operators and two electricians. He was 
not joking. During a strike of Electricite 
de France, the French uti l ity operating 
the nuclear plants, he locked himself and 
his friends inside the control room and 
p l astered the w a l l s  with pages from 
Charlie-Hebda, a leftist-anarchist paper, 
declaring:  "We su pport you as long as 
you're .on strike. The moment you return 
to operating this sh-t plant, we' l l  return 
to fighting the nuclear apparatus and its 
servants. With you in action ! "  

Another engi neer from France-Tele­
com, France's telephone company, of­
fered to advise G reenpeace on how to 
reduce its telephone b i l l ,  and said he 
cou ld access the confidential fi les con­
ta i n i n g  u n l i sted n u m bers, if it wou l d  
help Greenpeace. 

These two exa m p l es conf i rm that 
Greenpeace has an extensive i nforma­
tion network, with peop le in strategic 
positions ready to give out confidential 
information for the service of the green 
cause.  B u t  there is m u c h  more-a nd 
much worse. 

Greenpeace-France is a very smal l  part 
of the entire Greenpeace apparatus. It is 

not fi nan c i a l l y  se lf-support i n g  a n d  
needs donations from Greenpeace I n­
ternational to maintain  its operations. 
Yet it mai ntains very extens ive fi les, 
with precise information on politicians 
and journal ists. The col laboration with 
insiders goes up to the ministerial level.  

For example, on the record card for 
Brice Lalonde, environment minister in 
the Rocard government from 1 988 to 
1 99 1 ,  is the quotation from Lalonde in 
which he speaks of his re lat i onsh i p  
with David McTaggart, former Green­
peace guru : "When I was environment 
m i n i ster, we were e l a borat i n g  o u r  

· tricks together. I t  was fu n.  David was . 
representing G reen peace and I, the 
French state." 

The i nformation assembled i n  these 
records is of cou rse used for lobby ing  
purposes, but, in the words of Vermont, 
"they are so detai led that they look very 
much l i ke the records of an espionage 
service." 

G reenpeace a l so carries out bra in­
was h i n g  o perat i o n s .  Members go to 
pol iticians, presenting themselves as  sci­
entists, and of course om itt ing to men­
tion that they are part of G reenpeace. 
They can thus give more cred ib i l ity to 
the false information they d isseminate . 
There are also many funny stories in the 
book about the infi ltration of the med ia 
by Greenpeace. Two methods are used : 
the ideological conversion of journal ists 
and the infiltration of sympath izers into 
med ia organizations. Vermont cites ex­
amples from Le Monde, Liberation, Les 
Temps, and Rad io France, but he does 
not name names. 

At one point, Vermont d iscovered, in 
a h idden fi le of his ch ief, an extremely 
precise map of the Elysee palace, com­
plete with the location of strategic points 
l ike the President's office and the honor 
lodge where foreign guests are accom­
modated . A three-d i mensional map of 
the President's office shows in great de­
tai l  the exact location of the President's 
chair. Appended handwritten notes ex­
p l a i n  how to access the off ice most 
rapidly:  "take the smal l  stairway on the 
left," and so on. The cou rse is careful l y  
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timed : one m inute and a half is deemed 
necessary to get from the outside steps to 
the President's office. 

Another doc u ment l i sts the secu rity 
procedures in  the E lysee, giving the lo­
cations of the guards and the exact hours 
of the changing of the guard and of in­
spection tours. I n  other words, here are 
the fu ndamentals needed to run an as­
sassination operation. 

This kind of high-level documentation 
gives substance to the overt threat to the 
l ife of President Jacques Chirac made in 
a television ad, shown during the cam­
paign aga inst France's most recent nu­
clear tests in  the Pacific, which featured 
Chirac with crosshairs centered on h i m .  
This signal from the ol igarchy that runs 
the green movement was sponsored by 
GreenpeaceI'Noridwide Fund for Nature 
under the direction of Chris Rose. Rose, 
a veteran of both organ izations, is on the 
board of the med ia  company, Med i a  
Natura. The a d  was cal led "The Day of 
the Jacques," an obvious reference to the 
fi l m  about a p lanned assassi nation of 
Charles de Gau l l e, cal led "The Day of 
the JackaL" 

Ties to Terrorist Movements 
There are many ties between G reen­

peace and the terrorist movements of d if­
ferent d e n o m i n at i o n s :  reg i o n a l i st, 
extreme-leftist, and ecologist. This is not 
news, but the book demonstrates the ties 
anew. 
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2 1  st Century has reported on Greenpeace's role as the direct-action arm of the European nobility, its open links to the terrorist 
groups Earth First!, and its financial irregularities-all of which are corroborated in The H idden Face of G reenpeace. Here, a 
composite of scenes from the Danish expose of Greenpeace, "The Man in the Rainbow": Greenpeace founder Bennett Met­
calfe (top right) calls David McTaggart, the former head of Greenpeace International, a "Frankenstein monster"; a typical 
Greenpeace "action"; and (top left) Earth First! leader Mike Roselle brags of his working relationship with Greenpeace. 

Take, for example, the Union Democ­
ratique B reto n n e  ( U D B) ,  o r i g i n a l l y  a 
front for the terrorist FLB  (Front for the 
Liberation of Britanny, d issolved by de­
cision of the prime min ister in 1 974).  In  
Apr i l  1 9 9 2 ,  U D B  m e m b e rs were a r­
rested for having safe-housed h igh-level 
members of the ETA, the Basque sepa­
ratist-terrorist organization .  One of the 
ETA members enjoying th is protection 
was Sabino E u ba Genarruzabe ita, the 
ETA treasurer, arrested in  the Paris a i r­
port as he was departi ng for Mexico.  
Among the 200 Bretons arrested were a 
nu mber of green and pacifist m i l itants 
with ties to Greenpeace. 

Even more interesting is Vermont's de­
tai led account of his participation-as a 
member of Greenpeace--i n  the com­
mando operat ions at  G o rleben,  Ger­
many, aimed at stopping the transport of 
n u c l ea r  wastes fro m (OG EMA (the 
world's largest uranium recycler, situated 
at Cape La H ague, France) to the Gor­
leben waste site. Vermont presents h im­
self as a French member of Greenpeace, 
"ready for some tricks . "  He ga ins  the 
confidence of the leader of the "autono­
mists" in Gor leben,  by referr ing  to a 
commando action he partici pated in at 
Cape La Hague, with a man cal led Pier-
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r ick,  kn own to the l eader, Wolfgang 
(war-name Helmutl, who tells Vermont: 

"Officia l ly, we are organizing strictly 
nonviolent anti nuclear demonstrations. 
We are supposed to be struck [by police 
truncheons] before the TV cameras, and 
not the other way a rou n d .  No d i rect 
provocation with the cops or the army, 
even though it's very exc iting. But our  
position is flexible. We say to the media 
that between the risk represented by the 
nuclear wastes in Gorleben and the risk 
represented by a sabotage action to stop 
the transport, everyone is free to choose. 
You, the French autonomist, you're free. 
Is that clear?" 

Of course, it was very clear. The very 
next night, Vermont partici pates in the 
sabotage of an e l ectric ity tower near 
Gorleben. After this action, he is nomi­
nated for eco-wa rrior tra i n i ng .  A Ger­
man m i l itant, Klaus, invites Vermont to 
the Greenpeace training center, situated 
o n  the h arbor i n  Hamburg .  K laus  de­
scribes a very m i l itarist training, "worse 
than the paratroopers" : 

" Y o u ' re l ocked i n  a room with n o  
heat,  awakened b efore d a w n ,  c o l d  
shower, hot coffee, and hours of ground­
i n g  in the use of m i l itary eq u i pment.  
Then you have the workshops. For ex-

ample,  you m u st form a h u man chain 
and resist the b lows (with feet or tru n­
cheons) from other mi l itants. At the end, 
you're covered with blood. Another ex­
ercise consists in cl imbing a crane and 
abse i l i n g  [desce n d i ng with a d o u b l e  
rope] a lone.  It's very r isky .  More than 
one stops there. Another example:  you 
have to bu i Id a raft, cross a river, and 
bring someth i n g  back . . . .  They forbid 
you to s leep d u ri ng the n ight. You be­
come a ready-for-everyt h i n g  zombie,  
and if you pass a l l  tests, you become e l i ­
gible for commando actions."  

K laus  then says that th is  cou rse of 
tra i n i n g i s  h e l d  every month,  with a 
group of 50 volunteers, under the direc­
tion of Harald Zind ler, who has trai ned 
more than 1 ,000 eco-warriors. 

T h i s  d i a l og u e  with  K l a u s  m a y  be 
somewhat fictional ized, because some 
parts are identical to precise information 
a l ready publ ished .  The book's descrip­
tion of characters in  Greenpeace-France, 
however, is borne out by my own expe­
rience. 

Finances 
Vermont had access to the secret ac­

cou nts of G reen peace- France a n d  of 
G reen peace I nternational . For G reen­

Continued on page 77 
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Attacking the Myth of Low-l evel 
Rad iation Hazard 
by Dr. Theodore Rockwel l  

Has Radiation Protection Become a 
Health Hazard? 
Gunnar Walinder 
Swedish Nuclear Training & Safety Center, 
P.O. Box 1 039 , S-61 1 ,  29 Nykoping, 
Sweden, 1 995 
Paperback, 1 26 pages, $44.00 

G u nnar Wal inder, the noted Swedish 
radiobiologist, has asked exactly the 

right q uestion i n  the tit le of this book .  
Many scientists m ight doubt t h e  scien­
tific val i d ity of the prem ise underly ing 
cu rrent rad iation protection standards 
and practices. That is, they wou ld sus­
pect that levels  of rad iation below the 
natura l  backgro u n d  are not actu a l l y  
harmfu l .  But when told, "We're just try­
i n g  to be con se rvat ive where p u b l i c  
health i s  concerned," they m i ght nod 
and th ink "That's reasonable." 

The main thrust of Wal i nder's book is 
to show that the cu rrent premise that the 
hazard of rad iat ion is l i nearly propor­
tional to dose, all the way down to zero 
dose, is neither b io logica l ly val id nor 
conservative, but, in fact, leads to harm­
fu l act i o n s  a n d  c o n seq u e n c e s .  H e  
d e m o n strates t h i s  both i n  terms o f  
known biological data and theory, and 
in terms of the practical impact of regu­
lations based on that premise. 

Wal i nder is wel l  qua l ified to present 
and evaluate data in th is  field, and he 
does so with d i rectness and clarity. To 
satisfy the most rigorous radiobiologist 
a n d  yet not lose the i nte l l  igent  non­
special ist, he makes h i s  major poi nts i n  
ord i n a ry type, and t h e n  fol l ows each 
such argument with more techn ical ma­
terial in ital ics .  He warns the readers as 
to what he is up to, and assures them 
that they may skip the italicized portions 
without losing the message. I fou nd th is 
fo rmat very effective;  he rea l l y  does 
manage to have it both ways. 

Wa l i nder notes: "The number of se­
vere mental and psychosomatic diseases 
observed in people l iving in the U kraine 
and Byelorussia has al ready su rpassed 
the estimate for the late effects of radia­
tion exposure. . . Moreover, the fear of 

radiation seems, in many cases, to occur 
i n d ependent ly of wheth er  or  not the 
'victim' has l ived in an area where there 
has been radioactive fal lout." 

Wali nder i l lustrates the absurd ity of 
the l i near model ,  by contrast i n g  the 
number of  deaths that i t  "predicts" from 
the Chernobyl fal lout with the number of 
deaths the same premise "predicts" from 
natural radon in the home. The numbers 
show that if Swedes stayed i n d oors 
about one more minute per day, the ad­
d itional hypothetical deaths from natural 
radon i n, their homes wou l d  offset the 
hypothetical deaths from Chernobyl .  

Risk: A Misused Concept 
Wali nder also explains the misuse of 

the concept of r isk .  He supposes that 
someone is asked to get up from a chair, 
and that person asks, "Can you guaran­
tee I won't die if  I do so? Most (non­
nuclear) regulators wou ld answer: "We 
can guarantee that you won't. It m ight 
even be good for you .  O n l y  a person 
with a very weak heart would die from 
getting up from a chair." 

But when radiation is involved, regu­
lators insist that they cannot guarantee 
that the person won't die,  because he 
might have a very weak heart. 

Wali nder gives some examples of the 
power of "unshakable faith in the author­
ities," noting that this has caused prob­
lems in "interpretation of rad iobiological 
experiments" and, above all, of epidemi­
ological results. Researchers have not be­
l ieved in their own "deviating" data, but 
have taken it for granted that they have 
made m i stakes . So, a series of correc­
tions of supposed ly incorrect data have 
been made u nti l  the data were in better 
agreement with the doctrine." 

Therefore, Wali nder says, in eval uat­
i ng data compiled by pol icy-makers, we 
must look out not only for data-bending 
by the pol icy-makers, but we must also 
go back and re-examine the raw data it­
self. 

Fighting for Rational Standards 
The problem is, when i nd ividual sci­

entists question the status quo, they are 
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eas i l y  d i s m i s sed as a d ev i a n t  voice 
agai nst the scientific  consensus. G iven 
this situation, an i nternational group of 
scientists promi nent and respected i n  the 
rad iation protection field establ ished a 
not-for-profit organization cal led Radia­
t ion,  Sc ience, and H ea lth, I nc .  (RSH,  
Box 843, Needham, Mass. 021 94), to as­
sem b l e  d ata and cr i t ica l  commentary 
that cannot be l ightly d ismissed. 

R S H  is s u b m i tt i n g  to the Nat iona l  
Cou n c i l  o n  Rad iat ion  Protection and 
Measurements a massive report on the 
low-level rad iat ion prob lem with data 
and theoretical stud ies that have so far 
been comp letely ignored or  casu a l l y  
denigrated i n  eva luati ng radiation pro­
tection standards. This wi l l  be a continu­
ing process as more data and theoretical 
developments become avai l able, from 
the molec u lar, cel l u lar, and epidemio­
logical levels. 

A debate on the technical merits and 
weakness of the current radiation pol icy 
wi l l  take place at the American Physical 
Society meeting in Washi ngton, D .C. on 
April 2 1 . 

Theodore Rockwell, a nuclear con­
sultant, worked for many years in the 
naval reactor program, where he helped 
develop the procedures for the safe op­
eration of nuclear-powered nava l  ves­
sels and the first civilian nuclear power 
plant. 
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A Su rpris ing View 
pf N uclear Cleanup 
by Dr. John C ameron 

Review of Radiation Risks and Uranium 
Toxicity with Application to Decisions 
Associated with Decommissioning 
Clean-up Criteria 
Allen Brodsky 
Hebron, Conn.: RSA Publications, 1 996 
236 pages, $49.95 

Don't  let the t i t le  of th is  book foo l  
you . A better title wou ld be "Lack of 

Risks From Low Level Radiation." It con­
tains a great deal of useful i nformation 
on currently used risk estimates and the 
recommended l im its of i nternational or­
ganizations and u .s. scientific and gov­
ernmental comm ittees and agencies .  It 
a lso d iscusses the u. ncerta i nt ies of r isk 
estimates and evi dence of hormetic ef­
fects of low-level radiation. 

Written in itial ly as a report for the u .s.  
Army, it  contains more information than 
the average person wants. (There are 1 4  
pages o f  refe rences a n d  a n  i n dex o f  
about 1 ,000 entries . )  I t  i s  an excel lent 
summary of the cu rrent status of prob­
lems related to clean-up of sites contam­
inated with radioactivity. 

The author poi nts out that, "G iven the 
planned large expenditures for decom­
m i ss io n i n g  ( h u n d reds  of b i l l i o n s ) ,  it 
would seem very cost-beneficial to al lo­
cate adequate fu nds (mi l l ions) to prop­
erly exam i n e  t h e  poss i b i l i t i e s  of 
hormetic effects at low rad iation expo­
sure levels,  us ing  appropriate research 
designs as suggested by Luc key." The 
author i ncludes 2 7  pages of  d i rect q uo­
tations from the book Radiation Horme­
sis by T . O .  Luckey (2nd  ed it ion,  C RC 
Press, Boca Rato n ,  F l a . ,  1 99 1 ) .  Many 
read e rs wi l l  be fa m i l i a r  with  P rof .  
Luckey'S article, "The Evidence for Ra­
d i at ion Hormesis" ( 2 7 st Century, F a l l  
1 996) . 

The original purpose of the book was 
to compare two different approaches to 
cleaning up a contam inated site. The au­
thor's thorough d iscussion of u ncertain­
ties in risk estimates makes it  clear that it 
is scientifical ly impossible to d isti nguish 
any cost/benefit for one c lean-up crite­
rion over the other. 

BOOKS 

I was impressed by the wisdom of the 
author's last recommendation: 

" . . .  [Ll icensees should offer commu­
n ities near decommissioned faci l ities the 
c h o i ce of expend i n g fu nds on p u b l i c 
c l in ics having obvious benefits, as an al­
ternative to further decontamination that 
would  be of doubtfu l benefit." 

Saving Money and lives 
M i l l io n s  of u .S .  res i de nts i n  seven 

western states are exposed to h igh nat­
u ral  background levels compared to the 
rest of the cou ntry. These states have 
about a 1 5  percent lower cancer death 
rate t h a n  the c o u ntry as a w h o l e .  It 
wou l d  make sense not to clean up any 
site to a level lower than the natural lev­
els fou nd in Wyoming or Colorado. This 

Greenpeace 
Continued from page 75 

peace- F ran ce, 60 percent of income 
goes  to  sa la r ies .  B etwee n  1 9 94 a n d  
1 995,  when Greenpeace-France h a d  a 
deficit  of $ 400,000, the leaders never­
theless decided to i ncrease the i r  pay. 
The salar ies paid to the ad m i n istrators 
increased from $ 3 00,000 to $ 5 00,000 
between 1 994 and 1 995 ! 

Accord i ng to the figu res copied by 
Vermont, only 6 percent of i ncome goes 
to field operations, whi le 1 1  percent is  
spent o n  lawyers' expenses, to attack 
critics in the press, and to defend Green­
peace members accused of i l legal opera­
tions. This is basical ly the same pictu re 
that was revealed in Canada and in Nor­
way, through the expose fi lms of Mag­
nus Gudmunsson.2 

More i nteresti ng is that G reenpeace 
pays h uge amounts of money to its for­
mer leaders, with the condition that they 
never speak to the press after their depar­
tu re !  Vermont  sto l e  a d o s s i e r  from 
Greenpeace International offices in Ams­
terdam, concern ing these "confidential­
ity clauses." Pau l  Gi ld ing, an Austral ian 
subject, former d irector of Greenpeace-

would  save b i l l ions of dol lars of c lean­
u p  costs and perhaps red uce cancer at 
the same time! 

John Cameron is Professor Emeritus, 
Department of Medical Physics, Univer­
sity of Wisconsin-Madison and Visiting 
Professor, Department of Radiation On­
cology, University of Florida, Gaines­
ville. 

Sydney and former executive d irector of 
G reen peace I nternational  before Th i lo 
Bode, received $ 1 60,000 for this purpose 
when he left. Doug Fau l kner, fundraising 
leader for 1 3  years, got $ 200,000 when 
he was sacked and signed the "confiden­
tial ity c lause." Si nce 1 993, Greenpeace 
has paid out $640,000 for fou r  confiden­
tial ity clauses. A strange procedure for an 
o rga n i zat ion  w h i c h  a l ways a s ks for 
"transparency" and "right to know." 

I hope that this book wi l l  be translated 
into Engl ish, so that English-speakers can 
have the benefit of seeing Greenpeace's 
hidden face. 

Emmanuel Grenier, based in Paris, is 
the editor of the French-language Fusion 
magazine. 

Notes----------------------------
1 .  Ellen Chance, " 'Mind Bombs': Putting Green­

peace in Perspective," 21st Century, Summer 
1 990, p. 45. 

Poul Rasmussen, "Greenpeace's Financial 
Misconduct Exposed in New Danish Documen­
tary," 21st Century, Winter 1 993-1994, p. 56. 

Carol White, "The Really Shocking Royal Se­
cret: British Crown Rules the G reens," 2 1st 
Century, Winter 1 994-1995, p. 9. 

Geoffrey Steinherz and Marjorie Mazel Hecht, 
"Court Affirms Greenpeace Ties to Earth First! 
Terrorists," 21st Century, Fall 1 995, p. 68. 

2. See, for example, Poul Rasmussen, "Green­
peace's Financial Misconduct Exposed in New 
Danish Documentary," 21st Century, Winter 
1 993-1994, p .  56. 
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Leonardo's Reason :  Method Against Madness 
by E l ijah  C. Boyd 

Leonardo da Vinci: 
Codex Leicester, 
A Masterpiece of Science 
Claire Farago 
New York: American Muse­
um of Natural History, 1 996 
Paperback, 1 80 pages, 
$29.95 + $6 shipping 

Le o n a rd o  d a  V i n c i ' s  
work etern a l l y  retai n s  

t h e  power t o  i n s p i re the 
m i nd to create for the fu­
ture. Evidence of this cre­
ative power was manifest 
in the recent exhi bit of his 
h y d rod y n a m i c  works,  
works concern i n g  water 
a n d  i ts m oveme nt,  c e n ­
tered on the Codex Leices­
ter, at the Amer ican Mu­
seum of Natural H istory in 
New York City. The exhibit 
ended on New Year's Day, 
but the cata logue, identi­
fied above, continues to be 
avai lable. 

The exh i bit's power lay 
in the arrangements for the 
pub l ic's e ngagement and 
part i c i pa t i o n  in  the  ex­
h i b i ts, as o p posed to 

Leonardo's notes and drawings of siphons, from the Codex Leicester. 

merely observing them . U pon entering 
the fi rst of the display hal ls, one's atten­
tion was arrested by a wal l  d ivided i nto 
a pleasant array of glass cases contain­
ing a selection of experimental investi­
gat i o n s  of water fa l l i n g .  Leonard o ' s  
arrangements i l l ustrate how water can 
penetrate water, how water can com­
bine with water, how water can bounce 
off water, how the power of fa l l ing wa­
ter can be m itigated to d i m i n i sh d am­
age, a n d  how water can p rod u c e  a 
vortex . 

The m i d d l e  h a l l  d i splayed pages of 
the  Codex L e i cester i n  h u m i d i f i e d  
cases, i ntermittently i l l umi nated to pre­
vent damage from photo-d issociation. 
Reproductions were avai lable for pur­
chase to encourage serious study. 

A separate read ing  room d i sp l ayed 
CD-ROM copies of the man uscript for 
close i nspection on the premises. Next 

to it was a continuously ru nn ing fi l m  on 
the l ife and discoveries of Leonardo. 

Hands-on Experiments 
The proper centerpiece of the ex­

h i b it, however, was the hands-on ex­
p e r i m e n ts i n  the room at the e n d ,  
fash ioned from Leonardo's workbooks, 
i l l ustrating the same and s imi lar modifi­
cati o n s  of the paths of water f lows, 
which i nvariably evoked i deas for the 
further i nvestigation of this most ord i ­
nary substance. 

T h e  exh i b i t  c a l l s' to m i n d  Percy 
Bysshe Shel ley's reference, i n  h i s  Oe­
fence of Poetry, to lithe power of com­
m u n icat ing and receiving i ntense and 
i m pass ioned concept ions respecti n g  
m a n  and nature." Indeed, had Leonardo 
produced only the Codex Leicester, the 
world m ight have anoi nted h i m  liThe 
Poet of Water." 

Leonardo stud ied the surface of the 
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Moon and conc l u ded that it was cov­
ered with water:  I I  And here the Moon,  
being a spherical and opaque body, re­
mains of u n iform brightness in its parts 
which are apt to receive u n iform l ight. 
And th is, for what is  said above, cou l d  
not be, if  water were not there; the wa­
ter be ing  spher ica l ,  i t  cannot receive 
the solar ray and reflect it to our eyes 
except  t h ro u g h  t h e  ray i n c i d e n c e ,  
which i s  smal ler i n  relation to the vol­
u me of the l u nar body; so that, of ne­
cessity, it m ust be admitted that the sea 
waves, each for itself, take a solar ray, 
and the sh adow i nterposed betwee n  
the crests of the waves blends with the 
l u m i n o u s  species a n d  does  n ot p ro­
duce such  br ightness as i t  wo u l d  do 
were i ts  water without waves" (Sheet 
SA, fol io S r) .  

The quotation i s  found i n  the catalog 
of the exh ibit (p. 70). 
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The observation of the Moon, in the 
eye of the Artist-Scientist, refused to al­
low that the brightness variation .of the 
Moon's surface could be attributed to a 
smooth, s h i ny, perfect sphere. It m ust 
be broken u p, as waves break up water. 
Even though the rocky and cratered sur­
face of the Moon is not water, it acts 
l ike water in reflecting sunl ight. 

Leonardo also stud ied the formation 
of vortices i n  the a i r : " It often happens 
that, when one wind meets another at 
an obtuse angle, these two winds c i rcle  
around together and twine themselves 
i nto the shape of a h uge col u m n, and 
becoming thus condensed, the a i r  ac­
quires weight. I once saw such wi nds, 
raging arou nd together, produce a hol­
low in  the sand of the seashore as deep 
as the height of a man, removing from 
it sto nes of a c o n s i d erable s ize, a n d  
carrying sand and seaweed through the 
air for the space of  a m i l e  and d ro p­
ping them in the water" (p. 84). 

Did Leonardo perhaps th i n k  of h i s  
thought processes i n  the same way? Did 
it  occ u r  to h i m  that the p ro c e s s  of 
thoughts i ntersect ing thoughts "at an 
obtuse angle," created the "weight" of a 
thought-process ? Perhaps that is what 
l ies benind h i s  cogent explanat ion of 
the anatomy of h is  leaps: 

" 1  wi II not consider the demonstra­
tions here, because I w i l l  reserve them 
for the ordered work; my concern now 
is to fi nd cases and i nventions, gather­
ing them as they occur to me;  then I 
sha l l  have them in order, placing those 
of the s a m e  k i n d  together;  th erefo re 
you wi l l  not wonder nor w i l l  you laugh 
at me, reader, if here I make such great 
jumps from one subject to the other." 

Given the power of this exh ib it, how 
could New York Times reporter Stephen 
Manes, writ ing i n  the S c i ence T i m es 
section Dec. 3, 1 996, refer to it without 
even menti o n i ng its location i n  N ew 
York? 

Catalogue, CD Available 
The catalogue contains reproductions 

of the 72 pages of the codex, and on 
fac ing pages, commentary by Farago, 
using the translation by Carlo Pedretti 
when quoting from it. A compact d isk 
vers ion i s  a lso ava i l able ( $ 5 0  p l u s  $ 7  
shipping, Windows or Mac), and can be 
ordered from the Museum Shop of the 
American Museum of N atural H i story 
(79th St. at Central  Park  West, N ew 
York, N.Y. 1 0024). 
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Space 
Continued from page 70 

and conti n u ed through 1 99 1 ,  i n  con­
j unction with three NASA centers, show 
that it's a trade. You can either i ncrease 
the payload by a factor of two, or you 
can s ign ificantly red uce the trip t ime, 
not by a factor of two, but sti l l  reduce it. 

Question: About how much time saved 
are we talking about? 

If I want to go to the extreme for the 
so l id -core nuc lear rocket, with 1 ,000 
seconds of specific impulse, we bel ieve 
you could accompl ish a one-year round­
tr ip m iss ion.  That was on the extreme 
e n d  of that e n v e l o p e .  We cou l d  d o  
roughly a one-year round trip, compared 
to Zubr in 's  three-year-type [chemical  
prop u l s i o n ]  program.  With the so l i d  
core, certain ly it cou ld do a 400 to 430 
day rou nd -tr ip m i ss ion.  And that had 
about  a one-month stay-ti m e  on the  
planet. 

Question: What kind of nuclear systems 
would you have to develop where you 
could go on a non-ballistic trajectory 
and have the ability you would eventu­
ally want to have, to get up and come 
and go whenever you please? 

Let me preface this with a l ittle state­
ment that I have equated with Zubrin's 
p lan .  You may remember Thor Heyer­
d a h l  i n  years past. He contended that 
various early peoples cou ld make low­
technology boats and cross the oceans. 
One of h i s  examples, that I reca l l  d i s­
ti nctly, was the Egyptia ns, who cou ld 
make a reed boat and sai l  to the Ameri­
c a s .  Essent i a l l y ,  H eyerd a h l  a l l  but 
proved this. He cou ld make a reed boat 
and j ust get there. 

To me, this is what Zubrin is ta lk ing 
about.  H e  is tak i n g  essent i a l l y  a low 
technology-we have better technology 
than that right now, but he doesn't want 
to use it. He wants to take a low-tech­
nology system that w i l l  j ust barely get 
there.  Whereas, i n  fact, we have the 
technology now to al most make a cl i p­
per s h i p  to get there is a few months' 
time frame, in a robust, healthy environ­
ment to withstand the storms, and essen­
t ia l ly let the crew survive. But I equate 
Bob's plan with this reed boat idea. 

O n e  of the  m aj o r  fa i l u res  of the  
Zubr in  p lan ,  is  its SOO-day stay on the 

M a rs s u rface,  w h i c h  I c o n s i d e r  ab­
sol ute ly  r id iculous from a crew surv iv­
abil ity standpoint. 

I th ink  that the basic premise here is 
that the radiation level on the Mars sur­
face is rel atively benign.  And he's just 
flat wrong. It turns out that as part of the 
Mars Observer program, we had a fel­
l ow h e re i n  the Laborato ry who d i d  
galactic cosmic-ray- induced gamma-ray 
measurements, using Mars Observer, to 
look at the elemental composition of the 
Mars su rface . . . .  What comes out of 
his calcu lations is  that the rad iation on 
the s u rface of  M a r s  appears to be 
roug h l y  equal to that of the Moon, or 
s l ightly greater. So, if  you are going to 
h av e  to s h i e l d  o n  the s u rface of the  
Moon, you are  go i ng to have to sh ie ld 
the habitat on Mars. 

"If we want to go into space, 
we must accept the challen'ge 

and do it right." 

Zubrin uses what I cal l  "comic book 
phys ics . "  He j u st d raws a p ictu re and 
says, " I 'm going to go steal a couple of 
exist i ng engi nes and make a heavy l ift 
launch veh icle."  That's, again ,  fantasy. 
I 'm surprised, to be honest with you, at 
the publ ic acceptance of this . . .  [but] I 
don't thi n k  space works that way. This is 
a hosti le environment, and if you're wil l­
ing to accept that it's going to be expen­
sive and it's  go ing to be hard-j ust as 
Kennedy s a i d ,  we do it because it i s  
hard-you must b e  ready to commit the 
resources to do that. We can't do this on 
the cheap, or these guys aren't going to 
be coming home . . . .  

Just to summarize: I believe that if you 
are wi l l ing to undertake this chal lenge, 
and you have the science and the tech­
n o l og y  that a l l ows you to atta c k  the 
problem, you m ust use i t .  For example, 
even from a legal istic standpoint, if you 
sent th is crew on a chem ical-prope l led 
system and they al l  d ied, and you had a 
better technology avai lable to you, are 
you now l iable? Are you not eth ical ly re­
q u i red to give it the best shot you can? 
By doing it "cheap and s imple," you're 
evadi ng the problem. 

If we want to go into space, we must 
accept the chal lenge and do it right. U n­
less you're wi l l i ng to do that, you've got 
no business try ing. 

21st CENTURY Spring 1 997 79 



BEN FRANKLIN 
BookseJJers &.. Record Shop 

o Hubble's Univers�A Portrait of Our Cosmos, by Simon 
Goodwin. Album of Space Telescope images, just published. 
Fifty plates, most in color. Penguin hardcover, 1 27 pages, 
$29.95. 

o A Source Book in Mathematics, edited by David E. 
Smith. Has Fermat, Desargues, Legendre, Bernoulli, Leibniz, 
Gauss, Riemann, others. Dover, $15 .95. 

. 
125 Selections From the Classic WrlIfngs 

d 
Pascc/ l.etJrjz 
E\Jef Foonat 
Gauss , Descartes 
Newlon RIerncr\n 
end rronv o1hers o Wllliam Herschel: Music by the Father of Modern As­

tronomy, Mozart Orchestra, D. Jerome, cond., R. Woodhams, 
oboist. Two oboe concerti, chamber symphony; also Haydn's 
Symphony #23. Newport Classic CD, $16.99 

r - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - �  
Ben Franklin Booksellers 

o Kepler, by Max Caspar. Defmitive biography. Dover, $ 1 1 .95 
o Leonardo on the Human Body, by C.D. O'Malley and ].B. 

Saunders. Many plates and texts. Dover, 500 pages, $18.95 
o Battling Wall Street-The Kennedy Presidency, by Don­

ald Gibson. A book every anti-Green should read. Environmen­
talism in context. Sheridan Square paperback, $16.95 

107 South King Street 

Leesburg, Virginia 20175 

Phone (703) 777-3661 

Toll free (800) 453-4108 

Fax (703) 777-8287 

Type of crcdil card (circle one): 

MasterCard Visa Discover ArnEx 

Crooi, Clrd # ________ _ 
Exp. darc' _________ _ 

Name _________ _ For shipping, add $3.50 for fi", book 
and S.50 for each additional book. 
For Canada add $7 and $1 .30. 

o TrasWng the Economy-How Runaway Environmental­
ism is Wrecking America, by Ron Arnold and Alan Gottlieb. 
Encyclopedia of the movement. Merril Press, $ 19.95 

Address ________ _ 

o Cloak of Green, by Elaine Dewar. Links between the Greens 
government, and raw materials cartels. Lorimer, $22.95 

' City _________ _ T ot31 book price 

Plus shipping 

Va. residents add 
4.5% saIcs ,ax 
Torat enclosed 

Statc _____ Zip. ___ _ 
o Walking on the Edg�How I Infiltrated Earth First! by 

Barry Clausen. Exposes FBI collusion with EF! crimes. Merril 
Press, $15 .95 

Homc phone _______ _ 
Business phone ______ _ 

BOOKS RECEIVED 

Conservative Environmentalism: Reassessing 
the Means, Redefining the Ends, by James 
R. Dunn and John E. Kinney. Westport, Ct.: 
Greenwood, 1 996. Hardcover, 275 pages, $45. 

Storm Over a Mountain Island: Conservation BI­
ology and the Mt. Graham Affair, edited by 
Conrad A. Istock and Robert S. Hoffman. Tuc­
son: University of Arizona Press, 1 995. 

Darwin's Black Box: The Biochemical Chal­
lenge to Evolution, by Michael J. Behe. New 
York: Free Press, 1 996. Cloth, 307 pages, $25. 

Monad to Man: The Concept of Progress in 
Evolutionary Biology, by Michael Ruse. Cam­
bridge: Harvard University Press, 1 997. Cloth, 
628 pages, $49.95. 

The Eleventh Plague: The Politics of Biological 
and Chemical Warfare, by Leonard A. Cole. 
New York: W.H. Freeman, 1 997. Cloth, 284 
pages, $22.95. 

McGraw-Hili Dictionary of Bioscience, Sybil P. 
Parker, editor in chief. New York: McGraw-Hili, 
1 997. Paper, 51 1 pages, $17.95. 

200% of Nothing: From "Percentage Pumping" 
to "Irrational Ratios." An Eye-opening Tour 
Through the Twists and Turns of Math 
Abuse and Innumeracy, by A.K. Dewdney. 
New York: John Wiley & Sons, 1 993. Paper, 
1 82 pages, $12.95. 

Feynman's Lost Lecture: The Motion of Planets 
Around the Sun, by David L. and Judith R. 
Goodstein.  New York: W.W. Norton, 1 996. 
Book and CD, $35. 

World and Antiworld as Physical Reality: 
Spherical Shell Elementary Particles, by 
Erich R. Bagge. Frankfurt am Main: Haag und 
Herchen, 1 994. Paper, 280 pages. 

The Physics Quick Reference Book, by E .  
Richard Cohen. Woodbury, N.Y.: A lP Press, 
1 995. Paper, 209 pages, $30. 

Newton and the Culture of Newtonianism, by 
Betty Jo Teeter Dobbs and Margaret C. Jacob. 
Atlantic Highlands, N.J . :  Humanities Press, 
1 995. Paperback, 139 pages, $1 2.50. 

Logical Dilemmas: The Life and Work of Kurt 
Gadel, by John W. Dawson, Jr. Wellesley, 
Mass.: A.K. Peters, 1 997. Cloth, 361 pages, 
$49.95. 

Infinite Potential: The Life and Times of David 
Bohm, by F. David Peat. Reading, Mass.: Ad­
dison-Wesley, 1 996. Cloth, 353 pages, $25. 

Making Waves, by Charles H. Townes. Woodbury, 
N .Y . :  American I nstitute of Physics, 1 995. 
Cloth, 210 pages, $29.95. 

Stalinist Science, by Nikolai Krementsov. Prince­
ton: Princeton University Press, 1 997. Cloth, 
371 pages, $45. 

Jules Verne: An Exploratory Biography, by Her­
bert R. Lottman. New York: St Martin's Press, 
1 996. Hardcover, 366 pages, $26.95. 

Edwin Hubble: Mariner of the Nebulae, by Gale 
E. Christianson. New York: Farrar, Straus and 
Giroux, 1 995. Hardcover, 420 pages, $27.50. 

Cosmology and Controversy: The Historical 
Development of Two Theories of the Uni­
verse [big bang and steady state), by Helge 
Kragh. Princeton: Princeton U.P., 1 996. Cloth, 
500 pages, $35.00. 

80 Spring 1 997 21 st CENTURY 

Hubble's Universe: A Portrait of Our Cosmos, 
by Simon Goodwin .  [Album of Space Tele­
scope images.) New York: Penguin Books, 
1 997. Hardcover, 1 27 pages, $29.95. 

The Hubble Library of Electronic PictureBooks, 
by the Special Studies Office of the Space 
Telescope Science I nstitute. [500 images, in­
cluding some from Hubble, and 25 minutes of 
video from space.) Distributed by the Astro­
nomical Society of the Pacific (San Francisco), 
1 997. CD-ROM, $39.95. 

Exploring the X-ray U niverse, by Phi l ip  A .  
Charles and Frederick D. Seward. New York: 
Cambridge U . P . ,  1 995. Cloth, 398 pages, 
$79.95. 

Sundials: History, Theory, and Practice, by 
Rene R.J. Rohr. New York: Dover, 1 996. Pa­
per, 142 pages, $ 1 1 .95. 

Space Shuttle: The History of Developing the 
National Space Transportation System 
[through STS-75), by Dennis R. Jenkins. Osce­
ola, Wis. :  Motorbooks I nternational, 1 996. 
Hardcover, 344 pages. 

Mining in the Sky: Untold Riches from the As­
teroids, Comets, and Planets, by John S. 
Lewis. Reading, Mass.: Addison-Wesley, 1 996. 
Cloth, 274 pages, $26. 

To order these books, (24hrs, 365 days) 
please call (800) 962-6651 (Ext. 3800) 
or visit us at http://www.booksnow.com 

BOOKS 






	TCS_Sp_97_81
	TCS_Sp_97_82
	TCS_Sp_97_batch_OCR
	TCS_Sp_97_01
	TCS_Sp_97_02
	TCS_Sp_97_03
	TCS_Sp_97_04
	TCS_Sp_97_05
	TCS_Sp_97_06
	TCS_Sp_97_07
	TCS_Sp_97_08
	TCS_Sp_97_09
	TCS_Sp_97_10
	TCS_Sp_97_11
	TCS_Sp_97_12
	TCS_Sp_97_13
	TCS_Sp_97_14
	TCS_Sp_97_15
	TCS_Sp_97_16
	TCS_Sp_97_17
	TCS_Sp_97_18
	TCS_Sp_97_19
	TCS_Sp_97_20
	TCS_Sp_97_21
	TCS_Sp_97_22
	TCS_Sp_97_23
	TCS_Sp_97_24
	TCS_Sp_97_25
	TCS_Sp_97_26
	TCS_Sp_97_27
	TCS_Sp_97_28
	TCS_Sp_97_29
	TCS_Sp_97_30
	TCS_Sp_97_31
	TCS_Sp_97_32
	TCS_Sp_97_33
	TCS_Sp_97_34
	TCS_Sp_97_35
	TCS_Sp_97_36
	TCS_Sp_97_37
	TCS_Sp_97_38
	TCS_Sp_97_39
	TCS_Sp_97_40
	TCS_Sp_97_41
	TCS_Sp_97_42
	TCS_Sp_97_43
	TCS_Sp_97_44
	TCS_Sp_97_45
	TCS_Sp_97_46
	TCS_Sp_97_47
	TCS_Sp_97_48
	TCS_Sp_97_49
	TCS_Sp_97_50
	TCS_Sp_97_51
	TCS_Sp_97_52
	TCS_Sp_97_53
	TCS_Sp_97_54
	TCS_Sp_97_55
	TCS_Sp_97_56
	TCS_Sp_97_57
	TCS_Sp_97_58
	TCS_Sp_97_59
	TCS_Sp_97_60
	TCS_Sp_97_61
	TCS_Sp_97_62
	TCS_Sp_97_63
	TCS_Sp_97_64
	TCS_Sp_97_65
	TCS_Sp_97_66
	TCS_Sp_97_67
	TCS_Sp_97_68
	TCS_Sp_97_69
	TCS_Sp_97_70
	TCS_Sp_97_71
	TCS_Sp_97_72
	TCS_Sp_97_73
	TCS_Sp_97_74
	TCS_Sp_97_75
	TCS_Sp_97_76
	TCS_Sp_97_77
	TCS_Sp_97_78
	TCS_Sp_97_79
	TCS_Sp_97_80

	TCS_Sp_97_83
	TCS_Sp_97_84

