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EDITORIAL 

The Mind of the Discoverer 

I n this issue, the ground-breaking arti­
c l e  on the pr inc ip le  of d i scovery by 

economist Lyndon H. LaRouche, J r . ,  a 
member of 21 st Century's scientific advi­
sory board (p. 24), and the companion 
article on Homer's Odyssey by Gabrie l le  
Liebig (p .  36), combine information from 
ancient sources with modern archeologi­
cal fi ndi ngs, i nc lud ing those of the late 
Barry Fell of Harvard Un iversity, to shed 
m u c h  new l ight on the preh i story of 
mankind. 

There were prehistoric maritime civi­
l izations which regularly pl ied the entire 
width of the Atlantic, Pacific, and Indian 
Oceans. Later river-based cu ltu res were 
the result of cu ltural  decl ine from these 
ear l ier marit ime civi l izations.  Through 
mostly ind i rect, but rel iable evidence, 
we know a great deal about these ances­
tors of ours, of the prehistoric marit ime 
civi l izations. 

This  k ind of new knowledge sho u l d  
b e  a sou rce o f  excitement and happi ­
ness. Instead, for many readers, these ar­
t i c les w i l l  be extremely  d i sq u ieti n g .  
Why? Because o f  certa in  prej ud ices, o r  
preconce ived not ions .  These i n c l u d e  
the belief that the first human being was 
born no ear l ier  than 20,000 to 2 5 ,000 
years ago; that c iv i l ization  began sud­
denly i n  Mesopotamia at  some t ime af­
ter about 4,000 B .C ., as an o l igarch ical 
s l ave society, and spread e l sewhere 
from there; and that it was impossible to 
rel i ab ly  cross the Atl ant ic  o r  Pacif ic 
Oceans before some ti me in  the Christ­
ian Era. 

But the re-examination and re-evalua­
tion of preconceptions and establ ished 
axioms, especia l ly  widely held ones, is 
always the first question in science. That 
i s  why the h i story of sc ience as such,  
conscious science, begins with the Clas­
s ical  G reeks, and espec i a l l y  P lato and 
his Academy: because they were the fi rst 
i n  h istory to understand this.  Only after 

the Ital ian Renaissance rediscovered this 
pri ncip le from the G reeks, was science 
made possible once agai n .  

Thus, there can b e  n o  scientific arche­
o l ogy or pre h i story, u n less these re­
ceived preconceptions are re-examined. 

The First Question in Science 
Thus, the fi rst q u estion  i n  science is 

the mind of the d iscoverer, in th is sense. 
Then, in archeology and preh istory, the 
m ind of the modern discoverer must look 
i nto the m i nd of the preh istoric d i scov­
erer, from h i s  knowledge of the d iscov­
ery itself. 

Take language, man's first d iscovery. 
Look at the h ighly developed languages 
wh ich  were req u i red to com m u n icate 
the advanced astronomy and other men­
tal req u i rements of the prehistoric mar­
it ime c iv i l izations .  Take the h igh ly de­
veloped, pre- I  i te rate I ndo-Eu ropean 
language, for example .  When we fi nd 
that the most advanced features of  San­
skrit, map onto the same features of Clas­
s ica l  G reek, we know that the pre­
l i te rate ancestor of both, a l so shared 
those featu res, and p robably more. I n  
m a n y  respects i t  was i n  advance o f  any 
language used today. 

Embedded in that l anguage, was the 
extended development  of l ayered ax­
ioms, d i scovered by many d iscoverers, 
in lawful succession-presumably poets 
or scientists, or both, as Eratosthenes was 
both later. 

H istory itself is in essence noth i ng but 
the layered d iscovery of new principles 
by the human mind-or, alternately, the 
fa i l u re to d i scover the new p r i n c i p le  
when it  i s  needed . G iven th i s  u nd er­
sta n d i ng,  the preconcept ions  l i sted 
above, and others l i ke them, are no more 
tenab le  than B i shop Usher's ear l ier  
dogma, a l so forced down the th roat of 
archeology i n  i ts t i me, that the world 
was created i n  4004 B .C. 

-Antony Papert 
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Letters 
An Antarctic Route 

From Egypt to America 
To the Editor: 
If, as you indicate, Rata and Maui had 

access to Egypt ian  navigat ion knowl­
edge dati ng back at  least 2 , 600 years 
[see "The Decipherment and Discovery 
of a Voyage to America in 2 3 2  B . C . , "  
27 s t  Century, Winter 1998-1 999, p. 6 2 ] ,  
a n d  i f  that knowledge inc lu ded naviga­
tion as far as the southern polar c i rcle, 
then the route on  the accompany i  ng 
map m ight be one of the o nes of 
choice-a path-of-Ieast-resistance route. 

They wou l d  have k nown of the 
southerly current along the eastern side 
of Africa, and known that at about 45° 
latitude south, it turns eastward, dr iven 
by the Indian Ocean eddy, southern leg. 
Then past Austra l i a  and New Zea land 
and into the  southern leg of  the South 
Pacific gyre (eddy) where the eastward 
cu rrent wou l d  cont i n u e  

Al l  of the above, providing that the La 
N i na, the preva i l i ng counter clockwise 
southern Pacific gyre was in effect. Dur·­
i n g  EI N i no, the souther ly w i nd that 
c h u rn s  co ld  water from the south, up 
the South American coast "fal ls," and all 
hel l breaks loose. 

Apparently, whatever forces EI N ino, 
a l so i m pacts the I nd i an Ocean and 
North Pacific gyres, d i srupti ng the pre­
vai l i ng currents-or maybe not. 

The arrows on the map depicting the 
current flows are from a Replogle World 
Scholar globe. 

Hector S. Cuel lar 
Houston, Texas 

The Real Gore 
To the Editor: 
H e re is a c h a l l enge fo r your  read­

ers-a blind test, to see if they can d is­
t i n g u i s h  between AI G ore a n d  the 
ecoterrorist U nabomber. Here are some 
q u otes selected from AI  Gore's book, 
Earth in the Balance, and some from 
the U nabomber's manifestoes, as pub­
l i shed in the national  press. Can your  
readers (presumably more I iterate than 
most) tel l  who wrote what? 

(1 ) "Tech nological  hubris tempts us  
to lose s ight of  our place in  the natural 

order and bel ieve that we can ach ieve 
whatever we want." 

(2) " . . .  It is certain  that technology 
is c reat i n g  for h u m a n  be i ngs a new 
physical  and soc ia l  env i ronment rad i­
ca l ly  d i fferent from the spectrum of en­
v i ro n ments to which natural selection 
has adapted the human race . . . .  " 

(3) "Today, most of the world is look­
ing the other way, pretend ing not to no­
t ice industria l  c iv i l ization's  terrib le  on­
s laught aga i nst the natural  world . . . .  
Standing bravely against this juggernaut, 
a new k ind of resistance fighter has ap­
peared : men and women who have rec­
ogn ized the brutal  natu re of the force 
now g r i n d i n g  away at the forests a n d  
oceans, the atmosphere a n d  fresh water, 
the wind and the rain  . . . .  " 

(4) "J u st as a d rug  add ict needs i n ­
creas ing doses t o  produce the same ef­
fect, o u r  global appetite for the Earth's 
abu ndance grows each year." 

(5) "Once a techn ical innovation has 
been i nt rod u ce d ,  peo p l e  u s ua l l y  be­
come dependent on it ,  so that they can 
never aga in  do without it. . . .  " 

Rick Sanders 
Loudoun Heights, Va. 

EDITOR'S NOTE 
The answers appear on page 13. 

onto South America, with 
Antarctica on the right. En 
route here, Pitcairn Is land 
would have been encoun-

300 E Longitude 150' E 90'W 

teredo 
Then, u p  the coast of 

South America, to just be­
low the eq u ator, where 
the northern leg of the 
South Pacific wheel (drift) 
shoots westwa rd . After 
th is ,  they wou l d  en­
counter the Polynes ians .  
Note that upon arriving at 
the South American coast, 
had they gone south, they 
would have found the At­
lantic. 

Further westward voy­
aging wou ld lead to Mc­
Cluer Bay, and then back 
to Egypt. B u t  s i nce they 
did not retu rn ,  perhaps 
some remained in Polyne­
s ia ,  and some headed 
home and met disaster. 
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RESEARCH COMMUNICATIONS 

The Foibles of Air Pollution Research 
by Frank Cornel l ,  D . D.S ., M. Sc. 

L
et me te l l  you of my own exper i ­
ence in a i r  pol l ut ion research .  My 
story dates back to 1969, when the 

idea of "ai r  pol l ution" was j ust getting off 
the ground . The Graduate School at Fair­
leigh Dickinson University in New Jer­
sey had a Dental School in Hackensack, 
but no med ical facu lty. In order for me 
to receive a Master's Degree in Physiol­
ogy, i t  was necessary for me to do my 
thesis in the Department of Physiological 
Chem istry. My mentor was Dr. Lou is J .  
Ramazzotto, w h o  may sti I I  b e  a t  the 
school ,  and he  shares the "b lame" for 
what happened . 

My thesis was t i t led,  "The Effect on 
Certain Respi ratory Enzymes from Ex­
posure to Common Air  Pol l utants." The 
t it le itse lf proves noth ing except that I 
was na ive .  W h o  cou l d  ca l l the  sub­
stances in  q u est ion "pol l  utants" unt i  I 
after they were proved harmfu l ?  B u t  
then again,  whoever cou ld doubt that 
su l fu r  d i ox ide  and n i t rogen d iox ide 
were harmfu l? 

The procedure I used was taken from 
something called "The Method of Coop­
erstine and Lazarow," which, despite the 
outcome of my own tests, may wel l  sti l l  
be i n  use. Briefly, i t  involved sacrific ing 
either rats or gu inea p igs ( I  used both), 
and making t issue homogenates from 
heart, l iver, lungs, and kidneys in a saline 
solution at a controlled temperature. An 
a l iq uot of each homogenate was then 
tested spectrophotometr ical ly  for en­
zyme activity. The resu l t  was a typ ical 
activity curve which decl ined over t ime, 
at a rate which  was a lmost uniform for 
al l the tissues used. 

Tanks of air containing certain percent­
ages of either sulfu r  d ioxide or nitrogen 
dioxide were avai lable for the next proce­
du re. Another a l i quot of the same ho­
mogenates was subjected to a short expo­
sure to "pol luted" air  by bubbl ing the air 
through the homogenate under test. 

After th is, the exposed a l i q u ot was 
tested for enzyme act iv ity. The resu l ts 

were uniform, no matter which animal 
was used, which organ was used, which 
enzyme was under test, or which "pol­
l u tant" was employed . That is to say, 
enzyme activity decl ined in the exposed 
homogenates about twice as rapid ly as 
it d i d  in the unexposed homogenates. 
B i ngo! Easy thes is! Easy Master's De­
gree! 

But that was not the end of the story. I 
put  in another th ree months repeating 
every test before I went to my typewriter. 
I am no genius, but even I could see that 
"The Method of Cooperst ine and 
Lazarow" has no contro l .  After I had 
compla ined about th i s  to Dr. Ramaz­
zotto, he ordered a flask of pure air for 
me to use in my tests. 

Pure air  is, of course, a mixture of the 
th ree or four  primary gases in the atmo­
sphere without any measurable amount 
of other gases, or " impu rit ies" (such as 
su lfu r  d ioxide or nitrogen d ioxide). The 
resul t  of bubbl ing pure air through the 
tissue homogenates gave tracings which 
strong ly suggested that i t  had been the 
bubbling procedure itselfwhich had pro­
duced the d im inished enzyme activ i ty 
(see figure). 

Cooperst ine and Lazarow used other 
enzymes in the prototype of t h e i r  
"Method," but that i s  not important. My 
enzymes were cytochrome oxidase and 
succinic dehydrogenase, wh ich  is also 
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not i mportant. In  the Krebs and Meyer­
hof cyc l es, the re are many other  en­
zymes which cou ld be tested for activ­
ity under the cond it ions described. 

What is important, is that this "method" 
is use less for proving anyth ing, except 
that the act of bubbl ing a gas, contami­
nated or not, through a tissue homogenate 
w i l l  accelerate the decay of enzyme ac­
tivity. 

If the M ethod of Cooperst ine and 
Lazarow was in any way comp l i c i t  in  
persuading people to  accept the  concept 
of a i r  pol l ut ion, that concept itsel f  is a 
fraud  and deserves to be unmasked­
which is the second part of th is letter.1 

Censored 
By the  t i m e  I was awarded my d e­

g ree, I was a l ready in G ermany wi th  
my fami ly, and enrol led a t  the  Univer­
s i ty in Dusse l dorf, where I wanted to 
write a doctoral thesis on the physiol­
ogy of the  h u man vo ice .  After two 
years, I retu rned to the  United States 
and paid a visit to Dr. Ramazzotto's de­
partment at Fai r l e igh  D i c k i nson Uni ­
versity. My reception was cooler than I 
had expected. 

I was informed that several journals 
had rejected my master's thesis for publi­
cat ion, as had as several of the more 
popu lar science publ ications. However, 
the Colorado Journal of Mines had pub­
l ished a report which included my name 
as one of its 14 authors. I was handed a 
copy of that journal and found that four  
pages of  t h at part i c u l a r  issue had not 
been bound into the volume.  Perhaps 
my resu I ts were on one of those fou r  
pages. Perhaps not. But neither I nor any­
one else wi l l  ever know. 

W it h  that,  of cou rse, my i nterest in  
the biochem istry of  a i r  pol l u tion came 
to an end. I went ahead, however, with 
my studies of the human voice, and, af­
ter a couple of years I had a pretty good 
idea of what was going on in that area 
as wel l .  But  that's a whole 'nother story, 
as they say. 

RESEARCH COMMUNICATIONS 
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A FLAWED EXPERIMENT 
The Method of Cooperstine and Lazarow is useless for proving anything, except that the act of bubbling a gas, contami­
nated or not, through a tissue homogenate will accelerate the decay of enzyme activity. 

Catalytic Converters 
The other reason I wr i te is to m a ke 

some comments about catalytic convert­
ers, in addition to pointing out that they 
are enormously expens ive i n  compari­
son to the job they do. 

Orig i n a l ly,  these devices were sup­
posed to r id  the atmosphere of  the two 
most "dangerous" pol lu tants known to 
man, namely, su lfur diox ide and n i tro­
gen diox ide;  and, as everyone knows, 
these two gases are routine components 
in the exhaust  of automobi l e  eng i nes .  
Now, take a l ook at a l i st of exhaust 
components: 

• carbon monox ide,  CO, from i n ­
completely burned fuel 

• carbon dioxide, CO2, from com-
pletely burned fuel 

• water vapor H20 
• sulfur oxides S0, 502' and so on 
• n i trogen ox ides NO,  N 20,  N02, 

and so on 
• various hydrocarbons ( Hx-Cy) and 

so on,  cyc l ics and cha i n s  of a l l  
kinds. 

Basica l ly, gases l i ke these pass from 
the engine to the cata lytic converter i n  
almost a l l  vehicles normal ly now in  use. 
Everythi n g  that goes i nto a cata lyt ic  
converter goes out  the other end, atom 
for atom . Nothing "disappears ."  Noth­
i n g  rema i n s  i n  the converter. A l l  the 
converter does is "convert" one sub­
sta nce to  another, and i t  does th i s  by  
i on i z i ng the var ious  gases  that pass 
through it. 

Briefly, when carbon dioxide goes into 
a converter, i t  contacts the plat inum i n-

RESEARCH COMMU NICATIONS 

s ide, and is broken up  i nto carbon and 
oxygen ions. When water is broken up, it 
forms hydrogen and oxygen ions .  The 
same is true for any other gas enter ing 
the catalytic converter. None of the ions 
formed exit the converter as ions. They 
can only remain i n  the ionic form i n  the 
presence of the plati num catalyst. As they 
exit the converter and go out the tai lp ipe, 
all the negative ions combine again with 
whatever positive ion is handy, without 
rhyme or reason. This is how a free su lfur 
ion may combine with hydrogen instead 
of oxygen .  And this is how a nitrogen ion 
may combine  wi th an ion of hydrogen 
and an ion of carbon.  

The same reaction gets r id of some of 
the su lfur dioxide i n  the car exhaust by 
for m i n g  hydrogen su lfide, which i s  a 
lethal gas. The other reaction gets rid of 
some of the n itrogen dioxide by forming 
hydrogen cyan ide, a gas so lethal it has 
been used to execute cri m i na ls  i n  sev­
eral states. 

Another problem is that much of what 
en ters a converter passes through i t  
without  being  "converted" to  anythi ng 
e l se .  Th i s  is part ly  because noth i ng 
mankind has ever devi sed is 100 per­
cent  eff ic ient .  It is a l so beca use no 
chemical reaction can ever go to "com­
pletion ." (The probe that some inspector 
puts up your tai lp ipe is testimony to this, 
because he is not measur ing whether 
you are "pol lut i ng" the air or not. He is 
measuring only how much you are pol­
lut ing the air.) 

So what motorists are doing in  reality, 
and for the most part, is exchanging their 

relatively i nnocuous su lfur dioxide and 
n i trogen d i ox ide for two of the most 
dangerous gases known to man. Every­
one i s  now fam i l i ar w i th the "eggy 
smell" that the i r  car g ives off now and 
then .  That is  largely the smell  of hydro­
gen su lfide. Everyone has also smel led a 
"perfu my sme l l "  from a car's exhaust .  
That i s  not o n l y  cyan i de, but  a l so the 
s m e l l  of a n i l i nes,  n i t r i l es ,  and other 
compou nds where hydrocarbons com­
bine with n i trogen. 

A final component of automobi le pol­
l I ut ion m i ght inc lude hydrocarbons, or 
large molecu les of unburned gaso l ine. A 
good engi ne tune-up w i l l  reduce these 
to amou nts tol erab le  even to an envi­
ronmenta l i st. At  the same t ime,  if su lfur 
and n i trogen were to be e l im inated from 
the gaso l i ne at the refinery, this wou ld 
make catalytic converters total ly super­
fluous. 

I wonder why no one ever thought of 
that? 

Notes ---------------------------
1 .  The experiment described here was an attempt 

to adapt the Method of Cooperstine and 
Lazarow to prove that nitrogen dioxide and SUl­
fur dioxide are poisonous to some respiratory 
enzymes. As I was able to show, these sub­
stances, mixed with air, are no more deleterious 
to such enzymes that is pure air itself. 

In fairness to the original researchers, it 
should be pointed out that they used CN- ion, 
a known poison, in  their model. The cyanide 
was not bubbled through the enzyme solutions 
as a gas. I t  was added directly to the solutions, 
kil ling al l  enzyme activity almost instanta­
neously. In comparison, N02 and 802 are 
harmless. 

For this reason, the Method of Cooperstine 
and Lazarow is not adaptable to "prove" the fact 
of air pollution by N02 or 802. 
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THE G EOLOG IC TIME SCALE 
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absolute dates in millions of years before present.) 
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G lobal  coo l i ng has 
been under way for 

the past 50 m i l l ion years, 
s i nce the depos i t ion  of 
the palm-bearing Eocene 
(See Figure 1 . ), or Lower 
Tert iary Swauk  Forma­
t ion of eastern Washing­
ton ,  from which  I have 
co l l ected n ice pa leo­
bota n ica l  p a l m  l eaves 
and p laced them in the 
B u rke Museu m at the  
U n ivers i ty of  Wash i ng­
ton, i n  Seattle. 

S ince the Tertiary, the 
area which is  now east­
ern Washington has seen 
repeated g laciat ions i n  
the Quaternary o r  Pleis­
tocene, with the deposi­
tion of glacial deposits of 
a l l  types, such as sand,  
gravels, and glacial t i l l .  

Over the past 1 1 ,650 
years of  the  H o l ocene 
Interglacial (that is, s ince 
the last g laciation) ,  tem­
peratu res wor ldwide 

rose unt i l  the Holocene maximum (See 
F igure 2 . ) about 6,000 years ago and 
have been decl in i ng ever since-which 
is common knowledge in extensive geo­
logic l iterature. 

Many pa lyno logy (po l l e n )  s tud ies 
from the northern Puget Sound area to 
the East Coast,  carr ied out  by a la rge 
nu mber of researchers studyi ng  pollen 
in ice cores cover ing  the last  3 ,000 
years, have shown a cool ing trend in  the 
changing population of trees. For exam­
ple, western hemlock, wh ich thrives in a 
colder and wetter c l imate, has replaced 
douglas fi r i n  the Northern Puget Sound 
area, and h as replaced other tree types 
from there to Idaho, to Michigan, south 
of Lake Superior. 

Over the last 650 years, since the Me­
d ieval Warm Period, a borea l forest of 
spruce, colder loving p ines, and b i rch, 
has rep l aced the temperate forest of 
beech, maples, oaks, and wh ite p ine in 
Southern Ontario, as reported by Ian 
Campbe l l  and John McAndrews, of the 
Canadian Forest Service, in their  paper, 
"Forest Disequ i l ibrium Caused by Rapid 
Little Ice Age Cool ing."1 This is simi lar to 
the cool ing  at the end of the Eemian In-
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Evidence from pollen core samples 
shows that species of trees that thrive at 
lower average temperatures are currently 
moving farther south, just as happened in 
the time before the last Ice Age. In the 
last 650 years, there has also been a low­
ering of the tree line for douglas fir in the 
Cascade Mountains in Wash ington by 
1, 000 feet. 

terglacia l ,  1 1 5 ,000 years ago, where a 
boreal forest replaced a temperate forest, 
as described by G .  Woi l l ard in "Abrupt 
End of the Last I nterglacial  s.s. in North 
East France."2 

The last 6 5 0  years h ave a l so seen a 
lowering of the douglas firs' tree l i ne by 
1 ,000 feet in the Cascade Mountains of 
Washington state, as evidenced by the 
U .S .  Forest Service's thousands of test 
p lots. The i r  test p lots in the  Olympic  
Mountains have also showed a slowing 
of tree growth, wh ich  is  evidence of a 
strong increase i n  g loba l  cool i ng, 
throughout the 1 990s. 

We can see a strong g lobal  cool i ng 
s i nce mid-century, as reported by K . R .  
Briffa, P.O. Jones, e t  a l .  i n  "Infl uence of 
Volcanic Eruptions on Northern Hemi-
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Figure 2 
GLOBAL TEMPERATU RE VARIATIONS ON THREE TIME SCALES 

These are schematic diagrams of global temperature variations since the Pleis­
tocene on three time-scales: (a) the last million years, (b) the last 1 0, 000 years, 
and (c) the last 1 ,000 years. The horizontal dashed line represents conditions 
near the beginning of the 20th century. 

Source: IPCC (Intergovemmental Panel on Climate Change), 1990. Climate Change: The IPCC Assessment, 
Eds. J.T. Houghton, G.J. Jenkins, and J.J. Ephraums (Cambridge: Cambridge University Press) Figure 7.1. 

(a) 
6 !?... Q) Ol c III .c u 
� ;j T§ Q) a. E 
� 

800,000 

(b) 
6 !?... Q) Ol c III .c u 
� ;j T§ Q) a. E 
� 

10,000 

1000 AD. 

600,000 400,000 
Years before present 

Holocene maximum 

8,000 6,000 4,000 
Years before present 

Last ice age 

200,000 

2,000 

Little ice age 

1500 AD. 

Little 

1900AD. 

o 

sphere S u m mer Temperature Over the 
Past 600 Years,"3 The strongly dec l in ing 
summer  temperatu res showing  global  
coo l i n g  s i nce m id-century, as docu ­
mented in  that paper, seems to correlate 
with both decl in ing solar output to some 
degree, rising vu lcan ism, and rising pre­
cipitation at h igher latitudes. The North­
ern Tier U.S.  and Scandinavian weather 
station data, a lso confirms such a cool­
ing trend. 

It should be noted that the same P.O. 
Jones who co-authored that study, had 
been publ ish ing studies on "global, or an­
th ropogen ic  warm i ng," u s i n g  various 
fudge-factor l i near models.4 Apparently, 
these fudge-factor global warm i ng mod­
els, do not hold up very wel l ,  when com­
pared to real-world observational scien­
tific data trends (such as palynology, tree 
ring, and temperature observations from 
good stations), and when compared to 
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TEMPERATURE PATTERNS I N  SPOKANE, WASH. (1 890-1 997) 
Shown are the observed temperature declines of the U.S. Weather Service site 
in Spokane, Washington. At the current rate, the annual mean temperature 
will have fallen another 5. 7 ° F by 2007. Strong increases in precipitation are 
also observed. The neo-boreal conditions of a new Little Ice Age or major 
glaciation can be expected to prevail as a result of this natural trend. 

July monthly mean temperature CF) 
1890 68.3°F 1936 72.8°F 1992 67.8°F 
1891 69.8 1937 72.4 1993 60.2 
1892 66.0 1938 75.0 1994 73.0 
1893 67.3 1939 72.4 1995 67.9 
1894 70.0 1940 72.8 1996 70.0 
1895 67.4 1941 73.8 1997 67.6 
Mean 63.1°F Mean 73.2°F Mean 67.7°F 

\... .) '-.  .) 
+S.O°F -SSF 

January monthly mean temperature (OF) 
1890 17.9°F 1936 
1891 38.9 1937 
1892 26.2 1938 
1893 23.7 1939 
1894 26.5 1940 
1895 27.7 1941 
Mean 26.8°F Mean 

'-. 
+2.1°F 

Annual mean temperature (OF): 

1890 47.3°F 1936 
1891 49.0 1937 
1892 48.3 1938 
1893 45.7 1939 
1894 48.2 1940 
1895 48.0 1941 
Mean 47.8°F Mean 

'-. 

the growth of high latitude glaciers and 
the southern deflection of plant hard iness 
zones, on which I reported in 27st Cen­
tury Science and Technology in Wi nter 
1997/1998.5 

Any real world model that ignores nat­
u ral cycles, w i l l  be made obsolete. A l l  
natural cycles show dec l i n ing tempera­
ture trends and rising precipitation since 
mid-century, and for the models to be ac­
cu rate these facts must be accommo­
dated. 

Dr. Theodor Landscheidt had forecast 
the strong temperature decl ine in his pa­
per, "Long-Range Forecasts of Solar Cy­
c les and C l i mate Change,"  which is  
Chapter 25 of  Climate, History, Periodic­
ity and Predictability.6 I n  Chapter 2 6  of 
the same book, Fai rbridge and Sanders 
have forecast on the basis of the 1 80-year 
solar retrograde cycle alone, that the next 

31.6°F 1992 23.3°F 
9.9 1993 8.2 

31.5 1994 0.6 
34.6 1995 10.4 
30.0 1996 2.0 
32.0 1997 28.3 
28.3°F Mean 12.1°F 
..J'-. .) 

-16.1°F 

49.0°F 1992 43.0°F 
48.0 1993 40.1 
50.8 1994 41.5 
50.7 1995 41.0 
51.5 1996 38.7 
50.5 1997 48.0 
SO.1°F Mean 42.1°F 
.) '-.  .) 

century wi l l  be colder, since every other 
century has been colder, and on that ba­
sis a lone, the trends in colder data are 
headed in that d i rect ion,  so they w i l l  
probably turn out to be correct. 

Natural Global Cooling 
Any anthropogenic warming by man­

made greenhouse gases i s  be ing q u i te 
strongly overridden by the natural forc­
ing cycles thus far, and there is no evi­
dence of any anthropogen ic warming !  
The carbon d ioxide from i nd ustr ia l  
sou rces seems to be go i n g  i nto the 
oceans and the biosphere, giving a less 
than expected rise. Global cool ing from 
natural  causes is overr id ing man-made 
emiss ions and emissions from vu lcan­
ism, such as natural carbon d ioxide pro­
duction.  We cou ld have global warming 
in about 1 00,000 years, at the end of the 
next major glac iation, wh ich we seem 
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to be trending i nto, in these neo-boreal 
times. 

My compi lation of J u ly temperatures 
(with rising precipitation) s ince m id-cen­
tury shows that, not only has the tempera­
ture rise from the last century across the 
Northern Tier been e l i m i n ated, but  so 
a l so has the temperatu re r ise from the 
Pleistocene to the Holocene been e l imi­
nated. 

I n  the i r  paper " Late and Postg l acial 
C l imactic Changes in the Northern Mid­
west, USA: Quantitative Est i m ates De­
rived from Fossi l  Pol len Spectra by Mu lti­
variate Statistical Analysis,"? Thompson 
Webb I I I  and Reid B ryson show a rise of 
Ju ly  temperatures from transfer function 
studies in Wisconsin and Minnesota from 
the Pleistocene to the Holocene of 3 .3°C, 
with a trip l ing of precipitation for Ju ly. 

B ismarck, North Dakota, has July tem­
peratures decreas i n g  by 4 . 8°C, with a 
doubl ing of precipitation; also, the tem­
perature of Kalispe l l ,  Mont., dropped by 
3 .36°C, with a doubling of precipitation. 
Bryson and Webb showed a rise from the 
Pleistocene to 1 95 0  of 4 .4°, which has 
al  ready been more than reversed by the 
B ismarck decl ine.  

We can say that we are now back to 
the neo-boreal conditions of the last cen­
tu ry, which gave us a L ittle I ce Age, or 
even that such a L i tt le Ice Age was, and 
is, the beginning of the next major glacia­
tion in the terminal Holocene. 

Jack Sa uers is a geologist based in 
Seattle . 
Notes -------------
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est Disequilibrium Caused by Rapid Little Ice 
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(June 6), pp. 450-455. 

4. For a discussion of the axiomatic flaws imbedded 
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NEWS BRIEFS 

NASA SCI ENTISTS DISCOVER N EW TOOL TO PREDICT SOLAR STORMS 
A team of scientists led by Dr.  R ichard Canfield announced at a NASA briefing. 

March 9 that they have determined a way to predict, with fa i r  accuracy, when a 
coronal mass ejection (CME) wi l l  occur on the Sun. CMEs spew out a b i l l ion tons of 
solar plasma and its attendant magnet ic fie ld .  If the plasma from a CME h its the 
Earth's magnetosphere, geomagnetic storms occur and can disrupt satel l ites i n  near­
Earth orbits, and cause power surges and fai lu res in electricity grid systems. 

After studying 50 X-ray images per day for the years 1993 and 1 997, the scientists 
concluded that sunspots that develop an "S"-shaped structure, seen near solar maxi­
mum-the phase we are now entering-are most l i kely to erupt into CMEs. The X-ray 
images were transmitted by the Japanese Yohkoh sate l l ite, and were used to create 
movies that show the development and discharge from the sunspot region. Canfield 
and his associates reported that if sunspots are monitored for these S-shaped struc­
tures, space weather forecasters may be able to provide a four-day warn ing for geo­
magnetic storms. By the time the CME is observed, only a few hours' warn ing time is 
possible. 

NEW STUDY SHOWS THAT PCBs DO NOT I NCREASE RISK OF CANCER 
People exposed to h igher-than-natural levels of polych lorinated biphenyls (PCBs) 

do not have an i ncreased r isk of cancer, accord ing to a study by Dr. Renate Kim­
brough, of the Institute for Evaluating Health R isks. PCBs were widely used by indus­
try because of the i r  insu lat ing and flame-resistant properties. Kimbrough ana lyzed 
7,000 people who worked at General  E lectric p lants in New York from 1 946 to 
1977, and who were exposed to PCBs in the manufacture of electrical insu lation and 
electrical capacitors. The study results showed that these workers had a lower rate of 
death from cancer than the rate in the general popu lation. "Even long-term human 
exposure to PCBs at h igher levels than are found i n  the environment is not related to 
an increase in deaths from cancer or any other d isease," Kimbrough said . 

Working at the Centers for Disease Control, Kimbrough had publ ished a study in  
1 975, that showed an increase i n  l iver tumors i n  laboratory rats given an extremely 
h igh dose of PCBs in their diet. This fueled environmental ist scare stories about PCBs, 
which led to thei r ban by the E PA in 1 979.  The Environmental Protection Agency 
(EPA) estimated that by 1985,  almost $1 b i l l ion had been spent to remove and d is­
pose of PCBs in the U n ited States. The E PA is trying to downplay Kimbrough's new 
study and is currently in a battle with General E lectric over the presence of PCBs in 
the sediment bed of the Hudson River. 

KYRGYZSTAN PRESIDENT: 'THE GREAT SILK ROAD' IS OUR FOREIGN POLICY 
Askar Akayev, President of the the Kyrgyz Republ ic, announced in the March 1 0  

issue of the Russian dai ly Nezavisimaya cazeta that his country's foreign policy doc­
trine was to pursue the diplomacy of the G reat S i lk  Route. 

In a front-page article, Akayev wrote: "The G reat S i lk  Route has a history of several 
thousand years, during which, in ancient times, it provided the trade and economic, 
cultural and human itarian, and pol itical and d iplomatic l inks between East and West 
and, to a certain extent, North and South . . . .  For th is long period of time, the Great 
S i lk Route was the bridge between countries and civi l izations . . . . Trade was carried 
out on it, which catalyzed the development of crafts .  Trave l lers and researchers 
made a huge contribution to the development of science, as they studied the coun­
tries and peoples, i nhabiting the lands along the enti re Route . . . .  

The S-shaped region seen in this X-ray 
image of the Sun, erupted into a coronal 
mass ejection. 

Laurence Hecht 

Askar Akayev: "The idea of a rebirth of 
the Great Silk Route has broad interna­
tional support. " Here, the President of 
the Kyrgyz Republic at a National Acad­
emy of Sciences meeting in 7993, hon­
oring Andrei Sakharov. 
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American Superconductor 

An engineer checks the monitoring 
equipment inside a trailer housing the 
superconducting electromagnetic elec­
tricity storage system. The helium cryo­
stat containing the superconductor coils 
is in the background. 

Sam Whitney speaking out for food irra­
diation in 199 1 .  

"The Great S i lk Route was of incalcu lable i mportance for establ ishing and main­
tain ing diplomatic relations between the centers of political l ife, the major nations of 
Eu rope and Asia . . . . On the eve of the new, third mi l lennium, the idea of a rebi rth of 
the Great S i lk Route has broad international support . . . .  The sustained and dynamic 
development of pol itical and economic re lations today is i nconceivabl e  without 
friendship, partnership, trust, and mutual ly beneficial relations, among all the nations 
of the Si lk Route region." 

FI RST SUPERCONDUCTING ELECTRICITY STORAGE SYSTEM SH IPPED 
An important large-scale appl ication of superconductivity is now a commercial 

product, American Superconductor announced in March. The company shipped its 
fi rst industrial Magnetic Energy Storage system to the STEWEAG electric ut i l ity in 
Austria. E lectric ity, in general ,  cannot be stored, and has to be conti nuously pro­
duced for i nstantaneous use. When there are even sl ight interruptions to the flow of 
power, or a drop in the voltage, industrial faci l ities can come to a standstill, as their 
electrical equipment shuts down into a safe mode, to protect from surges. For the alu­
minum foundry in Gleisdorf, Austria, served by the STEWEAG util ity, this problem is 
severe during the spring, when storms produce much l ightning. 

The superconducting electromagnetic electricity storage system wil l  be housed in 
a portable trailer at the foundry, and wi l l  sense any voltage reduction i n  the plant's 
delivered power, usual ly lasting only two seconds. When a momentary disturbance 
is sensed, supplemental power wi l l  be provided, preventing a plant shutdown. The 
magnet, made of low-temperature superconducting wire, wi l l  be powered up, and 
wi l l  remain so indefinitely without degradation, unt i l  the power is needed. Conven­
tional copper wire wou ld d issipate the energy, produc ing waste heat, and wou ld 
have to be continuously -and uneconomical ly-repowered. 

GERMAN COURT RULES FOR FARMERS, AGAI NST GREEN WETLAND PLAN 
The Lower Saxony State Court in LUneburg, Germany, ruled Feb. 22 against an en­

vironmental ist project to establish a wetlands nature park along the Elbe River basin, 
and in favor of the plaintiffs, a farmer and his wife. The farmers charged that the na­
ture park project would el iminate 40 percent of their land, and thereby threaten their 
basis for existence. Nature parks cannot be establ ished in regions which for centuries 
have been cu ltivated by human beings, and which for as long a period have been the 
basis for economic and social l i fe in a region, the court said. This particular wetlands 
park project had been pushed through several years ago by Greenpeace and other 
Green organizations and the state's then Environment Min ister, Mon ika G riefahn, a 
former Greenpeace leader. 

SAM WHITNEY, FOUNDER OF FOOD I RRADIATION PLANT, DIES 
Businessman Sam Whitney, who organ ized and headed the Vindicator of Florida 

food irradiation plant near Tampa, died of lung cancer Sept. 22, 1998, at age 75. Sam 
got involved in building the irrad iation plant after the Environmental Protection Agency 
decided to ban the chemical ethylene dibromide (EDB) as a postharvest fumigant in 
1985. He piloted the plant through the long technical approvals process, and became 
an outspoken advocate for the technology, often brandishing his humor as a weapon in 
a fight he was determined to win against anti-nuclear misinformation and fear. 

As Sam put it in a 1991 interview with 2 1  st Century: "I 've been a fighter al l  my life. 
I was born in a coal min ing commun ity near Paducah, Kentucky. I went into the ser­
vice, then I got a job i n  Nevada, and my company transferred me [to F lorida] i n  
1955.  And in 1959, I went i nto business for myself. My dad was an  unemployed coal 
miner, so al l  I've known is fighting . . . .  We fought to eat. . . .  I have 14 grandchi ldren, 
and I don't want them to have what I've had . . . .  I've had salmonella poison ing at 
least three or four times . . . .  " 
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Sam's voice was grave l ly, and h is  tone often gruff, but he was a golden sou l-a 
combination of vis ion,  compass ion,  and fighti ng spir i t  that represents the best of 
America. He d id not back down on food i rrad iat ion, although it was tough going 
against a wel l-funded, unscrupu lous opposition. For this, we owe him a great debt of 
gratitude. We wi l l  miss h im .  

SOUTH AFRICA PLANS TO PRODUCE 30 HTR MODULES PER YEAR 
The South African power suppl ier Escom, the fourth largest in the world, wi l l  bui ld 

a high-temperature gas-cooled reactor (HTR) of the German pebble-bed type near its 
Koeberg nuclear  power plant, which is close to Cape Town.  The German daily Die 
Welt headl ined its Jan. 20 article reporting the news, "Stopped i n  Germany, Now Be­
ing Bu i lt in South Africa," and pointedly noted the i nherent safety features of the HTR 
reactor, whose development was shut down in Germany 1 0  years ago, under anti-nu­
clear pressure. Once the first plant is in operation, Die Welt reports, the country plans 
to produce 30 HTR modu lar reactors a year, each 1 1 4 MWe, of which 20 will be ex­
ported. 

TAIWAN APPROVES FOURTH N UClEAR POWER STATION COMPLEX 
Not yielding to anti-nuclear protests that sparked riots outside parliament in 1 996, 

the Atomic Energy Counci l  of Taiwan approved the construction of the fourth set of 
nuclear power plants on the island i n  mid-March. The Counci l  studied the issue for 
1 7  months, and had more than 1 00 experts assess the safety of the plant design, 
amassing 9,000 pages of documentation. I t  conc luded that the design "adequately 
ensured public health and safety." The two reactors wi l l  be suppl ied by General Elec­
tric Company, under a $1 .8 b i l l ion contract. The total cost of the project is $4.8 bi l­
l ion. The reactors wil l  be bu i lt in Taipei County on the Pacific coast. The first unit  is 
planned to be on l i ne in 2004 and the second, a year later. Taiwan has six other re­
actors, accounting for 24.8 percent of the island's electricity. 

NEW FUSION EXPERIMENT BEGINS OPERATION AT PRI NCETON LAB 
Secretary of Energy B i l l  R ichardson cut the ribbon Feb. 26, marking the beginn ing 

of operations on the N ational Spherical Torus Experiment (NSTX) at the Princeton 
Plasma Physics Laboratory ( PPPL) i n  New Jersey. U n l ike conventional tokamak fu­
sion experiments, which produce a plasma in the shape of a donut, the NSTX pro­
duces a spherical plasma with a hole through its center-a spherical torus. Scientists 
expect this configuration to have several advantages, i ncluding the abil ity to confine 
a plasma at a higher pressure, for a given magnetic field. The new device will bui ld 
on the results from the Tokamak Fusion Test Reactor (TFTR), which was shut down 
last year, mainly because of a lack of funds. TFTR had attained a record 5 1 0  mi l l ion 
degree temperature plasma, and 1 0.7 m i l l ion watts of fusion energy. The NSTX was 
designed and constructed jo intly by PPPL, Oak Ridge National Laboratory, Columbia 
Un iversity, and the U n iversity of Washington in Seattle. Fou rteen laboratories and 
un iversities wi l l  participate in the research program. 

DOE FILM ON N UClEAR POWER AIMED AT 6TH THROUGH 8TH GRADERS 
Splitting Atoms-An Electrifying Experience is an 1 1 -minute video produced by 

the u .s. Department of Energy that explains the importance of nuclear power in gen­
erating electricity and some basics of how electric i ty and power plants work. The 
video is narrated by three l ively young teenagers, and, aside from some unpleasant 
background music, is a brief but competent treatment of the subject. Designed as a 
companion to a 1 986 publ ication for students, The Harnessed Atom, the video won 
the International Television Association's Bronze Reel Award for video and fi lm ex­
cel lence last year. Copies can be obtained from the DOE Office of Nuclear Energy's 
public information office at (301 )  903-1 632.  

Escom's pebble bed modular nuclear re­
actor design 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 Harnessed Atom is the DOE's work­
book on n uclear energy for middle 
school teachers. 
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VIEWPOINT 
Let's Simpl ify the Concept of Radiation 'Risk' 

Ecologica l  fu ndamenta l i s m  has 
reached the height of ridiculousness 

with its regu lations on very low doses 
of radiation and zero discharge. 

Inte l l igent people have worked out 
the principle of ALARA, which stands 
for "as low as reasonably achievable," 
concerning radiation discharges, but it 
would be a mistake to leave its applica­
tion to just anybody. The "R" in ALARA 
has proved to be a loophole into which 
have jumped fanatical extremists whose 
reasoning remains, del iberately or not, 
very prim itive. 

Everyone knows that in the field of 
measurement, a zero value makes no 
sense, yet a h igh and noble a u ra re­
mains attached to the quest for such ab­
sol ute pu rity. In any case, the conclu­
s ion reached for  any amount of  
radiation emission is "gui lty." I t  is diffi­
cult to reassure even honest people, and 
to convince them that very low expo­
sures are not dangerous below a given 
threshold. We shal l restrict ou rselves 
here to deal ing with the case of expo­
sures to ionizing radiations, but we must 
real ize that the problems are, or wi l l  be, 
the same for most of the other hazards 
to which ind ividuals are exposed. 

How is the situation described at pre­
sent? 

The no-threshold l i near law is now in  
effect. Th i s  assumes that a detrimental 
effect observed at a high radiation dose, 
has a probabil ity of occurring at a lower 
dose. F u rthermore, it is assumed that 
th i s  detr imental  effect decreases l i n ­
early with the dose, and tends toward 
zero when the dose also tends toward 
zero. The result  is that any dose of ion­
iz ing  rad iat ion,  however m i n ima l ,  is 
not considered devoid of risk, and that 
when a large number of i ndividuals is 
exposed, it is l ikely that a certain  num­
ber of cancers may occur, even if the 
probabi l ity of this i s  extremely low at 
an individual leve l .  

These cancers are  hypothetical but, 
of course, this qual ifier is  rapidly forgot­
ten. Epidemiological studies wi l l  never 
be able to prove that these cancers do, 
or do not, exist, owing to their low hy­
pothetical probabi l ity. 

by Jacques Pradel 
How can the ent i re pop u l at ion  be 

convinced to accept th is  hypothetical 
"hazard"? 

We must admit that such a presenta­
t ion of the situation makes its accep­
tance excessively d ifficult .  I ndeed, be­
ing responsible for even one add itional 
cancer out of a m i l l ion i n habitants­
even if 20 percent of these cancers wi l l  
occur  without any rad iation exposure 
occurring-is very d ifficu lt  for a non­
special ist to accept. However, for ioniz­
ing radiations, as for many other materi­
als with a potential i mpact on health, 
specia l  ists have natural references at 
their disposal, enabl ing them to reassure 
the popu lation at large, without going 
into complex considerations based on 
statistical data and more or less under­
standable health-related hypotheses. 

The nuclear lobby, which has the re­
sponsibi l ity for explain i ng rad iation to 
the publ ic, may be so u n d u l y  i nfl u ­
enced b y  the fi nancial manna and the 
media coverage potential related to the 
expla in ing the potential risks result ing 
from nuc lear  act iv it ies,  and rel ated 
fears, that this group is prevented from 
thinking about explaining risk in an un­
derstandable way. 

A Change in language 
My recommendation is that all those 

participating in this lobby should 
change their language and use other 
risk assessment units. To communicate 
successfu l ly, s imple or even s impl istic 
explanations must be given, even if this 
may shock some special ists at times. In 
an excel lent  art ic le  pub l i shed in the 
March-Apr i l  1998 issue of the Revue 
Generale Nucleaire, Swedish scientist 
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Gunnar Walinder shows how, thanks to 
j ud ic i o u s  examp les based o n  s i mple 
comparisons, the exaggerated nuclear 
fears can be min imized. 

I propose the use of two reference 
examples of simple units of assessment 
of the effect of low-dose radiation. 

The first uses the variation of the dose 
caused by cosmic rad iation, according 
to elevation, and adopts for a dose in­
tensity un it, the additional altitude me­
ter. Thus, the rad iat ion measure of 1 
m icrosievert per year is replaced by 4 
addit ional alt itude meters-with each 
a l t i tude meter be ing  defi n ed as the 
equ ivalent in height of two floors of a 
bui lding. 

This g ives us  a va luab le  reference 
with which to assess those stud ies car­
ried out by masterminds who sit com­
fortably in  their armchairs contemplat­
ing the globe, and who conclude that a 
population of some hundred mi l l ion in­
habitants w i l l  be exposed on an aver­
age to some 10-9 Sv/year from the 
radon emi tted by the res idues of the 
processing of u ran ium ore for the next 
10,000 years . F u rther, on th i s  basis, 
these pundits foresee some hundreds of 
supp lementary cancers added to the 
tens of mi l l ions normal ly  expected. 

It seems to me m u c h  more u nder­
standable  and acceptab le  to present 
the case as fol lows : The dose received 
by th i s  pop u l at ion  (as a resu lt of the 
residues from uran ium ore processing) 
corresponds approximately to what the 
popu lation wou ld receive if the eleva­
tion of its homes were to rise by about 
1 centimeter (the equ ivalent of 2 to 3 
1 0-3mv/year) . Th is  type of argument 
has, moreover, been used in other, 
more extreme cases (such as carbon-
14), in which the rise in equivalent alti­
tude was of a tenth of a thousandth of a 
m i l l imeter. 

jacques Pradel is the former president 
of the French Society for Radiation Pro­
tection, and former official in radiation 
protection at the French Atomic Energy 
Commission. This viewpoint originally 
appeared in a review of the French Nu­
clear Society. 
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If we base the radiation dose unit on the dose received from the radon concentration in 
our dwellings over one year, then the average dose received from uranium processing 

would be the equivalent of a stay in our dwellings of 30 seconds per year. Consequently, 
breathing out the window 30 seconds longer a year cancels out this effect. 

The second reference po i n t  I pro­
pose is provided by the radon concen­
trations in  our dwel l ings. The dose unit  
used is the unit of time during which 
we stay in these dwellings. We can 
take as  a basis for this, the  average con­
centration of 50  bequerels/cubic me­
ter, w h i c h  i nvolves a n  exposu re of 
about 1 m i l l isievert per year. (Note that 
the I nternational Committee on Radia­
t ion Protect ion  recommends act i o n  
only for concentrations that are fou r  to 
eight t imes h igher than th is . )  A year's 
stay in our dwe l l i ngs thus  becomes a 
dose unit. 

In the uranium ore example, the av­
erage i ndiv idual  doses of about 1 0-9 
Sv/year correspond to a stay i n  o u r  
dwel l i ngs o f  1 0-6 years, or  about 3 0  
seconds per year.  Consequen tly, 
breathing out of the window 3 0  sec­
onds longer once every year, cancels 
out the effect under study. 

These two s imple  u n its, addit ional  
meter i n  a lt itude, and second of stay 
i n  our  dwe l l i n gs,  u sed w ise ly, may 
make i t  u nderstood t h at ,  in  some 
cases, t h e  " R" of ALARA m e a n s  
ridiculously, i n stead o f  reasonably­
wh ich i s  bad fo r t h e  correct u se of 
t h i s  pri n c i p l e  and works aga i n st its 
purpose. 

We may also recal l  the un it a l ready 
mentioned elsewhere (Industry and En­
vironment, No. 1 90, June 1 8, 1 998, p. 
4) concerning surface contaminations: 
namely, the number of square meters a 
person can l ick every year without ex­
ceeding the l im it of 1 m i l l is ievert of ra­
d iation per year. (The l im it of 4 bec­
q uere l s  per square cent i meter 
mentioned for transport casks thus be­
comes several l ickable square meters 
every year.) 

As for zero d ischarge, which also re­
l ies on  cons iderat ions relat ive to the 
very low doses concerning large popu­
lat ions, it is not at a l l  reasonable. We 
s h a l l  on Iy advise its advocates to be 
very carefu l as they expose themselves 
to an epidemic of fecalomas and other 
b lockage by carry ing  out  a personal  
zero-d ischarge pol icy. 

Answers to 'The Real Gore' 
From Letters, page 4 

(1 ) Gore 
(2) Unabomber 
(3) Gore 
(4) Gore 
(5) U nabomber. 
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NUCLEAR REPORT 

German Government Retreats from 
Plans to Shut Down N uclear Energy 
by Rainer Apel 

Christopher LewisJEIRNS 

In a stunning turnaround, German Environmental Affairs Minister )ijrgen Trittin, a radical Green Party spokesman, announced 
Feb. 22 that his draft for a new nuclear technology bill no longer contained the original proposal to ban all nuclear reprocessing 
in January 2000. Nuclear power now supplies 34 percent of Germany's electricity. Here, the Neckar Westheim nuclear plant. 

On Jan.  25 ,  1 999, German Chancel­
lor Gerhard Schroder annou nced 

that his government had dropped plans 
for immediate implementation of its pol­
icy to e l iminate the use of nuclear tech­
nology. This was a major retreat for the 
new coalition government of the Social 
Democratic Union (SPD) and the radical 
environmental ist Green Party, which had 
been e l ected i n  September 1 998  on a 
strong anti-nuclear platform, inc lud ing a 
ban on the reprocessing of spent nuclear 
fuel by January 2000. 

Schroder's announcement was elabo­
rated the next day, at a meet ing of the 
nuc lear power roundtable of industry, 
labor, and government representatives in 
Bon n :  There wi l l  be no target date for a 
general ban on nuclear energy use. i n ­
stead, i ndividual timetables for the shut­
down of each of the 19 nuclear p lants, 
which now provide 34 percent of Ger­
many's electrical power, wi l l  be negoti­
ated in tri partite ( i ndustry, labor, and 
government) work ing groups assigned 
for each of the plants. 
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Under th is plan, industry wi l l  be given 
severa l years to come up with a lterna­
tives (1 ) to the reprocessing and transport 
by ra i l  of nuclear waste, and (2) to the 
rei iance on  n uc lear  energy altogether. 
Detai ls  of how this wou ld work, w i l l  be 
defined at another tripartite rou ndtable 
session in mid-March. 

This compromise is a severe setback 
to the rad ica l  c u rrents of the " Red­
G reen" government and to the environ­
menta l ist movement, which ins i st that 
the withdrawal from nuclear technology 
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begin on Jan. 1 ,  2000. The Green Party, 
the Socia l  Democrat i c  Party's govern­
ment coal i t ion partner, has protested, 
but so far it  has chosen to swa l low the 
concession. Most spectacu lar, Environ­
mental Affai rs Min i ster J u rgen Tritt in,  a 
G reen Party front-man for the anti-nu­
c lear rad icals, declared Feb. 22  that h i s  
d raft for a new n uclear techno logy b i  I I  
no longer conta i ned the or ig i n a l  p ro­
posal to ban a l l  nuclear reprocessi ng as  
of  January 2000. 

This retreat on the part of the German 
government and, particu larly, of Tritt in, 
was brought about by a combination of 
strong res istance from l abor, w h i c h  
threatened ut i l ity strikes, a n d  from sev­
eral state governments and the nuclear 
i ndustry, which threatened legal action 
against the federal government. 

Also, i ron ica l ly,  the B r i t i sh  govern­
ment, whose Labo u r  majority has a 
green agenda, was one of the lead i n g  
catalysts of the Jan. 2 5  decision b y  Chan­
cel lor Schroder to invoke his "Chancel­
lor's guide l i ne pr iv i lege" and overru le  
h is coalition partner. 

The British Hard Line 
On Jan 20, J u rgen Tritt i n  travel led to 

London to d iscuss German p lans for an 
end to nuclear reprocessing with B ritish 
Trade and I n d u stry Sec retary Stephen 
Byers. Byers to ld  Tritt i n  p la i n l y  that, i f  
the German govern ment  stu ck to i ts 
plans, which would i nvalidate long-term 
contracts i nto the year 2 0 1 4, it wou ld  
affect c lose to  4 b i l l ion deutschemarks 
( rough ly  $ 2 . 5  b i l l i on )  of b u s i n ess 
pro m ised u nder  these contracts to 
Brita in's Sel l afield reprocessing fac i l ity. 
The Brit ish v iew, Byers said,  is that " i t  
would be  wrong for the company to  suf­
fer from a change in German pol icy over 
which they have no control.  But  i a lso 
stressed that the costs of that dec is ion 
shou l d  not be borne by B N F L  [ B r it ish 
Nuclear Fuels, Ltd . ] ,  which had entered 
i nto lega l l y  b i nd i ng contracts in good 
faith." 

Byers said, " I  made it c lear that if the 
650 tons of German spent fuel in store at 
Sel lafield were not to be reprocessed, 
then it would have to be returned to Ger­
many. The U . K. wi l l  not act as a storage 
depot for nuclear materiaL" When Trittin 
argued that a change of government and, 
thereby, of n uc lear pol icy in Germany, 
in  his view, was a force majeure that in­
validated a l l  s igned contracts, Byers shot 
back, "The German government is  not 
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God; therefore, there is no force majeure 
i nvolved here." 

The hard.-l i ne approach of the Brit ish 
seemed to have made an impact on Trit­
t in ,  who had had a much more sympa­
thet i c  response from h i s  French col­
leag u e, E n v i ronmental M i n ister 
Domi n ique Voynet, a few days earl ier .  
When back in Germany, Tr itt i n  an­
nou nced that he was confident that his 
v i ew wou ld preva i l  over that of the 
B ritish s ide.  However, i n  the meantime, 
the French government a l so woke u p, 
declaring on Jan.  2 1  that it wou ld insist 
on fu I I  monetary compensation for its 
own reprocessing contracts with G er­
many, i nvo lv ing c lose to 9 b i l l ion  
deutschemarks. 

The London affa i r  demonstrated to 
German i ndustry that the hard-I i ne ap­
proach against Tritt in and his supporters 
works. Managers i n  the n uclear sector 
then began to put pressure on Chancel­
lor S c h roder, whom severa l of them 
know personal ly .  In  memos and meet­
ings between Jan. 21 and 25, nuclear in­
dustry managers made clear to Schroder 
that he wou Id face legal act ion and 
c la ims for  compensation and penalties 
for breaking treaties, in the range of sev­
eral b i l l ion  deutschemarks. I t  also be­
came known in  Bonn that an internal re­
v i ew on the issue at the M i n istry of 
J u st ice had come to a s i m i l a r  con c l u ­
s ion ,  u rg i n g  t h e  government t o  act 
strictly by the law, in  order to avoid such 
compensation payments. 

A French Nuclear 'Welcome' 
The G erman n u c lear workers, who 

are organ ized i n  the publ ic sector un ion 
O ETV, were remora l ized, less by the 
B ritish "no" to Trittin, than by the treat­
ment that Daniel  Cohn-Bend it, a lead­
ing German Green, got in France, when 
he visited the nuclear reprocessing plant 
at La H ague on Jan .  1 9 . Cohn-Bend it, 
w h o  heads the s l ate of the F rench  
G reens for the June 1 3  elections for the 
E u ropean Par l i ament, ran i nto deep 
trouble when he tried to enter the site: 
Several  h u n d red en raged French n u ­
clear workers blocked his way and told 
h i m  to get l ost, because he and h i s  
G reen co-th inkers were about to e l im i ­
nate t h e i r  jobs at  La Hague.  Cohn­
Bendit was pelted with eggs and had to 
be escorted onto the site by French riot 
pol ice. I n  the evening, Cohn-Bend it was 
forced to cal l  off a publ ic  meeting with 
G reen i es i n  nea rby Cherbou rg, when 
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German Chancellor Gerhardt Schroder's 
"Red-Green" alliance is shaky, as union­
ists challenge its anti-industrial agenda. 

u t i l i ty workers th reatened to tu rn  the 
power off in the b u i l d i ng w here the 
meeting was to be held . 

The affair  was widely covered by Ger­
man media, and caused German work­
ers to reflect on their G reen problem as 
wel l .  In a discussion with this author on 
Jan.  20, Rainer Ducker, chairman of the 
factory cou nc i l  at Preussen-E lektra, one 
of G ermany's  lead i ng n u c lear  power 
producers, sa id  that he w i shed "that 
some of that French spi rit wou ld also be 
shown here,  in o u r  cou ntry," and that 
German workers wou ld become more 
active against the G reens. 

D ucker  sa id  that n u c lear  workers 
would refrain  from publ ic actions before 
the scheduled Jan. 26 roundtable talks i n  
Bonn ,  i n  order t o  g i v e  Chance l lo r  
Schroder a n d  the Soc i a l  Democrats a 
last chance to push back Green demands 
for an instant withdrawal from nuc lear  
techno logy. B ut, shou ld the SPD make 
the exit from nuclear technology official 
government pol i cy, he said, Chancel lor 
Schroder wou ld run i nto a big confl ict 
with labor. The n uclear sector workers 
(there are 40,000 of them) wou ld make 
the government feel what they th i n k  of 
this policy, Ducker said. 

Asked whether they would go as far as 
the m iners did i n  early 1 997, when they 
marched on the Bonn governmental dis­
trict, Ducker said that the power sector 
workers have "other, far more effective 
means . . . .  Just imagine, for example, 
an important soccer match, with a l l  the 
broad attention that that has in the popu­
lation, and immediately after the match 
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is opened, the power to the stad i u m  is 
tu rned off and stays turned off fo r the 
next 90 minutes. This will make clear to 
everybody what it wou ld be l i ke, if an 
important sector of our power supply is 
taken off the net-as the G reens want to 
do, and would do, with their pol icy." 

DOcker and other l abor u n ion mem­
bers, i nterviewed by th is  author, have 
h i n ted that  se lective powe r o u tages 
m i ght  a l s o  be used aga i n st other tar­
gets, s imi lar to what was done in  Cher­
bou rg, w h i c h  r u i ned Co h n - B e n d  it's 
p lan ned panel aga inst nu clear power, 
on Jan. 1 9 . 

Bayenkurier 

Green terror: Masked ecoterrorists attack a German nuclear plant in 7986, in tactics 
reminiscent of how the Nazis came to power in the 79205 and 79305. While many 
chose to remain silent at that time, the LaRouche political movement in Germany 
waged a vigorous pro-nuclear, anti-terrorist electoral campaign. 

Energy Dependency and Blackmail 
German labor leaders view the French 

labor protests against the G reens, as jus­
tified. "We have a new generation of nu­
clear power plants, the EPR [ E n hanced 
Pressurized Water Reactor] , wh ich  is a 
joint Franco-German project, and if we 
say no to nuclear technology, that means 
the end for the German share in t h at 
promisi ng, futu re-oriented technology," 
DOcker said. 

1 6  

The retreat of the German G reens 
from some of their envi'ronmental­

ist programs is  a measure of the pres­
s u res oh the ru l i ng " Red-G reen" a l ­
l iance. 

The most forcefu l f lank aga inst the 
G reens recently has been coming from 
the l abor u n ions .  More and more 

• workers are getting enrage�}af the f�kt 
that, while the economic depression is 
a l ready k i l l i ng several hundred tho'u­
sand new jobs every year," the G reens 
and their ecology projects are about to 
k i l l  several hundred thousancf more in-

' dustrial jobs. An�, what i$ very impor­
tant for Germa�y, workers are begin­
n ing to take to the streets. 

O n  Feb.  4, about 4,000 n uclear  
power workers and other  u n i o n i sts 
took to the streets of Stade, protesting 
Envi ronmental Affa i rs Min ister JOrgen 
Tritt in's anti-nuclear pol icy. On Feb. 
1 9, more than 250 l eaders of factory 
labor cou nci ls  from the p6wer sector 
and s u p p l y  i nci' u?tries,  corvened i n  

. M u n ich for a national  tonference" i n  
defense of nuclear technology. 

On March 9, a larger national rally of 

the workers in support of nuclear power protest ecol ogist sabotage of i nvest-
is scheduled' in Bonn. The fact tli jiments i er. regulatiqn projects. 
government cal led off a national r - '.,.'> Schr  tol d. F I asba rth ' that he 
table meeting in Bonn, planned � . 'cou ld  ndt1attend the ceremony, at  a 
same day, is tel l i ng:  The "Red-Green" . t ime wh�9. workers had justifiably ex-' 
government of Chancel lor GerHard' pn:lssed 1::tncern about the'futu re of 
Schroder (Social Democrat) is sti l l  com- the i r  job� . Attend ing  the ceremony, 
mitted to abandon . nuclear techn ,10 y, w()u ld be�misread as a signa,l that the,. '  
butfit. does not'want'tO"nav ii'GIla-heel as noe payiiig'attentiofl to�t' 

ere 
thousands of angry workers are encir­
c l ing the government d istrict in Bonn. 
This wou l d  force the Chanc'eHor to 

jo6s. . , .. " ,J", 
. Sch roder's effort to p lacate l abor's 

'* '., .  concerns;. -f s' not a resu lt of a change of .' 
v i ews, n\5r a'matter of pr i n c i p l e  for 
)1jm, but sneer opportun ism that forces 
H i m  i n t  t ics to ca l m  l abor and wa9t: to make. '" !, '. 

. The Chancel lor nas' feh com e ,  . ecologi ike, to keep the shaky bal- '.' 
on pr ior  occasions, to overr u l e  h i s ance of h is own government in Bonn .  
G re.en m i n i ster o n  aspects o f.  t h e  The government has come u nder s o  
p lan' ned n u c lear tec hno logy b i, I .i ,' to mllch pressure from labor, that it can., 
ca lm the popu lat iO'i-j.,And,  h e  'fe l t  " not r is ing  " m i s u nderstood " by, 
compelled to cancel h is  attendance at worke� " ,here is growing sympathy.' 
the Feb.  20 celebration of  the l Qeth " for large:l�bor u nion strikes, and in the 
"birthday" of the G�rman League for state of Hesse, the fi rst " Red-Green" 
the Protection of Nature. The c h a i r- state govern ment  was voted out  o n  
mary of the league, J()�hen F l asb�rth, Feb. 7 .. 
had been on nati6naltielevisio"n!' ��\few . fiYH se 
days before, attacking shi pyareJ\.y ork- ' 'out fo� t 
ers in the Emsland region who plan to. 
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When asked about other nu-
clear technologies, such as the 
fast breeder and the h igh-tem­
perature reactors, Ducker com­
mented that i t  i s  h igh ly  regret­
table that po l i t i c i a n s  l ack  the 
courage to get these technology 
projects b u i l t i n  Germany .  He 
said that  a l though the present 
government majority i n  Bonn is 
agai nst nuclear techno logy, he 
is personal ly confident that the 
majority of the German popu la­
t ion  wou l d  vote for n uc l ea r  
power, i f  proper ly i nformed 
about the consequences of ban­
ning it. 

"If Germany real ly walked out 
on nuc lear techno logy now, it 
would be forced to return to it; 
after one generation, out of de­
spair  over secure power s u p­
pl ies," he said. It would be a real 
catastrophe, and everybody 
wou ld feel it, he said. Germany 
wou ld be "b lackmai led from 
abroad with d ictated energy 
prices," if it had no secure min i­

Christopher Lewis/EIRNS 
Metalworkers demonstrating in Mannheim against ABB in 1 998. Now, utility workers are 
considering protests that will turn out the lights for a specific time, to make the point that re­
liable electric power depends on keeping nuclear plants open. 

mal  nat ional  power supply of its own, 
which is only possible with modern nu­
clear technology. 

Nuclear Activation Required 
Although the Red-Green government 

suffered a setback, and was forced to 
retreat, it has not suddenly become pro­
nuclear .  The next round of confl icts is 
i nevitable.  A defeat of the anti-n uclear 
movement, and a restored perspective 
for the development of nuclear technol­
ogy in  Germany, can only be ach ieved 
by an activat ion  of those p ro- n u c l ear  
people who have rem a i ned a l l -too­
s i  lent over the past years. M a n y  have 
been frustrated at the pol i t ic ians'  se l l ­
out of  principles and at  the concessions 
made to the G reens, but kept si lent be­
cause of fear of i nt imidation or even of 
terror i sm,  l i ke t h at l a u n c h ed by the 
Greens at  the  peak of  their anti-nuclear 
protests i n  the mid- 1 980s .  What Ger­
many has been lacking-outside of the 
LaRouche pol i t ica l  movement, which 
has been an u ncomprom is ing defender 
of nuclear technology and an advocate 
of hard- l i n e  approaches aga i n st the 
Greens for the last 20 years-is a suffi­
cient n umber of German workers, i n­
dustrial managers, and pol itic ians who 
show a comm itment to f ight the issue 
through. 
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For example,  i n s ide the SPD,  there 
are many who d i sagree with the ant i ­
nuc lear cou rse, but  are too t imid to go 
pub l i c  on the issue. There a re too few 
pol i t ical  l eaders l i ke Gu nter Supper, a 
n u c l ear  engi neer who jo i ned the SPD 
after the o i l  c r i s i s  of  1 9 7 3 ,  when the 
party leadership sti l l  was in favor of nu­
clear energy . Supper, who l ives near 
Neuw ied, i n  the state of R h i ne l and­
Pa lati nate, was part of  the  engi neering 
workforce that bui lt up the large nuclear 
power complex at B ib l is, i n  the neigh­
boring state of Hesse, i n  the early 1 970s, 
and was later i nvolved in the construc­
t ion  of the M u l he i m - Kar l i ch  n uc lear  
p lant, i n  h i s  own state. This  p l ant  was 
c losed down in 1 988, short ly  after its 
com p l et ion  and a test-run of severa l  
months ,  u nder the impact of the post­
Chernobyl hysteria,  in which the SPD 
played a lead ing role. 

Res ist ing the temptation to q u i t  the 
party membership, Supper then chose to 
stay, i n  order to be a voice for pro­
n u c lear  v iews i ns ide the party.  Th is, 
however, has not earned h i m  mer i ts ;  
qu ite the contrary: In  mid-January, Sup­
per learned that his name was el iminated 
from an inner-party proposal for a s late 
for regional elections. He found out that 
th is  was done by regional  SPD leaders 

beca u se they dec ided that h i s  v iews 
were not opportune. 

This incident is typical of many which 
have occu rred ins ide  the SPD nat ion­
wide. But u n l i ke other SPD party mem­
bers who retreated under pressu re into 
anonymity and inaction, Supper took his 
case to the press, c i rcu lat ing statements 
that made pub l ic  the i n ner-party prac­
t i ces of the S P D .  In one of these, he 
termed Trittin a " Rasputin" beh ind Chan­
cel lor Schroder, and cal led upon his fel­
low Germans to learn from the "French 
nuclear power workers [who] would, if 
faced with such attacks on their integrity, 
as they are launched here, rather show 
the popu l at ion how q u ick ly  the l i ghts 
can be turned off! " 

The fact that the labor leader Ducker 
a l so spoke of such sel ective power­
turnoffs, shows that the potential is there 
for a forcefu l labor offensive against the 
G reens .  Whether the ferment  wi I I  be 
tapped, w i l l  decide whether n u c lear 
power has a futu re i n  Germany.  Those 
who want to fight the Greens on that is­
sue, have a loyal a l l y  in the LaRouche 
movement in Germany. 

Rainer Apel is a Bonn correspondent 
for the Execut ive I nte l l igence Review 
magazine, and a version of these articles 
appeared in £JR. 
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E U RAS IAN LAN D-B RI DG E :  KEY TO ECO N OM I C  RECOV E RY 

Wil l  the U .  s.  Join in the Land-Bridge? 
by Marsha F reeman 

The Un ited States stands today a t  the 
threshold of the greatest mobi l ization 

of scientif ic and econom ic resou rces 
s i nce the end of World War I I .  Nations 
in Asia, led by the government of Chi na, 
have cast off thoughts of adhering to the 
self-destructive austerity and debt pol i­
cies of the cu rrent i nternational financial 
system . Instead, they are join ing together 
to bui ld a modern i ndustrial land bridge 
from Europe through Asia-an 1 1 ,000-
mi Ie  deve lopment corri dor, stretch i ng 
from the east coast of C h i na to the port 
of Rotterdam in Europe. 

The vast natura l  and h u man re­
sou rces in the nations of Central Asia, 
Russ ia ,  the I n d i an subconti nent, and 

East As i a  are be ing  en gaged in the  
b u i l d ing of  modern transportat ion and 
commun ications l i n ks, the  explo itation 
of energy and other natural resou rces, 
the bu i ld i ng of new industries along the 
h i storic S i lk  Road, and the construction 
of new cities. 

These projects will succeed only if the 
advanced scientific and engi neering ca­
pab i l it ies of the U n ited States, Eu rope, 
and Russ ia  are a p p l i ed .  The U n i ted 
States has the opportu nity-and the re­
sponsibi l ity-to technologica l ly revolu­
t ion ize  and restart prod uct ion in i ts 
creaking and closed facto ries, and re­
employ the id le workers and scientists 
and engi neers from its mi l itary, nuclear, 

and aerospace sectors. In this process, it 
can join the growing nu mber of nations 
that are determ i ned to return  to an 
"American system "  of p o l i t i c a l  econ­
omy, based on provid i ng an i ncreasing 
standard of l iv ing for its cit izens through 
i nvestment in i nfrastructu re, sc ience, 
and education. 

Strategic Engagement 
President Cl i nton, through h is policy of 

"strategic engagement" with the leader­
ship in China, has attempted to establ ish 
trust and a working relationsh ip  with the 
wo r ld 's  most pop u lous nat ion.  He has 
been thwarted at every turn by opponents 
in the Congress, so-cal led conservative 
think tanks, and some mi l itary strategists, 

o I 1 .000 2.000 I I 
kilometers 

Eurasian Land·Bridge routes 

Planned or proposed main routes 

Existing other lines 

Other planned or proposed lines 

MAI N ROUTES AND SElECTED SECONDARY ROUTES OF THE EURASIAN LAND-BRIDGE 
The Land-Bridge offers vast opportunities-and a life-line-for U.S. science and technology industries. 

1 8  Spring 1 999 21 st CENTURY SPECIAL REPORT 



who want to ret u r n  to 
Cold War geopo l i t i cs,  
using C h i n a  as the new 
"enemy i mage. "  He has 
also been surrounded by 
ant i -nuc lear  and a n t i ­
progress " I eftist" ideo­
logues, led by Vice Pres­
ident AI Gore, who are 
try ing to sabotage U .S . ­
C h i n a  co l l aborat i o n  i n  
the advanced technolo­
g i es, such as  n u c lear  
power, upon  wh ich  the 
E u ras ian L and-br idge 
must be bui lt. 

Last spr i ng,  an  "ex­
pose" in The New York 
Times was blown up into 
a major strategic assau l t  

cern for the human rights 
of Chinese dissidents. 

Then, in early March, a 
month before C h i nese 
Prime Minister Zhu Rongji 
was to v i s i t  the U n i ted 
States, The New York 
Times began the scare 
campa ign  t h at C h i n ese­
born scientists working at 
Amer ican n u c lear  wea­
pons l a bo rator ies had 
been steal  i ng n uc l ear se­
crets for years, endanger­
i n g  the 
secu r i ty of the U n i ted 
States . There is no evi­
dence that th is  i s  so,  and 
no one has been arrested 
and charged. 

Chinese President Jiang Zemin visited Russia and Japan in November 
1 998, gaining agreement from both countries on the Land-Bridge pol­
icy for large-scale infrastructure development in Eurasia. Here, Jiang 
(left front) in the Science City of Novosibirsk, where he gave a major 
speech on science and technology as the driving force for economic 
development. (See 2 1  st Century, Winter 1 998- 1 999, p. 23.) 

on the President's Ch ina  
po l i cy, when accusa­
tions were made that the 
launch i n g  of  U .S . -bu i l t  
commerc i a l  com m u n i ­
cations sate l l ites on Chi­
n ese roc kets had re­
su l ted in the t ransfer of 
technology that could be 
used by the Chinese mi l itary. 

W h i l e  Pres ident  C l i n ­
ton's engagement po l icy 
with C h i n a  has been un­
der  attack from many 
sides, he has  held fast to 
t h e  idea t h at d i scuss i ng  
d ifferences and  cooperat­
i ng in areas of fundamen­
tal agreement  s h o u l d  be 

This attempt to cr ipp le or  stop com­
merc i a l  re l at ions  between the U n i ted 
States and C h i n a  in t h i s  c ru c i a l  h igh­
technology sector, and attempt to have 
China perceived as a "rogue" nation out 
to harm the U n ited States, was u nfold-

ing at  the same t ime that the Republ ican 
majority in Congress was b lasti ng Chi­
nese attempts to i nf luence U . S .  e l ec­
tions through campaign contr ibutions.  
C h i n a  was being accused of v io lat ing 
arms control agreements, and self-right­
eous rel igious fakers were feigning con-

the mainstay of i nternational relations of 
such importance. 

N ow, U . S .  po l i cy m ust move from 
"constructive engagement" to active in­
volvement in the great economic devel­
opment  projects that  a re b r i n g i ng  to­
gether nations from Asia and Europe. 

Chinese I nfrastructu re Projects 
Looking for u .s. Technology 
by Richard F reeman 

The u.s.  Commerce Department w i l l  
travel to China in  late March, o n  invi­

tation by the Ch i nese, to fo l low up  o n  
in itiatives for U .S .  partic ipation in  bui ld­
i ng i nfrastructu re in Ch ina .  Commerce 
Secretary W i l l i am D a l ey w i l l  lead a 
multi-agency mission to China and Hong 
Kong, featuring a business contingent of 
" Iarge, med i u m, and sma l l  firms repre­
senting sectors such as . . .  i nformation 
technologies, power generation, oil and 
gas exploration and downstream devel­
opment, construction, including residen­
tial dwel l i ngs, environment, transporta-
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tion, and engineering and financial  ser­
vices in  support of efforts to involve more 
U .S .  companies in China's i nfrastructure 
development." 

The tr ip fol lows up the proposa l s  of 
t h e  1 2 th a n n ua l  meet i n g  of the S i no­
U . S .  J o i nt Comm ission on Commerce 
a n d  Trade, wh ich  was he ld  in Wash­
i ngton on Dec.  1 7- 1 8, 1 998.  On Dec. 
2 2 ,  Yu  S h u n i ng,  M i n ister-Cou nse lor  
for Press Affai rs from the  Ch i nese Em­
bassy i n  Wash ington,  presented the  re­
su lts of the S i no- U .S .  Commiss ion .  Yu 
stated:  

"The C h i n ese d e l egat ion  p rov i d ed 
the U .S .  s ide  w i th three l i sts of major 
projects to provide opportun ities for the 
U .S .  bus i ness com m u n ity to compete 
on the Chi nese market. 

"The fi rst two l i sts comprise 28 pro­
jects in infrastructure and 1 0 techn ical 
renovation  projects, which w i l l  be u n­
dertaken th is  year [ 1 998] and i n  1 999.  
The a m o u n t  of  these 3 8  p rojects i s  
about $20 b i l l ion .  

" . . .  [T] h e  t h i rd l i st  c o m p r i ses  
2 5  sectors,  a reas for cooperat ion be­
tween the two s ides i n  the period from 
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1 998 through 2005 . The value of these 
projects i s  est imated at U . S . $ 600 b i l ­
l ion.  

CHINESE DEVELOPMENT PROJECTS 
OFFERED FOR FOREIGN PARTICIPATION 

"And fi n a l ly ,  we told the u . s .  s ide  
that i n  th is  period, from 1 998 through 
2005,  C h i n a  w i l l  i m port eq u i pment, 
technologies, and products worth u .s .  
$ 1 .5 tri l l ion .  

"So, there are p lenty of  opportun ities 
for the U .S .  corporations to compete on 
the Chinese market on a fa i r  basis .  We 
say to address the issue, joint efforts are 
necessary. " 

A Ray of Hope 
The Daley miss ion to Ch ina, fol low­

ing up on the proposals of the S ino-U .S .  
Jo int Comm iss ion,  represents a ray o f  
hope that the U n ited States wi l l  j o i n  the 
development a l l iance with China, Rus­
s ia ,  and I n d i a  for the E u ras ian  Land­
Bridge and a real economic  recovery 
based on i nfrastru ctu re projects. The 
opportu n ities are enormous. 

The th ree Ch i nese l i sts a re broad,  
and cover an array of hard i nfrastruc­
ture projects . The fi rst two l i sts a lone 
offer about $20 b i l l ion in  development 
projects. 

For example, u nder the category of 
" Projects I nv i t i ng  U . S .  Compan ies to 
Bid,"  L ist No . 1 has 28 projects which 
China has either started i n  1 998 or wi l l  
start i n  1 999, and w i l l  l i kely complete 
by the end of this year. Among these are 
e ight power projects, i n c l u d i ng the 
Qangqu Power Plant i n  Shanxi Province, 
the Fuyang Power P lant  in A n h u i  
Province, and the Hancheng Power Plant 
in Shaanxi  Prov i nce.  The l i st a lso in ­
c l udes n i ne projeCts u nder the t i t le  of  
"environmental protect ion," wh ich  are 
plants for clean water provision, sewage 
treatment, and gas util ization, such as the 
Zhangjiu River Water Diversion and Sup­
ply Project, and urban environment, wa­
ter supply, dra inage, and garbage treat­
ment projects in Chongq ing. 

List No. 1 also includes three chemical 
fert i l izer p lant projects and eight trans­
port projects. The latter includes regional 
a i r  traffic control centers in Be ij i ng, 
Shanghai,  and Guangzhou, and the 
Hangzhou-Quzhou Expressway project 
of the Shanghai-Ru i l i  National Highway. 

L ist No. 2 consists of 1 0  "technology 
transformation and renovation projects." 
These include a project for technological 
transformation of an electrolyzed copper 
and a luminum production l i ne with an-

Continued on page 23 
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Power Projects: 

1 .  Wangqu Power Plant, Shaanxi Province 
2. Fuyang Power Plant, Anhui Province 
3. Hancheng Power Plant, Shanxi Province 
4. Leiyang Power Plant Phase I I ,  Hunan 

Province 
5. Zhanghewan Pumped Storage Power Plant, 

Hebei Province (not shown) 
6. Tai'an Pumped Storage Power Plant, Shan­

dong Province 
7. Zipingpu Key Water Control Project, Sichuan 

Province 
8. Baise Key Water Control Project, Guangxi 

Province 
Environmental protection: 

9. Water Supply and Environmental Protection 
in Tangshan, Shijianzhuang, Handan, and 
Qinhuangdao, in Hebei Province 

10. Urban environment, water supply, drainage, 
Chongqing, Sichuan Province 

1 1 .  Five Cities' Construction and Environmental 
Protection, Sichuan Province 

12. Zhangjiu River Water Diversion and Supply 
Project 

1 3. Fengshouba Water Plant Phase I, Chongqing 
1 4. Sewage Treatment Works, Tianjin 
15. No. 10 Water Source Plant, Beijing 
16. Town Gas Project, Taiyuan, Shanxi Province 
1 7. Gas Utilization Project, Yangquan, Shanxi 

Province 
Chemical fertilizer: 

1 8. Guizhou Phosphate Ammonia Project 
1 9. Yunnan Phosphate Ammonia Project 
20. Hainan Chemical Fertilizer Project (not shown) 

Transport: 

21 .  Relocation of Baiyun International Airport in 
Guangzhou 
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22. Regional Air Traffic Control Centers in Bei-
jing, Shanghai, and Guangzhou (not shown) 

23. Chongqing-Zhanjiang National Expressway 
24. Shanghai-Chengdu National Expressway 
25. Shanxi Qi County-Linfen Expressway project 

of Erlianhoate-Hekou National Expressway 
26. Beijing-Zhuhai National Highway 
27. Nanning-Youyiguan highway project of 

Hengyang-Kunming National Highway 
28. Hangzhou-Quzhou Expressway project of 

Shanghai-Ruili National Highway 
Technology transformation and 

renovation projects: 

29. Improvement of blast furnace, vacuum nega­
tive pressure casting production line, Jilin 
Province 

30. Offset printing newspaper, annual output of 
1 70,000 tons, Heilongjiang Province 

31 .  Kraft board and paper, annual output of 
1 70,000 tons, Heilongjiang Province 

32. Electrolyzed copper and aluminum produc­
tion line, annual output of 50,000 tons, Gansu 
Province 

33. High-grade white cardboard production line, 
Shanxi Province 

34. Cycloresin facilities production line, annual 
output of 20,000 tons, Heilongjiang Province 

35. Aluminum alloy high-precision plates system, 
Heilongjiang Province 

36. Cement clicker, daily output of 2,000 tons, 
Heilongjiang Province 

37. Weld steel pipe for boilers production line, 
annual output of 60,000 tons, Heilongjiang 
Province 

38. Bisphenol A production, annual output of 
20,000 tons, Heilongjiang Province 
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A Cal l for the No. 2 
Bridge To P�ogress Smooth ly 
by Xue J iaj i 

EDITOR'S NOTE 
The Chinese government sponsored a 

conference on the Eurasian Land­
Bridge, titled "Asia-Europe Economic 
and Trade Relations in the 2 1  st Century 
and the Second Eurasian Bridge, " which 
was held in four cities in China Oct. 27-
Nov. 1 .  The conference took a group of 
foreign delegates-including Helga 
Zepp-LaRouche, Mary Burdman, and 
jonathan Tennenbaum from the Schiller 
Institute-on a tour of projects in the 
cities of Beijing, Nanjing, and the sea 
and rail ports of Lianyungang and Qin­
huangdao. * 

Both the tour of Land-Bridge develop­
ment sites, and the speeches of the Chi­
nese officials and economists at the con­
ference impressed participants with 
China's cultural optimism and determi­
nation to develop for the future. 

Here we reprint excerpts from the 
speech of Xue jiaji, a professor at jiang­
su Provincial Academy of Social Sci­
ences. He spoke at the conference in 
Nanjing, jiangsu Province, on Oct. 28. 
Its full title is "International and Internal 
Cooperation: A Call for the No. 2 Bridge 
to Progress Smoothly. " 

* * * 

The No. 2 Land-Bridge is a s i lk  ribbon 
connecting Asia and E u rope, and an 

i nterconti nental cha in  of i nternat ional  
economic cooperat ion ,  too.  Th is  new 
type of modern i nternat ional  thorough­
fare, which crosses i ntercont inental ly, 
connects oceans,  and i s  com posed 
main ly of ra i l way transportat ion,  has a 
system of h ighway, aviation, sea trans­
portation, river transport, pipel ine trans­
portat ion, and l ight cable commun ica­
t ion,  d i rect ly  by sea and land ,  from 
America to Asia, then to Europe, greatly 
shortens the distance of economic com­
munication of the whole world, and be­
comes the formal  thoroughfare of the 
whole world's co-development. 

Bu i l t  a long the S i l k  Road, the N o . 2 
Land-Bridge is shorter by 2,000 km than 
the Siberia Land-Bridge, and avoids the 
freezing conditions of h igh and cold ar-
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jonathan Tennenbaum addresses the Chinese government's Land-Bridge conference 
in Beijing, in October 7998, on the topic "A Project-oriented Approach to Interna­
tional Economic Relations. II Tennenbaum heads the Fusion Energy Foundation in 
Europe and is a scientific adviser to the Schiller Institute. 

eas. It is a bridge of transportation, com­
mercial,  industrial cooperation, and cul­
tural communication.  And it compi les a 
great stream of people, goods, and infor­
mat ion .  The bridge starts east from the 
Pacific and attracts the attention of many 
countries in East Asia, Southeastern Asia, 
and the Pacific surroundings. From West 
to Central A�ia, West Asia, and South­
eastern Asia, and even to E u rope, the 
Land-Bridge becomes the thoroughfare 
to develop the northern and western ar­
eas in C h i n a  and Central Asia,  and 
strengthens the communication of  econ­
omy, techno logy, and cu l tu re .  F rom 
China to Hol land, there are 35 countries 
sharing the fruits of the bridge. 

Along the bridge, countries can obvi­
ously complement each other mutual ly  
and opt i m ize the i r  g roupi ngs .  Deve l ­
oped cou ntr ies may march i nto t h i s  
super-market, which has a large popu­
lat ion and r ich mater ia ls .  Those areas, 

such as Central Asia and the northwest­
ern part of C h i n a  and so on ,  may ab­
sorb the fore i g n  cap i ta l ,  tec h n o l ogy, 
and modern management experience to 
speed up  the promotion of economy. I t  
i s  a t rend of soc ia l  deve l opment, to 
m arc h i n to the u ndevel oped p l aces 
which have wide areas and rich materi­
als, and create a new wide area for hu­
man l i v i ng,  p rosper i ty, and develop­
ment. Although there is a begin n ing of a 
" knowl edge economy/, i t  does not 
mean the end of agricu ltural and indus­
trial economy, but to improve the trad i­
t i o n a l  i n d u st r ies  to a h igher  leve l .  I t  
does not  mean the  end of  resource ex­
p l o itat ion  e i ther, but  to rat ion a l ly de­
ve l o p  and m a ke effect ive use of re­
sources. 

Resource Development 
Espec i a l l y  in the h uge u ndeveloped 

areas, resource development and indus­
tria l ization are sti l l  the most important 
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tasks. The construction of the Land­
B ridge offers more conven ient cond i ­
tions for further prosperity and develop­
ment than before. 

The No. 2 Land-Bridge is an intercon­
tinental chain, and an inner gold belt for 
coord ination of the east, midd le,  and 
west parts of  C h i n a .  It is an i m portant 

lever for the international  and i nternal 
cooperation in  order to make the bridge 
ply smoothly. 

1 .  International cooperation . . . .  One 
lagging factor for the development of the 
bridge is that the transit tariffs are d iffer­
ent between countries, the rates remain  
u nstable and there are many taxes and 
incidental expenses. This raises the trans­
portation cost. Additionally, the compe­
tition between the old and the new Land-

* * *. '" 

Helga Zepp-LaRouche speaks with re­
porters at the the eastern terminal of the 
Land-Bridge in Lianyungang, in October 
1 998. She headed the Schiller Institute 
delegation a ttending the Land-Bridge 
conference sponsored by the Chinese 
government and held in four cities. 

. �. .  
square k i lometer- 'and per' capita.  Un-
der these conditions the fol lowing de­
mographic. changes wi l l  resu lt: 
.... (8) !he age of, th�, 'matuilt� of the ih­

divi9ual b�fore entering toe workforce 
increases. 

, (9L There is a: sh ift a 
r�Cjui  nfensive" towatd ' en 

"5" g red �t the types of emploY'
ment. . 

time, the req u ired material consump- Al l  these precond itiQ 
tio.n' incre�ses. . . " y> fi l led and maximized at the;same time. 
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I n modern ti,m�s, it has been the Amer- productivity or labor and the related tiOll between tec hnological  progress 
ican econol)1 ist Lyndon LaRouche i ncrease in  the per capita consump- and the increase in  the potential popu­

who develop�d . a' scientific measu re- tion, the fol lowing tendencies occur:, : lation density. Even amo{1g countries 
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long t�ri)1,' ( . rQstiGk for a sud::essful · ).(5.,):qlfhe efficiel1CY per s.quare : u .nl li. F .Q t , obviol;ts /i:eas ' 
society� is La . ' che's notion of relative, tne l'xoduction process must tend .o u ra�jan Land�Bridge, e corner-

. potential population density. . . . . . increase. stone for a g lobal  reconstruction of 
The i ncrease of the actua l  and po- , .  With these improvements in phy,si- the world economy, emphatica l ly  i )1-
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last m i l lennia; to presently circa five the social characteristics: ' m u st be the concrete framework for 
and a half. bi l l ion people in the world, • (6) The relation of the u rban to the the pr inci ples mentioned above. A l l  
i s  the resu lt .ci( the continuous produc- rural. pOPlJlation increases u nti l it aR- " partiCipating sovereign natfons should 
tion, d istri bfitio'n, anc;l' effective ab- pare'ntly asy,mptbtical ly' reaches ar, lJ'p':. not only agree'that bl/i ld ing ine Land-

. .  sorption of,s<1:4entific and technologi- per !evel . '· $ B ri.Efge i s  their commo:n .. i n teres.t. I n  
caF progres . . . , . , ' .? J7) The rati.o of those employ, . addit ion,  these nation ', . o u l d  � I so 
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reflects itselnri the fol lowing qual ita- ing, far .household consumption a nd" i n  their own best interest, 'but it is aiso 
tive·changes: y "  rel�ted . goods. �, . i n  their own bes,t i nterests that a l l  oth- , 
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k i lometer, for 'the purpose of produc� thai the production of agricu ltural  and In this case, peaceful cooperation for 
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never decreases, but increases " per teed, ' • � 1. ., 
, •.  ' • :� . "'.;.;.-
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Bridge obstructs the new bridge. I n  fact, 
each of the two land-bridges has its ad­
vantages. With the development of inter­
nat ional  trade, both of them w i l l  g ive 
play to their particu lar function.  

2.  Internal coordination of transporta­
tion and services along the bridge. The 
whole bridge is 1 0,900 km long; 4, 1 3 1 
km are in China, and 3 7.9 percent of the 
whole length runs  across the m i dd l e, 
east, and west of C h i na,  i n c l u d i ng 1 0  
provi nces : J i angsu,  Shandong, A n h u i ,  
Henan, Shanxi ,  G ansu, N ingxia, Q i ng­
hai, and X i nj i ang .  To b u i ld the br idge, 
we must build good relations among the 
1 0  provi nces in Ch i na .  We must break 
down the phase in wh ich  each does 
things i n  his own way . . . .  

3 .  Commercial coordination and de­
velopment of the information network 
between areas. The operat ion  of the 
bridge wi l l  impel the development of the 
overal l  circulation and commercial trade. 
Espec i a l ly the central  c it i es a long  the 
bridge must fit th is  kind of situation, trad­
ing with each other closely and forming a 
market network along the bridge . . . .  

4. Coordinate development of the east, 
middle, and west. . . .  

[T} he ma in  development approach is 
to cultivate growing points with the help 
of big and medium-sized cities along the 
bridge . . . . . 

5 .  Cooperation in resource develop­
ment. Along the l i ne of the br idge, the 
large are'a with r ich resources i s  a rela­
t ively backward, huge space for deve l ­
opment. . . .  

6 .  Special opening-up measures. At 
present, the open ing along the bridge is 
at too Iow a level, and the ab i l i ty to at­
tract i nvestment is weak, too. So open­
i ng-up should have spec i a l  measures, 
which i n c l ude  the estab l i s hment  of a 
low-tax area or belt. . . .  

The economic foundation i n  many ar­
eas along the bridge fal l s  short, the eco­
nomic strength is not great, and there are 
many desol ate areas where n at u re re­
sources are a l so poor, and the need of 
investment is large. If we do not take spe­
cial measures for opening-up, i t  w i l l  af­
fect the development and progress of the 
bridge area. 

Notes ------------­
For a full report on the conference, including the 
speeches presented by Helga Zepp-LaRouche, 
Jonathan Tennenbaum, and several Chinese of­
ficials, see Executive Intelligence Review, Dec. 4 
and Dec. 1 1 ,  1 998. 
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Chinese Infrastructure 
Projects 
Continued from page 20 

n u a l  o utput  of 5 0 ,000 to ns i n  G a n s u  
Prov i n ce,  a n d  a cyc lores i n  fac i l i t ies  
production l i ne wi th  annua l  output of 
20,000 tons, in Hei longj iang Provi nce. 

The th i rd l ist is  composed of 25 pro­
jects that w i l l  be constructed in Ch ina  
between 1 9 98  and the year  2005 . I t  
c o n s i sts o f  everyth i n g  from a 600-
megawatt s u perc r i t i c a l  a n d  coo l i n g  
thermal  power generator, t o  techno l ­
ogy for shal low-sea o i l  dr i l l i ng  and ex­
p lo itat ion . These projects have a com­
bi ned value  of $ 600 b i l l ion .  

F i na l ly, as Min ister-Counselor Yu in­
d i cated, between 1 9 98  a n d  the year  
2005 , t h e  C h i nese w i l l  need to p u r­
c h ase $ 1 . 5 t r i l l i o n  i n  cap i ta l  goods 
such as mach i ne tools, and other tech­
nology, to bu i ld  the i nfrastructure pro­
jects I i sted, as we l l  as others that the  
Ch inese are  working on .  

U . S .  compan ies wi l l  have to bid on  
these projects, a long wi th  compan ies 
from other cou ntries, but sti l l  there is 
an enormous amount of business to go 
around.  

Solving the U .S. Trade Deficit 
The meet i ng of the S i no-U . S .  Jo i n t  

Comm ission, a n d  the l ists, represent a 
very good way to deal with the grow­
i n g  U . S .  trade defi c it w i th  C h i n a .  I n  
1 990, the U .S .  trade deficit  with Ch ina 
was $ 1 0 . 4  b i l l ion ;  i n  1 998, the Com­
merce Department  est i m ates, it was 
$ 5 8  b i l l io n .  Moreover, for the fi rst 1 0  
months of 1 998, Chi nese exports to the 
U n i ted States, at $ 5 9 . 5  b i l l ion ,  were 
five t i mes the s i ze of U . S .  expo rts to 
Ch ina, at $ 1 1 .6 b i l l ion .  

At h i s  Dec .  2 2  p ress conference,  
M i n ister-Cou nselor Yu responded to a 
q u es t i o n  about  U . S .  govern ment  re­
strictions and controls  on the sh ipment 
of certa i n  categories of U .S .  h igh-tech­
nology exports to Chi na, by ca l l i ng  for 
a " I oose n i n g of the U . S .  cont ro l s . "  
H i gh-tech n o l ogy prod u cts a re " the  
strong po int  for the  U .S .  economy," he  
sa id .  

U.S.  Representative Christopher Cox 
( R-Ca l i f . )  and the House Select Com­
m i ttee on  U . S .  N at iona l  Secur i ty a n d  
M i l i ta ry/Com m e rc i a l  C o n c e r n s  w i th  
the  People's Republ ic  of  Chi na, which 
h e  c h a i rs,  together  with other  " n eo­
conservative outlets," are trying to stop 

any h igh-techno logy trade.  H owever, 
not on ly  are their  fears completely un­
warranted,  b u t  t h ey a re push i n g  the 
U .S .  economy i n  exactly the wrong d i ­
rect i o n .  The C h i n ese a re d e l i berate l y  
t ry ing  t o  a rrange for t h e  U n ited States 
to sh ip  a large vol ume of h igh-technol­
ogy goods, l i ke transmiss ion l i nes, ad­
vanced m ach i n e  too ls, and i nfrastruc­
tu re-related and other goods to Ch ina, 
for use i n  i ts i ndustr ia l i zat ion process. 
Th rough  such  state-to-state i nterven­
t ion,  the  C h i nese a re tryi ng to defuse 
the trade issue by reducing the C h inese 
trade s u rp lus  with the U n ited States i n  
a rational  manner. 

Such i nfrastructure and related trade 
p rojects i n  C h i n a  cou l d add $ 1 00 to 
$ 200 b i .l l ion of h igh-technology physi­
cal goods to the order books of fa i l i ng 
U . S .  m a n u factu r i n g  compan ies  over 
the next 1 0  years, and provide employ­
ment for tens of thousands of manufac­
tur ing workers. 

C a b i net  a n d  s e n i o r  offi c i a l s  i n  
Wash i ngton who are involved i n  infra­
structu re w i l l  p a rt i c i pate i n  t h e  m i s­
s ion .  They w i l l  v i s it i nfrastructure s i tes 
and meet w i th  C h i nese m i n i st r ies  re­
spo n s i b l e  for b u i ld i ng i n frastructu re. 
In addit ion, as part of the tr ip, accord­
ing  to a Commerce Department  br ief­
i ng paper, D a l ey w i l l  go to H o n g  
Kong, where " h e  wi l l  . . .  u rge selec­
t ion of U . S .  firms for Hong Kong's i n ­
frastructu re efforts w i t h  $ 30 b i l l ion  i n  
projects t o  b e  developed over t h e  next 
five years." 

The U n ited States has posted a fu l l ­
t i m e  U . S .  t rade  f i n a nce  off icer  c o n ­
n ected w i t h  t h e  U . S .  E x p o rt- I m p o rt 
Bank, i n  Be i j i ng, and the U n i ted States 
p lans  to h ave an Exc lm representat ive 
i n  S h a n g h a i  soo n .  T h i s  w i l l  u pgrade 
t h e  U . S .  c o m m e r c i a l  p resence  i n  
C h  ina  substantia l ly, as wel l as provide 
U .S .  compan ies with an i nterface with 
the Ch inese government. Accord ing  to 
an Oct. 2, 1 998,  Ex- 1 m  Bank  press re­
lease, C h i na is now the ban k's l a rgest 
market, su rpass ing Mexico for the fi rst 
t ime,  with an Ex- 1 m  Bank  exposure of 
$ 5 . 8 b i l l i o n .  T h i s  represents  n e a r l y  
one-t h i rd of a l l  Ex- 1 m  B a n k  exposu re 
worldwide. 

R icha rd Freeman is a n  economics 
writer for the news weekly Execut ive 
I ntel l igence Review. His full report on 
this topic appeared in the jan. 29, 1 999 
issue of fiR. 
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This a,ttisle is acJapte(j from a transcription of a presentation 
. bX'i �?Rouche at. tbe:,, "Yinter. confwence of the $chiller In­

:1rid ./nternationaI Caucus oi /abor Committees in Bad 
Schwalbach, Germany, Nov. 2 1 -22, 't 998. LaRouche's speech 
keynoted a panel he commissioned, I'What 15 Real History As 
Science? The panel [ncluded Gabriele L iebig on "Homer's 
. ngcdisH�:S:r �yafaririg, an(j the Principle of Colo­

niz{Ition>+ this issue, p; 36), arid Muriel Mirak-Weissbach on 
"Wilhelrr( �on Humboldt's Study of the Kawi Language. " 

LaRouche was introduced by Dr. jonathan Tennenbaum, 
hftad of �lje Fusion Ef1eo�?Y Foundation in Europe and scientific 
�a.dvisf;r t��.th.e Sch.i"ef }(!?.t{tute. Tennenbaum has been studying 
the history/ language;" alJd culture of China, and in his introduc­

. tion, he told this Chinese story, which dates back 2,000 years: 
I'There was an artis(whb painted on .a big wall four beautiful 

dragons: But people o. saw this painting of the beautiful 
' ,:�i��:;· · � 



dragons on the wall, noticed that ther: were no
.
:yes on.tge 

dragons. ' They were otherwi�e very powerfu( and i/eiy impre;� 
sive, but had no eyes. " 

1£50, people asked the artisf," Why aOrt't you paint the eye$: ,C:m. 
the dragonst And the artist sald 'oh/ ho; no, no. r 'c7i�'t do thcit. 
If I would paint the eyes on the dragons, they would fiy away, ' 

"Well, people didn't beli�
.
ve him, and finally, &��er a g5��t 

deal of pressure, the artist agreed to paint the ejte5'b� just bn� 
of the dragons. As soon as he put the eyes on the dr?gon, there 
was a great storm of lightning and wind, 'and sClddenly;, {the ' 
dragon that had the eyes painted on, started to move, and flllvy 
up to the heavens. And the dragons that didn't have eyes, 
stayed on the wall, where they were painted. \ § , , �;:f·k 

"That's the story. Now, how is this used as a me{aphor? it's 
used very commonly .in China, . to refer to the following situation: 
If you are writing an article, of giving a speech, thefe�are sO,ne� 
times certain things which, if they are added-they might be very 

An Egyptian ship �roun�{�500 
tJj�Otemple of E/ �achri. " :F 

',,':'��A�' ' ._,_ _ "·::;.:�� :�t,>,:, <� :;J>-;�' _" t'· ?:( ,:: ,,:; . _ . . _ ' ':'. ·+��t.:t:' 
smaJ/�but if they "are added, they'cause the article 0; the sP!=ech, 
or the painting, to sudde�!y beCome extremely powerful�'

(more 
pqwerful than it vyould b7;ifth;s 71)inent was i1ot a;?ded,:�j� . 

f"50i this is called 'adding the eyes'to the dragon. ' An.d ih ac­
c�rdaflce with tHat, I WO�J� say, i� Chinese sty(�, that Q�F con­

. fltrence( ' up to.n9w, is really a Xery,powerful qragon.t'Y¥e've • ' .' ->;, _. " . • '.4r <- .. ' " ,- . , ' " ;- - - . 
had powerful speeches, very important things to say. But Hhmk 
p�r�aps i� this panel, s9lfethin� .�ery special '1.ill be �gded, 
thai will caus�' tf{� drago�'{ofour dOnference to fly up to '!eaven, 
and to become even mor� powerful than it was up to n0'1.' 

"50, With th�i) 'wan\ to. intro���e Lyndon L��ouclJ.<i�Iwho 
Xill brinlus toioii� mainJopic. II ;" :  \ " . '"� ' h' 

. . . 

. t'�t�r;�!:��!!�i ��"�:��:�2�;:� �:tff�� 
evidence. But, 'it:s not yet': <;onclusive. I t  teases "you ,  k t�inpts 
you, it d raws yO'u into th�'su bje�t matter. But  you cannot fi­
nally draw a co?clusion \vh ich s�ttles the argufTlent. It's Jome-
thing J ike a dog ',!:u rking / i�; you r  b5<=kyard:. lt's Hust there �1 I  the 
titne. You don't know to:'whom it belongs, you just know it's 
th?rt And yoU vvait o n�: day for .. i�s maste r t()

.
come b� and 

d�,fii itl or som�thing els� to happen, so t��t' y6t may id:�ntify 
to whom this dog belongs. '. .  . 0  ••.• • 

; Such is the �iatu.re of tV
.
� matte�i0<e're deal i;"g ,vvith tocl�y· 

: We' l l  sfart with tHe ov�ral l  map; and ,we' l l  refer to tRis re­
peated ly ,(F igure 1 ) . N ow, the subject, the ,app�rent su bject, 
w9ich is  extrertfeJy tempting, a,:d i s espec ia l ly tempti�g be­
ca�se there is an' /leye" in this right away, in )onathan's' sense, 
tci .b�gin "Yithl is th,at a grQup of mari ners ,u nder Egyptian .p i rec­
lion/ from an 'area then �t Egyptj1rtow of L i bya;'cal ledi($yre­
naica, set sai l in a floti l l a  of shipS which went down the N i le  
Ri.ver. �nd .out to t�e Red ?ea throwg? a famous'��f,1al, at 
dicit time 'co�neded the N i le Rive'r to the Red Sea'. 1 

These people then sail�d-'--this was i n  232 B ,c-they sai led 
to a pl ac� knovvn to theJJi, w h is h i? i n  th� '�re� todaY.\9f In­
donesia, which We' l 1  refer to  a8'a i n .  There, Maui ,  tne: ch ief 
mariner, the navigator of the expedition, recorded a comment, 
which is � wellikFlown c�tnment;;ilnd recbrded al!jo an e:s! ipse, 
�hic'h is a wel l-k�own ecl ipse, and gave tile dating for that ob­
servation in a report which was painted in a cave, whic� they 
went to commoh ly. ' <FiiY ' ;f, . 

,Now, these Egyptian ships, on occasion, were ve:ry large 
sh ips .  They we�e' not jok�s. TheY V\iere not �alsa rafts;.They 
"Yere very,serious ships/ a:�d l ' l I  cemie to that in a \.vhile� ;iri i 

From thence, from inference, we know the exped ition'·'con­
tinued its journ�y from th

.
is West J�ian location, across t?� Pa­

cific Ocean, to 'probably � �bout Pa<ri�Hl1a. And J ' I I 'tel i  ybt"why 
later. It then explored the South American coast, trying to find 
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Figure 1 
PROBABLE ROUTE OF THE EGYPTIAN VOYAGE I N  232 B.C. 

Deciphered rock and cave inscriptions from the Pacific islands, western New Guinea, and Santiago, Chile, tell of an 
Egyptian flotilla that set sail around 232 B. C., during the reign of Ptolemy III, on a mission to circumnavigate the globe. 
The six ships sailed under the direction of Captain Rata and Navigator Maui, a friend of the astronomer Eratosthenes (c. 
275- 1 94 B. C.), who headed the famous library at Alexandria. Maui's inscriptions, as translated in the 1 970s by marine bi­
ologist and linguist Barry Fell, indicate that this was a proof-of-principle voyage, to .demonstrate Eratosthenes' theorem 
that the world was round, and approximately 24,500 miles in circumference. 

a way through the Americas, into the Atlantic Ocean, so they 
could get back to Egypt by way of the Atlantic. 

The Egyptians Got There First 
F i n a l ly,  after complet ing the explorat ion of the coast of 

South America, on Aug. 5, 23 1  B .C., the chief navigator of the 
exped ition, Mau i, went into a cave area outside of what today 
is Santiago, Chi le, and there made a record of their arrival, of 
their exploration, and claimed al l  of South America for Egypt.2 
So you see there are some Spanish l and-titles' that aren't too 
good these days. 

The exped ition attempted to return, but never retu rned to 
Egypt, because of a shipwreck, including one which occurred, 
accord ing to record, on Pitcairn I s land,  which is the is land 
known for the sai lors who escaped from the H.M.5. Bounty, in 
the famous "Mutiny on the Bounty." And they left a record of 
the ir  arrival and shipwreck on Pitca i rn Is land there.3 The re­
mainder of the exped ition stayed in the Pacific, among people 
whose language they spoke, people we ca l l  today "Polyne­
sians." And they taught the Polynesians the art of transoceanic 
navigation. 

The next t ime an exped ition of this type is known to have 
occurred, was 1 , 723 years later, a l i tt le  b i t  more than that, 
when Columbus, i n  October of 1 492, reached the Caribbean 
in a transatlantic voyage. 
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Now, Co l u mbus's  transat lant ic  voyage, was based on a 
map, a map prepared for Co lumbus, by a man who had en­
trusted a copy of the map to his friend in  Portugal (F igure 2) .  
Col umbus then corresponded with the author of the map, 
Paolo dal Pozzo Toscanel l i ,  and got further advice from h im 
on how to navigate across the Atlantic, to d iscover the land on 
the other side of the Atlantic Ocean. 

Now, there are several crucial things, to talk  about Jonathan's 
"eyes on the dragon," in this. There are several "eyes." 

F i rst of a l l ,  there was no civi l ization capable of making that 
kind of science-di rected, transocean ic  exped it ion, between 
232 B.C. from Egypt, and Columbus from Europe. 

What does that tel l  you about the h istory of European civi­
l ization between the time of Mau i, who was the navigator for 
this exped ition, and the Eu ropean civ i l ization, which fina l ly  
came out  of the mud to  be ab le  to  make a deliberate transat­
lantic exploratory voyage? 

What we're ta lk ing about, is essentia l l y  a col l apse of c iv i ­
l ization wh ich dates from about the t ime that  the Lat ins, the 
Romans, mu rdered Archi medes, u nt i l  the Renaissance.  B e­
cause it was the c i rcles of N icholas of Cusa and h is  friends, 
i nc lud ing Paolo Toscanel l i ,  who made possib le  the d i scov­
ery and use of the knowledge which i nstructed Col u m bus 
on how to navigate to f ind land on the other s ide of  the At­
lantic. 



In between those ti mes, a l l  Eu ropean civ i l ization was i nfe­
rior, in its scientific and cu ltural development, to Egyptian civi­
l ization of the time of Archimedes and his friend, Eratosthenes. 
That is the "eyes on the d ragon." 

That tells you that the idea about culture and civilization, 
which is popularized in European and other histories since 
then, is a gigantic fraud, a deliberate fraud. One of the exam­
ples of the fraud is the case several centu ries later, five cen­
turies later, when a hoaxster by the name of Claudius Ptolemy, 
faked evidence-absolutely faked it-using known evidence 
from a period of about 500 years earl ier, and faked the evi­
dence to try to show that the Earth was the center of the Uni­
verse, that the Sun orbited the Earth, not the Earth the Sun. 

Whereas five centuries earl ier, all civilized science knew, 
and had measured the fact, that the Earth was a sphere, or a 
spheroid, and had made measurements pertaining to the dis­
tance of the Earth from the Moon, and estimates-not very 
good ones, but estimates, nonetheless-of the distance from 
the Earth to the Sun, around which the Earth orbited. 

The central figu re of t h i s, was the scientist E ratosthenes. 
Now, just to put this h istorical point i nto focus, look at the map 
of the Mediterranean region (Figure 3). What I want to point to, 
in particular, is the region cal led Cyrenaica and the approxi­
mate place on the N i l e  where the canal cuts to the Red Sea. 

Peoples of the Sea 
Go back a bit in Eu ropean h i story. The people who l ived in  

Cyrenaica, were famous navigators. The reason they were fa­
mous navigators, is that they belong to a group of people who 
were ca l l ed at that t i me, the Peoples of the 
Sea. These were people who, from before the 
second mi l lennium B .C.,  were accustomed to 
using sai l i ng sh ips, which looked very much 
l i ke what we cal l Viking ships:  s ingle sai l ,  able 
to tack into the wind, somewhat l ike the sh ips 
of Henry the Navigator l ater. And they were 
a l l over the ocea n, a l l over the wor ld .  They 
were in the area of the North Sea, long before 
the Vikings. 

Remember, the V i k i ngs were not rea l l y  a 
people.  They were Saxon band i ts who fled 
from Charl emagne, when C h a r lem agne i n -
vaded this area o f  Saxony. A n d  t h i s  bunch of 
heathen, who were control led from Constan-
tinople, revolted. And when Charlemagne de-
feated them, they f led n o rth i nto the area 
around Jutland. There they became known as 
Vik i ngs. They were m ixed, a l ot of d ifferent 
k inds of people .  They had one common de-
nomi nato r :  They were a l l  j uven i l e  d e l i n­

Figure 2 
TOSCAN ELlI'S MAP, USED BY COLUMBUS 

ON H I S  FI RST VOYAGE 
"There was a collapse of civilization from about the 
time that the Romans murdered Archimedes, until the 
Renaissance. It was the circles of Nicholas of Cusa and 
his friends, including Toscanelli, who made possible the 
discovery and use of the knowledge which instructed 
Columbus on how to navigate to find land on the other 
side of the Atlantic. " 

Here, Toscanelli's map, used by Columbus, on which 
is superimposed an outline of North and South America. 

Source: arttoday.com 

A F R I C A 

Figure 3 
THE MEDITERRANEAN REGION quents-robbi ng, stea l i ng, raping, do ing a l l  

these kinds of th ings that the British ol igarchy 
does today. 

But a long time before then, you had an ex­
tended civ i l ization, wh ich was Atlantic. And 
the people of this Atlantic c iv i l ization came 
down in thei r sh ips. And as the glaciation re­
treated, they came more and more i nto the 
Mediterranean, and they came down a lso by 
the river system, which is essentia l ly  the sys-

"The entire history of European civilization emerges in this cockpit, 
which points of reference are Egypt, Ionia, Athens, and the Etruscans, 
and developments in southern Italy . . . .  " 

The Egyptians built a canal from the Nile to the Red Sea, and carried 
out extensive, long-distance maritime trading and mining expeditions to 
the east, including to China. The Cyrenaicans, who were known for their 
skill as navigators, were allies of the Egyptians, and were the link be­
tween Greece (Ionia) and Egypt. 
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A 7 9th century illustration of Christopher Columbus with 
Toscanelli's map. 

tern of the Danube, the Rh ine-Danube con nection, from the 
north i nto the B l ack Sea, and down . And they became 
known-some of them became known later as Greeks-as 
"Peoples of the Sea." 

In  the 2nd mi l lenn ium B.C., you find sites, megal ithic sites, 
in wh ich  the wa l l s of the c i ty are to the i n l and,  not to the 
ocean, because the Peoples of the Sea had to protect them­
selves against marauders or barbarians from the inland. They 
were the Peoples of the Sea, the sea-raiders. 

Now, in this process, a d ifferentiation occurred. And this be­
gan in the 2nd mi l lennium or earlier B .C., when the Egyptians 
proceeded to try to civi l ize these Peoples of the Sea. And the 
Egyptians picked out an area here, a settlement of Peoples of 
the Sea, in Cyrena ica, which became, on and off thereafter, 
c losely associated with Egypt. And Cyrenaica was, for Egypt, 
also associated with Ionia,  which became the Ionian Greeks, 
and with the Etruscans and others. 

The Etruscans were the a l l ies of Egypt and the Cyrenaicans, 
aga inst the Carthagin ians, that is, aga i nst the Phoenicians in 
the western Med iterranean;  whereas the Ion ian Greeks, to­
gether with Athens,  which is one of the c it ies related to it, 
were the a l l ies of Egypt aga inst the Phoen icians, agai nst the 
Canaan ites. 

So, in this period, Cyrenaica p lays a key part as essentia l ly 
the l i nk  between Greece and the Etruscans, and Egypt, during 
the enti l'e period. So, with a l l  the dark ages and fluctuations, 
and so forth, back and forth, there's this Mediterranean cu lture. 
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So, when you ' re tal k ing  about G reek cu l tu re, or  Etruscan 
cu lture, which we know less about, because the Romans, the 
Latins, comm itted genocide agai nst the Etruscans, to try to 
wipe out and eradicate every evidence of Etruscan culture, as 
they tried to pretend that Ital ian is a language descended from 
Lat in,  which it is not. It's a completely separate and superior 
language to Latin, which is someth ing that the Humboldts un­
derstood . And they got into trouble at the time when Wilhelm 
von Humboldt was the ambassador to Rome, over making the 
poi nt, the obvious phi lo logical point, that Ital ian was a sepa­
rate language which had cohabited with Latin, and therefore 
had a lot of cross loan-word relationsh ips, but that the Ita l ian 
was a separate cu ltu re, probably a superior one, to the Latin 
cu lture of the Romans. 

The Center of Civilization 
You had a lso in there, of cou rse, the Magna G raec ia cu l ­

tu re, much of which was very closely associated, aga i n  with 
Ionia,  and with Athens, and with other centers. So the entire 
h istory of c iv i l ization, of E u ropean c iv i l ization, emerges in 
this cockp it, w h i c h  poi n ts of reference a re Egypt, I o n ia, 
Athens, and the Etruscans, and deve lopments i n  southern 
I ta l y-S i c i ly-w h i c h  came out of th is  process. That's  the 
center of civi l izat ion.  

From the beginn ing of the Homeric legends, or the Homeric 
epics-which probably are to a large degree true, as Hein rich 
Sch l iemann and others have demonstrated-from this period, 
there emerged, earl ier than the middle of the 1 st m i l lenn ium 
B .C. ,  there emerged a great G reek c u l ture, typified by the 
greatest works of the lon ians, such as Thales and Heraclitus, or 
Solon of Athens, who is part of the same process. Very closely 
associated with certa in forces in Egypt, and always associated 
with Cyrenaica. 

For example, when Plato formed and developed the Acad­
emy at Athens, one of the more important mathematicians was 

From the British Museum in London, as reproduced in City of the Stargazers 
by Kenneth Heuer (New York: Charles Scribner's Sons, 1 972), p. 4 1 .  

Ptolemy W the Egyptian king at the time of Eratosthenes and 
the voyage of Maui and Rata, as depicted on a gold coin of 
Alexandria, after the king's death. The trident of the sea god 
Poseidon is at his shoulder. 



Theaetetus, who was from Cyrenaica. He was the person who 
first developed the concept of the five Platonic sol ids, a very 
crucial part of the whole pictu re. 

Then, the case of E ratosthenes. Eratosthenes comes much 
later. He comes in  the 3 rd century B.C. He was born in Cyre­
naica.  He travel l ed to Athens, wh ere he was edu cated by 
Plato's Academy. He became particu lar ly celebrated as the 
greatest mathematician of the Academy at that time. He was 
then i nvited to Egypt to educate the futu re Pharaoh.  He suc­
ceeded very wel l  there, and in the course of time, became the 
l ibrarian of the L ibrary of Alexandria, and a very powerfu l ,  po­
l itically powerfu l ind ividual i n  the Egyptian h i story of that pe­
riod. 

He was a l so the greatest sci entific m i n d  of the enti re pe­
riod. He was a correspondent, an a l ly  of Archi medes, though 
they had differences on certain  th i ngs. And he was far greater 

in the profu nd ity of h is  crucial d i scoveries, than Arch imedes. 
But Archi medes was one of h i s  pals, sha l l  we say. 

E ratost henes was t h e  fi rst to demonst rate r igorous ly ,  a 
method for measu ring the ci rcumference of the Earth . He was 
the one who developed and perfected methods for ocean navi­
gation, using the ecl i ptic as a constant reference for navigators, 
which shows up in this. 

And thus, when the navigator Mau i,  u nder Captain Rata, set 
forth with a floti l I a  from Egypt, on the instruction of Eratos­
thenes-and Maui left records to this effect (see Figure 4)-to 
explore the circumference of the Earth, they successfu l ly, with 
a series of steps, went eastward. Then they came into an unex­
pected object: the Americas. They couldn't get through it. Ac­
cord ing to the record, they explored about 4,000 m i les of the 
coast of the Americas, chiefly South America, probably as far 
north as Baja Cal iforn ia .  Some records seem to ind icate that 

"This particular theorem Eratosthenes, an astronomer of the Delta country in Lower Egypt, disclosed to Maui." 

1 .  The Sun's rays intercept 
the atmosphere 

5. At Philae (modern Aswan) 
the Sun can stand overhead, 
casting no shadow. From 
Philae northward to the coast 
is a distance of 5,000 stades. 

8. PropOSition proved by Maui. 

2. at varying angles (or, at various 
latitudes) 

3. Text missing. 

6. When the Sun casts no shadow at Philae, the 
shadow it casts at the coast subtends 1/50th 
part of 3600• Therefore, the entire circumference 
of the Earth equals [(5,000 divided by 2) x 1 00] 
stades. 

Figure 4 
MAUl 'S PROOF OF ERATOSTHENES' 

4. Fell writes that the text 
is missing but self­
explanatory. If an obelisk 
at a casts no shadow, 
when one at b has a 
shadow be subtending a 
zenith angle a, by similar 
triangles, a must also be 
the angle subtended at 
the center of the Earth's 
curvature by the line ab, 
for, as shown above, the 
Sun's rays are parallel. 

7. So behold, the entire 
circumference of the Earth is 
250,000 stades (= c. 28,000 miles). 

MEASU REMENT OF THE SIZE OF THE EARTH, AS TRANSLATED BY BARRY FEll 
Egyptian inscriptions on the walls of the Caves of the Navigators, discovered by German ethnologist Josef Roder in 7 937 
in Irian Jaya, the western part of New Guinea, were photographed and later published, but not deciphered at the time. 
Barry Fell translated them in 7 974. These are Fell's drawings and translations of one section of the inscriptions, which 
gives Maui's proof of Eratosthenes' measurement of the size of the Earth. Another form of the proof is shown in Figure 5. 

The graphics and text are reproduced here, with permission, from the Epigraphic Society Occasional Publ ications, Vol. 
7, No. 7 8, Nov. 73, 7 974. For information on the Epigraphic Society, see note 3, p. 35. 
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Metaphor in stone: "The great tradition of civilization, comes 
from people like Thales, Heraclitus, the Homeric epics; from 
the Great Age of Pericles. You see it emblazoned in stone, in 
the Athens of Pericles, in the methods of sculpture of Scopas 
and Praxiteles, in which the triangle, four-square conception 
of art was replaced . . . by imbalance, where the imbalance 
created metaphor. /I Here, Praxiteles' sculpture of Hermes with 
the infant Dionysius. 
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some of the Arizona and related rel ics, were copies of records 
that had been made earl ier in some nearby vicin ity, which i s  
probably Baja Cal iforn ia. 

So, this particular part of Mediterranean cu lture is the cock­
pit of modern civi l ization, for reasons I 've given otherwise ear­
l ier. Then the story becomes even more interesting. 

language and Man's Existence As Man 
Over a period of time, these records took some deciphering 

by ethnographers, who later, in  about the 1 970s, began to dis­
cover how to translate these rebuses into actual messages. This 
was d i scovering what la nguage was being used. And in the 
1 9 70s, m i d d l e 1 9 70s, var ious  groups of people,  centered 
around a fel low cal l ed Barry Fel l ,  at H a rvard U n i versity, in 
studying these matters, came to the d i scovery that this lan­
guage was a language common to the Cyrenaicans, and also 
common to the Polynesians, with affi n it ies with other lan­
guages of that Pacific region, such as the Malay l anguage. And 
also traces of Dravidian and other kinds of things in there. 

So, they recognized that this language, Maori, was the same 
language which is used by the Cyrenaicans. They had a com­
mon language. "Wait a minute! /I 

Now, let's get back to the Pacific map (Figure 1 ) . Now, what 
are we saying here? We're saying, as we' l l  ?ddress later in the 
course of today, that mankind d id not plop on this  p lanet­
God did not stand i n  Mesopotamia in 4004 B.C.,  and create 
the universe. That d idn't happen. The un iverse is very old, and 
man is very old. The existence of man on this planet, is proba­
bly  somewhere between a m i l l i on and two m i l l io n  years, 
maybe longer. 

Now, how do we recognize man ? We recently had in Ger­
many, out of a group working out of G6ttingen University, a 
d iscovery of a s ite of throwing spears in a deep cave in the 
mountains, here in  Germany, a site dated from about 600,000 
B . C . ,  in w h i c h  the design of t h rowi ng spears, the we l l ­
bala nced design o f  throwing spears, shows what?  I t  s hows 
someth ing that no animal could do, no animal mind cou ld do. 

It shows that you had a very advanced form of human cog­
nition, demonstrated by artifacts from 600,000 B.C. And obvi­
ously, this is a pretty far advanced part of man by 600,000 B.C. 
So, we have to go back somewhat earl ier-don't we?-to find 
man. And it's difficu lt, because the pattern of glaciation on this 
planet, affecting the Northern Hemisphere, goes back about 2 
m i l l ion years, on the basis of core samp l es that have been 
taken in various parts of the world. 

So, we're real ly  in  kind of poor shape, at this point, for going 
much earl ier. But  man's existence on th is  p lanet as man-a 
genotype with specific cognitive characteristics, which do not 
exist in an animal,  only exist with man-existed, fu l ly  devel­
oped as potential, a mi l l ion or more years ago. 

Wel l ,  what do we know of history? The best ind ications we 
have of h istory today, enabled us to scratc h back to about 
1 0,000 to 1 2,000 years ago. What happened to man al l  th i s  
time? I t  was in th is time, before " h istory," that the basic struc­
ture of the great language groups emerged . 

For example, you have a language, l i ke a Dravidian group, 
which is associated with the Indian Ocean and Pacific, which 
is a dominant cu ltu re in  that region, u nti l  the Aryan migrations 
from the polar region and Central Asia, down into India, where 
you 've got ch iefly the modern cu l ture of the subcontinent, 
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Archimedes (c. 287-2 72 B.C.), depicted here as he is about to be murdered by a Roman soldier, who steals up on the geometer 
while he is engrossed in working through a problem. 

based on an i nteraction between a Ved ic Sanskrit  la ngu age 
group, and a Dravidian group, in terms of cu lture. 

Look at Southeast Asia:  You've got impl ications of Dravidian 
types of languages, c ross i n g with  C h i nese l a nguages from 
South China.  Thai, for example. Thai has a structure wh ich has 
predomi nantly Chi nese origi n.  It has also strong Dravidian in­
fluences and cu ltural i nfluences. And it also has a strong Aryan 
cu ltural superimposition, on a basic Chi nese language struc­
ture. 

So you have the Dravidian language, the Chi na-related lan­
guage group. Then you have the Malayan-related group, which 
incl udes the Polynesians.  These cu ltures. Then you had the 
great polar group that we know of, wh ich  is  the group from 
which the Aryan so-ca l l ed group comes. We have another 
group, which we don't have much on (we have rel ics of it),  
which is a transatlantic group, which al most went out of exis­
tence, because it degenerated into the form in which the Eu ro­
peans discovered the ind igenous cultures of Central and South 
America later on. Probably from between 1 000 S.c. and 1 000 
A.D., there was a great col lapse of the qual ity of cu lture in what 

we now call the Americas, so that most of the so-cal led indige­
nous cu ltures of the Americas, were greatly degenerated cul­
tures, which had come from a much h igher level of  cu l tu re, 
which had degenerated much earlier. 

Transoceanic Maritime Cultures 
So then, you look at the h i story of mankind.  You say there 

are certa i n  grou ps of languages, which defi ne the domi nant 
cu ltural strai n  of human ity, strains which origi nate during the 
period of the last 1 00,000 years or so of the Ice Age, or earlier. 
These l a nguages are what ?  T h ese l a ngu ages a re l a rgely 
transoceanic maritime cu ltu re languages. They come from a 
period when the level of the oceans was between 300 and 400 
feet lower than today, when a great amount of the ocean ic wa­
ter was sitting on top of the Northern Hemisphere, in the form 
of great glaciat ion .  I n  that period, the sea-levels were much 
lower, and the coastal areas were much lower. And you had 
great maritime cu ltu res, inc lud ing those which i n habited the 
Arctic region, which was more habitable than Northern Eura­
sia, during the time of the great glaciation. 
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"The Well of Eratosthenes," by Howard Payn in The Observatory, Vol. 37 (London: Taylor & Francis, 1 914), 
as reproduced in City of the Stargazers by Kenneth Heuer (New York: Charles Scribner's Sons, 1 972), p. 89. 

The well of Eratosthenes. A photograph taken in 79 74 of the well ascribed to Eratosthenes, located on the Island of Elephantine 
at Aswan on the Nile. The well is 25 feet deep, with spiral steps leading down to the water. The upper part of the stonework is 
modern, but the stones below are ancient. 

Marit ime c u l t u res.  You have the traces i n  the spread of 
foodstuffs from prim itive seeds and prim it ive stocks, which 
were brought together from many parts of the world,  in the 
same way that the food cultures, I i ke tomatoes and potatoes 
and so forth, from South America, were brought into Europe. 
You had an oceanic movement of foodstuffs through these 
great cu ltures. 

And then, in re lat ively modern t i mes, in h i storic t i mes, 
these great maritime cultures, produce so-cal led riparian cul­
tures. In other words, man's culture did not come from inland, 
down the rivers to the oceans. What we know of man's cul­
tu re, from the standpoint of la ngu ages is that the great lan­
guage groups came from marit ime oceanic  cu l tures, which 
are the great communicators of ideas and technologies. 

These cultures, as they developed in a marit ime env i ron­
ment, created the basis for the up-river culture. Of course, our 
great people from Hamburg wou ld i ns ist that the cultures of 
the i n l a nd of the E l ba and R h i ne, were deve loped by the 
Hansa. But, someth ing l i ke that did occur. 

You have, for example, Mesopotam ia, which in the 5th 
and 4th m i l lenn ium B .C. ,  was an area that was beginn ing to 
dry out, inhab ited by Sem ites who were very ignorant, very 
brut ish,  no cu l ture, no c i v i l izat ion to speak of. And along 
came some Drav i d i a n s ,  who sett l e  co l o n ies among the 
Sem ite pop u l at ions .  One colony was cal led Su mer, wh ich 
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was fou nded by Dravid ians .  I t's  a Drav i d ian-speak ing cu l ­
ture, or a Dravidian language-speaking culture.  This  culture, 
which had the characteristics of Dravidian cul tu re, degener­
ated in the way in wh ich Dravidian cultures tend to degener­
ate. 

And thus, after the degeneration of Su mer, you had the rise 
of the Sem it ic  Akkad i a n  c u l t u re, based on the legac ies of 
Sumer's culture. You had the development of Eth iopia, which 
or ig i n a l l y  was a Dravid ian colony, the center of Eth iop ia .  
What we cal l  Yemen today, was also a colony of the  Dravidi­
ans. What we ca l l  the Canaan ites, or the Palest in ian area to­
day, was origi nal ly a Semite region, colon ized by Dravidians, 
as Herodotus refers to this in his h istories, and as the evidence 
corroborates Herodotus' commentaries. 

You had another great i nfluence on the Semites in th is  pe-
o r iod : the Egypt ians .  And the Mosa ic rel ig ion comes out  of 

Egypt, not out of Mesopotamia.  The characteristics, the food 
culture, the taboos, a l l  of these th i ngs, are characteristica lly 
Egyptian i n  character. They would be anathema, in a sense, to 
an ancient Mesopotamian culture. 

And so it  was the Egyptians who were, in  a sense, the au­
thors of  European civi l ization. But something came out  of  that, 
which was not purely Egyptian. The great accompl ishments of 
the Egyptians, were to lay the foundations for the development 
of Mediterranean civ i l ization .  And the great development of 
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Figure 5 
HOW ERATOSTHENES D ETERMINED THE CIRCUMFERENCE OF THE EARTH 

The cities of Alexandria and Syene (modern Aswan) lie nearly on the same meridian, about 490 miles apart (a). At a well 
dug for the purpose of observing, it was noted that at the summer solstice: (b) the Sun's rays perpendicularly hit the great­
est depth in the well; at the same hour in Alexandria, however, it was observed that the Sun cast a shadow from the sum­
mit of an obelisk at an angle of 7.r. With a simple calculation (c), Eratosthenes arrived at an astonishingly precise result 
for the circumference of the Earth. 

Mediterranean civi l ization, came out of what we cal l  G reek or 
Hellenistic civi l ization l ater. 

The Classical Idea 
The great trad it ion of E u ropean c i v i l ization, comes from 

people l i ke Thales, Herac l itus, the Homeric epics;  from the 
Great Age of Pericles. You see it emblazoned in stone, in the 
Athens of Pericles, in  the methods of sculpture of Scopas and 
Praxiteles, in  which the triangle, fou r-square conception of art 
was replaced, the tombstone conception was replaced, by im­
balance, where the imba lance created metaphor. The idea of 
metaphor in stone. 
. The triangu lar  culture, the Egyptian architecture, was sym­

bol ic.  The pr im itive A rchaic G reek culture was symbol ic .  I t  
was not cognitive. Whereas what we cal l Classical G reek cul­
ture, from which al l  European c iv i l ization comes, and al l  its 
contributions to the world come, are what we cal l  Classical 
culture, the Classical idea. The systematization of the Classical 
idea we owe largely to Plato and his Academy. 

The princ ip le  of paradox, the pr inc ip le  of metaphor, the 
principle of crucial experiment, by which we recognize that 
any idea which is  popu l ar, i s  probab l y  absurd,  on that evi­
dence alone. We therefore find the fal lacy in popular  bel ief, 
by driving popu lar bel ief to its extremes, extreme cond itions. 
And we're able to demonstrate that popular belief is false, be-

cause it om its consideration of someth ing which is a princi­
ple, which we've heretofore ignored. And by crucial-experi­
mental methods, we generate new principles, not only princi­
ples of physical science, but pr incipl es of art. And you can't 
have one without the other. The ideas of Classical art and 
Classical physical science, are unified. You separate them, 
you destroy the mind. 

Just think of an act of discovery. Now, there are people who 
have made an act of d iscovery, whether as an original discov­
erer, or simply repl icating the original act of d iscovery as a stu­
dent, by reworki ng, step by step, beg inn ing with a paradox, 
getting the flash of insight which demonstrates the idea, which 
is the principle to be discovered, and then working through the 
experimental proof which demonstrates the val id ity of that d is­
covered principle. 

Now, think of the process that you go through mental ly, in 
making such a discovery. You go through a process, which is 
impassioned. The first thing about scientific d iscovery, is pas­
sion. Logicians wi l l  never d iscover anything, except their own 
great burial place, which is a good place for them . It's passion, 
the passion to persist, the passion not to break concentration. 
The passion to spend days without interruption, fighting with 
the problem. The passion to maintain concentration. 

What is passio n ?  What is d i scovery? It is concentration, 
highly energized, impassioned concentration. You wi l l  not let 
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the q uestion go. You grab it by the neck, and don't let it go. 
Passion. 

And where do we recognize th is passion ? We recogn ize it in 
great C lass ica l  a rt, as opposed to so-cal led "popu la r  a rt," 
which has no pass ion in it ,  on ly lust, which is very qu ick. It 
passes very qu ickly. But the persistence: A great discoverer is a 
person who devotes years or longer, to working through vari­
ous stages of a great discovery-passion that will not let him 
go. The artist: passion which will not let him go. 

Take the case of the work of J .S. Bach, the great work of pas­
sion which would not let him go-and then you get to the kind 
of discoveries which are concentrated in things l ike the "Musi­
cal Offering," or sketched out i n  the principle of contrapuntal 
i nversions, in "The Art of the Fugue." 

The passion that will not let you go, that commands your life 
from beginn ing-from childhood until death; the passion 
which characterizes Mozart in studying the work of Bach, in 
7782- 7783, with van Swieten at his library in Vienna, and 
making a discovery from with in Bach, which gave us modern 
Classical motivic thorough-composition. 

Think of Beethoven concentrating on that, in doing his later 
compositions, concentrating on someone from the end of the 
1 6th centu ry, Zarl i no, and working on the work of Bach, on 
the "Art of the Fugue" by Bach, i n  preparing to work through 
the ideas which were expressed in his last works, including h is 
last string quartets. 

Passion! And a passion described by Plato, a passion for 
Truth. Do not let yourself be controlled by a fa lse idea. 
Know that many falsehoods have trapped your mind. And 
you must never allow those traps, those beliefs, which you 
have learned but which you don 't know; never let those 
guide you. 

A passion for justice, which is based on the nature of Man as 
not a beast, but a creative mind. And that a l l  people are sa­
cred, not merely to exist, but they're sacred because they con­
tain a developable potential of d iscovery, which enriches a l l  
mankind. And therefore, justice requ i res not merely the sense 
of justice in the ord i nary crude sense for the i nd ividual ,  but 
justice for the existence of the individual, which means, above 
a l l ,  fostering the development of the intel lectual  powers and 
character of that i ndividual .  

Justice and Truth. Not letting yourself go, until you get it. 
Now, t h i s  q u a l ity i s  descr i bed by P l ato, u s i ng a G reek 

word, which was used with the same meaning by the Apostle 
Pau l :  Agape. This passion, th is love for mankind, this passion 
for truth and justice, which in the Republic, in Plato's Repub­
lic, d ist ingu ishes Socrates from Th rasymachus,  the Adolf 
H it ler  of the l ot, and from G l aucon,  the forma l ist. It's that 
k ind of qual ity. 

Power Over the U niverse 
Now, how do you develop that k ind of qua l ity? Because 

you must not o n l y  h ave the i ns ight i nto the way the U n i­
verse is organ ized, but you must see that  man is increasing 
man's power over the universe. So, you have to l ook  at 
man,  not dead nat u re .  Not sticks and stones.  You have to 
look at how man's mind functions. How does man's mind 
function to control the universe, to improve our power over 
the universe, by means of which we exist, by means of 
which we develop. 
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What is  that? Th is  is c a l led C lass ica l  art. You don' t  l i ke 
something because it "feels good." That's i rrationa l ism. That's 
Thrasymachus. That's evi l .  Rock music is evil. If you l i ke rock, 
you are partaking of evi l  per se, because you've rejected truth 
and justice for passion of a cheap kind-mere lust. 

And thus, you must have a critical sense about man, a criti­
cal sense about the m i nd, a critical sense about how people 
work together, or  don't work together. It i s  that passion for 
truth and justice, which evokes the power to concentrate on a 
discovery; the power to go h igher and deeper than ever before, 
to go further in the d i rection of largeness and sma l lness than 
ever before. The passion to say "The un iverse is there, there­
fore, we've got to go out and explore it." You can't just sit back 
and use logic for that. You have to ennoble it with a passion 
for truth and justice. 

So, we had that. And you had a person who is characteris­
tic, who l ived toward the latter half of the 3 rd century B.C.,  
Eratosthenes. He was a poet, a geometer, a scientist, a nation­
bui lder, a cu ltu re-bui lder. You had in Arch imedes, who was 
perhaps not as bri l l iant a character, not as profound a charac­
ter as Eratosthenes, but nonetheless the same th ing, you had 
Roman soldiers k i l l i ng this precious mind in Syracuse, as they 
tried to k i l l  Etruscan cu lture, and suppress a l l  other cu ltures. 

And you realize that the legacy which makes the difference 
in going from the greatest aspect of Greek and Hel len istic cul­
ture, as typ i fied i n  the heritage of E ratosthenes a n d  
Archimedes, and people l ike that, to the rise of Roman cu ltu re 
and what that represented, was a great crime against human­
ity, from which civi l ization only began to recover i n  the 1 5th 
century, in the Renaissance. 

And then you look more c losely, at the fine deta i l s  of th is 
process, and you see more deeply, that Toscanel l i  had not yet 
reached the intel lectual level of Eratosthenes. 

F igure 5 shows a s imple description of the famous s imple 
experi ment. I t  i s  known that long before E ratosthenes, the 
Egyptians did astronomy with the aid of deep-wel l  observa­
tions. That is, you dig a very deep wel l-and you could do that 
in countries where you had to dig deeply to get water. And if 
you look up from a deep wel l ,  you can see the stars at midday. 
That is, i f  there's not too much haze i n  the sky. And that 
method was commonly used by the Egyptians in earl ier peri­
ods, the deep-wel l  or s imi la r  k inds of observations. L ine-of­
sight studies. 

So, observ ing at a p lace near what we ca l l  Aswan today, 
which was then cal led Syene, Eratosthenes made a measure­
ment of the midday position of the Sun, and compared it to the 
same position at a s imi lar site in Alexandria. 

And by this study and other studies related to it, Eratosthenes 
was the first to estimate, with reasonable accuracy, the size of 
the Earth as a spheroid, and came with in, relatively speaking, a 
very sma l l  marg i n  of error. H e  a l so made other est imates, 
which we didn't record here, of the distance from Alexandria 
to Rome, a long the a rc of a g reat c i rc le .  And by this same 
method, he calcu l ated the poss ib i l ity of  demonstrat ing how 
this would work for transoceanic navigation, going from Egypt 
to Egypt by way of the Pacific, i nto the Great Ocean, wh ich is 
the Atlantic, and back into Egypt. 

That was the experiment. 
Or, for example, take another case. The famous S ieve of 

Eratosthenes, which aga i n  in the 1 9th centu ry, became ex-



tremely sign ificant to us, as was demonstrated by Georg Can­
tor in his writings toward the end of the 1 9th Century, in deal­
i ng with a problem he cal led cardinality, which deals with 
how we make measurements, i n  terms of processes, which are 
characterized as mu lt iply connected man ifolds of the Gauss­
Riemann form. 

So you see, if you look at the i nterna l  work of an Eratos­
thenes, at the i nterna l  work of Plato and other members of 
the Academy earl ier, you see a profund ity of m i nd, a preci­
sion of m i nd v i s ib le  from a modern standpoint of modern 
sc ience, which is  greater than a nyth i n g  in the i nterve n i ng 
period. 

You say "What happened to th is?" Wel l ,  very s imple.  The 
method u sed by E ratosthenes  a n d  h i s  associ ates, is we l l  
documented . I t  i s  the P laton ic  method, the Platon ic method 
of C lassical  art forms, the Platon ic  method of physical sci­
ence. 

What happened to that method ? That method went out of 
use. And while that method went out of use as a control l ing in­
fluence in shaping society, society went, for over 1 ,700 years, 
i nto a long period of degeneration, of European culture. And it 
was not unt i l  the Renaissance of the middle of the 1 5th cen­
tury, when this specific method was revived, and studied and 
revived, that Europe began the process of ris i ng to and above 
the level of intellectual cu lture, which it had had in the time of 
Eratosthenes. 

So, when you look at th is  exploration of Eratosthenes' stu­
dent Mau i-the "eyes of the dragon," so to speak-you say, 
"Wel l ,  why did 1 ,723 years pass between the discovery, or de­
claration of discovery of South America by the navigator Maui, 
and the s imi lar  d iscovery, the s imi lar  voyage of exploration, 
conducted by Columbus?" Why d id 1 ,720-odd years have to 
pass? 

Because of a great degeneration of culture. And therefore, 
when we look at Eu ropean civi l ization today, and its legacy, 
that is the first measuring rod you must apply to understand the 
history of European civilization. You have to account for a cru­
cial fact, that from the time of the rise of the Romans unti l  the 
Renaissance, European civi l ization was in a process of moral 
and intel lectual degeneration. And we have not fu l ly corrected 
that error yet. 

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

Notes--------------------------------------------
1 .  The 3rd century B.C. Egyptian voyage, under the direction of Captain Rata 

and Navigator Maui, as reported in inscriptions deciphered by Barry Fell, is 
discussed in a series of articles in Executive Intelligence Review, Nov. 20, 
1 998, pp. 1 4-33, including "Scrapping the Usual Academic Frauds-'Go 
with the Flow': Why Scholars Lied about Ulysses' Transatlantic Crossing," 
by LaRouche. 

2. After Barry Fell had deciphered the 3rd century B.C. inscriptions of Maui in 
the Caves of the Navigators, in Irian Jaya (western New Guinea), he pre­
dicted that other inscriptions from the voyage would be found in the Ameri­
cas, dating from a year or two later. A report on such an inscription, found in 
a cave near Santiago, Chile, and translated by Barry Fell, appears in the 
Winter 1 998-1 999 issue of 21st Century, "The Decipherment and Discovery 
of a Voyage to America in 232 B.C.," p. 62. How the inscription was origi­
nally discovered in 1 885, appears on p. 66, in "Indian Inscriptions from the 
Cordilleras in Chile." 

3. The rock inscription describing an Egyptian shipwreck at Pitcairn Island was 
deciphered by Barry Fell, and published in The Epigraphic Society Occa­
sional Publications, August 1 974. 

For more information, contact the Epigraphic SOCiety, Donal B .  
Buchanan, Secretary, 821 6  Labbe Lane, Vienna, Virginia 221 82-5244, or  e­
mail donalb@aol.com. 
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Homer ' s  
Odyssey, 
Long-distance 
Seafaring, 
And the Principle 
Of Colonization 
by Gabriele L iebig 

Homer prepares his fellow citizens not only for a renaissance of 
Greek culture in 800 B. C., but for a mission of colonizing more 
primitive societies in the Mediterranean region and beyond. 

H
uman history is not an orderly ascension in stages from 
so-ca l led prim itive man to the glor ious present, but 
rather a succession of ebbs and flows : dark ages fol­

lowed by renaissances and progress, then backsl iding again to 
new, relatively dark ages. 

There is an underlying l i ne of upward development, but it is 
not automatic. In  early history, especial ly during the 1 00,000-
year-long ice age cycles, development was med iated by mar­
itime cu ltures, the "peoples of the sea," who now, final ly, must 
receive their deserved rank in human history.l 

H u man ity's development was a lways carr ied forward by 
great-mi nded ind ividuals who organ ized renaissances. Such 
people were Homer and his  friends in ancient Greece in  the 
8th century B .C . ,  when h i s  wonderfu l epics, the Iliad and 
Odyssey reportedly were written down. 
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Because Homer's epics mark the beginn ing of a renaissance 
in Greece, after 300 years of a relative dark age, German histo­
rians cal l  it "die dunkle Zeit" (the dark time) from the middle of 
the 1 2th century to the 8th century B .C, when the Greek colo­
n ization of the Mediterranean started. 

At about the same time, around 1 1 50 B.C, when Troy was 
destroyed, the great Mycenaean palaces were a lso destroyed. 
Mycenae was the home town of Agamemnon, the commander­
k ing of the G reek fleet that, after 1 0  years of war, ravaged 
Troy. However, Troy itself, and many other cities i n  Asia Mi­
nor, were part of  the same Mycenaean cu lture that probably 
was destroyed by i nvaders from the north . Whatever hap­
pened, the liiad gives an idea of that terrible world war d u ring  
the 1 2th century B.C The ensu ing dark age was characterized 
by waves of mass em igrat ion from the G reek m a i n l a n d ,  a 



The Granger Collection 

Odysseus defying Polyphemus, who is blindly hurling rocks at the ship, as depicted in an 7887 oil painting by Frederic 
Schutzenberger. 

severe reduction in  the potential relative popu lation density, 
poverty, and isolation. 

The Iliad te l l s  about  that d i sastrous  war agai nst Troy, 
lau nched for no good reason (the ostensible reason was He­
len's "Lewinsky affa i r" ) .  It was a terrible th i ng, despite al l  the 
bravery of its heroes. And Odysseus-as ch ief responsible for 
the destruction of Troy-is then condemned by the gods to a 
1 O-year odyssey. Odysseus' pun ishment, however, is not the 
main subject of Homer's second epic. Rather, two other ideas 
are: 

. (1 ) preparing his l i steners for a renaissance of the higher cul­
ture that existed before the dark age; and 

(2) i nspir i ng them to go to heretofore u nknown parts of the 
world, and to colonize there. 

Homer tel ls about the old cu lture that has perished. For ex-

ample, he talks about Crete (which had been u nder Myce­
naean rule si nce 1 400 B .C. ) .  Odysseus i s  particu lar ly  fasci­
nated with Crete, and he tel ls  his wife, Penelope, that i n  addi­
t ion to the marve lous  city of Knossos, there were 90  other 
c i t ies on that i s l a n d .  Homer reports about Agamemnon's  
Mycenae, about Nestor's Pylos, about Menelaus' Sparta, and 
about the h igh ly developed agricu lture in Odysseus' home­
island, Ithaca. 

The crucial concept in the Odyssey is the idea of colon iza­
tion : Instead of j ust leaving one's homeland as hungry refugees, 
the idea is to colon ize other places! Thus, we see the overrid­
ing sign ificance of the ideal seafaring city-state of the Phaea­
cians on the fantastic is land Scheria-Odysseus' saviors, who 
fi nal ly bring h im back home in their most effective and most 
secure ships, that are "swift l i ke thoughts ."  H is  raft being de-

2 1 st CENTURY Spring 1 999 3 7  



stroyed by Poseidon, Odysseus swims to Scheria's shore, and 
he is welcomed, even though a stranger, in  a friendly way. Fu l l  
of  admi ration, Odysseus wanders through the Phaeacian city 
and harbor. Let us quote Homer: 

And Odysseus marvelled at the harbors and the stately 
ships, at the meeting-places where the heroes themselves 
gathered, and the wal ls, long and h igh and crowned with 
palisades, a wonder to behold . . . .  [7 .43-45] 

[B]ut Odysseus went to the glorious palace of Alcinous. 
There he stood, and his heart pondered much before he 
reached the threshold of bronze; for there was a gleam as 
of Sun or Moon over the high-roofed house of great­
hearted Alcinous. Of bronze were the wal ls that stretched 
th is way and that from the threshold to the innermost 
chamber, and around was a cornice of cyanus [lapis 
lazul i ] . Golden were the doors that shut i n  the wel l-bu i lt 
house, and doorposts of si lver were set in a threshold of 
bronze. Of si lver was the l i ntel above, and of gold the 
handle. [7.84-90] 

Homer reports a very relevant fact about the h i story of the 
Phaeacians: Scheria itself is a colony! 

. . . Athena went to the land and city of the 
Phaeacians. These dwelt of old in spacious Hypereia hard 
by the Cyclopes, men overweening in pride who 
plundered them continual ly and were mightier than they. 
From thence Nausithous, the godl ike, had removed them, 
and led and settled them in Scheria far from men that l ive 
by toi l .  About the city he had drawn a wal l ,  he had bui lt 
houses and made temples for the gods, and divided the 
plough lands. [6.2-1 0] 

We know what kind of barbarous people Cyclopes are, be­
cause of the wel l-known ogre Polyphemus. But Homer charac­
terizes this brand of people more in deta i l .  The Cyclopes know 
neither agricu lture nor ship-bu i ld i ng, and Odysseus, who re­
ports a l l  that, proposes that seafaring people should come and 
teach them those ski l l s :  

Neither with flocks is i t  held, nor with ploughed lands, 
but unsown and until led all the days it knows naught of 
men, but feeds the bleating goats. For the Cyclopes have 
at hand no ships with vermil ion cheeks, nor are there 
ship-wrights in their land who might bui ld them wel l­
benched ships, which shou ld perform al l  their wants, 
passing to the cities of other folk, as men often cross the 
sea in ships to visit one another-craftsmen, who would 
have made of this isle also a fai r  settlement. For the isle is 
nowise poor, but would bear a l l  things in season.  In it are 
meadows by the shores of the grey sea, well-watered 
meadows and soft, where vines would never fai l ,  and in it 
level plough land, whence they might reap from season to 
season harvests exceeding deep, so rich is the soi l  
beneath . [9. 1 23-1 35]  

In  other words, the Cyclopes are ancient ancestors of today's 
Greens (Don't change nature, just be ugly!), and Prince Ph i l ip 
has certainly a fitting forefather in Polyphemus. 
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The Principle of Colonization 
The principle of colonization is at least as old as Noah's Ark 

at the time of the Bibl ical flood. Perhaps this was h istorica l ly  at 
the time when the ice of the last ice age melted, and raised the 
ocean levels. 

There is a lso the myth of Atlantis, which sank i nto the sea 
thousands of years ago. Plato renders the story in his d ia logues 
Timaeus and Critias, reporting what Solon was told by a knowl­
edgeable priest in Egypt. I mention it here, because this priest 
also tel ls Solon that Egypt is a colony of that perished Atlantic 
culture. 

Then came G reek colon ization .  F i rst, the G reeks fou nded 
cities in Asia  Minor, and then, in the 8th through 6th centuries 
B.C, the Greeks founded colonies a l l  over the Mediterranean, 
in Sici ly, Italy, and Egypt. 

Cyrene in Cyrenaica, where Eratosthenes comes from, was a 
colony founded by people from Thera (Santorin, 630 B .C). 

We know about So lon ,  his fr iend Tha les, and ,  l ater on, 
Aeschylus, and the r ise of Athens and c lassical G reek cu lture 
in the ensu ing centuries. We know about P lato's Academy in 
the 5th century B .C . ,  and A lexander's campaign in the 4th 
century B .C, his conquest of Egypt, the founding of Alexandria 
in Egypt with the famous l ibrary that Eratosthenes headed i n  
the 3 rd century B . C  (At the time o f  Maui's voyage, 2 3 2  B.C, 
Eratosthenes was i n  his 40sY 

And that asto u n d i n g  process beg i ns ,  i n  a sense, with  
Homer's ep ics and the broad education of  the pop u l at ion 
connected with them. When these "stories" were sung during 
festivities or i n  public p laces, this was the "aesthetical educa­
tion of man," in Friedrich Sch i l ler's mean ing of the word. The 
poetry of the epics increased the l isteners' attention span, and 
i ntroduced a h igher  form of language.3 The higher the lan­
guage, the more complex are the ideas that can be transmit­
ted. Strabo, a geographer-ph i losopher in the 1 st century B .C, 
considers poetry an "elementary ph i losophy" and an  ind is­
pensable means of education of character, emotions, and ac­
tions of man. And, he says, wh i le  "phi losophy is for the few 
. . .  poetry i s  more usefu l to the peop le  at l a rge and can 
draw fu l l  houses-and this is  exceptional ly true of  the poetry 
of Homer." Old Strabo, who is a real fan of Homer, also says, 
that in order to be a good poet, one must first of a l l  be a good 
person .  And he emphasizes how much this is true for Homer, 
who had been a u n iversa l ly learned person ,  who eagerly 
tried to transmit al l  h i s  knowledge to the people l isten ing to 
his poetry. 

Homer's Odyssey, i n  partic u lar, was the schoo lbook for 
G reek c h i ld ren.  The l ast vers ion,  as we know it today, was 
edited in the Academy of Alexandr ia .  It i s  a "school of l i fe," 
animating chi ldren to become a leader l ike the hero Odysseus, 
whi le  avoid ing h i s  mistakes, and, last but not least, to learn 
everyth i n g  re levant about the known and the u n known 
world-geography. 

The Riddle of the Odyssey 
Now we come to the actua l  subj ect: the whereabouts of 

Odysseus' voyage. To warn you, the Odyssey is not a perip/us 
(or ship's log-book) of a specific h istorical voyage of a h i stori­
cal king Odysseus. Odysseus may have existed, and those voy­
ages certain ly took place, and various reports about them h ad 
reached Homer.  But  the real question i s :  What d id  Homer  



Figure 1 
MAP OF THE ODYSSEY FOR THE SMALL-MI NDED 

The prevailing view of Homer's Odyssey is that it  takes place exclusively in the internal sea, the Mediterranean. 

want to say, and what could he know about long-distance sea­
voyages in about 800 B.C . ?  

As  Homer i s  geograph i c a l l y  very prec ise i n  some parts, 
whi le in other parts q u ite ambiguous-del iberately ambigu­
ous, I wou l d  say-a g reat c o nt roversy a rose in ant iqu i ty 
about the Odyssey, concern ing the most dangerous and most 
dramatic part of Odysseus' journey : Whether Homer p laces 
the journey i n  the external sea, the Atlantic Ocean, beyond 
the "P i l l ars of Hercu les" (the Stra it of G ibraltar), or whether 
he p laces the whole trip exc l us ively i n  the i nternal sea, the 
Med iterranean,  not go ing  fa rther  west than S i c i l y  and the 
west coast of I ta ly  (F igure 1 ) . The l atter, sma l l -mi nded out­
look, is the view of B rit ish schola rs, which prevai ls  today in  
most of  the l iterature. 

Of course, this is  only one of several versions, which often 
contradict each other. 

In summary, th is view of Odysseus' trip leads from Troy via 
Ismaros and Cape Male ia  to the Lotos-eaters (whom Strabo 
places qu ite plausibly in Djerba, an island off the North African 
coast. Next, they come to the Cyclopes (putatively in Sici ly), 
the Aeolean islands (the Liparean islands north of Sici ly are sti l l  
cal led that), a lmost home t o  Ithaca, a n d  stra ight back to the 
Aeolean or Liparean islands. So far, we can agree. 

But then the smal l-minded interpreters place the Laistrygoni­
ans once more in eastern Sici ly, and Ci rce at Monte Circeo in 
Italy (a place which got its name, of course, much later). And 
some go so far as to ridiculously locate the entrance to Hades, 
the realm of the dead, at the Avernean Lake in Italy. The Sirens 
are then located c lose to Capr i ;  Scyl l a  a n d  Cha rybd is  are 
equated with the Strait of Messina; Hel ios' is land Thrinacia is,  
for the th i rd time, located i n  Sici ly,  this t ime on  the east side; 

Calypso's is land is equated wi th Ma lta on  Pente l l er ia ;  and 
Scheria is placed not "at the end of the world," as Homer spec­
ifies, but at Corcyra, not far from Ithaca. 

The other faction, the "ex-oceanists"-including myself, of 
course, and, not surprisi ngly, E ratosthenes-argued that, no, 
the last phase of the Odyssey is placed in the externa l  sea, the 
Atlantic Ocean! (See Figure 2 .) 

Here, a l so, other vers ions of the jou rney are possible, be­
cause Homer leaves us with ambigu ity. We w i l l  look at th is  
map more in  detai l  later. 

E ratosthenes was of the opin ion that Odysseus did sai l  out 
i nto the Atlantic, a l though he was very critical of those who 
took every word of the Odyssey absol utely l i tera l ly, and who 
were looking for detai ls, such as the shape of rocks, in order to 
locate the mentioned local  i t ies .  Strabo reports that E ratos­
thenes said, it were as l ikely to find some of those localities as 
to find "the cobbler, who made the bag, in which Aeolus put 
all the winds." U nfortunately, the th ree vo l umes of E rathos­
thenes' work on geography are lost, and only fragments are re­
ported by Strabo and others. 

L i ke Strabo, E ratosthenes considers Homer the "founder of 
geography," because of h is  precise descriptions of the known 
world. However, E rathosthenes sees the need to revolutionize 
the tradit ional anecdotal geography, and on  the basis of h i s  
geometrical-astronomical ach ievements, he  is ab le  to  establ ish 
a much more precise method of map-drawing, in which places 
are defined by their position in terms of longitude and latitude. 

Homer measu res d i stances i n  terms of days of travel re­
qu i red, and he describes d i rections by nami ng the respective 
winds--except for one crucial case, in which he indicates the 
d i rection by a star conste l lation. 
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Shown in F igure 3 are four ancient world maps, accord ing 
to the specifications of Hes iod (700 B .C .) ,  Hecataeus (5 1 7  
B .C.), Herodotus (440 B .C.) ,  and E ratosthenes (200 B.C.) .  

Homer's "map" should be c loser to the truth than Hesiod's, 
in which ,  for example, Cyprus i s  m iss ing .  A lso the Arabs, 
mentioned by Homer under the name E rembeans, are miss­
ing. And if Hesiod equated Sici ly with Thrinacia (Trinakria on 
his  map), this is simply an error. Homer also clearly says, that 
the Eth iopians are divided between "where the Sun rises, and 
where the S u n  s i nks";  that is, they l ive on both the eastern 
and the western shore of Africa-as shown in Hecataeus' 
map.  And l i ke E ratosthenes, Homer seems to th i n k  that the 
external sea, the Atlantic Ocean, is on a l l  s ides of the known 
world. 

Ancient Ships and Seafaring 
But how did Homer come to know a l l  this? Reported ly, he 

used Phoe n i c i a n  periploi, that is, s h i p  logs or reports by 
Phoenician seafarers about their long-distance voyages. 

And what do we know today about early transat lant ic or 
transpacific voyages? 

I n  th is  respect, Barry F e l l ' s  book America B . C  conta i n s  
some very i nterest i n g  i nformation .4  Accord i n g  t o  Fel l ,  the 
first acc idental drift-voyages, v ia  the Canary I s lands across 
the At lantic, by I berians and L ibyans, occu rred 5 ,000 years 
ago; and del iberate transat lant ic voyages were undertaken 
start ing in 1 000 B .C .  As evidence, Fel l presents Ibero-Celt­
ian, Phoenic ian,  Egyptian, and L ibyan inscriptions in North 
and South America. For example, there is a stone engraving 
found in Oklahoma, dati ng from as early as 800 B .C. ,  show­
i n g  a p i cture of the S u n  with rays, with a q uote from the 

Egyptian "Hymn to the Sun" by Pharaoh Akenaton from the 
1 4th century B .C.  

In  800 B .C. ,  Fel l reports, the Phoen icians fou nded Tarsh ish 
(Tartessus or Tarsis) at the Iberian Atlantic coast (outside the 
p i l lars of Hercules), from whence they imported gold, s i l ver, 
and other metals. The Book of Jonah in the Old Testament re­
ports a stormy passage from Phoen icia at the easternmost bank 
of the Mediterranean, a l l  the way to Tarsh ish. This is the same 
tr ip, in which Jonah ends up in the whale .  When i nvaders 
came from the North, around 500 B .C, Tarshish d isappeared. 
And, Fell says, the Tartessians d isappeared to America. 

In  any case, at that time, there m ust have been busy transat­
lantic trade relations, as shown in the map adapted from Fel l 's 
book (Figure 4). 

Fell a lso reports, that in 1 200 B .C., huge Egyptian ships tra­
versed the I n d ian  Ocean to gold-r ich southern Africa a n d  
Sumatra. 

What ships were used? Fortunately, i l l ustrations of ancient 
ships exist. The oldest drawing I have found (F igure 5), shows 
Egyptian ships from the time of Queen Hatshepsut, about 1 500 
B.C The rel ief very d istinctly shows ships (a) and (b) with dual 
propu lsion: a central mast, yard, and large sail, and 1 5  oarsmen 
on each side, who row the ship at launch and before anchor­
ing, or in battle, or when there is no suitable wind. The ship in 
(c) is a cargo ship used to transport obelisks. Here, mast and sai l 
are missing; instead, there are three l i nes of holes for oars. 

Figure 6 is an 8th century B.C.  i l lustration of the Phoenician 
fleet. These are war sh ips, and you see the shields of the sol­
diers, who a l so do the rowing .  Aga in ,  the sh ips have m ixed 
propu ls io n :  oars for battles, sa i l  for long-d istance voyages. 
The urn, F igure 7 (a), shows Odysseus' sh ip .  U nfortunately, 

Figure 2 

40 

MAP OF THE ODYSSEY ACCORDI NG TO THE 'GREATER HYPOTH ESIS' 
In the view of the ex-oceanists, including Eratosthenes, the last phase of the Odyssey takes place in the external sea, the 
Atlantic. This view is discussed in more detail below. 
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for our purposes, the i l l ustration is more concerned with the 
S i rens than w ith the tec h n o l ogy of the sh i p !  I n  real ity, 
Odysseus' ship, and most of the other 1 2  ships he commanded 
on the way back from Troy, are described by Homer as pen­
tekonte i ,  with two rows of 25 oarsmen on each s ide.  Such 

Hesiod, 700 B.C. Hecataeus, 517 B.C. 

- - -- - - ---,-

Herodotus, 440 B.C. Eratosthenes, 200 B.C. 

Figure 3 

, , \ \ \ \ \ \ I I I I , 

FOUR MAPS OF THE ANCI ENT WORLD 
Homer's knowledge of geography, which was more ad­
vanced than that shown on some of these maps, report­
edly came from the ship logs of long-distance Phoeni­
cian voyagers. 

ships were about 25 meters long, 2 . 5  meters wide, and could 
cover 1 30 km a day. 

The other two Greek ship i l l ustrations, F igure 7 (b) and (c), 
are tri remes. They have two l i nes of oars on two separate lev­
els. Later, the Greeks developed the famous triremes with up to 
1 70 oarsmen on three different levels. 

The Romans s imply copied G reek sh ips.  The Roman river 
ship in Figure 8 was reconstructed by the Museum for Ancient 
Sh ips in Mainz, Germany, after workers found a wre<;k in a 
large construction site near the Rhine.  Although this is a river 
sh ip, and less curved than G reek ships, i t  works accord ing to 
the same pr inc ip le .  Remember, however, that Homer  de­
scribes the Greek ships as "blackish/ ' that is, painted with tar, 
and sometimes "with vermi l ion cheeks." These ships had a re­
movab le  m ast, a squ a re sa i l  that cou ld  be moved i nto the 
winds by braces, and cou ld be shortened by smal l ropes; they 
also had a lateral rudder to steer. 

V ik ing  s h i ps,  such as the one port rayed i n  F i g u re 9 i n  a 
painting by Gerhard Geidel,  have s imi lar  features. With such 
ships, Leif Ericsson and his Viking comrades arrived in  the year 
1 000 in America, approximately where New York is today. 

Four levels of Seafaring 
We can understand the Odyssey and Homer's geography of 

sea voyages, only by d istinguishing four  types or categories of 
sea voyages. If we l u m p  a l l  the voyages together, we can't  
make sense of it. 

The first level is coastal shipping. If we were to apply a modern 
analogy, we would compare this to travel l i ng by regular airplane. 
Homer's example is the overnight trip by Odysseus' son, Telema­
chos, who takes a small ship to Pylos, because he wants to ask 
Nestor, whether he has heard anything about his father's fate. 

Figure 4 
TRANSATlANTIC TRADE ROUTES, 500 B.C. 

(ADAPTED FROM BARRY FEll) 
Fell and others have documented that long-distance maritime trade flourished going back at least to 3,000 years B.C. 
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Figure 5 
EGYPTIAN SHIPS, 1 500 B.C. 

These illustrations of a relief from the time of Egyptian 
Queen Hatshepsut, about 1 500 B.C. show seagoing 
ships propelled by sails and oars. 

Source: After A. Marietle, Deir-el-Bahari (Leipzig 1877), as reproduced in Lionel 
Casson, Ships and Seamanship in the Ancient World. Copyright © 1971 by Prince­
ton University Press. Reprinted by permission of Princeton University Press. 

The second level concerns long-distance voyages in the 
Mediterranean Sea between known, clearly identified places 
(figure 1 0) .  The modern ana logy m ight be fl ights with the 
Space Shuttle, to Mir, or the new space station, or even back to 
the Moon. 

Homer tel ls  about Menelaus' return from Troy, via Lesbos 
and Cape Maleia. Then, a storm wrecks the other ships nearby 
Crete, wh i le Menelaus' own sh ip  is d r iven farther to Egypt. 
Menelaus and Queen Helen stay in Egypt for seven years, and 
during that time they visit Thebes on the N i le, L ibya, Arabia, 
Cyprus, and Phoenicia. 

Also on th i s  same second level are those travels which 
Odysseus invents as  plausible "cover stories." Both these in­
vented voyages start in Crete: The fi rst one is supposed to bring 
him to Pylos, but because of bad weather, he a l legedly lands 
by mistake in  Ithaca. The second trip brings him from Crete in 
five days to Egypt (a distance of about 650 km, which is totally 
plausible) .  F rom Egypt, he a l leged ly sai ls with a Phoen ician 
gangster to Phoen ic ia .  This  man l ater wants to br ing h im to 
L ibya and se l l  h i m  i nto s lavery there. A storm prevents th is  
from happening, and Odysseus comes to the Thesproteans in 
northwestern Greece, or so the invented story goes. 

Sti l l  on the second level is the very first part of Odysseus' re­
turn from Troy. Odysseus tel l s  about the massacre and p lun­
dering of the city Ismaros in Thrace, not far from Troy, and says 
that they then sai led southward to Cape Maleia, from where 
they were thrown off course i nto unknown waters. 

At this point, Homer proceeds onto the third level of voyage: 
sailing in unknown waters, but still in the Mediterranean. As a 
modern analogy, we might compare this third level to voyages 
to other planets, colonizing Mars, and so on. 

We can fo l low Odysseus '  route on  the m ap, F i g u re 2 .  
From Maleia, it takes them n i ne days to reach the land of the 
Lotus-eaters, which the G reek geographer Strabo (1 st cen-
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Figure 6 
PHOEN ICIAN FLEET, 700 B.C. 

This drawing of Phoenician two-banked warships and 
transports c. 700 B. C., from a relief in the Palace of 
Sennacherib, shows both sail and oar driven ships, with 
soldiers rowing. 

Source: After A. Layard, The Monuments of Nineveh (London 1 849), as repro­
duced in Lionel Casson, Ships and Seamanship in the Ancient World . Copyright 
© 1971 by Princeton University Press. Reprinted by permission of Princeton Uni­
versity Press. 

tu ry B .C . )  p l aces i n  Djerba.  Thucydides a n d  the S ic i l i ans  
p lace the land of the Cyclopes i n  western S ic i ly .  Why not? 
We can a l so agree to p lac ing  Aeo l i a  at the Aeo l i a n  or L i ­
parean is lands. 

Then comes the n ine-day trip, almost to Odysseus' home in  
Ithaca: This  is 1 ,200 km away, and the sh ip makes 1 30 km per 
day. But  then the stup id  com rades open the wind bag, and 
promptly the storms blow them back to Aeol ia, where they are 
chased away. 

Next, after six days' crossing on the open sea, they come to 
the cruel Laistrygoneans, who destroy a l l  the ships and k i l l  a l l  
the men, except for Odysseus' own ship, which he anchored 
outside the narrow harbor.  So le ly  because of the d i stance 
given (6 days x 1 30 km = 780 km) I have p laced the Laistrygo­
n ians, hypothetical ly, in North Africa, approx imately where 
Algeria is today. 

Only Odysseus' ship is able to escape, and it reaches C i rce's 
i s l and,  Aeaea. There is  no d i sta nce g iven by Homer; t h u s  
Aeaea i s  not locatable, but i t  i s  sti l l  o n  the Mediterranean side 
of "Scyl la and Charybd is." 

Ci rce is a witch .  She doesn't show him the way home-as 
Calypso, the nymph, w i l l  do later on .  On the contrary, C i rce 
now sends h i m  onto the most extreme, most arduous part of 
h i s  tri p :  out i nto the externa l  sea, the Atl ant ic .  And here i s  



Figure 7 
ILLUSTRATIONS OF G REEK SHIPS 

The illustration on the urn (a) depicts Odysseus and the 
Sirens. The other two illustrations, (b), fragments from 
vases, show dieres, with two levels of oars, c. 600 B.C. 

where the fourth level of seafari ng starts-exploring the un­
known; for this, the modern analogy of leaving the solar sys­
tem may be chosen. 

Our "ex-ocean ist" thes is  has been backed up so far with a 
historical argument, using evidence of early transatlantic trips, 
the existence of su itable shi ps, and the possible avai labi l ity of 
Phoen ician or other periploi to Homer. 

Now, we w i l l  employ an even stronger argu ment for the 
"ex-ocean ist" thesis, namely, an argument considering the in­
ternal laws of Homer's poetry, and considering the psychology 
of dangerous long-distance voyages. 

Eratosthenes, accord i ng to the geographer-historian Strabo, 
emphasized that travel l ing across the external sea (as his friend 
Maui d id, on the opposite, Pacific route) is primari ly a psycho­
logical problem, a problem of courage, and much less a tech­
nical problem. The explorer Thor Heyerdahl and his friends in  
1 947  trave l led 8,000 km on the raft Kon-T ik i  from Peru to 

Figure 8 
MODEL OF A ROMAN RIVER SHIP 

The Romans copied the Greek ships. This river ship was 
reconstructed by the Museum for Ancient Ships in 
Mainz. The ship has mast, movable sail, and rudder. 

Source: Hartwig Dannenberg 

Polynesia, which took this  k ind of courage, even though they 
had some radio connection, and at least the potential for bei ng 
rescued. 

Homer knew, too, that such a voyage i nto "the u nknown" 
requ i res extreme courage. And he lets his hero Odysseus dis­
play such courage, a courage i nvolving the read i ness to die in  
the undertaking. I ndeed, Odysseus and h is  companions agree 
to go to Hades first, before they continue the trip, even though 
they are horrified by the prospect. They sa i l  across the world 
ocean to the realm of the dead . 

(Homer, it should be noted, uses the word "ocean" i n  two 
meanings:  F i rst, as the water from which the Sun rises i n  the 
morning and sets i nto at n ight, that is, the horizon; and second, 
as the river separati ng the realm of the l iving from the real m  of 
Hades, where the souls of the dead l ive. The usual Greek word 
for sea is thalassa, and there are two seas referred to, one on ei­
ther side of the "Pi l lars of Hercules"; there is the eso thalasses 
and the exo thalasses, the i nternal and external seas.) 

Odysseus and h is compan ions vis i t  the dead and speak to 
them; i n  part icu lar, they hear the prophecy of the o ld b l i nd 
prophet Tiresias about Odysseus' fate. They stand th i s  part of 
the test, and upon their  return Circe greets them: 

" Rash men,  who have gone down a l ive to the house of 
H ades meet death twice, w h i l e  other m e n  d i e  but  once ."  
[ 1 2 .22-23] 

Test No. 2 is the S i rens, which have to be passed. The issue 
is less how they s ing, but what they sing! The S irens s ing, how 
great a hero Odysseus is! The lesson is clear: Don't let yourself 
be distracted from your m ission by a l l-too-sweet flattery. With 
the help of certai n  precautions, Odysseus and his companions 
stand this test, too. 

Then comes Scy l l a  and Charybd i s .  I th i n k  th i s  is rea l ly a 
mu ltifaceted metaphor. 

• Geograph ical ly, it is  the gate from the i nternal to external 
sea, as "ex-ocean ists," such as Eratosthenes see it. 

• I n  terms of seafar i n g, the tw i n  d a ngers of Scy l l a  and 
Charybd is typify and exaggerate the common features of  a l l  

Figure 9 
VIKING SHIP, C. 1 000 B.C. 

The Viking ship, which traversed the Atlantic, was simi­
lar in design to the Roman ship. 

Source: Schiffahrt und Kunst aus Schweden. Katalog. Hansa·Verlag Hamburg. 
p. 99 
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Figure 1 0  
LONG-DISTANCE VOYAGES I N  THE MEDITERRANEAN 

In this second level of seafaring, we include the voyages of Menelaus, and Odysseus' invented journeys. 

such narrow straits, the Bosporos, as wel l as the Strait of Gibral­
tar, or the Strait of Mess ina. And these dangers i ndeed show 
some spec ific features of the Strait of Mess i n a ;  namely, the 
changing d i rect ion of the cu rrent of Charybd is, who is de­
scribed by Homer as thrice a day swal lowing the waters, and 
as many times spitting them out again .  

• The most famous  mean i n g  of Scy l l a  a n d  C h a rybd i s ,  
however, i s  the metaphor ica l  one .  F i rst, Odysseus has to 
choose between two cou rses. E i ther he steers through a re­
gion of sharp rocks, which have destroyed each and every 
sh ip that has passed th rough them, except J ason's Argo; or, 
he faces the more differentiated danger of Scyl la  and Charyb­
d is .  And here aga i n ,  Odysseus must  choose, now between 
Scyl la ,  who w i l l  g rab s i x  of h i s  peop le, and the torrent of 
Charybd is, who would s ink  the sh i p  and destroy it ent i re ly, 
with no survivors. 

Such terr ib le moments of necessary decis ion are a crucial 
and recurring problem of generalship, in war and in  other dan­
gerous situations. Odysseus fol lows Circe's advice, and orders 
h is  companions to steer the sh ip close to Scylla's rock, without 
te l l i ng  the crew about the prospect of los ing six comrades. 
Was Odysseus right or wrong in  withholding this i nformation? 
Homer leaves it to the reader to th ink about this question. But 
Odysseus and h i s  companions do get through the strait, and 
out into the external sea. 

Then comes Thrinacia and the test which Odysseus' com­
rades fl unk.  Both C i rce and the sou l  of T i resias had warned 
Odysseus to avoid the  s u n  god ' s  i s l a n d ,  T h r i n a c i a .  If he  
cou ld not  avoid landing there, they said, he should not, un­
der  any c i rcumstances, k i l l  any of  the cattle or sheep on the 
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i s land .  If  he d id ,  they sa id ,  a l l  h i s  compan ions wou l d  d ie, 
and Odysseus a l o n e  w o u l d  retu rn home,  but a very u n ­
happy man.  

When Thrinacia is  sighted, Odysseus gives the order to sail 
on, and not to land there. A particular coward among the com­
rades, Eurylochus, at th is  point  organ izes a mut iny.  Odysseus 
describes the situation : 

So I spoke, but thei r spirit was broken within them, and 
straightway Eurylochus answered me with hateful words: 

"Hardy art thou, Odysseus; thou hast strength beyond 
that of other men and thy l imbs never grow weary. Veri ly 
thou art whol ly wrought of i ron, seeing that thou sufferest 
not thy comrades, worn out with toi l  and drowsiness, to 
set foot on shore, where on this sea-girt isle we might 
once more make ready a savoury supper; but thou biddest 
us even as we are to wander on through the swift n ight, 
driven away from the island over the misty deep. It is from 
the night that fierce winds are born, wreckers of ships. 
How could one escape utter destruction, if haply there 
shou ld suddenly come a blast of the South Wind or the 
blustering West Wind, which oftenest wreck ships in  
despite of  the sovereign gods? Nay, veri ly for this time let 
us yield to black n ight and make ready our supper, 
remaining by the swift ship, and in the morn ing we wi l l  go 
aboard, and put out into the broad sea." 

"50 spoke Eurylochus, and the rest of my comrades 
gave assent." Then ver i ly  I knew that some god was 
assuredly devis ing i l l , and I spoke and addressed h i m  
with winged words:  



Atiantic .Qcean 

Figure 1 1  
THE GREATER HYPOTHESIS OF THE ODYSSEY 

The strongest argument for the ex-oceanist view of Homer's Odyssey is the extreme psychological situations created for 
Odysseus and his comrades. Would Homer have Odysseus visit Hades and suffer other severe tests if it were not to pre­
pare them for unknown adventures in the external sea? On this map, two possible locations are suggested for Thrinacia­
the Canary Islands or Madeira-and two locations for Scheria-the Bahamas or Tarshish. 

'"Eurylochus, ver i ly  ye constra in  me, who stand 
alone. But come now, do ye a l l  swear to me a mighty 
oath, to the end that, if we haply fi nd a herd of k ine or 
a great flock of sheep, no man may s lay either cow or 
sheep in  the b l i nd fol ly of his m i nd; but be content to 
eat the food which immortal C i rce gave."' [ 1 2 .  278-
302] 

Odysseus has no choice but to give in,  but he strictly forbids 
his crew to k i l l  cattle or sheep, because otherwise the sun god 
wi l l  go for capital pun ishment.  At fi rst, the crew obeys, but 
then there is  no su itab le  wind for a fu l l  month, the food re­
serves on the sh ip  are a l l  eaten u p, and the men go hungry. 
They try to catch some fish or  b i rds, but th is i s  i nsuffic ient. 
Eurylochus is going mad with hunger: 

Hear my words, comrades, . . .  All forms of death are 
hatefu l to wretched mortals,  but to die of hunger, and 
so meet one's doom, is the most pitifu l .  . . .  Rather 
wou ld I lose my l ife once for a l l  with a gu lp at the 
wave, than pine slowly away in  a desert isle. [ 1 2 .341 -
342 and 350-3 5 1 ]  

Eurylochus wants an end with terror, rather than terror with­
out end ("e i n  Ende m it Schrecken als ei nen Schrecken ohne 
Ende"). In  a word, whi le Odysseus is asleep, his comrades ki l l  
some cows and eat them, sacrific ing some to Hel ios (th is is 
how E u rylochus rat ional izes the act) . But  the sacrifice is i n  
vain .  When the sh ip leaves Thrinacia, a bolt o f  l ightn ing de­
stroys the ship, and all the crew drown, except Odysseus, who 

survives, c l ing ing  to the m ast and  broken keel of the sh ip ,  
which he ties together with a rope. 

Does this strange change of behavior of his comrades, who 
become mad with fear, real ly  fit with a situation in which the 
ship is just c i rcl ing around Sici ly one more time? Does it make 
sense for the poet Homer to send Odysseus and his friends to 
Hades and through a l l  these extreme psychological situations, 
if it were not to prepare them (and h is  audience, as wel l )  for 
unprecedented adventures in the unknown external sea? This 
is in my view the strongest argument for the thesis of the "ex­
oceanists ."  

Thrinacia, Ogygia, and Scheria 
Al l  that Homer says about Thri nacia is that it is a desert is­

land, beyond Scy l l a  and Charybd is-that i s, in the external  
sea-but not too far away from there. After the sh ipwreck, 
Odysseus, c l i ng ing  to mast and kee l ,  i s  fi rst d r iven back to 
Scyl la and Charybd is. ( I  have put Thrinacia on the map-Fig­
ure 1 1 -in two possible places, Madeira or the Canary Islands, 
but this is probably too much pure specu lation.)  The wreck is 
sucked in by Charybdis, but Odysseus waits, hanging onto a 
fig tree, until the wreck is spit out again .  Then, with that wreck, 
he drifts westward for n ine long days and n ights, f inal ly arriv­
ing at Calypso's island, Ogygia .  

Where is Ogygia? Homer doesn't say, except for indicating 
that Calypso's is land is the utmost western leg of the voyage. 
Here is how Homer formu lates th is message: 

After seven years, Ca l ypso, on ord e rs from a bove, l ets 
Odysseus go. She even he lps h i m  to b u i l d  a raft w ith mast, 
sa i l ,  and rudder. The descript ion is very detai led.  This is an-
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other i m po rtant l esson for 
would-be long-distance sea­
farers: What to do, if you get 
s h i pwrecked and  trapped 
someplace without a ship. 

When the raft i s  ready, 
Odysseus sai ls  off: 

On the raft the 
goddess put a skin of 
dark wine, and 
another, a great one, of 
water, and provisions, 
too, in a wal let. 
Therein she put 
abundance of dainties 
to satisfy his heart, and 
she sent forth a gentle 
wind and warm. 

Corbis/Bettmann 

w h i c h  he may have heard 
about? Homer lets N ausicaa 
say that Scheria l ies "at the 
e n d  of the worl d . "  B ut the 
context suggests that N ausi­
caa means the end of the in­
hab ited world.  That i s  true 
for Tarsh i sh, i n  the eyes of 
those who l ived in Homer's 
time. 

All of this, however, is hy­
pothes is .  The o n l y  t h i ng 
Homer c learly i ndicates, i s  
that Odysseu s  i s  sh ip­
wrecked in the external sea, 
that he ends up on Ogygia, 
somewhere in the middle of 
that externa l  sea, and  that 
he then s a i l s  by raft for 1 8  
days i n  a n  eastward d i rec­
tion to the land of the Phaea­
cians. 

Gladly then did good ly 
Odysseus spread his  
sa i l  to the breeze; and 
he sat and gu ided his 
raft ski l lfu l ly  with the 
steering-oar, nor did 
sleep fal l  upon his 
eyelids, as he watched 
the Pleiads, and late­
setting Bootes, and the 
Bear, which men also 
cal l the Wain, which 
ever circles where it is 

The soul of the blind prophet Tiresias (left) counseling 
Odysseus in Hades, as depicted in a detail from an Attic paint­
ing, c. 400 B.C. 

Scher ia is descr ibed by 
Homer not only as an ideal 
c ity, but a l so as a k ind  of 
Garden of Eden, where fruit 
trees and grapes b lossom 
and bear fru it at the same 
t ime. It reminds one of Hes­
iod's "island of the blessed," 
and of Atlantis. 

And Homer reports more 
and watches Orion, 
and alone has no part in the baths of Ocean. For th is star 
Calypso, the beautiful goddess, had bidden h im to keep 
on the left hand as he sai led over the sea. For 1 7  days 
then he sai led over the sea, and on the 1 8th appeared 
the shadowy mountains of the land of the Phaeacians, 
where it lay nearest to him . . . .  [5.265-280] 

Odysseus sails in what d i rection? Accord ing to astronomer 
Lothar Komp, the descri bed d i rection is east, very s l ightly 
northeast. He sai ls  with good wind for 1 8  days, let's say 1 ,800 
km, and then he sights Scheria. 

Where is Scheria? 1 ,800 km east of Ogygia!  If you look at 
the map, you w i l l  fi nd  that it  i s  h ig h l y  im probab le  that 
Odysseus,  c l i ng ing  to a mast and keel of his broken sh ip ,  
crossed the Atl ant ic  w ith the east  w i nd dr i ft u p  to where 
Col umbus arrived. But, p lease consider, how cou ld Homer 
have known how wide the Atlantic is? Columbus in 1 492 was 
the first to find out! Of course, the 9 days drifting in western or 
southwestern d i rection, and the 1 8  days sa i l i ng by raft in the 
opposite d i rection, without agai n  passi ng through G ibraltar 
i nto the internal sea, do not fit together. 

What speaks against placing Ogygia among the Bahamas, is 
that Homer describes Ogygia as the "navel of the sea," which 
wou ld  p lace it in the middle of the Atlantic, perhaps where 
the Azores are. In this case, a l i ne 1 ,800 km eastward h its just 
about the western shore of the Iberian i s le .  What if Homer 
imagi ned Scheria to be at the place of Tartessos (Tarsh ish), 
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wonderfu l ,  fantastic thi ngs 
about Scheria.  When the Phaeacian king Alc inous orders his 
trained sai lors to bring Odysseus home, he explains the nature 
of the Phaeacian ships: 

"For the Phaeacians have no pi lots, nor steering-oars 
such as other ships have, but their ships of themselves 
understand the thoughts and minds of men, and they 
know the cities and rich fields of a l l  peoples, and most 
swiftly do they cross over the gulf of the sea, hidden in  
mist and  cloud, nor  ever have they fear of  harm or ru in ."  
[8.55 7-562] 

The trip back home to Ithaca, therefore, takes only a single 
night, while Odysseus is sleeping: 

So, the good ly Odysseus . . .  passed over the 
threshold. And with h im the mighty Alcinous sent forth a 
herald to lead him to the swift ship and the shore of the 
sea. And Arete sent with him slave women, one bearing a 
newly washed cloak and a tun ic, and another again she 
bade fol low to bear the strong chest, and yet another bore 
bread and red wine. 

But when they had come down to the ship and to the 
sea, stra ightway the lordly youths that were his  escort 
took these things, and stowed them in the hol low ship, 
even a l l  the food and dr ink. Then for Odysseus they 
spread a rug and a l i nen sheet on the deck of the 



hol low ship at the stern, that he 
might sleep soundly;  and he too 
went aboard, and la id h im down 
in si lence. Then they sat down on 
the benches, each in  order, and 
loosed the hawser from the 

sows-and depart for thy home and 
offer sacred hecatombs to the immor­
tal gods who hold broad heaven, to 
each one in due order. And death 
shal l  come to thee thyself far from 
the sea, a death so gentle, that shal l  
lay thee low when thou art 
overcome with sleek old age, and 
thy people shal l  dwel l  in prosperity 
around thee. In this have I told thee 
sooth . ' "  [ 1 1 .90-94, 1 00-1 0 1 , and 
1 1 9-1 36] 

This struck me very much-Odysseus is 
told to become an organ izer! If you want 
to organize people to go out to the sea and 
co lon ize, it is equa l ly  important to teach 
those deep in the land locked countryside, 
what sh ips, sai ls, and oars are good for. 

pierced stone. And as soon as they 
leaned back, and tossed the brine 
with their  oarblades, sweet sleep 
fel l  upon h is eyel ids, an  
unawakening s leep, most sweet, 
and most l i ke to death. And as on 
a plain fou r  yoked sta l l ions spring 
forward together beneath the 
strokes of the lash, and leaping on 
high swiftly accompl ish the i r  way, 
even so the stern of that sh ip  leapt 
on h igh, and in her wake the dark 
wave of the loud-sounding sea 
foamed mighti ly, and she sped 
safely and surely on her way; not 
even the circ l ing  hawk, the 
swiftest of winged things, could 
have kept pace with her.  Thus she 
sped on swiftly and clove the 
waves of the sea, bearing a man 
the peer of the gods in  counsel, 
one who in  t ime past had suffered 
many griefs at heart i n  pass ing 
through wars of men and the 
grievous waves; but now he s lept 
in peace, forgetfu l of a l l  that he 
had suffered . [ 1 3 .63-92] 

Arttoday.com 
The epics of Homer, c. 850 B.C., mark 
the beginning of a renaissance of Greek 
culture, after 300 years of a relative dark 
age. Homer describes the higher cul­
ture that had existed in the past, and in­
spires his listeners to colonize. 

When Odysseus te l l s h i s  w ife, Pene­
lope, d u ri ng their first n ight together after 
2 0  years ,  that  h e  is s u p posed to leave 
once more to fulfi l l  th is final task, her an­
swer i s  a happy one. Teresi as, she says, 
foreto l d  you h appi ness in your old age, 
whi le a l l  people around us are happy and 
prosperous .  Therefore, I am sure, every­
thing wi l l  work out fine. 

In this way, Homer insp i red the G reek 
co lon ize rs,  E ratosthenes,  and Mau i ;  E r­
atosthenes inspired Toscanel l i  and Colum­
bus; Humboldt and Sch i l ler red iscovered 
and rehab i l i tated Col umbus;  and, today, 

Odysseus Is Told: Organize Others! 
There is one more important message of Homer to report, 

and th is  is the mea n i ng of the fi na l  part of what the soul of 
prophet Tiresias, the wise man from Thebes, tel ls  Odysseus in  
the underworld: 

"Then there came up  the spirit of the Theban Ti resias, 
bearing his golden staff in his hand, and he knew me and 
spoke to me: 'Son of Laertes, sprung from Zeus, Odysseus 
of many devices, what now, hapless man? Why hast thou 
left the l ight of the Sun and come h ither to behold the 
dead and a region where is no joy? . .  Thou askest of 
thy honey-sweet return, glorious Odysseus, but this shall a 
god make grievous unto thee. 

"' . . .  [W] hen thou hast s la in  the wooers in thy hal ls, 
whether by gui le or openly with the sharp sword, then 
do thou go forth, taking a shapely oar, unt i l  thou comest 
to men that know naught  of the sea and eat not of food 
mingled with salt, aye, and they know naught of ships 
with purple cheeks, or of shapely oars that are as wings 
unto ships.  And I wi l l  tel l  thee a sign right manifest, 
which wi l l  not escape thee. When another wayfarer, on 
meeting thee, shal l  say that thou hast a winnowing-fan 
on thy stout shou lder, then do thou fix in the earth thy 
shapely oar and make goodly offerings to lord 
Poseidon-a ram, and a bu l l ,  and a boar that mates with 

these isochronic friends of ours a re i nsp i r ing us, so that we 
can do our job and, in turn, inspire others. 

Gabriele L iebig is the editor-in-chief of the German­
language political weekly Neue Sol idaritat (New Solidarity). 
This article is adapted from a speech she gave Nov. 22 at the 
winter conference of the Schiller Institute and International 
Caucus of Labor Committees in Germany, as part of a panel ti­
tled "What Is Real History As Science?:" 

The passages from Homer's Odyssey quoted here are from 
Harvard University's Loeb translation, as it appears on the 
website of the Perseus Project of Tufts 'university, and are 
reprinted by the permission of the publishers and the Loeb 
Classical L ibrary from Homer :  The .Odyssey, Vo l .  I and I I , 
translated by A. T. Murray; revised by·George E. Dimock, Cam­
bridge, Mass. : Harvard University Press, 79 75, 7995. Line 
numbers follow each quotation in brackets. ' 
Notes-------------------------------------------
1 .  As emphasized by Lyndon H. LaRouche, Jr. ,  in the introduCtory presenta­

tion at the conference. See p. 24. 
2. The voyage of Rata and Maui in 232 B.C., as deciphered by Barry Fell, is 

described in ''The Decipherment and Discovery of a Voyage to America in 
232 B.C.," 21st Century, Winter 1 998-1 999, p. 62. Other articles on the 
Egyptian voyage appeared in Executive Intelligence Review, Nov. 20, 1 998. 

Fell's original writings on the voyage are published in various early issues 
of The Epigraphic Society Occasional Publications. For more information, 
contact the Epigraphic Society, Donal B. Buchanan, Secretary, 8216  Labbe 
Lane, Vienna, Va. 221 82-5244, or e-mail donalb@aol.com. 

3. LaRouche has discussed this concept in many recent writings, including the 
conference presentation that appears on p. 24. . 

4. Barry Fell, America B.C. (New York: Simon and Schuster, 1 976). 
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Like great voyages throughout historYt today's challenge to travel throughout the Solar System 
requires a great scientific plan, great resources-and may entail great risk. 

W
hen the fi rst mod u l e  of the M i r  space stat ion was 
launched i nto orbit by the Soviet Union on Feb. 20, 
1 986,  the event was hard ly  noticed in  the Un ited 

States. The Amer ican pub l ic, and certa i n l y  the U .s .  space 
agency, were sti l l  i n  a state of shock over the explosion of the 
Challenger Space Shuttle and the loss of seven astronauts, only 
one month earlier. 

The secretive m i l i tary Soviet space program had been 
launching space stations s ince 1 97 1 , without public notice or 
fanfare. And the U .S. space agency, NASA, had not had inti­
mate contact with its Cold War rival for a decade, si nce the 
joint Apollo/Soyuz project had provided NASA's fi rst peek into 
the closed Soviet program, in 1 975 .  

But  with that l ittle-noticed launch, a new foothold was tak­
ing shape in space. Since Yuri Gagarin's first orbits of the Earth 
in 1 96 1 ,  American and Soviet astronauts had made brief forays 
into orbit, proving that man cou ld survive space fl ight. Ameri­
cans had landed on and vis ited the Moon, but with no long­
term program to l ive there. The Soviets had deployed space 
stations before, but with l i m ited capab i l it ies and largely for 
mi l itary purposes, not as scientific outposts. 

Over the course of a decade, the core modu le of Mir would 
become the anchor for a complex of scientific laboratories that 
the Sovi ets systematica l l y  w o u l d  add to i t .  It became the 
world's fi rst evolutionary space hardware that wou ld grow in 
size and capabil ity over its l ifetime. 

Over the 1 980s, the Soviet U nion was launching long-dura­
tion crews to Mi r, and learn ing how to assemble, repair, and 
mainta in  spacecraft in orbit, so that man's presence in space 
cou l d  become v i rtu a l l y  permanent.  To service these craft, 
they were using the same fami l ies of expendable launch vehi­
cles that they had developed for their m i l itary arsenal, decades 
earlier. 

Meanwh i le, the U n ited States was deve lop ing the Space 
Shuttle, a reusable transportation system that could stay a loft 
for two weeks, and cou ld br ing astronauts, scientific equ i p­
ment, and experiments to space and back from orbit. But  as 
space planners often pointed out, the Shuttle needed a place to 
go to. 

By h istorical accident, rather than design, the two manned 
space programs were developing capabi l ities that were com­
plementary. 

After the fal l  of the Soviet U n ion, and a period of i nternal 
dissent i n  the U .S .  admin i stration, a program of space coop­
eration was i n it iated in 1 992,  at the end of President Bush's 
term in office .  The o r i g i n a l  Shutt le-M i r  effort c a l led for a 
Russian  cosmonaut to fly on the Space S huttle, and for an  
American astronaut to  visit  the  M i r  for three months. The So­
viets had a l ready flown foreign visitors to M i r  from the East 

The fully assembled Mir space station, here photographed 
from the Space Shuttle, includes five scientific laboratories 
and docking ports for Soyuz transport ships and unmanned 
Progress supply ships. 

bloc and other pol i tica l l y  a l l ied nations, and a lso from West­
ern Europe. 

When Pres ident C l i nton came i nto off ice a few months 
later, the cooperative program was expanded, as part of the 
President's effort to strengthen America's relationship to the 
neW' Russian government, and to help preserve Russia's capa­
b i l ities in science and engineering. The Shuttle-Mi r  m issions 
became Phase I of a th ree-phase program that wou ld cu l m i­
nate in the jo int bu i ld ing  of the I nternationa l  Space Station, 
which i s  now u nder way. This agreement was f in a l i zed i n  
June 1 994. 

A program that started out as a pol itical goodwi l l  gesture is 
now a comm itment to b u i l d  and operate the I nternat iona l  
Space Station (ISS), a series of  laboratories i n  space, with con­
tributions by a dozen and a half nations, and the potential to 
open space exploration to a l l  mankind.  It is  the stepping-stone 
in the future to leave Earth orbit, and to travel throughout the 
Solar System. 

The I nternational Space Station is the next step in the great 
project of exploration, which is s imi lar in many ways to those 
from anc ient times, through the Renaissance, to the conquer­
ing of the Earth's poles, the exploration of the American West, 
and the travels of a l l  the explorers who c i rcumnav igated the 
globe. The exploration of space requ i res no less the scientific 
plan, the courage, and the commitment of resources than did 
these previous epochs of d i scovery. 

But in this age of exploration, there are no geographic l im its: 
It is no less than the So lar  System and the enti re f i rmament 
mankind has admired, studied, and pondered since the t ime of 
the ancients, that is the object of our new creative efforts. 

Mir As Historical Precedent 
The chal lenge fac ing both the U n ited States and Russia at 

the start of the Shuttle-Mir program was, how do you plan and 
execute a series of m issions between two independent efforts 
that share no common language or cu lture and have l ittle mu­
tual trust, and where space experience, ph i losophy, and engi­
neering approach have evolved so d istinctly differently? It was 
wel l recognized by those i nvolved that it would bode i l l  for the 
I nternat iona l  Space Stat ion  if these problems cou ld  not be 
overcome during the Shuttle-Mi r  missions. 

I n  his recent book, Dragonfly: NASA and the Crisis Aboard 
Mir, Bryan B urrough relates, largely through i nterviews with 
the participants, what the problems were that were faced by 
both the Americans and Russians i n  carrying out the joint pro­
gram.' He documents in absorbing deta i l  the crises on Mir, fo­
cussing on the fire and the col l is ion with the Progress supply 
ship, both in  1 997, and how they forced changes in the rela­
tionsh ip between the two space powers. 

Over the fi rst two years of the program, B urrough docu­
ments, l i tt le  went smooth ly .  H owever, the concl us ion that 
should be drawn from B urrough's detai led description of the 
difficu lties, is not that the program was a "fa i lu re," but rather, 
that the equ ipment breakdowns and the h u m a n  flaws that 
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From the beginning of the Shuttle-Mir program, its success 
depended upon the working relationship between the Russ­
ian and American space travelers. Here, Shuttle Commander 
Robert "Hoot" Gibson (right) offers a smile and a handshake 
to Mir Commander Vladimir Dezhurov, during the first link­
up of the two spacecraft, on june 29, 1 995. 

made the S huttle-M i r  p rogram more d ifficu l t  are un iversal 
problems-and have to be overcome. 

For 1 5  years, NASA had trained astronauts to spend a week 
or two on the Space Shutt le.  Their tra in ing was long, intense, 
and h ighly specific to the tasks they were to complete during a 
crammed schedule in space. Crew members d id not have so 
much to "get along" with each other, as to closely follow or­
ders from the mission's commander, and Mission Control i n  
Houston, i n  order to  accompl ish as  much as  they cou ld in  a 
very l imited amount of time. 

Spending months aboard a space station requires a different 
outlook, both on the part of the crew members, and the people 
on the ground, where it is not possible to micro-manage every 
minute of the astronaut's time. To make the most of the long­
duration miss ion,  the crew must be able to be flex ib le  and 
capable of changing its activities, especial ly when unexpected 
s ituations ar ise.  It must work closely with Mission Contro l ,  
which must also be flexible, in order to  maximize what can be 
accompl ished. 

By the t ime the official documents were in place to begi n  
the Shuttle-M i r  program i n  J u ne 1 994, t h e  first m ission o f  a 
U .s. astronaut was al ready fast approaching, and there was l it­
t le t ime left for adequate preparation.  As a result, the March 
1 995 flight to Mir of Dr. Norm Thagard suffered from his hav­
ing had too l i tt le tra in ing, language d i fficu l ties, and a U .S .  
space agency that had l ittle idea of  how to service and support 
its crew member during a long-duration flight. 

In addit ion to the objective obstacles, Dragonfly author 
Bryan Burrough deta i l s  at length the personal ity weaknesses 
that l im ited the effectiveness of some of the long-term astro­
naut m issions on Mir .  Med ical doctor Norm Thagard, he re­
ports, "had a reputation as a grump," and was known as "a bit 
of a wh iner." Shuttle Commander John Blaha, Burrough says, 
was very dependent on his relationship with his wife, and be­
came depressed as the load of experiments he was expected to 
complete on M i r  became i mposs ib le  to keep up with . Jerry 
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L inenger, on board M i r  when the fi re broke out in February 
1 997, had a "reputation as a complainer," says Burrough, was 
q u i c k  to anger, and  was "fiercely i ndependent/' at a t ime 
when the crisis required teamwork. 

Al l  three astronauts left the space program after their experi­
ences on Mir .  NASA learn ed that the strengths, such as self  
confidence, "over-achievement," and concern about one's ca­
reer, which have made the Space Shuttle program a resound­
i ng human success, are not necessarily optimal character traits 
for successfu l long-duration missions. 

The other four Mir astronauts, who were able to carry out 
their m issions and perform more in  l i ne  with the i r  abi l ities­
Shan non Luc id ,  David Wolf, M ichae l  Foale, and Andy 
Thomas-decided before their flights that they had to be flexi­
ble in their approach, develop close working relationships with 
their fel low cosmonauts, and see themselves as part of a team. 

Another valuable lesson learned was about the level of per­
formance necessary by the technical  and managerial people 
supporting the crew on the ground. Norm Thagard felt  "aban­
doned" by a Mission Control that did not provide enough tech­
n ical or psychological support. Jerry L inenger felt  so "misun­
derstood" by NASA M ission Control support personnel ,  that 
for one period on Mi r, he refused to talk  to ground control lers. 

To put th ings in perspective, it should be poi nted out that 
these were not the first instances of a serious "disconnect" be­
tween the crew and Mission Control. During the third and last 
long-duration stay on the American Skylab station at the end of 
1 973,  the crew, which fel t  overworked, went on a one-day 
"work stoppage" to register its complaints to the ground con­
trol lers. There is a fine line between giving guidance and assis­
tance to the crew, and placing unreal istic demands upon them. 

Every astronaut who flies in space, m i l itary or civi l ian, is a 
volunteer. When it came time to choose astronauts to spend 
months on the Mir, and a year train ing in Russia, NASA asked 
for volunteers. Considering the hardship of tra in ing for a year 
in a foreign country, and then spend ing months in orbit away 
from fami l y  and friends, it is p robably not acc idental that of 
the seven NASA volunteers, 
three were i n  t h e i r  50s, 
w ithout sma l l c h i l d ren  at 
home, and two were bach­
e lo rs .  In add i t ion  to the 
t ime spent away from 
home, the astronauts knew 
that the i r  accommodations 
in Russ ia  wou l d  be  more 
l i ke "ca m p i n g  out ,"  than  
the  standard of  l i v ing  they 
were accustomed to i n  
Houston. 

And their  Russian coun­
terparts? Although the Rus­
sians psychologically screen 
thei r cosmonauts before 
they send them i nto space 
for months at a time-which 
NASA d id not do-they 
have not been spared their 
share of personal ity confl icts 
between crew members, or 

The recently released Dragon­
fly has created a storm of indig­
nation with its criticisms of the 
Russian and U.S. space agen-
cies. 



..: CJl ..: z 

antagonisms between the isolated orbiting crews and the pro­
gram managers on the ground. The reaction of the various cos­
monauts to their different American crew members covered the 
entire range of human interaction, from hostil ity, to jealousy, to 
genu ine friendship. 

I A Great Leap Forward' 
For the space agency as a whole, Frank Culbertson, Shuttle­

Mir program d i rector and astronaut, argues that the most im­
portan t  lesson N ASA-and perhaps also the Russ ians­
learned was h u m i l ity. "We learned that  we don' t  know 
everything about space fl ight. As good as we are, we learned 
th i ngs we did not know. Just sett ing the bit in you r  m ind that 
you don't have a l l  the answers, as an agency, or a country­
that someone else has someth ing  to offer-that was a great 
leap forward." 

It is i mportant to remember that u .s .  astronauts were not 
the first guests on M i r. As Cu lbertson explained duri ng testi­
mony to the House Committee on Science in September 1 996, 
" In itia l ly, the role of the U .s.  crew was patterned after that of 
the other foreign personnel ,  to fly to the M i r  as guest cosmo­
nauts." 

The Russians, who, l i ke the Americans, have had unchal­
lenged control over thei r  manned space program, without in­
terference (or squeamishness) from the countries of guest cos­
monauts,  sure ly  were not go ing  to read i ly  share what they 
consider the pr ide of thei r i ndependently developed space 
technology with their  former Cold War competitors. 

B u rrough repeats t h roughout  h i s  book the charge that 
NASA relegated its wel l-known focus on safety to its Russian 
partner during the Mir m issions, leaving  its astronauts to the 
vagaries of frequently overly demanding, if not i rresponsible, 
Russian space program managers, as Burrough characterizes 
them. 

Culbertson explained to Burrough that the NASA contract 
with the Russian Space Agency stipulated that Russia wou ld 
guarantee the safety of our astronauts on  M i r, and we, their  
cosmonauts who flew on the Space Shuttle. "Would NASA let 
Russians stand  about Miss ion Control [ i n  Houston] second-

The first life-threaten­
ing crisis on Mir was 
during Jerry Linenger's 
stay there, when a fire 
broke out in February 
1 997. In this Jan. 2 1  
photo, L inenger is in 
the central base block 
of Mir. Note the pho­
tos on the wall of the 
first man in space, 
Yuri Gagarin, and of 
space theoretician 
Konstantin Tsiolkov­
sky. At right rear is So­
viet "chief designer" 
Sergei Korolev . 

guessing Shuttle flights? Of course not," Culbertson said. 
After the fi re and col l i s ion ,  that rel at ionsh ip  changed, as 

NASA became a partner with the Russian Space Agency on the 
Mir, not a guest. Indeed, it was not in spite of but because of 
the crises on Mir, that trust was developed between the people 
in the two space programs. 

The I nternational Space Station wi l l  have not only Russians 
and Americans on board,  but cit izens of many d ifferent  na­
tions. The lessons learned from the Shuttle-Mir  program have 
added ins ight about the i nterpersonal  situations fac i ng long­
duration crews, and the strengths with i n  themselves that crew 
members would best be able to drawn upon. 

The Crises on Mir 
On Feb. 23, 1 997, a fire broke out on the Mir  space station, 

as the crew was activat i n g  an oxygen-produc i ng  c a n i ster. 
There are d i screpanc ies among the c rew members' descrip­
tions of the length, extent, and seriousness of the fire, which 
Burrough reports from h is  interviews. One clear resul t  of the 
fire, however, was that the event seriously traumatized astro­
naut Jerry L inenger. On May 1 6, the Space Shutt le  Atlantis,  
commanded by Charl ie  Precourt, docked with the Mi r, to re­
turn Linenger to Earth and del iver astronaut Mike Foale to the 
stat ion.  L i nenger opposed Foale's stay ing on the Mir, saying 
that he did not think it was safe. 

Shuttle Commander Precourt was asked by NASA managers 
to assess L i nenger's state of m i nd as they docked with Mi r .  
" [ L i nengerj sou nds l i ke what he is ,  a rook ie ,"  Precou rt re­
ported . Later, he told Bryan Burrough : "You know, I 've been 
around fighter jets and spacecraft for 25 years, and these things 
just happen. You have a fire in your  engine and you just don't 
quit. You fix it and go on. You just go on." 

Mir's troubles were far from over. On June 25,  an u nmanned 
Progress supply sh ip  col l ided with the Spektr modu le  of the 
Mir  station, as commander Vas i ly  Tsibl iyev was trying to per­
form an experiment with a new docking procedure, requ i red 
by Mission Control .  The Spektr modu le, contain ing the bu lk  of 
Mike Foale's scientific experiments and a l l  of h is personal ef­
fects, was punctured and depressurized. 
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Quick thinking by the crew saved the station, as the Spektr 
modu le  was isolated from the rest of the Mi r .  Doing th is  by 
closing the hatch, however, cut the power l i nes from Spektr's 
solar a rrays to the rest of the station, throw i ng the crew i nto 
darkness, and shutting down nearly a l l  of M ir's on-board sys­
tems. 

Surely, Mike Foale could have panicked, or su lked, blaming 
the Russian commander for the accident. Instead, he came up 
with a plan to help regain  the space station's capabil ities. More 
important, he realized that the camaraderie he had established 
with his Russian crewmates through his previous weeks on M i r  
would be critical t o  getting them through this crisis. 

Before the col l is ion, Burrough relates, Foa)e had set up an  
impromptu theater i n  the Spektr module .  Every Saturday n ight 
he selected an American fi l m  for a l l  of them to watch on a 
computer mon itor. As there were no Russian subtit les, Foale 
did a "runn ing translation, complete with voices," accord ing to 
Burrough. 

The theater and most of the movies were destroyed in the 
col l is ion. Both Foa le and crewmate Aleksander Lazutki n  real­
ized that the commander blamed h imself for the accident, and 
they decided to try to resurrect the Saturday n ight movie tradi­
tion to raise his spirits. So, on the Satu rday night after the col l i­
s ion, when "enough power has retu rned to the station . . .  
Commander Tsibl iyev decides i t  is t ime for a l l  three men to 
take a much-needed rest," Burrough reports. Foale selected the 
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Astro�aut Shannon Lucid spent much of her time on Mir with­
out the scientific experiments she was supposed to carry out. 
But her good nature and sense of humor made her increment 
on the station a productive one. Here, she is training on a 
mock-up of the Soyuz vehicle. 



fi l m  Apollo 1 3  for them to watc h .  Ts ib l iyev l ater recal led, 
"That fi lm, it is the best of the best. . . .  Everyth ing in  the fi lm 
is so real istic, so truthfu l ,  so dramatic, it's j ust perfect." 

Afterwards, a l l  th ree men agreed that their c i rcumstances 
were far less dangerous than those of the Apol lo 1 3  astronauts. 
"We felt that, espec ia l ly  from a psychological poi nt of view, 
their situation was much worse than ours," remarked Tsibl iyev. 
"We at least had a spaceship [the Soyuz, docked at a l l  times to 
the MirJ that could get us home. With Apol lo 1 3  they had to fly 
al l  the way around the Moon in order to get back to Earth./I 

Later in the mission, Mike Foale received via e-mai l  a copy 
of an art ic le that the Apol lo  1 3  commander, J i m  Love l l ,  had 
written comparing the two flights. "J im said that ' I  understand 
how these guys feel up there, because I've been there as wel l .  I 
know the i r  cou rage and bravery. '  It was q u ite wonderfu l to 
hear that from J im," Tsiblyev recal led .  

The Russians a n d  the Americans had d isti nctly d ifferent re­
actions to the co l l i s ion  aboard M i r . B u rrough reports that 
NASA Phase I leader Frank Culbertson, and his deputy J im Van 
Laak, both thought the joint program was fin ished. "They were 
ready to give up." 

The Russian response was summed up  by former cosmonaut 
and Russian Phase I d irector Valery Ryumi n :  "You have to re­
member, we've been operating this station for a long time, and 
bel ieve it or not, we've had a lot of abnormal situations. Our 
guys a re s imply tougher than the Americans i n  these situa­
tions." 

Crises aboard Russian space stations were noth ing new with 
the Mir. In February 1 985, a year before the fi rst modu le of Mir  
was launched, the Russian ground contro l lers had lost contact 
with the predecessor Salyut 7 space station .  Without ground 
control, the solar arrays were not pointed at the Sun, and the 
electrical power was lost. The station was frozen inside and 
slowly tumbl ing. 

On June 6, cosmonauts V lad im i r  Dzhan ibekov and Viktor 
Savinykh were launched i nto space, in order to assess the situ­
ation on Salyut 7,  arriving at the station two days later. The of­
fic ia l  fl ight p lan  cal led for the cosmonauts to retreat to the 
Soyuz vehic le and return to Earth if there were no power on 
the station.  But the cosmonauts were not about to abandon the 
station that easi ly. 

For severa l days, the c rew made repa i rs to the Sa lyut  7,  
slowing bringing it back to l ife. The temperature inside was es­
t imated at - 1 0° Cel s ius .  Because the thermometer's lower 
range went down only to O°c, Mission Control had one of the 
crew members spit on the wal l  and t ime how long it took the 
saliva to freeze, in order to estimate the temperature. 

The crew worked in arctic attire and reported that their feet 
got painfu l ly cold. After being in  the Salyut without ventilation 
(no fans were running), they reported that they had headaches 
and felt l istless and sleepy from the bui ldup of the carbon diox­
ide they were exha l i ng .  They had to go back to their  Soyuz 
spacecraft every 40 m i nutes to get warm. On June  1 2 , they 
were fina l ly  ab le to activate the l i fe support systems on the 
Salyut. It took the cosmonauts 1 0  days in  all to bring the sta­
tion up to a condition in which mission planners would permit 
an indefin ite stay aboard. 

In  referr ing to this  i nc ident, Dragonfly author B ryan B u r­
rough states that the experience with Salyut 7 i n  June  1 985 
showed that the Russians cou ld  "almost l itera l ly bring a space 

NASA 

During Mike Foale's stay on Mir, an unmanned Progress sup­
ply ship collided with the solar arrays and a radiator on the 
Spektr module. Some of the damage can be seen here; note 
the crumpled section on the right-hand solar array. 

NASA 

The supply ship collision created a politica l debate o ver 
whether astronaut David Wolf, here suiting up for his trip, 
should take Mike Foale's place on Mir. Wolf successfu lly 
completed his increment on the Russian station. 

21 st CENTURY Spring 1 999 53 



NASA 

Andy Thomas, (left) the last NASA astronaut to live on the Mir, 
is seen here in Russia with his crewmates Talgat Musabayev 
(center) and Nikolai Budarin. In February 7999, Thomas re­
ceived a state award from the government of Kazakhstan for 
his work on scientific experiments done aboard Mir for na­
tions of the former Soviet Union. 

station back from the dead ." On the other side of the Atlantic, 
however, he reports : 

Despite two years of work aboard Mir, the Americans 
remained largely ignorant of the practical real ities of long­
duration space flight. When there was a mechanical 
breakdown aboard a Shuttle, the m ission was simply 
ended, and repairs were performed later on the ground. 

The Russian space stations, of course, never had th is 
luxury. When somethi ng went wrong aboard Mir, 
cosmonauts were forced to fix it i n  space, which had 
given the Russians 20 years' experience in the kind of 
seat-of-the-pants repairs the Americans had only read 
about in books. While NASA tended to study and diagram 
things to death, the Russians had developed the ski l ls 
needed to fix th ings on the run. 

The co l l is ion aboard Mir caused a cr is is i n  the U.S. space 
agency, and became a pol it ical  footba l l  for the Republ ican 
majority in  the U .S .  Congress. A decision had to be made as to 
whether it was safe enough to send the next astronaut, David 
Wolf, to Mir. The Congress cal led for "independent" safety as­
sessments to be made. 

One person cal led upon to eva luate the safety of the Mir, 
was Ronald Merre l l ,  a Yale University physician and a mem­
ber of former astronaut Gen. Tom Stafford's team. In a tel l i ng 
statement, Merrel l  stated after his investigation: "I thought Mir 
was as safe as it had ever been. I real ly felt qu ite confident that 
the biggest danger to the crew had been human behavior and 
not the age of the craft." 

The Russ ians tr ied to u n derstand the pol i t ical  flap i n  the 
Un ited States over the David Wolf flight. (House Science Com­
mittee chairman James Sensenbrenner, a Wisconsin Repub l i­
can, had threatened Admin istrator Dan Goldin that it would be 
the end of his career, shou ld anything happen to Wolf.) Russ­
ian deputy flight di rector Viktor Blagov told Burrough, 
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If I were them [the Americans on the review team] I 
would do the same thing . . . .  We didn't have any 
doubts, we proved it to them, and they left. We can 
understand the i r  concern about safety. On the other hand, 
you can't just go around and scare yourself l i ke th is all the 
time. We have an expression in  Russia: 'You can't be a 
l i ke a bird scared of a bush.' Once a bird gets scared, he 
is afraid of everyth ing. If you get scared, you should not 
be working i n  space. Space presents some danger. There 
is risk. If you are scared, you should go do something 
safe, l i ke cleaning streets. 

Two Kinds of Courage 
U ltimately, the decision of whether to send David Wolf to 

M i r  l ay at the feet of Ad m i n i strator G o l d i n .  O n  Sept.  24,  
1 997, Gold in made the decis ion to continue the Shuttle-Mir  
program.  At a press conference in  Was h i ngton that day, 
G o l d i n  ca l led upon the Amer ican peop l e  to return  to the 
spi rit of exploration that had been the foundation of th is na­
tion. He said :  

I t  is only after carefu l ly reviewing the facts, thoroughly 
assessing the input from i ndependent evaluators, and 
measuring the weighty responsibi l ity that NASA bears for 
the l ives of our astronauts, that I approve the decision to 
continue with the next phase of the Shuttle-Mir program. 

Th is is a decision that al l  of us at NASA do not take 
l ightly . . . .  I wi l l  not trivial ize the risk associated with 
human space flight and exploration .  L ike a l l  Americans, I 
know every time an astronaut travels i nto space there is 
risk. When we bui ld the International Space Station, we 
wi l l  encounter s imi lar problems and there wi l l  be danger. 
But NASA is ready. We are ready because the review 
assures us. But we're also ready because it's the right 
th ing to do. We overcome the unexpected. We d iscover 
the unknown. That's been our history, and that's been 
America's destiny. 

At a l uncheon duri ng the annual  meeting of the American 
Astronautical Society in  Houston on Nov. 1 7, 1 998, the man 
in  question, astronaut David Wolf, observed, 

It is easy to cooperate when things are going wel l .  The 
test is when it's d ifficu lt. . . .  There was a lot of fortitude in  
the leadership [of NASA] to say it was safe, when there 
are inherent risks. This is exactly what the American 
people want us to do, th is program . . . .  [T] here is [only] a 
vocal minority of critics. 

At the same meeting, J i m  Van Laak summarized how each 
astronaut aboard Mir had to deal with something he had never 
seen before he went. He said that the col l is ion d u ring  M i ke 
Foale's increment on Mir  was a:  

pivotal moment in  the program. Everything was up to the 
crew, which did a magnificent job. It was clear the future 
of the program was on the l ine. 

Courage comes in several forms. One is in the short 
term, l i ke the fire and col l is ion.  Another courage i s  



We learned how to work 
'with the Russians, we 
learned how to do a science 
program on a space station 
l i ke that. We learned a l l  
about the human factors, and 
we learned how to get the 
Shuttle up and back. We 
learned about the [crew] sup­
port structures needed on the 
ground, and the 
psychological support and 
technical support. And so, it 
was not coincidental that my 
increment [aboard Mir] went 
very smooth ly. 

Andy Thomas is  now work ing 
a s  part of a team of astron auts 
a p p l y i n g  the l essons  l ea r n ed 
from the Shutt le-Mir program to 
the I n ternat ion a l  Space Stat ion .  
C u rre nt l y, h e  i s  a ss i st i ng w i th 
the  tra i n i n g  i n  R u s s i a  of a stro­
n auts who w i l l  work on  the ISS  
and m ust be fam i l ia r  w i th  Russ­
i a n  h a rdware ,  i nc l ud i ng t h e  
Soyuz capsu l e  that wou ld br ing 
a c rew back i n  case of  an  emer­
gency. 

H e  said in his in tervi ew, "1 do 
th i n k  i t  wou ld have been i n con­
ceivable to try to do a col labora­
t ive space stat ion  wi th the R u s­
s i ans ,  without  hav ing  done the 
Shuttle-Mir  program." 

NASA 

Man will explore space because it is the frontier of new knowledge. And no matter how 
risky, he will build and use the machines and tools he needs to bring him there. 

To those who carped that the 
Apo l l o  program of the 1 960s to 
l a nd men on  the Moon had not 
" p ro d u ced" a nyth i n g  of va l ue,  
Apo l l o  1 1  astro n a ut M i chae l  
Co l l i n s respon d ed that i f  the 
Apol lo  program had only brought 
back a few pounds of rocks from 

putting one foot in front of another every day. [We wi l l  
see] if there is the American courage to  tough it out. 

Courage in the face of danger for its own sake is fool ishness. 
The courage to carry out a p lan that forces one to make new 
discoveries is the characteristic of human history that has led 
to the progress of human civil ization. 

In  a recent i nterview with Andy Thomas, the last NASA as­
tronaut to l ive aboard Mir, I observed that his i ncrement on the 
Russian station was much less "eventfu l "  than the fire during 
Jerry L i nenger's m iss ion,  or  the co l l i s ion  on  M i ke Foale's .  
Thomas replied, 

The reason why it was a lot less eventfu l, was because 
of the experience that was gai ned in the fI ights of my 
predecessors. 

the Moon, it wou ld have been wel l worth the effort, because 
it mobil ized the resou rces and the spirit of a nation, and laid 
the basis to open the frontier of space. 

S imi larly, had there been noth ing accompl ished aboard the 
Mir  duri ng the th ree years that astronauts l ived there, other 
than laying the foundation for the I nternational Space Station, 
it wou ld have been wel l  worth the effort, the resou rces, and 
the risk. 

Marsha Freeman is an associate editor of 21 st Century mag­
azine, and the author of How We Got to the Moon:  The Story 
of the German Space Pioneers, published by 2 7st Century Sci­
ence Associates. 

Notes--------------------------------------------
1 .  Dragonfly: NASA and the Crisis Aboard Mir, by Bryan Burrough (New York: 

HarperCollins, 1 998), hardcover, 528 pages, $26.95. 
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Background: Selected stages in the embryonic development of the axolotl. Foreground: Schematic of ionic 
currents traversing early amphibian embryo. 
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I
n the early 1 970s, biophysicist L ionel Jaffe was pondering 
the question of how an embryo creates the body axis which 
determines the head from the tai l ,  or the top from the bot­

tom. The single-ce l l  embryo appears to be symmetrical . As it 
develops, the embryo must create asymmetries and singulari­
ties lead ing to a body plan, and eventual ly to the formation of 
special ized cel l types. How does the embryo establish its own 
polarity? These important questions gu ided the scientists of the 
1 9th century in their investigations i nto the organization of l iv­
ing systems, but have been largely ignored in the 20th century. 

Working at Purdue U n iversity, Jaffe was studying the ferti l ­
ized eggs of  the seaweed-l i ke p lant  known as fucus to try to 
answer these q uestions.  Fucus, u n l i ke many a n i mal  species, 
does not have a pre-set axis in the egg, and does not create the 
first axis unti l  after fert i l ization. Jaffe was steeped in the l itera­
ture and experiments having to do with electric potentials and 
l iving systems going back into the 1 9th century. He recal leq 
that in the 1 920s, E lmer Lund had done experiments with fu­
cus, and found that external factors i nfluence the creation of 
the body axis. Normal ly, exposure to l ight can set the direction 
of the body axis in fucus, resulting in an unequal first cel l  divi­
sion. Lund also grew fucus embryos in the dark, and by apply­
ing a weak e lectric cu rrent through the su rrou nd ing  water, 
found that this current could also set the body axis. 

Thinking through Lund's result, Jaffe wondered if the fucus 
embryos themselves created an electrical current which cou ld 
establ ish a polarity and set the body axis. He then designed a 
series of experiments to test the hypothesis that the embryos 
created electric currents that flowed in and around themselves. 
To be able to measure the strength and d i rection of these elec­
tric currents, J affe and his student, Richard Nuccitel l i ,  devel­
oped an u ltrasensitive vibrating-tip microprobe in 1 974. With 
the new probe, Jaffe measured minute ionic currents flowing in 
the aqueous med i u m  around the fucus embryos, and 'fou nd 
that these currents were driven in a loop through the embryos, 
establ ishing the body axis. 

Jaffe's resu l ts re-opened investigations i nto electric fields in 
d i recting embryonic development, and the related process of 
l imb regeneration. Now, armed with superior modern equ ip­
ment for measuring bioelectric currents, Jaffe's students could 
attempt to answer questions about how electric fields could in­
fluence cell m igration, wound heal i ng, and pattern formation 
in the embryo, and how cel l s  cou ld  "know" the i r  pos it ion 
with in  an embryo. This approach was in d i rect oppos ition to 
the rad ical reductionist views that were increasingly dominat­
ing biology at that t ime-and sti l l  do today. I nstru mental i n  
Jaffe's unique abi l ity to design these crucial experiments were 
his intellectual roots in the works of the early 20th century bi­
ologists, which remain mostly unknown to scientists today. 

Two scientists, R ichard Borgens and Ken neth Robi nson, 
who were graduate students at Purdue U n iversity tra i ned by 
Jaffe, have conti nued and expanded the i nvestigations i nto 
electric fields and l iving processes up to the present day. Bor­
gens and Robi nson were part of a c lose ly kn it group of stu­
dents who matured as researchers in a scientific cultu re very 
different from that found today. 

With Jaffe as their  mentor, there was a strong emphasis on 
the histor ica l  i ssues of sc ience.  Jaffe kept the fu ndamental  
questions i n  embryology of the 1 9th and ear ly 20th century 
fresh in the m i nds of h is  students. The students were required 

to learn the history of science, and the contributions and cru­
cial experiments of i ndividual scientists stretching back to the 
1 9th century. Three times a week the students would meet as a 
group with Jaffe and his  col league Joseph Vanable, to d iscuss 
projects that were ongoing in the l aboratory. Richard Borgens 
described the importance of these meetings in prov id ing a 
"cross-ferti l ization of ideas," wh ich influenced his  own scien­
tific approach. 

Do Currents Control limb Regeneration? 
Richard Borgens had come to Jaffe's laboratory with an es­

tabl i shed interest in l imb  formation d u ring development. He 
had done his  master's degree project on the formation of the 
bones of the l imb in the embryonic chick. Limb development 
in the embryo has many features in common with l imb regen­
eration in adult amphibians.  After the development of the vi­
brating tip probe, the first th ing Borgens examined, using this 
new tool,  was the process of l imb  regeneration in  adu l t  sala­
manders. 

Experiments from the early 1 940s had shown that there are 
electrical changes at the su rface of the l imb after amputation in 
regenerating amphibians. In the first experiments in 1 977, Bor­
gens found that an immed iate response to amputation of the 
limb in salamanders was the production of an intense electric 
current, d riven out of the t ip  of th� l imb stump. This current 
fo l lowed a path out of the stump tip, and retu rned in a loop 
through the water, or the moistu re on the skin, to the undam­
aged area of the l imb  beh i nd the amputation .  The density of 
the current ranged from 20 to more than 1 00 micro-amps (flA) 
per square centimeter j ust after amputation, and fel l  stead i ly 
over time to a level of just a few flNcm2 with in  a few days. 

The decrease in the current flowing out from the stump coin­
cides with the formation of the wound epithel ium (skin), which 
creates increased resistance in the c i rcuit  path.  All of the ani­
mals that natu ral ly  regenerate their l imbs as adults, which in­
cludes newts, salamanders, and axolotls (a l l  members of the 
urodele order, tai led amphibians) produce a strong electric cur­
rent running through the tip of the amputated l imb stump. 

What is known to occur at the cel lu lar level during regener­
ation? After amputation, the wound surface of the l imb is cov­
ered by a thin wound epithel ium in a matter of hours. Beneath 
this wound epithel ium, cel l u lar debris is transported away, and 
un inju red cel ls begin  the process of de-d ifferentiation .  These 
cel l s  lose the i r  specific characteristics that identify them as 
muscle, bone, or cartilage cel ls, and transform themselves into 
a mesenchyme- l i ke cel l ,  c a l led a b l astem a l  cel l .  These 
blastemal cel ls have properties s imi lar  to embryon ic cel ls, in 
that they can differentiate into any cel l  type. I t  is this group of 
cel ls, known as the b lastema, that wi l l  grow and form the re­
generating l imb. 

Experiments have shown that two tissues are essentia l  for the 
in itiation and control of l imb regeneration. F i rst, l imb regener­
ation requi res the formation of a wound epithel ium, and can­
not proceed in  the absence of it. Also, the wound epithel ium 
gives a d i rectional ity to the outgrowth of the b lastemal cel ls  
below it .  If  the wou nd epithel i u m  is  su rgica l l y  moved, and 
placed in an eccentric position upon the stump, the regenerat­
ing l imb wi l l  grow in this new direction. 

The second essential tissue for regeneration is the presence 
of intact peripheral nerves. If the nerves lead ing into a regener-
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ating l imb are removed, no regeneration can proceed. The de­
pendence on the presence of nervous t issue has led to the 
search for growth factors produced by nerve cel l s  that cou ld 
help expla i n  this phenomenon .  So far, many growth factors 
have been identified, but none of them can substitute for the 
presence of the intact nerve in the l imb stump. 

More Questions 
The e lectr ic cu rrents that Borgens had measu red at the 

stump t ip raised several questions. What was responsible for 
generating this current? Did the current and the resu lting elec­
tric field influence the behavior of the cel ls i nvolved in regen­
eration? Borgens set out to find the source and the character of 
the electric current. It was wel l  known that skin in amphibians 
and all other vertebrates produces a voltage difference across 
its su rface. This "skin battery" maintai ns an inwardly positive 
potential ranging from 40 to 80 mi l l ivolts by actively transport­
ing sod ium ions (Na+) and other positively charged ions from 
outside to inside. Because the epithel ia l  cel l s  are themselves 
polarized in structure, and are tightly joined, they create a re­
sistant barrier to the flow of positive ions in the opposite direc­
t ion .  However, any break i n  the epithe l i um wou ld  create a 
low-resistance pathway, leading to the immediate flow of posi­
tively charged ions outward. 

To see if the skin battery was responsible for the generation 
of the currents leaving the l imb stump, Borgens manipulated 
the concentration of sod ium ions in the pond water surround­
ing salamanders. When the sod ium ion concentration was in­
creased five-fold, the currents that were measured leaving the 
l imb stump were a l so found to increase approximately five­
fold .  If the salamanders were kept in water that was deficient 
in sodium, the stump currents were found to be reduced by 90 
percent. These effects could be reversed by return i ng the ani­
mal to normal pond water. 

Now that the currents leaving the l imb stump in salamanders 
had been roughly defined, Jaffe, Borgens, and Vanable were 
curious to see if the appl ication of these electric fields upon a 
non-regenerating amphibian, (anurans) such as the frog, could 
induce l imb regenerat ion . They chose the grassfrog (genus 
Rana), and constructed an electric stimu lator which cou ld be 
implanted under the skin of the back, with two electrodes ema­
nating from it. In one group of animals, the negative electrode 
was routed through the core tissues of the l imb stump, with the 
un insulated portion in contact with the stump t ip tissue. The 
positive electrode was implanted beneath the skin of the back. 
This setup matches the polarity of the current flow that was 
measured in the salamander. In  the second experimental group, 
the electrodes were reversed, with the positive electrode routed 
into the l i mb stump t ip .  A control group had electrodes im­
planted with an inactive electric stimu lator. 

The results in the control group of grassfrogs showed no re­
generative response, with the l i mb stu mp healed over with 
thick skin and scar tissue. However, after weeks of stimulation 
with the negative electrode at the stump tip, the second group 
of animals showed varying degrees of regeneration of the l imb. 
These l imbs were abnormal in their external appearance, and 
upon examination their internal tissues were disorganized and 
undifferentiated. This was a striking result, even though the re­
generated l imbs were incomplete and hypomorphic. The third 
group of an imals, which had a positive electrode implanted at 
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Indwelling 
stimulator 

Figure 1 
ELECTRICAL STIMULATION OF FORELIMB 

REGEN ERATION IN ADULT FROGS 
The negative electrode is routed into the limb stump tip, 
and the positive electrode under the skin of the back, as 
depicted in the drawing of the frog. The photographs 
below show actual responses of current-treated and 
sham-treated limbs. The arrows point to the plane of 
amputation in the limbs. 

Source: R. Borgens, J. Exp. Zool. , Vol. 200, pp. 403·416, 1977. Reprinted by 
permission of Wiley-Liss, Inc. 

the stump tip, resulted in the degeneration of the stump tip tis­
sues, and no regenerative response. These experiments demon­
strated that by artific i a l l y i m posing e lectric currents of the 
same polarity and s imi lar field intensity as found in the sala­
mander, regeneration cou ld be in itiated in  the normal ly non­
regenerative adult frog. 

Experiments with Frogs after Amputation 
The in itial experiments were fol lowed up two years later, in 

1 979, with an examination of the currents in non-regenerat ing 
frogs after amputation. Although frogs (anurans) and salaman­
ders (urodeles) are c losely related, there are d ifferences in the 
anatomy of their l imbs wh ich may help to expla in why adult  
frogs do not normal ly regenerate. Frog larvae are able to regen­
erate portions of their ta i ls  and l imbs u nt i l  the stage i n  meta­
morphosis when the subepidermal lymph spaces begin to de­
velop in the l imbs. This subepidermal lymph space in the adult 
frog l imb cou ld act as a low-resistance pathway for shunti ng 



Vincent P. Walter, Purdue University 

Dr. Richard Borgens and a student working in his laboratory 
at Purdue University. Borgens is using the microscope to pho­
tograph specimens. 

current generated by the sk in  battery away from the core tis­
sues of the l imb stump. Salamanders and other u rodeles do not 
have this subepidermal lymph space. 

Borgens measured the stu m p  cu rrents in adu l t  frogs, and 
found that the h ighest density of current was found leaving the 
subepidermal  lymph space. The c u rrent run n i ng through the 
core tissues was fou nd to be fou r  to five times lower in i nten­
sity than those in the lymph space . Al so, the peak currents 
leaving the stumps of adult frogs were weaker than those found 
in newts. These differences suggested that the lack of sufficient 
electrical currents runn ing through the core tissues of the l imb, 
the area which g ives rise to the b lastemal cel l s, results in d i ­
min ished regenerative abi l ity. 

Because the adult frog does produce a stump current, if the 
topography of the c u rrent cou l d  be made s i m i l ar  to the 
urodele, perhaps regeneration in  the adult frog would be more 
complete. Borgens refi ned the exper iment u s i ng e lectrical  
stimu lators in  frogs, th is  t ime us ing  the African c lawed frog 
Xenopus laevis. Xenopus is known to natura l ly  produce a mi­
nor regenerative response to amputation, which usual ly con­
sists of a short spike of cartilage covered by ski n .  Using inter­
na l ly  i m p l anted e lectric st i m u l ators, with the negative 
electrodes run n ing through the core tissue of the l imb stump, 
Borgens observed that, after two months, these an imals  had 

grown l imbs that were s i m i lar  to the "paddle" stage of l imb  
found in  salamanders before the digits form. 

The control group of a n i ma l s  h ad spikes of cart i l age sur­
rou nded by sk in  typica l  of the natural  response. Curious ly, 
many of the electrical ly treated I imbs appeared a lmost normal, 
external ly, but the i nterna l  structure was q u ite d isorgan ized 
and abnorma l .  These regen erative structures were ca l led 
"pseudol imbs," and had large amounts of nervous t issue run­
ning through the carti lage i n  a d isorganized pattern. 

The conventional understanding of developing l imbs is that 
the i nterna l  cel l u lar  organ izat ion determi nes the externa l  
form. However, the pseudol imbs are a cha l lenge to th is no­
tion, and po i nt to the i m portance of e lectric fields in deter­
min ing morphology. 

I n  h i s  next experi ments,  a l so in 1 979,  Borgens exami n ed 
what the effect of specifica l ly  b lock i ng the sod ium ion chan­
nels of the sk in wou ld have on  regeneration i n  sal amanders. 
He had shown previously that the stump currents seemed to 
depend on sod ium ions as their charge carrier. Salamanders 
and newts had their  fore l i m b  stu mps treated da i ly  with the 
sod ium channel b locker ami loride. At fi rst, a l l  of the treated 
animals were blocked from regenerating their l imbs, but after a 
period of t ime about half of the an imals  began to regenerate. 
Measurements of currents emanati ng from the stu mp t ips i n  
these animals showed that they indeed generated strong cur­
rents in the absence of sod ium.  

Amazingly, some of  the an imals which had been i nh ib ited 
from regenerating for weeks by the ami loride treatment, recov­
ered and began to regrow their l imbs at a greatly accelerated 
rate. This was a start l ing resu lt, which aga in  brought up new 
questions. When these an imals  were examined during the pe­
riod of inh ibition, their l imb stumps were covered by fu l l  thick­
ness skin, and scar tissue, which is indicative of non-regenerat­
ing species or permanently arrested regenerat ion.  H owever, 
these animals escaped this i n h i bition, and then regrew at ac­
celerated rates, somet imes produc ing  l i m bs that were more 
ful ly developed than those of the control an imals. 

Was there someth i n g  b u i l d i ng up in the i n h ib ited l i m b  
stumps that produced this  accelerated growth ? This q uestion 
could not be answered by the experiments then, and remains a 
mystery today. However, the fact that salamanders and newts 
could produce stump currents after recover ing from the inhibi­
t ion, meant that these an imals had adapted by using other pos­
itively charged ions, such as calcium and potassium, when the 
sod i u m  channels were b locked.  I n  l ater experiments, it was 
shown that if the a n ima l s  were kept in an environment that 
lacked calcium, potassium, and sod ium, stump currents cou ld 
not be generated and regeneration was blocked. 

Field Model of Regeneration 
Borgens's experiments leave no doubt as to the importance 

of the electric field in i n itiating and contro l l i ng regeneration.  
But what are the targets of  this fie ld? What are some of the pos­
sible effects an electric field produces in cel ls? We know from 
earl ier experiments that the nerves and the wou nd epithel ium 
are the two crucial  tissues requ i red for regeneration to occur, 
so could these be targets of the electric fie ld? 

F rom exper imenta l  measurement, the e lectr ic f ie ld is  
strongest at the wound epithe l ium, where the current flows out 
from the l imb stump. The flow of current establ ishes polarity i n  
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the l imb, and creates voltage gradients, which cou ld provide 
cel ls  with a way of sensing the i r  position .  Al so, the cu rrent 
flow provides a d i rect ional ity for the cel ls  to grow outward. 
E lectric fields have been shown to infl uence the d i rection of 
cel l migration, so this could also be one of its effects in the de­
veloping l imb. 

From the experimental results, it seems that the immediate 
flow of current after amputation i s  crucial in in itiating the re­
generative response. Th ink ing about this  problem from the 
standpoint of responses to inju ry, the first thing that changes 
after injury to the skin, or to the membrane of a s ingle cel l, is a 
flow of e lectric cu rrent. Cel l s  must have evo lved inj u ry re­
sponses that detect th is  current flow as a s ignal ,  which in iti­
ates the heal ing process. In the case of amphibian regenera­
tion, the de-differentiation of cel ls  in the b lastema may be a 
result, d i rectly or ind i rectly, of the cu rrent flowing out of the 
l imb stump. 

The other pr imary target of the e lectr ic  fie ld,  logical ly, is 
the nervous tissue, which is requ i red for regeneration to pro­
ceed. In vitro experiments have shown that neurons grown in 
cu l ture w i l l  extend and grow neurites (precu rsors to axons 
and dendri tes) preferent ia l ly  toward the cathode (negative 
pole)  in an e l ectr ic  fi e l d .  G i ven the fo rmat ion of the 
pseudol imb in  the adult  frogs, i t  is cu rious that so much of the 
internal t issue was nerve. With the negative electrode at the 
stump tip in the frog, a hypomorph ic regeneration proceeds, 
and the polarity of the appl ied field is the same as that which 
neurites grow toward in cu lture. 

Borgens suggests that the field polar ity helps to d i rect pe­
ripheral nerve regrowth i nto the l imb stump, which supports 
l imb regeneration. However, the situation in the regenerating 
l imb with regards to the relationship between the nerves and 
the wound epithel ium sti l l  leaves many questions unanswered . 
How does the field coord i nate the actions of these two essen­
tial tissues during regenerat ion? Do the cel ls  of the regenerat­
ing l imb grow accord ing to a global electric field, which has 
already defined the shape and orientation of the l imb? To ad­
dress this tantal izing question, Borgens directed his next exper­
iments to the process of l imb formation in the embryo. 

Does the Embryo Use Fields to Drive Its Development? 
Richard Borgens's interest in embryonic l imb development 

overlapped with the work of his friend and col league Kenneth 
Robinson .  I n  1 983, they both publ ished research papers on 
the role of the electric field in predict ing the location of the 
emerg i n g  l i m b  bud in two d i fferent a n i m a l  em bryos. D r .  
Rob inson had been studying t h e  effects o f  e lectric fields on 
the growth and behavior of ce l l s  for several years. Robinson 
was Lionel Jaffe's first graduate student, and was interested in 
discovering how electric fields in an embryo might control the 
behavior of cel ls. 

The experimental h i story of electric fields and their i nflu­
ence upon cel ls, especia l ly neurons, left the issue unresolved 
between claims of the fields guiding nerve growth, and a com­
p lete den ia l  of any effect on nerve growt h .  Robi nson was 
aware of the work of S. I ngvar in 1 920, who was the first to 
demonstrate that an appl ied current could orient the direction 
of neurite outgrowth along the l ines of the electric field. His re­
port also suggested that there was a different growth response 
toward the cathode (-) than toward the anode (+) of the applied 
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Figure 2 
RESPONSE OF I N DIVI DUAL NEURON, I SOLATED 

FROM THE NEURAL TUBE, TO ELECTRIC FIELD 
The neuron (top right) extends neurites toward the nega­
tive (cathode) pole of the field (left). The long neurite is 
just touching the myoblast cell. 

Source: K.R. Robinson, Purdue University 

field. However, in 1 934, Paul Weiss, a scientist at Rockefel ler 
U n iversity, publ ished his experimental resu lts c la im ing un­
equ ivocal ly that electric fields had n o  effect upon the orienta­
tion and growth of nerve fibers. The description of the experi­
ments in Weiss's report was sketchy, and suggested serious 
flaws in  the resu lts . Yet, Weiss's work establ i shed what be­
came the dominant bel ief on the matter. 

Robinson's mentor, Lionel Jaffe, had publ ished a study of the 
response of dorsal root gangl ion cel ls  to an appl ied electric 
field in 1 979, showing a preferential growth of neurites toward 
the cathode. However, the effect upon ind ividual cel ls  cou ld 
not eas i ly  be seen, as these c u ltures contai ned hundreds or 
thousands of nerve fibers. Robinson was sure that Weiss's re­
port was wrong, but he also wanted to be able to quantify the 
electric field strength requ i red to influence the growth of an in­
dividual neuron.  

Robi nson's solution was to isolate the developing neurons 
from the neura l  tube of Xenopus laevis embryos, and grow 
them in cu lture in the presence of an electric fie ld.  In this way, 
individual cel ls cou ld be studied, and the electric field thresh­
old for an effect on neurite growth cou ld be defined. In experi­
ments in 1 98 1 , work ing with postdoctoral fe l low Col in  Mc­
Caig, Robi nson found that the Xenopus neurons grew more 
neu rites toward the cathode pole, and that neur i tes wou ld  
make several turns orienting toward this pole. They found that 
the threshold for this effect was very low, a field strength of 7 
mi l l ivolts per mi l l imeter (mV/mm) cou ld influence the cel ls. 

They also tested the response of isolated myoblasts (muscle 
precu rsors) to the appl ied e lectric f ield in cu lture .  The m y­
oblasts had a h igher threshold for response, of 36 mV/mm, and 
grew with their long axis of growth perpendicular to the poles 
of the electric fie ld.  These experiments establ ished that differ­
ent cell types responded in  d istinctive ways to an electric field, 
which wou ld be important with in  an embryo whose cel ls  are 
differentiating into specific cell types. 



Figure 3 
MYOBLASTS G ROWN I N  

PRESENCE O F  ElECTRIC FIELD 
Myoblasts respond to the electric field by orienting their 
long axes perpendicular to the poles of the field (left 
negative, right positive). These cells are the precursors 
of muscle. 

Source: K.R. Robinson, Purdue University 

Now that the fields requ i red to influence the behavior of cel ls  
in vitro had been defined, the next step was to see if  the embryo 
possessed f ie lds of s i m i l a r  strength.  McCaig and Robi nson 
chose to study the Xenopus embryo during the process of neu­
rulation, when the neural tube and the layout of the nervous 
system is first establ ished. In experiments in 1 982, they mea­
sured the electric potential generated by the ectoderm (outer 
layer) of the embryo, and fou nd that it increased to 60mV (in­
ternally positive) or higher as neuru lation proceeded. This volt­
age was much higher than those that they had previously found 
to be suffic ient to effect the behavior of cel ls in cu lture. How­
ever, in this i n it ial experiment they were not able to measure 
the direction or pattern of current flowing in the embryo. 

Dur ing neuru lat ion, cel ls  must m igrate from the area sur­
rounding the neura l  tube to many locations in the body of the 
embryo. Could the electric fields be the cause of this migra­
tion, and do these fields gu ide the d i rection of the cell move­
ments? An i m portant group of c e l l s  that form a round the 
neura l  tube and migrate to var ious  d i stant  locat ions i s  the 
neural crest cel ls .  These cel ls  differentiate into a wide variety 
of tissues, inc lud ing gangl ions of the autonomic nervous sys­
tem, g lands, ski n ,  and even bone.  It is not wel l u nderstood 
what makes these cel ls migrate, and how they are di rected to 
their destination. 

Robinson isolated neural crest cells from Xenopus embryos, 
and exposed them to an applied electric field in cu lture. Indi­
vidual cel ls and groups of cel ls m igrated toward the cathode of 
the field at strengths of 1 OmV/mm or greater. This corresponds 
to a voltage drop of less than 1 mV across the diameter of each 
cel l .  Fields of this magnitude could easi ly exist with in the em­
bryo, making e lectrica l cu rrent a vector which cou ld gu ide 
neural crest cel l  m igration. 

In  1 984, Robinson used the vibrating-t ip  microprobe to try 
to detect the pattern of the cu rrents near the su rface of the 
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Figure 4 
ELECTRIC CURRENTS MEASURED ALONG flANK OF 

AXOLOTl D U RI N G  LIMB B U D  FORMATION 
Peaks above the dotted line indicate outcurrents, and 
below the dotted line indicate incurrents. The numbers 
represent the location on the axolotl where the mea­
surements were taken. Note the strong outward current 
at position 5, which is the site of the emerging limb bud 
on the axolotl. 

Source: R. Borgens, J. Exp. Zool., Vol. 228, pp. 491 -503, 1 983. Reprinted by 
permission of Wiley-Liss, Inc. 

Xenopus embryo. He fou nd that posit ive cu rrents were d i­
rected inward over most of the embryo surface, but that there 
was a strong outcurrent at the b lastopore, which is a smal l  hole 
in the ectoderm left from an earl ier i nvagination of cel ls .  This 
crucial experiment demonstrated that there was a global pat­
tern of currents running through the embryo. 

Embryonic Limb Development 
What happens to embryonic cel ls in the region of the devel­

oping l imb is fai rly wel l defined anatomical ly in amphibians. 
Robinson and Borgens were eager to d iscover what role elec­
tric fields played in the events of l imb formation in the embryo. 
Along the flank of the amphibian embryo, where the l imb wi l l  
form, one of the first th ings that  happens is  that the epithel ia l  
cel ls  loosen thei r t ight i ntercel l u lar  j u nctions. This c reates a 
sl ightly leaky epithel i um, which continues to degrade through 
the programmed death of some of the epithel ia l  cel ls  in the 
area of the l imb bud. Beneath the epithel ium, large quantities 
of mesenchyme ce l l s  acc u m u l ate, and l ater they start to mi­
grate and grow outward . The m igration of many cel l types is 
i nvolved in  the process, i nc lud ing  neura l  c rest cel l s, fibrob­
lasts, and,  l ater, the g rowth of neu rites exte n d i n g  i nto the 
growing l imb bud. 

Robi nson exa m i ned the Xenopus embryo as it beg ins  to 
form its h i nd l imbs, and found that the a rea of the l imb bud 
was the s ite of a strong outflow of current. Cu rrents ranging 
from 2 to 1 2  flNcm2 left the l imb bud, and returned in  a loop 
to the surrounding areas of the flank. Because hind l imb devel­
opment occurs first in Xenopus and other frogs when the em­
bryos are sti l l  qu ite small, and the time required for the process 
is rather short, it was d iffic u l t  to m ake measu rements of the 
current throughout the process of l imb development. 

Borgens took advantage of the l arger size of the larvae, and 
the longer t ime frame for the development of the h ind l i mbs, 
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in the axolotl to study the currents in l imb development. The 
axolotl is rather wel l  differentiated by this po int in develop­
ment, as its h ind l imbs develop after its fore l imbs (Figure 4) .  
Us ing the v ibrating-tip m icroprobe, Borgens found,  that for 
the week prior to the visible formation of the l imb bud, the ep­
ithel ia l  f lank of the axolotl was an area of diffuse outcurrent, 
which became focussed and increased in i ntensity at the site 
of the l imb bud. I n  fact, peak outcurrents of 2 to 3 f.JNcm2 oc­
cur at the site of l imb bud formation, just before the l imb be­
comes visible. The measurements of the current outflow could 
predict the exact site of the l imb bud 4 to 6 days before it ac­
tua l ly  formed ! The current path leaves the l i m b  bud region 
and returns i n  loops to the areas of the flank, a short distance 
from the bud. 

Borgens continued measuring the currents at the l imb bud, 
finding that as the l imb bud grows out from the epithelial flank, 
the current i ntensity decreases slowly, and in some cases, the 
current l ater reverses polarity and flows into the tip of large 
l imb buds, approximately 0.5 mm in length . 

From the experiments of Robinson and Borgens, a new un­
derstand ing of l i mb formation has emerged. A developmen­
tal ly programmed loosening of the tight junctions between the 
cel l s  of the epidermis al lows current to begin  to leak out of the 
area where the l imb bud wi l l  form. This d isruption of the trans­
epidermal potential leads to greater changes in the anatomy of 
the flank epidermis, such as the dying and sloughing off of epi­
dermal cel ls  in the region .  The voltage gradient created by this 
current would be negative in  the area of the leak. 

The accumulation of mesenchyme cel ls, and the migration 
of other cel ls to the I imb bud may be driven  by the electric 
field. The l imb bud area would act l i ke the cathode of an elec­
tric field, which has been shown to d i rect cel l  migrations. Neu­
rites also grow preferentia l ly in this d i rection, which would in­
ervate the developing l i mb. 

G lobal Embryonic Electric Fields 
The process of pattern formation within a developing embyro 

has fascinated scientists for decades. Robinson wanted to dis­
cover if the changes in the pattern of current flow could be cor­
related with physical changes in the arrangement of cel ls  and 
tissues in the embryo. He and his student Kevin Hotary exam­
ined the embryon ic chicken in 1 990, measuring external cur­
rent flows and voltage potentia l s  in 2 .5- to 4-day old ch icks. 
They measured the currents surrounding the posterior intestinal 
portal (P IP), an area where the developi ng gut, near the tai l ,  
creates a break in  the epithel ium as it remodels. (See Figure 5 . )  

Measurements using the vibrating-tip microprobe were done 
on chicks from developmental stages 1 4-22. At stage 1 4, only 
weak currents flowing into the PIP could be detected, but by 
stage 1 6, the current reversed d i rection and flowed out from 
the PIP.  The strong current flow outward from the P IP ranged 
from 50 f.JNcm2 to a peak of 1 1 0 flNcm2 at stage 1 7, and cor­
responded to the formation of the break in the epithel ium of 
the gut. 

Robinson and Hotary also measured the trans-epidermal po­
tential of the chick embryos from the same stages of develop­
ment, by insert ing g lass microelectrodes through the ski n of 
the embryo. The average voltage potential across the skin was 
1 6  mY, but this varied with the location on the embryo, and 
the stage of development. By taking many measurements of 
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the change in voltage from head to tai l  along the embryo, they 
fou nd that there was an i nternal voltage gradient averaging 
1 OmV/mm toward the tai l ,  which was the most negative. I n  re­
gions close to the tail, the gradient was found to be as steep as 
2 1 mV/mm. 

Neura l  crest cel ls beg in  to migrate in the chick at the stage 
where the first currents flowing out from the P IP are detected . 
Also, since neural crest cel l s  were previously shown to m igrate 
toward the cathode in vitro at field strengths of 1 OmV/mm or 
more, the voltage grad ients measured in  the chick wou ld be 
more than sufficient to guide their  m igration toward the ta i l  
end, which acts a s  a cathode. A s  a result of these experiments, 
Robinson proposed that the major role of electric fields may be 
to guide the m igrat ion of cel ls in the embryo. But what e lse 
could the fields control ? 

The formation of the neural tube from the folding of the ecto­
derm, and subsequent detachment from the overlying layer of 
new ectoderm, lays the basis for the development of the central 
nervous system.  After the neural tube forms, its presence in­
duces the d ifferentiation and patterning of other structures and 
organ systems.  U nd i fferentiated ce l l s  in the v ic in i ty of  the 
neural tube wi l l  develop into specific cel l  types accord ing to 
their position relative to it. Hans Driesch proposed nearly 90 
years ago, that the developmental fate of an ind ividual cell is a 
function of its position with in the embryo as a whole. 

Considering the neural tube's importance in determining the 
fate of the cel l s  in the embyro, Robinson asked if the neura l  
tube itself generated an electric fie ld.  To answer th is  question, 
he and Hotary inserted microelectrodes i nto the neura l  tubes 
of Xenopus embyros. By record ing the electric potential across 
the wal l  of the neural tube, they found that there was a voltage 
of -23 mV through the dorsal (back) side of the tube, with the 
interior l umen being negative. The pola rity is the opposite of 
that found at the ectoderm of the embryo, which maintains an 
inwardly positive potentia l ;  but this is not surprisi ng, because 
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Figure 5 
AVERAGE CURRENT DENSITY MEASURED 
AT POSTERIOR I NTESTINAL PORTAL (PIP) 

OF STAGE 1 4-22 CHICK EMBRYOS 
Currents peak at stage 7 7, and decline steadily there­
after. 

Source: K.R. Robinson, Dev. Bioi., Vol. 140, pp. 149·1 60, 1 990. Reprinted by 
permission of Academic Press. 



(c) (d) 

Figure 6 
ABNORMALITIES I N  LIMB, H EAD, AND G UT DEVELOPMENT IN CU RRENT-SHU NTED CHICK EMBYROS 

(a) Embryo has a duplicated wing bud on the side opposite the site of shunt implantation (arrow). The tail is also abnor­
mal. (b) Wing bud is completely absent (arrow), while the leg buds are enlarged and flattened (asterisk). (c) Brain devel­
opment is severely retarded in the current-shunted embryo on the left (asterisk). Brain divisions are small and abnormal, 
compared to the embryo on the right. The brain regions mesencephalon (m) and telencephalon (t) are labelled. (d) Ventral 
side of a current shunted embryo showing an abnormal outgrowth from the PIP (arrow). 

Source: K.R. Robinson, Development, Vol. 1 1 4, pp. 985-996, 1992. Reprinted by permission of Company of Biologists, Ltd. 

the neura l  tube interior is the same as the exterior of the em­
bryo ectoderm, as a result  of fold ing. 

When the ventral side of the neural tube potential was mea­
sured, it was found to be more positive than the dorsal side. 
Surprisingly, areas j ust lateral to the ventral side of the tube dif­
fered in voltage by an average of S mV. The pattern of electric 
potentials shows that the electric field generated arou nd the 
neural tube is not radial ly un iform. Also, measurements of po­
tentials around the neural tube in Xenopus embryos of various 
stages of development showed that the field i ntens ity varied 
from stage to stage. 

From the measurements, it was clear that the neural tube dri­
ves current primarily in  a dorsal to ventral loop, creating strong 
fields that vary i n  magnitude from 50 to as much as 5 00 
mV/mm. The cells near the lateral surfaces of the neural tube ex-

terior wou ld be exposed to very strong fields that wou ld cer­
tainly influence their development. The somites that differentiate 
into muscle are found near the lateral wal ls of the neural tube, 
and in vitro experiments have a l ready shown the response of 
myoblasts (which develop from the somites) to fields of only 
36mV/mm. The neural tube electric field also coincides with the 
dorsal-ventral spatial patterning in the central nervous system. 

Now that two major  sou rces of e lectric f ields have been 
d iscovered in  the embryo, what is the importance of the in­
teraction between the two fields d u ri ng the embryo'S d iffer­
entiation ? 

Changing the Natural Current Topography 
If the normal path of current flow were altered during the de­

velopment of the embryo, what kind of effect would this have? 
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Robi nson returned to the chick embryo, and devised experi­
ments in 1 992 which conclusively proved the importance of 
the electric fie ld  in development. Robi nson and Hotary im­
planted t iny hol low g lass shunts fi l led with an ion ica l ly  con-

ductive solution into the flank ectoderm of chick embryos be­
tween developmental  stages 1 1 - 1 5 . As a contro l ,  they im­
planted sol id glass shunts that are not electrical ly  conductive, 
in the same area in another group of embryos. The shunts were 
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Figure 7 
SCANNING ELECTRON MICROGRAPHS OF CU RRENT-SH U NTED, 

SOLID-GLASS-IMPLANTED, AND CONTROL EMBRYO CH ICKS 
(a) Current-shunted embryo showing defective tail development. Arrow indicates the location of the implanted current 
shunt. (b) Closeup of the tail of embryo shown in (a). The end of the tail lacks a neural tube and other internal structures. 
(c) Current-treated embryo that failed to develop any tail. (d) Solid-glass non-conductive implant results in normal-looking 
structures in this embryo. (e) Closeup of tail region of embryo in (d), showing normal tail structure. Leg bud has been par­
tially removed to allow better examination of the tail. (f) Normal chick embryo tail. Labels used are WB for wing bud, LB 
for leg bud, T for tail. 

Source: K.R. Robinson, Development, Vol. 114,  pp. 985·996, 1 992. Reprinted by permission of Company of Biologists, Ltd. 
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implanted just before the appearance of strong outward cur­
rents from the PIP near the tai l  of the ch ick. Robinson expected 
his conductive shunts to reduce the natural current emanating 
from the PIP, and to d i rect the current out of the embryo in a 
different path. 

After al lowing the embryos to continue developing for a pe­
riod up to th ree days, the embryos were col lected and exam­
ined at stage 1 8  or 20.  (See F igure 6.) The resu lts in the cur­
rent-shunted embryos displayed a staggering array of defects 
in structures throughout the body.  About 92 percent of the 
current-shu nted embryos showed some kind of defect, whi le 
only 1 1  percent of the sol id-g lass-shunt controls showed mi­
nor defects i n  deve l opment .  Measurements of the cu rrent 
leav ing  the conductive s h u nts showed an average of 1 8  
I-lNcm2 flowing out of the embryo, whi le no current cou ld be 
detected flowing out of the sol id glass shunts. Vibrating probe 
measu rements of the P I P  c u rrent  i n  the conduct ive-sh u nt 
ch icks showed a reduction of the current by an average of 30 
percent, compared with a redu ct ion of only 1 to 7 percent 
with the solid-glass shunts. 

In  the embryos whose current had been short-ci rcu ited by the 
conductive shunts, the most common defects were found in the 
tail region, which is consistent with the reduction of the PIP cur­
rent. Tails were sometimes completely lacking in these embryos, 
and shortened tai l s  were also fou nd (Figure 7). I n  the few em­
bryos that produced a tai l of normal length, the internal tissue 
lacked normal structures, such as a complete neural tube, noto­
chord, or somites. These embryos had abnormal gut structures, 
including sacs filled with undifferentiated mesenchyme cel ls .  

The cu rrent-shu nted embryos also d isplayed a ltered head 
development, inc luding lack of bra i n  divisions, and defective 
eye development, a l though at lesser frequencies.  Defects i n  
l imb bud formation were also present, with missing l imb buds 
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or dupl icated l imb  buds occurr ing on both s ides of the em­
bryo. None of the control embryos had altered l imb buds. 

Changing the path of the current flow had global effects on 
the embryo, and chal lenged the earl ier notion that the electric 
field's primary influence on development was only through the 
guidance of cel l m igrations. Most of the events in embryo de­
velopment do not depend on cel l  m igration, and instead de­
pend on the interpretation of position to direct differentiation. 

Also, areas above the current shunts in the ch ick, such as the 
head, sti l l  showed a wide range of defects in development. 
Only a field concept of the control of development cou ld ex­
plain these start l ing results. The d isruption of the global elec­
tric field pattern in the embryo by the shunts may have altered 
cell recognition of position, which would help expla in  some of 
the resu lts. The d i sruption a l so changes the i nteraction be­
tween the field produced by the ectoderm and the i nterna l  
field produced by the developing spinal cord. 

Embryonic Field Manipulation 
In  1 994, Robinson and Borgens each designed experiments 

to interrupt the endogenous electric field of early amphibian 
embryos through the use of an  external ly appl ied field. Before 
disrupting the field however, Borgens examined the embryos of 
Xenopus and the axolotl at the stage when the ectoderm is fold­
ing itself to form the neural tube. Using the vibrating-tip m icro­
probe, he found strong ionic currents flowing out from the l ip  of 
the neural folds (Figure 8).  Measuring lateral ly  down the flank 
away from the l ip of  the folds, the outward currents decreased 
in i ntensity, and were found flowing inward at a distance from 
the folds. These outward current loops disappeared in this area 
once the neural tube was completely fused (Figure 9). 

Trans-epithel ial  potentials were mapped in the larger axolotl 
embryos during the stages of neural tube formation. By insert-

Figure 8 
MEASUREMENT OF IONIC CU RRENT AROUND NEURAL FOLDS OF XENOPUS EMBRYO 

Graph (left) shows current flowing out of the embryo (below dotted line) and flowing into embyro (above dotted line). Let­
ters below the graph correspond to the position on the drawing of the embryo (right). Outward currents are strongest near 
the lip of the neural folds; currents down the flank flow inward. 

Source: R. Borgens, J. Exp. Zool., Vol. 268, pp. 307·322, 1 994. Reprinted by permission of Wiley·Liss, Inc. 
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ing glass microelectrodes into the area beneath the developing 
neura l  tube, measurements were made of potentials ranging 
from 1 8  to 64 mY. A voltage gradient from head to ta i l  was 
found, with the tai l  being negative. The voltage differences be­
tween any two measurement points varied considerably, from 
5 mV/mm to as high as 63 mV/mm. Aga in, the voltage gradient 
changed as the embryo developed. 

Borgens then tested the effect of an appl ied field on the de­
velopment of axolotl embryos. Embryos undergoing neurula­
tion were oriented with in a chamber, where they cou ld be ex­
posed to e l ectric f ie ld strengths pred icted to be s i m i l a r  or 
s l ightly h igher than the natural f ie lds .  The embryos were ori­
ented relative to the poles of the field in th ree ways: head to­
wards the cathode, ta i l  towards the cathode, or perpend icular 
to the cathode. 

Severe abnormal ities in body structures occurred in all three 
groups. However, the end of the embryo nearest the cathode 
displayed the most frequent and severe ma lformations (Figure 
1 0) .  When the tai l  end faced the cathode of the field, tai l  and 
abdomen defects were the most common, and in many cases 
the head structures appeared normal in these embryos. In the 
opposite orientation, head defects predominated, with the tai l  
structure appearing normal .  The embryos placed perpendicu­
lar to the cathode showed an even distribution of defects to the 
head and tai l  regions. 

Borgens also measured the trans-epithelial potential (TEP) of 
the embryos wh i le they were exposed to the external fie ld .  
With the ta i l  facing the cathode, the TEP of  the tai l ectoderm 
underwent hyperpolarization, and increased in a range of 1 6  
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Figure 9 
ARTIST'S DRAWING OF CU RRENT LOOPS AROU ND 

NEURAL FOLDS I N  XENOPUS EMBRYO 
The drawing is based on measurements done by R. Bor­
gens. The loops at the bottom of the embryo depict the 
current leaving the blastopore. These currents drive the 
process of neural tube formation. 

Source: R. Borgens, Dev. Dynamics, Vol. 202, pp. 101-1 14, 1 995. Reprinted by 
permission of Wiley-Liss, Inc. 
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to 56 mY. The head ectoderm was depolarized, and often re­
versed polarity, with a change of 30  to 80 mV negative. The 
threshold field strength requ i red to a lter the TEP was found to 
be between 6 mV/mm and 25 mV/mm. 

Robinson and his  student Hotary took a different approach 
to altering the electric field in the Xenopus embryo. F i rst, they 
re-exami ned the cu rrent flowing out of the b lastopore, and 
found it to be much la rger than their earl ier measu rements. 
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Figure 1 0  
EFFECT O F  50MV/MM ELECTRIC FIELD ON 
AXOLOTl EMBRYOS ORI ENTED IN THREE 

Tail 

POSITIONS RELATIVE TO CATHODE OF FIELD 
(a) The graph shows the percentage of defects in body 
regions in the three different orientations: cathode cau­
dal (facing tail), cathode rostral (facing head) and per­
pendicular. (b) Embryo oriented with its head toward 
the cathode shows a large bulge on the dorsal surface of 
the head, as well as defects in other cranial structures. 
(c) Embryo oriented with its tail toward the cathode 
shows abnormal tail development, and bloated ab­
domen. (d) Unexposed control embryo showing normal 
structures. 

Source: R. Borgens, J. Exp. Zool., Vol. 268, pp. 323-338, 1 994. Reprinted by 
permission of Wiley-Liss, Inc. 



Currents were first detected flowing out from the blastopore at 
stage 1 4, peak ing at stage 22, which coi n cides with the em­
bryo's process of neuru lation . The endogenous currents range 
from 2 to a peak of 1 1 5 f,lNcm2 over this period (Figure 1 1 ) . 
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Figure 1 1  
AVERAGE OUTWARD CU RRENT DENSITIES 

MEASURED AT BLASTOPORE OF STAGE 1 4-23 
XENOPUS EMBYROS 

Numbers in parentheses above the bars indicate how 
many embryos were examined at that stage. 

Source: K.R. Robinson, Dev. Bioi. , Vol. 1 66, pp. 789·800, 1 994. Reprinted by per· 
mission of Academic Press. 

(e) 

What if these natural currents could be nu l l ified, or even re­
versed i n  polarity? What wou ld be the effect on the develop­
ment of the embyro? Robinson chose to use a microelectrode 
impaled just under the ectoderm of the embryo to d isrupt the 
natural current flow. F i rst, however, he had to determine what 
strength of current wou l d  be requ i red to i nterfere with the 
blastopore current. By measuring the current flowing from the 
b lastopore with the v ibrati ng-t i p  m icroprobe, s i m u l taneous 
with the appl ication of cu rrent from the m icroelectrode, he 
found that an appl ied cu rrent of 1 00 nano-amps (nA) e l im i ­
nated outward flow of  current. App l ied current of  500 nA ef­
fectively reversed the polarity of current flow at the blastopore, 
resu lting in strong i nward currents. 

Xenopus embryos were i mpaled between stages 1 4  and 1 6, 
and the current was appl ied for up to 1 1  hours. One group of 
embyros exposed to 1 00 nA of i nward current, n u l l ifying the 
blastopore current, showed sign ificantly abnormal structures i n  
20 out o f  23 embryos. Common defects were fou nd i n  head 
structure, absent eye development, and the fai lu re of the neura l  
tube to fuse at  the anterior end.  I n  many cases bulges appeared 
on the ventra l su rface of the embryo, which sometimes rup­
tured, spi l l ing cel l s  i nto the su rround ing water (F igure 1 2) .  At 
higher levels of appl ied current, 250 nA or 500 nA, the abnor­
mal ities became more severe-Figure 1 2(f). 

An additional experiment took two groups of embryos, and 
appl ied 1 00 nA of cu rrent in opposite polarit ies.  In five em­
bryos with i nward current, a l l  developed abnormal ities. In the 
five in which an outward flow i ng cu rrent was appl ied, aug-

(t) 
Figure 1 2  

I NTERNALl Y APPLIED ELECTRIC CU RRENT EFFECTS I N  XENOPUS EMBRYOS 
(a) A 7 00-nA inward current applied through the electrode nulls the natural current and causes cells to be ejected out of 
the blastopore. (b) Treated embryo shown at a later stage (at bottom), with an untreated control (above). Note the ventral 
bulge and bloated shape, as compared to the control. (c) Embryo treated with 7 00 nA (above) and control (below). (d) 
Embryo treated with 250 nA of current results in reduced head structures. (e) Embryo treated with 250 nA current, show­
ing reduced head structure, abnormal tail, and an ectopic cement gland (arrow). (f) Embryo treated with 500 nA, which 
completely reverses the polarity of the natural current. It is disintegrating along its ventral side. 

Source: K.R. Robinson, Dev. Bioi., Vol. 1 66, pp. 789·800, 1 994. Reprinted by permission of Academic Press. 
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menting the endogenous current, only one of the five devel­
oped abnormal ly. The results reinforced the view that the dis­
ruption of the polarity of the global electric field in the embryo 
has serious effects on its development. 

Can External Form Exist without I nternal Differentiation? 
In 1 995, Borgens and postdoctoral fellow Riyi Shi did a se­

ries of experiments that demonstrated the crucial role played 
by the electric field of the neural tube in directing the differen­
tiation of the internal structure of the embryo. The resu lts also 
chal lenged the long held notion that i nternal differentiation of 
cel ls  produces the external form of the embryo. 

Axolotl embryos complete the formation and fusion of the 
neural tube by about stage 20 in their development. Borgens 
had prev ious ly  measu red the e lectr ic potent ia l  across the 
wal ls of the neural  tube in the axolotl, and found that it was 
usual ly 80 mV to 90 mV, which produces strong electric fields 
that are not rad ial ly un iform in the surrounding cel ls. The ec­
toderm and the neura l  tube are both generators of e lectric 
fields in the embryo. Borgens wanted to test what would hap­
pen to the embryo if only the internal field generated by the 
neural tube were disrupted. 
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Figure 1 3  
EFFECT OF REDUCING NEURAL TUBE 
ELECTRIC FI ELD ON DEVELOPMENT 

Bar graph shows the neural tube electric potential 
(TNTP) in embryos treated with the sodium channel 
blockers amiloride and benzamil, compared to normal 
embryo. Drawings below depict the severely abnormal 
morphology of treated embryos. The amiloride-treated 
embryo lacks all head structures. The benzamil-treated 
embryo'S neural tube dissociates and exvaginates 
through the overlying ectoderm of the dorsal surface. 

Source: R. Borgens, Dev. Dynamics, Vol. 203, pp. 456·467, 1 995. Reprinted by 
permission of Wiley·Liss, Inc, 
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The electric potential of the neural tube depends largely on 
the transport of sod ium ions and other positively charged ions 
out of the internal lumen of the tube. Borgens and Shi took ad­
vantage of this, by using the sod ium channel blockers, benza­
mi l  and ami loride, to reduce the trans-neural  tube potential 

Figure 1 4  
PSEU DOEMBRYO 

A mid-sagittal section through a pseudoembryo, show­
ing the complete lack of internal structure, with only 
undifferentiated clusters of cells. The normal internal 
structure of an axolotl embryo is superimposed (gray) 
just above the pseudoembryo. Note that the external 
shape of the pseudoembryo is basically normal. 

Source: R. Borgens, Dev, Dynamics, Vol. 203, pp, 456·467, 1995. Reprinted by 
permission of Wiley-Liss, Inc. 

Figure 1 5  
TOPOGRAPHY OF ELECTRIC FIELD ON 

SURFACE OF AMPHI BIAN EMBRYO 
Artist's reconstruction of topography of electric field on 
the surface of an amphibian embryo. The graph depicts 
the intensity of voltage potential at the embryo'S surface 
during neurulation. 

Source: R, Borgens, Dev. Dynamics, Vol. 202, pp. 1 01 -1 1 4, 1995, Reprinted by 
permission of Wiley-Liss, Inc. 



(TNTP) i n  axolotl embryos at stage 2 1  to 2 3 .  When benzami l  
or ami loride was introduced i nto the lumen of the neural tube, 
the TNTP was found to be reduced by' 50 percent or more (F ig­
ure 1 3) .  Treated embryos were then al lowed to develop for 36 
to 52 hours longer, when they were col l ected and compared 
to control embryos between stages 3 1  to 34. 

In  al l  of the embryos where the TNTP had collapsed as a re­
sult of treatment with benzami l  or ami loride, there were severe 
abnormal ities, of two different types. The fi rst, was the forma­
tion of embryos which had completely chaotic i nternal organi­
zation, and gross ly malformed external  morphology. These 
lacked eye, ear, or neural  tube structures, and did not resemble 
the control embryo's normal structure i n  any way. I t  was im­
poss ib le  to determine dorsal from ventra l ,  or head from tai l ,  
because the major body axes were not present. Many o f  these 
embryos did not survive to stage 34. 

The second group appeared as relatively normal in  external 
form, with abnormal and undifferentiated internal structure (F ig­
u re 1 4) .  These were cal led "pseudoembryos." The pseudoem­
bryos showed the d isaggregation of the cells of the neural tube. 
They lacked all normal internal structures, includi ng the gut. In  
embryos where groups of  cel ls had started to form the primordia 
of the notochord and somites before treatment, these cells were 
found to be d isassociated. Most of the body was fi l led with un­
organized masses of undifferentiated cel ls .  In some of these em­
bryos, as the neural tube cel ls  lost the i r  polarity, these cel ls ex­
vag inated i n  a sheet, and erupted t h rough the overly ing 
ectoderm, lead ing to the death of the embryo. It was determined 
that in the surviving pseudoembryos, the cells of the neural tube 
were not ki l led by the treatment with the sodium channel block­
ers; they just lost thei r  abil ity to generate the electric field, which 
seems to determine their physical association. 

The formation of these pseudoembryos chal lenges the con­
cept that internal tissue d ifferentiation determines the external 
form (morphology). In this case, d isrupting the internal field of 
the neural tube led to a lack of differentiation of internal struc­
ture, yet the overa l l  form of the embryo sti l l  developed i n  an 
almost normal fash ion.  Bargens describes th is  as the u ncou­
p l ing of the global control of pattern formation from the local 
controls of tissue d ifferentiation. 

This may mean that the g lobal external  fie ld produced by 
the ectoderm, which was not d i rectly affected in the experi­
ments, continues to guide the formation of the overal l  shape of 
the embryo, in the absence of the neural tube field .  An analo­
gous situation was also found in the formation of pseudolimbs 
in  the electrica l ly stimu lated regeneration in adu l t  frogs. The 
internal structure of the l imb was abnormal and disorganized, 
yet the l imb appeared almost normal external ly. 

These results cannot be explained by the trad itional under­
standing of the relationsh ip between internal t issue structure 
and external form. 

A Field Theory of Development 
There is an i nherent paradox in the decades of research on 

electric fields in l iv ing systems. The cel ls  are the source of the 
electric field, yet their behavior is subord inate to the field. Fur­
thermore, the existence of the e lectric field may precede the 
movement or  d i fferent iat ion of the ce l l s .  Th i s  can be seen 
c learly in embryo n i c  l i m b  format i o n ,  where the cu rrent is 
flowing out of the area that wi l l  form the l imb bud 4 to 6 days 

Electric Fields Used to 
Treat Spinal Cord I njury 
'D r .  R ichard Borgens is the head of the Center for 

Paralysis Research at Purdue U n i versity, where he  
has applied h is  i nterest in  electric fields to treating spinal 
cord injury. After years of studying how electric fields can 
influence the growth of nerve cel ls, in  1 992, Borgens in­
vestigated whether an appl ied e lectric fie ld  cou ld  he lp 
repai r  spinal cord injury i n  paralyzed dogs. He designed 
electric stimulators, whose e lectrodes could be implant­
ed near the site of the spinal cord injury, to del iver an ap­
p l ied current of 200 m icro-amps wh ich  c reates a field 
strength of 1 35 to 2 1 0  micro-volts/mm. 

I n  the mammal ian  sp ina l  cord, axons extend from 
nerve cel l bodies in both d i rections, so it  was necessary 
to reverse the polarity of the field every 1 5  m inutes, be-
cause axons grow preferentia l ly  toward the cathode of 
the field. In a c l in ical trial with injured dogs, the electr.ic 
field stimu lators produced a s ign ificant i mprovement i n  
neurological function after s i x  months. I t  was found that 
for the stimulators to be effective, the treatment must be­
gin with i n  two weeks aftenhe injury. 

Borgens and his col league, Dr. Riyi Shi, have-for the 
first time-restored electrical impu lse transmission in  a sev­
ered, isolated mammalian spinal cord. Working with spinal 
cords isolated from gu inea p igs, they used the polymer 
polyethylene glycol (PEG) to fuse the severed spinal cords. 
PEG fuses cel l  membranes, and when appl ied to the area of 
the break in the spinal cord, acts l i ke cel lu lar glue. When 
the PEG treated spin�1 cords were tested for electri�al im­
pulse transmission, it was found that 5 to 58 percent of im­
pu lses were restored, To be effective, the PEG treatment 
must be done with in  24 to 36 hours. 

This treatment is  now being investigated in l ive an imal 
models, and it is hoped i t  wil l  eventual ly be used i n  c l in i ­
cal t r ia ls  on humans. If successfu l ,  i t  cou l d  change the 
way spinal  cord trauma is treated. 

prior to its physical emergence. In many cases i n  embryon ic  
development, the cel ls appear to  "grow i nto" the  shape and d i ­
rection defined by the electric field. 

This problem was stud ied by the great Russ ian  b io log i st 
Alexander Gurwitsch, who i n  h is  1 922 paper "A Concept of Em­
bryonal F ields," proposed that cel l s  create a field that deter­
mines their future migration and growth patterns as an organism 
develops (Gurwitsch's work is d iscussed in  the Spring, Summer, 
and Winter 1 998 issues of 2 7  st Century.) G u rwitsch's concept 
was that the field was vectorial in nature, which is certainly true 
of the electric fields studied by Borgens and Robinson. 

The work of Borgens and Robi nson has produced a new 
field concept of development. Borgens proposed in  1 995, that 
electric fields create three-d i mensional voltage gradients that 
establ ish the coord inates of position, create the pattern, and in­
fluence the development of the embryo. F rom measurements 
of the field, it was possible to construct a topographical map of 
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the electric field pattern on the surface of the embryo (see i l lus­
tration on back cover). Currents flowing in the early embryo 
are al igned with the major body axes: head to tai l ,  and dorsal 
to ventra l .  Voltage gradients, such as that found along the head 
to tai l  axis, offer a way for cel l s  to know the coord inates of 
their position, and influence the d i rection and destination of 
m igrating cel ls. The resu lting fields within  an embryo, such as 
the neural tube field, are not uniform in  all directions. 

Also, different areas of the embryo may have different resis­
tance to current flows, creating a very complex and variable 
field pattern, which would be needed to create distinct tissues 
and structures. Cel l types have different responses to an elec­
tric field, and d ifferent thresholds for an effect. Muscle cel l s  
orient themselves perpendicu lar  to  the poles of  an electric 
field, wh i le nerve cel ls grow their extensions preferential ly to­
ward the negative pole. The electric field al lows the embryo to 
create singu larities within  itself, even though the field is global .  

Robinson describes the embryo as creating electric current 
leaks and flows in a stage-specific and developmental ly regu­
lated manner. The embryo uses the flow of current and the 
electric field to drive the formation of the major structures and 
establ ish polarity of form. This is seen in the current flows as­
sociated with the fold ing of the neural  tube, the early forma­
tion of the gut, and in l imb bud development. 

The pattern of the cu rrent flows and  voltage grad ients 
changes from stage to stage in development, and varies from 
spec ies to species. H owever, the pattern at any stage for a 
given species is invariant. This concept d i rectly echoes that of 
Gurwitsch's i nvariant principle. Gurwitsch also proposed that 
the embryonic field varied throughout development, but that 
this pattern was i nvariant for a given species. It is interesting to 
note the s imi larities in the ideas of Borgens and Robinson to 
those of Gurwitsch's field concept, although they were not fa­
mi l iar with the work of Gurwitsch. 

Borgens and Robi nson are currently working to bridge the 
gap between the vast amount of i nformation about what hap­
pens at the molecu lar level, and their discoveries of the crucial 
role of the electric field in  the development of the embryo. Sci­
entists trained only in reduction ist molecu lar biology wou ld  
never be  able to discover the global role the electric field plays 
in development. It is not possible to study al l  of the minute de­
tai ls  of events that occur at the molecu lar level, and from that, 
determine that something larger must be control l ing these var­
i ed processes. I n  fact, Borgen s  and Robi nson were able to 
make these d iscoveries because they were trained in an histor­
ical perspective of science by mentors who were not trapped 
in reductionist ideology. 

Commenting on the l i m itations imposed on today's scien­
tists by the prevai l ing reductionist molecular ideology, Richard 
Borgens said, "It's taking the biology out of the biologist." The 
problem is that the reduction ist approach has tried to reduce 
l iv ing processes to noth ing more than molecu lar pi ng-pong, 
wh i le  avo id ing the fundamental q uestions about the u n ique 
character of l iving systems. Kenneth Robinson amusingly said 
that he "would have dozens more grants if he could find one 
gene, or one ion channel" that was responsible for a l l  of the 
electric fields he has found in decades of research!  

The discoveries of  Borgens and Robinson have la id  the basis 
for a revolution in understanding how l iving organisms create 
electric fields to d i rect their growth and development. The next 
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breakthroughs in b iology w i l l  l i ke ly be made by those scien­
tists who apply the field concept to solve problems at the mol­
ecular, cel lu lar, and organ ismal levels. 

Colin Lowry, a cell biologist, is an associate editor of 21 st 
Century magazine. 
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ANCIENT DISCOVERY 

Eratosthenes' I nstruments Guided 
Mau i's 3 rd Century B .C.  Voyage 
by Marjor ie Mazel Hecht 

What kind of astronomical  
knowledge and i nstru-

ments did the ancient Egyptian 
mariners have to guide them on 
long-distance ocean jou rneys ? 
The stu n n i n g  decipherment of 
cave drawi ngs and i nscriptions 
by marine biologist and l i ngu ist 
Barry Fell in the 1 970s, indicates 
that these ancient mariners had 
a sophisticated knowledge of the 
heavens, and a variety of astro­
nomical instruments to calcu late 
their  pos it ion at sea and gu ide 
their way. 

Fe l l ' s  i n terpretat ion  of the 
star maps and the astronomical 
i nstruments d i scussed here are 
co nv i n c i ng ev idence both of 
the ex i stence of a n c i ent  voy­
ages across the Pacific, and of 
the capab i l i t i es  of t h ese 
m a r i n ers to know where they 
were going. 

From F e l l 's dec i pherments, 
we know that a floti l l a  of Egypt­
ian ships set sa i l  in the 3 rd cen­
t u ry B .C . ,  d u ri ng the reign of 
Pto lemy I I I ,  on a voyage to c i r­
cumnavigate the globe, and that 
they were gu ided by the knowl­
edge of the astronomer E ratos­
thenes (c. 275-1 94 B .C.), which 
i nc l uded astronomica l  i nstru-

Figure 1 
MAUl'S STAR CHART OF ARI ES AND TAURUS, NOVEMBER 232 B.C. 

Inset (bottom) in Maui's 
drawing from the cave 
on Wamera Island is 
Fell's interpretation of 
the star chart. The four 
constellations shown 
are ( 7) Aries, (2) Tau­
rus, (3) Triangulum, 
and (4) Perseus. The 
Egyptian hieroglyphs 
are left, Ba (Ram); right 
Shasaw (Head of the 
Buffalo). 

Fell translates the 
script as follows: Za ga­
za za-hu (The Zodiac 
Upside-Down); Da-za Sha-o 
(First Node); and Sha-za 
(Head of the Buffalo). 

Fell notes that the Egyptian 
hieroglyphs are constructed 
out of ancient Maori letters, 
adding another dimension of 
meaning. The hieroglyph for 
Ram, for example, he says is 

1 

. • e y  . ... . J a. .. �� �. �� 
' .  cz,a. '" 
". ..

. .. . . 

).. 

" " . 
. . . . .. b<l .. � .« . •• .•. • • . <l liIh.. . .. il . .... ... : . • • ••. • • •. "0 .. r. . .. C)( 

0( •••• ••• .: . • • • • 1 .: J/l . . . . . . I I-'  
: 

. . .... . ... 

composed of the Maori letters, reading from left to right, liThe knot (node) of the starting 
point, that is, the node that marks the beginning of the ecliptic, or the first point of Aries 
in modern nomenclature. II Similarly, the hieroglyph for buffalo, he says, "has been 
placed on its side, so as to form the Ancient Maori letters Sha-sa, meaning 'Forepart of 
the Buffalo' or Head of Taurus. II 

ments. Eratosthenes, the most important 
scientist of his time, headed the great l i ­
brary at  Alexandria, and his friend, Maui, 
was the astronomer and navigator for the 
journey. 

guage. Fel l 's breakthrough was to deci­
pher these inscriptions and cave drawings 
as a dialect of ancient Ptolemaic Egyptian, 
from which he translated them into Eng­
l ish.  H is work on ancient Maori has not 
been publ ic ized, and is found solely i n  
The Epigraphic Society Occasional Publi­
cations, a society and journa l  that he 
founded in the early 1 970s.2 

tronomy, and a description by Fell's col­
league, Sent ie l  Rommel ,  of the recon­
struction of one of Mau i's astronom ical 
i nstruments (p. 75).  

F rom F e l l ' s  t r a n s l a t i ons,  we know 
that  the Egypti a n  f lot i l l a  of s ix  s h i ps,  
with Rata as capta in  and Maui as navi­
gator, landed in Sosorra, McCl uer B ay, 
I r i a n  J aya ( the  western part of  N ew 
G u i n ea) ,  aro u n d  2 3 2  B . C . ,  l e a v i n g  
many drawings a n d  inscriptions i n  what 
are cal led the Caves of the Navigators. 
The cave i nscriptions were d i scovered 

Mau i left records of the journey of the 
fleet from Egypt in caves along the way, 
i nc lud ing  drawi ngs of h i s  i nstru ments, 
star charts, and the astronomical events 
of the time. 

These inscriptions were brought to the 
attention of Fel l  in the 1 970s, 22 centuries 
later, when he was working on decipher­
ing the ancient Polynesian or Maori lan-

A previous issue of 2 1 st Century re­
counted how Fel l  came to decipher the 
cave inscriptions from I rian Jaya, various 
Polynesian islands, and Chile.'  Here, we 
look at some of Fel l 's  work on Maui's as-
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Maui's Tanawa: A Torquetum of 232 B.C. 
by Sentiel Rom mel,  Ph . D .  

Drawing by Maui of his tanawa, found in 
the Caves of the Navigators, Irian jaya. 

Figure 2 
THE EQUATORIAL SYSTEM 

The celestial sphere is the imaginary 
canopy, concentric to the sphere of the 
Earth, devised to provide a way of 
charting the course of the stars and lo­
cating an object in the sky from any 
point on Earth. The celestial poles are 
directly above the terrestrial North and 
South poles. 

The Earth 's equator is inclined by 
231/2° to the Earth 's orbit around the 
Sun (a). The ecliptic, the path of the 
Sun, is thus inclined 2] 1/2° to the ce­
lestial equator. The ecliptic intersects 
the celestial equator at two points, 
called equinoxes. The Sun, moving 
north, arrives at one of these points 
on March 2 1-the vernal equinox. In 
the fall, the Sun crosses the celestial 
equator 1 80 °  south at the autumnal 
equinox. The summer and winter sol­
stices occur at the two poin ts, each 
90° from the equinoxes, when the 
ecliptic is farthest from the celestial 
equator. 

EDITOR'S NOTE 
Sentiel Rommel, a marine biologist 

with experience in navigation, worked 
with Barry Fell in the 1 970s, and spent 
four months constructing a model of 
Maui's Tanawa. A graduate of the u.s. 
Naval Academy at Annapolis, Rommel 
has a master's degree in engineering and 
a Ph.D. in oceanography from the Uni­
versity of Maine. Rommel is now work­
ing on the anatomy and physiology of 
marine mammals at the Florida Depart­
ment of Environmental Protection. 

This article is adapted from his paper 
of the same title, published in The Epi­
graph ic Society Occasional Publ ications, 
Vol. 2, No. 29, Feb. 1 975. It appears 
here by permission of the author and the 
Epigraphic Society. 

* * * 

The axis of the Earth 's rotat ion is in ­
c l i ned 2 3 .5 °  to  the p lane of  the 

Earth's orbit of revolution about the Sun.  
The projection in  the sky of th is  p lane is  

The starting point for locating stars in 
the equatorial system is at the vernal 
equinox (b). A great circle (called the 
hour circle) is imagined through a star, 
from the north celestial pole to the ce­
lestial equator. The angle from the ver­
nal equinox, eastward to where the 
star's hour circle meets the celestial 
equator, is called the right ascension of 
the star, and is usually measured in 

cal led the ec l i ptic, and in  the course of 
one year, the Sun, as seen from the Earth, 
completes o n e  revo l ut ion  a long  the 
ecl ipt ic .  S ince the planets a lso move in  
orbits, whose p laces are nearly para l le l  
to that  of the Earth, they too are seen to 
move across the sky i n  paths that nearly 
match the ecliptic. 

By t h e  t i me of E ratosthenes, i t  had 
e v i d e n t l y  b e c o m e  a p p a r e n t  t h a t  a 
more sat i sfactory treatment  of p l a ne­
tary m o t i o n s  w o u l d  e m e rge  i f  t h e i r  
pos i t i o n s  w e re m e a s u red i n  coo r d i ­
nates based upon the ec l i pt ic ,  rather  
than  those based upon the Earth's  axis 
of  rotat i o n . Accord i n g l y, an i n s t ru­
ment  was  i n vented ,  perhaps  by E r­
atos t h e n es-by w h i c h  a n  observer  
m ight read off ec l i pt ic coord i nates d i ­
rect ly, once  t h e  i nstru ment  was cor­
rec t l y  o r i e n ted w i th  respect to t h e  
Earth 's ax is .  

Today we have sophisticated comput­
ers that can rap id ly  ca lcu late the pos i -

hours, minutes, and seconds of time. 
The altitude of the same star, its dec­

lination, is a measure of the angle it 
makes with the celestial pole, and is 
measured in degrees, from 0° at the ce­
lestial equator, to 90° at the north ce­
lestial pole (- 90° at the south celestial 
pole). In the example shown in (b) the 
star has a right ascension of 5 hours 
and a declination of +60°. 

Source: Adapted from Modem Space Science by Frederick E. Trinklein and Charles M. Huffer (New York: Holt. Rinehart and Winston. Inc., 1961) 
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tions of planets and stars in ecliptic coor­
d i nates, given an i n itial i nput of data in  
terrestrial coordinates of  decl ination and 
r ight ascension [north-south and east­
west) . A device that can perform these 
calculations mechanica l l y-an analog 
computer-is cal led a torquetum.  The 
oldest existing European torquetum dates 
from 1 444 A.D. 

Study of a painting fou nd in  a cavern 
at Sosorra i n  I r i a n  Jaya (West N ew 
Gui nea) and of an accompanying rebus 
deciphered by Barry Fel l ,  disclosed a de-

,,,- - - ..... I , 
f \ I \ I \ 
\ I , f , I 

'.... ..... ,/ 

Observer's 0( 
co-latitude 

M-�.x 

(a) 

Figure 2 
SCHEMATIC OF 

EQUATORIAL PLANE 

vice that would function as a torquetum 
(Figure 1 ) . It is named in the i nscription 
as "the tanawa (or calculator) of Mau i ."  I 
h ave constructed a torq uetum,  o r  
tanawa, b y  using this cave painting as a 
guide. 

Reconstructing Maui's Tanawa 
A torquetum must have a plane paral­

lel to the Earth's equator for two p u r­
poses: ( 1 ) to provide a read ing of r ight 
ascension, that is,  celestial longitude as 
measured from the F i rst Point. of Aries; 
and (2)  to provide a support and p i vot 

(b) 

Q 

Figure 1 
SCHEMATIC OF 

MAUl'S TANAWA 
Maui's tanawa (a) drawn 
schematically (inside the 
dotted lines), and the ac­
companying rebus. The 
rebus is translated by 
Barry Fell as: liThe Earth 
is tilted. Therefore, the 
signs of half of the eclip­
tic watch over the south, 
the other (half) rise in the 
ascendant. This is the 
calculator of Maui. " 

A labeled schematic of 
the tanawa is shown (b), 
for comparison with the 
model constructed (Fig-

. ure 5). 

Source: All drawings are by Malt 
Makowski, in The Epigraphic Soci­
ety Occasional Publications, Vol. 
32, No. 29, Feb. 1 975. Figures 2-4 
were adapted from Fred Hoyie, 
Astronomy (New York: Doubleday 
and Co., Inc., 1962). 

Ecliptic platform 
rotation axis 

I <.<,\,C 
I <i;P'" 
I '10.'3-(\0 

.....--,-........ � � 

Figure 3 
SCHEMATIC OF ECLIPTIC 

PLANE AND AXIS 
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about which another plane, in disk form, 
may rotate i n  the equatorial plane. This 
eq u ator ia l  p l a n e  is  made b y  t i l t i n g  a 
pl atform from the vert ical  by an angle 
eq u a l  to the lat i tude of the observer 
(Figure 2). 

The device must be oriented so that 
the inc l ined plane is normal to the local 
mer id i a n , t h e  horizontal  through the 
pivot then lying east-west; the plane is  
then paral lel  to  the equatorial plane. 

The t i l t  of the Earth's axis i s  then com­
pensated for by setting a wedge-shaped 
p l atform on t h e  equator i a l  d i sk,  the 
wedge-angle being 2 3 .5° .  One side of 
the wedge is appl ied to the eq uatorial  
plane in  such manner that it  can rotate 
upon the equ atorial  p l ane. This  means 
that the other s u rface of the wedge, 
when correctl y  a l i gned wi th  the F i rst 
Po i n t  of Aries, w i l l  l ie in the p l ane of 
the ecl iptic (Figure 3). 

This a l ignment i s  ach ieved by rotat­
i n g  the movable equ atori a l  d i s k  u n t i l  
the intersection of the two planes poi nts 
to the F i rst Point of Aries (or its nad i r  on 
the opposite side of the sky) . The i nter­
section of the two planes of the torque­
tum is now para l l e l  with the intersec­
tion of the plane of the Earth's equator 
with the plane of the ecl iptic. 

Next, an upright column is placed on 
the apparatus, perpe n d i c u l a r  to the 
p lane of the ecl iptic, and consequently, 
para l l e l  to the ecl i pt ic ax is  and poi nt­
i ng, therefore, to the poles of the ecl i p­
t ic.  A transverse s ighting arm, movable 
in p lanes vertical to the ecl i ptic plane, 
is attached to the polar axis. When pro­
vided with a su itable angular scale, this 
arm w i l l  now read the ecl i ptic latitude 
of any ce lest i a l  obj ect to w h i c h  the 
sighting arm is d i rected . 

Ecliptic altitude 

���'(!:'f- Sighting arm 

Observer's horizon 

Figure 4 
SCHEMATIC TORQUETUM 
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At the same time, by rotati ng the cal i­
brated ecl iptic p lane,  i n  the process of 
bringing the sighting arm to bear upon 
the object under observation, the amount 
of rotation requ i red in that p l a ne is a 
measure of ecl iptic longitude. If, in addi­
tion, a plumb-bob and free-hanging cali­
brated p l u mb-arc be attached to the 
sighting arm, so that both members hang 
always in the vertical plane, a read ing of 
the intercept of the p lumb-bob with the 
plumb-arc yields local elevation (or, a l­
ternatively, zen ith angle) of the celestial 
object being sighted. 

At the instant when the celestia l  ob­
ject c rosses the merid ian ,  the p l u m b­
bob read ing becomes a measure of dec­
l i nation (that is, a cel est i a l  " I at i tude" 
with respect to the celestial pole of the 

A Base, in the plane of the observer's horizon, 
oriented so that the axis of symmetry is par­
allel to the meridian. 

B Equatorial plane, set parallel to plane of 
Earth's equator by tilting it from the hori­
zontal by an angle equal to the co-latitude. 
In the example modelled, it is adjusted for 
latitude 45°, whereas, in  
Maui's version, located in 
New Guinea at about 5° S lat-
itude, the co-latitude be-
comes 85° and so the equa-
torial plane is nearly vertical 
(Figure 1 ) . The upper plat-
form can be swivelled to bring 
plane e into the ecliptic plane 
by sighting on the fi rst Point 
of Aries. 

C Ecliptic plane (viewed from one 
side in Maui's figure, hence ap­
pearing as a line), set parallel 
to the plane of the ecliptic, and 
calibrated to read ecliptic longi­
tude: shown proportionately 
Slightly larger than in the cave 
figure, to give added stability. 

D Reinforcing rod for e (viewed 
in Maui's figure from side, to 
appear, therefore, as a l ine,  
part of e). 

E Indicator for reading ecliptic 
longitude, and base for rotat­
ing the upper part around the 
ecliptic axis (viewed in Maui's 
figure from side, and hence 
not distinguished from e). 

F Ecliptic axis of rotation 
(viewed from front in Maui 's 
f igure).  Certain differences 
were introduced into this 
model in the belief that they 
would improve its stability, 
but is now realized that, in 
fact, good stability is given by 
following Maui's assembly ex­
actly. 

G ReinforCing rod to support P 
and J. 
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Earth's rotation) .  This means that if the 
known dec l i n at ions  of consp icuous  
stars are tabulated, the observer can de­
rive h i s  l atitude in this  way in the first 
place, and so determine the correct an­
g ie  to set i nto the equatorial p lane be­
fore beg i n n i ng to make measurements 
in ec l i pt ic coord i n ates . However, it i s  
v i rtua l ly  certa in  that latitude wou ld  a l ­
ready have been determined by day; us­
ing the cross-staff and astrolabe. 

There are two times d u ri ng the day 
when  the observer's mer id i a n  is i n  
quadrature with the F i rst Point of Aries. 
At one of these times, if the instrument 
is a ppropriately c a l i brated, i t  can  be 
used as a time-piece. Th is, however, is 
much  more eas i ly  accompl i shed with 
the astrol abe, and another cave d raw-

Figure 5 ' 
BRASS MODEL OF MAUl'S TANAWA 

H Upright for bipod support and swivel for 
sighting arm. ( In  MaiJi's version, these 
structures are viewed from -,he fro'n!.) 
Swivel- or plumb,arc, for measuring altiiude 
(and declination at meridional passage) of a 
planet or star. This segment swings away 
from the ecliptic axis as the ecliptic plane indi-

i ng  i nd icates that an i nstrument of the 
astrolabe type was known to Mau i .  

I constructed the tanawa or  torq ue­
tum of Maui in brass, using the cave re­
bus  as a " b l u epr int . "  Some mod ifica­
t ions  were made in b u i l d i ng the fi rst 
model  ( F i g u re 4 ) .  T h i s  more modern 
tanawa has a n  ec l i pt ic p l atform set at 
23 .5°  to the equatorial p latform. In the 
model made in accordance with the re­
bus  draw i n g  ( F i g u re' 5 ) ,  o n  the other 
hand, the l atter feature was e l im i nated 
s imply  by constructi ng the ecl iptic po­
lar axis at 2 3 .5°  from the perpend icular 
to the equatorial p lane. At fi rst th is is a 
l ittle more d ifficult to visua l ize than the 
torq uetum snown i n  F i g u re 4, but the 
s impl icity Ifnds itself to a very portable 
and eas i ly  constructed instrument. 

cator is rotated to bring the object into align­
ment with the sighting arm. The action of this 
section performs a mechanical solution of the 
spherical trigonometry involved in converting 
from ecliptic coordinates to celestial. 

J Plumb-bob, the indicator for I, upon which 
degrees (or some unknown units of arc) 

would be engraved. 
K Viewing sights, also acting 

as pivots for I. The planet or 
star is viewed along these 
Sights by performing the me­
chanical motions permitted 
by the moving axes of the in­
strument, thereby automati­
cally setting in to the dials 
the data required on the 
ecliptic coordinates. 

• iIt .... K L Extension of H (assumed) . 
The exact nature of this part 
was not clear in the available 
reproductions . of the cave 

R 

A 

, drawing, but it seemed nec­
essary to construct the model 
in this,way. It is shown as a 
dotted l ine in the enlarged 
version of Maui's sketch in 
Figure 1 (b). 

M Cross bar and swivel of F, the 
- ecliptic axis. 

N Extension of F, viewed in 
cave figure as not being dif­
ferent from F, but required as 
support for O. 

o Arc of ecliptic latitude, slightly 
extended beyond the limits 
shown in the cave figure, to 
permit measurements over a 
wider arc. Note: Fell believes 
this portion of the original 
drawing can be interpreted 
differently, so as to allow a 
360° range of ecliptic lati­
tude. 

P Sighting arm for K, with sup­
ports for I. 

a Supports 'for equatorial plane, 
as shown by Maui. 
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Crucifying Science and Rel igion 
by David M. Shavin 

The Aspiring Adept: 
Robert Boyle and His Alchemical Quest 
Lawrence Principe 
Princeton, N.J.: Princeton University Press, 
1 998 
Hardcover, 339 pages, $45.00 

I f John Maynard Keynes was the Mad 
H atter, i nv i t i ng  the world to come 

through the Looking G lass and view the 
tortured mental l ife of Sir  Isaac Newton, 
then perhaps author Lawrence Principe, 
with h i s  The Aspiring Adept: Robert 
Boyle and His Alchemical Quest, is con­
tent to make us feel welcome at the Tea 
Party. To quote Principe, "That Newton, 
or Boyle, or Locke, or any other seven­
teenth-centu ry natu ral ph i losopher 
should have believed, dabbled, labored, 
or sweated in alchemy should no longer 
horrify the sensibi I ities." 

In the 1 940s, Keynes addressed an in­
ner el ite at Cambridge Un iversity, i ntro­
d u c i ng them to the mysteries locked 
away in a chest of Newton's  papers : 
"Newton was not the first of the age of 
Reaso n .  He was the l ast of the magi­
c ians, the last  of the Baby lon ians  and 
Sumer ians . . . .  " However, once Earth 
Day had launched the "post- industr ial" 
age in 1 970, it became more acceptable 
to make public Newton's kinkier side. In  
Pr inc i pe's own eva l u at ion ,  B etty Jo 
Teeter Dobbs's 1 975 book, The Founda­
tions of Newton's Alchemy, "ushered in  
a completely new view of the man . . . .  " 

Now, Principe brings his sensitivity to 
the many different ways of being an a l­
chemist, to the story of Newton's prede­
cessor, Robert Boyle ( 1 6 2 7- 1 69 1 ) . I n ­
stead o f  cast ing  doubt upon t h e  bogus 
nature of  the vaunted "rat ional i ty" sold 
u nder the patent name of " Boyle,"  
Princ ipe wou ld  "restore the trad it ional  
a lchemical  d imension to Boyle's work 
and thought." In other words, Boyle and 
Newton might have sweated over their 
c l oset i rrat iona l ity, but  today we can 
take a more "healthy" v iew, and reject 
the outmoded separation of rational and 
irrational. 

Again,  to quote Principe:  "Boyle was 
not as 'modern' as we thought, nor  
a lchemy as  'ancient.' What we are wit­
ness i ng, then, i s  a rapprochement be­
tween what have previously been seen 
as two separate and i rreconci lable halves 
of the history of chemistry." 

The reader may await some purport­
ed ly rational explanations or suggestions 
as to what actual ly are the claimed trans­
mutations that Newton and Boyle carry 
out. Or perhaps the reader m ight search 
in Boyle for some pri mitive but honest 
research i nto the i nterconnectedness of 
the chemica l  e lements.  H i storica l l y, 
there have been invest igat ions i nto 
causal connections of the elements that 
have fa l len under the c lassification of 
alchemy. However, what is  offered here 
is not science, but a d issertation on the 
va l id ity of "witnessing." Here, "truth" is 
not particularly reproducible nor coher­
ent, nor soc ia l ;  instead, it is what is as­
serted by important people. 

Boyle's Obsession 
As long as the reader remembers on  

wh ich  s ide  of  the  Look ing G lass he or  
she is  on,  however, there are severa l 
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jewels to be gleaned from Principe's ex­
tensive work. He has ventured through 
the writings of Boyle in  the l ibrary of the 
Br i t i sh  Royal  Soc iety, a n d  h as recon ­
structed, for the first t ime in  fu l l ,  Boyle's 
lost Dialogue on the Transmutation and 
Melioration of Metals. Principe's appen­
dix a lso offers a reconstruction of a par­
tial work, Dialogue on the Con verse with 
Angels Aided by the Philosophers' Stone. 
Although these works do exh ib it, as 
Principe c laims, "the undeniable magni­
tude of the tradit ional a lchemical  com­
ponent of Boyle's work," i t  i s  u n l i ke ly  
that they come close to  approaching the 
vo l u me of N ewton 's  wr i t ings-whose 
manuscripts were almost completely de­
voted to a lchemy, to prophecy, and to 
studies attacking the Trinity. 

A Lifelong Obsession 
I n  Boyle's  case, Pr inc i pe est i mates 

some sort of rough equal ity: "In terms of 
the n um ber  of years th i s  mater ia l  at­
tracted his attention and the number of 
experiments and people it i nvolved, the 
quest for the correct preparation and de­
ployment of the Phi losophical  Mercury 
rivals in  importance Boyle's vastly better 
known stu d i es of the a i r . "  H owever, 
Boyle i s  shown, l i ke Newton, to have 
had a l ifelong obsession with alchemy­
from his early col laboration with George 
Starkey, a l so known as E i renaeus Ph i ­
lalethes, to  the handing over of his mys­
terious fIred earth" to John  Locke (and 
Newton) upon his death. 

N ewton kept h i mself  removed from 
Boyle's projects, object ing to the quasi­
p u b l i c  nature of h i s  o lder  col league's 
venture. In 1 676, Newton wrote to the 
Royal Soc iety's Oldenburg, that Boyle 
should "preserve h igh si lence" regarding 
such sens i t ive matters .  The recl us ive 
Newton was probably leery of the public 
project, l a u nched by O ldenburg and 
Boyle, to  establ ish contact with powerfu l 
Adepts, and learn the secrets of the trans­
mutation of metals. 

Boyle bel ieved that "there l ives con­
ceal'd in the world, a sett of Spagyrists of 
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a much h igher order . . .  being able to 
t ransmute baser Meta l l s  i nto perfect 
ones, and do some other things, that . . .  
divers of the more jud icious even among 
the Spagyri sts themselves h ave j udg'd 
imposs ib le ."  Boyle's "On the I n ca les­
cence of Qu icks i lver with Gold" ( 1 676) 
advertised Boyle as the contact person 
with whom Adepts could get i n  touch. I n  
it, h e  maintains that h i s  special mercury 
has succeeded i n  breaking down gold, 
but he needs to know how to reverse the 
procedure, that is, to obtain the Phi loso­
phers' Stone. 

Boyle's paper is designed not to say 
too much. Pri ncipe quotes Boyle: " . . .  
[O]pen knowledge of the Stone wou ld 
'much d isorder the affa i rs of Mankind,  
Favour  Tyran n y, and br ing a genera l  
Confus ion,  t u r n i n g  the World topsy­
turvy.' . . .  Thus th i s  P h i losoph i c a l  
Transactions paper should not b e  read as 
. . .  making knowledge publ ic but rather 
as an attempt to contact adepti . . . .  " 

Newton wants to be in on the secret, 
but is afraid of the entanglements.  H i s 
letter to Oldenburg stated that he is "de­
sirous of the sense of others in this point. 
. . [and particu larly the sense] of a true 
Hermetic P h i losopher, whose judge­
ment. . .  would be more to be regarded 
in this point than that of a l l  the world be­
side to the contrary . . . .  [T] he fingers of 
many w i l l  itch . . .  " to learn the secret 
formula. 

Newton suspected that Boyle and Old­
enburg were runn ing an inte l l igence op­
erat ion . Pr inc ipe expl a i ns that, after 
Boyle's death, "Newton compla ins that 
Boyle offered his  secrets only under strict 
conditions, and even after Newton agreed 
to these, Boyle sti l l  concealed cruc ia l  
steps. Newton writes that in offering some 
other recei pts, Boyle 'cumbered them 
with such c i rcumstances as startled me 
and made me afraid of any more.'" 

Secret Agents 
Boyle and Oldenburg might have got­

ten more than they bargained for. I n  the 
most fasc i nat ing port ion  of P r inc ipe's 
book, a 20-page section t it led "Georges 
Pierre and the Asterism," the Royal Soci­
ety advertisement by Boyle and Olden­
burg is  shown to have garnered a re­
sponse in J u n e  1 6 7 7 .  One " G eorges, 
patriarch of Antioch," orders a F rench­
man named "Georges Pierre" to show 
Boyle the a lchemica l  " p roject ion"  to 
compose pure gold, tel l i ng  him " i t  w i l l  
not be long before God al lows [Boyle] to 
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enjoy the happi  ness of bei ng a t rue 
phi losopher." 

The ensuing twists and turns of this af­
fair  remind this reviewer of the Venetian 
games adumbrated in Sch i l ler's story The 
Ghost-seer. Principe himself refers to the 
year i n it iated by Pierre's visit, as Boyle's 
" a n n u s  m i rab i l i s  a lchemicus of 1 677-
78." 

Briefly, Pierre works for a "Georges du 
Mesn i l let of Constantinople," leader of a 
soc i ety of a lchem i ca l  masters, some­
t imes cal led "Asters," to which Boyle is 
invited to apply. The seduction involves 
a magica l  powder, exchanges of gifts, 
and attempts on both parts to extract 
what the other knows. Boyle is to pro­
vide some items, l i ke luxu rious fabrics 
cost ing about 50 pou nds, for which du  
Mesn i l let's banker, a Gaspard Cassati of 
st. Mark's Square, Venice, wi l l  reimburse 
about 1 1 5  pounds to Boyle. 

Boyle is i nstructed to acq u i re many 
more gifts (pearls, sati ns, brocades, s i lk  
carpets, and so on) ,  and to have himself 
" received into the I nd ia  Company, and 
the qu icker the better." Evidently, Boyle 
was al ready, as of Apri l 1 677, on a com­
m ittee of the East I nd ia  Company, and 
he was re- instructed to become also a 
"freeman of the Tu rkey Company," 
which he did in May 1 678. 

Of course, the patriarch then writes to 
regret that the "blessed powder that I en­
trusted to Mr. Pierre" was lost, as it was 
"sent to Mr. Des Mu lens when he was in 
I ta ly with the son of My Lord Hal i fax; I 
do not doubt that he projected it some­
where or other." 

Now, Lord Hal ifax was a neighbor of 
Boyle, and the tutor  of h i s  e ldest son, 
Henry Savi l l e, was indeed, one Du 
Mou l i n .  And the two were together i n  
Italy during that period. Why the nonex­
istent "Georges du Mesni l let of Constan­
tinople" chose to impute the Hal ifax fam­
i ly as one of the confirmable references, 
is of some note. Regardless, the "blessed 
powder" was never produced. 

Although Boyle does refer to an in itial 
"teaser" amount of powder in  his com­
posed d ialogue "Anti-El ixir" ( 1 678), i n­
c lud ing specific reference to a "Foreign 
Virtuoso" with an "Eastern Patron" who 
gave Boyle "a m i n ute quantity of pow­
der," and although he might have gotten 
an in itial demonstration with Pierre han­
d l i ng  the powder, Boyle certa in ly never 
got the larger amount of "blessed pow­
der" to work with himself. 

Boyle submi ts h i s  papers and secret 
form u l ae to the assemb l y  of Asters to 
prove that he qua l ifies to be adm itted.  
He gets suggestive but i ndefin ite ind ica­
t ions  of secret k n ow ledge in ret u r n .  
Once, BQyle gets a "transcript from the 
journal-book of the Cabal istic Society of 
Phi losophers" nominating him for an im­
portant post. However, the story contin­
ues for years, with Boyle in an  e l u sive 
chase for the secret formula, for the Aster 
adepts, a n d  for t h e  p rom ised secret 
chest, w h i ch ho lds  the "book of l i fe," 
and more! H is proxy, Mr.  Pierre, is de­
l ayed, as vague references are made to 
prison th reats, to an explod ing cannon 
that acc identa l l y  k i l l ed fou r  people, to 
lawsu its, and so on. 

Final ly, while Pierre is on a secret mis­
s ion  ordered by the Asters, a "Mr .  l a  
Marche" conveys t o  Boyle some u nset­
t l i n g  n ews, c reat i n g  "strange fears" i n  
Boyle .  P ierre then writes t o  exp l a i n  to 
Boyle that la Marche is not to be trusted. 
La Marche, i t  seems, was suspicious of 
the assembly of Asters, and had written 
to Lou is X I V, who had sent spies to the 
assembly and "dispersed most of the Cos­
mopol ites ."  But the "guard of the maga­
zine in the castle of Herigo . . .  blew up 
. . .  more than thirty of our masters." 

No story was too incredible, it seems, 
if it i n c l  u d ed Lou is X I V  as the master 
criminal .  

Boyle did not hear from Pierre aga in .  
Later, he l earned that Pierre had  taken 
Boyle's travel money, and gone to h i s  
home in  Caen, France, not leaving there 
for the ent i  re period of the correspon­
dence (except to v i s i t  nearby B ayeux, 
where l ives "a  g i r l whom he got with  
ch i ld  and for which the order of  h i s  ar­
rest has been given") .  Yet, th is  was not 
enough to d issuade Boyle. He was sti l l  
work ing  w i t h  " i ntermed i a r ies" for the 
same Pierre up  u nt i l  at least 1 685 . 

U nravelling the Bizarre 
Principe vis i ted Caen and fou nd that 

the names Georges P ierre, du Mou l i n, 
and du Mes n i l let a l l  h ave connections 
to Caen and to each other, though not 
the ones  t h at B o y l e  was to l d .  B a sed 
u pon Pr inc ipe's research ,  one can as­
sert that whoever created the story to 
l ead  B o y l e  o n ,  had  a knowl edge of 
Caen, of a l chemy, and of Boyle's c i r­
c les and projects in England.  However, 
a deeper i nvest igat ion as to who and 
what was beh i nd these games wou ld 
most l i ke l y  fi nd  the sou rce of the a l -
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Artist's depiction of a gold-making laboratory in the Middle Ages, Insets: "Highly suggestible subjects" Boyle (right), Newton (left), 

c h e m i c a l  games deep l y  i n tertwi ned 
with the Venet ian man ipu lators of the 
cu l tura l  and re l ig ious  tensions of the 
time, 

A few salient points: 
( 1 ) Caen was a hotbed of Protestant  

activity in  largely Cathol ic France, 
(2) The Venet ian  m a n i p u l at ions  of 

Cathol ics and Protestants in France and 
England were q u ite i ntense in th is  pe­
riod ( i n c l u d i n g  the 1 6 78  T i tus  Oates 
frameup of Catho l ics in Eng land ,  the 
1 683 Rye House kidnapping plot in Eng­
land, the 1 685 expu ls ion of Protestants 
from France, the 1 688 Protestant over­
throw of James /I by Wi l l iam or Orange, 
and so on, 

(3) The supporters of Boyle and New­
ton were heavi ly involved in a l l  of th is  
( i n c l u d i ng B i shop G i l bert B u rnet and 
Lords Montagu, Essex, Monmouth, and 
Russel l ) ,  

(4) A key intermed iary between Boyle 
and Pierre was a Mr. Ie Moine, a doctor 
of medic ine from Caen, and resident of 
London from no l ater than 1 675,  regis­
tered at the French Protestant Church of 
London, 

(5) Le Moine was sti l l  with  Boyle,  
when B i shop Bu rnet's spec ia l  agent ,  
Fatio de Du i l l iers, came to Boyle in  the 
late 1 680s. 

(6)  B u rnet was the honored spec i a l  
witness for Boyle's prized transmutation 
experiments, 

(7 )  B u rnet, as the key agent for the  
anti-Catholic provocations that brought 
W i l l iam of Orange to power in 1 688,  
had recru ited Fat io as the key witness 
for the al legation that Louis XIV was go­
ing to kidnap Wil l iam of Orange. 

(8) Fat io i s  the sou rce of French 
alchemy books for Newton, probably in­
cluding the one by Luigi de Conti, which 
Newton did own, 

(9) The Venet ian  Cont i ' s  book was 
publ ished in Paris i n  1 678, making h i m  
a t  least o n e  Adept active in  Paris a t  the 
right time. 

( 1 0) Whether  or  not L u i g i  was a 
blood relation of the Antonio-Sch i ne l la  
Cont i  who ran s i m i l a r  games a round  
I saac Newton,  c i rca 1 7 1 5 - 1 7 2 5 ,  they 
ran on para l le l  tracks, and their com­
mon methodology was Venet i a n  (v ia  
Paris), 
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He and Fat io de D u i l l i ers were spe­
cialists in waving around "Louis XIV An­
tichrist" stories, to push targets in a cer­
tain d i rection. Fatio h imself led Camisard 
d isruptions i n  London i n  1 707, by mi l ­
l e n n i a l i sts who were conv i n ced that 
L o u i s  XIV was the Ant ichr ist, and the 
world was shortly to come to an end. It 
would not be surprising if the loyalties of 
Boyle's contro l ler, B u rnet, were to the 
same forces that contro l led L u i gi de 
Conti (and others), and who had sent Fa­
tio de Du i l l iers in Burnet's d i rection. 

Whether these c i rc les actu a l l y  be­
I ieved that there were secret weapons of 
sc ience to be obta i ned by the 1 678  
Boyle operation, for example, is not so 
shock ing cons ider ing what e l se these 
c ircles delved into. 

Bad Religion, Bad Science 
Boyle and Newton were both h igh ly 

suggestible subjects for such devi l ish op­
erat ions.  Pri nc ipe concl udes h i s  a rgu­
ments by dea l i n g  with Boyle's l ifelong 
obsess i o n  w ith the supernatu ra l :  " N o  
real understanding o f  Boyle is poss ib le 
without an understand ing . .  , of his sin­
cere rel igious d ispositions . . .  [Al naly-
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ses o f  B o y l e  m i s s  the  mark w h enever 
they fai l  to give preeminence to his de­
votion to orthodox b ib l ical Christian ity. 
. . .  God is a wholly Free Agent i n  Boyle's 
voluntarist theology; He could act as He 
wished in both theological and nat u ra l  
rea lms  . . . .  C h r ist and the  Apost les  
worked miracles . . .  for the  eyewitness 
Evangelists testify to the fact; the Philoso­
phers' Stone transmutes lead into gold i n  
a n  instant, whether o r  not w e  have seen 
it, for eyewitnesses testify to it ." 

Although rel igion and science are both 
crucified in Principe's treatment, h is  de­
fense of Boyle does expose Boyle's sick­
ness. A god that is rad ical ly free to do ra­
t iona l  or i rrat iona l ,  good or ev i l ,  i s  
indistinguishable from the devi l .  

Both Boyle and Newton had learned 
from writings of John Dee and El ias Ash­
mole that obta i n i n g  the mag ica l  " red 
powder" is interl inked with communing 
with spirits; that the Phi losophers' Stone 
(wh i c h  can make p u re go ld)  a l so can 
"command and converse wi th  Sp ir its ."  
Further, Boyle had written i n  h i s  1 66 5  
"Exce l l ency o f  Theology," that "many 
have chosen rather  to ventu re the 
putting themselves with in  the power of  
Daemons, than remain ignorant whether 
or  no there are any such  B e i n g s :  As I 
have l earned by the pr ivate acknowl-
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the Brit ish establ ishment, and to me­
d ia te between h i m . a n d  N ewto n .  
L e i b n i z  soon be�a�� susp ic ious  of 
C o n t i ,  say i ng that he was a 
"chameleon" who WiiS suffering from 

, b e i n g  away from the hea l thy a i r  of 
E u rope, having i mbibed too much of 
the "atoms and void of England . !' 

Leibniz had sent Newton a mathe­
matical problem related to the d�vel� 
opment  of the  c a l c u l us ,  as was h i s  
o p e n  method o f  sett l i ng d i sputes .  
What  h e  rece ived in  ret u r n  was a 
sta n d - i n  for th.e i m p a i red N ewto n ,  
D r .  C larke, w h o  attempted t o  defend 
E n g l a n d  from L e i b n iz's charge that  
"Natura l  'rel igion seems to decay very 
much . . . .  [Further) S i r  Isaac Newton 
a n d  h i s  fo l l owers h ave a l so a very 
odd op in ion  concern ing  the work of 
God . . .  [namely, that he in tervenes

' 

w h e n ever h i s c l ockwork u n i verse 

edgements made me of such u n happy 
(but not unsuccessfu l) Attempts," 

Later in his l ife, Boyle unburdened his 
tortu red self to h i s chosen a lchem ica l  
witness, B ishop G i lbert Bu rnet, i n  what 
is cal led the "Burnet Memorandum." It is 
i nterm ixed pr imar i ly  with accou nts of 
alchemy and of spirits. As Principe notes, 
"The ' B u rnet Memorandum'  reveals  
Boyle's tortured position of  being power­
fu l ly  drawn to supernatural or magical 
practices . . .  yet fearfu l of the possible 
spiritual peri ls  i nvolved ." 

He goes on to argue that the more suc­
cess that Boyle could have with his mate­
rial ist science, the less room ir creation 
is  left for the Creator; hence, "we fi nd 
Boyle part icu lar ly i n terested i n  topics 
that m ight straddle this d ivide: miracles, 
witchcraft, and, above a l l ,  h is pecu l iar  
brand  of  spi r it-t inged a lchemy."  For  
Pr i n c i pe, "Robert Boy le  was above a l l  
other th i ngs a Christian," funding B ible 
tracts, translations, and Joseph Glanvi l l 's 
m ission to verify witches. He would also 
have us bel ieve that science and alchemy 
are neither as new or old as we think, but 
are real ly, fundamental ly, the same. 

Poisoning 
I t  is somewhat i ron ical for Principe to 

suggest that "Boyle's own chron ic s ick­
ness" and Newton's "wel l-known men-

breaks down] . I hold that when God 
works m i rac les,  he  doe's not do. i t , J n  
o rder  to s u p p l y  the  wants'of nat'u r

'
e 

b u t  those of grace.  Whoever t h i n ks 
otherW i s e  m u st needs h a ve a very 
mea n n o t i o n  of the w i sd o m  a n d  
power o f  God," 

The Le ibn iz-C larke letters beg i n  as 
such. 

Anton io  Conti  proceeded to i ngra­
t i at e  h i m s e l f  w i t h  N ewton ,  a n d  h e  
obta i ned some o f  N ewton's b i zarre 
curve-fitt ing calCu lations of h i storical 
events, bent to fit h i s  twisted B ib l ical 
stu d i es .  Desp i te exhortat i o n s  from 
Newton to keep

' 
such writi ngs secret, 

Cont i  had  tmem, p u b l i s
'
hed i n  1 72 5 ,  

g iv ing  t h e  embarrassed N ewton rea­
son perhaps to sympath ize with the 
v i ct i m i zed Boyle of  some 4 0  years , 
earl ier. .,, � '  

ta l  i l l ness" m i ght  have res u l ted from 
"acute merc u ry poison ing-the k ind of 
poison i n g  that m ight  very we l l  fo l low 
from the mu lt iple disti l l ations and diges­
t ions  of merc u ry necessary i n  Boyle's 
Mercurial ist process." (He even cites the 
"exceed i ng l y  h i g h  l eve l s  of t h e  toxic 
substance [ mercu ry] fou nd by the m i­
croa n a lys i s  of N ewto n i a n  h a i r  sam­
ples.") 

There is a reason the Hatter i s  cal led 
Mad . The fu mes that  h atters worked 
with, it is  suggested, had deleterious ef­
fects upon their reason ing capacity. Go­
i ng through the Looking G lass does not 
exempt one from actua l  cause and ef­
fect. 

In the final analysis, shou ld the reader 
be more concerned about Boyle's prob­
lems or Principe's? Is this a 300-year-old 
story, or one that today we have yet to 
s u rmount ?  G ottfried Le i b n iz most fa­
mously and properly treated these mat­
ters, in the 1 71 5-1 7 1 6 Leibniz-Clarke let­
ters, by d iagnos ing the "sc ient if ic" 
problems of N ewton and  the B r i t i sh  
Royal Society as  fundamental ly theologi­
cal problems. 

My recommendation : If you choose to 
read The Aspiring A dept, t reat it as a 
moral ity p lay, fol low it with a shower, 
and have a copy of the Leibniz close by. 
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Cold Fusion : Theory and Practice in Japan 
by Dr. Edmund Storms 

Discovery of the Cold Fusion 
Phenomenon 
Hideo Kozima 
Tokyo: Ohotake Shuppan, 1 998 
Hardcover, 370 pages, $60.00 

Nuclear Transmutation: 
The Reality of Cold Fusion 
Tadahiko Mizuno 
Concord, N.H.:  Infinite Energy Press, 1 998 
Hardcover, 1 51 pages, $32.95 

Cold fusion remains one of the great 
controvers ies i n  modern sc ience, 

perhaps on a par with the experience 
suffered by Ga l i l eo, or in i t ia l ly  by Dar­
win.  Two new books on the subject have 
now been added to the seven a l ready 
avai lable. 1 -7 

The first of the pair, Discovery of the 
Cold Fusion Phenomenon, by H ideo 
Kozima, comes to the subject from the 
viewpoint of a theoretical physicist who 
has a favorite explanation. It is much l ike 
a very long scientific paper in which the 
author has the freedom to explore every 
nuance of his unique insight. 

Prof. Kozima, of Sh izuoka U niversity, 
Japan,  avoids  many conceptua l  prob­
lems, while creating a few new ones, by 
proposing the existence of quasi-stable 
trapped neutrons with in a sol id atomic 
lattice. These neutrons interact with var­
ious nearby nuclei when the cond itions 
a re j u st r ight .  Other sc ient i sts have 
found experimental evidence and theo­
retical reason to suggest that these neu­
trons resu l t  from a sh ift of the e lectron 
that orbits hydrogen to an unusual orbit 
very near the nucleus.B-1 1 This electron­
proton couple acts much l i ke a neutron 
and perhaps i nteracts with other nuclei  
as described by Prof. Kozima. Of course, 
th i s  l atter idea v io lates current theory 
based on  q uantum e lectron dynamics  
and wi l l ,  no doubt, add to the enthusi­
asm for rejecting the whole field. 

The second book, Nuclear Transmuta­
tion: The Reality of Cold Fusion, by Prof. 
Tadahiko Mizuno, of Hokkaido Un iver­
s i ty, Japan,  is a persona l  trave logue 
th rough the i nte l lectua l  and po l i t ica l  
mi nefield of  th is  fie ld .  Prof. Mizuno re­
vea ls h imself as a very carefu l and pa­
tient experimental ist, who gradual ly im-

proved h is methods and i ns ights w h i l e  
contributing much o f  the requ i red funds 
from h i s own pocket. I f  o n l y  conven­
tional science rewarded such dedication 
to u n ique discoveries, we wou ld  a l l  be 
much better for the effort. 

Prof. Mizuno's odyssey began during a 
routine experiment to study how pal la­
dium would react with deuterium. Upon 
turning off the electrolytic cel l ,  he fou nd 
that the steel container refused to cool .  I n  
fact, 3 7 . 5  I iters of water were vaporized 
over several days before its temperature 
returned to a normal value. S imple cal­
cu lations show an energy release much 
greater than any possible chemical reac­
tion or heat storage mechan ism.  Other 
cel ls, which were being used to prepare 
targets for a study of how neutrons inter­
act with various metal deuterides, a l so 
occasionally showed strange heat and x­
ray production. 

Because Stan l ey Pons and Mart i n 
F leischmann had not yet made their an­
nou ncement, these amaz ing  observa­
t ions were ignored-but they got 
Mizuno's attention. When "cold fusion" 
briefly became a household word, he re­
membered th is  experience and u nder­
took a study of the effect with enthusi­
asm. Mizuno was one of the few people 
in  the world at that time who had experi-
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ence in prepar ing metal deuterides by 
electrolysis and who had access to good 
radiation detection equ ipment. 

After several false starts and much ef­
fort, he was the first to show that the cold 
fus ion reaction produces neutrons, a l ­
though many fewer than conventional 
theory wou ld predict. Although this suc­
cess h as been rep l icated many t i mes 
since, it took some significant courage to 
report the resu lts at the time. 

Trit ium generation was the next anom­
alous resu l t  to be seen .  The absence of 
neutrons and the presence of so m uch 
tri t ium was so unexpected that Mizuno 
was as bewi ldered and doubting of h is  
resu lts as  everyone else. I ndeed, skeptics 
today are not un ique in their question ing 
attitude-they just choose to ignore what 
other people choose to believe. 

Excess Energy 
Excess energy was the next of the orig­

inal  c la ims to be dupl icated. After satis­
fying h imself that the Pons-Fleischmann 
claims were correct, he set about to ex­
plore other chemical environments. Pro­
ton conductors (ceramic materia ls  that 
d issolve hydrogen that can be caused to 
d iffuse with the appl  i cation of a smal l  
e lectric cu rrent) were made to  produce 
excess energy after a year of tr ia l -and­
error effort. These resu Its were recently 
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dup l icated after many fa i l u res, at the 
University of Minnesota. 1 2  

Then,  t o  a d d  t o  the d ra m a, M i z u no 
sought and fou nd evidence for many 
other nuclear  reactions besides fusion,  
thus the t it le of the book. The more he 
and his col leagues looked, the more ele­
ments having unusual  isotopic d istribu­
tions were detected. Such elements can­
not result from normal material sneaking 
into the apparatus, but must be made in  
place by  some u nusual  processes. Con­
ventional scientists shout, Impossible! 

Indeed, if this were the only evidence 
for the effect, we might wel l  d ismiss the 
work, as  d id D r .  Robert Park of the 
American Physical  Society recent ly in  
one of  h i s  amus ing weekly d i atribes . 1 3 
However, evidence for transmutation is 
being obtained regu larly i n  many labora­
tories around the world by those scien­
tists who take the trouble to look. Only a 
fraction of the avai lable papers are l isted 
here.1 4.25 Of course, it is easy to take the 
coward's way out and reject new ideas 
without bothering to 'see the evidence. 
Fortunately, these books show that peo­
ple with i ntel lectual courage sti l l  exist in 
science, and that they cont i n u e  to ex­
plore cold fus ion  in sp ite of r ighteous 
condemnation by their peers. 

Both books a re worth read ing to see 
how science sho u l d  be practiced and 
how far modern science has  drifted from 
its roots. Although th i s  i ssue is i m por­
tant, it is not the most i mportant o n e .  
Mankind is destined t o  run o u t  o f  energy 
suppl ied by fossi l  fuels. Timing is a mat­
ter of debate, but the end is a certainty. 
Nuclear energy was expected to provide 
a long-term substitute. We now a l l  know 
why this has not happened . Hot fus ion 
was offered as the u n l i m ited and pol lu­
t ion-free so lut ion . U nfortu n ately, th i s  
method has proven to  be  too d ifficult  for 
scientists to solve any time soon.  

Then, out of  the b lue comes cold fu­
sion. Rather than being welcomed as our 
salvat ion,  the idea is rejected with en­
thusiasm at a l l  levels of science and gov­
ernment. An objective person might wel l  
ask why, and then wonder a t  the insan ity 
this rejection represents. 

Edmund Storms reviewed the status of 
cold fusion in 2 1  st Century, Winter 
1 998- 1 999, p. 14. 
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Exploring Planets Known and U n known . , 
by Matthew Moriarty 

Worlds Without End: 
The Exploration of Planets 
Known and Unknown 
John S. Lewis 
Reading, Mass.: Perseus Books, 1 998 
Hardcover, 236 pages, $24.00 

I magin� if there were no Moon to l ight 
our n ight sky. Wou ld  we sti l l  d rea m ?  

Wou ld the gray goose find its way t o  dis­
tant breed i ng grounds?  Wou l d  the 
oceans l ie  s i l en t  agai nst o u r  shores? 
Imagine further, what if our  Earth were 
somehow smal ler, less dense than it  i s  
now; or imagine aga in, if it were larger. 
Would the spring winds be more gentle, 
or relentless harbingers . of endless fou l  
weather? What i f  the S u n  burned a l ittle 
brighter, or more dimly? Would the win­
ter snows never fa l l ,  o r  wou ld  end less 
ice storms war against the Earth and the 
possibi l ity of l ife? 

I ndeed, if the S u n  were f ick le i n  its 
output, l i ke so many of our stel lar neigh­
bors, cou ld l ife have evo lved and sur­
vived on Earth at a l l ?  I n  th is  "best of a l l  
poss i b l e  u n iverses," cou ld l i fe have 
evolved ilnywhere else i n  our solar sys­
tem ?  Imagine, if you wi l l ,  other worlds 
i n  other sola r  systems. Imagine, if  you 
can, the myriad poss ib i l ities for l ife not 
here, but out there among the sta rs . 
What condit ions m ust exist to susta in  
l i fe beyond th is  Eden, on worlds spe l l ­
b i nd i ng i n  t h e i r  sheer strangeness and 
diversity? 

I magine worlds withouJ end,  and i n  
doing so, you w i l l  have come c lose to 
doing what author and planetary scien­
tist john S .  Lewis has done in  a wonder­
fu l new book with the title Worlds with­
out End, The Exploration of Planets 
Known and Unknown. 

The t ime ly  appearance of Professor 
Lewis's new book coi ncides with recent 
breathtaking discoveries of planetary ob­
jects orbiting a host of nearby stars. S ince 
the d iscovery, in 1 995, of the first extra­
solar p lanet, a companion to 5 1  Pegasi 
(star 5 1  in the conste l lation Pegasus), 1 6  
other planets c i rc l i ng other nearby stars 
have been confi rmed-at least, insofar 
as cu rrent tech no logy a l l ows: These 

p l a n ets a re not Earth - l i ke, ho ld i ng a 
prospect for supporting l ife as we know 
it, but a l l  are massive bodies, compara­
ble in s ize to our solar system's  gas g i­
a nts.  The compan ion to 5 1  Pegasi  i s  
with i n  44 to 60 percent of  the  mass of 
jupiter, while that of H D 1 68443 is more 
than five times the mass of jupiter! Mas­
s ive s izes, as Lewis exp la i ns,  na rrow 
considerably the prospects for sustaining 
l i fe, and when combined with unfavor­
able orbital characteristics, which many 
of our new fam i ly of p lanets possess to 
an astonish ing degree, all but e l iminates 
the possibil ity. 

Why have we fou n d  no Earth-s ize 
planets, orbiting at  comfortable distances 
from tbeir respective stars? The answer is 
in the technology of planetary discovery. 
We s imp ly  do not yet have the te le­
scopes or detection technology to do so. 
Planets are feeble reflectors, and there­
fore too faint to be seen against the back­
ground l ight of the i r  parent stars. With 
one possible exception (the case of pro­
top l a net TMR-1  C, recent ly pho­
tographed using the Hubble Space Tele­
scope), O l,l [  flew d i scoveries rem a i n  
hidden from view. 

In language eas i ly access ib le  to the 
nonscientist, Lewis explains the various 
methods used to detect and confirm the 
existence of extraso la r  p lanets . These 
methods have not always inspired agree­
ment that every al leged find is, i ndeed, a 
new planet. Some d i scoveries, l i ke 5 1  
Pegasi b, were heated ly d isputed i n  the 
early days of p lanetary detection .  And 
there a re at least  five or s ix candidate 
planets about wh ich the i nformation is 
too weak to say with certai nty that they 
are indeed planets. I t  wil l  take new and 
improved technologies before we know 
for sure. 

Planet Discovery 
The most successfu l method for d i s­

covering planetary systems outside our 
own solar system remains the so-cal led 
rad ial velocity method. This procedure, 
w h i l e  s imp le  i n  p r inc ip le, req u i res a 
good deal of experience, since so much 
of the inferential work-lead ing to a con­
clusion that a star has a companion--de-
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pends on the precision of these velocity 
measurements. 

Br ief ly exp la i ned, a p lanet's orbita l  
motion about i ts  star causes a periodic 
motion of the star a ro u n d  a common 
center of gravity. This  motion, Lewis ex­
p la i ns, causes a detectab le  sh ift i n  the 
wavelengths of the l i nes i n  the star 's  
spectrum .  If the ratio of the mass of the 
companion to the star is large, this shift 
in wave length, ca l l ed a Dopp ler sh ift, 
wi l l  be large. But a large Doppler effect 
wou ld a lso occur  if the companion, be­
cause it was orbiting close to its parent 
star, had a high orbital velocity. 

Thus, the radial velocity method is es­
pecial ly good at detecting massive plan­
ets with c l ose- i n  orbits .  The fi rst such 
d iscovered p lanet, 51 Pegasi b, is only 
.05 AU (astronomical units) from its star. 
(One AU is the Earth-Sun  distance.) The 
star Tau Bootis's companion planet has a 
mass estimated at 3 .87 Jupiters, but, un­
l i ke our d istant gas giant jup iter, which 
resides 5 AU from the Sun, this compan­
ion has a 3 .3-day orbital period and is as 
c lose as .046 AU from its sta r. I n  fact, 
more than half of the newly di scovered 
planets are less than 1 AU from their re­
spective stars. Lewis laments that it may 
be years before Jovian giants can be de-
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tected orbiting at distances comparable 
to those in our solar system. 

For any of the recent J upiter- l i ke d is­
coveries can we imagine conditions su it­
able for l ife? No, for them, l i fe i s  not 
l ikely, Lewis says, at least not for biologi­
cal ly sign ificant periods of time. Even if 
we imagine suitable ecological n iches in  
cloud l ayers warm enough to s upport 
l iqu id water, atmospher ic turbu l ence 
wou ld mix these layers with freezing cur­
rents at h igher levels i n  the atmosphere, 
where even the s i mplest organic mole­
cu les wou ld be ri pped to shreds by the 
intense u ltraviolet radiation. Convective 
forces wou ld a lso carry these same 
water-fi l led layers down deep i nto the 
lower atmosphere, subject ing organ i c  
molecules to destructive temperatures of 
thousands of degrees and pressures of 
thousands of atmospheres. 

It might not be possible to completely 
dismiss the possibi l ity of l ife existing on 
a Jupiter-sized planet, but imag i n i ng its 
chemistry and origi n  requ i res com pre­
hensive knowledge of planetary compo­
sition, mass and geology, orbital incl ina­
tion and d istance, eccentricity, type of 
star, and so on. Throughout this wonder­
fu l ly deta i led book, Lewis informs the 
reader in  a way that prepares him to see 
conclusions as reasonable consequences 
of physical l aws. We not on ly  need to 
have the right cond itions for l ife to ap­
pear on a planet, but these condit ions 
must endure over many m i l l ions of 
years. 

Touring the Solar System 
One of the more interesting, albeit mi­

nor, specu lations contai ned i n  Worlds 
Without End, concerns the Earth-Moon 
relationship. Cou ld we imagine l i fe on 
Earth without the Moon? It  is  probably 
true, as conventional theory holds, that 
the Earth-Moon relationship began early 
in the history of the solar system, but not 
before Earth and most of its planetary sib­
l ings had already formed out of the solar 
nebu la. In fact, hundreds of m i l l ions of 
years would pass: time for Earth to cool, 
form a crust, evolve an atmosphere of 
sorts, and form deep bas i n s  and h igh  
mounta ins .  Indeed, there wou ld h ave 
been time enough for the Earth to have 
formed vast oceans, where some form of 
primitive l i fe cou l d  have exi sted-l ife 
with an evolutionary path different per­
haps from that with which we are fami l­
iar. Specu lation? Yes, but a reasonable 
speculation, based on the Earth's proba-
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ble mass and compositional differences 
at that time. 

We can be sure that before the Earth 
had a Moon, axial inc l ination, rotation 
rate, and orbital eccentricity-a l l  fea­
tu res that affect c l i mate and habitabi l­
ity-were d ifferent i n  sign ificant ways. 
The giant i mpact theory postulates that 
at one poi nt, a Mars-sized (6 ,000 km) 
body col l ided with the Earth. The result­
ing impact, Lewis proposes, would have 
been 200 mi l l ion times more lethal than 
the Cretaceous impact that wiped out 70 
percent of l ife on the pl anet, having 
more than enough energy to completely 
boi l off Earth's oceans, melt more than 
half the crust, and send huge sprays of 
molten rock i nto high orbit. The core of 
the Mars- l ike i ntruder is stopped on im­
pact, but sinks deep into the Earth's own 
core, changing its composit ion, whi le  
addi ng mass and heat. 

Much of the debris splashed out i nto 
space rains back on Earth, heating the at­
mosphere to thousands of degrees, but 
some of it remains in orbit, cool ing and 
gradual ly clumping together, becomi ng 
more effic ient at c lumpi ng as it grows 
larger. As the Earth itself cools, re-forms 
a cru st, bu i .lds anew its oceans,  the 
Moon has swept up nearly all the debris 
in its path, but it is  much c loser to the 
Earth than it is now, and the tides it pro­
d uces are towering.  The p u l l  of the 
Moon on the Earth drags against its spin, 
slowing down the Earth's rotation rate 
and gradually lengthening the day. 

The loss of angular momentum al lows 
the Moon to inch  outward to an ever 
more d istant orbit. In the far d istant fu­
ture, the Moon may eventua l ly  escape 
Earth's gravitational hold and freely and 
da ngerous ly p u rsue its own cou rse 
arou nd the·Sun .  Quite a d ramatic pic­
ture. 

It is i n  this  vein that Lewis takes the 
reader on a brief, but grand, tour of the 
solar system. There are so many fascinat­
ing observations here that the reader wil l  
want to go over them agai n  and again .  
We learn that Mercury rotates on its axis 
three times for every two revol utions i n  
its orbit about the S u n ;  that the i nterior 
core temperatures of J upiter are hotter 
than the surface of the Sun; yet tempera­
tu res i n  the upper c loud l ayers reach 
-236°  F. We learn why Mars can not 
have many volcanoes, but also how it is 
poss i b l e  that the two or th ree it does 
have are so huge (up to 1 7  mi les high)! 

21 st CENTURY 

In a chapter titled "A Su ite of Earths," 
Lewi s  takes the reader a l on g  on a n  
imaginative journey t o  Earth-l i ke plan­
ets. He asks: How wou ld an Earth-l i ke 
planet-a planet with the same general 
composition of m i nerals, gases, and so 
forth-have evol ved, if the mass and 
size of the planet had been significantly 
smal l er, or l arger? The reader wi l l  be 
fasci n ated by carefu l l y  reasoned argu­
ments that bu i ld  plausibi l ity i nto these 
worlds. There is another chapter titled 
" P l a nets A ro u n d  P l an ets" that exam­
i n es, without b u rdensome deta i l ,  the 
chem istry and composition of the larger 
Moons i n  our  solar system .  Lewis's in­
terest here is  their  su itabil ity for harbor­
ing some form of l ife. 

Worlds Without End makes planetary 
science exciting, wh i le at the same t ime 
i nsisting that the reader pay attention to 
the complex i nterplay of planetary and 
solar composition and mass, as wel l as 
orbital characteristics, such as inc l i na­
t ion ,  eccentr i c ity,  a n d  so o n .  Lew i s  
shows us  that w h i l e  l ife has specific re­
q u i rements beyond the obvious avai l ­
abi l ity of n utrients and comfort, it must 
also have some degree of long-term sta­
b i l ity to prosper. Subtle changes in so­
l a r  output, s m a l l d ifferences i n  mass 
and composit ion of a p lanet, s l ight  
changes i n  eccentr ic ity and axial  ti lt, 
may h ave a d ramat ic  i m pact o n  the 
poss ib i l ity of l ife. Yet, paradoxical ly, it 
may be a ra ndom catastroph i c  event 
that opens up n ew poss i b i l i t ies en­
abl ing l ife to  get on its way. My i magi­
nation was sti mulated by Worlds With­
out End. Yours wi l l  be too. 
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PAID ADVERTISEMENT 

International Conference 
Galileo Back in Italy-II 

For tke Retul·1l. of 
. Rati onality , 
-in MOael·1l. P�ys-i�s 

"1.· n spite of great technological Sllccess" ph

,

y

" 

sics 
at the end of the century has come under 
more and more criticism. It is charged with 

Ji�ving los't )ts char��ier as �'n expe�!lp:entaL ,'j�: 
science, �ecoming too abstract 

, and mathematical.; " I . � , ' 
" ' P. K. FeyhabedcJ:. con-

siders this science 
mostly "very dull, 
ahd more deceptiV:e 
than that of the 

, 1 6th or 1 7th cen- .. 

86 

turies was . "  R. i> 
Thorn remarks 
that in it there is a 
horrible mixture be­
tween incorrect fun­
damental - concepts and a 
fan tastic numerical preci­
sion,"  pretending to get "very rig-
orous numerical results from theories which 
conceptually are nonsense." 

The unquestionable practical success of physics 
has actually minimized the critical interest in fun­
damental postulates and their interpretation, so 

.that there is a whole series of conceptual ri�dles 
which force a re-examination of the foundations of 
physics tod.ay. 
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Roug1;ly speaking, these fall  ihto two great 
schemes: the relativistic, arid quantum theories. 

'
In 

both, the common notions of space, time, a'nd ' 
, ca�sality<are so d�eply tIi;'6difieq, that }L 

. 
" 

whole new philos'ophy has been 
built in order .. to support 

the view' that Nature " 
cannot be explained 

by classical princi­
ples of rationality, 
b uilt upon the 
three intellectual 
categories. 

As Nobel Prize 
winner R.P. Feyn­

man asserts,  one 
has to "accept Nature 

as She is :  absurd . "  The 
renouncing of the "adaequa-

tio rei et in tellectus , "  which 
should be the primary aim of any scientific re­

search, has led to the result that the great major- , 
ity of physicists have lost all hope of being able 
to understand Nature. Instead, an unpleasant 
kind of resignation has taken over. 

But a critical reaction is developing. Criticism of 
the "CoRenhagen Interpretation" of quantum me­
chanics had begun already in the 1 970s; that of 
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"special" relativity has endured since 1 905,  but 
it was always vehemently and systematically 
suppressed, to the point that this theory has 
now become "the holy of holies" of modern 
physics. But the very success of Einstein's point 
of view has insinuated into the heart of physics, 
the arbitrary definitions typical of rp.odern for­
malistic mathematics with its presumption of 
being free, in its conceptual foundations, from 
any kind of intuition. 

Furthermore, the disappearance of the con­
cept of an ether as a result of the Einsteinian 
"solution" of electromagnetic p roblems, has 
made it impossible to prove that in the physi­
cal properties of "empty space" there might be 
an argument against the claims of)pexplicabil­
ity of microphysical phenomena. 

" 

We ask all scientists who find some reason­
able elements in the above: to take part iIi the 
international conference, which wiM' take place 
in Bologna, Italy, May'26-28� 1 999!1 ' i ' 

For further information, pi�ase c&ntact: 
UMBERTO BARTOCCI 
Dipartimento di Matematica 
Via Vanvitelli 
06 1 00 Perugia, Italy 

Tel.: 0039-075 5002494 
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Fax.: 0039-05 1 6398724 
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Umberto Bartocci, PatriCk Comille, George 
Galeczki, Rocco Vittorio Macri, Roberto 
Monti, and James Paul Wesley. 
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Maui's Voyage 
Continued from page 74 
i n  1 93 7- 1 938 by an ethnography expe­
d i t i o n  led by J osef Roder from the 
Froben ius  I n stitute at the U n iversity of 
Fran kfurt, Germany.  The Roder  group 
photographed the d rawi ngs, and later 
Roder p u b l i shed them, but they were 
not deciphered unti l  Fel l  was able to do 
so in the 1 9 70s .  Mau i ' s  astronomica l  
calcu lations and observations, i nc lud­
ing that of  a solar ecl ipse and a comet, 
e n a b l ed Fe l l  to date the d rawings  to 
232 B.C. 

Maui's Sky Map 
Mau i's drawings, apparently made a 

few months later i n  the jou rney, in an­
other cave on Wamera I s land ,  off the 
southeast coast of N ew G u i nea, date 
from around November 232 B .C .  They 
dep ict a map of the conste l l a t ions  at 
that t ime, and i nd i cate the soph i stica­
t ion  of h i s  (and  E ratosthenes ' )  astro­
nomical knowledge. 

Fel l  comments that as the floti l la en­
tered the Southern Hemisphere, Maui  
noted the reces s i o n  of the fam i l i a r  
northern zod iacal constel lations a t  that 

season, and the ascendancy of the s ix  
southern ones. 

Fe l l  writes : "One other stri ki ng a l ter­
ation-no doubt pred icted by E ratos­
thenes before the fleet sai led from 
Alexandria-was that for the first t ime, 
men from the Northern Hemisphere saw 
the conste l lations overturn, to' hang up­
s ide-down in unfami l iar  attitudes. Tau­
rus, which had always been to the left of 
Aries, now lay to the r ight, and Cetus 
overrode the pair, whereas h itherto that 
monster had lain deep in southern decl i ­
nation. For an astronomer such as Mau i,  
no  more conv inc ing proof cou l d  have 
been given that the Earth i s  i ndeed a 
sphere, and that Rata's sh ips were now 
sai l i ng 'ups ide-down' with respect to 
their sister ships in far off Libyan waters. 
The triumphant demonstration of E ratos­
thenes' theories was recorded one day 
when the fleet put in at Wamerei [Wam­
era] Island . . . .  "3 

Mau i 's sky map, showing the region 
of Aries and Tau rus, was pa i n ted i n  
white on the wal l of the Wamera Is land 
cave and is shown, along with Fel l 's  in­
terpretation, i n  F igure 1 (p. 74). The 30-
em map conta ins  a landmark, a node 
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(area marked 1 in the figure) for reckon­
ing  right ascension, which, at that t ime 
was i n  the conste l lation Aries. (Right as­
cension is sti l l  reckoned from that point 
in Aries, a l though the node i tself is i n  
Pisces, 30° west o f  where it  was i n  232 
B .C. )  Th is  i ntersection, noted by Maui,  
is  where the celestial equator crosses the 
ec l iptic. When the Sun passes through 
this point, cal led the ascend ing node, it 
marks the beg i n n i ng of spri ng  in the 
Northern Hem isphere, and is known as 
the vernal equ inox. (See F igure 2, p. 75. )  
A l l of M a u i ' s  sky maps dep ict  the as­
cending node. 

Notes---------------------------
1 .  "The Decipherment and Discovery of a Voy· 

age to America in 232 B.C .• " by Marjorie 
Mazel Hecht, 2 1 s t  Century, Winter 1 998· 
1 999,  p.  62; " Indian I nscriptions for the 
Cordilleras in  Chile, Found by Karl Stolp," 
( 1 885). 21st Century, Winter 1 998-1 999, p. 
66. See also, this issue, p. 29, for the deci­
pherment of Maui's proof of Eratosthenes' 
measurement of the circumference of the 
Earth. 

2. For more information, contact the Epigraphic 
SOCiety, Donal B. Buchanan, Secretary, 8216 
Labbe Lane. Vienna, Virginia 221 82-5244, or 
e-mail donalb@ aol.com. 

3. Barry Fell, 1 975. "An Ancient Polynesia Star 
Atlas of 232 B.C. ," The Epigraphic Society 
Occasional Publications, Vol. 2, No. 30 (Feb.). 
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